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AGRICULTURAL DRAINAGE ISSUES IN THE 
CENTRAL VALLEY, CALIFORNIA 

TUESDAY, OCTOBER 26, 1993 

HOUSE OF REPRESENTATIVES, 
COMMITTEE ON NATURAL RESOURCES, 

SUBCOMMITTEE ON OVERSIGHT AND INVESTIGATIONS, 
Washington, DC. 

The subcommittee met, pursuant to call, at 9:45 a.m., in room 
1324, Longworth House Office Building, Hon. George Miller (chair­
man of the subcommittee) presiding. 

STATEMENT OF BON. GEORGE MILLER 
Mr. MILLER. The Subcommittee on Oversight and Investigations 

will come to order for the purposes of conducting an oversight hear­
ing on agricultural drainage issues in the Central Valley of Califor­
nia. 

This issue is not new to this committee or to any of the inter­
ested parties. We have been dealing with the issues of drainage in 
the Central Valley since the inception of the irrigation systems in 
the 1930s, trying to sort out the differences between irrigation, 
flood, flood control, and drainage. 

Since that time, back in 1955, the Bureau first looked at a fea­
sibility study for an earth-lined interceptor drain that should be 
built for this project. In 1960, there was a conclusion that the Sec­
retary of the Interior should build a drain if the State of California 
did not. 

Of course, the State immediately decided that they should not, 
and that the Federal Government should build this drain. The 
questions in the mid-1960s started to be about the content of the 
drainage water, where and how it should be disposed of, and what 
conditions should be put on that drain. And in the late 1960s, obvi­
ously, litigation was begun on both sides for failure to complete the 
drain by those who were concerned about the drain. 

We now find out that in the last several years we have gone 
through the disaster of the Kesterson Reservoir where the drainage 
waters are posing a serious threat to migratory birds and other 
wildlife and to habitat. And over this period of time, hundreds of 
millions of dollars have been spent to try to define and to set some 
parameters on the issues of drainage and what we should and 
should not do. It seems as though every time a solution is pro­
posed, it is rejected by everyone, and we start this cycle over again. 
But that does not relieve the pressure on the irrigation systems 
and the drainage systems within the Central Valley. It continues 
to mount as land continues to be irrigated and the tolerance contin-

(1) 
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ues to be reduced for the lands to accept the irrigation water and 
not spin off toxic materials as a result of that irrigation. 

Within that overall issue, we are also confronted with an issue 
of whether some adjustment should be made to the manner in 
which we handle some of the drainwater through the Grassland 
Water District 1 and whether an alternative or changes in that sys­
tem ought to be created. That is some of the background. 

This is a long and arduous battle here looking for a drainage so­
lution to the Central Valley. We have had blue ribbon commissions 
and red ribbon commissions and yellow ribbon commissions; we 
have had it all. We just don't have a solution here that is within 
the grasp, apparently, of the overall community. And, hopefully, 
this hearing is the beginning of a process to try to set some direc­
tion to that, recognizing that many of the parties have done what 
the Congress has asked them to do in terms of exploring those al­
ternatives. We simply haven't gotten to the place where we could 
get some of them implemented and to relieve the pressure on the 
overall system. 

With that, I would like to recognize any Member who may want 
to make an opening statement. 

Mr. Smith. 

STATEMENT OF BON. ROBERT F. (BOB) SMITH 

Mr. SMITH. Thank you, Mr. Chairman. Thank you for holding 
these hearings. 

This appears to be an intramural struggle, but it surely is not, 
simply because what happens to reclamation in California, San 
Joaquin Valley or anyplace else, of course, impacts all of the west­
ern States that depend upon reclamation of water. So I have a defi­
nite interest in this hearing. 

I spent two years on the Public Works Committee and at that 
time, we were talking about pointinonpoint pollution. We can iden­
tify and see point pollution. We haven't done anything about that 
but I get the impression that somehow the Congress has shifted its 
interests to nonpoint pollution for one reason or another, which 
means that you have agriculture production in direct confrontation 
with these questions of drainage and toxic waste. 

It occurs to me we could clear up point pollution if we had the 
money to do so. We haven't done that. But we have shifted the inci­
dence, it seems, to production agriculture and that really concerns 
me. So I am going to be very interested in listening carefully to Mr. 
Langley, Mr. Lehman, Mr. Dooley and Mr. Pombo, in particular, 
because I know there is a direct impact on production agriculture 
there. But if they have problems, so do the rest of us in this coun­
try. 

Thank you. 
[Prepared statement of Mr. Smith follows:] 

1 Editor's note.-Witnesses at the hearing often referred to "Grasslands" interchangeably with 
"Grassland" to refer either to the Grassland Water District or the general area of wetlands in 
the northern San Joaquin Valley known as the Grasslands. 
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STATEMENT OF 
THE HONORABLE ROBERT F. (BOB) SMITH 

BEFORE THE SUBCOMMITTEE ON OVERSIGHT & INVESTIGATIONS 
ON IRRIGATION DRAINAGE 

OCTOBER 26, 1993 

Mr. Chairman, I want to thank you for holding this hearing today on 
this important subject. · 

Like the irrigators in the San Joaquin Valley, the farmers in my state 
are very interested in where this Administration wants to take the Federal 
reclamation program. 

We have heard that the days of dam building for the Bureau of 
Reclamation are over. Knowing that, we hope that this Administration will 
still allow us to use the projects that we now have for agriculture in the 
West. 

The issue of irrigation drainage is one that we should continue to 
carefully evaluate. I know that Sports fllustrated did an article on the 
horrors of irrigation drainage from the Federal reclamation program. 
Although this is a serious issue, I'm not convinced that a magazine that has -
a swimsuit edition should be the final word on how we manage the Bureau 
of Reclamation. 

I think what we will find as we explore this issue, is that everyone 
wants to solve this problem. I know for a fact that irrigation interests have 
invested considerable resources trying to address the drainage problem. 

Mr. Chairman, I know that our colleagues, Mr. Pombo, Mr. Dooley 
and Mr. Lehman have a particularly keen interest in the hearing today. I 
trust that you will listen carefully to what these Members have to say on 
issues impacting their constituents in the San Joaquin Valley. 

Thank you, Mr. Chairman. 
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Mr. MILLER. Mr. Dooley. 

STATEMENT OF BON. CALVIN M. DOOLEY 

Mr. DooLEY. Thank you, Mr. Chainnan, for holding this hearing. 
I think you correctly outlined the problem: Some of the solutions 
that were anticipated to be effective when we first instituted the 
San Luis Act in 1960, have proven not to be capable of addressing 
some of the problems that have occurred. 

I hope through the course of this hearing that we will not be 
looking at only some of the problems of the past but hopefully try­
ing to find ways in which we can cooperate with all parties in try­
ing to find a solution. 

You know, I think I am privileged to represent some fanners in 
the westside San Joaquin Valley who have been very progressive 
in trying to institute some very positive approaches to dealing with 
drainage water. The Howe Family of Westlake Fanns, I think, has 
been very progressive in trying to take a proactive role in finding 
an environmentally friendly manner of dealing with this difficult 
issue. 

I also hope as we discuss this issue today that we will also hear 
from some of the witnesses on some of the other innovative ap­
proaches to this critical problem. So I think we all understand that 
we have to find a way to deal with this and we need to do so in 
a balanced way, which means that we have to integrate consider­
ation of the economic impacts that any solution might have. 

Thank you. 
Mr. MILLER. Mr. Pombo. 

STATEMENT OF BON. RICHARD W. POMBO 
Mr. POMBO. Mr. Chainnan, in the interest of time, I would just 

as soon ask unanimous consent to enter an opening statement into 
the record. 

Thank you. 
[Prepared statement of Mr. Pombo follows:] 
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STATEMENT BY 
THE HON. RICHARD POMBO (CA-11) 

BEFORE THE 
SUBCOMMITTEE ON OVERSIGHT AND 

INVESTIGATIONS 
OF THE 

HOUSE COMMITTEE ON NATURAL RESOURCES 
ON . 

OCTOBER 26, 1993 

Mr. Chairman: 

Thank you for holding this very important 
hearing today on the problem of agricultural 
irrigation ·drainage in the Central Valley of 
California. As we deliberate on this issue; 
today and in future hearings, it is my sincere 
hope that we openly and fairly consider all of 
the alternatives associated with proper water 
usage and irrigation drainage in the San 
Joaquin Valley. 

Agricultural production is essential to the 
economy of the Central Valley region. 
Producers have come to depend on the area's 
rich, fertile soil to provide agricultural goods for 
people all over the world. Lacking a 
comprehensive plan to handle excess irrigation 
has created a host of problems in the region 
which need to be addressed. 
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We must seek reasonable solutions to these 
drainage problems, before they mount, to 
assure long-term agricultural production in the 
San Joaquin Valley. Recognizing this to be a 
regional concern, it is essential that these 
solutions be addressed with local remedies 
and, considering the current economic climate 
of the area, must be accomplished in as cost 
effective a manner as possible. Most 
importantly, since no group has a greater stake 
in this issue, we must pay particular attention 
to the views of the farmers in the Central 
Valley. 

Today' s hearing is an important initial step 
toward formulating a comprehensive plan to 
solve the drainage problems faced by Central 
Valley agricultural producers. I look forward to 
hearing all the views of our distinguished 
panel, and working with them for a 
constructive solution. Thank you. 
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Mr. MILLER. Mr. Lehman. 

STATEMENT OF HON. RICHARD H. LEHMAN 
Mr. LEHMAN. Thank you, Mr. Chairman. 
I guess it was 10 years ago when I was in the State legislature. 

During my last year there, I chaired a hearing that I originated on 
drainage problems in the valley, raising the concern that some­
thing has got to be done about this, and how we need a long-range 
solution. That was ten years ago, and the only thing that has hap­
pened in the meantime is Kesterson. I remember the meeting we 
had six years ago in Los Banos, when Mrs. Halleck told us about 
Kesterson. And, clearly, we still need a long-term solution for 
drainage in the San Joaquin Valley. No one has ever questioned 
that. 

As Mr. Dooley said, we are going to need a solution, though, at 
the same time, recognizing the economic concerns in the area. And 
I think we also have to understand that this now interfaces with 
all the other things that we have going on as well. 

The implementation of H.R. 429 is having profound effects, along 
with the Bay-Delta water quality standards, and the Endangered 
Species Act. All are causing problems for agriculture and its financ­
ing. I think whatever we do has to be well thought out, but consid­
ered in the context of all the other revolutionary changes that are 
taking place in the San Joaquin Valley. At the same time, as Con­
gressman Dooley said, we must recognize that an awful lot is being 
done locally to address the problem. 

Without a massive drain system, we have gone into ponding and 
taking marginal lands out of production. We have gone into ar­
rangements with other districts to try to deal with the problem. So 
we are willing to do our share, but understand there is a tremen­
dous burden on us at the present time dealing with the rest of the 
regulatory scheme and the legislation that has come down. 

I look forward to the hearing, Mr. Chairman. 
[Prepared statement of Mr. Lehman follows:] 
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OPENING STATEMENT 

THE HONORABLE RICHARD H. LEHMAN 

HEARING ON AGRICULTURAL DRAINAGE 

SUBCOMMITI'EE ON OVERSIGHT AND INVESTIGATIONS 

OCTOBER 26, 1993 

Mr. Chairman: 

I think we all acknowledge the importance of agriculture to the state, the 

nation and, especially California's Central Valley. California agriculture 

provides low cost, high quality food and fiber for the nation and is strategically 

critical to maintaining a domestic supply of these goods. However, it is 

becoming more and more difficult to farm in the Central Valley due, at least 

in part, to the vagaries of weather and the water supply uncertainty due to 

imposition of congressional mandates to restore the environment without 

adequately considering economic factors with factors bearing on hundreds of 

thousands of Californians. No planning can is truly feasible in such a climate 

of uncertainty. 

To maintain a robust agricultural economy in California, the government 

must assist farmers in balancing the salt load between application of irrigation 
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water and the salt content of soils. High levels of groundwater laden with salts 
\ 
can ruin crops. Open air evaporation of drain water containing selenium 

without adequate safeguards causes deformities in waterfowl. We know this 

to be true and need to design solutions in this context. 

The San Joaquin Valley Drainage Program provides numerous examples 

of projects that the USBR and federal contractors can utilize to help improve 

source reduction, re-use drain water and develop feasible land retirement 

schemes. Irrigation districts are already testing and incorporating many of 

these ideas and could use better assistance from the federal government. But, 

there will still need to be disposal of some drainage water into water bodies, 

and as long as these plans meet water quality standards, they should be 

allowed A case in point is the pending agreement on by-pass of the 

Grasslands water district. This proposal should go forward without delay. 

Right now, Central Valley water users are being held hostage by a variety 

of environmental constraints in the Delta. A six year drought wreaked havoc 

on efforts to plan solutions to the drainage problem and now an 

institutionalized drought is applying similar pressures. For water users on the 

2 
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West side to realistically think about integrating many of the proposals put 

forth by the environmental community, they will need improved certainty about 

their water supply. I, and my colleague, Mr. Dooley, have asked the President 

to become involved in this "train wreck" in the Delta, to bring balance to 

decisionmaking on critical issues of water supply to both agriculture and 

municipalities. 

I don't believe this issue should be forgotten as we begin our discussion 

on drainage problems in the Valley. 

3 
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Mr. MILLER. Thank you. 
Our first panel will be made up of the Honorable Dan Beard, 

who is the Commissioner of the Bureau of Reclamation, Depart­
ment of the Interior. He will be accompanied by Mr. Wayne White, 
who is the California State Supervisor for Ecological Services, Fish 
and Wildlife Services. Mr. Carroll Hamon, who is Deputy Director, 
Department of Water Resources for the State of California. 

Welcome to the committee. We will take your testimony in the 
order in which you have appeared here on the witness list. 

Commissioner Beard, let me welcome you to the committee. This 
is the first time you have testified that I have been present. I am 
sorry I missed your first testimony before the committee. But I cer­
tainly want to welcome you, Dan, and tell you how proud all of us, 
I think, are on the committee of your selection as Commissioner. 
And also to tell you how proud I am as I talk to people from the 
West, including those who don't agree with you, who are numerous, 
by the way. I'm proud about how open you have been and willing 
to meet with individuals on some of the thorny problems, and not 
put people off with respect to some of the issues that confront 
members of this committee and others within their districts. Time 
and again, people have explained that in many instances, it is the 
first time they really had a sit-down with the Commissioner on 
very intense problems within their districts. 

I want to commend you for those efforts. And we look forward 
to your testimony. 

PANEL CONSISTING OF DANIEL P. BEARD, COMMISSIONER, 
BUREAU OF RECLAMATION, DEPARTMENT OF THE INTE­
RIOR, WASHINGTON, DC, ACCOMPANIED BY ROGER PATTER­
SON, REGIONAL DIRECTOR, BUREAU OF RECLAMATION, AND 
WAYNE WHITE, CALIFORNIA STATE SUPERVISOR FOR ECO­
LOGICAL SERVICES, FISH AND WILDLIFE SERVICE, DEPART­
MENT OF THE INTERIOR, SACRAMENTO, CA; AND CARROLL 
M. HAMON, DEPUTY DIRECTOR, DEPARTMENT OF WATER 
RESOURCES, STATE OF CALIFORNIA, SACRAMENTO, CA 

STATEMENT OF DANIEL P. BEARD 
Mr. BEARD. Thank you, Mr. Chairman. 
All I can tell you is the view from here is a lot different from the 

view up there. 
Mr. MILLER. I am a little worried about you down there. 
Mr. BEARD. Me, too. 
With your permission and the permission of the other members 

of the committee, I would also like to have Roger Patterson, Re­
gional Director of the Bureau of Reclamation sit with me today. He 
is here to accompany me and help answer any questions. Is it 
okay? 

Mr. MILLER. All right. 
Mr. BEARD. Mr. Chairman, let me just say I appreciate the op­

portunity to testify before the subcommittee. It is particularly time­
ly that the subcommittee has chosen to convene this hearing. Re­
cent court decisions, pending administrative actions, and the chal­
lenges posed by the implementation of the Central Valley Project 
Improvement Act have all worked to highlight the need for review-
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ing our objectives regarding agricultural drainage in the San Joa­
quin Valley. 

Mr. Chairman, the problems posed by the lack of drainage serv­
ice in the San Joaquin Valley are significant. Without adequate 
drainage, the long-term outlook for agricultural production in the 
valley's western side is in question, and without adequate agricul­
tural drainage the salt and trace element concentrations in soils 
and shallow groundwater threaten the crop production. 

In addition, agricultural drainage can cause a number of signifi­
cant off-farm environmental impacts. In the mid-1980s, as you 
have referred to earlier, reproductive failures and adult mortality 
were discovered among resident and migratory waterfowl at the 
Kesterson Reservoir with all the attendant problems that ensued. 

When the San Luis Unit of the Central Valley Project was au­
thorized in 1960, the Congress outlined a number of safeguards to 
ensure that the unit would not be constructed unless there were 
guarantees the drainage problems would be solved. The legislation 
relied on the State and Federal Governments to develop and imple­
ment a solution. The solution decided upon was to construct the 
San Luis Drain. 

The result of this decision is painfully obvious to all of us today. 
Construction of the Drain was halted by the Congress after ques­
tions were raised about environmental impacts and about its con­
tinued completion and operation. The construction and operation of 
drains serving 42,000 acres of land and the discharge of that 
drainwater at Kesterson Reservoir proved to be a multimillion dol­
lar disaster. 

Since 1985, when the decision was made to close Kesterson Res­
ervoir, $33 million has been spent to maintain the Kesterson site 
in an environmentally benign condition. 

Following the problems at Kesterson, the Congress agreed to ap­
propriate funds for a joint State-Federal effort designed to study 
the agricultural drainage problems of the San Joaquin Valley. This 
effort was the San Joaquin Valley Drainage Study Program and 
one of the co-directors, Carroll Hamon, is here today. The other co­
director on the Federal side was Ed Imhoff who was with the U.S. 
Geological Survey at the time. The result of their report was a 
strategy to manage drainage-related issues, focusing on activities 
that could be done in a short time frame. 

This strategy was developed within two overall policy con­
straints. All of the alternatives proposed in this report first had to 
meet the water quality objectives viewed as protective of fish and 
wildlife and in agreement with Federal criteria and State agencies, 
and second, had to focus on in-valley solutions. These activities 
were designed to manage the drainage-related issues while long­
term solutions to disposal of salts were sought. 

Unfortunately, the comprehensive solutions proposed in the 
drainage study remain not widely embraced. Nonetheless, nine 
drainage study recommendations were integrated-a comprehen­
sive program of very pragmatic actions that represented a political 
consensus among the agencies involved, reached only after years of 
very difficult work. Rather than tailor one solution to the valley, 
the study recommends a series of solutions for each sub-basin. 
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Under one of the provisions in the settlement agreement reached 
in the Barcellos case, the United States agreed to prepare a drain­
age plan for the San Luis Unit. Reclamation applied the San Joa­
quin Valley Drainage Study Program approach, with some modi­
fications, in a draft report released in December of 1991, which 
identifies specific alternatives for implementation of San Luis Unit. 
The recommendations proposed by Reclamation included source 
controls, monitoring, and technology development. 

Once again, Mr. Chairman, the solutions proposed were not ac­
cepted. Indeed, the Westlands Water District formally rejected the 
solution proposed by Reclamation in the draft report, officially noti­
fied the court and withdrew funds they had deposited in an escrow 
account. 

The rejection of the proposed solution to the San Luis Drainage 
Unit problems in the San Luis Unit was followed by enactment of 
the Central Valley Project Improvement Act. The Act provided 
means and authorization to implement source controls, land retire­
ment and fish and wildlife habitat improvements. 

I think it is important to note, however, that in that legislation, 
the Congress did not comprehensively address the drainage prob­
lems of the valley. Other than encouraging water conservation and 
authorizing water transfers, and providing limited authority to pur­
chase lands causing drainage problems, the Act was silent on the 
issue of drainage. 

Mr. Chairman, we are at an important juncture in dealing with 
agricultural drainage problems in the valley. The Bureau of Rec­
lamation has now identified three possible solutions to these prob­
lems. Each has been rejected or ignored. 

Our first effort, the San Luis Drain, was a failure and no one ex­
pects that will ever be completed. Our second effort was to partici­
pate in the San Joaquin Valley Drainage Study Program, but the 
recommendations in that report have not been widely accepted. 
And finally, Reclamation prepared a plan to address agricultural 
drainage problems as required by the Barcellos judgment. Once 
again, that solution has been rejected by the local parties. 

The solutions identified by the Bureau of Reclamation and the 
Department of the Interior have not been accepted. In the absence 
of an agreed-upon framework for reducing the discharge of pollut­
ants from irrigation drainage water, progress on the drainage prob­
lem in the valley has stalled. 

We believe that it is time for all the various parties to try to seek 
an agreement on how to approach these problems in the future. 
The kinds of questions we need to address are the following: 

What should be the objective of our agricultural drainage policy 
in the valley? Are the goals outlined in the San Luis Authorization 
Act still relevant? 

How much should be spent to solve those problems by the Fed­
eral Government, the State Government and local interests? 

What solution or solutions should be used to solve drainage prob­
lems? When should these solutions be implemented, and by whom? 

What impacts will various solutions have on production from ag­
ricultural lands? 

What are the economic and environmental costs and benefits of 
various solutions? 
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Absent some explicit agreement by the parties on agricultural 
drainage problems in the valley, I have no choice but to proceed to 
administer existing laws in a way that reduces the impacts of 
drainage on the economy and the environment. We will make ac­
tive use of our authority to acquire drainage-impacted lands from 
willing sellers. We will remove roadblocks to water transfers, and 
rapidly expand our programs in water conservation and irrigation 
efficiency improvements. And we will work cooperatively with the 
Congress and other Federal agencies with an interest in water 
quality in the San Joaquin Valley. 

Mr. Chairman, the issues I have identified here today certainly 
do not represent all of the problems posed in developing a com­
prehensive agricultural drainage policy for the valley. However, we 
do believe it is time for all the parties to address this important 
issue. 

I would be happy to answer any questions you may have. 
Mr. MILLER. Thank you. 
[Prepared statement of Mr. Beard follows:] 
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Statement of 
Daniel P. Beard, Commissioner 

Bureau of Reclamation 

Oversight Hearing on 
Drainage Proble.s in the San Joaquin Valley 

Before the 
Subcommittee on Oversight and Investigations 

Ca..ittee on Natural Resources 
U.S. House of Representatives 

October 26, 1993 

Mr . Chairman, I appreciate the opportunity to testify before the Subcommittee 
this morning on the probl~s of drainwater generated by irrigated agricultural 
lands in California's San Joaquin Valley. 

Everyone is well aware of the environmental problems that have been created by 
agricultural drainage water in the Valley. In the face of selenium poisonings 
of waterfowl,•rising water tables, and salt buildup in the soil, the 
Department of the Interior has spent tens of millions of dollars on mitigation 
and monitoring, as well as on development of plans to address these · 
agricultural drainage probl~s. None of these plans has received widespread 
acceptance. During this s~ period, we were unable to achieve consensus on 
public policy objectives and solutions to this growing problem among the 
various interests -- including Congress. Today, I am requesting that the 
Congress work with the AO.inistration and clarify Federal policy on 
agricultural drainage for the San Joaquin Valley. 

Recla.ation is at a crossroads in agricultural drainage management. 

It is particularly ti.ely that the Subcommittee has chosen to convene this 
hearing. Recent court decisions, pending administrative actions, and the 
challenges posed by impl~ntation of the Central Valley Project Improvement 
Act have all worked to highlight the need for reviewing our objectives 
regarding agricultural drainage. 

Mr. Chairman, the probl~s posed by a lack of drainage service in the San 
Joaquin Valley are significant. Without adequate drainage, the long-term 
outlook for agricultural production on the Valley's west side is in question . 
During the planning phase of the San luis Unit, it was recognized that 
approximately 300,000 acres in the San Joaquin Valley would ultimately require 
drainage to remain in agricultural production . Of this area, 150,000 acres 
were in the San Luis Unit of the Central Valley Project. 

Drainage probl~ affect wildlife and agricultural production. 

Without adequate drainage, the salt and trace element concentrations in soils 
and shallow groundwater threaten sustainable crop production. A long-term 
balance between the salt load in drainage water and the salt load in applied 
irrigation water is needed to sustain agriculture. 
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In addition, agricultural drainage can cause a number of significant off-farm 
environmental impacts . In the mid 1980's, reproductive failures and adult 
mortality were discovered among resident and migratory waterfowl and 
marshbirds feeding and nesting at Kesterson Reservoir. This discovery led the 
California State Department of Health Services to issue "health warnings," 
advis i ng limited consumption of all duck and fish species harvested from 
western Merced County, and other drainage-impacted habitats in the San Joaquin 
Valley. In addition, drainage water contamination has been associated with 
adverse reproductive effects in birds at evaporation ponds, and has 
contaminated water supplies for public and private wetlands in the Valley. 

San lui s Drain was not the answer. 

When the San Luis Unit of the Central Valley Project was authorized in 1960, 
the Congress outlined a number of safeguards to ensure that the unit would not 
be constructed unless there were guarantees that the drainage problems would 
be solved. The legislation relied on the State and Federal governments to 
develop and implement a "solution. " The "solution" decided upon was to 
construct the•san Luis Drain. 

The result of this decision is painfully obvious to all of us. Construction 
of the Drain was halted by the Congress after environmental questions were 
raised about its completion and operation . The construction and operation of 
drains serving 42,000 acres and the discharge of that drain water at Kesterson 
Reservoir proved to be a multi-million dollar disaster . Since 1985, when the 
decision was made to close Kesterson Reservoir, S33 million has been spent to 
maintain the Kesterson site in an environmentally benign condition. (A chart 
detailing these expenses is attached to my statement.) Although no casualties 
from selenium toxi cosis have been observed at the site since 1988, selenium 
accumulation in bird eggs remains elevated at levels of concern . Meanwhile, 
no CVP drainage service for San Luis Unit farms has been provided by the San 
Lui s Drain since 1986. 

Joint State-Federal Study set forth a new drainage strategy. 

Following the problems at Kesterson, the Congress agreed to appropriate funds 
for a joint State-Federal effort designed to study the agricultural drainage 
problems of the San Joaquin Valley. This effort was the San Joaquin Valley 
Drainage Study Program ("Drainage Study") . The result was a strategy to 
manage drainage-related issues, focusing on activities that could be done in a 
short time frame. 

The plan recommended in the Drainage Study for management of subsurface 
drainage and drainage-related problems on the western side of the San Joaquin 
Valley contained the following major components: 

* Source Control. On-farm improvements in the efficiency of 
application of irrigation water to reduce the source of deep percolation . 
Such water conservation measures will in turn reduce the amount of problem 
drainage water . 
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* Orainage reyse. A planned system of drainage-water reuse on 
progressively more salt-tolerant plants. This would reduce the volume of 
drainage water and concentrate salts and trace elements for easier containment 
and safe disposal. 

* Evaooration system. Drainage-water evaporation ponds were 
recommended for storage and evaporation of drainage water remaining after 
reuse on salt-tolerant plants. Four types of ponds were included: (a) 
nontoxic ponds in which seleniu• in drainage-water inflow is less than 2 parts 
per billion (ppb); (b) seleniu.-contaminated ponds (inflow-water containing 
selenium in the range of 2 to 50 ppb) that must include safeguards for 
wildlife and an equivalent area of alternative freshwater habitat; (c) small 
selenium-contaminated ponds designed with facilities to greatly accelerate the 
rate of evaporation, thereby reducing the pond surface area; and (d) 
temperature-gradient solar ponds that generate electricity by using water from 
other ponds containing very high salt and trace-element concentrations. 

* Land Retirement. Cessation of irrigation of areas in which 
underlying sHillow groundwater contains elevated levels of selenium 
(i.e., >50 ppb) and the soils are difficult to drain. 

* Groundwater management. Planned pumping from deep within the 
semi-confined aquifer, in places where near-surface water tables can be 
lowered and the water pumped is of suitable quality for wildlife habitat. 

* pjscharge to the San Joaquin River. Controlled and limited 
discharge of drainage water f~ the San Joaquin Basin portion of the study 
area to the San Joaquin River, while meeting water-quality objectives. 

* Protection. restoration. and provision of substitute water 
suooljes for fish and wildlife habjtat. Provision of freshwater supplies to 
substitute for drainage-conta•inated water previously used on wetlands and to 
allow protection and restoration of contaminated fisheries and wetland 
habitat. 

* Institutional Changes. Water transfers and marketing, tiered 
water pricing, improved scheduling of water deliveries, and formation of 
regional drainage management organizations to aid in implementing other plan 
components. 

This strategy was developed within the constraints of two policies. All 
alternative plans had to: (1) .eet the water quality objectives viewed as 
protective of fish and wildlife, and in agreement with Federal criteria and 
State agencies, and (2) focus on ·in-valley solutions. These activities were 
designed to manage the drainage-related issues while long-term solutions to 
the disposal of salts were sought. 

Drainage Study rec011endations were not embraced. 

Unfortunately, the comprehensive solutions proposed in the Drainage Study were 
not widely embraced. Nonetheless, the Drainage Study recommendations were an 
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integrated, comprehensive program of pragmatic actions that represented a 
political consensus reached only after years of difficult work. Rather than 
tailor one solution for the Valley, the study recommended a series of 
solutions for each sub-basin. In most cases, the recommendations made in this 
report were non-structural in nature and they imposed responsibilities on 
nearly everyone. 

Under one of the provisions of the settlement agreement reached in Barcellos 
and Wolfsen v. Westlands Water District. CIV-F-79-106-EDPCEDCall, the United 
States agreed to prepare a drainage plan for the San Luis Unit. Reclamation 
applied the San Joaquin Valley Drainage Program approach, with modifications, 
in a draft report released in December 1991, which identified specific 
activities for implementation in the San Luis Unit. 

Draft report on San Luis Unit Drainage Program included new technologies. 

The draft report on the San Luis Unit Drainage Program preferred alternative 
included source control, monitoring, and technology development. The new 
technologies ~escribed in the December 1991, draft report would be directed 
toward concentrating drainage water, pursuing research and development of 
technology to remove potentially toxic minerals, and disposal of salts in 
environmentally acceptable ways. The new technologies would begin in four 
areas: 

* Concentration and disposal, including agroforestry, evaporation 
ponds, solar energy ponds, thermal evaporation (cogeneration) and brine 
export; 

* Pursue research and development of a treatment technology to remove 
selenium and other trace elements of concern so that receiving streams 
would be less affected and netting on evaporation ponds could be 
avoided; 

* Pumping of groundwater to draw down shallow groundwater tables; 

* Changes in institutional regulations to induce reductions in both 
applied water and drainage. 

Westlands, others reject solutions. 

Once again, Mr. Chairman, the long-term commitment to the solutions identified 
for the drainage problem has not been forthcoming. Indeed, the Westlands 
Water District formally rejected the solutions proposed by Reclamation in the 
draft report, officially notified the court, and withdrew funds they had 
deposited into an escrow account. 

The rejection of identified solutions to the drainage problems in the San Luis 
Unit was followed by enactment of the Central Valley Project Improvement Act 
(CVPIA). The CVPIA provided means and authorization to implement source 
control, land retirement, and fish and wildlife habitat improvements. I think 
it is important to note, however, that in that legislation, the Congress did 
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n21 comprehensively address the drainage problems of the Valley. Other than 
encouraging water conservation, authorizing water transfers and providing 
limited authority to purchase lands causing drainage problems, the CVPIA was 
silent on the issue on drainage. 

Where do we go froa here? 

5 

Mr. Chairman, we are at an important juncture in dealing with agricultural 
drainage problems in the Valley. The Bureau of Reclamation has now identified 
three possible solutions to solving these problems. Each has been rejected or 
ignored. 

Our first effort, the San Luis Drain, was a failure and no one expects that it 
will ever be completed. Our second effort was to participate in the San 
Joaquin Valley Drainage Study Program, but the recommendations in that report 
have not been widely accepted. Finally, Reclamation prepared a plan to 
address agricultural drainage problems as required by the Barcellos judgment. 
Once again, t~at solution has been rejected by the local parties. 

The Bureau of Reclamation and the Department of the Interior have identified 
solutions which have not been accepted. In the absence of an agreed-upon 
framework for reducing the discharge of pollutants from irrigation drainage 
water, progress on the drainage problem in the Valley has stalled·. 

The questions that need to be addressed by this Administration and the 
Congress include such items as: 

* 

* 

* 

What should be the objective of our agricultural drainage policy 
in the San Joaquin Valley? Are the goals outlined in the San Luis 
Unit Authorization Act still relevant? 

How much should be spent to solve these problems by the Federal 
and State governments? How much by irrigators themselves? 

What solution or solutions should be used to solve drainage 
problems? When should these solutions be implemented, and by whom? 

What impacts will various solutions have on production from 
agricultural lands? 

* What are the economic and environmental costs and benefits of 
various solutions? 

Absent explicit agreement on solutions by the parties, including Congress on 
agricultural drainage policy for the Valley, I intend to proceed to administer 
existing laws in a way that reduces the impacts of drainage on the economy and 
the environment. We will make active use of our authority to acquire 
drainage-impacted lands from willing sellers. We will remove roadblocks to 
water transfers, and rapidly expand our programs for water conservation and 
irrigation efficiency improvements. And we will work cooperatively with 



Congress and the other Federal agencies with an interest in water quality in 
the San Joaquin Valley . 

Hr . Chairman, the issues I have identified here today certainly do not 
represent the universe of problems posed in developing a comprehensive 
agricultural drainage policy for the Valley . However , we do believe that it 
is time for all parties -- the water users , the State , the Congress and the 
Administration -- to address this impor tant issue. 

Hr . Chairman, I ' d be happy to answer any questions . 

6 
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SAN JOAQUIN VALLEY DRAINAGE. FEDERAL COSTS 
FY 1961 THROUGH FI 1992 

Construction of the San luis Drain 

San Joaquin Valley Drainage Progra. 

Operating and maintaining Kesterson and 
the San Luis Drain 

Kesterson cleanup and maintenance 

Planning studJes for the drainage program 

Barcellos Judgment Plan 

TOTAL 

Funds budgeted for land retirement and 
water acquisition in FY 1994: 

Dollars expended 

40.0 11illion 

47.0 mill ion 

3.6 million 

30.3 mill ion 

6. 5 mill ion 

3.4 million 

$133.5 million 

Sl1.141 mill ion 
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STATEMENT OF CARROLL M. HAMON 
Mr. MILLER. Mr. Hamon. 
Mr. HAMON. Mr. Chairman, members of the subcommittee. I am 

Carroll Hamon, Deputy Director of the Department of Water Re­
sources, Sacramento, California. I appreciate the opportunity to 
present this statement for the Department on the very important 
topic of irrigation drainage problems in the San Joaquin Valley of 
California. 

The State of California, along with others, recognized the need 
for drainage when plans were being made to deliver water for irri­
gation of westside San Joaquin Valley in the 1950s. The California 
Water Plan, published in 1957, included plans for delivery of water 
for irrigation to parts of Tulare, Kings, and Kern Counties and also 
described the need for drainage of those areas proposed for irriga­
tion. Those lands, as well as the San Luis Unit of the Federal 
Central Valley Project, were provided irrigation water supplies in 
the late 1960s, but without a drainage facility. 

During the following years, both the State and Federal Govern­
ments, working with the local water agencies, sought unsuccess­
fully to authorize and construct a master drain from near the 
southern end of the San Joaquin Valley to the Sacramento-San 
Joaquin Delta. 

Finally, in the late 1970s, the U.S. Bureau of Reclamation com­
pleted 85 miles of the Drain, terminating at Kesterson Reservoir. 
And we are all painfully aware of the resulting effects on waterfowl 
and other aquatic birds that used the reservoir. 

All the varied interest groups have been working diligently since 
the mid-1980s to find solutions to the agricultural and environ­
mental dilemma that is posed by the need to drain irrigated land 
in this area to prevent waterlogging and salinization of the produc­
tive soils. 

The State joined the Federal Government in a renewed search 
for a drainage solution in the five-year San Joaquin Valley Drain­
age Program that ended in the 1990 publication of A Management 
Plan for Agricultural Subsurface Drainage and Related Problems 
on the Westside San Joaquin Valley. 

The plan proposed a number of actions that, taken together and 
implemented where practical, would allow the drainage problem to 
be managed "in-valley'' well into the next century. It did not pro­
pose a final solution to the problem, but did note that ultimately 
it may become necessary to remove salt from the valley to achieve 
a salt balance and to allow a sustainable irrigated agricultural 
economy. 

The Department of Water Resources (DWR) has continued its ef­
forts to support actions recommended in the Management Plan, 
both independently and in cooperation with other State and Fed­
eral agencies involved in the San Joaquin Valley Drainage Imple­
mentation Program. DWR currently chairs the eight-member man­
agement group that is made up of four State and four Federal 
agencies. And DWR also is the host employing agency for a pro­
gram-supported drainage coordinator that was hired in August of 
this year. 

The Management Plan contained eight major components and 
those were: source control, drainage reuse, evaporation systems, 
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land retirement, groundwater management, institutional change, 
discharge to the San Joaquin River, and protection, restoration, 
and provision of substitute water supplies for fish and wildlife 
habitat. 

Major efforts of the Department have centered on source control, 
drainage reuse, evaporation systems, and to a lesser degree, on 
land retirement and discharge to the San Joaquin River. DWR is 
also funding, in cooperation with the Bureau of Reclamation, a 
drainage water treatment demonstration project that is seeking ef­
ficient biological removal of selenium from drainage water. The San 
Joaquin Valley Drainage Relief Act, passed by the California legis­
lature in 1992, authorized the Department of Water Resources to 
purchase drainage-affected land from willing sellers. It also created 
the San Joaquin Valley Drainage Relief Fund which would, in ef­
fect, be a revolving fund used to purchase land, sell the associated 
water as land is taken from irrigated production, and to buy more 
land and then repeat the process. 

However, no funds have been provided to initiate the process, 
which must be self-sustaining. DWR is currently working with the 
Bureau of Reclamation, which has some funding for retirement of 
irrigated land through the Central Valley Project Improvement Act 
(CVPIA), to determine if the two programs may be administered to 
complement each other and produce a viable State program. The 
CVPIA coordinating committee has reviewed the progress to date 
and encourages continuation of this effort. 

The Management Plan includes a feature to utilize a portion of 
the San Luis Drain to bypass drainage water around the Grass­
lands area and through an S-mile extension of the Drain to the San 
Joaquin River. Discharge in that plan was proposed only when the 
San Joaquin River could assimilate drainage water constituents 
and still meet the established water quality objectives. 

A similar proposal is being made by the Grassland Water Dis­
trict and is being discussed here today. DWR supports that pro­
posal with adequate monitoring to meet San Joaquin River water 
quality objectives. 

Both the State and Federal Governments have invested tens of 
millions of dollars in study, planning, and seeking a solution to ag­
ricultural drainage problems on the western side of the San Joa­
quin Valley. We are at a point where funds are needed to aid the 
growers and local water districts in taking the actions necessary to 
manage the problem and continue to seek a permanent solution. 

Some funds will be available through the Central Valley Project 
Improvement Act and will aid in protection, restoration, and provi­
sion of water supplies for fish and wildlife habitat. The CVPIA also 
provides some funds to further source control, for drainage reuse 
demonstration, and for land retirement. But funds to help growers 
initiate on-the-ground drainage management actions are not avail­
able and appear to be a missing link in implementing a drainage 
management plan. Possibly this subcommittee could consider ways 
where help might be provided through existing or new loan or 
grant programs. 

I thank you for this opportunity to bring these thoughts to your 
subcommittee. You may be assured that the Department of Water 
Resources intends to continue with others in the quest for equitable 
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solutions to the agricultural drainage and related problems on the 
westside San Joaquin Valley. 

[Prepared statement of Mr. Hamon follows:] 
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STA'l'IIIBHT OF CARROLL )(, BAMOH, JDliO'IY DIDC'l'OR, CALIFORNIA 
DBPARTIIBRT 01' WATER RBSOUIICBS, BBI'ORB TIIB BOUSB 01' 

REPRISBNTAT:tVU COIIIIII'l"l'BB ON JfA'1'0itAL UIOURCIS 1 IOJC:OJIIIIT'l'IB ON 
OVIRS:tQRT ANI) DIVIS!riGATIOIIS 11BGUDIWQ XRRl:GATION DRUNAGB 

PROBLBIIS XH Till SAM .70AQUD( VALLJ:Y OF CALIJ'ORHIA 

wae1n9tcm, DC October a&, 1!193 

I aa Carroll Baaon, Deputy Dinotor for the california 

Department of Water Raaourcea in sac:r...nto, california. I 

appreciate the opportW\ity to preaent t:bi• •tateaent for the 

Departaent on the vary iaportant topic of irrip.tion c!rainaqe 

p:ro~l ... in the san .:Joaquin valley of C&lifornia. 

The State of california, alonq with othan, raaoqniled the 

need for drainaqe Wben plana vera beinf aada to deliver water for 

irric;ation of the w .. teia San Joaquin Valley in the lt50•. The 

california water Plan, pUbliahecS in 19!17, included plane for 

delivery of water for irriqation to parte of TUlare, Kin;•, an4 

Item counti•• an4 aleo lleaoribed the need for dninaqe of tho•• 

areu propo••d for irriqation. 'l'boM lan4e, u vall a• the San 

Luie Dnit of the federal Central Valley Projeot, were provided 

irriqation water •upplie• in the lata 1!160•, but without a 

c.trainac;e facility, 

Durinq the follovinq yean, both the State and federal 

qovarnaanta, workinv with local water dietricta, •ouvht 

un•uco•••tully to aut:llorisa an4 oonatruot a aa•ter cSrain troa 

near tbe aouthern an4 of tbe san .7oaquin Valley to the 

saoruanto-San .7oaquin Delta. Finally in the lata 19708, the 

u.s. Bureau of Reol ... tion goapletecS 85 all•• of the drain, 
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terainatinq at x .. te~son Reservoir. We are all painfully aware 

of the rasultinq affects on waterfowl an4 other aquatic birds 

that used the Ranrvoir. All of the varied interest groups have 

been working diligently since the mid-1980s to find solutions to 

the aqricultural and environmental dilemma posed by the need to 

drain irriqated land in this area to prevent waterloqqinq and 

ealination of the productive soils. 

The State joined the federal government in a renewed aeareh 

for a drainaqa solution in the five-year San Joaquin Valley 

Drainaqe Proqram that ended in the 1990 publication of "A 

Manaqemant Plan for Agricultural subsurface Drainaqe and Related 

Problems on the Westside san Joaquin Valley". The Plan proposed 

a nwaber of aotiona that, taken toqather and implUI.anted where 

practical, would allow the drainaqe problem to be managed •in­

valley" well into the next century. It did not propose a final 

solution to the problem, but did note that ultimately it may 

become necessary to remove salt from the Valley to achieve a aalt 

balance and to allow a sustainable irrigated agricultural 

economy. 

The Depart.lllent of Water Resourcu has continued ita efforts 

to support actions recomaended in the "MAnaqement Plan", both 

independently and in cooperation with other State and feda~al 

aqencies involved in the San Joaquin Valley Drainaqe 

Implementation Program. DWR currently chairs the eight-meaber 



(four Stata and four fNeral a~enciu) Jlafta~ ... nt Group and 1a 

the hoat ~~~~ployment aqency for a proqraa-aupport.c! Draina~e 

coordinator that waa hired in Au;Ust 1993. 

The KaM;eunt Plan contain.c! ai;ht aajor coaponantaa 

• source Control • Diachu9e to the San Joaquin River 

• Drain•~• Rau .. 

• Evaporation syata 

• Land Retir..ant 

• Protection, Restoration, and 

Proviaion of Subatitute Water 

suppliu for rieh and wildlife 

Habitat • Ground Water Kana~ ... nt 

• Institutional Cbanqe 

Major effort. of Dw.R have centered on aouroe control, drainaqe 

reuae, evaporation ayat ... and, to a leaaer deqrea, on land 

retiraant and diachar;a to the San Joaquin River. DWR ia also 

fundin~, in cooperation with OSBR, a drainage water treatment 

demonat.ration project that 18 aaeking afficiant l:»iol~ical 

removal of aelaniua froa drainage water. 

The San Joaquin Valley Draina;e Relief Aot, paaaed ):)y the 

California Leqialatura in 1992, authori&ed the Department of 

Water Reaourcu to purchaae drainaqa affected land from willing 

eeller~~. It alao created the San Joaquin Valley Draina9a Relief 

Fund which would in effect be a revolvinq fund used to purchaee 

land, to eell the -•ociat.c! water •• land ia taken fr0111 

irri9ated production, to buy aor~~ land and then repeat the 
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process. However, no funds have been provided to initiate the 

process, which must be self-sustaininq. DWR is currently workinq 

with USBR, which has some funding for retirement of irrigated 

land throuqh the Central Valley Project Improvement Act, to 

determine if the two proqrama may be administered to complement 

each other and produce a viable State proqram. The CVPIA 

Coordinating Committee has reviewed proqress to date and 

encourages continuation of the effort. 

The Management Plan includes a feature to utilize a portion 

of the San Luis drain to bypass drainage water around the 

Grasslands area and throuqh an e-mile extension of the drain to 

the San Joaquin River. Discharqe was proposed only when the San 

Joaquin River could assimilate drainage water constituents and 

still meet established water quality objectives. A similar 

proposal is beinq made by the Grasslands water District and is 

beinq discussed here today. DWR supports that proposal, with 

adequate manitorinq to meet San Joaquin River water quality 

objectives, 

Both the state and federal govarnmants have invested tens of 

millions of dollars in study, planning, and seeking a solution to 

aqricultural drainage problem on the westside san Joaquin Valley. 

We are at a point where funds are needed to aid the growers and 

local water districts in taking the actions necessary to manage 

the problem and continua to seek a permanent solution. Some 
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funds will be available through the Central Valley Project 

Improvement Act and will aid in protection, restoration, and 

provision of water supplies for fish and wildlife habitat. The 

CVPIA also provides some funds to further source control, for 

drainage reuse demonstration, and for land retirement. But, 

funds to help growers initiate on-the-ground drainage management 

actions are not available and appear to be a missing link in 

implementing a drainage management plan. Possibly the 

Subcommittee could consider ways where help might be provided 

through existing or new loan or grant programs. 

Thank you for the opportunity to bring these thoughts to 

your Subcommittee. You may be assured that the Department of 

Water Resources intends to continue, with others, in the quest 

for equitable solutions to the agricultural drainage and related 

problema on the westside San Joaquin Valley. 

5 
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Mr. MILLER. Thank you very much for your testimony. 
As I understand the testimony of both of you, you seem to be out­

lining a situation where we have just come to a halt here. We start­
ed this a number of years ago, and as Congressman Lehman point­
ed out, after all the excitement around Kesterson, there was a lot 
of activity. We did the drainage study and a lot of other actions. 
Slowly it appears we just coasted to a stop here in terms of those 
actions that appear to be necessary to correct the drainage problem 
on a valley-wide basis, whether you divide it into sub-basins or not. 

It appears that this more or less has come to a stop in terms of 
the actions that are necessary, mainly because the solutions pro­
posed by one or more different groups or studies have been rejected 
by the participants who would be necessary to make them work. 
Is that fair? 

Mr. BEARD. I am not sure I would characterize it that way. I 
think the way I would characterize it is we are in a transition 
phase. You know, 30 years ago the answer seemed very simple: We 
would build a drain. We have now all come to the conclusion that 
there has to be in-valley solutions, of some type, during a 50-year 
period. Now we have finally rejected the silver-bullet theory, I sup­
pose is the best way to put it-that there has got to be one simple 
solution to this problem. 

Well, now we have all agreed that isn't the case; there is no easy 
answer to this question. We are now in a transition phase of deter­
mining what we do next. 

The Congress has, in many respects, already spoken. You know, 
the Congress has directed us to increase our efforts in conservation, 
irrigation efficiency improvements, purchasing lands, taking land 
out of production and some other steps. We are going to proceed 
with those. And the EPA, as their testimony later on will suggest, 
recommends that approach as well. 

But, I think the question before the Congress now is, Is that the 
way you want us to continue to proceed? And if that is the way we 
are going to proceed, who are going to be the people who carry the 
load and carry the costs associated with this type of a solution? 

If that is the way we should be proceeding, then I think, as my 
testimony points out, it is time for all the parties to sit down and 
determine that if this isn't the way we want to go, then let's figure 
out another way and look at our overall policy. 

What my testimony is trying to get at, Mr. Chairman, is that we 
need some affirmation that the policy direction on which we are 
proceeding at the present time is the correct one. Is this the way 
that Congress wants us to go? 

Because any solution is very expensive, and dollars are short. I 
mean, as Carroll's testimony points out, his recommendation is 
that we have additional funds created. And as you know, we are 
just like the State, we are strapped for funds. 

Mr. MILLER. Well, a couple points on that answer. I think on 
page 3 of your statement, at the bottom there, you say the strategy 
was developed within the constraints of two policies. All the alter­
native plans had to meet the water quality objectives viewed as 
protective of fish and wildlife, and in agreement with the Federal 
criteria and State agencies, and focus on in-valley solutions. And 
that was from the very beginning. There was the notion that you 
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were not going to export one region's problems to another, whether 
it was in the early days that talk of Monterey Bay or going to the 
greater delta at Antioch. Congressman Coelho, at that time, and 
others said, this is going to have to be worked out within the valley 
area. 

If you do that, then the drainage plan, as I understand it, and 
the studies that have been done, on a comprehensive and an indi­
vidual basis, give you a series of arrows to put into your quiver to 
start to manage the drainage problem. 

I don't know if this is accurate or not, but I think politically it 
would appear that land retirement is the most restrictive and per­
haps the harshest. And then, if you work back into conservation, 
reuse, cleanup, these various alternatives for draining the shallow 
subsurface water down deeper, you know, the intensive welling 
program, all of those are a range of tools that people seem to have 
agreed upon are the right tools to use. And the mix depends upon 
what is going on in that basin, what kind of lands are you dealing 
with in severity of the problem. 

I find it hard after all this to suggest that the answer is for the 
Congress to come in and say this is the way to do it. One, that is 
not our business, and two, I don't know that we would necessarily 
do it right. 

But the first question I need to ask is whether or not you have 
the authority, and I am talking to you collectively, State and Fed­
eral here, whether or not you have the authority? Second, are there 
pressure points where this authority can be exercised in terms of 
getting greater conservation or different land management proc­
esses implemented? 

Or are the drainers able to simply stonewall this and say simply, 
we are not going to do this? 

Mr. HAMoN. Mr. Chairman, I think you have a good comprehen­
sion of the drainage plan that was prepared in 1990. It did have 
a mix of various elements-including source-controlled reuse 
groundwater management, land retirement-that were proposed as 
an in-valley management scheme. 

That in-valley management scheme was not intended as the ulti­
mate solution, as you just mentioned. The growers in the water dis­
tricts out there are implementing source control to the degree that 
is possible. They are making more efficient use of the irrigation 
water, therefore, cutting down on the amount of drainage coming 
out. 

The Department of Water Resources and the Federal Govern­
ment are funding demonstration programs on reuse, the concept of 
using water on salt-sensitive plants, then taking the drainage from 
that to put on to salt-tolerant plants and from trees, to the euca­
lyptus trees and others, in order to reduce the volume of drainage 
water that has to be treated or cared for in some other way. 

I think there is quite a lot of activity out there in source control 
and drainage reuse, and now we are beginning to develop programs 
whereby willing sellers of drainage-affected lands may be able to 
take that land out of production in a way that we call "land retire­
ment." 
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So this is a problem that has developed over a number of years 
and in-valley solutions are going to take a number of years in order 
to wrestle with this problem. 

The out-of-valley solution I don't think will ever come about until 
all of the effort that is possibly made in-valley in order to solve the 
problem has been accomplished. But I do believe that there are a 
number of actions that are being taken now that, if we could put 
those together, would get us further down the road toward the salt 
problem. 

Mr. MILLER. What prevents you from pulling those together? 
Mr. HAMON. As I see it, the State and Federal Governments have 

been chartered with the responsibility of supporting the actions of 
the local water districts and the local growers in those areas. I 
don't know that we need any additional authority in order to en­
courage them to continue on the road towards solving the problem. 

Mr. MILLER. But I--
Mr. BEARD. I would agree we have the authority as well. But it 

always gets down to the same issue, and that is: "Who pays?" Now, 
the San Joaquin Valley Drainage Study Program came up with a 
series of recommendations. I think we have to look at what they 
recommended in comprehensive terms. They recognized there are 
620,000 acre-feet of problem water that have to be reduced, and a 
million acres of land that have to be addressed, with yearly costs 
of $42 million a year, just in the solutions that they proposed. And 
it is very important to note, as they also point out in their report, 
that how we fund solutions was an issue that wasn't addressed or 
even discussed. Ultimately, that is the issue we get down to. Who 
is going to pay for this? 

There is the presumption on the books, at the present time, that 
this is a Federal responsibility, especially with respect to the San 
Luis Unit. And the decision to go with the Drain was a decision 
on the part of the Federal Government to pursue that particular 
path. And I think one of the most challenging issues facing us is, 
first of all, Do we want to proceed with the way that we seem to 
be proceeding at the present time? There are very decentralized so­
lutions, such as conservation water withdrawals, water transfers, 
some small investments in technology improvements, to the extent 
we can get them. The question then becomes, "Who pays?" Is this 
an entirely Federal responsibility? If it is going to be shared like 
most costs, we should ensure the local interests are willing to come 
up with the dollars. 

I think, ultimately, it gets down to dollars and responsibility. 
Those are important issues, and I think we haven't got any consen­
sus on that issue. 

Mr. MILLER. If I could just take one moment and then recognize 
my colleagues. 

We have witnessed over the last several weeks in the Congress, 
the Congress is getting more and more reluctant to pay for a whole 
series of items. But, obviously, certainly for those of us within the 
California delegation, the question is, What is it we are buying? 
You know, I can go around and fund a whole series of decentralized 
soft solutions, and I won't know until the end whether or not I 
have got a solution. 
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I may have allowed a lot of people to extend their time on the 
land, but I still may be inheriting a rather massive problem. Be­
cause when you add up all of the parts, it doesn't add up to solving 
the drainage problem. And I have spent a lot of money, and now 
I still have the drainage problem, and I may now have drainers 
who are in a reduced financial capacity to participate because their 
lands have not survived that process. 

That is fairly difficult, it seems to me, to get the Congress to buy 
into, to the tune of half a billion dollars, whatever it takes over the 
decade to do that. 

What is it people are willing to sign up to do, and I think that 
is part of the concern here. 

Congressman Smith. 
Mr. SMITH. Thank you, Mr. Chairman. 
I have a map before me identifying a proposed canal which would 

drain the Grasslands, I suppose. Is that a part of the overall plan? 
Is that something, Mr. Beard, that you endorse? 
You don't have the map? 
Mr. BEARD. I don't have the map. And you used the word "drain" 

and asked if I endorse it. And the answer is no. 
What is the question? 
Mr. SMITH. Let us call it the San Luis Drain; you are familiar 

with that? 
Mr. BEARD. Yes, I am. 
Mr. SMITH. That is what I am talking about. 
Mr. BEARD. No, I do not support continued construction of the 

Drain. As Carroll noted, 85 miles were completed to Kesterson and 
that is going to be the-end of it. 

Mr. SMITH. What has occurred that has, I guess, stopped the 
birds from dying at Kesterson? 

Mr. BEARD. We have closed Kesterson down; we plugged the 
drains; we eliminated the drainage water and the inflow into 
Kesterson; and the birds have stopped dying. 

But maybe I would ask Wayne White to mention, too, I think we 
have also found that some of the problems there haven't exactly 
gone away. 

Mr. WHITE. Yes. The evaporation ponds throughout the valley, 
some may even be worse than Kesterson. They vary in their tox­
icity. 

Mr. SMITH. Have you found any results of that with other calami-
ties, like Kesterson? 

Mr. WHITE. Yes. 
Mr. SMITH. In what magnitude? 
Mr. WHITE. Well, it varies. 
Mr. SMITH. One bird; 1,200? 
Mr. WHITE. No. The 4 ponds that were studied, they found tox­

icity and death in about 1,000 birds. That is 4 of, roughly, 26 
ponds. And again, they vary in toxicities, some much worse than 
others. 

Mr. SMITH. For what period of time was that? 
Mr. WHITE. That was a two-year study. 
Mr. SMITH. Mr. Beard, a little bit off the issue here, I wanted to 

ask you, you graciously discussed with me the question of penalties 
for good-faith errors on Reclamation projects. I am interested in 
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whether or not you are going to promulgate a rule, as we discussed, 
or do you want us to proceed with legislation? 

Mr. BEARD. I don't see any reason for you to proceed with legisla­
tion. I have made a commitment to you and to others, that by Jan­
uary 1, we will solve this problem administratively. 

Now, whether we take care of 100 percent of the problems is un­
certain, but we will certainly take care of most of them. We will 
not have instances of individuals who fail to fill out a form cor­
rectly and get bills for $26,000, or whatever it is. My recommenda­
tion to you would be to wait until you see what we propose and 
how we propose to forms requirements. If it is not acceptable, there 
is nothing wrong with the Congress proceeding to address the 
issue, but I don't think it is necessary now. 

Mr. SMITH. I appreciate that. 
Thank you. 
Mr. MILLER. Mr. Dooley. 
Mr. DOOLEY. Mr. Beard, perhaps, I just want to get clarification 

in terms of what you are asking. 
May I interpret by your testimony that you are saying, because 

of the original San Luis Act, which had the provision that required 
the construction of a discharge facility for the drainage water, that 
the Bureau is somewhat precluded from taking actions that most 
of us accept in a real-world situation are not limited to the export 
of drainwater? And because of recent court decisions and because 
of the letter of the law, the Bureau is in a Catch-22, in that tech­
nically you are still required to handle up to 100,000 acre-feet of 
drainage water? 

Mr. BEARD. I think that is a fair characterization of the problem 
we are presented with. I think that the United States doesn't agree 
with the decision of the court and its interpretation, but that is still 
a matter before the courts. 

Well, what I am really trying to say is that the answer from in­
terests in the valley is always to have the Federal Government 
solve this problem. We have tried three times to come up with a 
comprehensive solution, and every time we have struck out. Maybe 
it is time to move down a different path here. And we have. We 
are moving forward in a new direction. This new policy is not ar­
ticulated in a widespread manner, but we are moving increasingly 
towards conservation, land withdrawal and some modest--

Mr. DOOLEY. I guess--
Mr. BEARD [continuing]. Transfers and some other things. 
Mr. DOOLEY. My question is, Are you asking us for legislation to 

amend the San Luis Act that specifically requires the handling of 
the discharge of this drainage water? 

Mr. BEARD. Not at the present time. 
Mr. DOOLEY. You are saying administratively that is not a prob­

lem, even in light of what the court decisions have been? 
Mr. BEARD. Not at the present time. But I think the Congress 

and the Administration and the local interests need to sit down 
and decide how we want to approach this problem. Right now, we 
have imposed additional O&M expenditures on recipients of irriga­
tion water. There have been very substantial objections to many of 
these O&M expenditures. Well, the conservation efforts that are 
being done on-farm right now are either going to be done by local 
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interests or through some modest federal funds in the form of 
loans. Right now this is a fairly major· burden that is going to fall 
on local interests. 

The question is, Is that an acceptable way to proceed? And my 
budget is just like the budget of every other Federal agency; it is 
going down, not up. 

Mr. DooLEY. On the issue of repayment and on the issue of the 
repayment for the Kesterson cleanup, what is the position of the 
Bureau on how those costs would be allocated, at this time? 

Mr. BEARD. I have had a recommendation from the regional staff, 
and I am currently reviewing the recommendation with the Solici­
tor's Office and with the Budget Office and OMB. The issues pre­
sented are whether or not the approximately $110 million we have 
expended for the Kesterson cleanup in the San Joaquin Valley 
Cleanup Program is to be repaid, and what portion is to be repaid 
by water users. As you know, the Congress has spoken already, 
and appropriated them as construction funds. The question is, Can 
we now come along ex post facto and say that a portion of these 
funds were the pursuit of human knowledge or better understand­
ing of processes and, therefore, should not be reimbursable? 

Then there is the future issue of who pays for operation and 
maintenance expenditures for monitoring Kesterson? 

Mr. DOOLEY. Did I understand, then, in your last statement, that 
you basically said the original intent of the appropriations was that 
they would be nonreimbursable? 

Mr. BEARD. No. No. My interpretation is that the issue wasn't 
addressed by the Congress, but they appropriated them all as con­
struction funds for the San Luis Unit. No comment was made 
about whether or not they were reimbursable or nonreimbursable. 
That is usually an administrative matter that is done by Reclama­
tion unless there is a separate account in either the authorization 
or appropriation. 

Mr. DOOLEY. On some of the more progressive things that are 
happening out in the valley trying to deal with this, in one specific 
project, some of us are very concerned. We are frustrated because 
we have spent $50 million trying to understand how to deal with 
this problem, and have come up with some excellent recommenda­
tions. We see some interesting ideas out there that look like they 
might be financially viable and could be part of the solution, such 
as a project by the Firebaugh Water District and the Santina Com­
pany. It is a cogeneration type of facility that they are looking at, 
and they think it would be financially viable. 

I guess my question is, What efforts is the Bureau taking to 
prioritize these types of projects that can receive some cooperation 
with the Bureau? Further, what have you done on a project such 
as this, which requires, in order to make it financially feasible, a 
commitment by the Bureau or WAPAto purchase the power at 7-
8 cents a kilowatt hour? What is the interaction there, and what 
is really the commitment to try to bring some of these projects on 
line? 

Mr. BEARD. May I ask Roger to address the issue? 
Mr. PA'ITERSON. Congressman, earlier this year, the Bureau put 

out a solicitation for ideas for technology advancement for both 
water conservation and drainage, and the Santina proposal is in 
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that category. I think we received 40-some applications for evalua­
tion in the two categories, and an interagency team is looking at 
those. 

I think we are ready to award 11 or 12 of those proposals. We 
are in direct discussion with WAPA and with that particular 
project. Our criteria was that we were willing to put up half of the 
money on a particular technological idea, and to see it advanced. 
That was the basis upon which we solicited proposals. 

Mr. DOOLEY. Thank you. 
Mr. MILLER. Mr. Pombo. 
Mr. POMBO. Mr. Beard, in your statement a few minutes ago, you 

talked about the need to remove up to 75,000 acres from produc­
tion. Has there been a map prepared for that or any idea of where 
that is going to come from? 

Mr. BEARD. I am not aware that I made that statement. 
Mr. POMBO. I may be misquoting you, but I thought I heard you 

say that a few minutes ago. 
Mr. BEARD. No, I think the San Joaquin Valley Drainage Study 

Program made recommendations about how much land would have 
to eventually be withdrawn from production. But Carroll, I don't 
know whether they actually had specific maps. 

Mr. HAMON. No, there were not specific maps that were pub­
lished on that. The amount was estimated based upon the selenium 
concentration in the shallow groundwater supplies and the 
drainability of the soils. And there was an estimate then made at 
about 74,000 acres across the whole westside of the San Joaquin 
Valley, it would probably be more economically feasible to take that 
out of production and try to provide drainage facilities for that high 
selenium-type drainage that comes from those areas. 

Mr. POMBO. There was no map ever prepared for that; there was 
just an estimate made? 

Mr. HAMoN. The estimate was of a regional nature. There were 
soils maps. Water quality maps that were used in preparing that 
estimate. But not a detailed map showing landownership or any­
thing like that. 

Mr. BEARD. If I could supplement the answer. We currently have 
authority to purchase lands, and take them out of production. We 
have a program under way, but we are working with the Depart­
ment of Agriculture, State DWR and State Fish and Game, as well 
as the U.S. Fish and Wildlife Service, to make certain that the 
lands we do purchase-and we can only purchase from willing sell­
ers-are lands that everyone agrees are going to result in some fish 
and wildlife values as well as solve drainage problems. We are also 
going to go out for public comment on the criteria that we are going 
to be using in January, so there will be public hearings on that. 

So to allay any fears that there might be some federal land grab, 
so to speak, these will be willing-seller, willing-buyer purchases 
after all the various agencies involved review the transaction. 

Mr. POMBO. I understand that part of it, but you do not have the 
money to buy the land, do you? 

Mr. BEARD. In our budget this year, we have around $5.4 million 
to purchase lands. 

Mr. POMBO. Besides removing land from production and con­
servation efforts. what other solutions are you proposing at this 
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point to take care of the drainage problems that we have in the 
valley? 

Mr. BEARD. Well, briefly, you heard the talk of the various tech­
nological innovations being considered, and we are moving forward 
to try to award funds to participate in some of those. We do have 
authority now to transfer water, and that may be of assistance, be­
cause land will be fallowed in that case. 

Roger, are there some other things you might want to mention? 
Mr. PATIERSON. Basically, we are working from the list that was 

in the San Joaquin drainage program. 
We put water conservation criteria out last April. The districts, 

all the users of CVP water, are required in the next few months 
to submit plans to Reclamation. We continue to work with the Geo­
logical Survey on the idea of groundwater pumping as a manage­
ment tool. We are considering the whole array of things in the 
drainage program report. 

Mr. POMBO. Are you factoring in the economic viability of doing 
some of these things? Is that being figured before you go into them, 
before you start spending money on them? 

Mr. PATIERSON. Well, it varies. Let met put it that way. For in­
stance, the basis that we are using for the land retirement program 
is a willing seller, with a sealed-bid approach. We have been talk­
ing at length with the Soil Conservation Service so that the money 
that we have supposedly offered to a willing seller under sealed 
bids will represent the value and the economics of that property. 

We are trying to design criteria so that under that program we 
get multiple benefits-reduced drainage, acquire upland habitat 
and acquire water that can perhaps be transferred-and bring 
those all together. However we do not have, quote, an economic 
evaluation of each of these program areas. 

Mr. POMBO. On the new technology that all of you have men­
tioned about ways to do this, is the economic viability figured in 
after you have already started it to see if you can actually do it? 

Mr. PATIERSON. What we are doing on the technology advance­
ment is, I would say, first of all, there is nothing that has been 
proven either technologically or economically. So we are in the 
early stages of those with the idea that if something proves out, 
then the economics will have to be evaluated before you would have 
any kind of a broad-scale implementation. So that I would say 
would be in the second phase. 

Mr. POMBO. Okay, thank you. 
Mr. MILLER. Mr. Smith. 
Mr. SMITH. Mr. Beard, or any of you, have there been identifiable 

human kinds of illnesses that have come directly from any of the 
toxic waste that has developed? 

Mr. BEARD. Everybody down here is pointing this way. 
Mr. SMITH. Nobody wants to handle that. 
Mr. BEARD. I will defer to Carroll, but what I would say is that 

Merced County, at the time of Kesterson, did issue public health 
warnings not to eat the fish or birds that were collected at 
Kesterson. That warning was in place for several months. I don't 
know if there are other instances of--

Mr. SMITH. But nobody was poisoned; nobody died. 
Mr. HAMON. No, no, no. 
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Mr. BEARD. Not that we know of. 
Mr. SMITH. How do you tell a duck that is on Kesterson or on 

another--
Mr. MILLER. They have two heads in Kesterson. 
Mr. SMITH. Like the Potomac fish, you light up at night. 
Mr. BEARD. Well, Mr. Smith, I think the problem is a little more 

difficult than that. The problem is that that is a criminal violation 
of law. Under the Migratory Bird Treaty Act, we cannot take mi­
gratory waterfowl and construct a drainage pond which contami­
nates and kills birds. That is a criminal statute. So it is a little like 
dealers in Reclamation where we have the one penalty, to either 
shoot you or hang you. So it is a very difficult kind of penalty asso­
ciated with that law. It is a real challenge. 

Mr. SMITH. There are no dead criminals either. 
Mr. BEARD. No. 
Mr. MILLER. The map that Congressman Smith was referring to, 

I think, may have been misinterpreted. Well, it depends on your in­
terpretation of continuation of the Drain; however, he was talking 
about the proposal, I think, to skirt the Grasslands area and to 
take some of the wastewater out of the area between the San Luis 
Project and Grasslands and move it into the San Joaquin River. 

My understanding is that to do that raises some problems with 
EPA in terms of the water standards, with Mud Slough. And what 
is the other receiving body, Salt Slough? Is that correct? 

Mr. BEARD. Yes. 
Mr. MILLER. How would we deal with that discharge? 
Mr. BEARD. The State, the Regional Water Ql;lality Board, will ei­

ther have to give an extension of the time for compliance or imple­
mentation of the standard or take some other action. Without af­
firmative action on the regional board's part, the proposal cannot 
go forward. It is as simple as that. 

Mr. MILLER. If you open this route that now skirts Grasslands 
and theoretically mitigates and insulates the damage to Grasslands 
of running some of this drainage water through there, their lands 
now, which in some cases leaves the ditches and is used to flood 
some of the wetlands, if you have now provided that installation, 
how long is it before you will get additional requests to use that 
facility by people further down the valley with what may be or, in 
fact, are much hotter lands with respect to selenium? 

Mr. BEARD. To date, we have not had any. 
Mr. MILLER. I know you have not had any but the highway is 

not open. 
Mr. BEARD. Well, you know, the issue here is we have the facility 

and this plan has been proposed for, I think, close to six years. The 
Bureau has been examining this issue as well as the Fish and 
Wildlife Service throughout that period of time. We have made 
what we think is a good-faith effort to try to answer every question 
we can. We have also tried to put into place procedures by which 
we can terminate this effort should problems be presented. 

Now, have we answered every question? Probably not. But there 
are some real advantages to proceeding with this trial balloon, if 
you will. I think the advantages particularly to migratory water­
fowl are important for us to try to take care of. 
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First of all, the regional board has to act, and if it does not act 
affirmatively, then we just do not proceed. But we will have a mon­
itoring program in place. We will monitor the results, and if we 
have contamination, then we will have to bring it to an end. 

I would defer to Wayne if you have any additional comments 
about this. 

Mr. WHITE. Mr. Chairman, this is a situation where I used to be 
neutral. I didn't have an opinion. But that has changed. As you 
look more at this issue, the contamination of the wetlands is hap­
pening. This action will simply move the current level and actually 
do a little more than that, because we set up an oversight commit­
tee that will deal with unacceptable impacts and developing mitiga­
tion measures that would impact that. 

We do not have that at this time. We need to wait to see what 
the board will do in implementation of the standard. If they have 
a phased implementation strategy, the position is still that this ac­
tion has to meet standards. If it does not, then you do not have the 
action. 

Mr. MILLER. Well, as I read the memorandum from the Central 
Valley Regional Water Quality Board, they say-this is July 1, 
1993-they say "there is no need to extend the basin plan compli­
ance dates of October 1, 1993, which is no longer applicable be­
cause they provide for a compliance schedule of up to ten years for 
the adoption of numerical objectives for point source discharge and 
compliance schedules for a time to be determined by the regional 
board for nonpoint source discharges." 

My concern is, if you go forward and you approve this action, 
where does that leave us with respect to getting these standards 
met? Is this another ten years? Overall, groups have been looking 
at this for six years, as you say. This plan has been put forward, 
and in that six years we have used up all the time, and now we 
find we are at a deadline and we are told the deadline is not appli­
cable and we can really have up to ten more years for what is rap­
idly becoming a point source solution, the manner in which it is 
gathered and channeled. It starts to look a lot more like a point 
source solution than this notion of uncontrollable runoffs out there 
that are too expensive for any one group to fix up and they contrib­
ute to the problem. What happens here? 

Understand that you are also taking that pollution of the wet­
lands and you are moving it into the San Joaquin River and you 
are moving it eventually either into the pumps to go south or into 
San Francisco Bay. So this in-valley solution is starting to look a 
little bit more ephemeral than what we talked about before. And 
understanding even with it going through Grasslands, it is a dif­
ferent issue now because this becomes ideally an isolated facility, 
does it not? 

Grassland has to contend with the pollution because the water 
is not isolated from their lands as it moves through there. 

Mr. BEARD. First of all, the question is whether or not the runoff 
at the present time meets the standards. Then there is the issue 
of whether or not we approve the plan and we discharge into Mud 
Slough. If we do not approve the plan and we discontinue to oper­
ate as we are right now, the issue of just charge and the standards 
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is still an issue which EPA, the State board, and the regional board 
will each have to deal with. 

The question for the Bureau of Reclamation was, Is this an ad­
vantageous proposal for us to proceed with? And the answer was, 
yes, from the fish and wildlife standpoint it does make sense and 
we should proceed with it. 

Mr. MILLER. Assuming the standards are in place. 
Mr. WHITE. And no increased loading to the river. 
Mr. MILLER. Right. But all that is to be determined after you 

have approved the plan. The plan is approved contingent upon an 
implementation plan being approved to meet the standards so 
there is no loading of the river. That is everybody's sort of, "yes, 
yes, yes, we will get to that," but what they want is the short au­
thority and the permit to move the water now. There is a distinc­
tion between those two. Right? 

Mr. PATTERSON. Right. 
Mr. MILLER. I will tell you why I raised the issue, it probably has 

not made your day yet, but the San Francisco Examiner just start­
ed a five-day series on San Francisco Bay on the theory that some 
of these issues politically come around again. 

They are making it very clear to the inhabitants of the Bay and 
Delta they are not an isolated facility-that there are a number of 
actions that take place in municipalities and private industry on 
the farming community by the Bureau of Reclamation and others 
that impact that Bay. 

I have constituents, mainly in the major oil refineries in this 
county, spending millions of dollars to clean up the selenium that 
they discharge into the Bay through the refining process. That is 
because they are point source pollution. Now I am being told we 
have a plan here that allows selenium into the Bay with the hopes 
of some action being taken within the next decade. 

What is the equity of those two positions? 
Mr. PATTERSON. Well, our view and the criteria that we have to 

apply is that, with and without this permit, we are in the same 
place as far as the loading on the San Joaquin River. 

Mr. MILLER. Except there is a constituent in the valley under the 
current system that is not interested in that process continuing. 
That is Grassland and the environmental community. But some­
how this is different? Why? It appears the difference is they believe 
that oil companies have deep pockets so they can meet everything 
right now and somehow once we have collected all this wastewater 
together, we can still go through a fix that it is a nonpoint source 
introduction of wastewater into the operation at least for the next 
decade. 

Mr. BEARD. The question whether it is a point source or a 
nonpoint source is a matter of law under the Clean Water Act. 

Mr. MILLER. I understand that. But as I say, if you put it in a 
pipe and you ran it out of a refinery, there would be no issue what 
it is. You put this in the river, although you have gathered it now 
through the Drain, you have gathered it from all these sources and 
made it a major source of introduction, and you admit that it is 
going to have to comply with EPA standards, but we are going to 
go through the process to allow it prior to a hard-and-fast plan for 
the implementation of meeting those standards. 
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I just don't know why we would allow this to go forward without 
some assurances by the drainers and Grassland and others that in 
fact they will comply with the plan of implementation. 

You give the permit, they will be back here saying they cannot 
do this, they cannot do that, they cannot do this or that. 

Mr. BEARD. The presumption is that we have created an over­
sight committee to make sure they do comply with the plan. If they 
do not, then the permit is going to be jerked. 

I think compliance is an easy condition to impose on the agree­
ment in order to proceed with this action. But I think you raise a 
larger issue, which is the issue of should agricultural drainage 
water be covered under the Clean. Water Act. 

Point source and nonpoint source pollution are major issues 
which I think the Congress is going to have to address when they 
reauthorize the Clean Water Act. 

Mr. MILLER. Whether you address it as a point source or 
nonpoint source, as I understand it, what Wayne is suggesting is 
that in fact you cannot allow for the loading of the river. 

Mr. WHITE. Yes. 
Mr. MILLER. That is what the standards address. 
Mr. WHITE. Your frustration is also felt by other people up here 

on the panel. The fact is we have a situation that is somewhat out 
of our control. We have a Regional Water Quality Control Board 
trying to deal with standards that EPA has set. We do not nec­
essarily have control over that. We can comment on it and we have 
quite strongly, but under--

Mr. MILLER. No, but my problem is this, that we are reacting to 
the politics of one group of people who cut across a number of dif­
ferent political circles and the environmental community decided 
they are going to solve their particular problem but they are not 
going to solve the overall problem. Your monitoring group sounds 
to me a lot like sending the boys out to round up the cows after 
they have left the corral, and you know in this community, that is 
tough politics down there. 

Once that water starts flowing in an isolated facility, you are 
going to have hell to pay to put it back on somebody's lands, wet­
lands or what have you, because you will be charged with loading 
a toxic back on to Grassland or somewhere else. They will not be 
so nice to you as they are to Grassland now when they think they 
can move it off of the Grassland. 

So I am just worried that one of the points here where we can 
bring the Water Quality Control Board and you and the Bureau 
and the drainers and Grassland together on a plan of implementa­
tion, we ought not to give that away, especially when I say what 
will start happening up north, and that is we went through it in 
the 1960s, we went through it in the late 1970s, and now we are 
back in the 1990s on the questions and the impacts on San Fran­
cisco Bay. You are going to start telling people or you, the Federal 
agencies, are going to start telling people what they have to do and 
not do. Yet we will have a major source and a growing source of 
pollution out of the San Joaquin River if it does not meet these 
standards. 
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Mr. WHITE. I agree with what you say. The regional board did 
not even accept the provisions identified in the Rainbow Report, as 
we affectionately refer to it. 

Mr. MILLER. I understand that. 
Mr. WHITE. If the Fish and Wildlife Service could put blinders 

on, in effect, we would say our refuge is in trouble, San Luis com­
plex is in trouble because of water problems. 

Mr. MILLER. If the ocean liner had not sunk, you guys would not 
all be in the lifeboat together. We understand that. I am just trying 
to determine what the interests are here. There is no question, if 
one of you thought you could get out by throwing the other over, 
you would in a minute. That tells me there are problems with this 
when the permit comes first and the action comes second. 

And I think it is a disservice to the people who are genuinely 
concerned and the impacts of the overall solution to the drainage 
problem. It is obviously a disservice to a lot of people who have 
been spending millions of their own dollars to try to remove sele­
nium and other pollutants from the waters of the Bay and Delta 
system. And we are giving this kind of latitude to say, ''Well, go 
ahead, get your discharge permit and we will get back to you in 
the next decade." 

Mr. BEARD. Far be it from me to jump in here once more and 
argue with the Chairman, but the question here is do we proceed 
with the proposal that we have before us. It is a five-year permit 
with review after two years and Grassland has to comply with all 
the conditions imposed by the regional board. Whatever those con­
ditions are, those are the ones with which drainers will have to 
comply. 

In addition to that, the drainers will establish drainage and con­
stituent load reduction and goals. In other words, by moving for­
ward with the proposal, we bring the drainers into the solution and 
together we are working toward a solution. Do we get it before we 
even start? Probably not. Are we going to get it within a short pe­
riod of time? Presumably yes. If not, then the proposal comes to an 
end. There is a two-year window of review plus constant monitor­
ing. 

We must decide whether or not we proceed with this proposal, 
or whether it is better to just do nothing and wait to get all the 
parties to somehow come together. We have been ignoring the 
central problem here, Mr. Chairman, which really is the question 
of the original loading of the drainage constituents. That is the 
larger issue which we have not addressed here. 

Mr. MILLER. That is my point. But if that loading is compared 
to standards so that it is not loaded to the river, people have to 
contemplate a different set of actions because that is really the test 
we want to do. We have all pledged ourselves, even with our di­
verse interests, that we would not move this solution from the 
Central Valley to the shores of the Delta or into San Francisco Bay 
or westward into Monterey Bay. 

So now we are creeping our way north here, and I suggest that 
after five years what would you do with the water if the standards 
were not met? You are not going to put it back on to Grassland. 
Are you going to stop the irrigators from irrigating? That looks like 
a long-term litigation. 
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My concern is that the tools are out of sync here. The burdens 
and the benefits here are a little out of sync because, you are right, 
the loading continues down the valley. Yet we have kind of indi­
rectly constructed the San Luis Drain, and if these actions turn out 
to be too expensive, there will be requests from the San Luis Unit 
and others to start using that facility. After all, that is a facility 
they say they were promised. Just looks different. 

Any further questions? Mr. Dooley. 
Mr. DOOLEY. The Chairman made a point that he saw this facil­

ity as contributing to a growing source of selenium to the Bay. As 
I understand the proposal, that is not accurate; it is not going to 
increase the amount of selenium but in fact, it is going to control 
its flow and should be able to control it in a manner which, con­
templating the flows of the San Joaquin River, should actually pro­
vide a reduced environmental impact on the Delta and the Bay. 

Mr. BEARD. Well, I think the point the Chairman was making 
was that, as it presently works, selenium is filtered out, if you will, 
through Grasslands before it reaches Mud Slough, or as it reaches 
Mud Slough. And under this proposal, it would be concentrated 
more directly. I think that is what he was saying. 

Mr. DOOLEY. Are you saying, then, it is in fact going to have a 
greater impact on the Delta in terms of the selenium? 

Mr. BEARD. I don't think so. 
Mr. PATTERSON. We do not think it will have a substantially 

greater impact on the Delta. As we view it, this is one of the pieces 
of the drainage program that dealt with controlled and limited dis­
charge to the river while meeting water quality standards. That is 
the goal we want to get in a managed way. The agencies are work­
ing with the drainers and Grassland to try to put a plan together 
annually to get us closer to that. Does it solve a bigger picture? No, 
it is simply a management technique to try to deal with a kind of 
localized problem. 

Mr. DOOLEY. Dan, you had some budget numbers in your testi­
mony. The bottom line is funds budgeted for land retirement and 
water acquisitions in 1994 of $11.1 million. Are those funds, then, 
specifically allocated to deal with land retirement within the drain­
age areas and land acquisition? What are these numbers? 

Mr. PATTERSON. The $11.1 million may not be correct, Mr. 
Dooley. We will see what comes in our final appropriations bill. 
Nevertheless, these would be funds used by Reclamation in this 
partnership with the State of California where we would solicit 
from willing sellers requiring that problem drainage areas would 
be a very prominent criteria for acquisition. 

So we would develop that and then solicit proposals from those 
areas. So it would be for land retirement focused largely in the 
problem drainage areas. 

Mr. DOOLEY. In terms of any financial support or incentives for 
some of the new technologies, such as the Santina process, is that 
budgeted within that amount or is that out of another budget area? 

Mr. PATTERSON. That is outside of our regular appropriation. 
This is contained within the Central Valley Project Restoration 
Fund, for which, for the first time, we hope to receive an appropria­
tion in 1994. Demonstration projects are actually funded separately 
in the water and energy appropriation. 
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Mr. DOOLEY. Mr. White, again getting back to the discharge of 
the Grassland project, which we will be discussing here in such a 
short while, with the discharge, the salinity standard and the 
amounts going to be discharged into Mud Slough, what standard 
does that meet; or that is, what is in excess of the quality stand­
ard? 

Mr. WHITE. The position on the FONSI, and our position, Inte­
rior, Fish and Wildlife and Reclamation, is they have to have 
standards. As the Chairman points out, we have to wait to see 
what the standards are. EPA has set a standard and the regional 
board has to figure out how to implement it. So the position is 
whatever that standard is, if it is 5 ppb, it has to be met. 

Mr. DOOLEY. What is the current standard? 
Mr. WHITE. It is 5 ppb. 
Mr. DOOLEY. And we are meeting those standards now? 
Mr. WHITE. No. And I would offer probably in neither point, ei­

ther Mud Slough or Salt Slough, at this time. 
Mr. DooLEY. So with this facility, then, where are we going from 

status quo to with this facility in terms of--
Mr. WHITE. We have simply directed the problem water into the 

Drain so that you can get fresh water to the wetlands. Right now 
you are limited because of a Regional Water Quality Board condi­
tion of 2 parts per billion for selenium. You cannot do that with a 
mix of water because you cannot control the fresh water from the 
drain water. 

Mr. DOOLEY. So the beneficial impact on this is primarily in the 
Grasslands and the increase in the water quality. 

Mr. WHITE. For wetlands. 
Mr. DOOLEY. For migratory birds. And the FONSI basically was 

a finding that stated that the impacts on the Delta and the Bay­
Delta water quality were not significant. 

Mr. WHITE. Well, the position is that there will be no increased 
loading. We have already been doing monitoring. We are going into 
the second year worth of monitoring. 

The other benefit to this is that, in fact, as a condition of the per­
mission to reuse the Drain, we would have set up an oversight 
committee that would deal with unacceptable impacts to migratory 
birds and endangered species. And if there were, we would identify 
mitigation measures that would be implemented. Right now we do 
not even have that. 

Mr. DOOLEY. Okay. Thank you. 
Mr. MILLER. Mr. Smith. 
Mr. SMITH. Thank you, Mr. Chairman. I am quoting from a letter 

of July 12 sent to the Corps of Engineers from the Defenders of 
Wildlife. One sentence near the end of the letter reads: "We under­
stand that the mass loading of selenium, boron, and other trace 
elements into the San Joaquin River would remain similar to the 
current situation." 

Now, evidently somebody has made an estimate that additions 
because of the Drain would not increase the loading on the San 
Joaquin River. Do you agree with that? 

Mr. PATTERSON. We do. We think that that is generally the case. 
However getting back a little to Mr. Dooley's question, you are 
transferring a load that is now going essentially in two routes to 
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primarily one, which for six miles of this one slough, called Mud 
Slough, the concentrations will go up. 'There are roughly 70 miles 
of channels through the Grasslands area and another slough called 
Salt Slough where water quality will improve to be less than the 
2 parts per billion. 

Mr. SMITH. Therefore, you have answered the Chairman's ques­
tion. There will be no increase in loading in the San Joaquin River; 
therefore, no problem downstream in the Bay. 

Mr. MILLER. Now, you know it is not that simple. 
Mr. SMITH. It is your ball. 
Mr. MILLER. Wayne, do we not get some benefit. Whether it is 

a benefit we like or not, we get some benefit of the current system 
because some of the selenium is taken up within the Grasslands 
area? 

Mr. WHITE. That is probably true. It is spread over two areas in­
stead of one. 

Mr. MILLER. But when it finally gets to the San Joaquin River, 
you get some benefit of the take-up of the vegetation within Grass­
lands; is that not correct? 

Mr. WHITE. In the sense of selenium, yes. 
Mr. MILLER. Yes. This system, you would not have that benefit. 

I don't know what that is worth. 
Mr. WHITE. I don't know if we can quantitatively identify it, ei­

ther. It is a real tough question. We could speculate for a long time. 
And the monitoring we are doing, starting on the refuge and on 
Grasslands, is beginning to give us some of the answers to that. 

I don't know what these values mean in terms of the increases 
in selenium in Mud Slough, but we will get back to you on that. 

Mr. MILLER. Any further questions? 
Thank you very much for your testimony and we are going to 

have a further discussion, I believe, of the Grasslands proposal and 
we would like to get back to you after that. Thank you. 

The next panel will be made up of Dan Nelson, the executive di­
rector of San Luis and Delta-Mendota Water Authority, from Los 
Banos; and Ms. Karen Garrison, Natural Resources Defense Coun­
cil in San Francisco; and Catherine E. Kuhlman, Chief, Water 
Quality Branch, Water Management Division from the EPA in San 
Francisco. 

Welcome to the committee. Your statements will be put in the 
record in their entirety. To the extent that you can summarize, we 
would appreciate it so we will have time for questions. 

I guess my colleagues have abandoned me, but we will have time 
for questions from me, which is the most fun anyway. 

Mr. Nelson, we will begin with you. 
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PANEL CONSISTING OF DANIEL NELSON, EXECUTIVE DIREC­
TOR, SAN LUIS AND DELTA-MENDOTA WATER AUTHORITY; 
KAREN GARRISON, NATURAL RESOURCES DEFENSE COUN­
CIL; CATHERINE E. KUHLMAN, CHIEF, WATER QUALITY 
BRANCH, WATER MANAGEMENT DIVISION REGION 9, U.S. EN­
VIRONMENTAL PROTECTION AGENCY 

STATEMENT OF DANIEL NELSON 

Mr. NELSON. Thank you, Mr. Chainnan. Thank you for the op­
portunity to be here. I will say that I am going to speak from an 
outline today that we have submitted to you; however, we have 
also submitted lengthy supporting documents and will also be sub­
mitting a more thorough statement as well. 

[Editor's note.-The documents can be found in the appendix.] 
Mr. MILLER. If there is no objection, we will include that in the 

record of the hearings. Thank you. 
Mr. NELSON. Thank you very much. 
Mr. Chainnan, the San Luis and Delta-Mendota Water Authority 

is composed of 39 water districts. It has joint powers authority. It 
is on the westside San Joaquin Valley, and actually covers over 
into the San Felipe unit of the San Benito County water districts. 
The bond between the 39 water districts is that they all have con­
tracts with the Federal Government, taking water delivery through 
the Tracy Pumping Plant of the CVP. 

So, essentially, we represent all the federal Delta exporters in 
our authority. That representation is fairly diverse, as I said. We 
not only include the Santa Clara Water Agency, which serves about 
a half million urban folks, we have a couple of different types of 
agricultural contracts, including what we call our service ag. or 
Reclamation contracts, exchange contracts. We also represent the 
Grassland Water District and the wetlands on the western side of 
the valley. 

I agree with Congressman Lehman's comments earlier, and they 
were confinned by Commissioner Beard, that the area is in a pe­
riod of transition and uncertainty. I don't think we can understate 
that. Water supply-wise, right now, they are caught with the En­
dangered Species Act and are restricted from their pumping from 
the Delta through the listing of the delta smelt and the winter-run 
salmon. This is on top of the implementation of Public Law 102-
575, which replaced 800,000 acre-feet of water supply to areas and 
other uses, and also the doubling of the anadromous fish down the 
road. About how much water that might take, there is some uncer-
tainty involved. _ 

I think it is worthwhile to note this last year when the entire 
rest of the State was finally made whole by good precipitation 
which we were blessed with in California, that 32 out of 39 of our 
member agencies were straddled, burdened with a 50 percent 
water supply this year. And, again, these are directly attributable 
to the implementation of the Endangered Species Act and imple­
mentation of Public Law 102-575. 

Since that time, we have been taking a close look at what we can 
anticipate in future years. We have come to the realization that 
this is pretty much it. Even in years like this, we may under spe­
cial circumstances be able to get up to 60-65 percent supply. How-
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ever, once we get below-average years, we do not have the margin 
of error we used to, and we get down to zero supply real quick. So 
we are reeling and adjusting to the future scenario for ongoing 
water supply for the westside San Joaquin Valley. 

The other thing that leads to the uncertainty is our rising cost. 
Some of the factors for the rising cost-generally our O&M cost 
through the Bureau, and even local districts, is fixed, and when 
you have fixed costs and reduced units to spread those around in, 
generally you have higher cost per unit. And, again, a 50-percent 
supply generally means twice the price that you normally pay for 
that water. 

Also under Public Law 102-575, we have tiered-pricing provi­
sions and the restoration fund costs that increase our cost. Like­
wise, as was testified to a little bit earlier, we really have an uncer­
tainty about how the federal drainage costs are going to be allo­
cated. And by the way, I have submitted for the record a fairly 
thorough position paper by the water users on that, which I think 
will clarify what the water users' positions are. 

What all this leads to is just a tremendous amount of uncer­
tainty. And as a result of this uncertainty, essentially we are hand­
cuffed when we try to take a look at the long-term plans. And spe­
cifically, with drainage, we are at a time when we really do not 
know what agriculture is going to look like on the western side of 
the Valley in 10-15 years. But on the other hand, we are being 
asked to make long-term commitments. Even if we could make 
those long-term commitments, the financing for those long-term 
commitments is essentially unavailable. 

Obviously, we are a very, very high-risk area, and right now fi­
nancial institutions are backing away. This is on top of losing a lot 
of the equity as a result of uncertainty in water supplies. Land val­
ues, without exaggerating, could have peaked out at $3,500-$4,000 
an acre; there was an auction a few months ago and a lot of the 
land was between $300 to $1,700 an acre. So we have lost a tre­
mendous amount of equity. 

And this all points out that, again, we are in a period of transi­
tion, and there needs to be a more comprehensive master plan on 
both water supply and drainage completed for the next step. 

Having said all this, this is not to say that the local districts 
have been sitting back. A lot of our attention, granted, has been fo­
cused on water supply issues, but I think if you look at the record, 
it is incredible what the local districts have been doing. I would 
like to take a moment just to summarize some of the things, and 
by the way, I have, again, introduced this into the record. 

The Panoche Water District, as an example, has done at least 
five demonstration projects on looking into different types of treat­
ment and essentially trying to fmd a treatment or a black box that 
can be used to purify the water so it can be reusable and regained 
as a resource and also solve and separate the mineral and the salt 
problem. At this point I would say they are making a lot of 
progress; however, we have n~t found something that is economi­
cally feasible. However, those efforts continue. 

The Firebaugh Water District and the Santina process were men­
tioned. The Westlands Water District has had a couple of different 
treatment plants. The local water users have not given up on the 
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notion of treatment and they continue doing demonstration 
projects. 

I will say a lot of these projects are cooperative and participate 
in funding through the Bureau and the State agencies as well. So 
there has been good cooperation on the treatment front with local 
and State agencies and Federal agencies. 

As far as source control and water conservation, we agree this 
should be the initial focus of the area, and once again, I would 
point you to the record. I sincerely do not think you will find any­
place in the world that uses water in a more conservation-minded 
and higher tech way than the westside San Joaquin Valley. 

Westlands Water District is a model for water conservation 
plans. The exchange contractor, Central California Irrigation Dis­
trict, has implemented tiered pricing and the extra revenue that 
has been provided they have used to line canals. Mr. Swearingen 
will talk in more detail about that. 

The Broadview Water District is being used as a model for imple­
menting tiered water pricing concepts district-wide. These are very 
progressive districts and they are not sitting on their hands. They 
are moving forward and implementing drainage techniques that 
help them to survive. 

You need to understand, where the Federal and the State Gov­
ernments have this overall umbrella problem, these districts on a 
daily basis are now managing and operating drainage water. They 
do not have the luxury of being able to sit back and say, gosh, we 
cannot figure this out; we do not know what to do. These folks on 
a daily basis are dealing with the drainage problem and dealing 
with it progressively. 

Again, Westlands Water District has a model water conservation 
program. I would refer you to the submittal that I put in for the 
record. 

Other things are being rlone out in the area. A lot of the water 
is recirculated and blended, testing essentially tolerances for salin­
ity. 

Land retirement. I would like to take a moment to talk about 
land retirement because it is not something that is being rejected 
by the local users and, in fact, policies are being generated out in 
the valley now that would take land out of production. 

There are a couple fundamental things that I would need to talk 
about on land retirement. The water that is taken off the land that 
is retired is going to need to stay local and applied to other lands 
in the communities that do not contribute to drainage problems. 
The second fundamental notion regarding land retirement is that 
the local communities through their districts must be the ones that 
develop the criteria for the land going out of production. 

I say must be the ones. They need to be taken into consideration 
for they best know which lands can most efficiently be taken out 
of production. They know the ones that are the most productive, 
the least productive, and the ones that are not allowing them to 
meet quality guidelines. And also, they are doing regulated release 
of salts. 

After I made this list of the individual districts' efforts, what the 
individual districts were doing, in preparation for today's testi­
mony, I started looking through the management plan or the San 
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Joaquin Valley drainage program. Generally what I found is source 
control, drainage reuse, evaporation system, which we so far in our 
area have rejected. We have not gotten into evaporation since 
Kesterson. We have been leery of getting involved in that, although 
the Bureau recommended that through their San Luis drainage 
program and also through the San Joaquin Valley drainage pro­
gram. We have been leery to get back into the evaporation 
system--

Mr. MILLER. I will have to ask you to summarize. 
Mr. NELSON. In summary, if you go through the implementation 

recommendation, the local districts have been implementing the 
San Joaquin Valley drainage plan. Everything that has been rec­
ommended in this plan is being worked on by the local districts 
and a lot of the things have been accomplished. I would also re­
mind you that the San Joaquin Valley drainage program also rec­
ommends the use of export through the San Joaquin River in the 
extension of the Drain. 

Thank you very much and sorry to go over my time. 
Mr. MILLER. Thank you. 
[Prepared outline statement of Mr. Nelson follows:] 
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Outline Statement or Daniel Nelson 
Executive Director 

San Luis & Delta-Mendota Water Authority 
before the 

Committee on Natural Resources 
Subcommittee on Oversi&ht and Investigations 

Hearing on Agricultural Drainage Issues in the Central Valley, California 
October 26, 1993 

Introduction 

Overview of the San Luis & Delta-Mendota Water Authority 
39 Member Agencies 
All with contracts with the Federal Govt.ICVP 
Receive water through Federal Tracy Pumping Plant & Delta-Mendota Canal 
Provide O&M Services for Federal Facilities south of the delta 

Period of Transition/Uncertainty 
Water Supply 

Endangered Species Act 
Listing of Winter Run Salmon 
Listing of Delta Smelt 
Proposed listing of other fish 

PLI02-575 
800,000 AF 
Doubling of Anadromous Fish 

EPA Delta Standard Setting Process 
Water/Drainage Costs 

Fixed O&M, Costs per unit rises with a decreased supply 
Supplemental Water Costs 

PLI02-575 
Tiered Pricing Provisions 
Restoration Fund 

Federal Drainage Costs, Repayment Obligations 
USBR Report 
Settlement Process 
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Executive Director 
San Luis & Delta-Mendota Water Authority 
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Difficulties of Long term planning 
Financial 
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Loss of Equity & Investment Capilal 
Availability of Funds, Financial Community hesitant to loan money 

Water supply/cost uncer1llinty 

Current Local & Regional Efforts/Cooperation 

Regional Efforts 
Drainage Committee, SLDMWA 

Forum for Federal Contracting Districts to address drainage issues 
City & County of San Francisco, Reclaimed Water Reuse Program 

Grassland Task Force 
Management & Operation of drainage water within Grassland Basin 

• Individual District Efforts 
Source ControVWater Conservation 

On Farm 
District Tiered Pricing 

Treatment Development 
Reuse 
Land Retirement 
Regulated Release of Salts 

Long Term Goals 

Need comprehensive approach to water supply and drainage issues 
Multi Federal Agency Approach, folding in State Agencies 

In the interim, continue maintenance of salt balance within regulatory/statutory 
framework 
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Mr. MILLER. Ms. Garrison. 

STATEMENT OF KAREN GARRISON 

Ms. GARRISON. Good morning, Mr. Chairman, and members of 
the subcommittee. I represent the Natural Resources Defense 
Council. We appreciate the opportunity to be here today. 

Despite some recent progress towards managing drainage more 
effectively, irrigation drainage clearly remains one of the most in­
transigent problems associated with agriculture in the valley. I 
refer you to my written statement rather than review the impacts 
in detail here. 

In short, the extent, persistence, and urgency of those impacts, 
coupled with the fact they affect areas off-farm and even outside 
the valley, underscore the need for a comprehensive, aggressive ap­
proach to drainage management. 

Fortunately, a comprehensive drainage management plan al­
ready exists. In the mid-1980s, Congress authorized the San Joa­
quin Valley drainage program, about which you have heard quite 
a bit today. As a result, we now have a Management Plan for sub­
surface drainage endorsed by the California Department of Water 
Resources and the Bureau of Reclamation a couple of years ago. 

The plan does not pretend to be on target in every detail. It in­
corporates experimentation and leaves room for mid-course correc­
tion. But the strategies at the core of that plan are sound ones sup­
ported by countless studies and field tests. They include, as you 
have heard from Dan, source control, primarily through more effi­
cient water use, retirement of lands unsuitable for irrigation, and 
restoration of habitat damaged by drainage pollution. 

I would differ with your characterization of its support for evapo­
ration systems. The drainage program really recommended limiting 
evaporation systems rather than using them as an additional tech­
nology. 

The program implicitly recognized that export of the drainage 
problem was not an economically or politically feasible pollution as 
long as source control options had not been exhausted. 

The program did not set out to retire lands or reduce agricultural 
water use. Those results are incidental effects of an approach that 
aims to keep land in production. Nonetheless, implementation of 
the plan could make water available for other uses-an important 
benefit in a water-short State. That potential creates a valuable 
funding mechanism for land retirement. 

Congressman Dooley and others have noted the need to look at 
the economics, costs of a solution. I agree with that, but we have 
to measure those costs against the expense of doing nothing. The 
alternative to the hard work of managing water more efficiently 
and retiring certain lands over the next 50 years is quite simply 
far more extensive losses of productive farmland, high economic 
costs, and a continued threat of toxic contamination of wetlands 
and streams. The drainage program estimated the continuation of 
the status quo would result in economic costs of over half a billion 
dollars yearly and loss of about half a million acres of land. 

Mter expending many millions of dollars to come up with this 
plan, NRDC believes it is time to make it work, using all the tools 
available. That will not happen if the government plays only a 
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weak support role for drainage management. To be successful, 
State and Federal agencies have to integrate the provisions of the 
plan into ongoing regulatory and incentive programs and new 
projects. 

Agricultural interests have to provide leadership and take the 
initiative to follow the plan. So far, however, as Mr. Beard noted, 
some irrigation districts have rejected the plan and State agencies, 
in particular, have shown little interest in putting the plan into 
practice. 

For example, the State Water Resources Control Board ignored 
the plan when it adopted the Inland Surface Waters Plan, which 
is a set of water quality regulations for the State's rivers, streams, 
and canals. That plan imposed no requirements for source control 
by irrigators draining into those waterways. 

The Central Valley Regional Water Board gave short shrift to the 
drainage plan when it issued permits this summer for evaporation 
ponds in the Tulare Basin. 

The State made no effort to identify specific lands for retirement 
or match landowners with potential purchasers. 

Finally, the State imposes no drainage source control require­
ments on recipients of State Water Project supplies. Negotiations 
between growers and environmental groups to develop water con­
servation best management practices now hang by a thread and 
never fully integrated the drainage program recommendations for 
source control. 

In view of this record, we question whether the State made more 
than a paper commitment when it endorsed the plan. However, 
California now faces a number of new opportunities to demonstrate 
a serious intent. A court recently invalidated the Inland Waters 
Surface Plan, giving the State board, or the EPA, a chance to re­
visit earlier decisions. The evaporation pond permits have been ap­
pealed to the State board, and the State legislature passed a law 
encouraging the retirement of lands with contaminated ground­
water. 

The subcommittee may want to learn more about what the State 
intends to do with the drainage program plan in each of those in­
stances. 

There is some good news about implementation. The CVP Im­
provement Act gave statutory authority to the Management Plan's 
recommendations for source control and land retirement, an impor­
tant step toward implementation of the plan by federal water con­
tractors. 

The Bureau has now completed the criteria for water conserva­
tion best management practices, in compliance with the CVP Im­
provement Act, and it appears to be embarking on efforts to explore 
options for land retirement. Although both those efforts are now on 
track, it would certainly benefit from periodic review from this sub­
committee. 

I also take polite exception to Mr. Hamon's assertion source con­
trol is being pursued to the extent possible. I think the drought of­
fered some relief to the problem of high water tables but that re­
prieve could end with the return of normal water years. 

There are also some promising signs, as Congressman Dooley has 
said, of initiative by growers and cooperation by growers and other 
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entities aimed at carrying out the intent of the drainage program 
plan. In the Tulare basin, pond operators are working with agen­
cies and environmental groups to develop management practices 
that are consistent with the plan. The restoration fund created by 
the CVPIA offers an opportunity for cooperation on projects central 
to the plan. Proposals to remove drainage from Grasslands' canals 
via the San Luis Drain could provide an opportunity, if linked with 
a solid program of drainage source control. The State and the Bu­
reau should promote such efforts and use them as models for 
broader programs. 

The drainage program plan can't be implemented fully without 
a strong commitment to the plan on the part of both the Federal 
Government and the State, in close cooperation between the two. 
I believe Congress already gave the approach a resounding en­
dorsement when it incorporated it into the Central Valley Project 
Improvement Act, and I will encourage the subcommittee to pro­
mote implementation of the drainage program plan in any way that 
it can. 

A first step might be to review the 1991 implementation plan 
prepared by the drainage program staff, to determine whether it 
integrates the Management Plan squarely into regulatory and in­
centive programs of the agency participants. It should also make 
sure that any proposal to use the San Luis Drain is coupled with 
the plan to ratchet down on discharge or drainage and retire the 
lands that contribute heavily to selenium production in that area. 

Mr. MILLER. Thank you. 
[Prepared statement of Ms. Garrison follows:] 
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My name is Karen Garrison. I represent the Natural 
Resources Defense Council (NRDC), a nonprofit environmental 
organization with a national membership of 170,000. More of our 
members live in California than in any other state. NRDC has 
worked for over a decade to promote western water policy reform 
and protection of the aquatic ecosystems so vital to California's 
environment. We appreciate this opportunity to testify today 
before the Subcommittee on oversight and Investigations. 

I'd like to begin by thanking the Chairman and other members 
of the Committee on Natural Resources for your tireless efforts 
to set the Central Valley Project (CVP) on a more environmentally 
sound course. Due largely to your success at that undertaking, I 
come to this hearing with a much greater sense of optimism about 
the prospects for managing the San Joaquin Valley drainage 
problem than would have been possible even two years ago. One 
can point, now, to tangible progress such as the Bureau of 
Reclamation's incorporation of drainage management objectives 
into its criteria for conservation plans in the CVP. The Bureau 
deserves credit for completing a first step that could yield a 
significant future payoff. 

The Problem 

Despite some important advances, however, irrigation 
drainage remains one of the most intransigent problems associated 
with agri culture in the Valley. As early as the 1890s, 
cultivated lands in the Valley were forced out of production by 
poor drainage and salt accumulation. What's different a century 
later is the magnitude and urgency of the problem. 

For example, reports prepared by the San Joaquin Valley 
Drainage Program indicate that if current conditions continue, 
the spreading saturation of the shallow groundwater table could 
force over half a million acres of cropland out of production by 
2040. The temporary relief brought by the drought would not 
prevent eventual economic losses of well over half a billion 
dollars yearly. The discharge to the San Joaquin River of 
drainage laden with selenium and pesticides causes acute toxicity 
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in many miles of the river, quietly eliminating food web 
organisms and dependent fish species. And volumes of data reveal 
higher rates of embryo deformities in water birds at the Tulare 
Basin evaporation ponds than found at Kesterson in the mid-1980s. 
The extent and persistence of these impacts underscore the need 
for a comprehensive, aggressive approach to drainage management. 

The Principles of Sound Drainage Management Are Well Known 

Fortunately, a comprehensive drainage management plan 
already exists. In the mid-1980s, Congress authorized the San 
Joaquin Valley Drainage Program. This $50 million state-federal 
effort addressed the causes of the drainage problem 
systematically, aiming to avoid repetitions of environmental 
disasters like the contamination of Kesterson Wildlife Refuge. 
Based on extensive research, the Drainage Program prepared a 
Management Plan for Subsurface Drainage. The California 
Department of Water Resources and the Bureau of Reclamation 
endorsed that Plan a couple of years ago. 

The strategies at the core of that Plan are sound ones, 
supported by countless studies And field tests. They include 
source control (primarily through more efficient water use), 
retirement of lands unsuitable for irrigation, restoration of 
habitat damaged by drainage pollution, and a monitoring program 
to track the problem and management activities. The Drainage 
Program management committee started with the premise that export 
of drainage pollution to other areas was not an option as long as 
source control efforts had not been exhausted. 

The Program did not set out to retire land or reduce 
agricultural water use; those results are incidental effects of 
an approach that aims to keep land in production. Nonetheless, 
implementation of its Plan could make water available for other 
purposes, an important benefit in a water-short state. That 
potential also creates a valuable funding mechanism for land 
retirement. 

The Program confirmed that there is no silver bullet that 
will solve the drainage problem once and for all. The 
alternative to the hard work of implementing the Plan is, quite 
simply, extensive losses of productive farmland, high economic 
costs, and a continued threat of toxic contamination of wetlands 
and streams. 

Implementation: Some Progress, Many Missed Opportunities 

Those losses cannot be avoiJed if the government plays only 
a weak support role for drainage management, and irrigators 
resist the Plan at every step. State and federal agencies must 
integrate the provisions of the Plan into ongoing regulatory and 
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incentive programs and new projects. Irrigators must take 
initiative to follow the Plan. 

so far, however, the State of California in particular has 
shown little interest in putting the Plan into practice. For 
example: 

o The state Water Resources Control Board ignored the Plan 
when it adopted the Inland surface Waters Plan, a set of 
water quality regulations for the state's rivers, streams, 
and canals. It chose to impose no requirements for source 
control by irrigators draining into those waterways. 

o The Central Valley Regional Water Quality Control Board 
ignored the Drainage Program Plan when it issued permits 
this summer for evaporation ponds in the TUlare Basin, 
despite pressure from numerous federal agencies and public 
interest groups to take the Plan into account. 
Specifically, it failed to require source control in its 
permits, reduce overall pond acreage sufficiently, or 
require at least an acre of clean wetland habitat for each 
acre of toxic pond. 

o The State has made no effort we know of to identify specific 
lands for retirement or match landowners with potential 
purchasers. 

o The State imposes no source-control requirements on 
recipients of State Water Project supplies. Negotiations 
between growers and environmental groups to develop water 
conservation BMPs have fallen apart, and never fully 
integrated the Drainage Program recommendations for source 
control. 

In view of this record, we question whether the State made 
more than a paper commitment when it endorsed the Drainage 
Program Plan. However, it now faces a number of new 
opportunities to demonstrate its serious interest. A court 
recently invalidated the Inland surface Waters Plan, giving the 
State Board (or the EPA) a chance to revisit its earlier 
decision. The evaporation pond permits have been appealed to the 
State Board. And the state legislature has passed a law 
encouraging the retirement of lands with contaminated 
groundwater. The Subcommittee may want to learn more about how 
the State intends to use the Drainage Program Plan in each of 
these instances. 

The Bureau shares responsibility with the State for setting 
up a coordinated monitoring program that would track the impacts 
of drainage on groundwater, surface water, and plants and 
animals. Such a program provides a crucial means of measuring 
progress and adapting management strategies to changing 
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conditions. We suggest the Subcommittee request a progress 
report from DWR and the Bureau on the status of the monitoring 
program and efforts to link it to practical drainage management 
initiatives. 

The Bureau and the State also share responsibility for 
developing pilot projects that would test certain Drainage 
Program recommendations. The Committee may also want to know the 
status of pilot projects. 

There is certainly some good news about implementation. The 
CVP Improvement Act (CVPIA) gave statutory authority to the 
Management Plan's recommendations for source control and land 
retirement -- an important step toward implementation of the Plan 
by recipients of federal water supplies. The Bureau has now 
completed the criteria for water conservation bast management 
practices (BMPs), in compliance with the CVPIA. To ensure 
follow-through, the agency must insist those criteria be met when 
approving conservation plans, renewing contracts, and making 
grants or loans. It must also explore options tor and promote 
land retirement through the programmatic environmental impact 
statement (EIS) and in decisions that follow it. Although both 
these efforts are now on track, they would benefit from periodic 
review by this Subcommittee. 

There are also some promising signs of cooperative efforts 
between growers and agencies or environmental groups aimed at 
carrying out the intent of the Drainage Program Plan. In the 
TUlare Basin, some pond operators are working with agencies and 
environmental groups to develop management and mitigation 
practices consistent with the Plan. The restoration fund created 
by the CVPIA offers an opportunity for cooperation on projects 
central to the Plan. Proposals to remove drainage from 
Grasslands' canals via the san Luis Drain could also provide such 
an opportunity, if linked with a solid program of drainage source 
control. The State and the Bureau should promote such efforts 
and, where possible, use them as models for broader programs. 

conclusion 

The Drainage Program Plan cannot be implemented fully 
without a strong commitment to the Plan on the part of the 
federal government and the State, and close cooperation between 
the two. Many opportunities to implement the Plan have already 
been passed over, particularly by the State. We urge this 
Subcommittee to encourage implementation in any way it can. A 
first step might be to review a 1991 implementation plan prepared 
by Drainage Program staff to determine whether it integrates the 
Management Plan squarely into government regulatory and incentive 
programs. 

4 
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STATEMENT OF CATHERINE E. KUHLMAN 
Mr. MILLER. Ms. Kuhlman. 
Ms. KUHLMAN. Mr. Chairman, committee members, you have my 

testimony which has been entered into the record. I would just like 
to make a few brief remarks. 

EPA has been involved in this project trying to deal with the 
drainage and the issues related to drainage for many years and 
recognizes the difficulty here in balancing between the environ­
ment and the economics of the situation. 

I think we all share the goal of continuing lands in production 
with environmental protection. As you heard much discussion this 
morning, our concern has been the need for long-term commit­
ments that will assure reductions to achieve water quality goals. 
The trade-off between clean water for wetlands and increased load­
ings of selenium and other salts and metals into Mud Slough could 
be a good short-term solution. But as the Chair noted, it may also 
remove some of the incentive to reduce drainage loadings. 

I would like to give you a little bit of feel for what is the environ­
mental impact. The environmental assessment notes that loadings 
in Mud Slough from the proposed project will go up to as high as 
57 parts per billion. The current standard from EPA is 5. 

Current research shows that 10 parts per billion causes chronic 
toxicity in aquatic life; 20-30 parts per billion causes toxicity in 
aquatic life; 1-2 parts per billion is needed to protect wildlife, par­
ticularly migratory birds. 

So we have a range from 1 to 2 to 30-and at 30, you are having 
toxicity in the stream-and a proposal that will increase loadings 
up to around 57 parts per billion. 

We believe that the 5-parts-per-billion standard that is in place 
is a reasonable one to shoot for to achieve over time. The regional 
water board in the 1980s adopted a plan of implementation to 
ratchet down loadings from where we were existing in the environ­
ment right now, down to the goal of 10 ppb that they have set. 

This summer, they brushed aside that implementation plan in 
favor of going to the Inland Surface Water Plan that was adopted 
on a statewide basis. As Karen noted, we have a tentative order 
out now from the State Superior Court voiding out the State Inland 
Plan. That leaves us at this point in time, with no plan of imple­
mentation on how to go from where we are to some reasonable goal 
to protect the environment. 

And at this point in time, that goal is 5 ppb. 
So where do we go from here? I think it is important, given the 

recent court action, that EPA needs to work with the State Water 
Resources Control Board and the drainers to establish how soon we 
can get a plan of implementation in place that could take us from 
57 parts per billion down to something closer to 5. 

I would also suggest that perhaps it might be valuable for the 
oversight committee to discuss the benefits of a coordinated ap­
proach to project funding. Right now, I think each agency is basi­
cally funding projects based on its own set of criteria. There might 
be some benefit in looking at a coordinated approach; to pool our 
money, if you will, to assist in monitoring, research, as well as 
working with the State in making available to farmers loan money 
that is available through the Clean Water Act. 
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So I think the State needs to put together an implementation 
plan, and I think that realistically it is going to take them at least 
a year, if they started on it now. 

And I think the Feds and the State and the drainers need to 
work together to come up with some kind of plan that will take us 
from where we are right now into the future, because it feels pretty 
disorganized at this point in time. That concludes my remarks. 

[Prepared statement of Ms. Kuhlman follows:] 
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Good morning Mr. Chairman and members of the Subcommittee. It is a 

pleasure to be here today to disc:uss the issues related to the use of the San luis 

Drain for conveying agricultural drainwater around the Grasslands Water District in 

California. 

The U.S. Environmental Protection Agency (EPA) Region 9 has been involved 

with drainage issues in the San Joaquin River for fifteen years. The issues are 

extremely complex, and solutions that satisfy environmental and public health 

concerns while allowing for the continued productivity of the agricultural lands have 

been very hard to find. 

EPA recognizes that a tradeoff between clean water for wetlands and increased 

levels of selenium in Mud Slough exists, and that a compromise may be the best 

short·term solution that is available at this time. However, we continue to be 

concerned that the environmental impact analysis for the current project did not 

develop and explore alternatives that did more than simply move the contamination 

from the wetlands to Mud Slough. 
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As currently designed, the project: 

• will !esult in acute toxicity to aquatic life in Mud Slough; 

• will result in violation of the federal water qulility standards for selenium; 

• will result in violation of the water quality controll)l!ln of implementation; and, 

• may not lead to further reductions of pollutant loadings to the San Joaquin 
River. • 

Thesi problems are significant, but can be solved or niitigatad. Everyone here 

is familiar with the toxic effects of agricultural damage at Kesterson. National Wildlife 

Refuge (including wildfowl deformities causing chicks to die when hatched I; this is but 

one dramatic example of a widespread problem. 

It is EPA's position that the solution to the drainage problem is drainage 

reduction. Reductions in drainage throughout California are being achieved through 

conservation and tailwatar recovery. Further reductions may be achieved through 

more aggressive implementation of the proposals presented in the San Joaquin 

Drainage Program Plan such as land retirement. We believe innovative markgt 

solutions and financial incentives can also play an important role, such as a pollutant 

trading scheme that has been proposed for a portion of the San Joaquin Valley. 

EPA remains available to help work through the myriad of difficult 

environmental and legal iuues surrounding reopening of the San luis Drain. 

Thank you Mr. Chairman; I would now be happy to answer any questions you 

or other members of the Subcommittee may have. 
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Mr. MILLER. Thank you. . 
Mr. Nelson, with all the actions that you have described to the 

committee, how do you quantify the reduction in the problem water 
that has taken place? 

Mr. NELSON. I think when you look at the process that we are 
involved in that will ultimately lead to the quantification, we are 
generally under regulatory mode. What that means is as the San 
Joaquin Valley drainage program recommended, there are going to 
be continued discharges to the San Joaquin River regulated­
maybe not-regulated accordingJy. As our discharges become re­
stricted, we are addressing that in minimizing and trying to meet 
the standards through, again, initially source control, and when we 
still can't meet that, reuse---

Mr. MILLER. What does your plan tell you about your ability to 
reduce the flows by your plans for source control? 

Mr. NELSON. I will defer to Joe McGahan who does a lot of the 
technical work and the monitoring for the local agencies to meet 
the regulations in the San Joaquin River. 

Mr. MILLER. We will get that for the record. 
Mr. NELSON. Yes, sir. 
Mr. MILLER. Ms. Kuhlman, given your statement and issues that 

EPA has raised to date, and I guess coupled with the overturning 
of the-what is the technical term? 

Ms. KUHLMAN. The Inland Water Surface Plan? 
Mr. MILLER. The water plan that was done at what level-in Su­

perior Court? 
Ms. KUHLMAN. It was Superior Court, and I don't know what the 

decision is on appeal. We are in the period from issuance to final­
ization of the order. 

Mr. MILLER. I assume from your remarks that my earlier inter­
pretation is correct, that if we were to give the permit today to use 
the Drain around Grasslands, that we would not have in place any 
process for meeting these standards? 

Ms. KUHLMAN. I think there is a process in place for trying to 
meet the standards. What I think isn't in place is assurance that 
process will deliver results. 

Mr. MILLER. I stand corrected. 
So now that we have a process, you are telling me that we don't 

have assurances that the purposes of the process will be met? 
Ms. KUHLMAN. I don't see anything in the construction of the 

oversight committee that leads me to conclude that if standards 
continue to not be met, or to put it more accurately, if loadings out 
in the environment still continue to be high enough to cause tox­
icity, that there would be some action that would really result in 
change, increased source reduction. I don't see a cause and effect. 

Mr. MILLER. Ms. Garrison, in your discussions here, my concerns 
with the-what is this, the Central Valley Water Quality Control 
Board here? 

Ms. GARRISON. Yes. 
Mr. MILLER. That their role over the years continues to cause me 

concern as to whether they are serious about using their authority 
to see if we can bring these parties together. They consistently 
seem to be the escape valve by which the solution gets away from 
us. 
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Each time we think we have got people in a room to meet their 
obligations, somehow they are released once again through the 
Water Quality Control Board's treatment of this issue. 

Ms. GARRISON. I would say that is accurate; they certainly 
haven't exerted very much leadership in this area. 

Mr. MILLER. I guess it just haunts me that there is a political 
process in place here that suggests you can continue to put this 
problem off, and put this problem off. Eventually we will be back 
here, as we were when we came under the Migratory Bird Treaty, 
and maybe some other mechanism or some other part of the law 
or political situation, we will be back here on a crisis basis. And 
I think that we have tried to work on this drainage problem with 
the idea that we should try to work on it so that, as I think you 
pointed out and others pointed out, we can minimize the adverse 
impacts to go around. But that was going to take an awful lot of 
cooperation and a steady marching toward the goals, and this proc­
ess to date just hasn't done that. And I would be very interested 
in the technical papers from the drainers as to what they have ef­
fectively done or not done to date. 

I know what they are saying they want to do and the goals and 
the aspirations, but we are still sitting here with three-quarters of 
a million acre-feet of water that pose a serious problem to the long­
term viability, both of the irrigators and the environmental stabil­
ity of this region, and perhaps even the Bay and Delta region. You 
know, almost the entire time I have been in this Congress, what 
usually happens is we come along on a crisis basis. Almost all of 
the answers become more severe because you have run out of time. 
You are put up against some additional guideline, principle, law or 
edict that takes away the maneuvering room for adapting these so­
lutions, given the various circumstances-in this case, mainly of 
the drainers. I just worry that we are running out of room here. 

Ms. GARRISON. I think that is right. Ironically, the State board 
is now a participant in this drainage program team, I am not sure 
what they call it, but the group of agencies that is charged with 
implementing the plan to the extent that implementation is hap­
pening. But the implementation plan they prepared is a very lais­
sez faire one that simply lets the agencies go about their business, 
more than really trying to come up with a coordinated approach 
where everybody is pulling in harness, and I would suggest that is 
one place to look. 

I would also agree with Dan that there are some progressive dis­
tricts that he represents who have done quite a bit. We aren't at 
ground zero. We have moved along the spectrum. 

In that area in the Grasslands, though, there are some lands 
that are very hot and as long as they keep pumping selenium into 
this nonpoint source discharge, you are going to have a lot of prob­
lems. Certain lands are going to undercut the progress made by 
other people through source control as long as they are still in pro­
duction. 

We need to move more quickly towards setting priorities for re­
tiring some of those lands. I think that is the way you are going 
to see a major difference quickly between what we would discharge 
under the status quo and what we would discharge with some work 
in line with the drainage program. 



65 

Mr. MILLER. Mr. Dooley. 
Mr. DoOLEY. Just one comment is that, in terms of us being at 

another crisis point and having our options eliminated and a lack 
of flexibility, I think that one has to understand that the people 
who are most at risk here are the drainers and the users. They are 
the ones that are seeing the prospect of losing the economic utility 
of their land-and no one has a more vested interest in solving this 
problem, especially in light of the restrictions now and the ac­
knowledgment that we will never have a drain that goes out. We 
have some people, as Ms. Garrison has said, that have been ex­
tremely progressive in this area. They are trying to do some things 
to really provide the certainty I think a lot of us are concerned that 
this agreement doesn't necessarily mandate; namely, that we will 
continue to meet the standards down the road. I don't think anyone 
disagrees with that. 

But I get a little frustrated because I think there is a lack of ac­
knowledgment of the good-faith effort of a lot of folks out here to 
try to deal responsibly with the problem. I would like perhaps, 
Dan, for you to comment from your estimation looking at today and 
the status quo versus ten years ago, the commitment of your dis­
trict and other water districts that deal with this problem. From 
my perspective there has been a real awakening that we can't walk 
away from this. 

Mr. NELSON. Since the realization of the problems associated 
with the drainage water that are exemplified by Kesterson, there 
have been a tremendous amount of examples, and good examples, 
of cooperative efforts, and I think some of the best cooperative ef­
forts are represented here today with the Grassland basin drainers 
and the Grassland Water District. The initial thing that we had to 
look at in the Grasslands basin was, are the things that are hap­
pening in Kesterson where you have an evaporation-type pond, are 
they happening in the Grasslands area? And there were, indeed, 
some signs that there were definite problems in the wildlife so 
what we have done through various cooperative efforts is to try to 
take a look at the initial problem. And I think one of the solutions 
to that initial problem is being presented here today but that is as 
an example. 

We wouldn't have thought of doing treatment demonstrations, 
you are right, ten years ago. We wouldn't have thought, frankly, 
that taking land out of production was a viable option. We are de­
veloping criteria locally right now to take land out of production, 
so, yes, we have learned a lot in the last ten years. 

It has been painful. There has been a lot of people hurt. There 
is as high as 40 percent unemployment on the westside not attrib­
utable to drainage but water supply. Things are moving ahead. 

Mr. DOOLEY. Ms. Garrison, if I understand, one of your concerns 
about some of the permits that were granted was that the propos­
als did not include a plan or a mandate for some level of source 
reduction. 

Ms. GARRISON. Right. 
Mr. DoOLEY. And that means applied water? 
Ms. GARRISON. Yes. 
Mr. DOOLEY. You know, from my perspective, though, isn't that 

basically an absolute? If you are an individual who is having to set 



66 

aside land for ponds, isn't that a natural or economic incentive to 
reduce the source so you will have a reduced supply? 

Why does it necessarily require an arbitrary reduction and then 
the inevitable result from economic and fmancial incentives to re­
duce the amount of drainage water that you have? 

Ms. GARRISON. The short answer is that it has to do with com­
prehensive planning. What the drainage program tried to do was 
take a look at the whole and say how much do we have to reduce 
our drainage by to get to a certain goal. They came up with an 
amount of reduction in drainage that was desirable to reach that 
goal. Any independent person may have some economic incentives 
to reduce their drainage but they don't-there is a certain tragedy 
of the common problem that happens where nobody can see how 
their actions fit into the whole and so they will pursue their own 
interests. 

The drainage program came up with a standard, as it were, of 
drainage reduction that they thought would accomplish the goals 
they were aiming for. And some pond operators agreed that made 
sense and actually adopted them or proposed them as part of their 
permits. The regional board in a classic example of the attitude 
that the Chairman just described, refused to put that in the per­
mits, even of the person who proposed to have it in his permit, 
much less use it as a model for other permits, which would have 
been the sensible apJ>roach. 

Mr. DooLEY. Ms. Kuhlman, you talked about exceeding the salin­
ity standards in Mud Slough. Basically, I understand that was a 
trade-off we felt was merited because we consolidated what was ex­
cessive salinity levels in 70 miles of channel to basically that 6 
miles, and we felt that was appropriate policy at this time. 

Your concern is about the lack of a process which ensures that 
we are going to deal with the source reduction so that we are not 
eventually faced with the EPA coming in subsequently after this 
five-year period and saying that we are note meeting the salinity 
standard, so there has to be more done? 

Ms. KUHLMAN. Under the Clean Water Act, EPA cannot enforce 
water quality standards directly. We have no mechanism to enforce 
against nonpoint source polluters. That is something that is left 
under the Clean Water Act to the prerogative of the States. So the 
answer to your question is, no. EPA is only in a position, at this 
point in time, of saying there will be impacts on the environment 
when your levels are as high as they are going to be in Mud 
Slough, so let's look for practical alternatives. 

Mr. DOOLEY. Thank you, Mr. Chairman. 
Mr. MILLER. Thank you. 
Just one point. We pointed out in the very beginning of this proc­

ess many years ago, there were irrigators that immediately came 
to the forefront and invested substantial amounts of money looking 
for solutions, many of which did not pan out. 

It is not a question of acknowledging those efforts. The question 
is whether or not you can achieve those purposes because you have 
some lands that are just so hot. Can you dilute this to the point 
where lou can get down to 5 ppb or not? I think it is the old prob­
lem-i everybody has got to get through the keyhole then we are 
probably not going to get there. And that means that then you 
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have to start to look at these other alternatives, which may include 
water exchange; that is, provide some reimbursement or provide 
some incentive for those farmers to move that water to some other 
use so that the rest of the farmers can meet those standards. 

But I think this process to a great extent has been driven by the 
worst case rather than the best case. I am not sure the best cases 
are being allowed to show the way. They are being held back in 
terms of the potential success by the worst-case lands, in this case, 
because right now we don't seem to have the ability to get there 
without getting the Mud Slough with less than 57 parts per billion 
or 30 parts per billion. That is unacceptable. 

And it seems to me that demands a hard-and-fast process to get 
to where the standard of 5 ppb is upheld. At some point down the 
road, those irrigators and others are going to have to make some 
tough decisions. Right now, the proposal is to continue to keep in 
the air enough balls to suggest that decisions are being made 
when, in fact, the tough decisions aren't being made and eventually 
you are going to drop all the balls. I just think that is what is going 
to happen here. Because some of these lands are so hot that your 
ability to mitigate on the rest of the lands to make up for that 
doesn't look terribly feasible at this point. Maybe it will 20 years 
from now or some other time, but at the moment, it doesn't look 
terribly feasible. 

Well, thank you for your testimony and for your help on this 
issue. 

The next panel will be made up of Don Marciochi who is the gen­
eral manager of the Grassland Water District and Resource Con­
servation District, Ms. Chelsea Congdon, who is resource analyst 
for the Environmental Defense Fund, Joseph McGahan who is rep­
resenting Summers Engineering, and Mr. Dee Swearingen who is 
the executive director of the San Joaquin River Exchange Contrac­
tors Water Authority in Los Banos. Somebody here is going to be 
accompanied by Dr. Young. 

Mr. Marciochi, we will start with you. 
Welcome to the committee and your full statement will be put 

into the record in its entirety, and to the extent you can summa­
rize, would be appreciated. 

PANEL CONSISTING OF DON MARCIOCID, GENERAL MAN­
AGER, GRASSLAND WATER DISTRICT AND GRASSLAND RE­
SOURCE CONSERVATION DISTRICT, LOS BANOS, CA; CHEL­
SEA H. CONGDON, RESOURCE ANALYST, ENVIRONMENTAL 
DEFENSE FUND, OAKLAND, CA, ACCOMPANIED BY TERRY F. 
YOUNG, PH.D., SENIOR CONSULTING SCIENTIST, ENVIRON­
MENTAL DEFENSE FUND, OAKLAND, CA; JOSEPH C. 
McGAHAN, SUMMERS ENGINEERING, INC., REPRESENTING 
THE GRASSLAND BASIN DRAINERS, HANFORD, CA; AND DEE 
E. SWEARINGEN, EXECUTIVE DIRECTOR, SAN JOAQUIN 
RIVER EXCHANGE CONTRACTORS WATER AUTHORITY, LOS 
BANOS,CA 

STATEMENT OF DON MARCIOCHI 
Mr. MARCIOCHI. Thank you, Mr. Chairman, it is a pleasure to be 

here to brief you on this issue. I will summarize my statements. 
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In fact, I think if I can ask the Chairman's permission, to utilize 
this map, come forward with that map to help clarify some of the 
issues that were discussed earlier as to the management of water 
in our area. 

Mr. MILLER. Whatever is convenient for you. 
Mr. MARCIOCHI. Let me lead off by saying I think it is only with 

a great deal of reluctance that the Grassland Water District finds 
itself in the position of being the lead agency on the San Luis 
Drain Project. We feel that while there are other agencies with 
more resources and a greater ability to implement this project, we 
as the recipients of the drainwater in that area have found it nec­
essary to begin this process to remove that water from our canal 
systems. 

If I may come forward now. 
Mr. MILLER. Hold on a moment. 
You know the area? 
Mr. DooLEY. I have seen it. 
Mr. MARCIOCHI. Perhaps. 
Mr. MILLER. Do you want to refer to it now. 
Mr. MARCIOCHI. I think there are a couple points of clarification 

that need to happen. 
First of all, let me describe this area in green is the Grassland 

Water District. The red line that you see here is the San Luis 
Drain. The proposed_ point of interception is at this point. The exit 
from the Drain into Mud Slough is at this point. 

One of the things that was discussed was Grassland's interest in 
this process in that it removes the drainwater from our system. It 
does to a degree. This current proposal takes the drainwater out 
of the north Grasslands system, out of the system that services 
20,000-some acres of State and Federal lands as well. The south 
Grasslands canal system will still be impacted. 

We have put into place facilities over the last ten years to be able 
to alternate drainwater flows and fresh water flows throughout the 
south Grasslands. That creates a timing problem for us. 

It isn't a question of us having this water go out upon the land, 
out upon the wetlands, it is more a scheduling problem. These con­
veyance systems throughout the district serve a dual function. 
First is a supply system for CVPIA, water supplies, and second is 
a conveyance system for drainage, so the district itself will not find 
itself in a position, if this project is implemented, of having not to 
deal with that drainwater. We still have that problem. 

The other point that was made earlier that I think needs some 
clarification is regarding the standards that are or are not in place. 
There was concern expressed about transferring this problem 
downstream throughout the river system and into the Bay and the 
Delta. 

There is a five-part standard on the San Joaquin River. That 
standard has been in place for probably at least two years. That 
is part of the Regional Water Quality Board's Basin Plan amend­
ments. It is a five-part standard. It has to be met. 

It will be met as a part of this project. It has been met during 
the last few years. So while we talk about the impacts, there are 
some impacts that may occur in Mud Slough. Reference was made 
to the increased concentrations that might occur in Mud Slough. 
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There is a standard in place already on the river that has to be 
met, so I sense the concern that we were merely taking this out 
of our system, transferring it throughout the river system and on 
downstream. That isn't the case. 

The other point that I think that needs to be made-­
Mr. MILLER. Well, what are you saying? 
Mr. MARCIOCHI. The concern had been expressed that there was 

no standard or that there was a standard that may be put into 
place once this project goes into place. That reference was made to 
a standard on Mud Slough. 

Mr. MILLER. That standard is not currently enforced against this 
proposal. 

Mr. MARCIOCHI. That is correct, but there is a standard on the 
San Joaquin River which is immediately downstream. 

Mr. MILLER. But it is not enforced against this proposal. 
Mr. MARCIOCHI. Yes, it is. 
Mr. MILLER. Well, which is it, is it or isn't it. 
Mr. MARciOCHI. The standard on the San Joaquin River is en­

forced. 
Mr. DOOLEY. Outside of Mud Slough. 
Mr. MARciOCHI. The water is discharged at this point into Mud 

Slough. It goes 6 miles down Mud Slough to the San Joaquin River. 
There is a standard in place on the San Joaquin River. And it-­

Mr. MILLER. How can you take 57 parts per billion and dump it 
into Mud Slough and get it to--

Mr. MARCIOCHI. That is up to the drainers to achieve. If it 
doesn't happen, the project stops and that is our position in this as 
the operator of the project. We physically move the water through 
the Drain through our system into the Drain to the discharge 
point. The responsibility and liabilities for meeting that standard 
or standards on Mud Slough rest with the draining entities, will 
rest with the draining entities as a result of any service agree­
ments. 

Mr. MILLER. That is a disclaimer of liability. 
Okay. Go ahead. 
Mr. MARCIOCHI. And in fact, Mr. Chairman, this project cannot 

proceed until the drainage service agreements are in place. Those 
are still another step that has to be taken. 

I believe that is all at this time. I would be glad to answer any 
questions. 

Mr. MILLER. All right. 
Thank you. 
Mr. MARCIOCHI. Thank you. 
[Prepared statement of Mr. Marciochi follows:] 
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THB SAM LUIS DRAIN* 

Mr. Chairman and members of the Committee, as general manager of the 

Grassland Water District and Resource Conservation District, I 

appreciate the opportunity to brief you today on the Grassland 

Wetlands and the proposed use of the San Luis Drain. 

I. HISTORY AHD DBSCRIP'l'IOH OF THE QRASSLAJII) wm.Alfi)S 

Situated along both sides of the San Joaquin River in the Central 

Valley of California, the Grassland Wetlands encompass an area 

approximately 30 miles long and 25 miles wide. This ecosystem, 

commonly referred to as the Grassland Wetlands complex, consists of 

Federal, State and privately managed wetlands, riparian corridors and 

native grasslands. Although wetland systems once covered more than 4 

million acres within the Central Valley--90% of California's original 

wetland acreage--only 300,000 acres now remain. Of this, the 160,000 

acre Grassland Wetland Complex represents the largest organized 

wetland complex in the United States and is perhaps the most critical 

link in the Pacific Flyway which stretches from Alaska and Canada to 

Mexico and Central and south America. This wetland system, of which 

the Grassland Water District and Resource Conservation District are 

the largest part, is recognized by the u.s. Fish and Wildlife service 

as the most important wintering area for waterfowl in the nation and 

has been designated as one of only 15 international reserves for 

wintering and migrant shorebirds in the world. 

* Presentation by Don Marciochi, General Manager of Grassland Water 

District and Resource Conservation District. 
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u I WATER SUPPLY 

Faced with the prospect of an uncertain water supply following 

the construction of the Central Valley Project (CVP), land owners 

within the Grasslands joined together and formed the Grassland Mutual 

Water Association in 1944, the same year the Friant Dam was 

completed. Attempts at negotiating a reliable water supply for the 

Grasslands were unsuccessful, and by 1950 the Bureau of Reclamation 

served notice on the Grassland owners that water would be available 

only on interim basis until 1953. At that time, the CVP would come 

into full operation and water would be diverted south to meet 

agricultural needs. 

To protect 

lawsuit against 

the Grasslands, the land owners filed a class action 

the federal government. The matter was resolved 

during settlement negotiations, resulting in a reauthorization of the 

CVP to include water for fish and wildlife purposes. As a direct 

result of this action, the Grassland Water District was formed, and by 

1956 the new district had entered into a contract with the federal 

government for the delivery of 50,000 acre feet of CVP water each 

year. 

From the early 1950's to 1985, the Grasslands--based on 

recommendations made by federal and state wildlife agencies and the 

Bureau of Reclamation--came to rely on the use of agricultural drain 

water to supplement its contract supply. At times, this drain water 

accounted for as much as two-thirds of Grassland's water supply. 

However, in 1983, selenium contamination caused by the ponding of 

agricultural drain water was discovered at Kesterson Reservoir within 

Kesterson 

in birds. 

National 

This 

Wildlife Refuge, resulting in reproductive failure 

led to the recognition of a similar problem within 

adjacent private wetlands of the Grasslands and the enactment of 

<Page 2> 
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policy prohibiting the use of contaminated drainwater for wetland 

management. 

With implementation of CVPIA, Grasslands will receive an historic 

firm water supply. This additional water will provide the District 

the opportunity to better manage, and improve, critical wetland 

habitat important not only to wintering waterfowl, but also to a 

multitude of other forms of wildlife that reside within this sensitive 

ecosystem. 

Unfortunately, the limitless benefits offered by a sufficient 

and quality water supply can never be fully realized without the 

resolution of 

drain water 

in order to 

one of our most pressing issues--removing agricultural 

from the District's conveyance systems. This must happen 

allow the Grasslands to fully utilize the water provided 

us by a long-awaited and much appreciated act of Congress. 

III. PRAIHAGE PRQBLEK 

Although one of the objectives of Congress in enacting the CVPIA 

was to provide a sufficient and safe water supply to ecosystems like 

Grasslands, we are now confronted with a serious dilemma in not being 

able to deliver this water to state, federal and private wetlands when 

it is needed. This logistical problem arises in having to share 

conveyance systems with upslope agricultural drainers. With 

sufficient water now available, more intensive management of wetlands 

is needed throughout the year. However, this water can do little good 

if the ability to physically deliver it to wetland areas is restricted 

due to matters of plumbing. 

Agricultural drain water from the drainage area shown on the map 

is and has been discharged--from some areas for more than a century-­

through canal conveyance systems in the Grassland Water District and 

adjacent areas to the San Joaquin River. These channels must now 

<Page 3> 
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serve as supply systeas to deliver water provided by CVPIA for wetland 

management. All too often we are restricted froa delivering this 

water when it is needed because our canals are beinq used for drainag~ 

water conveyance. 

CUrrently, drainwater is baing managed by routing it through 

makeshift facilities and channels on the Los Banos Wildlife Area 

operated by the california Departaent of Fish and Game. The 

Department has foraally notified the District that it will not allow 

use of its facilities for this purpose in the future. As the 

Kesterson debacle testified, comingling of fresh water deliveries to 

wetlands and agricultural drainage water aust be avoided in order to 

prevent environmental daaage t~ wetland systems. Obviously, this 

situation represents a scheduling nightmare in trying to supply water 

to federal, state and private refuges within the Grasslands and only 

serves to restrict our ability in providing water to wetlands as 

aandated by the provisions of the CVPIA. 

zy. QISCRIPTIQJJ QP SM LUIS QRAilf PROJECT 

The most immediate answer to the drainage problem, as it relates 

to Grassland Water District, is a reliable and manageable transfer 

system through the District and adjacent wetlands for the conveyance 

of agricultural drainage waters to the San Joaquin River. The 

proposal to utilize the San Luis Drain for this purpose provides the 

District with an immediate, albeit short-term solution which gives us 

the flexibility in delivering water to wetland habitat as well as 

lessening the potential impacts of agricultural drainage water mixing 

with District water supplies. 

Simply stated, the proposed project entails removing the 

drainwater from the North Grasslands systems and conveying it in the 

San Luis Drain for a distance of 18 miles to Mud Slough and then 6 

<Page 4> 
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miles to the San Joaquin River. The project has aet CEQA and NEPA 

requirements with a Finding of No Significant Impact. The FONSI 

includes many mitigation measures, including the formation of an 

Oversight Committee and Technical Advisory Committee which will 

continuously review the project for any potential environmental 

impacts and have authority to terminate the project--at any time-­

should problems arise. The proposal to use the Drain is limited to a 

maximum of 5 years and an extensive monitoring program has been 

implemented and the necessary permits required for the project have 

been secured. Although the Grassland Water District will serve as 

managing entity, liability and responsibility for ensuring water 

quality and environmental objectives will be passed on to the 

agricultural drainers via drainage service agreements. 

y. BBHEFITS OF PROJECT 

The implementation of the San Luis Drain project will result in 

the removal of drainage waters from approximately 70 miles of channels 

within the Grassland Water District and state and federal wildlife 
~ 

areas. The potential for direct impacts from agricultural drainwater 

to nearly 30,000 acres of federal, state and private wetlands as well 

as other sensitive habitats in the area, including the District's 

conveyance systems themselves, will be immediately removed. The 

project also represents a first step toward resolving the drainage 

issue in the long-term. As stated, agricultural drain water currently 

weaves its way downslope, meandering through a maze of conveyance 

channels. Needless to say, the ability to closely measure, monitor 

and control this drainage through the Grasslands has been difficult. 

However, by placing drainage waters collectively into one system, the 

task of requlating and enforcing drainage requirements will be greatly 

improved ·. This factor alone should be a part of any and all 

<Page 5> 



76 

discussions relating to the benefits of proceeding with this project. 

VX. COJICLUSIOIIS 

Only wi~h great reluctance and serious trepidation has Grassland 

Water District agreed to take on the responsibility as lead agency on 

this important, yet politically sensitive project. However, 

possessing the responsibility for protecting the interests of the 

private wetland landowner within California's largest wetland complex 

is something we take very seriously. Although the Grassland Water 

District may not compare in size and stature to the many associated 

agencies involved in this project, we find the burden upon our 

shoulders simply because no other agency has been either willing or 

able to take the immediate steps necessary to resolve this serious 

problem. After fifty years of struggling for a firm water supply and 

proclaiming the values of wetlands long before it was fashionable, we 

now have been given proper recognition and the water supply we need. 

Yet, it does us little good to pat ourselves on the back if we are 

unable to deliver this water to the private and public wetlands within 

the Grasslands because of physical constraints inherent in having to 

continue to transport agricultural drain water through our wetland 

service canals. 

It is 

options have 

important for 

been explored 

the Committee to know that a plethora of 

over the last decade relating to this 

issue, at an incredible expense of time and energy by federal, state 

and local agencies. $50 million of taxpayer money was spent in the 

development of just one of ~e many studies which examined drainage in 

the San Joaquin Valley. Yet, we have made little progress in 

implementing an acceptable solution. It is our opinion that of the 

many options explored, only a handful can be seriously considered. If 

we agree that stopping agriculture altogether on the westside of the 
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San Joaquin Valley does not offer a realistic or desirable option, 

then we have only the following alternatives to consider: 

Kr. 

into the 

neighbors. 

1) Pollute the private and public wetlands of the 

Grasslands: or 

2) Implement the San Luis Drain Project with the 

safequards that have been built into the 

proposal. 

Chairaan, Grassland Water District has no ambitions to get 

drainage business or desire to police our agricultural 

our absolute first priority is to the protection and 

of the Grassland Wetlands. Although moving ahead with 

will greatly benefit the Grasslands, our future is 

preservation 

this project 

constantly in the balance, regardless of the progress we have made in 

maintaining . what little of this resource remains. With the central 

Valley now being considered the "last frontier" by California's 

building industry, we are experiencing a constant barrage of threats 

associated with urban development. Facing such an ominous path, we 

must do all that we can to ensure full management and protection of 

this precious 

systems is an 

accomplished in 

resource. Removing 

important step in 

agricultural drain water from our 

reaching this goal and must be 

order to ready us for the many threats we have yet to 

face, but will undoubtedly come. 

Mr. Chairman, the Grassland water 

opportunity to provide these comments. 

District appreciates the 

We would also like to take 

this opportunity to invite you and the other members of the Committee 

to visit the Grasslands in order to better understand what we have 

discussed here today and the many other issues which we face. 

<Page 7> 
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STATEMENT OF CHELSEA H. CONGDON 

Mr. MILLER. Ms. Congdon. 
Ms. CoNGDON. Thank you, Mr. Chairman, and members of the 

subcommittee. My name is Chelsea Congdon, I am representing the 
Environmental Defense Fund, a nonprofit conservation organiza­
tion that with over 200,000 members nationwide. The staff of the 
Environmental Defense Fund have been working on issues related 
to water and drainage management in California for over 15 years. 
The testimony I will present today I present on behalf of myself 
and Dr. Terry Young who has joined me here today, who is a spe­
cialist in water quality and habitat protection issues, and is a co­
author and principal investigator on a study on the potential for 
using economic incentives to regulate agricultural nonpoint source 
pollution. 

First, let me thank you for the invitation to participate in these 
hearings on agricultural drainage issues generally in the San Joa­
quin River and on the proposed reopening of San Luis Drain. 

With the recent passage of the Central Valley Improvement Act, 
Congress signaled a new era in Federal water policy with increased 
emphasis on environmental restoration and protection and the use 
of innovative approaches to achieve improved water management 
objectives. However, progress in controlling and reducing agricul­
tural drainage pollution has been minimal at Lest. 

This committee's attention to drainage pollution problems and 
the opportunities for solving them provides a real hope that imple­
mentation of a comprehensive long-term program will be possible. 
I refer you to our prepared testimony and to selected comments 
that we have submitted for the record of this hearing. 

One topic to be addressed in these hearings is the status of irri­
gation drainage on westside. Much of that has been summarized 
today. In short, the Federal Government responded in 1985 to the 
disaster at Kesterson Reservoir by taking actions to protect the 
Kesterson Wildlife Refuge in closing down the San Luis Drain. 

However, the San Joaquin River and the nearby Grasslands wet­
lands complex were still receiving 7 times the volume of drain water 
that had been flowing into Kesterson. Moreover, in the Tulare re­
gion to the south, similarly hazardous drainwater was being stored 
in expansive evaporation ponds which also attracted and poisoned 
birds. In 1985, drainwater that had been delivered to the Grass­
lands was rerouted to the San Joaquin River by way of various 
channels and tributaries and sloughs. But for that adjustment, as 
of October 1993, little has changed in the way that drainage in the 
San Joaquin Valley is handled. 

The reasons for inaction on the part of Federal resource man­
agers and State regulators in implementing and enforcing drainage 
reduction measures are varied. However, they do not include a lack 
of information on physical or technological elements of this problem 
nor can inaction be attributed to the lack of a carefully formulated 
long-term plan for drainage management. 

Interestingly, the State of California developed the first com­
prehensive evaluation and set of recommendations for solving the 
drainage problem in a plan that was issued in 1987. 

The findings of that two-year, eight-volume report were con­
firmed and supplemented in 1990 with the recommendations of the 
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San Joaquin Valley drainage program. The drainage program pre­
sented an in-depth plan for solving the drainage problem based on 
the same fundamental principle endorsed by the State: Namely, 
first decrease the amount of drainage generated by improving irri­
gation efficiency, water management, and selectively retiring high­
ly contaminated farmland; and then second, employ available tech­
nological fixes as necessary to ameliorate the remaining problem. 

The emphasis on farm-level water management is further en­
dorsed in provisions of the recently adopted Central Valley Project 
Improvement Act which requires the Secretary of the Interior to 
utilize the recommendations of the San Joaquin Valley drainage 
program in developing water management and conservation prac­
tices. 

The Act further requires Federal water contracting districts that 
receive Central Valley Project water to comply with water quality 
standards through their drainage discharges. 

Unfortunately, the San Joaquin Valley drainage plan is gather­
ing dust on the shelves of all of the affected agencies. Its successor 
committee chaired by the State Department of Water Resources 
has taken no discernible action to implement its various rec­
ommendations. Another underlying reason why steps toward drain­
age management have not been taken is that the responsible State 
and Federal institutions have not been willing to hold farmers who 
generate the pollution directly responsible for their appropriate 
share of the responsibility in cleaning it up, which isn't to say that 
the drainers must bear all of the costs of solving the drainage prob­
lem because there are lots of strategies that can be worked out for 
cost-sharing in coming to a long-term solution. 

The proposal to reopen the San Luis Drain for an interim five­
year period, as Don Marciochi just discussed, as well as longer­
term proposals to construct an interceptive drain and bypass to the 
southern Grasslands, represent an ominous environmental prospect 
in light of the Kesterson disaster and in light of the continuing wa­
terfowl poisoning in the Tulare basin. For the Federal Government, 
the proposal to reopen the Drain presents a clear-cut choice: Will 
the use of the Drain be tied to solving the pollution, or will it sim­
ply serve to move pollution from one place to another? 

EDF believes that the Bureau of Reclamation and other agencies 
with the support of this committee should pursue the former ap­
proach. Specifically, we recommend the following preconditions for 
reopening the Drain: 

First, permission to use the Drain should be conditioned on spe­
cific commitments to decrease environmental damage and comply 
with Federal and State laws; second, the contract for the use of the 
Drain must be signed by an entity or entities legally capable of en­
forcing those commitments; and third, the use of the Drain should 
enhance rather than interfere with other environmental restoration 
projects that Congress has approved for the San Joaquin Valley 
and should not divert fundings set aside for other restoration pur­
poses for those needs. 

With regard to our first recommendation, any agreement for use 
of the Drain should specify that water quality standards in the San 
Joaquin River and in Mud Slough must be met when the Drain is 
in use. There is, in fact, an indication in some of the documentation 
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that was prepared for the environmental assessment on the use of 
the Drain that without reduction in drainage from current levels 
or baseline levels, that the loads of selenium discharged in the San 
Joaquin River would in fact increase with the use of the Drain. 

Moreover, no specific enforceable limits have been placed on 
drainage discharges. The Drain should not be reopened until those 
limits are established. 

The use of the San Luis Drain should only be permitted, if at all, 
as an integral component of a comprehensive long-term plan to ad­
dress the drainage problem such as that outlined by the drainage 
program. Financial incentives provide potentially cost-effective and 
efficient means for implementing such a plan and for meeting pol­
lution reduction requirements. 

We have at various times proposed a performance bond and efflu­
ent fees tied to the use of the Drain in order to provide further in­
centives for drainage production as well as to provide a financial 
reserve to cover future mitigation or restoration costs. Those rec­
ommendations are set forth in comments that have been provided 
to this committee for the hearing record. 

With regard to our second recommendation, we would note that 
any requirements tied to the use of the Drain will only be meaning­
ful if some entity is accountable when a problem arises from the 
Drain's use or when requirements for the use of the Drain are not 
met. The fundamental problem with the currently proposed use 
agreement for the Drain and for all of its previous continuing rela­
tions is that the signing parties do not ultimately control the drain­
age or they do not control all of it. 

The crux of the problem is that the districts producing the drain­
age have not reached an agreement on how to allocate responsibil­
ity for drainage reduction among themselves nor are the contribut­
ing districts necessarily united in their commitment to assume re­
sponsibility for any liabilities associated with the drainage dis­
posal. 

Lacking this level of agreement among the dischargers, some en­
tity must become the drainage cop. However, none of the Federal 
or State agencies currently is willing to take on the role of drainage 
cop and the Grassland Water District, the signing entity for the 
agreement, has already indicated a reluctance in having to be in 
the situation of being lead agency. Given the Federal Government's 
interest in and potential liability with the Drain, clear lines of ac­
countability need to be established before the Drain is reopened. 

Third and finally, we recommend that the use of the Drain 
should not interfere with or detract from other environmental res­
toration efforts. Specifically, water that has been set aside for re­
storing fish and wildlife survival should not be used as dilution 
water for drainage and money that has been set aside in environ­
mental restoration under the Central Valley Project Improvement 
Act restoration fund should be targeted for real habitat restoration 
and not be used to pay for plumbing systems that only serve to 
move drainage from one place to another. 

In conclusion, it is not without irony that Secretary of the Inte­
rior Babbitt is now faced with a decision of whether to reopen the 
same San Luis Drain that brought us the Kesterson disaster, and 
as a result, was closed in 1985 by then Secretary Donald Hodel. 
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The decision is obviously a difficult one, especially since little has 
been done since 1985 to address the drainage problems in the San 
Joaquin Valley. 

The proposed use of the San Luis Drain, like the continued oper­
ation of evaporation ponds in the Tulare Basin, is only a stopgap 
measure. The long-term resolution of drainage issues requires a 
comrrehensive approach that relies primarily on changes in farm­
leve practices. Use of the San Luis Drain, if allowed, should pro­
vide meaningful progress toward that long-term solution. 

I am happy to expand on these comments or answer any ques­
tions, as is my colleague, Dr. Young, and I thank you for your at­
tention. 

Mr. MILLER. Thank you. 
[Prepared joint statement of Dr. Young and Ms. Congdon fol­

lows:] 
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COIIOUSIIKAII KILLD UD IIIIIDIQl8 or 'I'D SUIICOIIHI'l":D 1 

'1'baDit you for tile in'l'it&tion to participate in tbaee bearin9a on 

a<Jricu1tura1 drailwJe prob1- in the San Joaquin Valley and the propoaed 

re-openinq of the san Luia Drain. The ti.alinq of tbeH hearin9a ia 

critical• with receat paaaaqe of the Central Valley Project Improv ... nt 

Act (P.L.102-575), COD9J:ea• aiqnalled a new era in federal water policy, 

with increaaed empbaaia on _,iro-tal reatoration and protection, and 

the uae of innoYati..,. approacbaa to achi..,. ~ water ~t 

ohjectiYea. -.r, progreaa on controllin9 and reclucin9 one of 

C&l.Uornia'a moat intractable -Yiro-tal prohl- -- aqricultural 

drainaqe pollution -- hu been mini.mal, at beat. Thia Commi.tt .. •a 

attention to drailwJe pollution problema and the opportllllitiea for aolYinq 
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them, provide& real hope that implementation of an effective, ccmprehenaive 

drainage manag.ment program will at laat be poaaibla. 

The Environmental Defense Fund (EDI') is a non-profit conservation 

organization that employs scientist&, economists, attorneys, computer 

modelers, and other environmental professional• who seek innovative 

solutions to a wide array of environmental problema. EDI' played an 

instrumental role in aecuring a n.ationwide ban of DDT, winning a 90\ 

reduction of lead additives in gasoline, and reducing acid rain by half 

through the recant reauthorization of the Clean Air Act. EDF worked with 

McDonald's (faat food) Corporation to create a waata reduction program that 

included a phaaaout of the polystyrene "clamshell" package and increased 

use of recycled materials. EDJ' works to protect endangered species .and 

wildlife, conaerve water and anergy reaourcea, control toxic chemicals, 

improve air quality, encourage recycling, and addraaa international 

environmental issues. EDJ' has over 200,000 members nationwide. 

The staff of EDP•a California office have ~een actively engaged in 

efforts to work with public agencies, agricultural water users, and 

reaource manager& to develop and implement cost-affective and efficient 

measures to solve drainage problema on the westside of the San Joaquin 

Valley for mora than a decade. In particular, EDI''s experience in 

drainage-related isaues include&: participation in the State Water 

Resources Control Board's 1987 report on regulation of agricultural 

drainage and the citizen's overaight committee for the San Joaquin Valley 

Drainage Program; efforts to establish water quality standards for the san 

2 
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Joaquin River and the Delta; and technical input to water management 

reforma aet forth in the central Valley Project Impro~t Act. We have 

recently joined with other organi&ationa in an appeal to the State Kater 

Reaourcea Control Board to enaura adequate mitigation and operational 

requirement& for drainage evaporation panda in the Tulare Baain, and will 

aoon release a detailed atudy on the potential for uaing economic 

incentive• to regulate agricultural pollution. 

IR'rRODIJCTION 

OVer a decade ago, the diacovery of dead and deformed birda at 

~eataraon Reservoir signalled the need for action to keep toxic farm 

drainage out of wetlands, rivera, and artificial panda in California's San 

Joaquin Valley. In the intervening yeara, exhauative studies -- including 

the $SO million joint federal-state San Joaquin Valley Drainage Program 

determined that clean-up of farm drainage is practical, affordable, and 

could be started i.mmediately. Specifically, theae atudies all conclude 

that improved water management, drainage reduction, and selective land 

retirement are the key to solving the drainage problem on the westside. 

However, despite broad-based recognition that there are cost-effective 

strategies for addressing the drainage problem, toxic agricultural drainage 

continues to damage fish and wildlife and their habitats to this day, and 

no enforceable pollution discharge limita have been imposed. 

Today•s hearing provides the opportunity for congress to help break 

thia logjam of inaction by assuring that federal involvement in San Joaquin 

Valley drainage issue• meets one e~ple test& federal agencies and 

3 
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programs must actively advance the solution, rather than simply rearranging 

the atatus quo. For no single federal action is this teat mora important 

than the proposed re-opening of the San Luis Drain. 

In particular, the emphasis on source reduction at the farm-level and 

other recommendations of the federal-state program should be the primary 

focus of a comprehensive program to reduce drainage discharges to meet 

environmental standards. The Central Valley Project Improvement Act 

further endorses this approach in requiring the secretary of Interior to 

utilize the recommendations of the San Joaquin Valley Drainage Program to 

develop water management practices to increase conaervation and reduce 

drainage, and requiring water districts to manage drainage discharges so as 

to comply with water quality standards. Theea recommendations should not be 

aide-tracked in favor of •solutions• that simply move pollution from one 

environment to another. Similarly, federal actions, including federal 

expenditures relating to drainage which do not advance the primary solution 

to the drainage problem, should not coma at the expense of water or money 

already tarqeted by Congress for other env~ronmental ~provementa . 

The substantial influence of federal lawa and inetitutiona can speed 

the ~plementation of a comprehensive, long-term program for 

environmentally sound agricultural drainage management: first, by linking 

federal support for drainage disposal programs and projects to specific 

drainage reduction and land retirement targets; and second, by encouraging 

the uae of flexible financial incentives to implement the required changes 

in both water management and drainage diaposal. 

4 
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TIIB BIG PIC'l'ORB 

The decimation of fish and bird populations (and incidentally nearby 

land values) at Kesterson Reservoir in 1983 damonatrated the toxic effects 

of agricultural drainwatar. In 1985, the federal government responded, and 

took action to protect tba Kesterson Wildlife Refuge by closiDq the San 

Luis Drain. However, it was evident that the drainwatar was not limited 

to Kesterson. Nearby, the San Joaquin River and Grasslands wetlands 

complex ware receiving seven t~s the voluma of drainwatar that had bean 

flowing into Kesterson Reservoir, and the potential for s~lar ecological 

destruction in these sensitive areas was apparent. Moreover, in the Tulare 

region to the south, similarly hazardous drainwatar was baing stored in 

expansive evaporation ponds, which were attracting and poisoniDq birds. In 

1985, drainwater that had bean delivered to the Grasslands wetlands was re­

routed to the San Joaquin River by way of various channels and tributary 

sloughs. But for that adjustment, as of October 1993, little has changed 

in the way drainage in the San Joaquin Valley is handled. 

The reasons for inaction on the part of federal resource managers and 

state regulators in implementing and enforcing drainage reduction measures 

are varied, but they do not include a lack of information on the physical 

or technological elements of the problem. Nor can inaction be attributed 

to the lack of a carefully formulated, long-term plan for drainage 

management. Interestingly, the first comprehensive evaluation and set of 

recommendations for solving drainage problema was developed by the State of 

California. That plan, issued in 1987, identified the primary, moat coat-

S 



effective, method for addreaaing drainage-related problema -- aource 

reduction at the farm level. The findings of that two-year, eight volume 

raport1 were confirmed and supplemented in 1990 with the recommendations of 

the $50 million federal-state san Joaquin Valley Drainage Program (SJVDP). 

The SJVDP presented an in-depth plan for solving the drainage problem baaed 

on the aame fundamental principle: firat, decreaae the amount of drainage 

generated by improving irrigation efficiency and selectively retiring 

highly contaminated farmlandl and second, employ available technological 

"fixea• as naceasary to ameliorate the remaining problem. 

Unfortunately, the SJVDP plan is gathering duet on the ahelves of all 

of the affected agenciea. In fact, ita successor committee, chaired by the 

state Department of Water Resources, haa taken no discernible action to 

implement ita recommendations. There ia another underlying reason why 

atepe toward drainage management have not bean taken, however. It is that 

none of the responsible state or federal institutions is willing to hold 

the farmers who generate the pollution directly accountable for cleaning it 

up . While the Bureau of Reclamation c~early has a rol e to play ~n 

developing and implementing a long-term drainage management program, the 

ultimate responsibility for drainage reduction rests with the farmers. 2 

Regulation of Agricultural Drainage to the San Joaquin River, 
California State Water Resources control Board, 1987. EDF comments on this 
report, which demonstrated that on-farm source reduction measures can be 
used to meet water quality standards, are available upon requeat. 

2 Proposals formulated by the Bureau as recently aa last year impede 
progress towards making farmers accountable for their drainage. See the 
Comments of the Environmental Defense Fund on the San Luis Unit Drainage, 
Program Draft Environmental Impact Statement, March 25, 1992, submitted to 
this committee with the written testimony presented at this hearing. 
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RJ:-oPBliiRG THB SAN LOIS DRAl:lt 

The propoaal to re-open the San Luia Drain for an interim five-year 

period, aa -11 aa loaqer-tera proposals to conatruct an interceptor c1rain 

and by-paaa for the southern Graaalanda and to extend the Drain to the San 

Joaquin River, repreaent an cminoua environmental proapect in light of tba 

Keateraon diaaater and continu~ waterfowl poiaonin; in the Tulare Baain 

evaporation ponda. For the federal ;ove~nt, the propoaal to re-open the 

Drain preaenta a clear-cut choicer will uae of the Drain be tied to 

aolvin; the pollution problem, or will it &imply aerve to move pollution 

from one place to anotber? BDF believe• that the Bureau of Reclamation 

and other reapona1ble a;enciea, with the support of thia Committee, shOUld 

puraue the former approach. Specifically, BDF recommend& tba following 

precondition& for re-openinq the Drain• 

(1) Pen>iaaion to u- the Draio shOUld be cooditioned oo 

specific commitment& to decreaae eovironmental damage and 

comply with federal and &tate law1 

(2) The cootract for uae of the Drain muat be aiqoed by an 

entity (or entitiea) legally capable of enforcing theae 

commitmeota1 and 

(3) Oae of the Drain ahould enhance, rather than interfere 

with, other environmental reatoration project& con;reaa haa 

approved for the san Joaquin Valley, and ahould not divert 

fundinq aet aaide for other reatoration purpoaea from thoae 
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needs, including specifically funding set aside by the central 

Valley Project Improvement Act for environmental restoration. 

With regard to the first recommendation, any agreement for use of the 

Drain should specify that water quality standards in the san Joaquin River 

must be met whenever the Drain is in use. Moreover, since the San Luis 

Drain was closed in 1985, no specific, enforceable limits have been placed 

on drainage discharges. The Drain should not be re-opened until such 

limits are established. 

The usa of the San Luis Drain should only be permitted, if at all, as 

an integral component of a comprehensive, lonq-tarm plan to address the 

drainage problem, such as that outlined by the SJVDP. Financial incentives 

can provide a potentially effective means for implementing such a plan and 

for meeting specific pollution reduction targets. Any agreement for usa of 

the Drain should incorporate such incentives. We have, at various times, 

proposed a performance bond and effluent fees tied to use of the Drain in 

order to provide further incentives for drainage reduction, as we11 as to 

provide a financial reserve to cover future mitigation or restoration 

costa. 3 In the near future, EDF will publish a study which describes the 

economic and environmental advantages of using other economic incentives 

(including tradable discharge permits and tiered water pricing) to reduce 

Copies of EDF Comments (for the period December, 1990 to September, 
1991) detailing proposals for the usa of financial incentives to implement 
drainage management measures in conjunction with the re-opening of the San 
Luis Drain are submitted to this committee with the written testimony 
presented to at this hearing. 
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drai.na9e &lid acbieYa eDY~ objectift8• 'ftle 8tucly will izlclucle a 

propo•al for 1apl-ti.J19 u illceati.,. baaed pJ:CMJr- for regulatinli 

&9J:icultural drai.na9e in the Gru•l~ reqion. 'ftleH ~ izlcentive•, 

appliecl to - •pecUic -iro-tal fOAl•• caD aaaure tbat t~ dr&i.na9e · 

p~l- ia aclclnancl in •- tbat ia both effecti.,. &lid efficieDt. 

With req&J:cl to tba HOOIId z:ec 1rd•tion, - note tbat uy 

nquir-ta tiecl to the UH of tba Dr&iD will be ~fill only if •­

entity iii accountable wbMl ~ ~1- uine fz:oa the Dr&iD•a uM or wban 

requir-• for tbe uM of the Dr&iD are not met. The ~al probl­

vi.th tbe CUJ:J:eDtly-propoeec~ UH ~t for tbe Drain, &lid all of ita 

previoua iterationa, ia tbat tbe •19Dia9 partie• ultimately clo not control 

the drainage (or at leaat not all of it). 

tile cliatricta proclucillq tbe drainage ba.,. not reachecl ago~ on · bow to 

allocate reapon~~ibility for clr&i.na9e reduction. IIOJ: are tba contz:ibutillq 

cliatricta united in tbeir ~cm.nt to .. .,... reaponaibility for uy 

liabilitiea aaaociated with clr&i.na9e cliapo•al. :r..cldnq any ~t -.-q 

tbe cliacharqera, •cee otber entity muat t1eccee tbe clrainage •cop•. B~er, 

none of tba fecleral or •tate aqencie• currently i• willinli to take on thia 

role, ancl the Graaalancle Water Diatrict, the •iqnillq .. entity for the 

agreement, haa no enforce..nt authority o....r otber cliatricta. Gi..en the 

fecleral government•• intereat in ancl potential liability with the Drain, 

clear line• of accountability neecl to be e•tabliahecl before tba Drain i• 

openecl and the pol111tion •tart• flovinq throug-h the federal aqueduct into 

tba San Joaquin River. 
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EDP supports the proposition that farmers should decide among 

themaalvea how to allocate the allowable pollution load in the Drain. For 

this reason, we recommend that usa of the Drain be contingent upon the 

formation of a Regional Drainage District, controlled by farmers in the 

region, which would be raaponaibla for meeting the region's total pollution 

load limits. In thia way, both the Bureau of Reclamation and the Regional 

Water Quality control Board, public agencies with differing authorities 

over drainage, could deal with a single, accountable entity responsible for 

meeting environmental and other legal requirements. 

Third, and finally, wa recommend that the usa of the Drain should not 

interfere with or detract from other environmental restoration efforts. 

Specifically, water that has been aet aside for restoring fish and wildlife 

survival should not ba usad as dilution water for drainage, and money that 

haa been sat aside for environmental restoration under the Central Valley 

Project Improvement Act Restoration Fund should be targeted for real 

habitat restoration and not ba used to pay for plumbing systems that only 

serve to move drainage from one place to another. 

On the contrary, conditions for usa of the Drain should be consistent 

with the direction Congress took in the Central Valley Project Improvement 

Act in requiring improved water management. Increasing irrigation 

efficiency and selectively taking some of the most polluted land out of 

production will not only dramatically reduce toxic drainage discharges, but 

alao will save water which can be used to restore fish and wildlife 

habitats elsewhere. Conversely, as water prices begin to reflect the value 

10 
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of water 1.n competing u-•· drainage reduction become• increaainqly 

affordable.• 

OOHCLDSIOH 

It is not without irony that Secretary of Interior Babbitt is faced 

with the decision of whether to re-open the same san Luis Drain that 

brought us the Kesterson disaster and, as a result, waa closed in 1985 by 

then-secretary Donald Hodel. Tha decision is obviously a difficult one, 

especially since little haa been done since 1985 to addresa the drainage 

problema in the san Joaquin Valley. The propoaed use of the San Luis 

Drain, like the continued operation of evaporation ponda in the Tulare 

Baain, is only a stop-gap .maasure. The long-term resolution of drainage 

iaauea requires a comprehenaive approach that reliea primarily on changes 

in farm-level practicea. Uae of the San Luis Drain, if allowed, should 

provide meaningful progreas towarda thia long-term solution, so that 

agricultural drainage doea not continue to be the kind of •train wrack" 

thia administration seeks to avoid. 

EDP recently prepared an analyaia of the interrelationships between 
drainage reduction and water eupply benefits. Thi• ma~erial waa submitted 
to the California State Water Reaourcea Control Board in July 1992 during 
Hearing• in Consideration of Interim Water Rights Actiona. This 
information is available from the atate as a matter of public record and 
from EDF upon request. 

11 
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STATEMENT OF JOSEPH C. McGAHAN 
Mr. MILLER. Mr. McGahan. 
Mr. McGAHAN. Yes, Mr. Chairman. 
I thank you for the opportunity to come here today and brief you 

on our proposed use of the San Luis Drain. I do represent the 
Grassland Basin Drainers, specifically that is Panoche Water Dis­
trict, Broadview Water District, Pacheco Water District and a por­
tion of the San Luis Water District. This area encompasses 60,000 
acres, of which approximately 31,000 acres have subsurface tile 
drainage systems. 

Historically, the drainage from these areas were discharged into 
the Grasslands and-just a comment on the changing conditions 
that we are faced with-prior to 1985, this drainage water was a 
desired commodity by Grassland and they wanted to receive the 
water and would have complained if it would have been shut off. 
Historically, waters that were not used by Grassland, or when they 
were finished with it, were discharged to the San Joaquin River. 
So these waters have always gone in that direction. None of the 
drainage waters from these lands were ever used in the San Luis 
Drain or were ever discharged in the Kesterson Reservoir. 

You have heard quite a few summaries of the proposed project, 
and I won't go into detail on that now, but the basic benefit as we 
see it-and we realize there is a detriment to Mud Slough-is to 
utilize a 6-mile portion of Mud Slough to the advantage of some 70 
miles within the Grasslands area that will not have drainage water 
in them and that can be utilized for delivery of fresh water, and 
in fact utilization of some waters that are within the limits nec­
essary. 

Our proposed project is basically in the implementation phase. 
The project has been approved by the oversight committee that was 
set forth in the funds to receive for the project. 

The technical advisory committee meets monthly and is doing de­
tail work to monitor the program. A monitoring program has been 
set forth, the costs are approximately $250,000 per year over the 
life of the project. That will be over a million dollars that will be 
spent on monitoring. It is a very significant effort to make sure 
and, if any problems develop, to fmd those early on. 

I feel that the Grassland Basin Drainers have made significant 
efforts to reduce drainage and comply with water quality objectives. 
One of the most significant conservation measures that has oc­
curred in the area is the conservation of tail water. 

Historically, the subsurface drainage waters which are high in 
selenium and salt and the other constituents, were mixed with sur­
face tailwaters which are basically of good quality. One of the 
things that has happened, primarily because of reduced water sup­
plies, is that the surface tailwaters are conserved and are reused 
on the farm and not discharged. 

Other efforts have been made. As they have already been men­
tioned, I will just quickly go over them: conservation practices on 
farms, including irrigation scheduling to better irrigation applica­
tion so as not to produce drainage, the efficient application through 
practices such as shorter water runs, and use of the efficient irriga­
tion systems such as sprinkler pipe and gated irrigation pipe. 
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In addition, there is a continuing program to recycle subsurface 
drainage water where possible onto the farmlands. All districts ei­
ther have in place or have had aggressive programs to recycle this 
water. 

Of course, this has to be done when there is irrigation going on 
and when the water quality of that recycled water will meet stand­
ards for irrigation. One of the keys that we have used for our 
premise all along here is there has to be a salt balance in order 
to maintain agricultural production. If, in fact, that is our goal, we 
have to have some sort of discharge of salts. 

The districts · have also investigated methods to treat drainage 
water. They have had an aggressive approach. AI!, you mentioned, 
the refineries in your district have spent a lot of money to try to 
reduce the selenium to try to meet the requirements in the Bay. 
So have the agricultural drainers. 

Although not under the point source regulations, they have also 
spent millions of dollars on pilot plants and these systems to try 
to reduce their drainage quantity in order to meet the objectives 
and the limitations that are set. 

One of the things that I think is important-and I would like to 
request that some direction be given to the Bureau and other agen­
cies in the State that are involved in this-is that we have a valu­
able commodity in our drainage water. The only problem with the 
drainage water is it has some selenium and some salts in it that 
make it undesirable. 

If we could, and this applies throughout the whole San Joaquin 
Valley, all we have to do is find a method to take those things out 
of the water, and then we would have a supply that can be used 
either for irrigation or for M&I supplies. It would reduce or elimi­
nate quality impacts downstream. 

Although we don't have that treatment method in place now, I 
think that is really what we need to key in on. The use of this 
project, hopefully, gives us some time to find that solution. 

This use of the San Luis Drain is an interim step. We know it 
is not the final step that is necessary. But it is necessary in order 
to move us along down the line toward a solution. 

I appreciate the time and would answer any comments. 
Thank you. 
Mr. MILLER. Thank you. 
[Prepared statement of Mr. McGahan follows:] 
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U.S. House of Representatives 
Committee on Natural Resources 

Sub-Committee on Oversight and Investigation 
Oversight Hearing on Drainage Problenfsirr--­

the San Joaquin Valley and the Proposed Use 
of the San Luis Drain• 

Mr. Chairman and members of the Committee, I appreciate the opportunity to brief 

you today on the proposed use of the San Luis Drain. I am here today representing 

the Grassland Basin Drainers who are proposing to participate in utilizing an 18 mile 

stretch of the San Luis Drain in order to allow more efficient water deliveries into 

the Grassland Water District and other wetland areas and to better manage drainage 

water. The attached map shows the proposed location of the proj~ and other 

" salient features. The Grassland Basin Drainers are comprised of Panache Drainage 

District (encompassing Panache Water District), Broadview Water District, Pacheco 

Water District, and Charleston Drainage District (a portion of San Luis Water 

District). The area encompasses approximately 60,000 acres of which approximately 

31,000 acres have subsurface t.ile drainagt-~tems. 

Historically, these drainage waters were beneficially used by lands within Grassland 

Water District and wetland areas. Subsequent to 1985 when selenium problems were 

discovered at Kesterson Reservoir, it was determined that these drainage waters were 

no longer useable on the wetlands and since that time various efforts have been 

• Presented by Joseph C. McGahan, Summers Engineering, Inc., representing 
Grassland Basin Drainers, October 26, 1993. 
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implemented to manage the drainage water. It should be noted that the areas within 

these federal districts to date have never utilized the San Luis Drain and did not 

discharge waters to Kesterson Reservoir. Historically the waters have always been 

used either in the wetlands or discharged through natural channels (Mud and Salt 

Slough) into the San Joaquin River. It is proposed to utilize the San Luis Drain 

from a point approximately 1.3 miles south of Highway 152 to the northerly end of 

the San Luis Drain near Kesterson Reservoir, a length of approximately 18 miles. 

Drainage water would continue to be conveyed in limited channels in the south 

grassland to the connection point to the San Luis Drain. It would continue 18 miles 

to Mud Slough and thence a distance of approximately 6 miles before it enters the 

San Joaquin River. Water quality standards would be met in all channels except 

Mud Slough which would require a delay during the life of the project. 

Utilizing this project would mean the removal of drainage waters from approximately 

70 miles of other channels within Grassland Water District and state and federal 

wildlife areas (shown on the attached map). These other channels then would be 

available for delivery of fresh water supplies to the Grassland Water District and 

other wetland areas. The wetland areas include existing federal and state wildlife 

areas as well as proposed areas from the San Joaquin Basin Action Plan/Kesterson 

Mitigation Plan. 

The proposed use of the Drain is currently in the implementation phase. It has been 

2 
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approved by the Oversight Committee formed as a part of the mitigation and 

environmental process and the Technical Advisory Committee. An extensive 

monitoring program has been approved and is being implemented. Various permits 

required for the project have either been issued or will soon be received. One 

pending item is the signing of the agreement between the Bureau of Reclamation 

and the Grassland Water District for use of the Drain. The drainage area identified 

in the agreement is the same drainage area that is shown on the map. The drainage 

area includes federal contractors as well as the San Joaquin River exchange 

contractors, and private lands. 

Significant efforts have been made by the Grassland Basin Drainers to reduce 

drainage and comply with water quality objectives. As a part of the Basin Plan 

Amendment adopted by the State Water Resources Control Board in 1989, water 

quality objectives were set in the San Joaquin River and in Mud and Salt Slough as 

well as requirements for the drainage entities to provide annual drainage operation 

plans to indicate what they were doing to meet water quality objectives. As you well 

know, due to the recent drought and as a result of the Central Valley Project 

Improvement Act, there have been significant reductions of water delivered to the 

federal contractors. This aspect along with conservation practices have resulted in 

reduced drainage. 

One of the most significant conservation efforts has been the separation of the 

3 
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subsurface tile water which is high in selenium, salts and other constituents of 

concern and the surface tail water. The surface tail water is being reused on-farm 

and not discharged. Conservation practices on farm have included better irrigation 

management through irrigation scheduling, more efficient application of water such 

as through shorter water runs and purchase of more efficient application systems i.e. 

sprinkler irrigation equipment and gated pipe. In addition, there is continuing 

efforts to recycle drainage water into the water supply were it is possible and still 

maintain water of acceptable quality for application to irrigation crops. In order to 

maintain the salt balance on the lands, however, there must be disposal of the salts. 

The Districts are also investigating methods to treat drainage water for reduction of 

elements of concern such as selenium. Efforts have included iron filing filters, ion 

exchange systems, co-generation facilities and bacteriological treatment. To date 

these projects have not proven feasible for on farm application. The Districts, 

however, continue to search for solutions. If the drainage water could be cleaned up 

it could become a beneficial use and valuable water source south of the Delta. 

This proposed use of the San Luis Drain is one interim step that is necessary in 

order to manage the drainage problem along the westside. It is a vital step, however, 

to allow time so that a long term solution can be implemented. 

Mr. Chairman, thank you for the opportunity to provide these comments. 

4 



_ .. -­... =-... c..••---... _ _ ,._ 
:t:r ... •tllr ..... -""·'-

100 

-- Proposed Action : 
- Channels that will no longer have 

I.W1U5a;ble drain water. 

---- Channels with drain water. 
- Conveyance of drain water in San Luis Drain. 

......__ •••• - ..... INC. 

_ ............ __ _ 
-~·-



101 

STATEMENT OF DEE E. SWEARINGEN 
Mr. MILLER. Mr. Swearingen. 
Mr. SwEARINGEN. Thank you, Mr. Chainn~ members of the 

committee. \ 
My name is Dee Swearingen, I am the executive director of San 

Joaquin Exchange Contractors Water Authority which is a joint 
powers authority representing the Central California Irrigation 
District, San Luis Canal Company, Firebaugh Water District, and 
the Columbia Water Canal District, what are referred to in most 
cases as the "four entities." 

As a brief overview of where they lie, it is about 240,000 acres 
of prime agricultural land in Fresno, Merced, and Stanislaus coun­
ties. It lies between the cities of Mendota and Patterson between 
Interstate 5 and the San Joaquin River, with about 16,000 acres 
on the east side. 

Our growers produce over 33 different crops from apples to zuc­
chini. In deference to the Administration, we have also got broccoli 
and peas included in that. 

The Exchange Contractors' water rights go back to pre-1914, 
back into the 1800s, when Henry Miller and others were develop­
ing the Miller and Lux cattle empire. When the Friant Division of 
the Central Valley Project was planned, it became clear that no ex­
tensive development could occur on the east side of the San Joa­
quin Valley, between Modesto and Bakersfield, unless water could 
be diverted from the San Joaquin River to be spread north and 
south. 

The plan for constructing the Friant Project included the ex­
change of San Joaquin River water for Sacramento River water via 
the canal to be built spanning from the Sacramento Delta to the 
city of Mendota. Mendota is the location where the Exchange Con­
tractors presently and previously diverted their water, hence the 
name the Delta-Mendota Canal. 

The landowners of lands now comprising the four Exchange Con­
tractors were asked by the United States Bureau of Reclamation to 
first quantify their water rights and then agree to exchange these 
waters. In 1939, the predecessors of existing landowners entered 
into an agreement with the Bureau to do so. 

The exchange contract guarantees that the quality of water will 
meet specific quality standards, promises explicitly that if the 
water is not delivered from the Delta-Mendota Canal, we would re­
turn to delivery of the water. 

When Miller and Lux sold the landholdings, Henry Miller made 
sure that all the deeds reserved the right for all land tracts to use 
the sloughs, canals, and waterways for irrigation and drainage. 
These tracts of land also currently make up the Exchange Contrac­
tors and Grassland Water District, thereby granting the Exchange 
Contractors the right to drain the water to the San Joaquin River. 
Of the 240,000 acres in the Exchange Contractors' service area, 
there are less than 30,000 areas that have some water quality 
problems. 

Through conservation loan programs, tiered water pricing, mon­
itoring, and education, the entities have been able to reduce the 
quantity and improve the quality of their drain water. 
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The entities are also working on blending tile drainwater recov­
ery systems, reuse, voluntary water transfers to meet the required 
standards. The drainage problem areas which occur in the Ex­
change Contractor's service area are primarily limited to the 
Central California Irrigation District and the Firebaugh Canal 
Water District. 

We are exploring the possibility of new technologies that are de­
signed to treat subsurface drainwater and remove the salts and 
other natural minerals. One of these technologies, known as the 
Santina process, looks very promising. We are working with the 
Bureau of Reclamation to bring a Santina plant on-line that could 
treat all of the tile drainwater that is causing problems in the four 
entities. We believe that the Bureau could in tum use this as part 
of their level for refuge water that they are needing. 

We are also voluntarily executing a water conservation plan 
using the Bureau's guidelines which we believe will help in long­
range planning. 

In conclusion, the San Joaquin River Exchange Contractors are 
engaging in many technologies and practices which we believe will 
enable us to make successful long-term plans. It is important to re­
member, though, that the drainage we are dealing with is coming 
from naturally occurring minerals in the soil and not manmade 
chemicals. 

I would gladly answer any questions, or if I can't, I will try to 
research them for you. 

Mr. MILLER. Thank you. 
[Prepared statement of Mr. Swearingen follows:] 
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ConsiSting of 240,000 acres on the Westside of the San Joaquin Valley 

Teatimony of Dee B. Swearingen 
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U.S. Houae of R.epreaentativea 
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Mr . Chairman and Members of the Committee: 

My name is Dee E . Swearingen . I am the Executive Director 
of the San Joaquin River Exchange Contractors Water 
Authority with a Joint Powers Agreement representing 
Central California Irrigation District, San Luis Canal 
Company, Firebaugh Canal Water District, and Columbia Canal 
Company. 

As a brief overview, the San Joaquin River Exchange 
Contractors Water Authority is comprised of approximately 
240,000 acres of prime agricultural land in Fresno, Merced 
and Stanislaus counties from Mendota to Patterson, 
positioned between I-S and the San Joaquin River, with 
approximately 16,000 acres of land east of the San Joaquin 
River . (See Exhibit 1, attached . ) Our growers produce 
over 33 different crops, from apples to zucchini, from row 
crops to tree crops. 

The Exchange Contractors' water rights are pre-1914 dating 
back to the 1800 ' s when they were developed by Henry Miller 
as part of the Miller and Lux cattle empire . When the 
Friant division of the Central Valley Project was planned, 
it became clear that no extensive development could occur 
on the east side of the San Joaquin Valley, between Modesto 
and Bakersfield, unless water could be diverted from the 
San Joaquin River to the north and south . 

The plan for constructing the Friant project included the 
exchange of San Joaquin R.iver water for Sacramento River 
water via a canal to be built spanning from the Sacramento 
Delta to down to Mendota . Mendota is the location where 
the Exchange Contractors presently divert their San Joaquin · 
River water; hence the name, "Delta-Mendota Canal." 

The landowners of the lands that now comprise the four 
Exchange Contractors entities were asked by the United 
States Bureau of Reclamation to first quantify their water 
rights and then agree to an exchange of waters under 
specified conditions. In 1939 these entities, or their 
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predecessors, entered into a contract with the Bureau of 
Reclamation for exchange of San Joaquin River water from 
the Delta-Mendota Canal. 

The Exchange Contract guarantees that the quality of water 
will meet specific quality standards, promises explicitly 
that if water is not delivered from the Delta-Mendota 
Canal, we will return to delivery of water from the San 
Joaquin River. 

When Miller and Lux's land holdings started to be broken up 
and sold, Henry Miller made sure that all of the deeds 
reserved the right for all land tracts to use the sloughs, 
canals and water ways for irrigation and drainage. These 
tracts of land make up the current lands of the Exchange 
Contractors and Grassland Water District, thereby granting 
the Exchange Contractors the right to drain to the San 
Joaquin River. Of the 240,000 acres in the Exchange 
Contractors' service area, less than 30,000 acres have 
water quality problems with sub-surface drainage. 

Through water conservation loan programs, tiered water 
pricing, monitoring and education, the entities have been 
able to reduce the quantity and improve the quality of 
their drain water. 

The entities are working on blending tile water recovery, 
re-use, and voluntary water transfers to meet the required 
standards. The drainage problem areas which occur in the 
Exchange Contractors' service area are within the 
boundaries of two of our entities: Central California 
Irrigation District and Firebaugh Canal Water District. 
Those two entities have approximately 30,000 drainage 
impacted acres. 

We are exploring the possibility of new technologies that 
are designed to treat sub-surface drain water and remove 
the salts and other natural minerals. One of these 
technologies, known as the San tina process, looks very 
promising. We are working with the Bureau of Reclamation 
to bring a Santina plant on line that could treat all of 
the tile drain water and make it usable as Level IV refuge 
water. 

We are also in the process of voluntarily executing a Water 
Conservation Plan using the Bureau of Reclamation's 
Guidelines, which we believe will help in long range 
planning. 
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In conclusion, the San Joaquin River Exchange Contractors 
are engaging in many technologies and practices which we 
believe will enable us to make successful long-term plans. 
It is important to remember that when it comes to drainage, 
we are dealing with naturally occurring minerals in the 
soil, not man-made chemicals. 

I will gladly answer any questions you may have; if I do 
not have the answer, I would be pleased to provide it to 
you as soon as I can research it. 

Thank you. 
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Mr. MILLER. Ms. Congdon, let me take you to page 9 of lour 
statement where I think it may get to, as you say, the crux o the 
problem. And that is if we were to go forward with the agreement 
as it is currently structured, who do we have an agreement with? 

Ms. CoNGDON. Mr. Chairman, that is not exactly clear. I think 
that you may have an agreement that works perfectly. There is a 
use agreement with Grassland which references drainage service 
agreements that Grassland intends to execute with some or all of 
the drainers who put drainage in the Drain. 

There is a FONSI with environmental commitments by reference. 
The environmental commitments refer primarily to actions that 
need to be taken by the drainers subject to mandates that need to 
be established by the regional board. 

If all of those things go as planned, you probably got exactly 
what you asked for. The question is, Will it go as planned? And I 
think that our concern and the concern that is reflected in our com­
ments is that the Bureau of Reclamation is essentially signing a 
contract to allow another party or a number of parties to use the 
Drain without knowing exactly how it will turn out or what will 
happen in the future. 

For example, the Bureau of Reclamation does not necessarily 
have influence or control, as the representative from Interior stated 
earlier, over the setting or enforcement of water quality standards 
or setting or enforcement of drainage reduction objectives. 

Mr. MILLER. Let me ask you--
Ms. CoNGDON. Second, which I think is the rest of your question, 

primarily addresses even if the Bureau knew the answer to those 
questions, it is very difficult to predict how the relationships will 
work out between the discharging entities themselves. 

If past experience is an indication, not all of the contributing 
drainers may hang together if in fact that problem does arise with 
the use of the Drain. And if that is the case, or if only some of the 
drainers sign on to the contract, then it is not clear that all of the 
drainage will be in the Drain, which is one of the primary objec­
tives for this project. 

Mr. MILLER. Mr. Marciochi, let me ask you a question. You now 
take this drainwater because you signed a contract to take it; is 
that correct? 

Mr. MARCIOCHI. That is correct. Those contracts were signed be­
ginning in the late 1950s through the early 1970s? 

Mr. MILLER. And they terminate when? 
Mr. MARCIOCHI. The contracts that we have in place now termi­

nate within the next couple of years, I believe. There have been 
amendments to those contracts which have been entered into based 
on the use of the Drain project. And those contracts would be in 
place for the life of this project, the five-year life of this project. 

Mr. MILLER. What do those contracts say, the amendments? 
Mr. MARCIOCHI. Basically that the district will continue to accept 

drainwater through the south end of the district. It provides for a 
fee paid to the district. And again they are tied to the use of the 
Drain itself-without being able to recall all the provisions, that is 
my recollection, but it is tied to the use of the Drain. 

Mr. MILLER. So if this project is approved, you are going to ex­
tend those contracts? 
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Mr. MARCIOCHI. Essentially, that is what that does. 
Mr. MILLER. And if the project is not approved? 
Mr. MARCIOCHI. Those contracts again will terminate within the 

next couple of years based on water service contracts that have 
been in place. 

Mr. MILLER. What would the drainers do then? 
Mr. MARCIOCHI. That is a good question. I assume that they 

would attempt to continue the extension of the contract. There 
really aren't many options out there other than the management 
of the salinity that is in place right now. 

Mr. MILLER. If you can get fresh water for the north Grasslands; 
right? 

Mr. MARCIOCHI. That is correct. 
Mr. MILLER. If you can get fresh water-apparently getting that 

is why you wanted to move some of this off-site-if you can get 
fresh water for the north Grasslands, why would you take basically 
contaminated water and continue to deal with it? 

Mr. MARCIOCHI. I am not saying that those contracts would be 
extended beyond that period of time unless there were some provi­
sions for meeting the water quality standards and unless there 
was-

Mr. MILLER. Coming on to your lands. 
Mr. MARCIOCHI. Coming on to our land or meeting the water 

quality standards as a part of the Drain project. 
Mr. MILLER. So you probably want the same kind of agreements 

that I would like to have when it comes on to our land in the San 
Joaquin River, so to speak? 

Mr. MARCIOCHI. Yes. 
Mr. MILLER. Well my constituents always ask me why don't I run 

the government like a business. Because if I was a private land­
owner that is what I would want. I would want assurances that I 
am not inheriting somebody else's headache. 

Mr. MARCIOCHI. Exactly. 
Mr. MILLER. Well, all we have now is a contract between you and 

the Bureau to move the headache north. 
Mr. MARCIOCHI. Well, again, there are standards that have to be 

met in the river. 
Mr. MILLER. But this contract doesn't deal with them. You sim­

ply become a common carrier at this point. You basically are taking 
everybody's drainwater and moving it through for a fee and that 
takes care of the overhead. That is a good business arrangement. 

Mr. MARCIOCHI. It has also an impact. It doesn't pay in the long 
run, because we are being impacted by the movement of that 
drainwater through our system. 

Mr. MILLER. That is why you want out. 
Mr. MARCIOCHI. That is why the--
Mr. MILLER. There is nothing wrong with all those motives. I am 

trying to get them straight and fmd out where they are coming 
from. 

Mr. MARCIOCHI. That has why the Drain project is an important 
project for us. 

Mr. MILLER. Then our San Joaquin River is just picking up the 
slack as it has been doing for 30 years. 

Mr. MARCIOCHI. Mr. Chairman, may I? 
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Mr. MILLER. Yes. 
Mr. MARCIOCHI. In expounding a bit on those drainage contracts, 

we have had cause to research some of the drainage rights, some 
of the historic rights that exist in that area with regard to drain­
age, and it is our impression, at least at this time, that even if 
those contracts were not in place, we would have a difficult time 
based on rights that have been developed over the course of time 
in stopping drainage water from coming into our channels. 

Mr. MILLER. Well, that is what court cases are made of; right? 
You guys are the best in the world at suing one another. But in 
one instance, it could be argued that maybe what we, quote, the 
Federal Government, should do is nothing and let you people sort 
out the circumstances here. It seems to me we are providing a 
piecemeal basis to deal with this problem, but nobody is telling us 
that they are willing to commit to the solution. We can't get an 
agreement. Apparently to date we have not been able to get an 
agreement with the drainers about how they will or will not meet 
that standard that everybody says is in effect at the head of Mud 
Slough. 

They all agree it is there, but the State Water Quality Board and 
others have created some legal room so nobody is interested in 
committing themselves to this because why should we commit our­
selves to taking this water in an isolated facility north? Why 
should we do that? 

Mr. MARCIOCHI. It offers the management capability that is 
needed. 

Mr. MILLER. It otTers you management capability. It doesn't offer 
me any management capabilities. 

Mr. MARCIOCHI. But at the same time, it otTers that management 
capability not only for Grassland but for the Federal and State ref­
uges as well, and the mandate that came along with the CVPIA 
and all the good that has been done with that putting water out 
on Federal, State and private wetlands is not possible as long as 
you got drainwater coursing throughout the system. 

Mr. MILLER. I can't get drainwater on to the refuges because it 
can't meet 2 parts per billion so, therefore, I have to take 57-parts­
per-billion water and worry tomorrow about what to do with it. 

Mr. MARCIOCHI. In Mud Slough. At the same time, remember 
that there are standards on the San Joaquin River. 

Mr. MILLER. I got your mantra here, okay. I understand there 
are standards. It is just that nobody has agreed to meet them as 
of yet, because you are not responsible for that because you are 
only conveying the water. Your contract says you are not respon­
sible for that. 

Mr. MARCIOCHI. Exactly. 
Mr. MILLER. Well, I don't know what else there is to say except 

this sounds like a horrible deal. And I just don't know why the 
Federal Government would enter into this. 

At this time, I appreciate the pressure on the refuges and I ap­
preciate all of the people who have contacted me about this, but I 
just don't understand why we would get involved in this one at this 
point when we are not getting assurance from anyone up front 
where this is going to lead us. And we have a real weak link here 
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in the regulatory process with the Water Quality Control Board not 
providing any direction. 

Where are the assurances for the public interest here? I mean, 
we are going to move some cleaner water on the refuge which is 
certainly in the public interest, but we are going to screw up Mud 
Slough and maybe or maybe not the San Joaquin River, and we 
don't know the timetable in which that will or will not occur. Some­
time over, perhaps, the next ten years. 

What happens to you if the Congress changes its mind this next 
year on clean water and decides it is going to regulate these. There 
is probably a fair chance that could happen. What is your situation 
then? 

Are you a discharger in these areas? Do you take these waters 
on to your land? You currently are putting them into Salt Slough 
under the current scheme, not under the proposed scheme but 
under the current one? 

Mr. MARCIOCHI. Exactly. 
Mr. MILLER. What is your obligation? 
Mr. MARCIOCHI. AB far as the water that we are currently receiv­

ing from the drainers? 
Mr. MILLER. Eventually, you discharge into Mud Slough and Salt 

Slough. 
Mr. MARCIOCHI. That water originating from the draining entity 

you are referring to? · 
Mr. MILLER. Who is the discharger at that point? 
Mr. MARCIOCHI. They are. They are. We don't take title to the 

water. The contracts reference that. 
Mr. MILLER. No joint and several liability there? 
Mr. MARCIOCHI. No. 
Mr. MILLER. You guys are good. I don't want to pretend that I 

agree with that announcement because I don't know how contrac­
tually you can avoid your obligations, whatever they might be, 
under the Clean Water Act. You have every right to attempt to do 
that. I don't know if it holds up. 

Well, I asked both the members of the first panel to be available 
to answer questions that the rest of the other witnesses have 
raised. I think clearly this committee has to look at the proposed 
use of the Drain. I just don't think that the equities are fair in this 
one in terms of public resources versus the continued underwriting 
of this proposal. We have all these other tools that everybody says 
they are willing to use but they don't. Instead, the facilities are 
being used in the best interest of the drainers, and we have some 
very hot lands in the middle of the drainers. I don't know why we 
would provide a mechanism for that to continue when we have an 
opportunity to try to bring people in the room. Apparently these 
negotiations were going forth at one time. 

Isn't that right, Chelsea; weren't there? 
Ms. CONGDON. Negotiations for the use of Drain. 
Mr. MILLER. And the conditions under which this could be used 

from the drainers? 
Ms. CONGDON. Maybe, Terry, you should elaborate because you 

were involved in those negotiations. 
Ms. YOUNG. We were involved for a long period. There were sets 

of meetings that you might loosely characterize as negotiations. 



111 

Mr. MILLER. Why did they stop? 
Ms. YOUNG. They stopped when the FONSI came out. Shortly 

after the FONSI came out, we got a new director for the Bureau 
of Reclamation who stated his intention to try to go ahead with a 
use agreement that is similar to the one that is sitting before you, 
although at that time, the Bureau was contracting directly with the 
drainers which seems to us to be an improvement. Short answer 
to the question is the process stalled out. 

Mr. MILLER. If I might, Mr. McGahan, am I correct when I char­
acterize this? What you are trying to design here is an isolated fa­
cility from Grassland so they can meet these requirements of being 
able to put fresh water on to the refuge; is that correct? 

Mr. McGAHAN. That is correct, but I think one characterization 
that needs to be emphasized is that, without this project, this 
drainage water goes to the San Joaquin River. And what happens 
is it probably stays in Mud Slough and Salt Slough, notwithstand­
ing the legal problems with the contracts and keeping it going, and 
if the standard is 5 parts per billion in Mud Slough and Salt 
Slough then we do our best job to meet 5 parts per billion in Mud 
Slough and Salt Slough. 

With this project, we do not meet and we cannot meet a 5 parts 
per billion in Mud Slough, but we have said all along there had to 
be a delay in the implementation in this five-year period. But we 
can meet deliverable water quality standards of 2 parts per billion 
in Salt Slough and the other channels, and we think that is a bene­
fit of the project. 

I failed to answer one of your earlier questions as to what the 
drainers are doing and what they have done. Since 1986 and 1988, 
the reduction in selenium load that has gone to the river has been 
reduced approximately 50 percent. Now, this is due partly to the 
drought and the reduced water supplies that are going to the fed­
eral areas, but it is also due to conservation practices. And the re­
duced water supplies are probably a way of life. We will never go 
back to the 1986-1988levels of federal water supply. They have de­
veloped some groundwater wells and are using some of those 
sources which are a part of the drainage program to utilize ground­
water to help, and the thinking is that will help the drainage prob­
lem. 

So there have been reductions. Granted, if water supplies come 
back more than they are, there probably will be an increase in load 
of selenium but the conservation practices would also keep it down. 
And the commitment is, and I think the facts show, that the dis­
charge of drainage is less now than it was before or would be be­
fore the project. 

Mr. MILLER. But, still, I don't have a guarantee there. I don't 
have assurances that that will be reflected in the future. I mean, 
as you say, if you get increased water supplies the load may in­
crease, but conservation may hold it down. We don't even have any 
assurances of what those relationships will or will not be. 

Mr. McGAHAN. Mr. Chairman, we talk about assurances. I think 
if you look at waste discharge requirements that point source dis­
chargers have, they have limits; they have standards they have to 
make; they have limits on how much they can discharge. But as 
far as assurances, you do not have assurances there either. You 
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have the authority and the regional board will have the authority 
in this case to terminate discharge, but there are no assurances on 
the other kinds of discharges either, as I see it. 

Mr. MILLER. Well, correct me if I am wrong, but as I look at the 
engineering plans at a number of the facilities that ring San Fran­
cisco Bay, they are designed with the intent of meeting those 
standards. 

Mr. McGAHAN. That is correct. 
Mr. MILLER. And if they do not, they can have a cease and desist, 

whatever, down the road. We do not yet even have the design of 
the system to meet those standards. 

Mr. McGAHAN. Mr. Chairman, I think we do, and let me clarify 
that. We are shooting at a moving target. Prior to EPA's rejection 
of the State board basin plan amendment, the standard for sele­
nium was 5 parts per billion into the river but was relaxed to 8 
parts per billion in the critical years; and also was a 10 parts per 
billion standard in Mud Slough and Salt Slough. EPA rejected 
those standards and now it is 5 parts per billion in the river at all 
times, including critical years, and it is 5 parts per billion in Mud 
Slough and Salt Slough. 

At some point in time it would be nice to know what the rules 
of the game are so that we can shoot for them. I think our plan 
and the reductions that can be done on-farm are enough to meet 
the 5 parts per billion standard in the San Joaquin River. The one 
exception is during the interim five years of the project, we cannot 
meet the standard in Mud Slough. However, it can be met in the 
other 70-some miles within Grasslands, including Salt Slough, 
which is a source of water for the federal refuge. 

Mr. MILLER. Having said that, all I need is an agreement with 
the drainers that it will happen, and to date, I don't have it. That 
is not your problem because you are not here to speak for the 
drainers, but the fact is we do not have that part of the---

Mr. McGAHAN. Respectfully, we have it in the mitigation meas­
ures in the FONSI. You have to realize the drainers are going into 
this project that will cost over a million dollars to make the connec­
tions to the project. They are going into it with the possibility that 
after two years, if they do not form a regional drainage entity 
which is what is desired here to manage it locally, if they do not 
meet water quality standards in the river, not in Mud Slough, if 
they do not conform to some drainage reduction milestones, then 
it will be shut off after two years. 

That is a very serious threat that the drainers have going into 
it. They can spend all this money now, and in two years it will be 
wasted. 

Mr. MILLER. Well, my experience has told me not to get yourself 
in that position with this group of people. I would rather have it 
up front. I would rather have it up front than go two years from 
now and go through that political hassle. 

Mr. McGAHAN. The process is up front. It is part of what is being 
done. 

Mr. MILLER. I don't have any of the responsible parties signed on 
to that. 

Mr. McGAHAN. You will have the Grassland Water District and 
you will have the subagreements with the drainers, which Mr. 
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Marciochi has said have to be in place to do the project. So you will 
have a sign-on. 

Mr. MILLER. Well, that remains to be seen, but so far we do not 
have that. 

Let me thank you very much for your testimony. I have some ad­
ditional materials presented by EDF that we will make part of the 
record of this hearing, and thank you very much for your help and 
your assistance in this hearing. 

[Whereupon, at 12:50 p.m., the subcommittee was adjourned.] 
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ADDITIONAL MATERIAL SUBMI'ITED FOR THE HEARING RECORD 

110ARD OF DIRECTORS 

MIKE UNNEMAN ........., 
EDWARDKOOA -­F.E.AEDFERN 

JOHN E. WIWAMS 

IIICHAEL STEARNS 

Pre 1985 

.................... 
SU!foiiTI'ED BY DI\N NEI.SCN 

PANOCHE DRAINAGE DISTRICT 
52027 WEST ALTHEA•RREBAUGH. CA 13122 

TELEPHONE (2001_.130 
FAX (201) 384-1122 

PANOCHE DRAINAGE DISTRICT 

Drain Discharge 
Chronology of Events 

T 

• 
Subsurface drainage and surface tailwater was 
discharged from Panache Drainage District to the 
Grasslands and used by the wetlands areas. 

Selenium was discovered at Kesterson Reservoir and 
it was also determined that selenium was present in 
the discharge from Panache Drainage District. 
Selenium levels from Panache Drainage District were 
determined by the U.S. Fish and Wildlife Service to 
be harmful to wildlife. 

The Bureau of Reclamation closed Kesterson Reservoir 
and stopped discharge of dr~inage waters from 
Westlands Water Distr~ct. Although this did not 
directly impact Panache Drainage District, it had 
significant side effects. 

Panache Drainage District, Grassland Water District, 
and other districts banned together to construct an 
interim facility to discharge drainage water through 
the Grasslands. The permit for this facility has 
since expired. 

The Regional Water Quality Control Board adopted 
water quality standards in Mud and Salt Sloughs and 
the San Joaquin River which severely restricted the 
ability to discharge drainage waters from Panache 
Drainage District and other drainage areas. 

Because of water conservation practices by some 
landowners within the District and the severe 
drought, the amount of selenium in the drainage 
water and the quantity of drainage water has 
significantly reduced. 

Panache Drainage District and other districts have 
sought out a alternative method of discharge to the 
Grasslands utilizing a portion of the San Luis 
Drain. It appears that this project will be 
operational in the fall of 1993. This use of the 
San Luis Drain, however, is still governed by the 
water quality objectives which requires a 

(115) 
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significant reduction 
Drainage District. 
obligations will be 
$10/acre. 

in drainage flows from Panache 
This project and related 

at a cost of approximately 

Attached is a graph that shows the reduction in loading of selenium 
in the drainage water from 1985 to present. This reduction in 
drainage water must continue and actually must be increased to meet 
water quality objectives. 

It is imperative that continued water conservation practices be in 
~ to meet this reduced discharge in order for any di s charge to 
continue and maintain a salt balance in the lands within the 
District . 
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3. 
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6. 

7. 

Connection at S. End 
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Use of San Luis Drain 
Estimate of Cost 

Discharge Structure at N. End 

Repair to San Luis Drain 

New Channel in Dept of Fish & Game 
China Island Unit 

Monitoring Program 

Newman Gun Club 
Pumping 

Contingencies 

Y 5 years at 4% plus maintenance 
Y 5 years at 8% 

Capital 
~ 

$110,000. 

450,000. 

100,000. 

50,000. 

$710,000. 

11/19/91 

·Annual 
Cost 

45,000 • .11 

117,000..11 

22,000..11 

12,000.11 

150,000. 

8,000. 

100,000 . 

.. , ....... 
$454,000. 
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Prep•r•d far the 
SAN .JCAtaUIN VALLEY 
DRAINAGE PRCGRAM 

Und•r aantrect with the 
U.S. BUREAU CF RBCLAMATICN 

~~~ 
ENTAl SERVICES. INC. 

in Association with 
Dr. Mara A. Andaraan and 
Unlveralty af Wl•canaln, M•dl•an March 1989 
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Executive Summary 

In 1986 Harza Engineering Company received a u.s. patent for a process that 
removes toxic heavy metals from wastewaters. That year this process was 
applied in a pilot plant study to the drainage water of the Panoche 
Drainage District and the results were promising, with over 90% removal of 
selenium. 

This study was undertaken to determine the mechanism by which selenium is 
removed and the specie formed on the iron surface to effect this removal. 
The process involves passing the wastewater through an activated bed of 
iron filings at a controlled rate. 

The investigators believe, to the best of their ability to determine, that 
selenium is removed by chemical adsorbtion on iron oxyhydroxide surfaces at 
an orange-brown layer of iron filings where the drainage water enters the 
column. Prior to the formation of the oxyhy~~oxide layer, selenium can be 
removed throughout the iron filing bed by physical adsorbtion. 

Several analytical techniques to dete~ae the surface specie on the iron 
filings were unsuccessful. These techniques included Diffuse Reflectance -
and Cylindrical Internal Reflectance - Fourier Transform Infrared 
spectroscopy and Raman spectroscopy. 
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Panoche Water and Drainage District 
52027 W. Althea Ave. 
Firebaugh, CA 93622 

Waste Water Management Int'l Inc. 
124 W. Robinson 
Fresno, CA 93705 

AND 

R. J. Anderson 
2479 W. San Ramon 
Fresno, CA 93711 

July 29, 1991, 

Dear Sirs: 
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Following our conversations over the past 30 days, and our perusal of the 

materials and information provided to us by Panache Water and Drainage 

District, we are providing this letter and the enclosed system desaiption and a 

quotation for the equipment that we feel will best address the Selenium 

problem being encountered by you. 

OBSERVATIONS: 

As we understand it, there are multiple wells feeding the distribution piping 

and the sample identified as DP 25 is the expected average water quality to be 

addressed by the selected system. The results shown as DP 35 are the worst 
conditions encountered from the multiple wells. The total volume of water 

to treated through the treatment process is 210 USGPM. 

PROPOSAL: 

We have chosen an MMRV System to address your problem. The MMRV 

system has the advantage of a dual filtration system and high flow rates, and 

effects a reduction of Selenium in water by 96C10. 
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RATIONALE: 

There are clear advantages to selecting the duplex, continuous operation 
MMRV set for the treatment of Selenium and other metals under these 
circumstances. The HIGH FLOW RATES attainable per square foot surface 
area through the MMRV media vessels coupled with the exceedingly LOW 
BACK-WASH REQUIREMENTS help to reduce concerns with both required 
down-time to purge the vessels of the captured Selenium and other metals as 
well as the volume of waste water that must be addressed. Further, the 
MMRV systems will not foul, or show reduced efficiency, in the presence of 
even high levels of iron bacteria. 

Having two filter vessels in each set operating in parallel, allows tremendous 

system flexibility as you may only require one filter operating at reduced 
system flow rates during low water use periods thereby realizing savings in 
pump wear and energy. In case of a single filter failure, the system would still 
be able to supply treated water, at the slightly reduced rate, until any system 
problems could be corrected. 

The following pages describe the MMRV system that we feel would be best 
suited for this operation. The guarantee on the system requires a current 
water analysis to confirm the system sizing which was based on a 5 year 
average of water analyses provided us by Panache Water and Drainage. 
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ABSTRACT OF THE MMRV FILTER SYSTEM 

A water purification method for removing unwanted contaminants, such as 
metals, Hydrogen Sulfide gas, turbidity, color and odor is provided. The 
process comprises first injecting a jet of pressurized air into a stream of water 
to obtain an air/water mixture. The air/water mixture is then introduced 
into a reaction vessel in which the water is supersaturated with air under 
pressure to effect oxidation of contaminants, such as iron, manganese and 
organic material and to remove dissolved Hydrogen Sulfide gas. A 
predetermined volume of air is maintained above the air/water mixture in 
the reactor under pressure which is above atmospheric pressure. Excess air is 
removed from the reaction vessel by means of a de-gassing valve in the 
upper part of the vessel. The method also includes passing the air/water 
mixture through RE.ZTEC filter media to effect further oxidation and to filter 
the water. Apparatus for carrying out the method includes a reactor vessel 
which has proprietary and rigidly controlled hydraulic system effect the 
rotation of the air/water mixture when introduced into the vessel and to 
maintain a uniform dispersion of small air bubbles throughout the water in 
the reaction vessel of facilitate oxidation and removal of contaminants. 



KREBS & SISLER LP. 
BUSINESS DEVELOPMENT CONSULTANTS 
PROJECT MANAGERS 

Marcos B. Hedrick 
District Plant Technician 
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Telephone 312 : 236 • 9724 
11 South LaSalle Street 
Chicago. Illinois 60603 

August 25, 1992 
f.W 0. 

RsqJ.Y!Jl__, 

Panache Water and Drainage District 
52027 W. Althea Avenue [ ~ 3 1 P' j 
Firebaugh, California 93622 

.. ~ 
Dear Marcos: ::.=====-
Thank you for shipping the water samples and also thanks for 
the enclosed analysis and background information on the irriga­
tion and drainage water situation in the San Joaquin Valley and 
elsewhere in California. As discussed with you several times 
since March, the difficult but necessary tests have not been 
completed. I am hopeful of results before long. 

Enclosed is a write-up on the "Homestake Process", the biological 
cyanide degradation wastewater treatment process which we 
believe can be economically used and adapted to the task of 
extracting a very high percentage of selenium (Se) of various 
species from California irrigation drainage water, along with 
some reduction of total dissolved solids. 

Last October, our firm acquired the exclusive license to commer­
cialize the "Homestake Process" which was developed at the 
Homestake Mine, Lead, South Dakota. The two patents covered by 
our license are owned by the South Dakota School of Mines and 
Technology. We have done much research on waste treatment 
applications for the "Homestake Process" and its unique mutant 
bacterial strain known as pseudomonas paucimobilis mud lock. 
Mudlock has a powerful appetite for cyanide and consequently 
opens up opportunities for environmental clean-up by beneficially 
utilizing this otherwise toxic compound. We hope that the "Home­
stake Process" will solve your selenium problem. 

Krebs & Si.sler is a business development consulting firm es­
tablished in 1972. We have nine Partners. Since 1978, we have 
worked out a number of large-scale systems for removing heavy 
metals from solid and liquid wastes, based on our own research 
to improve waste treatment methods. Several of these systems are 
ready for full-scale demonstration when funds become available. 

I am sorry for the delay on testing. I will keep you posted. 

WPK/hfs 
Enclosures 

Sincerely, -¥;0/, 
R~~e<,~-

/ William P. Krebs 
General Partner 



E. Jay Mayhew 

Hr. Marcus Hedr:l.ck 
Panoche Water District 
52027 West Althed 
F1rabauen, Cal:l.fornia 93622 

Dear Hr. Hedrick: 
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600 S. Youngllold Ct., LoMwood, CO 80228 
(!03) 986-8930 (!03) 985-1078 

February 7, 1992 

Upon receipt of our J:eep Secret Agre-nt we will eonfer Yith you 
and if your Board of DJ.rec:tors acraa, will th,.n aet . a dal:a md ,..,.t Yith 
you, br:f.n3i"'l aufUciant equ:l.pt~ent l.Daded Y:!.th act1.vated aolita. 

We will set up the aquipant and you will taka your own aupla of 
water, pass it through our c:olUIID, catch your CIVIl aupla and hava your 
aaaay at a place of your chouce. If the reeulta are aatiafactory to you 
we will than run a larger, pilot ocala teat, uaing the equipmant :You alrutly 
hav~ un dt.,, that 1&, the rea:l.n ch.Uied pil.Dt teat equip•nt · you are 11011 
uaina. In that avant, "" will bring with ua au£f1c:ieut activated &eolit,. 
to char-ge the re•ln cylinder you luav• and repeat ebe proee•a on a· lar;ar 
ecale . at a time aareed upon. 

If you have any quaat1ons please call ma or Mr. Burwell at any Um,.. 

;;:r·.J~/ 
K. J. Mayh .. Q 

77-141 94- 5 
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PANOCHE DRAINAGE DISTRICT 
80AAO OF DIRECTORS 

MIKE UNNEMAN ....... _,. 

U.S. BUREAU OF RECLAMATION 

52027 WEST AlntEA•AREBAUGH. CA tcll22 
ta..ePHOHE C2l:llt .... t. 

FUC. ...... 22 

Jul7 27, 1993 

Attention: MP-822 Challenge Grant Proposals 
2800 Cottage Way 
Sacraaento, CA 95825 

Ch&lleue Grapt ADPltcation 

T 
~ 

• 
In response to your letter of Ma7 17, 1993, Panocbe Drainage District i:s pleased 
to sub•it the attached Challenge Grant Application to the U.S. Bureau of 
Reclaaation for Water Conservation and Drainage Manageaent Projects. 

Our proposal addresses the proble• of the presence of seleniu• in drainage water. 
A process being developed b7 Bo7le Engineering Corporation has pro•iae to assist 
us in solving this proble•. Bo7le has done conaiderable work on treataent 
processes designed to eli•inate seleniua fro• wastewater. The)' have also worked 
closely with other experts in this field at UC Riverside, UC Irvine, and the 
University of Houston to develop and i•prove the ion exchange process for 
seleniu• and nitrate reaoval. 

Our current goal ia to reaove sixt)' percent of the seleniu• fro• our drainage 
syste•. The process proposed has an excellent chance of success by concentrating 
the seleniu• into a s•all waste voluae bJ a special ion exchange process and then 
to eliainate the seleniua froa the concentrated voluae by biodegradation to a 
non-toxic aaterial. 

The demonstration of a cost effective aetbod for treat•ent of agricultural 
drainage by the proposed process has aultiple benefits: 

1. Lowering of seleniu• in our drain water will allow us aore drainage 
into the San Joaquin River without violating seleniu• water quality 
objectives. 

2. Agriculture in other drainage areas where evaporation ponds are used 
for disposal can also benefit because the proposed process concentrates the 
se1eniu• contaaination into a treatable brine for seleniu• reaoval. This 
will lower the size require•ents of evaporation ponds and place aore land 
to other uses. 

3. Reclamation of wastewater for other beneficial uses is a potential 
aajor benefit. The proposed process will function as a pretreat•ent for 
demineralization which can produce water for wildlife, agriculture 
(including agroforestry), and other aunicipa1 and industrial uses. 
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The proposed effort will demonstrate by field pilot tests 
experiments that the critical key components of the 
sufficiently well to proceed to a complete pilot plant. 
plants will then follow in a later phase. 

and some laboratory 
process will work 

Multiple full scale 

The cost of the initial phase as we propose will be approximately $195,000.00. 
Approximately 50% of the cost will be shared by Panache Drainage District and 
Boyle Engineering Corporation in direct dollar expenditures as well as in-kind 
services. We are requesting $96,270.00 from the U.S. Bureau of Reclaaation in 
this grant application. 

In your referenced letter you asked for a clearer definition of the following 
issues: 

a. The accumulation of hazardous waste. 
b. Integration with agroforestry. 

We have reviewed our proposal in light of the above issues and made alterations 
in the work statement accordingly. It should be realized that the work done 
under this grant will generate only laboratory size quantities of waste brines 
which will be disposed using usual laboratory procedures for such disposals. The 
proposed project work statement has been revised to include studies to determine 
the quantities and amount of hazardous waste produced by the process. It is one 
objective of the proposed process to convert selenium waste in the waste brines 
to non-hazardous forms of selenium by the biomethylation process. This issue 
wi 11 be better understood and more clearly defined after completion of the needed 
laboratory studies which are proposed. 

The work statement has also been expanded to investigate the agroforestry water 
quality needs to determine if any produced process streams from this proposed 
process will be compatible with the water and nutrient needs of tree growth. 

We will be pleased to discuss this project with you. If you have any technical 
questions concerning the process, please feel free to contact Boyle Engineering 
Corporation (Dr. Gerald A. Guter) at (805)325-7253. If you have any questions 
concerning the administration aspects of our proposal, please contact me. 

Sincerely, 
PANOCHE DRAINAGE DISTRICT 

-~L-
General Manager 
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PANOCHE DlUllVAGE DISTRICT 
BOARD OF DtAECTORS 

MIKE UNNEMAN 
PReSIDENT 

52027 WEST ALlHEA•FW&AIJOH. CA 13122 
1B..EPf10ifE (20IIt .... ,. 

EDWAAOKOOA 
VICe·f"ftESJoeN'T 

F.E. REDFERN 

JOHN E. WIWAMS 

MICHAfl STEARNS 

Or Sa I I y Benson 
Earth Sciences Division, 50E 
Lawrence Berkeley Laboratory 
Berkeley, CA 94720 

Dear Dr Benson . 

FAX(2GIIt .... 12Z 

J u I y 28, 1993 

T 

• 
The Panoche Ora i nage 0 I strIct Is very happy to cooperate with 
Lawrence Berkeley Laboratory and the University of Cal ifornla, 
Berkeley's Algal Research Laboratory on the algal-bacterial 
drainage treatment demontrat ion project that you have proposed. 
After your presentation to the Panocha Drainage District on 
Tuesday, June 15, 1993, we agreed to provide a field alta , to 
provide earth-moving required for construction of the ponds, to 
help with monitoring of the system and with the collection of 
samples. During our tour of the proposed demonstration site of the 
drainage treatment site with the project team we identified a 
storage shed that could be used as a laboratory and a pumping plant 
that can be used to 11ft water fro• a draInage sump into the 
treatment plant. Subsurface drainage from a field of approximately 
970 acres is discharged to the drainage sump. Access to the site Is 
provided by a wei I maintained dirt and gravel road. 

We wish the Lawrence Berkeley Laboratory Success In their 
competition for funds to undertake this project. 

Sincerely, 
Panoche Drainage District 

~~/. 
Oenn Is Falaac)r( . 
General Manager 
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EXECUTIVE SUMMARY 

It is not possible to determine from the available literature the extent 
of selenium removal that can be achieved in well-designed high- rate algal 
growth ponds alone. The amount can only be determined _by in situ experi-
ments with indigenous algae. 

. : ~; · ~.:.:~r~~-
High-rate algal growth ponds are likely to con.tr~b~~~~:,J~o~ta.ntly in 
the treatment for other selenium removal systems by softening, clarifying 
and removing nutrients from drainage waters. ·,_"·,,~y: ,:( '"> 

... 
• . 1 -~<-o .;·t"''~lt& -<1 ;_ , : 

If used as treatment systems for drainage waters, higb~~ate algal . ponds, in 
. . "': ,; •_:: : / 'tl . ·, · < 

conjunction with in-pond methane fermentation, gas, , fay,:,ut:~. ·- a~d heat power 
generation will easily produce their own electrical en.ergy needs and 

. : l. j -, .. · 

significant amounts of surplus electrical energy. · .:: ;: .• ,, .. ·~ ~: 

.. ~·- -; : -: 

High-rate algal growth ponds, in conjunction with alg<~:l . ,fermentation and 
acid gas scrubber systems, have a high probability. of :~~ving significant 
amounts of selenium from drainage waters. The amount can only be determined 

by in situ experiments with drainage water. 

The cost of removing selenium, other toxic metals and nitrogen from drainage 
waters is highly dependent on system size. A small, one MGD unit is projected 
to cost about $273. 00 per million gallons l$89.00 per acre foot) for interest 

·' and cost retirement, and $416.00 per million gallons _($136.00 per acre foot) 
for Operations and Maintenance, for a total approach~g $700.00 per million 
gallons of drainage water processed. Systems in the 100 MGD range may cost 
as little as $140.00 per million gallons, ($46.00 per ~ere foot) and produce 
as mucn as $83.00 worth of surplus energy per million gallons. 

A well-designed experimental program involving key labo~atory and pilot plant 
experiments in situ is recommended. To carry out this program will require 
a research facility consisting of four 1-acre high-rate ponds supporting algae 
harvesting and fermentation systems and laboratory facilities. Such a facility 
is .recommended for further study. Location of the new facility near or at the 
existing Los Banos Test Facility is recommended. 

vii 
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MICHAEl STEARNS 

July 27, 1993 

U.S. BUREAU OF RECLAMATION 
Attention: MP-822 Challenge Grant Proposal a 
2800 Cottage Way 
Sacra.ento, CA 95825 

Cballenlfe Grant Application 

In response to your letter of Nay 17, 1993, Panache Drainage District ia pleased 
to subait the attached Challenge Grant Application to the U.S. Bureau of 
Reelaaation for Water Conservation and Drainage Manageaent Projects. 

OUr proposal addres .. ea the problea of the pre!lence of seleniua in drainage vater. 
A process being developed by Boyle Engineering Corporation has proaise to assist 
us in solving this problea. Boyle hal done considerable work on treataent 
processes designed to eliainate seleniua fro• wastewater. They have also worked 
cloaely with other experts in thia field at UC Riverside, UC Irvine, and the 
University of Houston to develop and i•prove the ion exchange procesa for 
selen iua and nitrate re.aval. 

Our current goal is to re.ove sixty percent of the seleniua fro• our drainage 
aystea . The procesa propoaed has an excellent chance of auccell!l by concentrat i ng 
the seleniua into a saall waste voluae by a special ion exchange process and then 
to eliainate the seleniua fro• the concentrated voluae by biodegradation to a 
non-toxic •aterial. 

The demvnstration of a cost effective aethod for treataent of agricultural 
drainage by the proposed proceas has aultlple benefits: 

1. Lowering of s e leniu• i n our drain val~r will allow ua .ore drainage 
into the San Joaquin River without violating seleniua water qualit:r 
objectives. 

2. Agriculture in other drainage areas where evaporation ponds are used 
for disposal can also benefit because the proposed process concentrates the 
seleniua cont .. ination into a treatable brine for geleniu• reaoval. This 
will lower the s i ze requireaents or evaporation ponds and place acre land 
to other ua~s. .· 

3. Reclaaat i on or wastewater for other beneficial uaea ia a potential 
major benefit. The proposed process wi ll function as a pretreataent for 
de•ineralization which can produce water for wildlife, agriculture 
(including agroforestry), and other aunicipal and industr i al uses. 
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The proposed ettort will de.uaatrate ~ field pilot testa 
experiaenta that the critical lleJ' COIIIJODenta of the 
sufficiently well to proceed to a c:o.plete pilot plaat. 
plants will then follow ia a later phase. 

and aa.e laboratorJ' 
proce .. will work 

Multiple full scale 

The cost of the initial phase as ve propose will he approxiaately $195,000.00. 
Approxiaately 50% of the coat will be abated by PaDocbe Drainage District aad 
Boyle Engineering CorporatiOil in direct dollar expeaditurea u well as in-kind 
services. We are requesting SI&,Z70.00 fro. tbe u.s. Bureau of Kecl ... tion in 
thia grant application. 

In J'OUr referenced letter JOU aalled for a clearer definition ot the following 
issue•: 

a. The accuaulation of ba&ardoua waste. 
b. Integration with acroforestry, 

We have reviewed our proposal ia light of the above issues and .ade alterations 
in the work state~~ent accordingb. It &bould be realized that the work done 
under this grant will generate ODlJ' laboratory si&e quantities of waste brines 
which will be dhposed using usual labol"atory procedures for such disposals. The 
proposed project work state.ent baa beeD revised to include atudiea to detel"lline 
the quanti ties and aaount of ha&al"cloua vute produced by the process. It is one 
objective of the proposed proeees to CODYel"t aeleniua waste in the waste brines 
to non-hazardous foras of aeleniua ~ the bioaetbJ'l&tion proceaa. Tbia issue 
will be better understood and sore clearb defined after coapletlon of the needed 
laboratory studies which are proposed. 

The work statesent baa &lao beell ex(JU!ded to inveatl~:ate the agroforestry water 
quality needs to detel"lline if any produced Pl"OCeBB atreaas fl"Oa this pl"Oposed 
process will be coapatible with the water and nutrient needs of tree growth. 

We will be pleased to discuss this project with rou. If JOU have any technical 
questions concerning the proceu, please feel tree to contact Boyle Engineering 
Corporation (Dr. Gerald A. Guterl at (805)325-1253. If J'OU ha~e any questions 
concerning the adainiatration aspects of our pl"Oposal, please contact ae. 

Sia.cerelJ', 
PJUIOCHE DRAI MAGE Dl STRICT 

,-~~~".L. 
DEIIIIIS I' A~- -­
General Manager 
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October 22, 1993 

Congressman George Miller 
Chairman, Natural Resources Committee 
1324 Longworth HOB 
Washington, D.C. 20515 

Dear Congressman Miller: 

Many irrigation and drainage districts on the wast side of the San Joaquin 
Valley have made significant progress in recent years in reducing the 
volume of drainage water entering the San Joaquin River. This letter and 
the enclosed articles describe some of the programs implemented at the 
Broadview Water District as well as some of the achievements during 1989 
through 1992. We are oontinuing to encourage further reductions in 
drainage water at Broadview and we appreciate your review of these 
materials at this time. 

Many fanners in the Broadview Water District have implemented innovative 
water rm.magement practices in recent years to reduce the volume of 
subsurface drain water generated in the district. In particular, farmers 
have reduced the length of furrow runs from 1/2-mile to 1/4-mile and 
even 1/8-mile on some fields.. They have reduced irrigation set times from 
48-hours to 12-hours and they have hired night irrigators to manage 
water carefully, even at night. MWly fanners have replaced earthen ditch 
irrigation methods with aluminum pipe and sprinkler irrigation systems. 

The Broadview Water District implemented an innovative tiered pricing 
program for irrigation water in 1989.. This prognun, now in its fifth crop 
year, involves higher prices for water delivered in excess of well-defined 
crop specific limits. These increasing block-rate prices provide significant 
economic incentives for farmers to RNUlage water carefully. Farm-level 
water management hilS improved drmnatically in Broadview since 1989 Wld 
subsurface drain water volumes have been reduced by more than ~. 

Broadview Water District has worked closely with the Caiifornia Water 
Resource Control Board to provide low-interest loans to farmers for the 
purchase of modern, water-saving irrigation technologies. In the past two 
yaars, Broadview farmers have purchased alrrKJSt $1.5 million worth of 
aluminum pipe and sprinkler irrigation systems. These water-conserving 
irrigation methods are rapidly becoming the standard in Broadview and 
drain water volumes are decreasing accordingly. 

The volume of drain water collected in Broadview's subsurface drainage 
systems has declined from mora than 4,000 acre-feat in 1986 to less than 
1,000 acre-feet in 1992. At the same time, the loads of salt, boron, and 
selenium in Broadview's drainage water have declined by similar 
proportions. These volume and load reductions in Broadview are typicai of 
drilin water reductions achieved by many districts in the region in recent 
years. 

P.O. BOX 95 • FIREBAUGH. CALIFORNIA 93622 
1209) 659- 2004 FAX (209) 659- 3526 

] 
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The volume of drainage wAter (surf""" And subsurfiiCB) raiBIISBd through 
Broadview's outlet hAS llfw declined substAntillfly, dropping from over 
14,000 acre-feet in 1988 to less thAn 1,000 acre-feat in 1992. Much of this 
reduction hilS been achieved through Aggras&ive efforts by fanners And 
district staff to reduce and/or re-circulAte surfeca runoff And subsurface 
drainAge WAter. The re-use of drainAge water will ........Un 11 key axnponent 
of Broadview's drainAge reduction program, provided thAt the district CAn 

maintain sllft balance in the long term. 

Much of the progress achieved in Broadview In recent yBArS is described 
in several technicllf reports including the following: 

Wichalns D. & Cone D. 1992. Tiered pricing motiVAtes 
Cllllfornians to conserve wAter. Journal of Soil And Water 
Conservation 47:139-144. 

Wlchalns D. & Cone D. 1992. Fann-laval And district efforts 
to Improve water mAnAgement during drought. IrrigAtion And 
DrainAge Systems 6:189-199. 

Wichalns D. 1991. MotivAting reductions In drllfn wAter with 
block-rAta prices for irrigAtion wAter. WAter R_,..rces 
Bulletin, 27(4): 582-592. 

If you or your staff would like eddtlonal informAtion or hAve questions, 
piBIISB contact me. 

Sincerely, 

~
,,·,~ 

' ' ''"· 

DAvid G. Cone 
MAnAger 
BROADVIEW WATER DISTRICT 



_,.: 

• I 

+ 
1 

SC. A '- [ Of WILE S 

135 

UNIH D ITAT(S 
DH•.t.ll'1ti[NI O' 101[ '"1[1tr01t 

aull'£ • u 0' ll' rCL AWATH)"' 

C£ NTI'A L V6 L t ['f fi'ROJECT 

DE LTA 0 1\IJSI_.,N · CA L IF'. 

BROADVIEW WATER DISTRICT 
LOCATiON MAP 

214-208 · 2643 



1.00 

0.80 

0.60 

0.40 

0.20 

0.00 

136 

District-wide Estimated Application 
Efficiencies, BWD, 1986 to 1991 
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Collected Subsurface Drain Water 
Acre-Feet, BWD, 1986 to 1992 
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Discharged Commingled Drain Water 
Acre-Feet, BWD, 1986 to 1992 
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Farm-level and district efforts to improve water management 
during drought 
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Abstract. The fifth year of drought in California brought reductions in surface water deliveries 
to many water districts . In the central San Joaquin Valley, water deliveries to Broadview Water 
District were reduced by SODJo in 1990 and by 75DJo in 1991. The district increased the level of service 
provided to farmers during these years by providing accurate water use data, increasing the 
flexibility allowed in scheduling water deliveries, and managing water transfers and purchases 
when water was available . Farmers in the district implemented new irrigation practices and 
increased the efficiency of water applications. Several crops were irrigated more frequently than 
usual, but the amount of water applied during each irrigation event was reduced. The total amount 
applied during pre-irrigations and seasonal irrigations was also reduced. More than 38DJo of 
district land was idled in 1991, with the largest proportional reductions in melon, sugarbeet, and 
grain plantings. Field application efficiencies increased for all crops in 1990 and 1991 and the 
district-wide field application efficiency increased from 0.73 in 1989, to 0.77 in 1990, and 0.81 in 
1991. 

Introduction 

The average annual rainfall in California's San Joaquin Valley ranges from 100 
mm in the south to 200 mm in the north and about 300 mm on the valley's east 
side. The two major sources of irrigation water in the valley are groundwater 
that is pumped locally and surface water deliveries from state and federal 
projects that operate large reservoirs in the northern region of the state and in 
the eastern mountain ranges. In most years the combination of groundwater 
pumping and surface water deliveries is sufficient to produce more than $4 
billion worth of crops on 4.25 million hectares of land (San Joaquin Valley 
Drainage Program, 1990). 

State and federal surface water deliveries are reduced in years when drought 
conditions limit the amount of water available in project reservoirs. For exam­
ple, the allocation of water to many districts in the San Joaquin Valley was 
reduced by 75"1o during the 1977 drought. That drought was severe but it ended 
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relatively quickly in the spring of 1978. Short-term responses to the drought 
of 1977 included an increase in groundwater pumping and improvements in 
farm-level water management. The total value of agricultural production actu­
ally increased in 1977, as a relatively small amount of land was fallowed and 
average crop prices were higher than in the previous year (Howitt 1991 ). Rain­
fall returned to normal in 1978 and conventional water management practices 
were resumed. The most recent drought in California is now entering its sixth 
year and surface water allocations have been reduced significantly. At the start 
of the fourth year, in March 1990, water deliveries to some districts were 
reduced by 500Jo. Many of these districts received only 250Jo of their normal al­
location during 1991. Some districts report that more than 300Jo of tillable land 
was left idle during 1991 and that farmers improved their irrigation practices 
to use available water efficiently. 

This paper describes the farm-level and district responses to recent reduc­
tions in water allocations in the San Joaquin Valley. Farmers and district staff 
have successfully improved irrigation system performance and have im­
plemented new irrigation practices to maximize the value of production from 
limited water supplies. District personnel have worked very closely with farm­
ers to provide flexible water deliveries and timely information regarding farm­
level water use. Some of these improvements have been implemented in other 
irrigation districts in the western United States (Palmer et al. 1991), where 
water conservation is an important program for many water delivery agencies. 

The Broadview Water District 

This paper reviews the changes in irrigation practices and water management 
that have occurred during 1990 and 1991 in the 4000-hectare Broadview Water 
District, which is located near Firebaugh, California. Broadview is typical of 
other districts in the region where surface water deliveries were reduced by 500Jo 
in 1990 and by 750Jo in 1991. Groundwater is largely unsuitable for irrigation 
in Broadview due to relatively high salinity and high boron concentrations. The 
drought responses of Broadview farmers are typical of those observed through­
out the region. 

Broadview is distinguished from other districts in the region by its increasing 
block-rate water pricing program that was implemented in October 1988, 

to motivate water conservation and reduce the volume of drain water collected 
in the district (Wichelns & Cone 1990). This program has increased the aware­
ness of water management issues among district farmers and staff, and has 
provided a framework for collecting very detailed information describing.irri­
gation practices and water use (Wichelns & Cone 1992). Broadview has been 
able to respond quickly and accurately to the changes in water manage-ment 
that were made necessary by reductions in water supply. 
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District -lev e) activities 

The district has provided four important services to assist farmers in managing 
water efficiently during the drought years: 
-field-specific information regarding historical and expected water use has 

been provided to all farmers, 
- the minimum time required for scheduling changes in water deliveries has 

been reduced, 
-water transfers and purchases have been arranged to supplement a farmer's 

water allotment when water has been available, and 
-the water available for pre-irrigation in the fall of 1990 was allocated and 

delivered according to an equitable and efficient timetable. 
These enhancements in the information, operations, and transactions provided 
by the district have enabled farmers to select cropping patterns carefully ac­
cording to expected water use, to begin and end irrigation events promptly ac­
cording to field-specific crop water requirements, and to move water among 
water districts to maximize the efficiency of water use. 

Broadview began collecting crop-specific irrigation data for all crops and 
fields in the district in 1986. The data include the size of fields irrigated, the 
amount of water applied during each irrigation event, and the total water ap­
plied during pre-irrigation and seasonal irrigations. These data have been sum­
marized for each farmer, to allow review of historical irrigation data for in­
dividual fields (Table 1). Many farmers use these data to plan their cropping 
patterns accurately when reductions in water allotments are expected to limit 
production alternatives. 

The Broadview cropping pattern was not affected significantly in 1990, be­
cause the reduction in water supply was announced after pre-irrigation water 
had been delivered in the previous fall and early winter. In 1991, however, the 
75o/o reduction in water supply caused 38% of the district to be idled, with the 
greatest proportional reductions occurring in melons, sugarbeets, and grain. 
Idle land in Broadview increased from 183 hectares in 1989 to 313 ha in 1990 

Table I . Example of field-specific irrigation data prepared for all fields in the Broadview Water 
District. 

Farmer: Jones, 1990 
Seasonal irrigations 

Field Crop Hectares Pre-irrigation• First Second Third Fourth Total 

(ha) (hectare-mm per hectare) 

6-2 Cotton 55.85 274 207 192 174 104 951 
6- 3 Tomatoes 60.71 238 238 219 192 137 985 

a Cotton fields are pre-irriptcd before the crop is planted . Tomato fields are irrigated after plant· 
ing, but before the ~ have emerged from the soil. 
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Table 2. Crop plantings in the Broadview Water District, crop yea rs 1990 and 1991. 

Area reduction from 1990 to 
Crop 1990 1991 1991 

(ha) (hal (ha) ("'o) 

Cotton 1,787 1,549 238 13.3 
Melons 329 80 249 75.7 
Tomatoes 344 268 76 22.1 
Wheat 365 123 242 66.3 
Barley 118 0 118 100.0 
Alfalfa seed 222 185 38 16.9 
Alfalfa hay 0 0 
Sugarbeets 121 0 121 100.0 
Oat hay II 16 
Onion seed II 4 

Cropped total 3,309 2,225 1,084 32.8 

Fallow 313 1,400 -347 .3 

Total 3,622 3,625 

and 1400 ha in 1991 (Table 2) . This represents a four-fold increase in fallow 
land from 1990 to 1991. 

Cotton plantings declined by 238 ha (13.30Jo) in 1991, representing the 
smallest proportional reduction of the major crops grown in the district. Alfal­
fa seed declined by 37 ha (16. 9%) and tomatoes were reduced by 76 ha (22.1 OJo ). 
Melon and wheat plantings were reduced by 75.7% and 66.3%, while no sugar­
beets or barley were planted in 1991. The total cropped area in Broadview was 
2225 ha in 1991, or 1084 ha (32.8%) smaller than in 1990. 

The district's normal policy for scheduling water deliveries requires a 
48-hour advance notice before beginning a water delivery and a 24-hour notice 
before closing a farm-level turnout. This was relaxed in 1990 and 1991 to allow 
farmers maximum flexibility in scheduling water deliveries. Many farmers have 
applied frequent, but shallow, irrigations during these years, in place of the 
deep and infrequent irrigations that were common during earlier years . The 
district's flexible delivery policy has allowed farmers to begin and end water 
deliveries on short notice, sometimes in the same day, permitting them to ir­
rigate small portions of fields for very short periods of time. 

Many Broadview farmers own or lease land in several irrigation districts in 
the San Joaquin Valley. Water allocations vary among districts according to 
historical water contracts and their agreements with state and federal water 
suppliers. During the drought years, many farmers desired to transfer water 
among districts to achieve optimal crop production. The district worked with 
the farmers and the water agencies to complete these transactions in time to al­
low efficient water use during the 1990 and 1991 seasons. Water was also 
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available for purchase from the state's water bank, but the relatively high price 
($216 to $247 per Ml) could not be justified for the field crops grown in Broad­
view. Some farmers did purchase well water developed in other districts ($123 
to $133 per Ml) to finish irrigating some of their fields. The district assisted 
these farmers with the water transfer procedures. 

A limited supply of water was available to Broadview farmers during Oc­
tober and November of 1990 for pre-irrigation of 1991 crops. The district re­
quired farmers to submit applications describing the fields to be pre-irrigated 
and the dates when f"tdds would be ready to receive water delivery . The district 
divided the amount of water available by the total number of hectares included 
in the applications, resulting in an average allocation of 198 mm/ha. This is 
about 600Jo of the 335 mm historical average depth of pre-irrigations in 
Broadview. 

The district worked with farmers to schedule the pre-irrigation deliveries so 
that farmers would receive water only after their fields had been prepared for 
pre-irrigation. The plan provided 10 days of water delivery at 0.14 m3/sec 
(12.2 Ml per day) to each 63-hectare field that had applied for pre-irrigation 
water. Some farmers used sprinklers to pre-irrigate their fields, while others 
pre-irrigated in alternate furrows to reduce the time required to pre-irrigate the 
complete field . Most farmers blocked the ends of furrows to retain all water 
on the field by reducing surface runoff to a minimum. None of these practices 
had been used before in Broadview. 

The pre-irrigation plan was supported by Broadview farmers, who viewed 
it as an equitable and efficient scheme to allocate the limited water supply. 
Some farmers chose to pre-irrigate entire fields to the average depth of 198 
mm, while others chose to pre-irrigate only a portion of a field to a greater 
depth. Both groups of farmers applied additional pre-irrigation water to the 
same fields later in the winter, after the water supply situation for 1991 was 
announced. In the end, pre-irrigation depths ranged from 131 mm to 485 mm, 
with a mean depth of 302 mm and a standard deviation of 79 mm. 

The average depth of water applied on cotton fields that were pre-irrigated 
with sprinklers was 226 mm, while the average depth on fields pre-irrigated 
with gated pipe was 378 mm, and the average depth applied using conventional 
earthen head ditches was 317 mm. These data reflect the relative efficiency of 
sprinklers, while suggesting that the use of gated pipe does not, by itself, 
guarantee reductions in pre-irrigation depths. Farmers who adjust irrigation 
set times and furrow lengths in conventional furrow systems can reduce pre­
irrigation depths below historical averages. 

The two melon fields were pre-irrigated with 210 mm and 226 mm, using si­
phon tubes and 400 m furrow lengths. Sprinklers were used to pre-irrigate one 
tomato field in 1991 (235 mm), while siphon tubes and 400 m furrow lengths 
were used on another (238 mm). The historical average pre-irrigation depths 
for melons and tomatoes in Broadview are 335 mm and 244 mm, respectively. 
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Farm-level adjustments 

Broadview farmers implemented several improvements in traditional furrow 
irrigation methods during 1990 and 1991, including the use of gated pipe for 
head ditches, reduction of furrow lengths and set times, packing of furrows 
prior to irrigation events, and the irrigation of alternate furrows. Many 
farmers worked more closely than usual with field irrigators to improve their 
understanding of drought-induced irrigation goals . Where possible, some 
farmers also upgraded their technology by using sprinkler systems for pre­
irrigation of some crops and seasonal irrigation of other crops. One farmer in­
stalled a tail water return system in 1990 and another farmer installed a similar 
system in 1991. 

Broadview farmers reduced the amount of water applied during most irriga­
tion events, while the number of irrigations was increased for some crops, in­
cluding cotton and tomatoes . Cotton fields are usually irrigated three or four 
times in Broadview and some fields receive a fifth irrigation. For example dur­
ing 1986 through 1988, most of the cotton fields were irrigated at least three 
times, about half of the fields were irrigated a fourth time, and a few fields 
received a fifth or sixth irrigation (Table 3). The average depth of each irriga­
tion event ranged from 162 mm to 219 mm for the first three irrigations during 

Table 3. Event-specific district average irrigation depths for cotton, Broadview Water District, 
1986 through 1991. 

Year 
lrrig. 
event 1986 1987 1988 1989 1990 1991 

(Irrigation depth , in millimeters)• 

Pre-irrig. 332 360 344 338 326 302 
First 219 186 210 183 152 116 

Second 201 174 207 189 143 113 

Third 180 162 (24) 168 (25) 158 (31) 122 119 
Fourth 125 (13) 131 (18) 119 (12) 125 (26) 91 (25) 91 (24) 

Fifth 195 (2) 98 (4) 113 (14) 98 (15) 49 (II) 

Sixth 91 (I) 40 (I) 49 (4) 43 (I) 
Seventh 61 (I) 
Eighth 55 (I) 

Totalb 991 (30) 985 (25) 991 (27) 1018 (32) 866 (33) 732 (30) 

• Numbers in parentheses are the number of cotton fields for which irrigation deliveries were 

recorded, when only a subset of all cotton fields were irrigated. 
b Numbers in parentheses are the total number of cotton fields. 
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Table 4. Event-specificdistrict average irrigation depths for tomatoes, Broadview Water District, 
1986 through 1991 

Year 

lrrig. event 1986 1987 1988 1989 1990< 1991 

(Irrigation Depth, in millimeters)• 

Pre-em erg. 216 229 372 186 244 174 
First 247 146 146 104 125 101 
Second 235 (4) 262 165 128 101 94 
Third 244 (3) 320 (2) 259 (4) 128 125 76 
Fourth 448 (2) 232 (2) 110 (3) 140 107 (6) 98 
Fifth 24 (I) 107 (5) 91 (6) 64 
Sixth 67 (3) 104 (6) 76 
Seventh 85 (2) 101 (3) 67 (4) 
Eighth 94 (I) 110 (2) 76 (3) 
Ninth 113 (2) 
Tenth 101 (I) 

Totalb 978 (5) 1003 (3) 963 (5) 829 (7) 924 (7) 820 (6) 

• Numbers in parentheses are the number of tomato fields for which irrigation deliveries were 
recorded, when only a subset of all tomato fields were irrigated. 

b Numbers in parentheses are the total number of tomato fields. 
c Rainfall in May of 1990 was sufficient to allow farmers to skip one irrigation on tomatoes that 

year. 

1986 through 1988 and the average depth of the fourth irrigation ranged from 
119 mm to 131 mm. 

During 1989 through 1991, about 800fo of the cotton fields in Broadview were 
irrigated four times and half of these were irrigated a fifth time (Table 3). The 
average depth per event during the first three irrigations declined steadily in 
1989, 1990, and 1991. The average depth of the fourth and fifth irrigations 
declined between 1989 and 1990. In 1991, the average depth of the fifth irriga­
tion was just 49 mm. 

As noted above, the tiered pricing program was implemented in Broadview 
prior to the 1989 season and drought-induced reductions in water allocations 
occured in 1990and 1991. The average depths of cotton pre-irrigations and the 
first three seasonal irrigations have declined steadily through these years. The 
district average depth for the first three irrigations was less than 120 mm in 
1991, declining from an average of 162 mm to 219 mm during 1986 through 
1988 (Table 3). The average depth of water delivered to cotton fields, including 
pre-irrigation and seasonal irrigations, declined from about 990 mm during 
1986 through 1988 to 866 mm in 1990 and 732 mm in 1991. 

Some Broadview farmers irrigate tomato fields prior to planting, while 
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Table 5. Event-specific district average irrigation depths for melons, Broadview Water District, 
1986 through 1991. 

Year 

lrrig. event 1986 1987 1988 1989 1990 1991 

(Irrigation depth, in millimeters)• 

Pre-irrig . 430 (I) 326 323 317 216 
First 259 268 143 134 88 ll6 
Second 137 155 101 (10) 76 94 30 
Third 122 140 (6) 76 (6) 49 (5) 70 (4) 30 
Fourth 125 (4) 40 (5) 79 (I) 101 (I) 

Fifth 52 (2) 192 (I) 

Sixth 76 (I) 

Totafb 655 (5) 607(7)._ 634 (II) 567 (9) 547 (6) 445 (2) 

a Numbers in parentheses are the number of melon fields for which irrigation deliveries were 

recorded, when only a subset of all melon fields were irrigated. 
b Numbers in parentheses are the total number of melon fields . 

others apply water after the crop is planted, but before the seedlings emerge. 
The average depth of pre-emergent irrigations on tomatoes, whether applied 
before or after planting, was between 216 mm and 372 mm during 1986 
through 1988 (Table 4) . The average depth during 1989 through 1991 ranges 
from 174 mm to 244 mm . As in the case of cotton pre-irrigations, farmers have 
reduced the depth of pre-emergent irrigations on tomatoes by using sprinklers, 
reducing the length of furrow runs , and reducing irrigation set times. 

Most tomato fields were irrigated three or four times during 1986 through 
1988, with the average depth of each event ranging from 110 mm to 448 mm 
(Table 4.) In recent years, most tomato fields were irrigated five or six times, 
with some fields receiving seven or eight irrigations. The average depth of each 
irrigation ranged from 64 mm to 140 mm during 1989 through 1991. Farmers 
irrigated tomatoes more frequently, using less water per irrigation event, and 
the average depth of water applied to tomato fields has declined from about 
981 mm during 1986 through 1988 to 820 mm in 1991. 

The number of irrigation applied on melon fields has not declined in recent 
years, but the average depth per irrigation has been reduced. The average depth 
of irrigations on most melon fields ranged from 40 mm to 268 mm during 1986 
through 1988, when most fields were irrigated three or four times (Table 5). 
Most melon fields were irrigated only three times during the recent three years 
and the average depth ranged from about 30 mm to 134 mm. The average depth 
of water applied on melons has declined from about 640 mm in 1986 through 
1988 to 547 mm in 1990 and 445 mm in 1991. 
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Field application efficiencies 

Changes in average irrigation depths describe the ability of Broadview farmers 
to apply less water per irrigation event as irrigation practices are improved and 
as the district improves the flexibility of water deliveries. Irrigation efficiencies 
require consideration of crop water requirements in addition to irrigation 
depths. The efficiency of water use has increased steadily in Broadview since 
the inception of tiered water pricing in 1989 and through the water-short years 
of 1990 and 1991. 

Field application efficiency is defined as the net crop water requirement 
(ET crop- P e> divided by the volume of water delivered to a farm field (V f ). 
This measurement does not adjust for leaching requirements, cultural practice 
water requirements, or water stored in the soil for a subsequent crop. These 
uses of water will vary among growing conditions and locations. Crops may 
be grown most effectively with respect to water use where leaching require­
ments and other cultural practice requirements are minimized (8os, 1979). 
Similarly, surface runoff and deep percolation are not deducted from the deli­
vered water volume before calculating the field application efficiencies. Field 
application efficiencies that are greater than one suggest that the crop was 
either under-irrigated or that the crop used water from the shallow water table. 

Estimated field application afficiencies in Broadview increased for all crops 
except wheat between 1988 and 1989 (Table 6). Further improvements were ob­
served for cotton, sugarbeets, and alfalfa seed in 1990. The efficiencies for cot­
ton, wheat, and alfalfa seed increased in 1991 to the highest levels observed 
during recent years. The efficiencies in 1991 clearly reflect the drought-induced 
reductions in water allotments, and they suggest that Broadview farmers have 
achieved relatively high application efficiencies by improving irrigation prac­
tices to maximize production from limited water supplies. 

Improvements in water management in 1989 and 1990 contributed to in­
creases in field application efficiencies during these years. For example, the 
330Jo increase in the efficiency for wheat between 1989 and 1990 reflects better 
scheduling of wheat planting to maximize the usefulness of winter rainfall. Irri­
gations in late spring were also reduced to save a portion of the limited water 
supply for use on summer crops. All irrigations on the two sugarbeet fields in 
Broadview were applied using sprinklers in 1990, while furrows were used to 
apply late-season irrigations on the single sugarbeet field in 1989. This change 
in irrigation system contributed to the 34% increase in the sugarbeet field appli­
cation efficiency between the two years. The 4% increase in the alfalfa seed ef­
ficiency reflects closer management of irrigations on this crop in 1990 to make 
more water available for other crops. This likely resulted in greater use of water 
in the shallow water table by the alfalfa seed plants. 

The estimated field application efficiency for melons was unchanged be-
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Table 6. Crop-specific estimated field application efficiencies in the broadview water district, 1986 
through 1991. 

Year 

Crop 1986 1987 1988 1989 1990 1991 

(Estimated efficiency)• 

Cotton 0.68 0.7 1 0.65 0.7 1 0.75 0.80 
Tomatoes 0.55 0.44 0 .51 0.63 0.56 0.51 
Melons 0.38 0.36 0.45 0.57 0.57 0.54 
Wheat 0.53 0.43 0.58 0.49 0.65 0.84 
Sugarbeetsb 0.54 0.62 0.59 0.85 1.14 
Alfalfa seed' 1.09 1.42 1.67 1.76 1.84 2.10 
Dry beansd 0.58 0.61 0.55 0.69 
District-wide 0.66 0.68 0.65 0.73 0.77 0.81 

• Field application efficiencies are defined as the estimated crop evapotranspiration, minus effec­
tive rainfall, divided by the depth of water delivered to farm fields. Surface runoff and deep per­
colation are not deducted from the delivered water depth before calculating the estimated effi­
ciency. 

b Field application efficiencies for sugarbeets may exceed 1.00 if the crop is able to use water in 
the high water table . No sugar beets were planted in Broadview in 1991. 

c Field application efficiencies for alfalfa seed are greater than 1.00 because: I) farmers under­
irrigate the alfalfa plants to generate stress that increases bloom and seed production, while 
minimizing vegetative growth; and 2) the root system of alfalfa seed becomes very deep during 
the two or three years that the crop is grown, and the plants will often utilize water in the high 
water table. 

d No dry beans were planted in Broadview in 1990 and 1991. 

tween 1989 and 1990, while the efficiency for tomatoes declined by 1111Jo. This 
decline reflects continued use of furrow irrigation for the first watering of 
tomatoes on two fields in the district and numerous late-season irrigations to 
preserve the crop while waiting for late harvest on another field. If these three 
fields are not considered, the estimated efficiency for tomatoes is 0.64, or 
about the same efficiency that was estimated in 1989. Field application efficien­
cies for tomatoes and melons in Broadview declined slightly in 1991, as some 
farmers used furrows during pre-irrigation and others applied water late in the 
season. 

The district-wide estimated field application efficiency increased from 0.65 
to 0.73 (12.311Jo) between 1988 and 1989, and from 0.73 to 0.77 (5.511Jo) between 
1989 and 1990 (Table 2). This represents a 1711Jo increase above the average esti­
mated efficiency for Broadview from 1986 through 1988. In 1991, the estimat­
ed destrict-wide efficiency is 0.81, or 2311Jo greater than the three-year average. 
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Summary 

Water deliveries to the Broadview Water District were reduced by 500Jo in 1990 
and by 75% in 1991. Cropping patterns were largely unaffected in 1990 because 
fields had been pre-irrigated prior to the reduction in water supply. In 1991, 
however, the 75% reduction caused 38% of the district land to be idled, with 
the greatest proportional reductions occurring in melons and sugarbeets. The 
district increased the level of service provided to farmers during the two recent 
drought years by providing accurate water use data, increasing the flexibility 
allowed in scheduling water deliveries, and managing water transfers and 
puchases whenever these could be transacted. 

Broadview farmers implimented new irrigation practices and increased the 
efficiency of water applications. Several crops were irrigated more frequently 
than usual, but the amount of water applied during each irrigation event was 
reduced and the total amount applied during pre-irrigations and seasonal irri­
gations was also reduced. Field application efficiencies increased for all crops 
in 1990 and 1991 and the district-wide efficiency increased from 0.73 in 1989, 
to 0. 77 in 1990, and 0.81 in 1991. 
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Tiered pricing motivates 
Californians~ to conserve water 
By Dennis Wichelns 
and David Cone 

Water quality problems in 
irrigation return flows 
prompted a San Joaquin 
Valley water district to take 
a new look at water use 
and pricing 

CALIFORNIA'S Broadview Water 
District implemented an increasing 
block-rate pricing plan in October 

1988 lo motivate the use of water conserva­
tion practices. The goal of these practices: 
10 reduce the volume of drain water collected 
benealh farm fields. The program's success 
was lobe measured by observed changes in 
irrigation practices and reductions in water 
deliveries and collected drain water (/7). 
The positive results obtained in subsequent 
years prompted the distric!'s board of direc­
tors in 1990 to adopt tiered pricing as a per­
manent district policy. 

Irrigation and drainage Issues 

The Broadview Water District is located 
on the west side of the San Joaquin Valley, 

!Hm1i.s H'ichd!U i.f an as.fi.sl.11ll profc.uor. !Npon­
trlt'nl of Rnmm:t' L·onomin. Uniw·r.sity fl/ Rllodt' 
Island. KingJtOtl, 02881-0814. and lkn1J Cont' i.s 
manuJ(rr. Broad\it'K' Miltn D1Jtr1C1. Fifr'hull.gh, 
Ullifomiu 93622. Rhotk l.~hmJ .'fl:ri,·u/tuml &pt-ri­
mt'nt Slatitm Contribution Numl>n 26-Ht.J 

Repunt~d hom lht- Joum• l o1 SQ.1 '"~ w .. rt- · Conl" " llo()(l 
~';·':" A ~"' l<t'•;· Vohm1<' C N,•'">T~'· :' 

near Firebaugh, California. The district de­
liw:r.; high-quality surfuce w.oler to 18 farms, 
ranging from 160 ac.-es to 1,280 acres. 

Broadview has a contract with the U.S. 
Bureau of Reclamation for 27/XX) acre-feet 
of water per year and must rec<Wcr aJI water 
costs and operational expenses from farmers 
in the district. 11te price of waiCr historically 
has been determined by adding water de­
livery costs to the contract price paid to the 
Bureau. All fanners are charged the same 
price for water regardless of location within 
the district. The average unit price of water 
from 19861hrough 1988 w.os $16.00 per acre­
foot. All farmers also pay an annual asses~· 
ment of $42.00 per acre for district overhead 
expenses. 

Broadview is loCated in a drainage prob­
lem area. Impervious clay layers restrict the 
percolation of irrigation water through the 
soil profile. Subsurface drainage systems of 
perforated pipes, sumps. and discharge 
pumps are required on many farms to main­
tain the saline high-water table at a depth 
that will not damage crop yields or reduce 



1hc long-ocrm productivity of fann fodch. 
DRinage systems h.ve been insll.llcd 
bcneoth 70 pcn:e,. of 1hc 10,000 acres in 1hc 
district. 

Drain water collected in Broadview and 
other districts in the drainage problem area 
conl.lins several clements found naturally in 
local soils. But the elements degrade \\-ater 
quality when discharged into rivers or 
sti'QmS (7). Slate water quality authorities 
hove din:cted that 1hc boron, molybdenum, 
and selenium loads in agricultural drainage 
water entering the San Joaquin River be 
reduced to achiev< waler quality standards 
(/0). 

S..te agencies and university rcsean:hers 
..... IOCOflURORdecl fann-iev<l impnwe­
menlS in irrigation practices to ft:duce the 
depch of Wiler applied to farm fields IJid .... 
\OOiume of drain"'*' oollecled in 1hc rqion 
(1) . Ttered pricing of irrigation w.ater was 
lint recommended as one method i>r 
motivating .water conservation in Calibmia 
during the 1977 drought (6). More reoeDI­
Iy, state and federal agencies have recom­
mended tiered pricing to address irrigation 
and draina&e issues (9, 11). 

Broadview district board members ad 
olhcr farmers are well-infOrmed about drain­
IF issues in the region. Prior to 1983. lhc 
district had no outlet for drain water and 

/
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Rciraaloocd oil subsurface clnin .....,. IJid 
surfaoe runoll" within its -ter delivery 
_.,._ Over time, 1hc salinity of delivered 
-~~~~~ fann fields in the district incrased 
to levels ..... reduced plant aruwth IJid crop 
yields. Dominant crops in 1hc district 
changed from salt-sensitive tomatoes IJid 
canlaloupcs to less profilable but salt­
toleraru to1to11 IJid pains (19). All_.,. tor droiJII&e worer was oblained 
......... ..,.,...,.... with locoJ -districts 
in 1983, oll.,.ina Broadview to release up 
to 50 oae-r.et per cloy of miogled sur&ce 
nmolfllld-linin-· provided 
the salinity did ..,. - 2,500 pons per 
millioDoftolalclissolvedMJiids.Theclistrict 

- ·~ 90,000 IICI'O-foet of clninace 
water c:oalaining 1111 estillllled 200,000 tons 

of salt from January 1983, when .... outlet 
·was opcoed, to October 1988, when tiered 
...oer pricina was odopled. Much of this salt 
MMdd ~ been ~in:ulated in water 
deliveries IJid applied to farm fields if the 
outlet bad ..,. been IIYiil1ble. 

Water quality problems at the Kesterson 
National Wildlife Refuge, made public later 
in 1983, acnent<d intense scrutiny of irriga­
tion IJid droiJII&e pt11C!ices on 1hc west side 
of the San Joaquin Valley (7). Although 
Bmldview waters did DOt drain into Kester­
son. the district did participate actively in 
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discussions regarding stale IJid local Willer 
quality IJid drainage issues. The district im· 
plemenlod 1 delliled monitoring prosram to 
measure the \OOiume IJid quality of its drain 
water and to identify stnte&ies tOr reduc­
ing drain water wlume. 

The regional plan for implementing the 
state's water quality guidelines was released 
in 1981llt directed districts to adopt drainage 
operation plans to reduce the loads of salt 
IJid other elements in acncultunl drainage 
water entering the San Jooquin River (8). At 
that time, the district bepn to examine 
policies that ...,.ld be o:onsistent with the 
state's objectives and ensure continued use 
of the district's droiJII&e OUIIet, while im­
pusina minimal costs on agricultunl produc­
tion. Among the op<ions considered were 
limitations on the amount of water sold to 
each farmer, ~rictions or fees on the 
amount of drain water the discrict accepted 
from farmers in its dninage ditches, and 
higher prices for irrigation water. 

Board members did not fawr restrictions 
on water deliveries because the legal im­
plications of this policy within a reclama­
tion district were not clear. A legal challenge 
to the policy likely ...,.ld require develop­
ment of dell.iled information describing the 
relationship belwoen applied w.ater IJid drain 
water wlume to justify restrictions on water 
deliveries as the best method of reducing 
drain water volume. 1be board was JKM. 

eager to adopt 1 pulicy that VoOUid require 
additional research or generate legal 
challenges. 

1\llicies thal addrns drain water directly, 
such as fees or \IOiume restrictions, were 
feasible within the district framework but 
not appropriate when a portion of the drain 
water collecled bY one farmer was actually 
aenerated bY another farmer. \\liter applied 
in excess of crop wa1er requirements on one 
field can oontribute to drain water collected 
beneath anodler field throuJh lotenl subsur­
face mOYement within a regional high water 
table(/, J. 4, 5). A foe or restriction on drain 
water volume ...,.ld hove placed a dispro­
portionate share of the costs: of drain water 
reduction on farmers with draillllJe systems 
when this occurs (/8) . 

The Broadview board preferred to charge 
higher prices for irrigation water if a plan 
could ~ designed to achieve drain .. ....-. 
reductions t.irly IJid elfoctiY<Iy, while satis­
fying 1hc district's ooot """"'ll' pi.OO ""' 
imposing higher cost~ only on fmnen; with 
drainage systems. A tiered pricing plan. was 
designed in which a higher price would be 
charged fOr waccr applied in accss of crop­
specific tiering levels. The pricing structure 
is designed to distribute the costs of drain 
wa1er disposal among all farmers who ap­
ply water that contributes to drain water 



volume, whether or not a drainage system 
has been installed beneath their fields. 

The Broadview program 

The Broadview board selected a tiered 
pricing program to encourage farmers to 
manage irrigation water more carefully and 
to reduce 1he volume of water applied to 

faml fields . The major components of the 
Broadview program that have contributed to 
its success include the following: 

._. Involvement of the district board in 
designing and updating elements of the pric· 
ing program. 

._. Establishment of prices and tiering 
levels that represent realistic goals and are 
relevant to local conditions. 

.. Collection of field-specific data de · 
scribing water deliveries, irrigation events, 
and other cultural practices. 

._. The timely exchange of infonnation 
among district farmers. 

Specific features of these components 
were de1ennined during dicusslons involv­
ing the dislrict board of direclors, other 
f.umers, and the district manager. 1bc: board 
held special 'NOrkshops to design lhe pric-­
ing program, to describe the plan to all 
fanners in the district, and to report results 
achieved dur-ing the irrigation season. 

Discussions with tire board of dinctors. 
The BroadvH:w board includes five Carmer,; 
who OY.'n land in the district and are elected 
by a vote of all landowners. Four of the five 
current boar-d members have farmed in the 
district for more than 20 years. The concept 
of tiered water pricing was discussed at sev­
eral board meetings prior to its approv-e~!. 
These discussion.\ helped to determine the 
structure of a program that wuuld be ap­
propriate for Broadview and to identify ele ­
ments of the plan that would be needed to 
ensure succes!l. Three principaltoptcs usual· 
ly were discussed: the irrigation and drain ­
age issues that Jed to the requiremcnl for 
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UllnfJ lfOdfffonM - .. -
(above} are Irrigated In ewty tunow using 
an utthen head ditch and siphon tubes. 
As water conservallon ertort1 lncrea1ed, 
other mrthods have been tried. The 
melons (right) .u. being lnlgated In 
alternate lurrows but at/11 out of a h•MJ 
ditch. Seed onlona (below) are Irrigated In 
evety furrow using col,.psible polyelhlene 
~~ pipe that allows more afflcJenf 
control of lrrig~Jfion than • hHd ditch. 

districts to achieve drain water reductions, 
the potential of tiered water pricing schemes 
to reduce water use and drain water \-Uiume, 
and praclica: considerations for implemen­
ting a program in Broadview. Many of lhe 
discussions also revealed information that 
should be presented to board members and 
other farmers when describing the potential 
impacts of a tiered pricing program . 

The financial impacts of tie"'ed prices were 
described 10 board members using graphs 
depicting the marginal, average, and lOlal 
water costs of alternative plans. Initial reac­
tion to the possible use of tiered prices 
varied according to perceptions of current 
water US<' in the district. Some board mem­
bers thought mosf fanners already applied 
water efficiently; tiered prices, they be­
lieved, would raise irrigation costs without 
reducing water deliveries. Others suggesled 
that the improvements required to meet drain 
water reduction goals would be small 
enough so the economic incentive provided 
by a tiered pricing policy was not required. 

A critical juncture in the discussions about 
adoption of a tiered pricing program oc­
curred while discussing current inigation 
practices. Data describing ac tual irrigation 
depths for individual fields in the district 
from 1986 thmugh 1988 sh("MI('d reasonable 
district average irrigation depths . but a wtde 
range in irrigation depths among farmers. 
For ex~mplc, the mean of field -specific ir­
rigation depths for ronon from 1986 through 
1988 wa ~ 3.2 feet , while the r.mgc varied 
from 1.2 to 5.0 feel. The mean depth for 

tomato fields was also 3.2 feet, while the 
range was from 2.3 to 4.6 feet. Similar 
ranges in field·specific irrigation depths 
were ohscrved for rnhcr crops. 

The range and variation of the field­
specific irrigation data indicated that poten­
tial existed for reducing wo:~ter deliveries if 
.che current economic incentives were pro­
vided to district farmers . The board mem­
bers concluded that tiered pricing would 
motivate fanners who were applying signif· 
icanlly more water than the di!itrict avera~,!(' 
depth to reduce water usc, while 001 pcnaliz­
in~; farmers whose irrigation depths w('rC 

M.:~ t cti - Ap•il 19!l? 141 



already below the district average. 
~ltction of pricts tuU1 dtrinx l~. 

Following adoption of tiered pricing as a 
districl policy for !he 1989 season, !he board 
held a special meeting to select water prices 
and tiering levels. The meeting provided an 
opportunity for board members to express 
any remaining concerns about tiered water 
prices and to eumine more closely the Wm­
level economic impacts of alternative pric­
ing designs. The board members selected a 
block-rate structure including only t1Ml 

prices. In this way, farmers could readily 
identify and remember the appropriate 
prices during the season. Plans including 
three or more prices were vie\Jied as too 
complex for the first year of a new water 
pricing program. 

The board preferred to maintain the cur­
rent $16.00 water price for the first price 
block to ensure that water delivery COSIS 

would be recovered even if all fanners com­
pleted the season using water from the firs~ 
block only. The second price, $40.00 per 
acre-foot, was chosen to provide a signifi­
cant incentive for farmers to reduce water 
use and to recc:M:r the costs of collecting and 
releasing drain water. 

The total cost of managing drain water 
could be raised by charging a flat-rate sur­
charge of $3.15 per acre-fOOl for all WMer 
delivered in the district. Alternatively. the 
district could place no surcharge on water 
sales up to a specified amount of water per 
acre, while placing a much higher surcharge 
on water delivered above this amount. 1be 
$24.00 per acre-foot surcharge in Broad­
view's tiered pricing scheme becomes dfr:c­
tive after 2.9 acre-feet have been deliven:d 
to cotton fields. This surcharge on water 
delivered in excess ofthe tiering level raises 
the same amount of revenue as a flat-rate 
surcharge of $3.15 per acre-fool for all ,..,., 
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purchasc:d when a f.umers applies 2.34 acrc­
Wt per acre. This is about the average depth 
of ootton irrigation in the district. The tiered 
pricing scheme, however, provides a much 
stronger incentive to reduce water deliveries 
lhan would a flat-rate surcharge. 

A pricing program that accounts for v.uia­
tion in crop w.a.ter requirements was selected 
to minimize potential distortions in farm­
level cropping choices. A single set of in­
creasing block-rates and tiering levels for all 
crops would encourage tarmers to plant 
crops with lower crop water requirements. 
This is desirable in a program designed 
primarily to conserve water, but is not re­
quired if the goal is to reduce drain water 
volume. 

Crop-specific tiering levels are required 
$0 lhat higher prices are charged only for 
water applied in excess of crop water re­
quirements. Such a program does not 
penalize a sugarbeet farmer who applies 
wa1e1 near the relatively high crop-water re­
quirement for this crop any more than it 
penalizes a barley farmer who applies water 
near its relatively low crop-water require­
men~. Crop-specific tiering levels increase 
the number of details that describe the pric­
ing structure, but they are essential if the 
program is to reduce drain water YOiume 
successfully without causing unnecessary 
changes in cropping patterns. 

Field-specific pricing-the application of 
increasing block-rate prices for water de­
livera!IO each foeld-also is necessiwed by 
the drain water reduction goal. Coarse­
textured soils frequently require more water 
than fine-textured soils in surface irrigated 
systems because more water is lost as it ad­
-..nces along !he furrows. Fme-rural soils 
seal mon: npidly and generally require less 
irription waler. Much of !he deep percola­
tion on a coarse-textured soil contributes to 

Crop-specific 8Yerage Irrigation depths Mid •lected tiering levels 
lor the Increasing block-rate pricing program 

In the Broaclvtew Water Dlstrlc:l 

Delivered warer· Block-Rare 
11186-1988 Pricing Program 

Croe. 1986 11181 11188 Average Ttorlnfl Level 

ecte-leel per acre 
Cotton 3.21 3.13 3.27 3.20 2.9 
Tomatoes 3.21 3.29 3.15 3.22 2.9 
Melons 2.15 1.99 2.20 2.11 1.9 
Wheal 2.01 2.55 2.35 2.30 2.1 
Sugarbeets 5.01 3.81 4.92 4.58 3.9 
Alfalfa seed 2.13 2.24 1.80 2.06 1.9 
Aicet 5.72 5.24 5.99 5.65 5.1 

• Most water deliveries in Broadview include some recirculated surface runoff and 
subsurface drain water. 

tRice irrigation data for 1986 through 1988 are from Firebaugh Canal Water District. 
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drain water volume. A pricing progr.t.m that 
allows more water to be applied on coarse­
textured fields than on fine-textured soils 
before higher prices become effective will 
not provide sufficient incemive to reduce 
water applications on the coarse-textured 
soils, and drain water volume may not be 
reduced. 

Board members suggested that the crop· 
specific tiering levels should be developed 
according to criteria appropriate and relc· 
vant for district farmers. Published crop 
water requirements or evapotranspiration 
rates were considered inappropriate for 
fann-level irrigation decisions. Such data 
often arc determ.ined in experimental settings 
and may not reflect soil characteristics and 
cultural practices that must be considered 
when planning irrigation in some areas. For 
example, soils in the Broadviev.' district have 
a high clay content, and cracking often oc­
curs in the irrigation furrow as the soils 
dries. Some farmers irrigate more frequently 
than crop water scheduling programs would 
suggest to minimize soil cracking problems. 

Tiering levels reiC\'3.nt to Broadview were 
selected by reducing the average of crop­
specific irrigation deliveries for the most re­
cenl lhrec years by 10 percent. This plan 
uses existing Broadview data and reflects an 
implicit goal-reducing district average ir­
rigation depths by 10 percent-lhat farmers 
can easily recall throughout the season. The 
method also accounts for characteristics of 
Broadview soils and cultural practices com­
mon in the district. 

Average irrigation depths for the six ma­
jor crops grown during lhe 1986 through 
1988 period ranged from 2.(16 feel for alfalfa 
seed 10 4.58 feet for sugarbeels. The lhn:e­
year average for cotton and tomatoes in the 
district ""' 3.2 feet, while lhe average deplh 
tor rice in an adjacent waler district was S.6S 
feet. On-farm recirculation is not practiced 
in the Broadview district because the district 
collects all of the surface and subsurface 
drainage water. A portion of this is recir­
culated and blended with the freshwater 
delivered to 6mn f~elds. Water deliveries are 
measured using propeller meters in field 
turnout gates. 

Ten-percent reductions in the average ir­
rigation depdls result in tiering levels that 
nnge from 1.9 feet for alfalfa ·seed and= 
melons to S.l feet for rice. Cotton and 
tomato fields are allowed 2.9 feet at the 
ICM'Cr water price, while sugarbett field~ are 
allowed 3.9 feet. Tiering levels for barley 
and wheat are 1.7 f~t and 2 .I feet. 
respectively. 

The tiered pricing progr.tm ha!t minimal 
impact on farm-level crop ch(liccs. as-noted 
above. In addition. the imp<tct on fam1cr!t 
who douhlc-crop land is no greau:·r than the 
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Example of water delivery Information provided to eltCh farmer 
with his or her monthly water bUI In the Broadview Water District 

Initial Allotment of Farmer. Jones 
Month: July Water Available Total Deliveries 

Amount of Current Amount of Currenr 
Month's Delivery Month's Delivery 

at $16 per Through th• Current Month 
Deliveries 

IAFIAl IAFI 

at $16 per at $40 per _ ---!.T,ot,.,ai'-'W"•"''""-'-"Cc"'s.cl_ 
Acre-Foot Previous Monrh Acte-Foot Acre-Foot $16 Water $40 Water Total 

fHtld Crop Acres (AF!Ar (AFr (AF/A) tAFJ lAf/AI IAfl (AFIA) (AF) (J) (J) (J) 
6-2 Cotlon 138 
6-3 Tomatoes 150 

2.90 400.2 2.45 337.5 0.67 91.9 
0.80 120.0 

0.45 62.7 0 .21 29.2 1,003 1,168 2,171 
2.90 435 .0 2.43 363.9 0.47 71.1 0.33 48.9 1,138 1,956 3,094 

Total amount due for July 

• AF/A , acre-feet per acre: AF, acre-feet . 

impact on other farmers because each crop 
plan(ing receives an allotment of waler in 
the b.\:cr price block bdOrt the higher price 
becomes dfectiYe. Board members view this 
aspect of the pricing program favorably 
because il allows fanners maximum flex· 
ibility in choosing lhe number and variety 
of crops grown each year. 

Dato colludon and observation. The 
tiered pricing program has minimal impact 
on the district's recordkeeping and billing 
procedures. The amount of new information 
~quired is small. and electronic spread­
sheets are used to organize the data in a 
fmnev.urk usefullo the district manager and 
individual farmers. Field-specific water 
~liveries are readily available for f~elds ser­
vic~ by a single-metered delivery gate. In 
cases where a single gate provides water to 
more than one field , I he water master 
records lhe volume of water delivered to in­
dh ·idual f.elds. 

Electronic spreadsheets compute monthly 
'A'3ter bills according to the price and volume 
of water pUrchased in each of the two price 
blocks and provide current per-acre water 
delivery data to farmers throughout the 
season. The spreadsheets reduce the lime re­
quired to compute water bills each month 
and display clearly the impact of higher 
prices to farmers who have purchased water 
in the higher price block (see table) . 
farmers use this information lo monitor 
their position with respect to the higher price 
block during the season. 

Infonruuion uchange. During many dis­
cussions with district board memben, the 
lad. of communication among farmers re­
~ardinf:! .spe<;ifte inigation pract ices became 
apparent. Some board members were sur· 
prisW to learn aboul some of the inigation 
methods used· by ·OCher members and the 
m:.uhing depths of.·owter. appl jrd _to crops. 
The-se discussions revealed the need for bet· 
ter data sharing among farmers . Field­
spcrific- worksheets were developed for each 
crop to provide up-to-date information 
de!iicribing irrigation depths to interested 
farmer~ . The \\Qrkshcets include the depth 

5,265 

Example ol lleld-speclllc Irrigation data prepared lor all fields 
In the Broadview Water Dl81ric1 

Farmer: Jones Seasonal l"!s_ations 
Field Cr"f!. Acres Preirrigation • First Second Third Fourth Total 

acre-feet per acre 
6-2 Cotton t38 0.90 0.68 0.63 0.57 0.34 3.12 
6-3 Tomatoes 150 0.78 0.65 0.72 0.63 0.45 3.23 

·eonon fields are preirrigated before crop is planted. Tomato fields are irrigated 
after planting, but before the seedlings have emerged from the soil. 

of water applied during each irrigation event 
and are updated throughout the season (see 
table) . Discussions among board members 
also generated anecdotal information that 
was useful in describing opportunities to im­
prove irrigation practices to other farmers 
in the district . 

Prior to I he stan of the t989 season, all 
rarmers and landowners in the district were 
invited to a work.shop on the tieml pricing 
program that was to be implemented in Oc­
tober 1988. More lhan half of the farmers 
in the district an.endcd the workshop or \¥Crc: 

represented by their irrigation supervisor. 
The district manager and board members 
explained the tiered pricing program and 
answered questions from the group about the 
potential impacts on farm-level irrigation 
practices and expenditures. 

A similar workshop for landowners, 
farmers, and field supervisors is conducted 
at the end of each session to review irriga­
tion and drainage data generated during the 
year and to consider any changes in the pro­
gr.~m for the following year. The workshops 
allow fanners to describe expc:rieoce.s gained 
du ring the season and to repon the useful ­
ness of improvements in irrigatKKl practices 
they have implemented. The district man· 
a,_er conducts the workshops, using the 
field-specific inigalton data and observa­
tions of irrigation practices to generate di s­
cussion when needed. 

Throughout the 1989 and 1990 seasons, 
farmers discussed irrigation topics with the 
di strict manager when they visited the 
di strict office to obtain current irrigation 

data. The impl ications of improved irriga­
tion methods on other cultura1 practices and 
crop yields wen: discussed often. One 
fanner noted that by applying water more 
carefully on cantaloupes he could make bet­
ter use of water in lhc high water table, re­
duce inigation depths, and produce a higher 
yield of beuer quality melons. Another 
fMmcr noted that his tomato y~ increased 
when he irrigated some ponion.s of a field 
for shon periods of time and other ponions 
for longer periods-1o accommodate varia­
lion in soil characteristics within the field . 
Sever.~! farmers noted that cotton yields 
could be incrused by roducing 1be length 
of fuiTO'IIt' runs to improYC: irrigation distribu­
tion uniformity. Others suggested that im­
proved irrigation methods enhanced crop 
cultivation , spraying, and harvest opera­
tions. 

The infonnation shared during these 
discussions was recorded by many Broad­
view farmers throughout the 1989 and 1990 
seasons. On many occasions, farmers 
reponed that they would experiment with 
some of the practices that other fMmcrs were 
implemcming. While some of this in forma­
lion may have been shared among farmers . 
during the normal course of an irrigation 
season, the tiered pricing program IT'IOiiv.ued 
a muc-h more rapid pact- of information ex­
change th;sn would have occurred otherwise. 

A success 

Average irrigation depths and dr.~in water 
mlumcs declined during 1989 and 1990. 
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. Crop-specific field delivery ratios are 
calculated as the estinwed crop evapotrans­
piration, minus effcctiY< rainfall, divided by 
lhe depth of water deli .. rcd to fann f10lds. 
Values approaching one suggest very effi­
cient irrigation. while smaller values in­
dicate less eftkienl irrigaiton. The estimllcd 
field delivery ratios for cotton. tomatoes. 
melons, sugarbeels, and alfalfa seed'""'"' 
higher in bolh 1989 and 1990 than during 
any of lhe pn:vious lhree years. The disoricl­
wide deliYery ntio increased from 066 dur­
ing 1986 lhrough 1988 10 0.73 in 1989 and 
0.77 in 1990. Water use efficiency in Brood­
view incrased 17 pen:eno in 1990 compored 
to lhe 1986 through 1988 period. 

The volume of drain water collecled in 20 
drainaae sumps in lhe diSiricl declined from 
an average of 3,,21 acn:-feet during 1986 
lhrough 1988 10 2,706acn:-feet in 1989 and 
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2,665 ICR:-b:t in 1990 (sec table). Estimated 
ult and boron loads in Collected drain water 
also declined from lhe earlier average loads. 
1be selenium load in drain water has re­
mained nearly constant. While the precise 
relationship between drain water wlume and 
conslituenl loads is not fully understood. 
reductions in \Oiume will reduce drain waler 
collection and disposal COSIS that are pres­
ently detennined by lhe volume of drain 
water collected. 

The tiered water pricing program at 
Broadview includes nw prices fi>r irrigation 
-.r ($16.00 and 540.00 per ac"'·foot) and 
aop-<peciftc tiering levels. The final design 
of lhe pricing plan was scleeted after several 
allenlllives """" p"'scnled 10 district hoard 
members. Discussions held during numer­
ous hoard meetings and I special ""rtshop 
~iftcd lhe essential components of lhe 

erop..pectftc es~~..- field -ery 1'81los 
In lite llroedvlew W- Dislrlcl, UII8·1HO 

y-
11181>-1988 

Crop 1986 1987 IIHJB A...._ 19811 1990 

~Ratto• 

Cotton 0.68 0.7t 0.65 0.68 0.7t 0.75 
Tomatoes 0.55 0.44 0.5t 0.50 0.63 0.56 
Melons 0.38 0.38 0.45 0.40 0.57 0.57 
Wheat 0.53 0.43 0.56 0.5t 0.49 0.65 
Sugarbeetst 0.54 0.62 0.59 0.56 0.85 t.t4 
AlfaHaseed* 1.09 t.42 1.67 1.39 t.76 t.64 
Dry beans§ 0.58 0.6t 0.55 0.56 0.69 

Oi$1rict-wide 0.66 0.68 0.65 0.66 0.73 o.n 

'Field delivery ratios are defined as the estlmaled crop evapotranspiration, minus 
effactive ftlinfall, divided by the depth of - delivered to !ann fields. Surface 
runoft and deep percolation are not - from the delivered water depth 
before calculating the eotimated ndio. 

tField delivery ratios for sugarbeela may exceed t.O K crop Is able to use water in 
the high water table. 

*Field delivery ratios for alfalfa seed - greater than t.oo becausa (a) fanners 
underirrigate the aHa"a plants to gertlldltt -that Increases bloom and oeec1 
production, while minimizing,.._ growth, and (b) lite root system of aHaHa 
oeec1 beccmes very deep during lite two or three years that the crop is grown. and 
the plants will often utilize water in the high water table. 

§No dry beans ware planted in Broadview In 1990. 

Drain water volume and estlmetecl - loads In 20 subsurface 
drainage systems In the ._... Water Dislrfct, 1186-1990. 

Oratr Water Volumo~?Y. Year 
1986-1988 

Consfituenf A- 1989 19110 
Drain water volume (acre-feet) 3,52t 2,706 2,665 
Estimated salt load ~ons) 25,924 19,5N 21,799 
Estimated boron load (tons) 30.34" 27.01 26.16 
Estimated selenium load (tons) 0.76" 0.69 0.76 

•eoron and selenium data are not available for 1986 and 1987. These values 
are calculated using 1988 data only. 

1•• Journal of Soil and Water Conservataon 

program and revealed information that 
would be useful in describing the plam lo 
district farmers. 

The tiered pricing progr .. m provides an 
economic incentive for farmers to manage 
irrigation waiCT carefully. generates timely 
and accurate information describing irriga­
tiOn in the district. and creales an environ­
ment in which this information is exchanged 
easily among districl fanners. All of these 
components have contributed to the pro­
gram's success and will be useful in design­
ing similar programs in other irrigation and 
drainage districts. 

REFERENCES CITED 
I. ~litz, K .• and F. J. Heimes. 1989. Gtv~~nd­

..we>r jiOtt· ~"Sinn of tire> uruml pan of the> 
wt'Slrm t'PIIf'Y. In PrrlimiNirJ Asussmrnt of 

f::*Z"Ss~U:·::t,~ta:~:.';:.: Resow=.......,...,... Rpl. u.s. Gcol. s. ..... 
........ Yo. pp. 13·34. 

2. Cali-l:leportmcMo(-Raow<es.l987. 
Fom wrllrr ~options for drait~~~gr 
--Ar,r. -~Subalmmit­
lee. s.cr.men.o. 123 pp. 

3. Gilliom. R. J. 1991. <Mrvkk· of SOfltnS, 
diSiribwtioii,IJitd mobility of Ukflillm in 1M .fan 
Jot:Jq~~in 1&/k)~ Ollifomitl. In A. Dinar and D. 
Zilbennan [eels.] 7loe -cs...J ~­
tMnl of lll:akr aNI Drai~ ill A,rict~lt~~n. 
Kluwcr Academic Publ., Norwell, Mass. 

4. Grismer, M. E .• and R. C. \\bodrinc:. 1987. 
A.ssnsmnot of'-.-.1 1..-r jlqws mIN 
S... looqwin 1611')' Cal. Ar,r. 41(3, 4,), 22-23. 

S. GrUmer, M. E., and T. K. Gales. 1991. 
Hydmqic..,.caof,.,}N_SD/M_· 
MnU ;, rqionld lltalloM· tJqllijm. hi A. Dinar 
and D. Zilbemwt(cds.) 1M EcoMnoics DNI 
Man•~Mift of Nbter arul DtW1111p in 
A&riaJn.w. Kluwcr Aclldemic P\lbl., Norwell. 
M"'. 

6. ~i~·tr~s..r~Nw:tr. 
Gwemor's Comminee 10 Review Calif. Wa1er 
!UfiMsl.aw,Saaamcnlo. 

7. Letey. J., C -· M. -· and C. . Yack.I986.An.,---,~ 
;~~1f.9~!.~~~~~ 

8. ::;...::~~ Cootrol Boon!, Caoi..O 
v.uq. Rqion, Calii>noia. 1!188. Slqff..,., .. 
"",..,. ..... .J,....,._..!o<"" aMI..! z-rs::: J.:::::t::..~-~ 

9. ~;~f:'Vatley O..i- ...._... 1990. A 

......,. ..... piDn fo< .. - .. .-.~ ...... """ 
drui':'f,tllld ~la~nt~SontM •milk 
~~ir. :!-:_s. Buteau R«iarn., 

10. S&ale ~ Resources Control Baud. Calib­
nia. 1987. ~of 4 netJwmJ drui~ 
10 1M San IOIIqllilf Riwr. Saa Jo.quin River 
Basin 1bcb. Co mmincc. s.cramcn.o. l07 pp. 

II. University m Caliromia, Comminee ol Con-

:=,:~~,:;-=~~ 
\Y.ac,er Resource; Cenler. Univ. Calif., Rivenide. • 
16 pp. 

12. Wtchelns. 0., and D. Cone. 1990. Our a­
pt>rirnu Mtlr U.cmuit~~ blo&-nnr prias /tK 
._riOIIIIIrul lltltJtl"r. 1n CONSERV 9a Am. Soc. 
Ci ... il En!-. New \brt.. N.Y. pp. 371-375. 

l3. ::7~~!iht-=:~~;:!.~iri~:U: 
44(4): 8-10. 

14. \\'icheln!>, D., R. Howin, G. Homer, and D. 
Nelson. t990. Econolwic l"jfl"cts tf 1011&-te>mt 
rrSiriC"fiolu on draittagt' Malrr disposal. Applied 
At=;r. Res. S(IJ: 48-SS. 0 



156 

VOL. 27,N0.4 
WATER RESOURCES BULLETIN 

AMERICAN WATER RESOUliCES ASSOCIATION AUGUST 1991 

MOTIVATING REDUCTIONS IN DRAIN WATER WITH 
BLOCK-RATE PRICES FOR IRRIGATION WATER1· 

Dennis Wiclu!lns2 

ABSTRACT: locreuing block-rata prioet ror irrigatioa water were 
implemented duriac 1989 in a 10,000-acre irrigation district in 
California's San Joaquia Valley. The program motivated improve-­
ments in irrigation practices that te11uced the volume or water 
delivered to farm field. and the volume of_drain water collected in 
oa-farm drainage systems. The ratio of net crop water require· 
meou to field delivwrin ina'Uhd rrom 0.65 in 1988 to 0.73 in 
1989. The volume or drain water collected at a aub.et of 20 
drainage systems wu reduced by 3151.1 acre-feet ( 11.5 percent). 
Estimated loads of salt, boron. and •leoium were red.ueled by 2,407 
tons (11.0 percent), 3.33 tons (11.0 pen:ent), and 0.07 tons (9.2 per· 
otnt). 
(KEY TERMS: irriptlon; drainage; water pricinr, water quality; 
oonpoint aource pollution.) 

INTRODU~ION 

Irrigation and drainage in California's San Joaquin 
Valley gained national attention in 1983 when water­
fowl mortalities and deformities were attributed to 
selenium contained in agricultural drainage water 
stored in a set of holding ponds at the Kesterson 
National Wildlife Refuge (Letey ot al., 1986). Much of 
tho subsurface drain water collected beneath farm­
land on the west side of the San Joaquin Valley con­
tains selenium, boron, molybdenum, and other 
elements occurring naturally in local soils (Devere! 
and Gallanthine, 1988). California baa implemented 
water quality standards that require a reduction in 
the amount of salta and selenium entering the San 
Joaquin River in drain water released from farms in 
the region. The state's Water Resources Control Board 
has suggested that the regional standards can be 
achieved by reducing the volume of drain water dis­
charged from the region by 30 percent throughout a 
drainage problem area of 94,000 acres (State Water 
Resources Control Board, 1987). 

Collection and disposal of drain water in the San 
Joaquin Valley is described by both point source and 
nonpoint source characteristics. Deep percolati~n on 
farm fields without drainage systems can contnbute 
to a high water table that is being drained by systems 
installed on neighboring farms. Drain water collected 
in individual drainage systems may be generated by 
excess irrigation on overlying fields or may result par­
tially from non point source contributions to the water 
table from other farms in the area. When this occurs, 
it may be difficult and very costly to determine the 
amount of drain water produced by individual fann ­
ers. 

Point source outlets of drain water are created 
when farmers install subsurface drainage systems 
and pump drain water from the ground into drainage 
ditches and other waterways. It is relatively easy to 
measure the volume of drain water discharged from 
individual drainage systems using flow meters placed 
on outlet pipes. However, when nonpoint sources con­
tribute to the volume collected and discharged by 
point source outlets, efficient drain water reduction 
policies must consider the nonpoint contributions to 
achieve regional objectives at minimum cost. One 
example of nonpoint source contribution is the lateral 
movement of water in the saline water table in the 
drainage probiem area. 

Standard point source control policies implemented 
at drainqe system outlet pipes will not motivate effi­
cient reductions in drain water volumes when non· 
p()int sources are present. The policies will generate 
high incremental costs of drain water reduction for 
some fanners and low incremental costs for others. 
Nonpoint source pollution policies will be required to 
achieve efficient solutions to drainage externalities. 
Candidate policies include incentives and regulations 
that motivate adoption of best management practices, 
taxes and subsidies on inputs that generate or reduce 

I Paper No. 9007• orthe Walotr RtiOUrctl Bulldin. D&ecuaeioM an op.n untO April I_, ltn. 
2Assistant Profe~~~ar, Department ofRe.oun:e Economic., University of Rhode bland. Kinpton, Rhode bland 02881. 
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Wichalns 

nonpoint source pollutants, and restrictions on the block-rate prices for irrigation water in the 1989 crop 
use of selected inputs. year (October 1988 through September 1989). The 

Griffin and Bromley (1982) describe the conceptual goal of the program is to motivate improvements in 
foundations of nOnpoint taxes, standards, and incen- water management that will reduce the volume of 
tives for reducing surface runoff. Shortie and Dunn drain water. collected .in .the 25 on-farm subsurface 
( 1986) examine the implications .of selected non point drainage systems. installed beneath 6,500 acres in the 
policies in a stochastic .settiq: When farmeTS and reg- district. 
ulators have acceso t6 different i.nl'«cnation repnling The appropriate block-rate pricing structure for 
fZU':Ifto-level management. Knapp et al. (1990), describe "":":·· :~ achieving the dra in· water reduction goal inc1udes 
the efficiency and distributional impacts of alterna- crop-specific tiering levels (irrigation depths at which 
tive nonpoint policies in an empirical analysis of cot- the price of water rises) and field-level accounting \lf 
ton production in the San Joaquin Valley. water deliveries. Crop-specific tiering levels are 

Gardner and Young (1988) examine combinations required because the volume of drain water generated 
of nonpoint pollution policies to control irrigation · per unit of applied water varies among crops accord· 
induced water quality problems in the Colorado River. ing to crop water requirements . Field-specific 
Dinar et al. (1989), examine the effect on farm-level accounting is required because drain water coeffi-
decisions of drainage fees, higher water costs, and cients also vary among soil types. 
increasing block-rate prices for irrigation water. Crop-specific tiering levels allow larger amounts of 
These studies describe the conceptual foundations of water to be applied on crops with higher water 
economic incentives that modify the price of inputs requirements before higher prices become effective. A 
that generate or reduce effluent from nonpoint pricing program that includes only a single tiering 
sources. Results of simulation models describe the level that is imposed on all crops would distort farm· 
potential reductions in pollution that can be achieved level cropping pattern decisions in favor of crops with 
with incentive programs, such as increasing block· relatively low water requirements. This design is sen-
rate prices for irrigation water. sible when the ultimate goal of the program is strictly 

This paper examines an increasing block-rate pric· water conservation, but will impose unnecessary 
ing program that was actually implemented in a farm-level costs when the primary goal is drain water 
California irrigation district in 1989. The goal of the reduction. 
program is to reduce the volume of drain water col· Field-level accounting of water deliveries motivates 
lected in the district. Irrigation and drainage data col· careful water application on all farm fields, regardless 
lected during 1989 describe a reduction in irrigation of soil or drainage system characteristics. Broadview 
deliveries, relative to crop water requirements, and a soils range in texture from relatively coarse (sandy 
reduction in the volume of drain water collected by a loam) to relatively fine (clay and clay loam). Surface 
relevant subset of drainage systems in the district. irrigations on the coarser soils generate more drain 
Farmers achieved these reductions through improve· water than those on the finer soils, as longer set times 
ments in irrigation management that were motivated are required to move water across the field. A pro· 
by many factors including crop yield objectives, water gram that allows farmers to purchase irrigation water 
quality concerns, and the increasing block-rate prices at prices based on the averaee depth of water applied 
for water. on several fields provides less incentive to reduce 

Precise measurement of the impact of tiened prices applied water on coarse textured soils when a farmer 
on irrigation deliveries will require additional data has both coarse and fine textured fields. The potential 
collected during subsequent years. This paper to significantly reduce drain water is greater when 
describes the observed responsiveness of farmers to farmers are motivated to reduce applied water on the 
the tiered pricing program and the irrigation and coarse textured soils. 
drainage data that were collected during 1989. This A truly efficient pricing structure would actually 
information provides insight into the potential sue- include soil-specific tiering levels to address the varia-
eess of eeonomic incentive programs in motivating tion in drain water coefficients amonr soil types. 
efficient use of irrigation water and reducing drain However, such a policy would be considered 
water volume. inequitable by farmers with lighter soils who would 

face more restrictive tiering levels than farmera with 
heavier soils. Field-specific accounting in a program 

THE BROADVIEW PROGRAM 

The lO,()()()..acre Broadview Water District, located 
near Firebaugh, California, implemented increasing 
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with tiering levels that are not soil-specific is a 
second-best attempt to improve economie efficiency, 
while minimizing perceived inequities among. farm· 
e)'$. 
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Motiv:atinc Rcdu<:tion• in Drain Water with Block-R.1te Pri~ ror lrriHatton Wal~o.•r 

PROGRAM DESIGN 

Prior to implementing block-rate prices at 
Broadview, the single price of irrigation water was 
S 16.00 per ftcre-fool This price is sufficient to recover 
the variable costs of deliverinr irriration water, 
includinr the price paid to the U.S. Bureau of 
Reclamation and the cost of energy required to lift the 

-·water through a series of ponds and laterals in the 
districl Fixed costa of district operations are recov­
ered through an annual assessment of $42.00 per 
acre. 

Most of the drain water collected in Broadview 
drainqe systems must be lifted uphill one or more 
times before the district releuea it into regional 
drainare.chea. Silt deposited by surface runoff 
causes rapid deterioration of pump component& and 
must be removed rerularly. The averqe annual cost 
to maintain Broadview's drainqe ditches and to oper· 
ate its drainap water discharge outlet ia about 
$77,000, or $21.00 per acre-foot of collected drain 
water. This cost could be recovered with a surcharp 
of $3.08 per acre-foot on all of the 25,000 acre-feet of 
watar delivered to all fields in the district each year. 

A nat-rate aurcharp of $3.08 per acre-foot of deliv­
ered water would not provide sianiflcant incentive to 
reduce irription deliveries. One goal of the block-rata 
pricinr proeram ia to recover district drainace costa 
through higtler prices for unita of applied water that 
generate the most drain water. The base price of 
$16.00 per acre-foot is retained in the new price struc­
ture for water delivered up to crop-specific tierinr lev­
els (Figure 1). Additional water is priced at $40.00 per 
acre-foot, the price considered sufficient to recover 
total drainap disposal costs through payment& for 
water purc:haaed. in the higher price block. 

A two-price block-rate desian was selected for 
Broadview to motivate drain water reduction, while 
maintaininr an easily undentandable price structure. 
Pricinr schemes with several blocka were considered 
too compleK for use in the fint year of the new pricing 
prorrem. The two-price program provides the desired 
motivation for drain water reduction and allows farm­
en to easily monitor cumulative irription deptho, 
relative to the two price blockt, throughout the sea­
son. 

Tierinr levela for the 1989 crop year were set at 90 
percent of the diatrict-wide averqe irrigation deptha 
for 1986 through 1988 for all crops. Thia approach 
incorporates locally relevant crop water requirement&, 
aoil characteristics, and irriration practices. Tierinr 
levels based on diatrict average irrigation deptha 
motivate farmen to reduce or eliminate uceasive irri· 
gationo, while not requiring chanres in cultural prac· 
ticea where irription depths are already less than the 
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district average. The 10 percent reduction was previ· 
ously determined to be sufficient to motivate a 15 per­
cent reduction in drain water volume throughout the 
district (Wichelns and Nelson, 1989). 

Price 
($/AF) 

$16 

$40 

A • Acre-Feet per Acre 

A• is the tiering level that varies among crops. 
A• • 2.9 for cotton and tomatoes, 

1.9 for melons and alfalfa seed, 
2.1 for wheat, 1.7 for barley, 
3.9 for sugarbeets, and 5.1 for rice. 

Averare annual irriration depths for the six major 
cropa rrown durinr 1986 through 1988 range from 
2.06 feet on alfalfa seed to 4.58 feet on auprbeeta 
<Table 1). The three-year averace for cotton and toma­
toea in Broadview is 3.2 feet, while the average irriga­
tion depth for riee in an acljaeent water district ia 5.65 
feet. All of the data presented in Table 1 describe 
farm-level deliveriea of irription water and include 
surface runoff and deep percolation. Deliveries are 
measured usinc propeller meters placed in field 
turnout ptea. On-farm recirculation ia not practiced 
in Broadview because the district collect& all of the 
aurface and aubaurface drainage water. Some portion 
o( the drainqe water ia recirculated and blended with 
&eab water delivered to farm fielda. 

1en-percent reduction• in the averace irription 
deptha result in tiering levels that ranp from 1.9 feet 
for alfalfa seed and melons to 5.1 feet for rice (Table 
2). Cotton and tomato fields are allowed 2.9 feet at 
the lower water price, while surarbeet fields are 
allowed 3.9 feel Tiering levels for barley and wheat 
are l. 7 feet and 2.1 feel 
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TABLE 1. Crop-Spccirtc A~r,.gc Irrigation Depths for Mnjor Cropa in the 
Broadview Water District, 1986 Through 1989. 

Compariaon or 
Year l989 With the 

1986-1988 1986-1988 
Crop 1981 1.'1117 1988 Averap 1989 Aver•&• 

Cotton 3.21 3.13 3.27 3.20 3 .34 «l .14 
Tomatoes 3.21 3.29 3.15 3.22 2.72 -0.50 
Melons 2.15 1.99 2.20 2.11 1.93 ~. 18 

Wheat 2.01 2.55 2.35 2.30 3.02 «).72 
SugarbeeLI 5.01 3.81 4.92 4.58 3 .73 ~.85 

Alfalfa Seed 2.13 2.24 1.80 2.06 1.84 ~.22 
Rice• 5.72 5.2-4 5.99 5.85 5.40 ~.25 

•Rice irrigation data lor 1986 through 1988 are from the Firebaugh Canal Wat.er District.. 

TABLE 2. CrOp-SpecifiC T .. rina Level• for Seloct<d 
Cro~ in the Broadview Water Dittrict. 

n.rlftaLo .. 1 
Crop (equivalent depth. in fHt) 

Cotton 2.9 
Tomaton 2.9 
Melons 1.9 
Wheat 2.1 
Barley 1.7 
Sugarbeeta 3.9 
Alfalfa Seed. 1.9 
Rice 5.1 

IRRIGATION SUMMARY 

Several improvements in water management were 
observed during 1989. Farmers displayed increased 
interest in irrigation depths throughout the season 
and shared information regarding irrigation practices 
and crop management. Several farmers worked with 
consultants to schedule irrigations, and others imple­
mented improved irrigation practices including short­
ened furrow lengths, reduced set times, and 
alternate-furrow application durine some irrigations. 

Water deliveries were reduced on tomato, melon, 
and sugarbeet fields in Broadview in 1989. while 
average deliveries increased on cotton and wheat 
fields. The average cotton and wheat irrigat!QJH!epths 
of 3 .34 feel and 3.02 feet are higher than those 
observed during any of the previous three years 
(Table 1). The average depths applied on tomatoes 
(2. 72 feel), melons (1.93 feet), and sugarbeets (3. 73 
feet) are lower than those observed during the same 
time period. The average depth applied on alfalfa seed. 
(1.84 feet) is lower than that observed during two of 
the previous three years. 

Much of the increase in the average irrigation 
depths on colton and wheat in 1989 can be explained 
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by evapotranspiration (ET) rates that exceeded aver­
age levels in critical months. Reference ET was higher 
than average from April through August, and cotton 
growth degree days accumulated rapidly, early in the 
season. The first irrigation was applied during late 
May and early June on most fields. Higher than aver­
age reference ET values were sustained in July and 
August, resulting in a continuation of cotton irriga­
tions beyond the normal period. In past years, the 
majority of cotton fields have received three summer 
irrigations in addition to the preirrigation applied in 
winter. In 1989, only four cotton fields (12 percent) 
were irrigated three times in summer, while 14 fields 
(44 percent) were irrigated four times and 13 fields 
( 41 percent) received a fifth irrigation. Farmers clear­
ly responded to crop water requirements in 1989, and 
the imposition of tiered prices did not produce imme­
diate reductions in applied water for all crops. 

Irrigations on 7 of 32 cotton fields were completed 
without exceeding the 2.9 feet of water available at 
$16.00 per acre-foot. The per-acre cost of exceeding 
the tiering level on remaining fields is calculated 'by 
multiplying the excess irrigation depth (actual depth 
minus the tiering level) by $24.00, the difference 
between $40.00 per acre-foot and $16.00 per acre-fool 
The per-acre cost of exceeding the tiering 1eve1 on 25 
of the cotton fields ranges from $2.64 per acre on a 
field that received 3.01 feet of water to $36.24 per 
acre for a field receiving 4.41 feet. 

Rainfall in winter usually contributes a portion of 
the crop water requirement for grain crops that are 
planted in November and December in Broadview. 
Rainfall during December 1988 was higher than the 
three-year average and stimulated early germination. 
Higher than average reference ET during December 
and January promoted rapid growth of the grain 
crops. Rainfall during January through April was 
below average and did not contribute to crop water 
requirements. lrrigationa began in January and 
continued through May, resulting in an average 
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irrigation depth of 3.02 feet . This exceeds the average 
for the previous three years by 0.72 feet. 

None of the grain fields completed the season with· 
in the lower price block. The per-acre cost of exceed· 
ing the tiering level ranges from $5.52 per acre on a 
field that received 2.13 feet of water to $65.04 per 
acre on a field receh-ing 4.61 feet. 

A sprinkler system was used for the first irrigation 
on the single sugarbeet field in Broadview and quar· 
ter-mile furrows were used during remaining irriga· 
tions. The total water applied to the sugarbeet field 
was 3. 73 feet, which is less than the average for the 
previous three years. The farmer reported that irriga· 
tions were managed more closely in 1989 and that 
additional time was allowed to elapse between irriga· 
tion events. The sugarbeet field was irrigated com· 
pletely within the lower price block. Sugarbeet 
tonnage was equal to that achieved in previous years 
and the sugar content was hi!lher than expected. 

The average irrigation depth for alfalfa seed was 
1.84 feet in 1989, which is less than the three-year 
average for this crop. Two of the five alfalfa seed fields 
received water from the $40.00 price block. The per· 
acre cost of exceeding the tierinr level ranre• from 
$4.08 to $7.92 per acre. 

Irrigations on tomato and melon fields in 1989 pro­
vide additional examples of successful reductions in 
applied water, as a result of improvement. in water 
management in Broadview. Farmers report that theoe 
crops are particularly susceptible to overwatering and 
that investments in irrigation management are 
rewarded with yield improvement.. Surface irrigation 
methods result in nonuniform infiltration of water 
when soil characteristics and water requirements 
vary widely within fields. Farmero ofUn overirrill:ate 
some portions of a field while delivering the minimum 
depth needed to satisfY the crop water requirement in 
other portions of the field. Reduced tomato and melon 
yields have been observed in the overirrigated por· 
tiona of typical160·acre fields in Broadview. 

Farmero shared information reprding improve· 
menta in the irrigation of tomatoes and melons and 
potential yield effecto in discussions that were moti· 
vated by the water pricing procram. Several fanners 
responded by increasing their efforts to manage irri· 
gations more closely on these crops. In past years 
most irrigations were applied to an entire field over a 
period of many days, using 12-hour and 24-hour oeta. 
Farmers now irrigate selected portions of tomato and 
melon fields by delivering water only to furrows 
where measurements of soil moisture indicate that 
water is needed. Irrigation set1 of six houro and eight 
hours are becoming commonplace on tomatoes and 
melons, especially during the final irrigations, when 
the potential for yield improvement. and -drain water 
reduction may be aignificant. 
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Four of seven tomato fields and five of nine melon 
fields completed the season within the lower price 
block. The per-acre cost of exceeding the tiering level 
ranges from $6.00 to $16.08 per acre for tomatoes and 
from $1.20 to $6.48 per acre for melons. 

Field delivery ratios are defined as the estimated 
crop evapotranspiration, · minus effective rainfall. 
divided by the depth of water delivered to farm fields. 
These ratios are similar to irrigation efficiencies, but 
do not account for leaching requirements, cultural 
practice water requirements, or water stored in the 
soil for a IIUbsequent crop. Field delivery ratios simply 
describe the ratio of net crop water requirement to 
the depth of water delivered to the field. Ratios that 
approach unity imply more efficient uoe of water than 
ratios that are closer to zero, but the ratios are not 
direct measures of irrigation efficiency. In addition, 
surface runoff and deep percolation are not deducted 
from the delivered water depth before calculating the 
ratios. Therefore, estimated field delivery ratios will 
generally be le11 than typical irriration efficiency 
measurements for a given field. 

The estimated field delivery ratio for cotton fields 
in the Broadview Water District increased from 0.65 
to 0.71 (9.2 percent) between 1988 and 1989 (Table 3). 
Estimated delivery ratios also increased for tomatoes 
(15.7 percent), melons (26.7 percent), sugarbeeta (44 
percent), alfalfa seed (5.4 percent), and dry beans 
(25.5 percent). The district-wide irrigation delivery 
ratio increased from 0.65 to 0. 73 (12.3 percent) be· 
tween 1988 and 1989. 

DRAINAGE SUMMARY 

Four of the 25 drainage system• in Broadview were 
expanded to include additional drained acres between 
1988 and 1989. All of the fields drained by a fifth ays­
tem are adJacent to irripted fields that lie outside the 
Broadview Water District. The volume of drain water 
collected by this system increased by 91 percent 
between 1988 and 1987, by 128 percent between 1987 
and 1988, and by 55 percent in 1989. Much of the per· 
Bistent increase in drain water volume from this ays· 
tam is likely due to subsurface lateral flows (nonpoint 
source contribution) that are generated by irrigations 
on fields that are not in Broadview. These five 
drainage systems are not included in the comparison 
of drain water volume and constituent loads present-
ed below. ' 

A subset including 20 of the 25 drainage aystems in 
Broadview represents a consistent number of drained 
acres during 1986 through 1989 and eliminates the 
one drainage system that appears to be dominated by 
nonpoint source contribution from subsurface lateral 
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Oows. These 20 systems drain 4,896 acres, or about 77 
percent of the land with drainage systems in 
Broadview. 

The volume of drain water collected by these 20 
drainage systems during the 1989 crop year suggests 
that the ultimate goal of the pricing program has 
been achieved. Drain water was reduced below the 
average volume collected during 1986 through 1988 at 
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15 of the 20 drainage systems (Table 4). Twelve 
drainage systems produced less water than the vol­
ume collected during 1988. Reductions at individual 
drainage systems between 1988 and 1989 range from 
5 acre-feet (4.1 percent) at System 20 to 214 acre-feet 
(27.6 percent) at System 13. The total volume of drain 
water collected in the subset of 20 systems in crop 
year 1989 is 815 acre-feet (23.1 percent) less than the 

TABLE 3. Crop-Specific: Estimated Field Delivery Rattoa in the 
Broadview Water District., 1986 Through 1989. 

18811-1988 
1881 19111 1988 Averac• 1989 

Crop (e.Cimatecl ratio)• 

Cotton 0.68 0.71 0.65 0.68 0.71 
'lbmat.oes 0.55 0 ... 0.51 0.50 0.63 
Melono 0.38 0.36 0.45 0.40 0 .57 
Wheat 0.53 0.43 0.58 0.51 0 .49 
a.garbeets 0.54 0.62 0.59 0.58 0.85 
Alfalfa Seed•• 1.09 1.42 1.67 1.39 1.76 
Dry Beans 0.58 0.61 0.55 0.58 0.69 

Diflrid Wide 0.66 0.68 0.65 0.66 0.73 

'Field deli wry ratb are defined u the estimated crap evapotrantpiratkm, miaua eflective rainfaU, divided. hy the depth of water cleliwnd 
to farm f.elcb. Surf.:e runoff and deep percolation on nol deducted from the delivered wat.r depth before calculatins the estimated. ratio. 

''Field delivery ratios for alfalfa seed are greater than 1.00 because: ( 1) fannen underirrieate the alfalfa plants to pnerate stress that ill· 
creases bloom and eeed production, while minimizing vegetative growth: and (2) the root 1ystem of alfalfa teed becomes very deep durinl 
th~ two or thrM yean that the erop is pown, and the plants will often utiJU.. water in the ahaUow high water table. 

TABLE 4. Drain Water Volume Collected in 20 Sublurface Drainage 
System in the B1'Vadview Water Dlltrict, 1986 Throuah 1989. 

y..,. Comparleon of 
Area 1888-1888 1981 With tbo 

Dnlnoc• Dnlnod 1881 19111 1888 Av!!!e 1881 1888-1881 
Sylllea <-l (aa.feet) A••~ 

I 405 349 190 147 229 130 - 99 
2 600 643 385 330 453 417 -36 
3 280 22 52 50 41 70 +29 
4 285 74 52 ISO 92 121 +29 

• 100 113 119 132 121 .. -23 
6 100 96 17 66 60 40 -20 
7 290 197 152 48 132 63 -<l9 
8 145 78 47 43 56 36 - 20 
9 300 252 153 100 168 88 -10 300 171 176 169 172 129 -43 

11 ISO 194 190 110 165 19 -146 
12 346 1M 263 111 177 180 +3 
13 600 820 629 774 741 560 -181 
14 275 206 158 184 183 96 -15 150 95 124 129 116 102 -14 
16 169 382 301 275 319 281 -36 
17 85 102 100 46 82 ... -36 
18 60 41 50 40 .. 76 +32 
19 230 46 14 23 28 29 +I 
20 27 158 134 130 141 125 -16 

Total 4,8H ~187 3,307 3,068 3,1111 2,70. -815 
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three-year average annual volume ond 352 acre-feet 
( ll.5 perc:ent) less than the volume collected in 1988. 

The estimated salt load contained in collected drain 
water in 1989 decreased from the average salt load 
during 1986 through 1988 at 16 of the 20 drainage 
systems. The total estimated salt load from the subset 
of systems in 1989 is 6,400 tons (24. 7 percent) less 
than the three-year average salt load. The estimated 
salt load decreased by 2,407 tons ( 11.0 percent) 
between 1988 and 1989 (Table 5). 

Estimated boron loads decreased at 13 of the 20 
drainage systems between 1988 and 1989. The total 
estimated boron load from the subset of systems 
decreased by 3.33 tons ( ll.O pen:ent) between the two 
years. Estimated selenium loads decreased at 14 of 
the 20 drainage systems between 1988 and 1989, and 
the estimated total load of selenium decreased by 0.07 
tons (9.2 percent). 

CONCLUSIONS 

The Broadview pricing program provides farm­
level evidence that increasin11 block-rate prices for 
irrigation water can motivate improvements in cul­
tural practices that will reduce the volume of drain 
water collected beneath farm fields. Higher prices for 
water applied in excess of selected tiering levels pro­
vide a sicnificant incentive for reducing applied 
water, while having minimal impact on the total 
farm-level expenditure for water. The framework ia 
11eneral in its approach to motivatin11 careful use of 
water reaources and in reducing the off-farm eff'ecta of 
irrigation. Details of individual pricinc structures will 
vary with procram objectives and the level of water 
delivery accounting that can be undertaken by 
individual water districta. 

The district-level costa of implementing a tiered 
pricing program include the improvements required 
to record water deliveries for individual fielda. At the 
present time, this is not common practice among irri­
gation districts in the San Joaquin Valley. Many 

districts will need to install additional water delivery 
meters or monitor deliveries through existing meters 
more carefully, to record field-specific and crop­
specifiC irrigations. Record-keeping and billing proce­
dures in district offices will require modification to 
accommodate multiple prices and tiering levels. 

The information generated when districts imple­
ment tiered water pricinc will be valuable to fanners 
and district staff in reviewing irrigation practices and 
identifying opportunities to improve water manage­
ment. Crop-specific irrigation data describing actual 
water deliveries to individual fields allow farmers to 
compare resulta of irrigation practices. These discus­
sions often motivate farmers to consider alternative 
irrigation methods. The data also improve farm-level 
crop plantinr decisions when water allocations are 
reduced during critically dry years or when fanners 
consider producing crops they have not grown previ­
ously. 

ACKNOWLEDGMENTS 

The author appndatea the usiatanc:e provided by David Cone. 
Manqer or the Broadview Water District. and the Diltrict Board of 
Directon. The c:om.ment1 and aul(leationa of three anoaymout 
f'&vlewera are alto appt'ec:iated. Thi• paper it Rhode bland 
~ltural E.periment Station Contribution Number 2682... 

LITERAruRE CITED 

DewreL S. J. and S. K. GaUaathine. 1988. Relation of SaliDity ud 
Selenium to Shallow Groundwater to Hydroloeic: and 
Geoc:hemic:al PrDc:euea. WHtem San Joaquin Valley. California. 
Opea-Filolleport 88-336, U.S. Geolo,;cal Survey, Sacrameato. 
Cati!Omia, 23 pp. 

lliDar, A.. K. C. lbapp, aa4 J . Letey, 1989. lnill•tioa Water Priciag 
Palieiet to Reduce and Fiaance Subsurface Drain.,. DUposal. 
Acritultural w ..... Ma-·· 16:155-171. 

Carclnet-. R. L aad R. A. Youar. 1M8. AMeaaina Stratelies for 
Corttrol of lrription·lnduced. Salinity ia tha Upper Colorado 
Ri .. r Baaia . Americaa Journal of Arric:u ltural Ecoaomict 
70(1):37-49.-

TABLE 5. Drain Water Volume and Eltimated Coutituea& Loads in 20 Subturfaee Drainap 
Sys~ ill the Bmad.view Water Di:atrict. 1986Throu.P 1989. • 

Dn.ia Water Volume 
Estimated Salt Load 
E•lmated Borttn Load 
E•imated SeienJum Loltd 

Unite 

·Acre-Feet 
1bns 
1bns 
1bns 

•Bpron and Nlenhu!l data are not. av•ilable for 1986 and 1987. 

... 
4,19'1 

211,171 

591 

1187 

3,307 
25,869 

1 .. 1-

3,058 2,706 
21,931 19,524 

30.34 27 .01 
0.76 0.69 

WATER RESOURCES BULLETIN 



163 

Wlchelna 

Griffin, R. C. aad D. W. Bromley, 1932. Apkvliural Runoff u a 
Nonpaint Externality: A Theorelkal Development. American 
Journal of Agricultural ECDnomics 64(3):647-652. 

Knapp. K. C., A. Dinar, and P. N&llh, 1990. Economic Polidel for 
Replat.ina AFkultural Drainaae Water. Water Reaoureu 
Bulletin 26(2),289-2911. 

Letay, J ., C. RoHrta, M. Penberth, ancl C. Vaaek, 1986. A a 
A&ricuh.ural Dilemma: Drainaee Water aad 'lbzlct DispMal in 
the San Joaquin Valley. Special hblication 8319, Division of 
Apiculturo and NataraJJWou ..... Unlvoraity til California, 68 
pp. 

Shortie, J . S. ancl J. W. Dunn, 1986. The Relative Efficiency of 
Apicultural Sou,.. Water Pollution Coatrol Palideo. Amerlean 
J ........ or Apicullunl Economics 88(8J:e8UT/. 

State Wa...- R .... ,.,.. Coatrol Board, CatilOrnla, IM7. Replation 
or Apkultural Drainaae .. the San Joaquin-- Final lloport, 
Saa Joaquin River Basin Tchnical Committee. 8Kramento, 
CatilOrnla, - pp. 

Wlchalna, D. ud D. Nelaon, 1888. All Empirical llodel or tha 
Ralatiouhip Betweea lrriaatioa and the Volume of Watllr CoJ. 
loctaclla Subourr- Draino. A~riaJitural wa...- ~~a..,.....,, 
l~lh'IOB. 

WATER RESOURCES BULLETIN 592 



1M 

AC:.\IA :<a t e r ~ali t y Mon i t or Sept /Oct 1992 

CASE STUDY 

Responding to Water 
Quality Problems 
through Improved Water 
Management 

B road view Water District is 
loa ted on the war side of 
the San Jooquin VaDcy, near 

FlrCbaush. lr is comprised of about 
9,500 acrci of IUsflly productive 
&nnland with IS fanns nnging &om 
160 aac:s 10 1,280 acta. The district 
hu • 'Mter supply conena with the 
U.S. Bureau of ~clamarion fOr 
27,000 a=-fi:er of Mter per ,car. 
This reprcsen!S the district's only 
'Mtcr supply since the ground'Mtcr 
is considered unsui12ble beausc of 
i!S relatively lUsh alinity and boron 
concentrations. 

The disaict is situated in the 
dninage problem area of the 
Grassland Basin. lmp<Mous clay 
laycn rcsaict the pe=Larion of 
irription .,..rcr throush the soD 
profile. Subs~ dninage systems 
of pcrfonred pipes, sumps and 
discharge pumps are required on 
many fanns ro mainiSin the saline 
high-warer table ar a depth that will 
nor damaF aop yields 01 rcdua: the 

. long·renm productivity of fum fields. 
Drainage systems haw: been inscalled 
beneath 70ll ofthe.districr. 

Drain water wllectcd in 
Broadview and other Grusland 

IOilo, lluc the demcna dcp-adc wacu 
qu.Jily when disclwJcd in10 rivo:n 
01 JCrcoms. Saa: ..,.rer quality 
audloriria havo: dircaed that the 
boron, molybdenum and xlcni~ .. 
loods in aJriculft&ral dninasc ... ru 
entering the San Jooquill Rncr be 
reduced 10 achiac ,...ter quaJicr 
ol>jccrive levels. 

The Al~ dnin-= widlia 
the distria is disclwJcd iniO opal 
dnins and rnisic4 wida JUrfacc dnin 
.... rcr (aD ..,.tcr). 11lc rnisic4 .... cu 
an either be disclwJcd 10 the San 
Joaquin IUVC< along wida dnin water 
fiom adler districa 01 reqd<d in10 
the disaia's ilription wuer supply. 

In ordu 10 meet the water qualir:y 
objcctiw:s, Broadview hu dcvdopcd 
an e:rrcnsivo: water management 
program. The entire .,..cu manage­
ment Prost>DI rcwolws around rhc 
monitoring of.,..rcrquanrity and 
water quality. 

Since the volume of app&cd Mll:t 
hu a direct impact "" subsurface 
dnin flows, rhe water management 
Prost>DI focuses Oil improving 

. irriprion effi:cri~ca and efficiency. 
The maj01 components of die 
Broadview prognm dlu havo: 
conaibutcd 10 the success include: 

• Collecrioa of field-specific data 
describing -= deliV<rics, ilriprioa 
"""n!S, and other agriculrwal 
praaias. 

• Tiered warer pricing. 

• Flcabilir:y in tchcdulin1 .... cu 
delivery rum ons, rum ofli and 
changCL 

• L()w inrcrcsr loan lOt th• purchaac 
of sprinltlcr and pred pipe irripriOil 
systems. 

• Ware< mnsfas and purchUCI 10 
help fanncn manasc ... rcr. 

• Panicipatioa ill dctnonslntion 
projce1110 improY< ware. manasc­
mcnt. 

Broadview has shown that im­
pnnancrn• ill 6cld application 
efficienda have incrcaaed bJ almaor 
23" fiom 198610 1991. The 1991 
cllidcnda appear 10 be CVCJl bem:r 
dwa ill 1991. 

Over the last seven yean, fanmen 
in Broadview haY< implemented 
many new ilriprion practices and 
inacucd the ei!Ccriw:ncss and 
cllicicncy of ,..let application. 
Scvcnl crops arc now irriprcd mo"' 
~!Wid)' dwa in rhe put, bur the 
amount of....a:r applied durinJcach 
ilription event hu been reduced 
and the IOahmounrof .... rcr 
applied dorinJ pre-ilriptions and 
seasonal ilriprions has also been 
reduced. 

The able below shows the 
teductions fiom the subsw6ce 
dninasc systems associated with the 
improvcrru:nts in water mamgemcnt 
u weD u .,g;onaJ changes rcsulrins 
from drousflt impacts. 

Buin districts wn~ several • The timely achanF ofinfOnna- 11N ._ mJ, • ., ,..pu•ilif 
elemen!S fOund .. tunlly in loa! lion among distria l'armc<s. 8nu.;, W.om Dinria. 

Drain water volume and estimated constiluent loads, Broadview Watw District, 1986 lhrough 1991 

Measure Units 1986-88 (awJ 1989 1990 1991 

All 25 Drainage Systems 
Drain Water Volume (aa.fee~ 3,986 3,736 3,464 1,860 

Estimated Salt load (Ions) 29,365 27,086 28,499 17,378 

Eslimatecl Baton load (Ions) 36.17 36.84 34.33 18.53 

fslimaled Selenium load . (lonsl 0.93 0.99 -1.04 0.60 

WQM-7 
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PROGRAM FEATURES 

PURPOSE: To further Westlands' longstandlnl c:ommltment to maximize the beneHt or 
the limited water supply and minimize drainage proble.,. by promotln1 etnc:ient 
lrriptlon management. 

INFORMATION 

o IRRIGATION GUIDE - A weekly mailing that provides farmers crop water use 
information from which to estimate the amount and timins of itrigations for various 
crops. This information is based on observed weather and is verified by monitoring 
mmsture changes in the crop root zone. 

o IRRIGATION MANAGEMENI' HANDBOOK - Provides farmers with current 
rcchnical information on soils, crop characteristics, itrigadon scheduling, water use 
planning, and salinity management in Wesdands. 

o PROmABLE PRACTICE$ • A bi-monthly publication that highlights progressive 
efforts by farmers 10 conserve water and teduce costs. 

o WORKSHOPS • Several workshops held each year provide farmers with timely 
information and innovative water manaaement ideas and an opportunity to share their 
experiences. 

MONITORING 

o ADVISORY MEETINGS • Water Management Specialists meet periodically with 
small groups of fanners to share experiences and identify areas of need to which 
program resources can be targeted. 

o CROP WATER USE MONITORING - Conditions throuahout the District including 
weather, soil type &lid moisture, crop srowth, and water use, are measured 10 verify 
crop water use moclels and validate Olher Program activities. 

ASSISTANCE 

0 

0 

0 

COMPUTER PROGRAMS • A computer and assistance is available to farmers to run 
programs designed to help them with lniaation cost evaluations (ICE); sprinkler system 
operation (SPACB) and alternative irriaation management practices and PO&E 
e[eclriclty time of usc rare evaluation (AOWATER). Experienced Water Manapment 
Specialists are available 10 assist farmen with these programs. 

TECHNICAL ASSISTANCE - Experienced Water Management Specialists are 
available to help flrmers solve their walel' manapment problems. 

IRRIGATION IMPROVEMENT PROGRAM - Provides cost sharing 10 farmers to 
retain the services of approved private irrigation consultants with the goal of improving 
disuibution uniformity and ltrigation efficiency while maintaining or increasing crop 
yields. 

1/91 
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The Statement of 
Jerald R. Butchert, General Hanage.r of 

Weatlands Water District 
Presented to the 

Senate Subcommittee on Hater and Power 
August 29, 1989 

District Background/History 

Westlands water District {Westlands or the District) was formed in 1952 

under provisions of the California Water District Law upon petition of 

landowners, many of whom were also fanners in the area, within Westlands' 

boundaries. Westlands' formation was a necessary step in order to establish a 

contracting entity for a surface supply of irrigation water for the farmers. 

In developing the area, farmers had relied upon pumped water from underground 

aquifers, which were being severely overdrafted. 

For the principal purpose of furnishing water for irrigation, the 

Secretary of Interior (Secretary) was authorized under the San Luis Act of 

June 3, 1960, to construct, operate and maintain the San Luis Unit as an 

integral part of the Central Valley Project. The San Luis Unit would also 

provide water for municipal and domestic purposes, as well as recreation and 

fish and wildlife benefits. 

Agricultural drainage service also was provided for in the San Luis Act. 

Thus, Section l(a) of the Act states, in part, that: 

Construction of the San Luis Unit shall not be 

commenced until the Secretary has ••• received 

satisfactory assurance from the State of california 

that it will make provision for a master drainage 

outlet and disposal channel for the San Joaquin 

Valley, as generally outlined in the California water 

plan, Bulletin Numbered 3, of the California 

Department of Mater Resources, which will adequately 

serve, by connection therewith, the drainage system 

for the San Luis unit or has made provision for 

constructing the San Luis interceptor drain to the 

delta designed to meet the drainage requirements of 

the San Luis unit as generally outlined in the report 

of the Departa.nt of the Interior, entitled "San Luis 
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Unit, Central Valley Project,• dated December 17, 

1956. 

Westlanda' Water Supply 

In 1963 Westlands entered into a long-term water service contract with 

the U.S. Department of the Interior's Bureau of Reclamation (Bureau). The 

contract provided for surface water delivery from the San Luis Unit of the 

Central Valley Project over a period of 40 years from the date of the initial 

water delivery to the unit, which happened to have occurred in 1968. The 

contract provides for both water and drainage service, and was the traditional 

water service contract that the Bureau was signing for other water entities at 

that time. 

The 1963 contract provides for 900,000 acre-feet of water annually for 

Westlands, which at that time consisted of about 400,000 acres. In 1965, at 

the insistence of the United States, Westlands merged with the adjacent 

Westplains Water Storage District, which contained some 200,000 acres, but had 

' not contracted for a water supply. At that time, the United States committed 

the remaining yield of the San Luis Unit, some 250,000 acre-feet annually, to 

provide a water supply for the added acreage. It was recognized by both the 

United States and the farmers and landowners that 250,000 acre-feet was 

insufficient for the needs of the additional acreage. However, the 1963 

contract provided for the purchase by Westlands of additional (interim) water, 

if and when available. 

The merger was accomplished by passage of a special statute by the 

California Legislature. A basic provision of that statute assured the lands 

in the original westlands district a prior right to water under any contract 

in effect for that District, namely, the 1963 contract. This supply provides 

about 2.6 acre-feet per acre to the 338,323 acres currently eligible to 

receive project water in this area of the District, an adequate but not 

abundant supply for the present cropping pattern. 

However, the 250,000 acre-feet for the former westplains area provides 

only half that much, 1.3 acre-feet for each of the 187,551 eligible acres, a 

clearly inadequate supply. Until the San Felipe Project came on line, 

however, an additional 100,000 to 150,000 acre-feet of interim water has been 
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available in most years to meet the needs of the farmers in the former 

Westplains area. 

Acreage Limitation 

Prior to the first significant deliveries of San Luis Unit water to 

Westlands in 1968, much of the land was held in large ownerships. Only about 

129,000 acres were held in ownerships of 160 acres or less and were 

immediately eligible for project water. llowever, as distribution facilities 

were completed and Project water became available, most of the owners who held 

land in excess of 160 acres entered into recordable contracts. Those 

contracts, which are a condition to receiving Project water for excess land, 

require that the landowner agree to sell his land within 10 years (five years 

under the new law) at a Bureau-approved price which does not include any 

increment of value attributable to the availability of Project water and to 

persons who will be non-excess landowners. 

By the mid-1970s, more than 350,000 acres had been placed under such 

contracts and nearly 135,000 acres had been sold at Bureau-approved prices to 

new owners in parcels of 160 acres or less. As a result, the numbers of both 

landowners and farms had more than doubled, from about 2,500 to nearly 5,300 

and from 97 to about 220, respectively. The average size of the farming 

operations had been cut in half, from 4,640 acres to about 2,400. Two of the 

largest farms, Giffen, Inc., and Anderson, Clayton & Co., sold nearly 77,000 

acres. This land was purchased by 607 individuals who operated 77 separate 

farms. 

The sale of excess land was halted in 1976 by a Federal District court 

order, which required the Bureau of Reclamation to conduct such sales under 

formal rules and regulation in accordance with the Administrative Procedures 

Act, rather than under less formal guidelines and instructions. At the same 

time, there was increasing interest in Congress to modify the original 

Reclamation Act of 1902. Consequently, formal rules and regulations for the 

sale of excess land were not adopted until after passage of the Reclamation 

Reform Act of 1982. 

Excess land sales resumed under formal rules and regulations in 1984. 

In the past five years, approximately 100,000 acres has been sold to new 

3 



169 

owners. Southern Pacific, for example, has sold some 70,000 acres. In 

addition, many of the existing larger farms were broken up in order to comply 

with the provisions of the Act. 

Clearly, the social goals of breaking up large ownerships and widely 

distributing project benefits have been largely achieved in Westlands. 

Critics who claim that interest-free repaym~nt of the capital costs of 

irrigation projects, such as the Central Valley Project, is an unwarranted 

subsidy overlook an importEnt fact: In order to maximize the distribution of 

benefits derived from the expenditure of public funds, the United States 

Congress placed limits on the amount of land a person could own and irrigate 

with Project water. Currently there are 612 farms in Westlands which receive 

project water. These farms average 875 acres each. 

Crop Production 

In 1988, the farmers in Westlands produced crops with a gross farm-gate 

value of more than $650 million. This is equivalent to about one-third of the 

total agricultural production in Fresno County, which is the nation's leader 

in that respect. Some 35 crops are produced in Westlands, including cotton, 

tomatoes, lettuce, cantaloupes, almonds, garlic, onions, broccoli, carrots, 

and a variety of other vegetables. The acreage of all vegetables and melons 

has more than doubled since 1980, while the plantings of wheat and barley have 

sharply declined. 

Drainage History/Background 

Adequate drainage is necessary anywhere irrigated agriculture exists. 

Throughout the world, irrigated agriculture has resulted in salt buildup in 

the soil, particularly in arid or semi-arid areas. Irrigation water carries 

salts which accumulate in the soils, eventually retarding plant growth and 

lowering productivity if the salts are not removed. Leaching, the 

agricultural practice used to remedy salt buildup, is the application of water 

in excess of crop needs to·carry salts below the crop root zone. 

Salt accumulation is complicated in Westlands and other areas of the 

western San Joaquin Valley because of impermeable clay layers that lie beneath 

the soils. These clay layers make it virtually imPossible for leaching flows 
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to carry water away from the crop root zone, resulting in highly salina 

perched groundwater. Without adequate drainage, the perched water table rises 

into the crop root zone, posing a dangerous hazard. 

Efforts to maintain economical agricultural operations in areas where 

salt accumulation is a problem has resulted in the practice of installing 

subsurface drains to collect and carry excess salty water away for disposal, 

or discharge to a salt sink. 

In the 1960s, Westlands and several other water agencies, urged the 

Bureau to develop drainage facilities as required by the San Luis Act . From 

1968 to 1975, 82 miles , or 40 percent of the Drain and 1,280 acres, or 21 

percent of the Kesterson Regulating Reservoir were constructed. The Drain 

would have been a concrete-lined canal with capacity to carry approximately 

150,000 acre-feet of drainage water per year from the San Luis Unit. 

The Drain was designed to eepty into the western Sacramento-Sen Joaquin 

Delta near Chipps Island. However, the Drain's construction was halted in 

1975 because of funding limitations and disagreements over the potential 

environmental impacts of drainage water discharge into the Delta. An outlet 

was never constructed and Kesterson beca.e the terminus of the Drain. 

With the intent of increasing habitat for waterfowl in the San Joaquin 

Valley, the United States Fish and Wildlife Service {FWS) in cooperation with 

the Bureau in 1970 designated Kesterson Reservoir as a National Wildlife 

Refuge. The location of the refuge is situated along the Pacific Flyway. At 

the time of the designation, it was known that the only reliable permanent 

water supply for the refuge would be subsurface saline drainage water 

transported through the San Luis Drain. 

The Bureau started construction of Westlands' drainage collector system 

on 42,000 acres in the northern part of the district in 1g16. The system 

consists of about 108 miles of open-joint collector pipelines at 0.5-mile 

intervals. About 5,000 acres of grower-funded subsurface on-farm drainage 

systems were installed and connected to the collector system between .1978 and 

1981. A moratorium on these on-f~ drainage system hookups was imposed in 

Hay 1981 because of the limited capacity of Kesterson Reservoir. During 1980 

the Bureau renewed technical studies that were needed to obtain a discharge 

permit from the California State Water Resources Control Board {SWRCB) for the 
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Drain to discharge into the Delta. 

In 1983 fWS biologists discovered waterfowl deformities and deaths at 

Kesterson, which later were attributed to excessive amounts of selenium. In 

order to minimize waterfowl attraction to Kesterson, the Bureau reduced the 

number of ponds and provided additional water deliveries to neighboring 

wetlands. A hazing program was also started to discourage the waterfowl from 

nesting at Kesterson. 

Selenium is a naturally-occurring trace element found in rocks and soils 

at numerous locations ·throughout the world. Relatively large quantities of 

the mineral are found in the alluvial fans of Panache and Little Panache Creek 

in western Fresno County, including the area of Kestlands served by the 

collector drainage system. Selenium is a necessary dietary element for humans 

and other animals, but can cause chronic or acute toxic effects when taken in 

elevated amounts. 

Certain vegetation can absorb and accumulate selenium. Selenium uptake 

in crops depends on several factors including plant species, soil type and 

chemical form of selenium present. A recent study conducted by the 

Cooperative Extension of the University of California, Publication 3330, 

concluded, however, that selenium levels are not a human health concern in the 

crops grown on the west side of the San Joaquin Valley, where the District is 

located. Animals (invertebrates and vertebrates) also accumulate selenium 

through plant and animal food sources, causing concern for waterfowl and 

shorebirds that ingest plant, animal and sediment materials. 

Tests completed in 1984 determined that selenium poisoning was the 

probable cause of death for 12 coots and one grebe found at Kesterson. The 

hazing program continued in an effort to keep waterfowl from using Kesterson. 

It was concluded that the selenium at Kesterson came from the agricultural 

drainage water carried to the reservoir via the San Luis Drain. 

As the year 1984 began, completion of the Drain beyond Kesterson was 

still considered to be the most viable solution to the agricultural drainage 

problem. However, the discovery of selenium's toxic effects on waterfowl led 

to much controversy over the potential dangers of selenium and, possibly, 

other naturally-occurring trace elements. The resulting uproar and national 

attention left in doubt the concept of completing the Drain. 
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State Water Resources Control Board Order No. WQ 85-1 

A neighboring landowner petitioned the Regional Water Quality Control 

Board (RWQCB) in April 1964, to prohibit the discharge of waste water into 

Kesterson Reservoir until waste discharge requirements were set. The 

landowner also petitioned the RWQCB to levy a fine, issue a cease and desist 

order prohibiting the discharge of drainage water, and issue a cleanup and 

abatement order. The RWQCB refused to take the actions requested by the 

landowner; consequently, he appealed to the State Water Resources Control 

Board ( SWRCB J. 

1'he SI!RCB held a series of three hearings to evaluate the different 

aspects o( the petition and issued Order No. WQ 85-1 on Feb . 5, 1985. The 

order stated that the issuance of a cleanup and abatement order to the USBR 

was appropriate, and gave the Bureau three years to implement the order. 

Selenium was designated as the substance of most concern in te~s of the 

harmful constituents contained in the drainage effluent discharged into the 

Kesterson facility. 

The Closure of Kesterson Reservoir 

On March 15, 1985, a congressional hearing was held in Los Banos, 

California, to consider Interior's progress in carrying out the SWRCB cleanup 

and abatement order. Citing possible criminal violations under the federal 

Migratory Bird Treaty Act as a result of the waterfowl deaths at Kesterson, 

the Interior Department abruptly, and without prior warning, announced that it 

would immediately begin the process of closing Kesterson Reservoir and the San 

Luis Drain. Again with no prior warning, Carol Hallett, Special Assistant to 

Secretary of Interior Donald Hodel, also announced that the Bureau would 

terminate irrigation deliveries to U1e 42,000-acre area of Westlands served by 

the drainage collector system. 

The April 3, 1985 Agreement 

The adverse impact which the loss of irrigation water and the closure of 

the Drain would have on farming within Westlands was immediately recognized. 

The potential losses in farm land values and cr?p production were considered 
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very substantial, and even more so when the investment in the District's 

distribution and drainage systems were added. The shut-down would have 

affected 51 water user families, many of whom had poured their entire life 

savings into their farms. 

Recognizing the seriousness of the potential disaster, Secretary Hodel 

agreed to examine the possibility of continuing water deliveries to that 

portion of Westlands. After intense negotiations between Interior, Westlands, 

farmers' representatives. the governor of California and other concerned 

parties, an agreement was signed on April 3, 1g95, ensuring that water 

deliveries to the 42,000-acre area of Westlands would continue. 

The agreement also required that the District halt drainage water 

deliveries to Kesterson by June 30, 1986. At the insistence of Interior, 

Westlands was required to do this even if it meant plugging the collector 

drains. 

When District involvement in the drainage problem began, the District 

hired an engineering consultant, CH2M-Hill, Inc., and an environmental 

consultant, Jones & Stokes Associates, of Sacramento. One of their first 

recommendations included the possibility of disposing of drainage water by 

irrigating salt-tolerant forage crops for an interim one-year period. 

Wildlife experts, however, noted that the forage would be a potential threat 

to waterfowl by the possible uptake of selenium in the grasses. This 

potential hazard forced Westlands to modify its plans to inciude the 

construction of storage basins and utilizing land application to handle 

drainage water produced during the fall and winter months. For the long-term 

Westlands planned to construct several evaporation ponds to dispose of up to 

10,000 acre-feet of drainage water annually. 

In August 1985, Westlands purchased 366 acres of a 3,500-ecre site to be 

used for the evaporation ponds. The project site is located south of Adams 

Avenue and west of the San Luis Drain. Largely because of the supplemental 

environmental safeguards that were required for the storage basins, cost 

estimates for the project· far exceeded original estimates. Westlands decided 

to scale back the proposed interim project to land application of drainage 

water on bare soil. 
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The 3&&-acre site was used for the land application of approximately 213 

acre-feet of drainage water until November 1985, when land applications were 

discontinued because the soil profile had become saturated with the applied 

drainage water . 

In September 1985, Westlands started a pilot water conservation and 

management program for farmers in the 42,000-acre area, recognizing that 

effective water conservation measures are key in~· any drainage water reduction 

program. Under the voluntary program, participating farmers received $8 per 

acre from lle.stlands to hire an irrigation consultant. Any fees exceeding the 

$8 per acre were paid by the farmers. During the 1985-8& season, about 94 

percent of the land in the drainage service area participated in the program. 

In 198& llestlands approved a voluntary recycling program for. the 42 , 000-

acre drainage service area to provide an alternative for those water users who 

preferred to recycle their drainage water rather than have the collector 

drains serving their fields plugged. Program participants recycle the 

drainage water by blending it with "fresh" irrigation water and receive $25 

for each acre-foot of drainage water recycled. The payment to water users is 

based on eliminating the expense of installing 104 earthen plugs. 

For a variety of reasons, none of the alternatives examined were capable 

of meeting the June 30, 1986 deadline for terminating all drainage flows to 

Kesterson and Hestlands was forced to plug the drainage collector system. 

llestlands began to immediately review a variety of other disposal alternatives 

including modification of the interim project, intensified irrigation water· 

management, various treatment technologies · and deep-well injection. 

Barcellos Settlement 

Further defining the roles of the Bureau and Westlands in terms of 

drainage obligation was the settlement of the Barcelloe litigation in 19B6. 

The Federal District Court judgment resolved key drainage issues. Among them 

was the definition of both Westlands' and the Bureau's roles in attempting to 

solve the drainage problem• 

The Barcellos settlement obligates Interior's Bureau of Reclamation to 

develop a plan for agricultural drainage service by Dec. 31, 1991. This plan 

is to provide for drainage service facilities which are both cost- effective 

9 



175 

and financially feasible. The facilities must be able to transport, treat and 

dispose of 60,000 to 100,000 acre-feet of drainage water annually. The 

judgment also contains a schedule for the authorization (if needed), funding 

and construction of the drainage facilities by the United States. 

If the Bureau does not produce a drainage service plan by the deadline 

set forth in the judgment, Westlands' can assert claims against the federal 

goverr~ent based on commitments in the San Luis Act and the 1963 contract. 

The drainage service obligation that can be claimed against the federal 

government is limited to the removal and disposal of not to exceed 100,000 

acre-feet of drainage water annually for the duration of the Judgment which 

expires Dec. 31, 2007. 

ln regard to Westlands' drainage obligations, the Barcellos settlement 

requires Westlands' landowners to place $5 million each year into a drainage 

trust fund until the fund totals $100 million. The trust fund money is to 

provide up-front cost-sharing for future drainage facilities. The cost-

sharing payment is up to 35 percent of the estimated construction costs for 

drainage service facilities for that year. Westlands began collecting the 

amounts required by means of assessments on lands within the District's 

boundaries in 1988. Westlands is also required to pay its share of annual 

operation and maintenance costs for any drainage service facilities. 

Other Westland& Drainage Projects 

Not withstanding the obligation of the Bureau as provided for in both 

the San Luis Act and the Barcellos settlement, Westlands continued to pursue 

possible solutions to the agricultural drainage problem. Since the District 

started tracing the available alternatives, nearly $7 million has been 

expended on various drainage projects. That figure does not include any staff 

time or expenses in connection with the various projects. 

Westlands/BDF Loan. Westlands and the Environmental Defense Fund (£DF) 

cooperated to jointly request a federal loan of $3.7 million, approved as part 

of the Energy and Water Development Appropriations Act of 1985, to conduct 

feasibility studies and prototype testing of the most promising technologies 

for solving the drainage problem. Interior never released the funds because 

of concerns over its authority to make such a loan. By July 1g86, efforts to 
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pursue the loan were dropped by Westland& when it was discovered that private 

borrowing was available at a lower interest rate. 

Selenium Removal Plant. In 19BG Westlands decided to pursue a one­

million-gallon-per-day version of a selenium removal plant that had been 

operating for 15 months on a smaller pilot scale. The process, developed by a 

British engineering firm, Binnie & Partners, had successfully removed up to 98 

percent of the selenium in the farm's drainage water, as well as boron, which 

is toxic to many crops when concentrated. When the plant was modified to hold 

costs close to the original budget, the plant could not consistently succeed 

in reducing the drainage water selenium level to 10 parts per billion (ppb) or 

less. Because selenium levels of 10 ppb or less could not be reached unless 

extensive, costly changes were made to the plant, Westlands postponed 

indefinitely research on 'the selenium removal plant. From October 19BG 

through September 1988 Westlands expended more than $2 million on the selenium 

removal plant. 

Deep-Well Injection Prototype. Also in 198G Westlands decided to pursue 

a program involving deep-well injection of drainage water into the earth below 

a 5,000-7,000-foot-deep geologic formation. The drilling of the $3.G million, 

8,100-foot-deep prototype deep-well was completed on July 1G, 1989 after a 

month of work by project consultant URS Corporation and its subcontractors. 

URS expects initial testing of the prototype, which is designed to inject one 

million gallons of drainage water each day, to begin in March 1990. Deep-well 

injection is viewed by the District as a potential method of disposing 

drainage water. To date, Westlands has spent about $1.5 million on the deep­

well injection prototype. 

Profitable Practices. Sharing proven water-saving ideas, whether 

practical or highly technical, is the focus of a new Westlands' publication, 

"Profitable Practices." This one-page water management fact sheet provides 

water users with new and workable water saving practices that are currently 

being used by fellow water users in Westlands. Farmers, in conjunction with 

District water conservation specialists, develop ideas for the publication 

with is published about every other month. 

Water Conservation Program. In 1987 Westlands approved a $100,000 

District-wide water conservation cost-sharing program similar to the pilot 
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program established for water users in the 42,000-acre area. Participants are 

reimbursed $6 per acre to hire an approved irrigation consultant to evaluate 

current irrigation practices and advise farmers of possible improvements. 

Prog ram participation has reached enrollment capacity each year since it 

started. 

Microbial Treatment Process . In late 1987 Westlands provided $5,000 end 

office space at its Tranquillity Field Office for a University of California, 

Riverside pilot study to reduce selenium levels in evaporation pond sediments 

and drainage water . 'fhe process is a microbial treatment technique that 

encourages certain fungi to transform selenium into a relatively nontoxic 

gaseous form that dissipates harmlessly into the air. Although the process 

works by effectively eliminating seleniwn from the soil, the process is unable 

to rapidly accomplish major clean-ups, such as that required at Kesterson. 

Ditch Seepage Loss/Geology and Hydrogeology of the Panache Fan studies. 

Westlands e~~anded its drainage reduction efforts and authorized two studies. 

The first examined the extent of seepage losses from unlined, on-farm ditches 

and ponds as contributions to subsurface drainage; the second employed a 

variety of highly technical equipment to locate subsurface streambeds or sand 

stringers in selected areas of the Panache Fan and to determine whether or not 

they are contributing to the drainage problem. Findings of the ditch seepage 

loss study, presented in December 1988, indicated that 27,000 acre-feet of 

water, or about 2 . 2 percent of the District's total water supply, was actually 

seeping from the unlined canals. The Panache Fan study concentrated first on 

the upper 15 feet of the soil profile in the drainage service area. Lateral 

movement of groundwater was not found to be a significant cause of high water 

tables in the area. A second phase, which will attempt to identify upslope 

streams, began this year. Westlands spent nearly $20,000 on the ditch seepage 

loss study, and will spend at least $116,000 at the completion of the Panache 

fan studies. 

Selenium Removal/Cogeneration. Westlands began examining a 

c~generation/evaporation system using natural gas to power turbines to produce 

electricity. The waste heat would be used to desalt drainage water . 

Two firms were retained, URS Corporation and Resource Management 

International, and both concluded that cogeneration merited further 
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investigation because revenue from the sale of electricity and water could 

offset some of the costs of the project, including its construction cost and 

the costs of handling the dry salts . Westlands contracted with RHI in April 

1986 for a Selenium Removal Cogeneration Development Strategy. RHI's study 

indicated that the project did not, at least initially , have any fatal flaws. 

This project is looked at with a great deal of interest; it is the only one 

that currently offers any sort of return on investment by having a salable 

product to help ofhet costs. In addition, it reclaims salty drain water and 

reduces the salt disposal problem. To date, Westlands has expended 

$223,476 . 18 on the cogeneration/selenium removal project . 

The Bureau's Role After SJVDP 

As discussed elsewhere, the United States has a continuing obligation to 

provide drainage service ,to the San Luis Unit of the Central Valley Project, 

including Westlands. In a joint federal-state effort, the San Joaquin Valley 

Drainage Program was developed to study the drainage problem and make 

recortUnendations for possible solutions and/or alternatives for handling the 

subsurface agricultural water . The SJVDP has developed a great deal of 

necessary and useful information. However, it will not result in a drainage 

plan as required in the Barcellos judgment, and certainly will not fulfill the 

United States' oblig~tion to provide drainage service as prescribed by the San 

Luis Authorization Act and the 1963 water service contract with Westlands. 

We are pleased that the U. S. Bureau of Reclamation, in recognition of 

its obligation, has initiated a program within the Mid-Pac ific Region to 

develop a drainage plan. That planning effort will be able to use a great 

deal of the information developed by the San Joaquin Valley Drainage Program, 

as well as the results of the numerous studies and prototype programs 

undertaken by Westlands and some other San Luis Unit districts. 

Westlands will be working hand-in-hand with the Bureau in developing a 

drainage plan. We sincerely hope that the Congress will do everything within 

its power to provide adequate resources to allow the Bureau to complete this 

planning process in a timely, complete and professional manner. 

As detailed elsewhere, the landowners in Westlands have been, and will 

continue to contribute $5 million per year until $100 million has been 

13 
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accumulated. in a drainage trust fund for the District'• .35 percent up-front 

financing of drainage facilities . We would urge that the Congress provide the 

additional federal funding to carry out its drainage obligation and impl~ent 

the plan in a timely manner. 

Implementing the Bureau's New Kisaion 

You have asked us to respond to three related questions regarding the 

new mission of the Bureau in california, the opportunities for cooperation 

between environmental and water development interests and the Bureau's role in 

fostering such cooperation. The Bureau already has taken, and is taking a 

variety of steps to restore and enhance the fisheries and other environmental 

values in the rivers and streiUIIS within the Central Valley Project. As a 

contracting agency, Westland& applauds these efforts. The CVP should be 

managed in a way that protects and, ideally, improves fish, wildlife and 

environmental values, while protecting the financial integrity of the Project. 

lln'other part of the Bureau's new mission is improved management of the 

system, as well as management· of the water supply. This requires improved 

maintenance of the existing system, but also should include additions to or 

upgrading of existing facilities, so that already-developed water can be 

transported or conveyed to areas of need . The whole concept of water 

marketing cannot become a reality without adequate plumbing. 

For example, a bottleneck now exists in moving water south of the Delta 

to meet the growing needs of the San Jose area, as well as the continuing 

needs of farmers in Westland& and other districts in the San Joaquin Valley. 

Specifically, the problem is a lack of capacity in the federal Delta-Mendota 

canal to convey the full amount of water the Bureau is allowed to pump from 

the Delta under its permit from the State Water Resources Control Board. This 

conveyance problem has arisen since the San Felipe Project came on line two 

years ago. 

Congress has already approved one solution to this problem as part of 

the Coordinated Operation Agreement legislation, which provides for the so­

called Wheeling and Purchase agreement between the federal and state water 

agencies. In brief, this would allow the State Water Project facilities to be 

used to wheel Central Valley Project water and for Central Valley Project 

14 
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water to be sold to the State Water Project . Both . the COA itself and the 

Wheeling and Purchase provision were broadly supported by both the water and 

environmental communities. 

While negotiations have been underway for some time, it is obvious that 

final agreement still is several yearc away. When a satisfactory agreement is 

reached, we urge Congress to quickly approve that agreement, an action 

required by the COA legislation, in order to allow improved management of the 

two water systems . 

In the meantime, and in view of the urgency of the need to alleviate 

this conveyance bottleneck, farmers in Westlands have made a commitment to pay 

about $5 million to install a link between the federal Delta-Mendota Canal and 

the Slate Aqueduct, which has adequate capacity to convey the additional water 

to users in the San Felipe or San Luis service areas. This short-term (five­

to seven-years) intertie facility would be built at no expense to the federal 

government and turned over to the Bureau of Reclamation, thus adding to tl1e 

operational flexibility and improving the management of the State and Federal 

water projects. If there is interim water available and it can be conveyed to 

the San Luis Unit without impairing the ability of the CVP to meet delta water 

quality standards, then and only then would the additional water be made 

available. 

The additional operational flexibility may also provide some important 

environmental benefits. For example, the fisheries in the San Joaquin River 

system could be greatly improved if some water could be released from New 

Melones Reservoir on the Stanislaus River and/or Millerton Reservoir on the 

San Joaquin, then picked up in the Delta at the Tracy Pumping Plant and 

conveyed back to the contracting users through the Delta-Mendota canal and 

California Aqueduct. 

It should be noted that the Bureau already has initiated an effort aimed 

at finding ways to restore the San Joaquin River and thereby enhance the 

fisheries and other environmental values. A number of us in the water supply 

business believe there are · opportunities to improve water conservation and 

management on the San Joaquin River in order to accomplish these goals. In 

initiating this program, the Bureau's Regional Director, Larry Hancock, has 

solicited the input and participation of the major environmental and water 
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organizations. 

Waterfowl habitat could be improved on the Pacific Flyway if water could 

be provided to the Grasslands area of western Merced County in the fall and 

winter through the Federal and State facilities. When released into the San 

Joaquin River in the spring, it helps downstream migration of salmon smolts. 

That water could then be picked up in the Delta and pumped back again to meet 

the summer needs of the CVP contractors, provided adequate pumping and 

conveyance capacity is available. We have suggested a modest version of such 

a program to leaders of the major environmental and wildfowl organizations in 

California in connection with our intertie project. 

Let me emphasize, however, that whether we're talking about restoring 

environmental values or water marketing, the key to accomplishing these goals 

is having adequate conveyance and pumping facilities to move water from the 

area where it is available to the area it is needed. This may mean better 

conveyance facilities in and around the Delta, and more pumping and conveyance 

capacity to move the required volume of water during the often brief periods 

of time when it will not adversely affect environmental values. In this 

regard, the facilities proposed for the Hid-Valley Canal could be a real boon 

in accomplishing some of these goals. 

It is simply a fact of life that whether we want to move water from one 

place to another for environmental purposes, for urban use or for irrigation, 

we simply have to have adequate plumbing. Anything the Congress could do to 

assist in expediting this needed plumbing would be a first step in furthering 

the new mission of the Bureau of Reclamation. 
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June 15, 1990 

Hon. Manuel Lujan, Jr. 
Secretary of the Interior 
Department of the Interior 
Washington, D.C. 20240 

Dear Mr. Secretary: 

182 

Joaquin Valley 
Drainage Program 

IIIII ......... CifM..._.~,.._'-'C'f ............ -·--­............ -·-­__ _, 

Just over two years ago, I wrote your predecessor, Secretary Donald P. Hodel, a letter 
in my capacity as chairman of the San Joaquin Valley Drainage Program Otizens 
Advisory Committee. That letter enclosed written material for his use in 
establishing a United States Government position on what are appropriate policies 
regarding the repayment of federal funds expended on the cleanup of Western 
Reservoir, on the Drainage Program itself, and on potential forthcoming solutions 
to the Valley's drainage problems. The principal enclosure accompanying that letter 
was a May 1988 Policy Statement unanimously endorsed by the diverse membership 
of the Otizens Advisory Committee (CAC), a committee which, as you know, has 
recently been formally chartered pursuant to Section 3 of the Federal Advisory 
Committee Act Copies of both my letter to Secretary Hodel and the Policy 
Statement are enclosed with this letter, for your convenience. 

The members of the CAC have asked me to write again, this time to you, for two 
reasons. rlrSt, they all believe that some resolution of the repayment issues set forth 
above is required before significant progress is likely .to be made in addressing the 
Valley's drainage problems and thus they all believe it is appropriate specifically to 
request that you, as Secretary of the Interior, take prompt action in addressing these 
repayment issues. In its Policy Statement the CAC acknowledges that othen, 
including the Congress, the California Legislature, and the State Administration, 
also will have major roles to play in sorting through these issues, but your position, 
as the principal decision-maker in allocating past and current is costs most crudal. 

Second, the CAC is concerned that, as the Drainage Program nears the end of its 
five-year life on September 30 of this year, no dear successor has emerged either to 
oversee implementation of the Program's forthcoming recommendations or 
otherwise to carry on a coordinated policy in addressing the Valley's drainage 
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problems. The current Program's Policy Management Committee, consisting of 
high-level officials of five Fed...-al and State agencies, is apparently willing to 
continue working together in some form. The CAC certainly applauds that 
continuation. All five agencies have important missions and each deserves 
funding to carry out its responsibilities relating to the drainage issue. Furthermore, 
a coordinated liaison function. with the CAC itself, with technical advisory bodies 
and with other int...-ested regulatory, scientific, and local interests would be helpful 
in maintaining the momentum which has been generated in working towards 
resolution of the Valley's drainage problems. 

Accordingly,let me condude this letter by specifically recommending to you on 
behalf of the CAC that you ensure that some formal joint Federal-State venture 
dealing with drainage issues, that includes the participation oi a variety of agencies 
representing diverse perspectives, continue operating beyond September 30, 1990. 
Thank you for considering our Committee's views. 

Sincerely yours, . 

kJAIJ~ 
Chester 0. McCorkle, Jr., Chair 
Citizens Advisory Committee 

COM:lk 

Enclosure 

cc Hon. George Dellkmejian. Governor of California 
Senator Alan Cranston 
Senator Pete Wilson 
Congressman George Miller 
Congressman Vic Fazio 
Congressman Gary Condit 
Congressman Rick Lehman 
Congressman Chip Pashayan 

1 f 1 ;; a 

Edgar A. Imhoff, Program Manager 



Honorable Donald P. Hodel 
Secretary of the Interior 
U.S. Department of the Interior 
Washington, DC 20240 

Dear Mr. Secretary : 
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MAY 2 1 198S 

The Assistant Secretary for Water and Science, Wayne Marchant, responded 
to my March II, I988, letter to you by inviting the San Joaquin Valley 
Drainage ·Program Citizens Advisory Committee to provide written material 
for your use in considering repayment of Federal funds expended on San 
Jaoquin Valley agricultural drainage problems. The enclosed policy 
state~~ent presents the Ccmmittee's concensus position on repayment of 
Federal funds expended on Kesterson Reservoir cleanup , the San Joaquin 
Valley Drainage Program, and forthco11ing solutions to the drainage 
problem. 

In summarizing the Committee's position, we believe the principal 
responsibility for the costs of Kesterson cleanup should be borne by the 
U.S. Bureau of Reclamation without reimbursement from water users; the 
varied beneficiaries of the San Joaquin Valley Drainage Program should 
bear responsibility for payment and/or repayment of drainage progra11 
costs which are fairly attributable to them; and, the costs of 
imple.enting solutions tQ. drainage probl .. s should genenlly be 
distributed by a formula -wh i ch ties costs to benefits . 

As I mentioned in my letter of March II, 1988, the Committee represents 
a broad cross section of interests concerned with west side San Joaquin 
Valley agricultural drainage-related problems. We believe our concensus 
position on repayment issues reflects a fair representation of those 
interests and trust that the Policy Statement will be useful to you in 
the decisionmaking process. 

Please contact .. If we can provide further lnfonnation or clarification 
of the Policy Statement. · 

Enclosure 

Si ncerely, .,. 

fl..t. ~:/,; 
-~~~ -
Chester McCorkle, Chair 
Citizens Advisory Committee 

!800 Coll:llC' Wa~;. Room \\' - ~1.&) , Sou:ram('nt o. Californi:a 9~S2H898 . (916) 978-4981 
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San Joaquin Valley Drainage Program 

CITIZENS ADVISORY COMMITTEE 

POLICY STATEMENT 
ON 

REPAYMENT OF KESTERSON RESERVOIR CLEANUP 
· All) THE 

SAN JOAQUIN VALLEY DRAINAGE PROGRAM COSTS 

Hay 1988 

The Citizens Advisory C011111ittee to the San Joaquin Valley Drainage 
Program consists of 14 individuals of diverse backgrounds and interest 
united in their conviction that solutions must be found to drainage 
problems in the San Joaquin Valley which are both economically and 
environmentally sound. 

The committee members understand that the problems being confronted are 
technologically complex and politically controversial and are likely to 
require expensive remedies. Major controversy has already erupted 
regardin~ the proper method of addressing the problem of cleaning up 
Kesterson Reservoir. Controversy also lurks in the background regarding 
who else besides the U.S . Government, If anyone, bears responsibility 
for repayment of the Federal Government's costs of whatever cleanup 
method is ultimately selected; controversy also exists regarding who, if 
anyone, should repay the costs of the San Joaquin Valley Drainage 
Program (SJVDP), a U.S. DepartMent of the Interior--State of California 
joint program distinct fro. the U.S. Bureau of Reclamation ' s cleanup 
program. And, eventually, as the SJVDP and others turn toward the 
implementation of proposed solutions to the valley's drainage problems 
the Issue of financial responsibility will arise In still a third 
context. 

This statement addresses only Issues of financial responsibility. It Is 
premature to address what the best physical, technical, and 
institutional solutions. to the valley's drainage problems may be and 
committee members ue divided on how the Kesterson cleanup issue should 
be handled. However, the committee as a whole believes that a united 
approach to the issues af financial responslbil ity holds great promise 
for facilitating solutions to the valley's drainage problems that ue 
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broadly acceptable to the various public and pr·ivate interests affected 
by these problems. And they have agreed to make a concerted effort over 
time to reach tonsensus on these financial issues. This statement is 
the first expression of this consensus-oriented effort . 

The financial responsibility issues can be viewed from many different 
perspectives. One such perspective, the legal, the committee must 
expressly disavow . Several opinions of the office of the Solicitor of 
the Interior, interpreting statutes passed by the Congress, have 
addressed Kesterson and SJVDP repayment issues. This committee 
expresses no views either on the validity of those opinions or on how 
they should be inter preted by the Secretary of the Interior as he 
strives to take a position on repayment. Instead, the convnittee's 
intent in making this statement is to express its views on what are 

·proper repayment policies and then to leave to the Congress, the State 
Legislature, the Secretary, and other decisionmakers the determination 
whether n.ew laws or legal opinions may be required to implement the 
suggested policies. 

* • * * * * * * * * 

Kesterson Reservoir Cleanup 

The committee believes that the principal responsibility for the costs 
of cleanup of Kesterson Reservoir should be borne by the U.S. Bureau of 
Reclamation . The Bureau, in conjunction with the U.S. Fish and Wildlife 
Service, chose Kesterson Reservoir as an appropriate site for the 
disposal of subsurface agricultural drainage from the Westlands Water 
District portion of the San Luis Unit. Moreover, the Bureau has been 
collecting drainage fees for nearly i decade from all the San Luis Unit 
contractors, without apparent benefit for those contractors . (On the 
other hand, the level of-the current drainage fee [SO cents per acre 
foot] is unlikely to be sufficient to meet the actual costs of handling 
the Unit ' s drainage problems.) Finally, the contractors had relatively 
little influence over where their drainage was disposed of. For all 
these reasons and others, the committee believes that the equitable 
resolution of the Kesterson repayment question is to have the Bureau 
absorb the lion's share of Kesterson cleanup costs, wHhout 
reimbursement from water users. 

San Joaquin Valley Drainage Program Studies 

On the other hand, the committee believes that the benefic iaries of the 
San Joaquin Valley Drainage Program should bear responsibility for 
payment and/or repayment of all the costs of the Program which are 

- 2 -
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fairly attributable to ths. The benefits of all the various· aspects of 
the Progru are not subject to precise allocatio.n fonnuhe at this ti111e. 
Certainly, a successful progr&JD will have a diverse set of 
beneficiaries, including Federal, St&te, and local water districts and 
their water users, u well as the public at large, which has interests 
in both the quality of water for drin~lng purposes and fish and wildlife 
protection . But the c-ittee does believe that general criteria 
linking relevant research and development activities to their most 
direct beneficiaries can be fuhioned. For example, costs of treatment 
and disposal research and development should be the primary 
responsibility of the affected water districts and their water users. 
On the other hand, primary research generating baseline geological and 
envlro~~~~ental lnfonnatton should be a shared public/private 
responsibility. The results of this research should directly benefit 
not only the affected economic Interests but the greater publics, 
regional, state, and national affected by drainage problems. To the 
extent the research benefits these broader public interests, it should 
be borne·by them and not be subject to reimbursement by the water users. 

Solutions 

Finally, the c01111ittee recognizes that a definitive statement on the 
allocation of financial responsibility for Implementing solutions which 
arise out of the SJVOP and from other sources must ult imately await the 
actual development of those solutions. It does agree, however, that a 
fonaula tying costs to benefits, as was suggested above in proposing a 
methodology for handling the existing SJVOP costs, will lead to the most 
approprlati resolution of future funding and repayment questions as 
well. 

In this connection, It Is important also to be aware that among the 
probable solutions to the valley's drainage problems are several which 
may In themselves be capable of geneF&ting substantial revenue that In 
the overall econ011ic calculus could be a major offset to the solutions' 
cost. The leasing or sale of conserved and/or reclaimed water; sale of 
electricity from cogeneration plants or solar ponds; sale of salt or 
other byproducts of treataent and disposal plants--these are all 
possible sources of revenue as solutions to the valley's drainage 
problea~s are developed. As the feasibilfty of these possibilfties is 
examined and proposals for their Implementation are developed, revised 
formulae for cost and benefit allocation are likely to suggest 
thease 1 ves. 
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The COftlllittee, at this juncture, looks at all these possibilities fro111 
an optillllstic perspective. They give hope and reason for diverse 
interests to work together in addressing the valley's vexing drainage 
problems. With its own conmon effort, as exemplified by this statement, 
the committee will make its own contribution to progress in converting 
these problems into solutions. 

Dii"niel Nelson 

- 4 -
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• United States Department of the Interior 
OFFICE OF THE SECRETARY 

WASHINGTON. D.C. 20240 

Mr. Olester Md:orlcle 
Clair, Citizens Advisory Cclrmittee 
San Joaquin Valley Drainage Program 
2800 epttage Way 
Roan W-2143 
Sacrmnento, California 95825-1898 

Dear Mr. Mc:Qlrlcle: 

APR 15 aJ8 

Secretal:y Hodel asked me to respond to yaur MIUCh 11, 1988, letter 
canoerning repayment for Federal funds expended on san Joaquin Valley 
agricultural drainage prdllems. We appreciate yaur offer of assistance 
with this difficult issue. 

You are oarrect that the Sec:retUy is CICII8i.derlng a IUdler of cptiCXUI 
to resolve this issue. In recent mcnths, w have received the views of 
various interested partiea, including sevezal. lll!lllben of the Citizens 
Advisory canai.ttee. If )"'Ol would l.ilcle to IIUglllellt that info:t11111ticm by 
providing additia1al written material, we would be pleased to insure that 
such mterial is coosidered in the decl.sicm process. 

Sincerely, 

77-141 94 - 7 
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San Luis Water District 
-RD OF DIJU!CTOitS 

- P. Sopuopc -..... ~ .... _ --~~ 
OFFICEitS 
s...---­Roy-,.,_ 

Chris Hurd ........ 

Honorable Bruce Babbitt 
Secrelary of the Interior 
U.S. Department of the Interior 
1849 C Street, NW 
WashingtDII, DC 20240 

Dear Mr. Secrelary: 

October I, 1993 

947 Sixth Street I P.O. Box 2135 
Los Banos, California 93635 
Telephone: (2091 826-4043 

Fax: (2091 826-0524 

MANAGEMENT -­""""'­Doyle,..., s.r ......... ftl4 0 

MaryL.~ 
~II(F~ I Aur. s...--,. 

CONSULTANTS 
las P. Tel*. Jr. 

u-... . ..._. Telles. 1oM-· Vlem ~qo~c-

Sumonm 
Enau.ri .. lrac:. IbM,.,.._,.. 

For the past several yean, the San Luis Unit Conlrti:!Ors (Panache, San Luis, and 
Westlands Water Districts) have worked with the Department to develop equitable ~ment 
policies with respect to Kestenon and Oilier drainage rdated costs. The Contractors understand 
that resolution of these issues has become a high priority for the Department and that the 
repayment policy repon requested by the Coneress was recently updated by the Mid-Pacific 
Regional Office. The Contractors look forward to the opponunity to review this draft report and 
to provide input on the i~ as you work to develop an appropriate policy. 

As part of the participation in this process, the Contractors developed the enclosed 
memorandum, dated May 20, 1991, discussing the factual background of the drainage repayment 
issues; the nature and magnitude of the expenditures involved as of September 30, 1990; some 
fundamental legal and policy con5ideralions; and recommended positions with respect to the 
various categories of expenditures. 

The Contractors • memorandum was originally developed in response to language included 
as part of the 1991 Appropriations Act Statement of Managers in 1990, which directed the 
Secretary of Interior to: 

... review the Department's repayment policies with respect to 
Kesterson and other drainage related costs wjth jpput from the 
Congress state and local agcpcies and the public and submit a 
report on this policy, no later than March 31, 1991 , to the 
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appropriate committees of the House and Senate. 
Recommendations on past and future allocations between Federal 
and non-Federal interests as well as recommendations on cost 
allocations between reimbursable and non-reimbursable functions 
shall be included in the report. (House Report 101-889). 
(Emphasis added). 

Other input was prepared as well, including recommendations of the San Joaquin Valley 
Drainage Program's Citizen's Advisory Committee. This federally appointed committee 
consisted of key representatives for urban, environmental and agricultural interests. These 
recommendations are further detailed in the attached memorandum 

Subsequent appropriations bills have continued to address the 'policy report. The Energy 
and Water Development Appropriations Bill, 1992 included, in part: 

.. . Kesterson Reservoir, California--The Committee awaits the 
report required by House Report 101-889 from the Secretary of the 
Interior on the Department's repayment policies with respect to 
Kesterson and other drainage related costs. No portion of 
Kesterson and other drainage related costs shall be recovered from 
non-Federal entities until a cost allocation formula has been 
established in accordance with this report. However, the 
appropriate non-Federal share of the funding included in this 
appropriation shall be rccoverej by the conclusion of Fiscal Year 
1992, pursuant to the recommended cost allocation formula. 
(House Report 102-'1??). 

Similar language was included in the 1993 and 1994 Appropriations Bills (House Report 
Nos. 102-555 and 103-135). 

The Department's work to develop the report has been affected by litigation involving 
drainage repayment issues. The litigation and related settlement discussions pertain to ~ 
Peck Ranch. Inc et al.. vs. Bureau of Reclamation. et a! , and Westlands Water District vs 
US Qeoartment of the Interior et al , (Case No CV-F-91-048 OWW in the United States 
District Court for the Eastern District of California) involving certain claims for drainage 
service, as well as the Kesterson Repayment dispute. On August 23, 1993, Westlands filed its 
Cross-Claim in this action to include that dispute in order to preserve its ability to litigate these 
issues in the future, if necessary. 

During the House Energy and Water Appropriations Hearings held on April 20, 1993, 
Congressman Vic Fazio asked several specific questions pertaining to the status of the requested 
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report and was advised by Acting Commissioner Larry Hancock that it was anticipated that a 
report would be submitted to Congress by the end of the year. During this questioning, it was 
further noted by Mr. Hancock that litigation involving drainage issues had complicated the 
development of a report, that the settlement discussions under way could have some impact on 
the cost allocation process, and that the Department wished to move cautiously on the report. 

Notwithstanding the Cross-Claim, Westlands recognizes that successful settlement of 
these drainage issues, including the Kesterson Repayment dispute, is in the best interests of its 
landowners and water users, and believes the United States would concur that its interests would 
be served as well, as is evidenced by the above referenced discussion between members of the 
Congress and Acting Commissioner Larry Hancock. 

Presented below, as a supplement updating the May 20, 1991 memorandum, is additional 
information relevant to the drainage repayment issue. 

Significant appropriation and expenditure activity has occurred on certain of the drainage 
activities since the preparation of the May 20 memorandum, which reflected activities through 
September 30, 1990. Kesterson monitoring and evaluation costs of $2.6 million and $1.4 
million were expended in fiscal years ended September 30, 1991, and September 30, 1992, 
respectively. The amounts of$2.8 million have been appropriated in each of the 1993 and 1994 
federal budgets as well. As discussed in the May 20, i 991 memorandum, these annual 
expenditures have not been for activities that are reimbursable under current law. 

Since September 30, 1990, an additional $2.3 million in capital expenditures relating to 
the construction of the San Luis Drain and Kesterson Reservoir have been placed into repayment 
status. The Contractors have been unable to determine the specific nature of these charges and 
question the propriety of continuing to place certain costs into repayment status for facilities 
which were never completed as required by the San Luis Act and which currently do not provide 
service to the water users. 

As of September 30, 1990, the amount of $1.2 million had been expended on the San 
Luis Unit Drainage Plan required by the~ Judgement. This amount has increased to 
$3.3 million through September 30, 1992. Westlands' rejected the draft Plan, claiming it failed 
to meet criteria established in that Judgement. This rejection was approved by the Court on May 
29, 1992. Again, costs which would be reimbursable if drainage service were provided cannot 
be placed into repayment status when no plan or facilities are in place, and no service is made 
available. 

The Contractors have reviewed the Inspector General's Report on the Department of the 
Interior Irrigation Drainage Programs (Report No. 93-1-1302) and are familiar with its 
recommendations. This report recognizes the need to develop repayment policies for both past 
and future drainage expenditures to assure fairness to both the United States and the anticipated 
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beneficiaries of the expenditures. The Contractors may have additional comments on some of 
the substantive content, but the general concepts pertaining to the need to resolve this issue are 
supported. 

In conclusion, various federal parties and Congress have acknowledged that development 
of a drainage repayment policy requires extensive thought and public input. The Contractors 
also encourage the Department to consider the information provided and take into account the 
need for the Department to maintain flexibility in resolving the drainage litigation referenced 
above as it prepares its report for the Congress. The Contractors look forward to working with 
you to accomplish these goals of developing logical and equitable solutions to these complex 
issues. 

Sincerely, Sincerely, 

Brian Ketelhut 
General Manager 
San Luis Water District 

Enclosure 

cc: Dan Beard 
Roger Patterson 

Sincerely, 

~4L/;_, 
Dennis Falaschi 
General Manager 
Panoche Water District 
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San Luis Water District 
BOARD OF DIRECTORS 

Jelft P. Sqou:ape -Paul Lindblom 
l' ..... /'nr ..... 

Edward Adtderiu. 
Evmtt Dye 

le~~MthGrod'xma 

OFFICERS 
)010pbW.Carlllcxi 
_,_ 

Roy Rodoai 
Tu.._ 

Chris Hurd 
T•• Cfllltnr1r 

Honorable Manuel Lujan 
Secretary of the Interior 
U.S. Department of Interior 
1849 C Street, NW 
Washington, DC 20240 

Dear Mr. Secretary: 

May 20, 1991 

947 Sixth Street I P.O. Box 2135 
L<» Banos. California 93635 

T dephone: (209) 826-4043 
Filx: (209) 826-0524 

MANAGEMENT 
DuidNekoa 
(~M__,., 

DnylcPtrry 
~.M•o 

MII')'L Thomu 
()frtn'M~/AW'.~J' 

CONSULTANTS 
Jm P. Telles, Jr. 

Linneman, Burp:ss. Tdb. 
Van Atta I. Vtem. 

llpiC.-1 

Summers 
EqineeriRJIDC. 
nwnn~ 

In the federal Fiscal Year (FY> 1990 Appropriations Act Statement of Managers, 
Congress directed the Secretary of Interior in part to: 

... review the Department's repayment policies with respect to 
Kesterson and other drainage related costs with input from the 
Congress. state and local agencies. and the public and submit a 
report on this policy, no later than March 31, 1991, to the appropriate 
committees of the House and Senate. Recommendations on past and 
future allocations between Federal and non-Federal interests as well 
as recommendations on cost allocations between reimbursable and 
non-reimbursable functions shall be included in the report. Pub.L. 
No. 101-514, 104 Stat. 2074, 2085 <1990>. <Emphasis addedl. 

The enclosed memorandum dated May 20, 1991, from the San Luis Unit Contractors 
(Panoche Water District, San Luis Water District, and Westlands Watet· District), 
discusses the factual background of the drainage repayment issues, the nature and 
magnitude of the expenditures involved, some fundamental legal and policy 
considerations, and recommended positions with respect to the various categories of 
expenditures. 

Based on the analysis, it is apparent that there are substantial drainage related 
costs which have not benefitted, nor ever "'ill be of benefit to, the water users. These 
costs should not be reimbursable by the San Luis Unit Contractors. The analysis is also 
helpful in determining the legitimate federal and nonfederalliability associated with a 
project not in service. 

On the other hand, consistent with the appt·oach of the Statement of Managers 
language, the Contractors are willing to discuss these principles in the context of the 
Kesterson situation to determine a logical and equitable resolution to these issues. 
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Honorable Manuel Lujan 
Page 2 
May 20,1991 

We hope this memoranjium will be helpful to the Department in the development 
of its Report to the Congress and that it will initiate a meaningful dialogue with respect 
to the Department's repayment policies. We're submitting this report in the spirit of the 
appropriations language and hope you will seriously consider our viewpoint during your 
deliberations. We look forward to working with you on this issue. 

Sincerely, 

~:els~ l_/_ 
General Manager 
San Luis Water District 

Enclosure 

cc: Commissioner Dennis Underwood 
Assistant Secretary John Sayre 
Solicitor Thomas L. Sansonetti 
Regional Solicitor John W. Burke III 

Sincerely, 

~''/·~-·[ 
Dennis Falaschi 
General Manager 
Panache Water District 



I. 

II. 

III. 

IV. 

196 

TABLE OF CONTENTS 

Executive Summary .. . .. . ...... . . . . . ... . ... . .. . ... . . .. .. . . . 

Overview of Issues and Summary of Conclusions ....... ... . .... . . . 

Chronology: Background Events .. .. ....... . . . . .... . . ...... ... . 

Background 

1 

4 

7 

10 

San Luis Unit Act . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

State Notification of Drain Construction . . . . . . . . . . . . . . . . . . . . . 10 

Bureau Definite Plan Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

Contractors' Long-Term Service Contracts . . . . . . . . . . . . . . . . . . . . 11 

Appropriations Acts Provisos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

State and Bureau Notification on Drain Construction . . . . . . . . . . . 13 

National Technical Advisory Committee Report . . . . . . . . . . . . . . . 13 

Drain Construction Begins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

Designation of Kesterson as a National Wildlife Refuge . . . . . . . . . 14 

State-of-the-Art Information on Drainage . . . . . . . . . . . . . . . . . . . . 14 

Drain Construction Halted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

Construction and Hookup of Westlands Collector Drains . . . . . . . . . 15 

Bureau Notifies Contractors of Drain Availability . . . . . . . . . . . . . . 15 

Bureau Studies for Drain Discharge Permit . . . . . . . . . . . . . . . . . . 15 

Drain Hookup Moratorium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 

Reclamation Reform Act . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 

Discovery of Selenium Contamination at Kesterson . . . . . . . . . . . . . 16 

San Joaquin Valley Drainage Program . . . . . . . . . . . . . . . . . . . . . . 16 

State Board Proceedings and Orders . ... .. ... . . . ...... .. . ·. . . 17 

Drain and Kesterson Closure; Westlands-Interior Agreement . . . . . 17 

Westlands Plugs Collector Drains . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

Barcellos Judgment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 

Interior Solicitor's Opinion of 1986 . . . . . . . . . . . . . . . . . . . . . . . . . 20 



197 

IV. Background (continued) 

v. 

Coordinated Operations Agreement . . . . . . . . . . . . . . . . . . . . . . . . . 20 

Bureau's Ratesetting Policy for the CVP . . . . . . . . . . . . . . . . . . . . . 21 

Interior Solicitor's Opinion of 1987 . . . . . . . . . . . . . . . . . . . . . . . . . 22 

Citizens Advisory Committee Policy Statement . . . . . . . . . . . . . . . . 23 

Kesterson Monitoring Budget Item . . . . . . . . . . . . . . . . . . . . . . . . . 24 

Drainage Program Followup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 

Appropriations Act Statement of Managers . . . . . . . . . . . . . . . . . . . 25 

Costs Expended to Date 

O&M Expenditures 

26 

26 

Capital Expenditures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

VI. Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 



198 

EXECUTIVE SUMMARY 

The issue of nonfederal liability for costs associated with the Kesterson Reservoir, 
San Luis Drain, and other drainage-related expenditures has not been resolved. 
Despite the millions of dollars that have been expended to date, the U.S. Bureau of 
Reclamation ("Bureau") has not indicated yet from whom those costs might be collected, 
if at all. This greatly concerns the Contractors of the Central Valley Project's ("CVP"l 
San Luis Unit. This problem is compounded by the fact that the Bureau still has no 
final plan for correcting drainage problems. 

The major expenditures in question fall into two basic categories and are for the 
following activities: 

O&M Expenditures 

1. Kesterson Monitoring and Related Activities - The Bureau has earmarked 
<and characterized) $2.8 million for federal Fiscal Year 1990-91, and about the 
same amount in the proposed 1991-92 Budget, for ongoing monitoring and 
evaluation of the Kesterson contamination and the efforts to clean it up. 

Capital Expenditures 

2. San Luis Drain and Kesterson Construction - $40 million when construction 
was halted in 1985 and ongoing operation and maintenance costs. 

3. Kesterson Cleanup Plan - $26.5 million as of September 30, 1990, for Bureau 
expenditures as required by a State Water Resources Control Board order 
and agreed to by the Bureau. 

4. Kesterson Mitigation - An unspecified amount. These expenditures cover the 
Bureau's purchase of land that will replace wildlife habitat no longer 
available at Kesterson, plus costs associated with maintaining that acreage 
and securing a water supply. 

5. San Joaquin Valley Drainage Program - $54.5 million as of September 30, 
1990, for the Bureau's share of the federal-state program to study and 
investigate the causes of and potential solutions to San Joaquin Valley 
drainage problems. 

6. Bureau Drainage Plan - $1 million as of September 30, 1990, for preparation 
of a Drainage Plan for the San Luis Unit as required by the Barcellos 
Judgment in the litigation involving Westlands and the United States. 

The concern as to who would be asked to pay these costs was heightened last year 
when the Bureau included $2.8 million for costs of Kesterson monitoring and related 
activities in the Fiscal Year 1991 Operations and Maintenance <O&Ml budget, rather 
than deferring those costs, consistent with its historical policy, in a construction-in­
progress account. 

1 
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The issue subsequently was brought to the attention of the Congress. In a House 
Conference Report accompanying the Energy and Water Development Appropriations 
Act of 1991, the Secretary of Interior was directed to review the Interior's repayment 
policies with respect to Kesterson and other drainage-related costs. Additionally, a 
report was to be submitted on March 31, 1991, with recommendations on past and future 
allocations between federal and nonfederal interests, as well as on cost allocations 
between reimbursable and nonreimbursable functions. The Secretary was unable to 
complete the report by the deadline. 

The factual background and legal and policy analyses require several conclusions. 

First, Kesterson monitoring expenditures are not O&M costs which are reimbursable by 
the Contractors and their water users. This is because they are neither (1) being made 
to operate and maintain Bureau facilities effectively as a going concern for the purpose 
for which they were designed, nor (2) are they being made to overcome adverse effects 
resulting from the normal operations of completed facilities which were originally well 
constructed in accordance with existing obligations. 

Second, significant portion of the drainage-related costs are nonreimbursable because 
(1) they were general and investigative in nature; and (2) there are no drainage service 
facilities in operation so, therefore, no benefits are being received by the Contractors. 
The facilities are not in operation because of the Secretary's unilateral decision to 
close them. Equally important, the costs cannot be attributable to facilities which are 
capable of providing drainage service. To require payment where there is no benefit 
is contrary to basic Reclamation law principles and the terms of the Contractors water 
service contracts. 

Third, any costs potentially attributable to the Contractors because of their 
relationship to drainage service facilities which ultimately can be constructed should be 
deferred in a construction-in-progress account until such time that the facilities are 
operable and drainage service is provided. 

Fourth, Kesterson cleanup expenditures should be non-reimbursable and not 
included in the construction component of rates for service at any time. They were made 
to correct environmental problems caused by the Bureau's failure to complete the San 
Luis Drain to the Delta as authorized by the 1960 San Luis Act and contemplated by 
the Contractors' water service contracts. The expenditures have not contributed in any 
way to project facilities or activities that would provide drainage service for the 
Contractors and their water users. 

Fifth, expenditures by the Bureau to purchase mitigation lands for wildlife in lieu 
of Kesterson Reservoir and thereafter to maintain them for that purpose, including 
purchase of an annual water supply, should not be attributed to San Luis Unit costs and, 
thus, should not be reimbursable by the Contractors or their water users. Kesterson was 
built pursuant to the 1960 San Luis Act as an element of the Drain to regulate the flow 
of drainage water, not as a wildlife refuge. The Bureau's failure to complete the Drain 
to a terminal point in the Delta and its use of Kesterson as the Drain terminus caused 
the build up of drainage waters that led to Kesterson's closure. Moreover, the 
Contractors derived no benefits from the use of Kesterson as a wildlife refuge that 
would justify any obligation to reimburse mitigation costs in the O&M, cost-of-service, 
or full cost water rates payable by the water users. 

2 
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In addition to its critical importance to the San Luis Unit Contractors, the 
resolution of these repayment issues is likely to serve as precedent concerning federal 
action to correct irrigation-induced contamination at other sites throughout the West. 

3 
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II. 

OVERVIEW OF ISSUES AND SUMMARY OF CONCLUSIONS 

The issue of nonfederal liability, if any, for costs of (1) Kesterson monitoring and 
related activities, ($2.8 million in 1991), (2) construction of the Kesterson Reservoir and 
San Luis Drain ($40 million), <3> the Kesterson Cleanup Plan ($26.5 million), !4) the San 
Joaquin Valley Drainage Program ("SJVDP") ($54.5 million), and (5) the U.S. Bureau of 
Reclamation's implementation of a drainage plan for the San Luis Unit ($1 million to 
date) has not been resolved. 

The San Luis Unit Contractors ("Contractors") would like to resolve the issue. The 
Contractors include Panoche Water District ("Panoche"), San Luis Water District 
("SLWD"), and Westlands Water District ("Westlands'"). 

The $2.8 million in Kesterson monitoring costs were included in the Bureau's O&M 
budget for 1991 as part of the total $221,516,000 for all Bureau project O&M costs. 
Those costs, along with funds for all other Bureau activities, were appropriated by the 
Energy and Water Development Appropriations Act of 1991. The Statement of Managers 
accompanying the Act directs the Secretary of Interior in part to: 

... review the Department's repayment policies with respect to 
Kesterson and other drainage related costs with input from the 
Congress, state and local agencies. and the public and submit a 
report on this policy, no later than March 31, 1991, to the 
appropriate committees of the House and Senate. 
Recommendations on past and future allocations between Federal 
and non-Federal interests as well as recommendations on cost 
allocations between reimbursable and nonreimbursable functions 
shall be included in the report. Pub.L. No. 101-514, 104 Stat. 2074, 
2085 <1990). (Emphasis added). 

The inclusion of Kesterson monitoring costs as an O&M obligation, as outlined in 
the Bureau's request for appropriations, is even more significant because it abandons 
80 years of Bureau practice. Further, the ultimate outcome of the repayment issue may 
establish a precedent for the Bureau's actions at other sites throughout the West that 
have irrigation-induced contamination problems. The decision could be precedential 
in terms of what repayment may be required for correcting such problems and what 
portion of the costs will be federally funded. 

The following is a summary of the conclusions based upon the factual background 
and analyses which follow. 

Kesterson monitoring expenditures are not O&M costs that are reimbursable by 
the Contractors and their water users. The reason is that they are not O&M costs as 
defined by federal court decisions. Under these decisions, for expenditures to be 
reimbursable O&M costs they must meet one of two tests: They must have been made 
to operate and maintain Bureau facilities effectively as a going concern to the end for 
which they were designed; or they must have been made to overcome injurious effects 
resulting from the normal and ordinary operation of completed facilities that were 
originally well constructed in accordance with the relevant statutory and contractual 
obligations. The Kesterson monitoring expenditures meet neither test because the San 
Luis Drain and Kesterson Reservoir which were not operational facilities when the 

4 



202 

expenditures were made and which were never completed in accordance with relevant 
statutory and contractual obligations. 

The costs of constructing a portion of the San Luis Drain and Kesterson Reservoir 
should not be included at this time in the San Luis Unit Plan-in-Service Account for 
reimbursement by the Contractors' water users with cost-of-service and full cost rates 
for water service. These facilities are not in operation because of the unilateral 
decision of the Secretary to close them. The costs cannot be attributed to a system that 
is capable of providing drainage service to the Contractors. Under federal Reclamation 
law, putting the construction cost of facilities in a Plan-in-Service Account for 
reimbursement is based upon the fundamental premise that the facilities have been 
completed and are providing the intended service. The very term "cost-of-service" 
denotes an assumption that service is being provided. 

Contracts between the United States and Reclamation project beneficiaries under 
Reclamation law establish "debtor-creditor" relationships in which payment is expected 
for project benefits. To require payment when there is no benefit is contrary to basic 
Reclamation law principles and the terms of the contracts. Therefore, the construction 
costs of the Drain and Kesterson should be held in the San Luis Unit Construction-in­
Progress Account until it can be determined whether they ultimately contribute to the 
provision of drainage service to the Contractors. Further, as noted above, it follows 
that any ongoing operation and maintenance expenditures related to the Drain and 
Kesterson, should not be included as reimbursable O&M costs. 

The other expenditures in question have not yet been included by the Bureau as 
components of rates for service presently required to be paid by the Contractors and 
their water users. Decisions about the inclusion of any of these costs, which may be 
reimbursable, should be deferred by the Bureau until facilities to provide dr3inage 
service are completed and it becomes time to transfer appropriate construction costs 
into the San Luis Unit Plan-in-Service Account for inclusion in the capital cost 
component of rates for service. 

Of these expenditures, a significant portion of the SJVDP expenditures should be 
nonreimbursable. The reason is that they were made to investigate drainage problems 
of the entire western San Joaquin Valley, and perhaps other parts of the country as 
well, and not simply problems of the San Luis Unit. Federal statutes provide that 
expenditures for general engineering and research studies or for area-wide or basin­
wide investigations, as contrasted with investigation expenditures for a particular 
project, are nonreimbursable. 

Kesterson cleanup expenditures also should be nonreimbursable and not included 
in the construction component of rates for service at any time. The reason is that they 
were made to correct environmental problems caused by Bureau failure to complete 
the San Luis Drain to the Delta as authorized by the 1960 San Luis Act and 
contemplated by the Contractors' water service contracts. The expenditures have not 
contributed in any way to project facilities or activities that would provide drainage 
servi~e for the Contractors and their water users. 

Expenditures by the Bureau to purchase mitigation lands for wildlife in lieu of 
Kesterson Reservoir and thereafter to maintain them for that purpose, including 
purchase of an annual water supply, should not be attributed to San Luis Unit costs 
and, thus , should not be reimbursable by the Contractors or their water users. 
Kesterson was built pursuant to the 1960 San Luis Act as an element of the Drain to 
regulate the flow of drainage water, not as a wildlife refuge. The Bureau's failure to 
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complete the Drain to a terminal point in the Delta and its use of Kesterson as the 
Drain terminus caused the build up of drainage waters that led to Kesterson's closure. 
Moreover, the Contractors derived no benefits from the use of Kesterson as a wildlife 
refuge that would justify any obligation to reimburse mitigation costs in the O&M, cost­
of-service or full cost water rates payable by their water users. 

The expenditures for preparing the Drainage Plan required by the Barcellos 
Judgment between Westlands and the U.S. might turn out to be reimbursable, if the 
plan is developed and implemented in the future by the construction of facilities that 
provide needed drainage service to the Contractors and their water users. 

6 



III. 

CHRONOLOGY: BACKGROUND OF EVENTS 

1960 San Luis Unit Act of June 3, 1960, authorized the Unit as part of the 
CVP. 

1961 The State of California notified the Department of Interior that it 
would not provide a master drain. 

1962 Bureau's Definite Plan Report of December 12,1962, included analysis 
of drainage discharges into the western Delta and the timing and 
rates of discharge from the Kesterson Reservoir. 

1963 and 1974 In 1963, the Bureau executed a long-term water service contract with 
Westlands, which will expire in 2008. The 1955 Contract between 
Panoche and the Bureau was superseded by the 1974 water service 
contract, which also will expire in 2008. The 1959 Contract between 
San Luis Water District and the Bureau likewise was superseded by 
a 1974 water service contract, and will expire in 2008, as well. 

1965 The Public Works Appropriations Act of October 28, 1965, and 
subsequent appropriations acts, provided for the completion of water 
quality compliance studies before providing a Delta terminus for the 
Drain. 

1967 The State of California again notified the Bureau that it would not 
build a drain. Later, the Bureau Commissioner testified before a 
House Appropriations Subcommittee that it would build the drain and 
an unnamed regulating reservoir, which later became Kesterson. 

1968 A report of the National Technical Advisory Committee on Water 
Quality Criteria was totally silent regarding selenium or the potential 
for any selenium toxicity in drainage waters and in fish , other aquatic 
life. and wildlife. 

1968 Drain construction commenced and later included Kesterson 
Reservoir construction. 

1970 The Bureau, in cooperation with the U.S. Fish and Wildlife Service, 
designated Kesterson as a National Wildlife Refuge to increase San 
Joaquin Valley waterfowl habitat, knowing the only reliable water 
supply would be agricultural drainage water. 

1972-1980 The Bureau's Environmental Impact Statement for the Drain made no 
mention of any investigations regarding the potential for toxic 
elements or nonmetallic elements such as selenium. Additional 
Bureau land classification reports did not contain any information in 
regard to the potential for leaching selenium from irrigated lands. 

1975 Construction of the Drain was halted at Kesterson when the Drain 
was only 40 percent complete to the Delta and the Kesterson ponds 
were only 21 percent complete. 

7 
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Beginning in 1978 through 1982, collector drains were installed within 
about 42,000 acres in Westlands and connected to the drain. Also, 
about 5,000 acres of grower-funded subsurface on-farm drainage 
systems were connected to t11e collector system. 

The Bureau notified the Contractors that the Drain was available for 
service. 

The Bureau renewed studies for a Drain discharge permit. 

The Bureau imposed a moratorium on all collector Drain hookups 
because of limited capacity at Kesterson. 

Congress enacted the Reclamation Reform Act to change the acreage 
limitations provisions and increased the water rates t'l be charged 
according to the amount of land held in a landholding. 

Federal biologists discovered selenium contamination at Kesterson. 

The federal-state San Joaquin Valley Drainage Program was formed 
to investigate drainage and drainage-related problems and to identify 
possible solutions in the western San Joaquin Valley. 

The State Water Resources Control Board issued a Cleanup and 
Abatement Order to the Bureau prohibiting further discharges into 
Kesterson and requiring the Bureau to formulate a cleanup plan for 
Kesterson. 

On March 15, 1985, the Secretary announced the closure of Kesterson 
Reservoir, the discontinuance of drainage service, and the termination 
of delivery of irrigation water to the lands which drain into the 
reservoir. Westlands and the Bureau agreed on April 3, 1985, to defer 
the discontinuance of drainage service for a year to allow Westlands 
to find alternatives to the Drain, including plugging the drains if 
there were no other alternatives, and to continue the delivery of 
irrigation water to the affected area of Westlands. 

Westlands' collector drains were plugged and the San Luis Drain and 
Kesterson Reservoir were closed. 

The stipulated judgment in the Barcellos case described the 
conditions under which the San Luis Drain or alternative drainage 
service facilities providing drainage service to Westlands are to be 
completed by the Bureau and paid for in part by Westlands. 

The Department of Interior's · Solicitor concluded in his 
Opinion M-36901 that the Secretary had many options available to 
implement the San Luis Unit legislation, including the drain, and 
affirmed the Secretary·s authority to finance the drain's construction 
under the indexable cost ceiling provided in the 1960 Act. 

The Coordinated Operations Agreement was enacted, mandating the 
determination of individual contractor repayment of deficit balances, 
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and providing for interest to be calculated on O&M deficits accruing 
on or after October 1, 1985. 

The Bureau published the Irrigation Ratesetting Policy for the 
Central Valley Program <CVP) to establish the basis for rates of 
payment of water service from contracting districts and their water 
users sufficient to eliminate deficits created over the years by the 
type of fixed rate contracts that the Contractors <along with all other 
CVP contractors> had executed. 

The Solicitor issued another opinion that concluded the Secretary was 
authorized to finance San Joaquin Valley Drainage Program activities 
relating to the ultimate resolution of San Luis Unit drainage 
problems through provisions in the 1960 Act. 

The San Joaquin Valley Drainage Program's Citizens Advisory 
Committee issued a statement that said the principal responsibility 
of the Kesterson cleanup should be borne by the Bureau without 
reimbursement from the water users, and the costs of the program 
should be distributed equitably among the beneficiaries of the 
program. 

The Bureau's proposed fiscal year 1991 O&M budget included $2.8 
million for Kesterson monitoring and expenditures. 

While the San Joaquin Valley Drainage Program officially ended in 
1990, a follow-up program has started and the source of funding is 
unknown. 

The Statement of Managers accompanying the Energy and Water 
Development Appropriations Act of 1991 directed the Bureau to 
review its repayment policies with respect to Kesterson and other 
drainage-related costs and to submit a report on this policy. The 
report is to include recommendations on past and future allocations 
between federal and nonfederal liability. 

9 
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IV. 

BACKGROUND 

1. 1960 San Luis Unit Act 

The San Luis Unit of the CVP, by which the Bureau provides water service to 
the Contractors, was authorized by the San Luis Unit Act of June 3, 1960 ("1960 San Luis 
Act1, Pub.L. No. 86488, 74 Stat. 156. The Act provided, among other things, for 
construction of the " ... San Luis interceptor Drain to the Delta designed to meet the 
drainage requirements of the San Luis Unit as generally outlined in the report of the 
Department of the Interior, entitled San Luis Unit, CVP, dated December 17, 1956." Id. 
at Section l(a). Construction of the interceptor drain (also referred to herein as the 
"San Luis Drain" or "the Drain") by the Bureau was to be provided for if the State of 
California did not provide a master drain for the San Joaquin Valley. Id. 

Section 8 of the 1960 San Luis Act authorized appropriations in pertinent part 
as follows: 

There is hereby authorized to be appropriated for 
construction of the works of the San Luis unit, including 
joint-use facilities, authorized by this Act, other than 
distribution systems and drains, the sum of$290,430,000, plus 
such additional amount, if any, as may be required by reason 
of changes in costs of construction of the types involved in 
the San Luis unit as shown by engineering indexes 
["indexable cost ceiling"]. . .. There are also authorized to be 
appropriated, in addition thereto, such amounts as are 
required (a) for construction of such distribution systems and 
drains as are not constructed by local interests, but not to 
exceed in total cost the sum of $192,650,000 and (b) for 
operation and maintenance of the unit .... .1!!. 

2. 1961 State and Department of the Interior Notification Regarding Drain 
Construction 

In 1961, the Director of the California Department of Water Resources CDWR") 
notified the Bureau that the state would not provide a master drain and the Bureau 
should proceed with construction of the Drain to serve the San Luis Unit only. In that 
same year, the Secretary of the Interior ("Secretary") notified Congress that provision 
had been made for constructing the interceptor Drain. 

3. 1962 Bureau Definite Plan Report of December 12 

Commencing with the Interior Appropriations Acts of July 9, 1952, <66 Stat. 45ll 
and July 31, 1953, (67 Stat. 266), Congress specifically required a land classification or 
soil survey for new irrigation projects. The 1953 language provided, in part: 

... the Secretary shall certify to the Congress that an adequate soil 
survey and land classification has been made and that the lands to 
be irrigated are susceptible to the production of agricultural crops 
by means of irrigation or that the successful irrigability of those 
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lands and their susceptibility to sustained production of agricultural 
crops by means of irrigation has been demonstrated in practice . .. 

Bureau manuals and instructions on land classification issued from time 
to time over the next 15 years included little, if any, guidance as to the 
closely related subject of drainage and the effects of drainage effiuent on 
downstream resources. In the Bureau Definite Plan Report of 
December 12, 1962, analyses of drainage dealt with discharges into the 
western Delta and concerned the timing and rates of discharge from the 
Kesterson Regulating Reservoir. 

4. 1963 and 1974 Contractors' Long-Term Contracts for Water and Drainage Service 

Westlands Water District. On June 5, 1963, the Bureau and Westlands executed 
a long-term contract for water service and drainage service from the San Luis Unit 
("1963 Contract"). In the explanatory recitals, the contract states in part as follows: 

WHEREAS, the United States is providing an 
interceptor drain designed to meet the drainage 
requirements of the San Luis Unit of the Federal CVP; 
and 

WHEREAS, the District desires to contract, 
pursuant to the Federal Reclamation laws and the laws 
of the State of California, for the furnishing by the 
United States of a supplemental water supply from the 
Project and for drainage service by means of the 
interceptor drain for which the District will make 
payment to the United States upon the basis, at the rate, 
and pursuant to the conditions hereinafter set forth .. .. 

The 1963 Contract defines the "interceptor drain" in Paragraph l(d) as follows: 

The physical works constructed by the United 
States pursuant generally to the Act of June 3, 1960 <74 
Stat. 156) in order to meet the drainage requirements of 
the area served by the San Luis Unit which have been 
calculated to be 150,000 acre-feet per year at a maximum 
rate of flow of 250 cfs [cubic feet per second]. Such 
physical works shall not include those facilities 
necessary for the collection, conveyance, and discharge 
of drain water for disposal by the interceptor drain. 
<Emphasis added). 

Paragraph 6(a) of the contract states the payment rate for drainage service and 
provides for notice of the Drain's availability for service, as follows: 

Before December 15 of each year the Contracting 
Officer shall notify the District in writing of the rate of 
payment to be made by the District for water which the 
District is required to accept and pay for during the 
ensuing year pursuant to the provisions of Article 3 
hereof. The rate so announced may not be in excess of 
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Eight Dollars ($8} per acre-foot and shall include a 
drainage service component of not to exceed Fifty Cents 
($.50} for the interceptor drain and a water service 
component of not to exceed Seven Dollars and Fifty 
Cents <$7.50}. The United States shall notify the District 
in writing when the interceptor drain becomes available 
for service. The drainage service component shall be 
included in the rate of payment beginning with the year 
following the date the District is notified that such 
service is available. <Emphasis added}. 

The 1963 Contract will expire in the year 2008. 

Panoche Water District The Bureau and Panoche entered into an initial 
contract in 1955, prior to authorization of the San Luis Unit. This contract was 
superseded by a 1974 long-term contract for water service and drainage service from 
the San Luis Unit and water service from the Delta-Mendota Canal ("Panoche 1974 
Contract"). Paragraphs l(d}, 4(a}, and 7CaX3> of the Panoche 1974 Contract define "San 
Luis Drain," specifY provisions for notice of availability of drainage service and specify 
a drainage service rate of $0.50 per acre-foot of San Luis Unit water furnished. Later 
contract amendments in 1986 and 1988 did not change those provisions or supersede 
them. The Panoche 1974 Contract will expire in the year 2008. 

San Luis Water District The Bureau and SLWD entered into an initial contract 
in 1959, also prior to authorization of the San Luis Unit. This contract was superseded 
by a 1974 long-term contract for water service and drainage service from the San Luis 
Unit C"SLWD 1974 Contract"}. Paragraphs l(e), 4<al, . and 7<aX3) are the same as 
paragraphs 1(d), 4(a) and 7CaX3l in the Panoche 1974 Contract. Later contract 
amendments in 1986 did not change or supersede those provisions. The SLWD 1974 
Contract also will expire in the year 2008. 

The provisions regarding the drain, its availability for service and the payment 
rate therefore are virtually identical in all three Contractors' contracts for water and 
drainage service. Each of the contracts was executed pursuant to Section 9<e) of the 
Reclamation Project Act of 1939 ("1939 Act"). 43 U.S.C. § 485h(e). No provision is made 
in any of them for payment for drainage service in the event that the Drain is not 
available for service or is removed from service. 

5. 1965 and Subsequent Appropriations Acts Provisos 

The Public Works Appropriations Act of October 28, 1965, Pub.L. No. 89-299, 79 
Stat. 1096, includes the following provisos: 

[San Luis interceptor drain--Conditions--Terminal 
point.l--Provided further, That the final point of 
discharge for the interceptor drain for the San Luis unit 
shall not be determined until (1) completion of a 
pollution study by the Department of Health, Education, 
and Welfare, (2) development of a plan to minimize any 
detrimental effect of the San Luis drainage waters on 
San Francisco Bay, and (3) agreement is reached by the 
Secretary with the State of California, subject to the 
approval of the President, limiting the Federal share of 
the costs of the drain to Antioch to not more than 60 per 
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centum thereof, and if found necessary to extend the 
drain beyond Antioch, the Federal share of such 
extension shall be determined on the basis of an 
equitable apportionment of the additional costs between 
the Federal Government and the non-Federal entities 
who are to use the facilities: Provided further, That no 
funds shall be made available under this appropriation 
for the construction in Contra Costa County, California, 
of any portion of the interceptor drain in connection 
with the San Luis unit which terminates at any point 
east of Port Chicago. 79 Stat. 1101. 

Subsequent appropriations acts altered the language, but set forth essentially 
the same requirement for completion of studies and plans for water quality compliance 
prior to providing a terminus for the interceptor Drain to the Delta. 

6. 1967 State and Bureau Notifications Regarding Drain Construction 

In 1967, the State of California notified the Bureau that, having reconsidered 
State construction of a master drain, it again decided not to build it and that the 
Bureau should proceed with construction of the San Luis Drain. In the same year, the 
Commissioner of Reclamation testified before a House Appropriations Subcommittee 
that the state had withdrawn and that the San Luis Drain, including an unnamed 
regulating reservoir (which later became Kesterson Reservoir), would be constructed 
by the Bureau to provide drainage service for the San Luis Unit. 

7. 1968 Report of the National Technical Advisory Committee on Water Quality 
Criteria to the FWPCA 

On April 1, 1968, the "Report of the Committee·· from the National Technical 
Advisory Committee on Water Quality Criteria to the Federal Water Pollution Control 
Administration C'FWPCA"), an agency in the Department of Interior, was published. 
The Section of the report dealing with agriculture reflects the state-of-the-art 
information concerning selenium in land drainage waters by being totally silent 
regarding selenium or the potential for any selenium toxicity. Similarly, the section 
concerning fish, other aquatic life, and wildlife is sileRt regarding selenium. 

8. 1968 Commencement of Drain Construction and Intended Drain Service 

In 1968, the Bureau awarded the first construction contract for the San Luis 
Drain. Construction plans included the channel of the Drain and Kesterson Reservoir. 
The Drain was designed to convey up to 150,000 acre-feet per year o{ saline subsurface 
drainage water from the San Luis Unit service area to the Delta near Antioch, 
approximately 125 miles north of the San Luis Unit service area. The Drain was 
needed to serve about 300,000 acres in Westlands, 38,000 acres in Panache, and 
approximately 10,000 acres in SLWD, but only the first drainage construction contract 
was awarded and the area to be served was limited to approximately 42,000 acres in 
the northeast corner of Westlands. 

At the time the Drain was constructed, it was anticipated that the Bureau would 
contract with other users for the drain. The Drain was built with capacity to serve 
other federal water users outside of the San Luis Unit service area. The Drain, even 
after the State of California dropped from the process, was intended to serve lands 
elsewhere in the San Joaquin Valley, not just the San Luis Unit. 
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Section 5 of the San Luis Act permits the use of the Drain by other " . . . parties 
under contracts the terms of which are as nearly similar as is practicable to those 
required by the Federal Reclamation laws in the case of irrigation repayment or 
service contracts .. . : 

In 1978, Public Law 95-46 required a Special Task Force Report on the San Luis 
Unit. The Task Force was authorized to review the management, organization, and 
operations of the San Luis Unit to determine the extent to which it conformed to the 
purposes and intent of the 1960 Act and the Act of June 17, 1902, (32 Stat. 388). 

In its report, the Task Force also referenced Section 5 of the 1960 Act as 
permitting the use of the Drain by others. The report states: 

"If and when drajnage service is requested by other 
parties. it appears that the Secretary can contract 
separately with these other parties under similar terms 
used under Reclamation law." <Special Task Foree Report 
on San Luis Unit, Central Valley Project, California, 
Public Law 9446, pp. 15). 

Kesterson Reservoir, located approximately 60 miles north of Mendota, was 
designed by the Bureau as a series of ponds to cover 4,500 surface acres. It was 
Intended to be operated as a regulating reservoir controlling the flow of drainage water 
into the Delta upon completion of the remainder of the drain. However, it never 
became a regulating reservoir because the Drain was never extended beyond 
Kesterson. Instead, the Bureau operated Kesterson as a site for disposal by 
evaporation and percolation of the salty drainage water conveyed by the San Luis 
Drain. As the water evaporated, the concentration of salts in the reservoir increased. 

9. 1970 Designation of Kesterson as a National Wildlife Refuge 

In 1970, the Bureau in cooperation with the U.S. Fish and Wildlife Service 
("FWS") designated Kesterson Reservoir as a National Wildlife Refuge to increase San 
Joaquin Valley waterfowl habitat. At that time, these agencies knew that the only 
reliable permanent water supply for the refuge would be drainage water conveyed by 
the San Luis Drain. The FWS indicated no cause for concern about the quality of 
drainage waters, nor about selenium contained therein. Contractors of the San Luis 
Unit were not parties to the decision to designate the reservoir as a refuge. 

10. 1972-1980 State-of-the-Art Information Concerning Drainage 

The Bureau's Environmental Impact Statement ("EIS"J for the San Luis Drain 
dated October 4, 1972, discussed drainage return flows from irrigation as follows: 

The salts in the subsurface agricultural drain flows will 
be principally those of the applied irrigation water that 
remain after evapotranspiration by the growing crops. 

Previous concerns regarding the possible adverse effects 
of pesticides and herbicides have been dispelled by 
analyses which show that the concentrations of these 
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toxic elements in subsurface agricultural drain flows is so 
low as to be practically nonexistent 

Except for boron, no mention is made of any investigations regarding the 
potential for toxic elements such as the heavy metals or nonmetallic elements such as 
selenium. 

The Task Force Report on the San Luis Unit of 1978 addresses drainage by 
discussing the salt management problem in the San Joaquin Valley, the chronology of 
events in the evolution of the San Luis Drain, and the environmental impacts of 
disposal of drainage water. It states that 

Pollutants expected in the drainage water ... include: 
dissolved solids such as salts of sodium, calcium, and 
magnesium; nitrates; sulphates; suspended solids; and 
trace elements, such as boron. 

No mention is made of selenium in the Task Force Report, nor do the Bureau's 
manual on land classification revisions of September 30 and November 10, 1982, contain 
any information in regard to the potential for leaching selenium from irrigated lands. 

11. 1975 Drain Construction Halted 

Construction of the San Luis Drain was halted at Kesterson in 1975 when it was 
only 40 percent complete to the Delta and the Kesterson Reservoir ponds were only 21 
percent complete. The cost of these facilities amounted to approximately $40 million 
at the close of Fiscal Year 1975. An outlet to the Delta never was constructed and the 
Drain terminated at Kesterson. 

12. 1978 - 1981 Construction and Hookup of Westlands Collector Drains to San Luis 
Drain 

.Beginning in 1978 and continuing to 1981, collector drains were installed within 
about 42,000 acres in the northeast corner of Westlands and connected to the San Luis 
Drain. The 42,000 acres is only a portion of the total area of Westlands that the Drain 
was designed to serve. Within the 42,000 acres, only about 5,000 acres of grower-funded 
subsurface, on-farm drainage systems were allowed to be installed and connected to 
the collector system. No other collector drains were ever connected to the San Luis 
Drain in any of the Contractors' territories. 

13. 1979 Bureau Notification of Drain Availability 

In 1979, the Bureau notified the Contractors that the Drain was available for 
service. Each of them began paying the $0.50 per acre-foot drainage service charge 
pursuant to their water service contracts beginning January 1, 1980. 

14. 1980 Studies for Drain Discharge Permit 

In 1980, the Bureau renewed technical studies needed to obtain a discharge 
permit from the State Water Resources Control Board ("SWRCB") for the San Luis Drain 
to discharge drainage effiuent near Chipps Island in the western Delta. 
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15. 1981 Drain Hookup Moratorium 

In 1981, the Bureau told the Contractors that completion of the San Luis Drain 
to the Delta would be required before any additional drainage effluent could be 
accepted. The Bureau imposed a moratorium on all on-farm drain hookups in 1981 
because of the limited capacity of Kesterson Reservoir. That capacity was being 
utilized to accommodate drainage from 5,000 acres in Westlands that had grower­
financed on-farm drainage systems, as well as some portion of the remaining land 
within the 42,000-acre area which received some limited benefit because of the 
existence of the drainage collector system. The remainder of Westlands and all of 
Panoche and SLWD thus were prohibited by the Bureau from receiving any drainage 
service from the San Luis Unit. 

16. 1982 Reclamation Reform Act 

In 1982, Congress enacted the Reclamation Reform Act ("1982 Act"') to change the 
acreage limitation provisions under which Reclamation project beneficiaries could 
receive water and to change the basis for calculating water rates. 43 U.S.C. §§ 390cc, et 
seq. The 1982 Act mandated increased water rates, according to the amount of land 
held in a landholding, to reflect O&M or full cost pricing. 

17. 1983 Discovery of Selenium Contamination at Kesterson 

In 1983, FWS biologists discovered waterfowl mortalities and deformities at 
Kesterson Reservoir. Subsequently, the Bureau took action to minimize waterfowl 
attraction to Kesterson by reducing the number of ponds, providing additional water 
deliveries to neighboring wetland areas, and starting hazing activities intended to 
discourage waterfowl from using Kesterson as a refuge. 

18. 1984 San Joaquin Valley Drainage Program 

In 1984, the SJVDP was established as a cooperative state and federal effort to 
investigate drainage and drainage-related problems and to identify possible solutions 
in the western San Joaquin Valley. All federal funding for U.S. Geological Survey 
("USGS"), FWS, and Bureau work came through the Bureau. The Bureau spent a total 
of approximately $54.5 million on the SJVDP. The SJVDP activities resulted in a plan 
and recommendations for managing those problems for the period from 1990 to 2040, 
as set forth in a report entitled "A Management Plan for Agricultural Subsurface 
Drainage and Related Problems on the Westside San Joaquin Valley," dated September 
1990. The management plan is described in the SJVDP report is as follows: 

The recommended plan, which is regional in both scope 
and detail, takes account of uncertainties in information. 
The plan is not site-specific. and. without more detailed 
analysis. it is not a plan from which structures mav be 
built. Rather, it should be considered as a framework 
that will permit the present level of agricultural 
development in the valley to continue, while protecting 
fish and wildlife and helping to restore their habitat to 
levels existing before direct impact by contaminated 
drainage water . ...!J!. p.l. <Emphasis added). · 
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19. 1984 - 1989 SWRCB Proceedings and Orders 

In 1984, Robert James Claus petitioned the Central Valley Regional Water 
Quality Control Board ("Regional Board"') to take enforcement actions against the 
Bureau and others regarding the discharge of agricultural drainage flows at Kesterson. 
After the Regional Board denied the petition, the SWRCB reviewed the denial and 
conducted an evidentiary hearing. In Order No. WQ 85-1, dated February 2, 1985, it 
held that the drainage flows created a hazardous condition and issued a Cleanup and 
Abatement Order ("CAO") to the Bureau. 

The CAO required the Bureau to submit revised reports of waste discharge for 
Kesterson Reservoir and to undertake remedial measures. CAO at p.3. It prohibited 
further discharges into Kesterson and required the Bureau to formulate a Kesterson 
Cleanup Plan. Id. at p.4. Over the next few years, the SWRCB issued a series of 
revised cleanup orders culminating in Order No. WQ 89-16, dated September 21, 1989, 
which approved a fmal Cleanup Plan. 

The approximately $26.5 million spent by the Bureau as of September 30, 1990, 
for development and implementation of the Kesterson Cleanup Plan approved by the 
SWRCB in Order No. WQ 89-16, includes the costs of two activities completed prior to 
the approval: cessation of drainage water discharges into Kesterson and filling of low 
spots in Kesterson to prevent the formation of ephemeral pools and to minimize surface 
ponding. 

The three ongoing activities of the plan are active site management, continued 
monitoring, and continued research. 

20. 1985 Department of the Interior Announcement of Closure of Drain and 
Kesterson and Westlands - Interior Agreement 

On March 14, 1985, the Secretary was advised by the Department of the Interior's 
Solicitor that, because the hazing program was not entirely effective, employees 
performing their official duties in connection with the operation of Kesterson could not 
be assured that their actions would not be found to violate the Migratory Bird Treaty 
Act if waterfowl died from selenium poisoning. 

On March 1:!, 1985, the Secretary announced the closure of Kesterson Reservoir 
in testimony before the House Subcommittee on Water and Power Resources, stating 
in part as follows: 

The Department believes strongly that in addressing 
the issue, it must act in full compliance with applicable 
State and Federal law. Policy-level officials in 
Washington have concluded that because the hazing 
program at Kesterson has not proven to be as effective 
as was hoped and because of the prohibitions of the 
Migratory Bird Treaty Act, immedia~e action must be 
taken. That act appears to create the possibility of 
violation of criminal laws without regard to intent or 
knowledge. Therefore, the Secretary has instructed the 
Bureau of Reclamation and the Fish and Wildlife 
Service to begin the process of shutting down the 
Kesterson Reservoir. This process will result in 
plugging the San Luis Drain and stopping the delivecy 
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of irrigation water to the lands which drain into the 
reservojr. 

Also, we will begin the process of cleaning up the 
water and soil in the Kesterson Reservoir. The hazing 
program will continue at Kesterson. The comprehensive 
study program initiated will continue. <Emphasis 
added). 

After this announcement, Westlands acted immediately to protect its water users 
against the disastrous effects of the proposed actions. This finally resulted in an 
agreement with the United States dated April 3, 1985, ("1985 Agreement") that deferred 
plugging of the drainage collector system for a year, giving Westlands time to explore 
alternatives to that action, and assured the continued delivery of irrigation water. The 
1985 Agreement did not provide for payment by.Westlands for any cleanup, monitoring, 
or other costs associated with the closure of Kesterson or for SJVDP expenditures by 
the Bureau. The other Contractors were not parties to the 1985 Agreement 

One of the purposes stated specifically in the 1985 Agreement was to allow 
continued delivery of irrigation water to Westlands during 1985 for lands that at the 
time were draining into the San Luis Drain, " ... while at the same time Westlands, in 
compliance with the mandate of the federal government, designs and installs 
alternative means for disposal of drain water in an efficient and environmentally sound 
manner." These "alternative means· could include, but were not limited to, evaporation 
ponds, irrigation of salt-tolerant crops, and recycling. If adequate alternative means 
were not installed by June 30, 1986, Westlands was required to plug the collector drains 
in the 42,000 acres so that they would no longer discharge into the San Luis Drain. 

In an effort to implement alternative means, and thus to avoid plugging the 
collector drains, Westlands undertook the following measures between August 1985 and 
the June 30, 1986, deadline: (1) purchased a 366-acre site for land application of 
approximately 213 acre-feet of drainage water on bare soil; (2) started a pilot voluntary 
water conservation and management program for farmers in the 42,000 acres under 
which participants received $8 per acre from Westlands <fees exceeding $8 per acre 
were paid by the farmers> to hire an irrigation consultant to help them effectively 
reduce their drainage water <94 percent of these farmers participated in this program 
during the 1985-86 season>; and (3) approved a voluntary drainage water recycling 
program under which participants were paid $25 for each acre-foot of drainage water 
recycled by blending it with fresh irrigation water. For a variety of reasons, none of 
the alternatives examined allowed Westlands to meet the June 30, 1986, deadline for 
terminating all drainage flows to Kesterson and Westlands was forced to plug the 
drainage collector system. Since that time, Westlands has spent more than $8 million 
in carrying out its obligations under the 1985 Agreement, as well as research, 
investigations, and prototype development designed to resolve the drainage problem. 

Both Panoche and SLWD have also worked toward resolving the drainage 
problems in their respective areas. Since 1985, the two districts have spent 
approximately $1,650,000 on drainage. 

21. 1986 Westlands' Collector Drains Plugged and Drain and Kesterson Closed 

In 1986, Westlands completed its performance of the 1985 Agreement with the 
installation of plugs shutting off the drainage collector system in the 42,000 acres from 
the San Luis Drain. Since then there has been no San Luis Unit drainage service. The 
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42,000 acres received partial service for only a few years, disposing of a total of 34,000 
acre-feet of drainage water in the six years before the system had to be plugged. The 
remainder of Westlands and all the lands within the other two Contractors' districts 
were forbidden to hook up in 1981 and have never received any drainage service. 

22. 1986 Stipulated Judgment in Barcellos Case 

On December 30, 1986, the Barcellos litigation was settled by U.S. District Court 
approval of a stipulation for judgment by all of the parties, including Westlands and 
the United States. The other Contractors were not parties to the Barcellos litigation 
or its settlement. Paragraphs 4 through 7 of the Judgment state the basis for various 
rates to be paid by water users in Westlands for Bureau service and describe the 
conditions under which the San Luis Drain or alternative drainage service facilities 
providing drainage service to Westlands are to be completed by the Bureau and paid 
for in part by Westlands. 

Under paragraphs 4 and 5 of the Judgment, rates are either those established 
in the 1963 Contract <a maximum of $0.50 per acre-foot for drainage service) or those 
established pursuant to the 1982 Act and implemented by the 1987 CVP "Irrigation 
Ratesetting Policy" published by the Bureau Mid-Pacific Region CI987 Policy"). 43 
U.S.C. §§ 390aa, et seq., and Pub.L. No. 99-546, §§ 105, 106 (1986). 

Paragraph 6 of the Judgment concerns drainage service facilities, and 
paragraph 7 establishes the Drainage Trust Fund. Under those provisions the Bureau 
is obligated to develop a Drainage Plan by December 31, 1991. Specifically, 
paragraph 6.1 requires the Bureau to develop, adopt, and submit to Westlands by 
December 31, 1991, a Drainage Plan which shall have at least the elements set forth in 
designated paragraphs of the Judgment. One of the paragraphs, 6.1.1, states that the 
drainage service facilities included in the Drainage Plan shall <a> in the aggregate have 
sufficient capacity and capability to transport, treat as necessary, and dispose of, the 
annual quantity of subsurface agricultural dra inage water from Westlands <not less than 
60,000 acre-feet and not more than 100,000 acre-feet) required to be disposed of by 
December 31, 2007, as projected in the Drainage Plan; (b) be cost effective and 
financially feasible; and (c) be capable of construction, acquisition, and operation in 
compliance .with all applicable laws. The Bureau has not yet developed, adopted, and 
submitted the Drainage Plan. 

Paragraph 7 of the Judgment establishes the Drainage Trust Fund to provide up­
front cost-sharing by Westlands for future drainage service facilities constructed by the 
Bureau and to encourage and expedite Bureau construction or acquisition of such 
facilities. Westlands is required to levy assessments suffic ient to pay into the trust 
fund $5 million per year up to an aggregate of $100 million including interest earned. 
The Westlands Treasurer is the trustee of the Drainage Trust Fund and is required to 
pay the Bureau progress payments from the Drainage Trust Fund amounting to 35 
percent of the estimated costs of construction by the Bureau of drainage service 
facilities in any fiscal year. 

"Costs of construction" are defined in par agraph 1.18 of the Judgment as "costs 
of design, preparation of plans and specifications, acquisition of real and personal 
property, and actual construction, excluding administrative, indirect and overhead 
costs." The 35 percent limitation is in paragraph 7.1.4. It further states that the 
required progress payments to the Bureau in any fiscal year shall not exceed $500,000 
per facility for design and preparation of plans and specifications and $15 million for 
total costs of construction of all facilities. The progress payments in the aggregate 
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shall not exceed $100 million. Westlands began levying and collecting the required 
assessments in 1988. 

Inasmuch as the Bureau has not yet developed the Drainage Plan, no obligation 
of Westlands to make progress payments has yet arisen. 

Paragraph 7.5 of the Judgment provides that, beginning upon completion of 
construction or acquisition by the United States of any drainage service facilities 
included in the Drainage Plan and continuing through December 31, 2007, Westlands 
shall pay the United States for drainage service, in addition to the $0.50 per acre-foot 
drainage service charge under the 1963 Contract, a drainage service charge per acre­
foot of CVP water delivered to Westlands sufficient, when combined with the $0.50 per 
acre-foot charge, to cover its share of the O&M costs of such drainage service facilities. 
Paragraph 7.7 further states that the Bureau shall credit the total drainage service 
charges collected, first, to payment of Westlands' share of the O&M costs of the 
drainage service facilities and, second, to Westlands' share of their construction costs. 
Nothing in any of these provisions requires such payments in the absence of the 
construction or acquisition by the Bureau of drainage service facilities. 

Nothing anywhere in the Judgment requires Westlands or its water users to pay 
for any of the expenditures discussed in this Memorandum. 

23. 1986 Interior Solicitor's Opinion 

The Solicitor of the Department of the Interior concluded in his Opinion M-36901, 
Supp. I, dated June 17, 1986, that the Secretary had .. a full range of administrative 
options .. available to implement the San Luis Unit legislation with regard to the issue 
of "the nature of the San Luis Interceptor Drain." The opinion stated further that 
.. substantial Secretarial discretion must be found to exist with regard to . . . the 
provisions for financing and repayment of the San Luis Interceptor Drain... The 
opinion also affirmed the Secretary's authority to finance the construction of the San 
Luis Drain as well as the San Luis Reservoir and the San Luis Canal under the 
indexable cost ceiling of Section 8 of the 1960 San Luis Act, previously quoted. 

24. 1986 Enactment of Coordinated Operations Agreement 

In 1986, Congress enacted Public Law 99-546, the Coordinated Operations 
Agreement. The COA is significant because it allows for any deficit balances to accrue 
interest which, in effect, forces water users to pay actual O&M costs rather than 
contract rates and it fixes the repayment period to the year 2030 for federal 
contractors. 

Sections 105 and 106 of the COP. mandated the determination of individual 
contractor repayment of deficit balances and precludes options previously under 
consideration that would pool O&M deficits CVP-wide for repayment and provided that 
the Secretary of the Interior could adjust water rates such that repayment of federal 
facilities was completed by the year 2030. The law also provided for interest to be 
calculated on O&M deficits accruing on or atler October 1, 1985. 

The deficits referred to in the law describe the accumulation of annual O&M 
costs that exceed the annual water service payments made under a contract with a 
particular water agency. These unpaid amounts would then be added to the cost of 
water when a water agency's water service contract is renewed. 
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25. 1987 Bureau CVP Irrigation Ratesetting Policy 

In 1987, the Bureau published its ""Irrigation Ratesetting Policy" for the CVP. Its 
purpose was to establish the basis for rates of payment for water service from 
contracting districts and their water users sufficient to eliminate deficits created over 
the years by the type of fixed-rate contracts agreed to by the Contractors and the 
Bureau. Those contracts did not allow the Bureau to increase rates to meet increased 
CVP capital and O&M costs. The new rates were designed to correct this. Additionally, 
the policy allowed for repayment to commence once the plans for which the contracts 
were executed were placed in service. 

The 1987 Policy was established under Section 9<el of the Reclamation Project 
Act of 1939. This policy was affected by Sections 105 and 106 of Pub.L. No. 99-546. The 
1987 Policy states: 

These rate determinations include provisions for annual 
O&M costs, amortized rates for the applicable 
construction costs and rates to recover any accumulated 
O&M deficits (including interest pursuant to Section 106 
of Pub.L. No. 99-546) or adjustments for individual 
repayments to date. The ""full cost"' rate also includes an 
interest charge . .lf!. at p.4. 

The 1987 Policy provides for recovery of San Luis Drain costs from the 
Contractors as follows: 

The San Luis Drain operation and maintenance expense 
component incorporates all San Luis Drain expenses 
including a pro rata share of the annual administrative 
and general expense. The San Luis Drain operation and 
maintenance expenses were pooled and allocated to the 
three contractors currently entitled to San Luis drainage 
service (the Panoche, San Luis and Westlands Water 
Districts) on the basis of each Contractor's San Luis Canal 
deliveries for the year involved .. . . 

The San Luis Drain capital costs as of September 30, 1986, 
were allocated to the three contractors currently entitled 
to San Luis drainage service (the Panoche, San Luis, and 
Westlands Water Districts) on the ratio of each 
Contractor's projected 1987 through 2030 San Luis Canal 
deliveries to the total of all such deliveries . . .. ld. at p.8. 

The San Luis Drain is listed in Schedule 4 of the 1987 Policy as an ""unpaid 
irrigation capital cost"" as of September 30, 1986, totalling $40,991,103 (slightly higher 
than the fiscal year-end 1975 figure), or approximately $41 million. Among the 
Contractors, the approximate $41 million is allocated as follows: (}) Panoche, 
approximately $1.5 million; (2) SLWD, approximately $2.7 million; and (3) Westlands, 
approximately $36.8 million. The calculated ""unpaid capital rate per acre-foot"" amounts 
to $0.77 per acre-foot for each of the Contractors. 
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The application of the 1987 Policy to the Contractors is as follows: 

1. Westlands: Rates for service under the 1963 Contract are not subject to the 
1987 Policy except as to landowners and water users who have elected to 
come under the 1982 Act and are subject to the O&M or full cost rates. 
However, rates for provisional water service under paragraph 5 of the 
Judgment are controlled by the 1987 Policy even as to water users who 
have not elected; that is, they must pay at least cost-of-service. 

2. Panoche: Rates for service under its 1974 Contract are not subject to the 
1987 Policy as to the water service component, except as to landowners and 
water users who have elected to come under the 1982 Act and are subject 
to O&M or full cost rates. In addition, rates for service for water from a 
new turnout to Panoche on the San Luis Canal are subject to the 1987 
Policy as to the O&M or full cost rates because of the 1988 Amendment of 
its 1974 Contract. But the drainage service component is still limited by 
the original terms of its 1974 Contract, except as to water users who have 
elected to become subject to the 1982 Act. In 1996, approximately one half 
of the water supply will become subject to the cost-of-service rate. 

3. SLWD: Similar to Panoche, rates for service under its 1974 Contract are 
not subject to the 1987 Policy except as to landowners and water users who 
have elected, who then pay the e&M or full cost rate, as appropriate. In 
1996, approximately 25 percent of the water supply will become subject to 
the cost-of-service rate. 

25. 1987 Interior Solicitor's Opinion 

The Solicitor issued another opinion, dated March 20, 1987, which responded to 
the Secretary's questions regarding (1} his authority to finance the Department of the 
Interior's participation in the SJVDP with funds appropriated under Section 8 of the 
1960 San Luis Act, and (2} how and from whom he should seek reimbursement if such 
use of those funds is authorized and they are so used. The Solicitor stated his 
conclusions as follows: 

(1} the Secretary is authorized to finance SJVDP activities 
relating to the ultimate resolution of the drainage 
problems in the San Luis Unit with funds appropriated 
under the indexable cost ceiling in Section 8 of the San 
Luis Act; and 

(2} neither the San Luis Act nor any other provision of 
Federal Reclamation law, including the Reclamation 
Reform Act of 1982,43 U.S.C. 390 aa _tl~ .• and the Act 
to implement the Coordinated Operations Agreement for 
the CVP, P.L. 99-546, prescribe specifically the manner 
in which such SJVDP costs are to be repaid or by whom. 

In our consideration of the foregoing issues, we have 
reviewed for consistency the memorandum of the 
Associate Solicitor for Energy and Resources, dated 
November 25, 1986, on the related authority and 
repayment issues for the Kesterson Reservoir cleanup 
program. 
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We agree with the analysis and conclusions presented 
by the Associate Solicitor in the November 25th 
memorandum as they relate to the Secretary's authority 
to finance U1e Kesterson Reservoir cleanup program 
under Section 8 of the San Luis Act. However, for the 
repayment of the Kesterson Reservoir cleanup program 
costs, the analysis presented herein concerning the 
repayment of the Federal cost of the SJVDP clarifies 
that presented in the Associate Solicitor's November 
25th memorandum. Id. at p.l. <Emphasis added.) 

In summary, it is our opinion that because the SJVDP 
studies relate to the provision of authorized drainage 
service to the San Luis Unit of the CVP, additional 
authorization from Congress is not needed. The 
expenditures are for studies of the type for which 
appropriations normally are made to the "construction'' 
account of the Bureau of Reclamation. Consequently, 
funds appropriated under Section 8 of the San Luis Act 
for "construction of the works of the San Luis Unit" 
lawfully may be used for the SJVDP (subject, of course, 
to any limiting provisions, such as the proviso in Pub. L. 
No. 99-591). Id. at p. 6. 

Based on the foregoing, we conclude that the Secretary 
has broad discretion to determine the method of 
repayment and determine to whom the repayment 
obligation will be allocated for the SJVDP and 
Kesterson Reservoir cleanup program costs. Id. at p. 7. 

Apparently following the advice of the Solicitor, the Bureau has been charging 
the San Luis Unit Construction-in-Progress Account for all costs associated with the 
Kesterson Cleanup Plan, the SJVDP, and other drainage-related expenditures. 

According to the 1987 Policy, the Bureau has calculated the costs of partially 
constructing the Drain and Kesterson prior to their closure and has included them as 
components of the 1987 to 2030 water rates. This action suggests that these costs have 
already been transferred to a Plan-in-Service Account. 

27. 1989 San Joaquin Valley Drainage Program Citizens Advisorv Committee Policy 
Statement 

On May 27, 1989, Chester McCorkle, Chair of the SJVDP Citizens Advisory 
Committee ("CAC") wrote Interior Secretary Donald P. Hodel advising him of the CAC's 
consensus position regarding repayment of federal expenditures on San Joaquin Valley 
agricultural drainage problems. Enclosed with the letter was the CAC's May 1988 
"Policy Statement" on allocating repayment responsibility for Kesterson cleanup costs 
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and SJVDP costs. The CAC recommended that financial responsibility be apportioned 
as follows: 

1. Kesterson Reservoir Cleanup. Principal responsibility should be borne by 
the Bureau without reimbursement by the water users because it (along 
with the FWS> chose Kesterson as a drainage disposal site and collected 
drainage fees from all San Luis Unit contractors for nearly a decade 
"'without apparent benefit for those contractors,"' and because the 
contractors had relatively little influence over where their drainage was 
disposed of. Hence, the Bureau should ''absorb the lion 's share 
without reimbursement from water users."' Policy Statement at 2. 

2. SJVDP Studies. The diverse beneficiaries should pay for costs fairly 
attributable to them. Hence, primary responsibility for costs of treatment 
and disposal research and development should be borne by the affected 
water districts and their water users; primary research generating baseline 
geological and environmental information should be a shared public/private 
responsibility. The public includes regional, state, and national interests 
concerned with the quality of water for drinking purposes and for fish and 
wildlife protection and affected by drainage problems. Research that 
benefits broader public interests should not be subject to reimbursement 
by the water users. Id. at 3. 

The CAC further recommended that apportionment of financial 
responsibility for implementing solutions that arise out of the SJVDP and 
other sources ''must ultimately await the actual development of those 
solutions" so that costs can be tied to benefits received and offset by any 
revenues generated by solutions to drainage problems. 

28. 1990 Kesterson Monitoring Budget Item 

The Bureau's February 1990 proposed FY 1991 O&M budget includes 
expenditures as "Kesterson monitoring and evaluation". As already stated, those 
expenditures, totalling approximately $2.8 million for the 1990-91 federal FY were for 
Kesterson monitoring, specifically two cost components. 

One component consists of biological monitoring, site management, and 
administrative overhead expenses associated with four full-time employees and one 
part-time employee at the Kesterson Field Station to implement the 1990 Kesterson 
Reservoir Site Management Plan as approved by the SWRCB in March of 1990. 

The other component consists of approximately $1.7 million for various external 
consultant services to provide biological monitoring, monitoring of selenium uptake in 
soil and groundwater, a study of long-term site management through alternative land 
use scenarios, ongoing management of a two-acre volatilization plot, monitoring and 
testing for potential sediment removal from the San Luis Drain, and coordination by 
the FWS of the overall management of the site and program development. Activities 
associated with these costs were characterized by the Bureau as the second phase of 
a multi-part plan to mitigate the long-term effects of drainage contamination at 
Kesterson. Bureau staff have indicated these activities will take place over the next 
five years, at least. 
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29. 1990 San Joaquin Valley Drainage Program - Phase II 

The SJVDP officially ended on September 30, 1990. Prior to its conclusion, 
however, the SJVDP's Policy and Management Committee acknowledged that there was 
a need for certain activities to continue. At that time, the Policy and Management 
Committee pledged that sufficient resources from each of the five participating state 
and federal agencies would be made to accomplish the SJVDP's follow-up mission, 
which would terminate by December 31, 1991. To accomplish the follow-up portion of 
the program, the organization and general concept outlined in the SJVDP Managers' 
memoranda to the Committee, dated June 6, 1990, and August 3, 1990, would be used. 

For the follow-up effort, the state and federal managers were retained in their 
positions to continue work. Additionally, the CAC became the ""Drainage Oversight 
Committee for the San Joaquin Valley Drainage Program Followup."' 

In a draft. work plan for the SJVDP Followup, dated November 1990, the purpose 
of the Follow-up program is described: 

"The overall purpose of the San Joaquin Valley Drainage 
Program Followup is to develop a strategy for 
implementation of the plan and recommendations 
described in the SJVDP report. The strategy will 
promote action on the program's recommended plan to 
ensure that the recommendations do not languish in an 
unattended report. The strategy should define: (1) 
required actions and priorities , (2) agency 
responsibilities, <3> funding sources and amounts. 
(Emphasis added>. 

The Drainage Oversight Committee has been meeting and the followup efforts 
of the SJVDP are underway. To date, however, there bas been no indication as to 
where the Bureau's portion of the funding is being budgeted or to whom those costs 
will be allocated. 

30. 1990 FY 1991 Appropriations Act Statement of Managers 

The proposed $2.8 million item for Kesterson monitoring was included in the 
Bureau's O&M budget for the 1990-91 federal FY. The amount is a small part of the 
total $221,516,000 for all Bureau project O&M costs that is appropriated, along with 
funds for all other Bureau activities, by the Energy and Water Development 
Appropriations Act of 1991, but it was not separately identified in that Act. The 
Statement of Managers accompanying the Act directs the Secretary in part to: 

. . . review the Department's repayment policies with 
respect to Kesterson and other drainage related costs ... 
and submit a report on this policy, no later than March 
31, 1991, to the appropriate committees of the House and 
Senate. Recommendations on past and future allocations 
between Federal and non-Federal interests as well as 
recommendations on cost allocations between 
reimbursable and non-reimbursable functions shall be 
included in the report. Pub.L. No. 101-514, 104 Stat. 2074, 
2085 (1990). 
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v. 

COSTS EXPENDED TO DATE 

The major expenditures in question are for the following activities: 

O&M Expenditures 

1. Kesterson monitoring and evaluation ("Kesterson monitoring"), 
approximately $2.8 million for federal FY 1990-91. These are the anticipated annual 
expenditures for ongoing Bureau monitoring and evaluation of the contamination at 
Kesterson Reservoir in federal FY 1990-91 and the efforts to clean it up. Future costs 
to perform this activity are not included. The approximate costs to date are as follows: 
Monitoring - $1.1 million; Research -- $930,000; Field Office -- $420,000; Regional and 
Fresno Offices - $324,000. 

Current Status. The Bureau has budgeted Kesterson monitoring expenditures 
as O&M costs of the San Luis Unit. It has stated its intention to include them as part 
of the O&M component of the rates to be collected in federal FY 1990-91 (and 
apparently in federal FY 1991-92 as well) from the Contractors' water users. 

Capital Expenditures 

2. San Luis Drain and Kesterson Reservoir construction costs ("construction 
costs"), approximately $40 million when construction was halted in 1975 and ongoing 
operation and maintenance costs. The amount for construction costs includes 
approximately $10 million for construction of Kesterson Reservoir as completed in 1971, 
which consisted of 1,200 acres with 12 ponds. In addition, O&M charges associated with 
Kesterson and the Drain have ranged from approximately $50,000 to $250,000 annually. 

Current Status. The Bureau has included the costs incurred for partially 
constructing the Drain and Kesterson up to 1975, when construction was halted, in the 
San Luis Unit Plan-in-Service Account and, thus, in the capital components of the cost­
of-service and full cost rates currently being charged to the Contractors' water users 
for San Luis Unit service. In addition, the costs for operating and maintaining the San 
Luis Drain are included in the O&M rates charged to the San Luis Unit Contractors. 

3. Kesterson Cleanup Plan, approximately $26.5 million as of September 30, 
1990. These are Bureau expenditures for the actions required by the SWRCB and 
concurred by the Bureau to develop and implement an approved plan to clean up the 
Kesterson Reservoir contamination. The costs expended as of the end of the federal 
FY 1990 are detailed as follows: San Luis Drain Closure - $13.3 million; Kesterson On­
site Disposal -- $12.7 million; Capitalized Movable Equipment -- $141,266. 

Current Status. The Bureau has included these expenditures in the San Luis 
Unit Construction-in-Progress Account. The Contractors do not know where these costs 
ultimately will be placed for repayment, if, in fact, any repayment is appropriate. 

4. SJVDP, approximately $54.5 million as of September 30, 1990. These are 
expenditures for the Bureau's share of a cooperative federal and state program to study 
and investigate the causes of and potential solutions to westside San Joaquin Valley 
drainage and drainage-related problems. The costs are detailed as follows: Primary 
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Program Studies and Research - $34.6 million; Drainage Monitoring and Analyses 
Activities - $10.5 million; San Luis Drain Special Study - $1.1 million; San Joaquin 
Drainage Implementation Program - $1.1 million; San Luis Drain Discharge Study -
$5.1 million; Capitalized Movable Equipment - $692,146. 

Current Status. The Bureau has included these expenditures in the San Luis 
Unit Construction-in-Progress Account. The Contractors do not know where these costs 
ultimately will be placed for repayment, if, in fact, any repayment is appropriate. 

5. Drainage Plan preparation ("Drainage Plan"), approximately $1 million as 
of September 30, 1990. These are expenditures for Bureau preparation of the Drainage 
Plan required by the stipulated Judgment in the consolidated Barcellos and Wolfsen, 
Inc. v. Westlands Water District and Westlands Water District v. United States 
litigation, U.S. District Court, E.D. California, Nos. CV 79-106-EDP and CV F-81-245-EP 
("Barcellos litigation"). 

Current Status. The Contractors have not been able to determine how these 
costs are being currently accounted for by the Bureau. 

6. Kesterson Mitigation, an unspecified amount. These are expenditures for 
the purchase by the Bureau of approximately 5,600 acres of land that will be 
transferred to the FWS to replace wildlife habitat no longer available at Kesterson due 
to its closure. The Bureau also will spend an unspecified amount annually to maintain 
the purchased acreage as a wetlands area, including costs associated with providing an 
annual water supply of approximately 12,000 acre-feet. 

Current Status. The Contractors have not been able to determine how these 
costs are being currently accounted for by the Bureau. 
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VI. 

ANALYSIS 

A. Kesterson Monitoring Costs 

The inclusion of the approximately $2.8 million in expenditures for Kesterson 
monitoring in the Bureau's FY 1991 O&M budget raises an immediate concern regarding 
the Bureau's authority to collect those costs. At issue is whether the expenditures are 
properly classified as O&M costs based upon the type of activities for which they were 
spent The classification of expenditures as O&M costs or as construction costs is 
initially decided by the Bureau, but its decision is not final. 

There is an additional concern created because the Bureau has classified these 
costs as O&M expenditures as opposed to capital expenditures. The ratesetting policy 
established by the COA legislation allows for O&M expenditures to be interest· bearing. 
Not only do water users have to pay the O&M expenditures in present-day values, they 
will also be charged interest should a deficit occur. 

The Contractors have been told by the Bureau that Kesterson· monitoring costs 
are expected to continue for at least five years. What is not known is whether those 
costs will continue at $2.8 million, or increase under present values, not to mention 
accumulated interest 

1. Distinguishing O&M Costs From Construction Costs 

Nampa and Meridian Irrigation District v. Bond, 268 U.S. 50 (1925), the seminal 
case regarding the distinction between O&M and construction costs, stated the criteria 
as follows: 

(1) Proper O&M expenditures generally include those: 

(a) made to maintain an irrigation system as an efficient going 
concern and to operate it effectiv~ly to the end for which it was 
designed; or 

(b) made to overcome injurious effects resulting from the normal and 
ordinary operation of the completed plant, which was originally 
well constructed. 

(2) By contrast, proper construction expenditures generally include those: 

(a) necessary to construct an irrigation system and put ·-it in a 
condition to properly furnish and distribute a water supply; or 

(b) necessary for extensions to new land or for changes in or 
additions to the system due to faulty original construction in 
violation of contractual or statutory obligations (citing Twin Falls 
Salmon River Land and Water Co. v. Caldwell, 266 U.S. 85 <1924)). 
Id. at 53-54. 
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Based on relevant case Jaw, these criteria can be distilled into two key 
questions: (1) Was the facility completely constructed and operational when the 
expenditures became necessary? (2) Was the original construction properly done (i.e. 
not defective) and in conformance with the statutory authority and contractual 
requirements? 

If the answer to both questions is "yes" the charges may properly be allocated 
to O&M. For the following reasons, these questions cannot be answered ''yes .. as to the 
Bureau monitoring work at Kesterson. 

The answer to the first question is clearly "no" because the San Luis Drain and 
Kesterson Reservoir were never completely constructed. Further, the facilities were 
not operational when the Kesterson monitoring expenditures arose. Pursuant to the 
Bureau's decision to close Kesterson and the San Luis Drain, as well as the 1985 
Agreement, Kesterson and the Drain <north of Mendota) were closed due to 
accumulated high selenium concentrations in the drainage water deposited into 
Kesterson. The accumulation of this concentrated selenium was due directly to the 
failure of the Bureau to provide an outlet for drainage flows to the Delta. 

The answer to the second question is also "no" because construction of the Drain 
and related facilities was never completed in the manner authorized by the 1960 San 
Luis Act and contemplated by Westlands' 1963 Contract and Panache's and SLWD's 1974 
Contracts. As constructed, Kesterson could not be used as a regulating reservoir and 
the Drain could not discharge into the Delta at its terminus. These facts rendered the 
facilities defective, as shown in Twin Falls Salmon River Land and Water Co. v. 
Caldwell, 266 U.S. 85 (1924). In that case, the Supreme Court held that expenditures on 
irrigation facilities which did not measure up to the standard imposed by the statutes 
must be allocated to construction rather than O&M. The Court approved the findings 
of the Ninth Circuit Court of Appeals, which stated in pertinent part: 

The state was not contracting with the promoting company for 
part of an adequate system, but for a completed adequate 
system. When the Land and Water Company got through 
there was to be nothing more to do - there was to be a 
system up to the requirements of the law ... 1\vin Falls, 
supra at 272 F. 356, 370 (1921) aff'd. 266 U.S. 85. <Emphasis 
added.) 

Thus, charges for corrective actions on a defective check basin were disallowed 
as O&M costs in Twin Falls. In a similar vein, the partial construction of the San Luis 
Drain and Kesterson Reservoir, while in part useful to a small fraction of the lands in 
Westlands prior to their closure, failed to meet the requirements of the 1960 San Luis 
Act and the Contractors' 1960 and 1974 Contracts that anticipated the full use of a 
completed, adequate drainage system. Under the law, this makes the Kesterson 
monitoring expenditures construction costs and not O&M costs. 

In addition, these expenditures did not add anything to make a completed system 
operate more effectively. On the contrary, the costs grew out of corrective actions 
needed to correct faulty original construction, the same sort of actions held chargeable 
to construction costs in U.S. v. Fort Belknap Irrigation District, 197 F. Supp. 812, at 819 
<D. Montana 1961). 
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The provisos in the 1965 Appropriations Act and subsequent appropriations acts 
required completion of studies and plans for water quality compliance prior to 
determination of the final discharge point for the drain, but these acts did not convert 
the Kesterson Reservoir or the San Luis Drain into "completed facilities." 

For example, the 1960 San Luis Act's capacity requirements for the completed 
facility were not changed by these subsequent congressional directives. Paragraph l<dJ 
of the 1963 Contract stated that the area intended to be served by the Drain when 
complete required a capacity of about 150,000 acre-feet per year at a maximum rate of 
flow of 250 cfs. 

Further, the Bureau did not regard the post-1965 appropriations act provisos as 
congressional amendments to the 1960 San Luis Act's definition of authorized project 
facilities. The Bureau's renewal of technical studies in 1980 to obtain a discharge 
permit from the SWRCB for discharge of the drainage water at a point near Chipps 
Island in the western Delta demonstrates the Bureau's belief that the authorized Drain 
was still one that terminated at the Delta. In addition, a December 22, 1981,.letter from 
Bureau Regional Director Mike Catino to Panoche Manager Raymond Ram stated: 

You were advised that our capability to accept drainage 
effiuent from your District is nonexistent at this time and will 
be severely limited until an ultimate point of disposal is 
available to us. Completion of the drain to the presently 
proposed discharge location near Chipps Island will provide 
that point of disposal. In the interim, it is possible that our 
capability to accept drainage flows can be increased by the 
addition of: (1) an expanded Kesterson Reservoir, and (2) 
construction of a marsh or marshes in the vicinity of Mendota 
or South Dos Palos. We anticipate that completion of an 
enlarged Kesterson or the marshes will require a minimum of 
five years. We do not anticipate that the discharge at Chipps 
Island will be completed prior to 1995. <Emphasis added). 

The letter clearly states the Bureau's understanding of the law that the Drain 
was required to terminate at the Delta and that the provision of adequate capacity in 
the facilities was required before they would be considered complete. 

While no lands in Panoche or SLWD received drainage service, a small portion 
of Westlands, approximately 5,000 acres, did receive some drainage service between 
1979 and 1986, prior to the closure of the Drain and Kesterson. Also, some portion of 
the remaining land within the 42,000 acre area received some limited benefit because 
of the existence of the drainage collector system during that period. Nonetheless, the 
lack of adequate capacity to serve all of the drainage needs in Westlands prevents the 
Bureau from considering the facilities completed, operational, and not defective during 
that period. 

The Drain was meant to serve about 300,000 acres in Westlands, not just the 
42,000 acres. Water users in a large portion of Westlands need ~rainage service. 
Westlands contracted in the 1963 Contract for a system with adequate capacity when 
completed to serve those needs. Construction of only 40 percent of the Drain and 
21 percent of the Kesterson ponds constituted only part of a system, not a "completed, 
adequate system." Twin Falls. supra, 272 Fed. at 370. Thus, construction of the 
facilities to the Kesterson terminal point, even if limited by the post-1965 
appropriations act provisos, did not produce completed facilities in the absence of 
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sufficient capacity to serve all the lands needing drainage in the Contractors' service 
areas, as required by their contracts. 

2. $0.50/Acre-foot Drainage Service Charge 

Under the stipulated Judgment, Westlands agreed and is required to continue 
to pay the $0.50 per acre-foot drainage service charge in the 1963 Contract, even though 
the Drain including Kesterson is no longer serving any lands in Westlands. 
Paragraph 4 of the Judgment preserves the fixed drainage service charge of $0.50 per 
acre-foot for those water users who have not elected to become subject to the 1982 Act. 
Those water users who have elected and those water us~rs who receive provisional 
water service under the Judgment must pay the applicable rate established in the 1987 
Policy. That rate includes an O&M expense component that "incorporates all San Luis 
Drain expenses" according to the 1987 Policy. However, as discussed above, the $2.8 
million is not an O&M expense because the Drain was not completed, adequate, and 
operational for lands in Westlands. 

Panoche and SLWD have never had service from the Drain. While they were 
notified in 1979 that the Drain was available for service, two years later, before they 
built any collector drains to connect to the Drain, the Bureau imposed a moratorium 
on further connections. Their 1974 Contracts do not obligate them to pay for drainage 
service if it is not available. Therefore, they should have no obligation even to pay the 
$0.50 per acre foot component for interceptor Drain service under their 1974 Contracts. 
For the same reason, to the extent these Contractors or their water users have elected 
to come under the 1982 Act, no drainage service costs should be included in their cost· 
of-service or full cost rates under the 1987 Policy. 

As to both Panoche and SLWD, the same as to the bulk of Westlands, the drain 
has never been a completed, adequate, and operational facility. As discussed above, 
this fact precludes the treatment of the Kesterson monitoring expenditures as O&M 
costs. 

3. Reimbursabilitv of Kesterson Monitoring and Evaluation Costs As 
Construction Charges 

As discussed above, the $2.8 million is not an O&M cost because there are no 
completed, adequate, and operational drainage service facilities as required to meet 
the Contractors' drainage needs to which they could apply. The 1987 Policy does not 
currently incorporate such expenditures as a capital cost component of the San Luis 
Drain. Viewed as construction costs, to incorporate them as a capital component in 
San Luis Unit cost-of-servire or full cost rates would, however, be premature at best. 

The Secretary's March 15, 1985, order to close the San Luis Drain and Kesterson 
raised the question of whether the Department might ultimately play any role in the 
provision by the Bureau of drainage service to the Contractors. Thus, it is not possible 
to determine now whether the costs of Kesterson monitoring and evaluation will relate 
to any future construction of additional facilities or future extension of existing 
facilities by the Bureau to provide drainage service. 

B. San Luis Drain and Kesterson Construction Costs 

The expenditures incurred by the Bureau for construction of the San Luis Drain 
and Kesterson Reservoir up to the date of cessation of that activity in 1975 were 
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approximately $40 million. As mentioned earlier, the 1987 Policy currently provides 
for recovery of San Luis Drain expenditures in the capital and O&M cost components 
of the cost-of-service or full-cost water rates applicable to the Contractors. Inclusion 
of these costs in the rates to be charged the Contractors over the period 1987 to 2030 
under the 1987 Policy raises the question whether the Bureau has properly moved these 
costs from a Construction-in-Progress Account to a Plan-in-Service Account making 
them payable by the Contractors now. 

The Bureau's standard accounting methodology is to allocate construction costs 
to a Construction-in-Progress Account until such time as facilities have been completed. 
Upon their completion, the costs are transferred to a Plan-in-Service Account for 
collection from the project beneficiaries as a capital component of the cost-of-service 
or full cost water rates. 

Similar to the discussion of Kesterson monitoring costs, the issue is whether the 
construction of these facilities has been completed. If the answer is yes, it is 
appropriate to include their costs in the Bureau's Plan-in-Service Account for 
repayment by the Contractors to the extent that some of their water users are subject 
to the 1987 Policy. If the answer is no, these costs should be kept in the Bureau's 
Construction-in-Progress Account for a later determination of reimbursability when 
construction has been completed. 

Under the analysis in Nampa and Meridian Irrigation District v. Bond, 268 U.S. 
50, 53-54 (1925), construction expenditures include those necessary to construct an 
irrigation system and put it in a condition to properly furnish and distribute a water 
supply or those necessary for extensions to new land or for changes in or additions to 
the system due to faulty original construction in violation of contractual or statutory 
obligations. In that decision, the . Supreme Court further stated that classification as 
construction costs depends on the facts of each case. In the instant case, 
unquestionably the expenditures for San Luis Drain and Kesterson construction up to 
1975 are properly classified as construction costs. But they are costs for facilities that 
are not furnishing a service to the Contractors; they are not only incomplete, they are 
presently inoperable. 

Although construction was halted in 1971 on the Kesterson ponds and in 1975 on 
the San Luis Drain, the Bureau notified the contractors that the facilities were 
available for drainage service in 1979. In 1981, however, the Bureau imposed a 
moratorium on collector drain hookups to the San Luis Drain and prohibited use of the 
facilities by all Contractors except those water users in the Westlands 42,000 acres who 
were already using the entire disposal capacity of the facilities. Finally, when the 
Secretary closed Kesterson in 1985 and, under the 1985 Agreement, Westlands installed 
plugs in the drainage collector system for the 42,000 acres by June 1986, the facilities 
were no longer available for use by any of the Contractors. 

As a direct consequence of the Secretary's closure of Kesterson and termination 
of all drainage service, currently there is no constructed system in a condition to 
properly furnish drainage service to any of the Contractors. Moreover, the Bureau has 
not yet completed a Drainage Plan or constructed facilities required to meet its 
obligation under the 1960 San Luis Act and the 1963 and 1974 Contracts to provide 
drainage service. Since the needed facilities do not exist now and the facilities 
previously constructed are no longer in operation, construction expenditures for the 
closed and inaccessible facilities are not properly included in a Plan-in-Service 
Account for recovery by rates for service. 
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A fundamental premise of the Reclamation program since its inception in 1902 
has been that benefits would be made available to people utilizing project facilities 
under the program consistent with the public good. As a corollary to bestowing these 
benefits, Congress gave the federal government the authority to impose reasonable 
conditions on the use of federal funds, property and privileges. Contracts executed 
between the federal government and project beneficiaries establish "debtor-creditor"" 
relationships in which payment is expected under reasonable and necessary terms for 
benefits derived from the projects. See generally Ivanhoe Irrigation District v. 
McCracken. 357 U.S. 275, 292, 295-97 <1958>. <CVP landowners held liable in challenge 
of application of excess lands provisions in California.) 

Nothing in the Reclamation program contemplates payment by water users when 
they do not receive any benefits from a project or enjoy the privileges of using 
Reclamation facilities. To require payment when there is no benefit is not reasonable 
or necessary. Westlands' 1963 Contract and the other Contractors' 1974 Contracts 
clearly provide that payment for drainage service is tied to access to drainage service 
facilities. Most of the land within Westlands and all land within Panache and SLWD 
has received no drainage service benefit; since the closure of Kesterson and 
termination of San Luis Drain access, the Bureau has not provided any drainage 
service benefits whatsoever to the Contractors. 

The expenditures calculated as of September 30, 1986, should be held in the 
Construction-in-Progress Account until the Bureau has constructed facilities that 
furnish drainage service as needed to meet its statutory and contractual obligations to 
the Contractors. Only then would the Contractors receive a benefit for which they may 
be held liable under federal Reclamation law. 

C. Reimbursability of Kesterson Cleanup and Related Costs 

The Bureau currently has allocated to the Construction-in-Progress Account for 
the San Luis Unit approximately $25 million spent for development and implementation 
of the Kesterson Cleanup Plan approved by the SWRCB in 1989. The costs associated 
with the Kesterson cleanup and general monitoring costs. are not reimbursable and 
should not be included in the construction component of rates for service. 

The expenditures associated with the Kesterson cleanup were made to correct 
environmental problems caused by the Bureau's failure to complete the San Luis Drain 
to the Delta, its decision to manage Kesterson for evaporation, and its unilateral 
determination to use Kesterson Reservoir as a wildlife refuge. The cleanup 
expenditures were needed to correct the impact of selenium in drainage water as 
recognized by state-of-the-art technology as of 1983, whereas the decision to store 
drainage at Kesterson was based on prior state-of-the-art technology which failed to 
recognize the potential adverse impacts of selenium in such waters. Under similar 
circumstances, where unforeseen soil characteristics and/or drainage impacts have 
resulted in unanticipated expenditures for corrective actions, Congress has been 
consistent in not holding contractors liable for repayment. The following are examples 
where unforeseen soil characteristics of the lands irrigated by the authorized project 
have led to problems requiring subsequent major expenditures: 

The Wellton-Mohawk Division. Gila Project. Arizona. One statute concerning this 
project, which was enacted to improve water quality of the Wellton-Mohawk drainage 
waters, determined that costs for certain tile drainage systems should be 
nonreimbursable (78 Stat. 682). A second statute, regarding a desalting complex and 

33 



231 

implementation of salinity control measures, provided that 75 percent of such costs 
should be nonreimbursable (88 Stat. 266). 

Leadville Mine Drainage Tunnel. Colorado. To assist in controlling the quality 
of drainage waters, a federal Act authorized appropriations for rehabilitation of the 
tunnel and provided that the funds expended for the works shall be nonreimbursable 
(90 Stat. 1324). 

Farwell Unit. Nebraska. To address drainage problems associated with this 
project, the Bureau and the Farwell Irrigation District entered into a contract for the 
construction of additional drainage facilities. The contract provided that the costs of 
the project shall not be reimbursable and payments already made under the contract 
shall be credited against the overall payments due the U.S. (101 Stat. 1329). 

The expenditures required because of design errors and changes in state-of-the­
art criteria at Kesterson can also be compared to expenditures at the Teton Dam and 
Reservoir, main features of the Lower Teton Division, Teton Basin Project, in Idaho. 
The dam failed on June 5, 1976, because of inadequate design criteria. A Department 
of Interior Teton Dam Failure Review Group Report, dated April, 1977, stated the 
following: 

"Recognition of the potential for occurrence of hydraulic 
fracturing was not in the general state of the art of dam design 
at the time the Teton Dam was designed." 

Following the dam failure, Congress authorized the use of nonreimbursable 
funds to pay claims and repair facilities [Appropriation Act of July 12, 1976 <90 Stat. 
889); Teton Dam Disaster Assistance Act of September 7, 1976 <90 Stat. 1211); Act of 
September 30, 1976 <P.L. 94-438)]. Further, the Department of Interior has not sought 
repayment for the project from project contractors. This example is applicable to the 
present is&ue not only because it involved changes in state-of-the-art criteria, but also 
because project facilities were taken out of service. In many other situations where 
water users were not required to make repayment, the projects at least had completed 
facilities in service, contrary to the present circumstances. 

D. SJVDP and Drainage Plan Costs as Construction Costs 

Relying upon the March 20, 1987, Solicitor's opinion concluding that the 
Secretary had authority to finance the SJVDP activities with appropriations authorized 
under the indexable cost ceiling in Section 8 of the 1960 San Luis Act, the Bureau 
currently has allocated approximately $54.5 million from the SJVDP to the 
Construction-in-Progress Account of the San Luis Unit. An additional conclusion of the 
opinion was that activities are properly funded under Section 8 only as "activities 
relating to the ultimate resolution of the drainage problems in the San Luis Unit." Id. 
at p. 1. Thus, expenditures charged to the San Luis Unit accounts for recovery from 
the water users should be limited to those spent on activities that contribute to the 
construction of adequate drainage service facilities as required by the 1960 San Luis 
Act and the Contractors' 1963 and 1974 Contracts. A decision on what activities qualify 
must await the selection and construction of such facilities. 

After the closure of Kesterson and the drain, Westlands executed the stipulation 
for Judgment in the Barcellos litigation. As previously noted, the other Contractors 
were not parties to the Judgment. Paragraphs 6 and 7 of the Judgment recognize that, 
under the changed circumstances resulting from termination of access to the drain, a 
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new plan for drainage service facilities is required. The Drainage Plan required by 
the Judgment is supposed to be completed by the Bureau by December 31, 1991. The 
Bureau has spent approximately $1 million toward preparation of this Drainage Plan. 
Its purpose is to assess the options for providing drainage service facilities in lieu of 
Kesterson. In the event the Drainage Plan results in drainage service facilities that are 
complete and operable, such expenditures will be reimbursable when transferred to 
the Plan-in-Service Account 

E. Nonreimbursability of Costs by Statute and Otherwise 

Bureau investigation costs on projects constructed under federal Reclamation 
law are generally reimbursable by project beneficiaries unless there is statutory 
authority making them nonreimbursable. See H.R. No. 92-557, Report from the 
Committee on Interior and Insular Affairs on the Act of October 29, 1971, Pub. L. No. 
92-149, 85 Stat 416. Such specific statutory authority is found in the Act of October 29, 
1971: "All costs heretofore or hereafter incurred from funds appropriated to the 
Bureau of Reclamation and costs transferred to it for .. . (5) general engineering and 
research studies shall be nonreimbursable." ld. Subsection 0 of the Fact-Finders Act 
of December 5, 1924, as amended in 1945, also contains specific statutory authority that 
the costs of investigations of a general, area-wide or basin-wide nature that are not 
attributable to specific projects are nonreimbursable. 43 U.S.C. § 377. Conversely, all 
investigation costs attributable to a particular project must be reimbursed by 
appropriate charges to the project beneficiaries. S.R. No. 92-315, Report from the 
Committee on Interior and Insular Affairs, on Pub. L. No. 92-149, supra. 

Under the foregoing statutes, the costs for the Bureau's current investigations 
may be reimbursable at least to the extent they lead to drainage service. This is not 
true for federal SJVDP costs. All or most of the SJVDP expenditures should be 
nonreimbursable. They were spent to investigate drainage problems of the entire 
western San Joaquin Valley, and perhaps other areas of the nation as well, and not 
simply the San Luis Unit service area As such, they would be properly classified as 
general engineering or area-wide or basin-wide costs not attributable to a particular 
project. Much of the SJVDP work had such broad application, it cannot be identified 
with any Reclamation project or projects. The cost for such work should be made non­
reimbursable immediately. The remaining costs may or may not be properly 
reimbursable. The decision on how to classify them must be delayed until a specific 
project to provide drainage service for the San Luis Unit has been formulated, 
authorized, financed and constructed. Then it can be seen whether and to what extent 
those SJVDP expenditures may have contributed to the project and, therefore, should 
be reimbursable by the districts and water users that contract for its benefits. 

The following are illustrations of how certain SJVDP expenditures provided 
national benefits, San Joaquin Valley-wide benefits, or both: The National Academy 
of Sciences was commissioned to perform an oversight role to "bring a national 
perspective to the disposal program." From 1986 to 1990, a total of $848,557 was 
expended for this study. Because the nature of the project was nationally-oriented, 
these costs can be appropriately described as "general and investigative" and are, 
therefore, nonreimbursable. 

Another example is a study commissioned to examine desalting technology. In 
1985 and 1986, the engineering firm of CH2M Hill was commissioned to perform the 
study, which was nonspecific to the San Joaquin Valley and has a national value when 
salinization is a problem. The costs for the study, which totaled $141,974, should be 
nonreimbursable. 
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The Contractors also recognize that where costs were expended for investigations 
that might lead to direct benefits for the San Luis Unit water users, those costs may 
be considered reimbursable. Such an example is found in the Brown and Caldwell 
contracts commissioned from 1986 to 1989. A portion of those contracts was for a study 
examining out-of-valley disposal options such as the Mojave Desert, areas of the San 
Francisco Bay, and Central Coast. Costs expended on the study were more than 
$200,000 and are attributable to the San Joaquin Valley. 

Another example is for expenditures associated with an economic evaluation 
specific to the San Joaquin Valley. Those costs, which totaled $67,881, could be 
attributable to the Contractors and other beneficiaries. 

In addition to specific beneficiaries, many of the studies conducted on behalf of 
the SJVDP benefit more than one entity. One such example is a contract with Boyle 
Engineering. The contract was for building an experimental anaerobic treatment plant 
for selenium removal and cost $677,857. The results are of considerable value to every 
selenium-contaminated area in the world. Consequently, those study costs .could be 
attributed on a pro rata basis to the nation and San Joaquin Valley. Likewise, there 
were numerous studies conducted by the USGS which have numerous beneficiaries. 
More than $1 million was expended in these contracts. 

The Bureau expenditures for Kesterson cleanup, Kesterson monitoring and 
Drainage Plan preparation are not for general engineering and research studies or 
investigations of an area-wide or basin-wide nature. Consequently, the foregoing 
statutes do not apply. 

The expenditures for Bureau preparation of the Drainage Plan might turn out 
to be reimbursable. They could become reimbursable in the future if the Drainage 
Plan required by the Judgment is developed and implemented by United States' 
authorization, financing, and construction of facilities that provide drainage service to 
the Contractors and their water users. 

Another point relating to the future determination of the reimbursability of the 
questioned expenditures is that some of them could be nonreimbursable as being for 
the benefit of fish and wildlife. Federal Reclamation project costs allocated to fish 
and wildlife are generally nonreimbursable under federal law. 

F. Reimbursability of Kesterson Mitigation Costs 

There is no plausible argument for requil·ing the Contractors to pay for the 
Bureau's cost of acquiring 5,600 acres of land as mitigation to replace wildlife refuge 
lands that are no longer available at Kesterson or its cost of a water supply to serve 
wildlife needs on the acquired land. 

The 1960 San Luis Act did not authorize the creation and use of Kesterson as a 
wildlife refuge; this was a decision made by the Bureau and the FWS apparently under 
some other statutory authority and without input from the Contractors. Although 
Section 1 of the 1960 San Luis Act mentions recreation and fish and wildlife benefits 
as incidents of providing irrigation service from the San Luis Unit, this does not 
amount to authorization for a wildlife refuge at Kesterson. While Section 7 of the 1960 
San Luis Act specifically authorizes construction of "minimum basic public recreation 
facilities," nowhere does the statute specifically authorize the creation or use of a 
wildlife refuge. If Congress had intended the latter, it would have stated this in the 
statute. 
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Nothing in their 1963 and 1974 Contracts or the Barcellos Judgment obligates the 
Contractors or their water users to pay the costs of creating, maintaining, or replacing 
wildlife refuge lands as part of the San Luis Unit. 

Moreover, the Contractors derived no benefits from the existence of wildlife 
refuge litnds at Kesterson prior to its closure and they will derive no benefits from the 
acquisition and operation of mitigation lands. To the contrary, the fact that the United 
States focused its efforts on developing Kesterson as a wildlife refuge and did not 
expedite the completion of the Drain beyond Kesterson to a discharge point in the 
Delta was detrimental to the Contractors. If the Bureau had completed the drainage 
service facilities in accordance with the 1960 San Luis Act and its contractual 
commitments to the Contractors, the bioaccumulation of selenium at Kesterson could 
have been avoided, as could the waterfowl deaths. Further, the Secretary would not 
have ordered the closure of Kesterson and there would be no need to purchase and 
operate the 5,600 acres as a mitigation wildlife refuge. 
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The San L~i• Unit Drainaqe Program Draft Bn•iron.ental 'rmpact 
Statement (DEIS) waa produced in direct .-...ponao to the requir-ta of a 
judicial settlement. Aa a reault, ita AftAlyaia ia ak8wed and will require 
aubatantial alteration before it can be uaect aa the foundation for the 
Bureau of Reclaa&tion•a (Bureau'a) lonq-tera ctrainaqe plana. Aa a caae in 
point, the propoaala conaidared in the OBIS reat on the aaaumption that the 
drainage problem ia appropriately aol..ct by federal action. The 
Bn•ironmental Defenae Fund (BDW) ctiaagreea with thia fundamental 
aaaumption. Inateacl, the reaponaibility for aol•ing the clrainaqe probl­
reata with the farmera producing the ctrainaqe, aaaiated in appropriate 
circumstance• by regional, state and federal efforta. 

In addition, several component• of the OBIS are wholly inappropriate 
as a matter of policy, &nd aoaetimee of law, and aboulcl he dropped from the 
Bureau's long-term plana without further atucty. For ez.-ple, high-quality 
water from the Delta-Mendota CAnal aboulcl not be u..ct a~ly to dilute 
polluted farm drainage. SJ.ailarly, operating 1~ "holclinq pooda" for 
highly contaminated clrainwater baqa aaather ecological cliaaater, at worat, 
or extensive ezpoaura of the federal g098rn.ent to liability claima, at 
beat. 

On the other h&nd, 1DA11Y of the component• of the OEIS are worthy of 
consideration for tha Bureau•• long-term program, and were already included 
in the recommendations of the joint fecleral-state San Joaquin Valley 
Drainage Program. The development of a targeted (&net entirely voluntary) 
land retirement program is a case in point. 

Several of the DEIS component• are appropriate for the Bureau's long­
term plan, but require substantial adjustments in order to prCYide optimum 
benefits. Plans to promote water marketing, for example, should be 
undertaken, but not in the highly conatrained and artificial manner assumed 
in the DEIS. Similarly, •source control" in the form of irrigation 
efficiency improvements can be deaigned by individual farmers (preferably 
in reaponae to incentives to conserve), rather than being preacrLbad by 
district audits of farm practices. 

Perhaps because the DEIS waa written in reaponse to specific 
settlement requirements, it omitted the fish and wildlife provisions 
recommended by the san Joaquin Valley Drainage Program. We refer to the 
provision of high-quality central Valley Project water to the regional 
wetlands and to the augmentation of Merced River flow• in order to attract 
salmon now drawn to spawn in runoff from cotton fields. We recommend that 
the Bureau incorporata these provisions into its plana. 
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Ovtniew 

The san Luia Unit Drainage Program Draft Environmental Impact 
Statement (OBIS) ia currently fulfilling two function•• raapcnding to the 
requirement& of the Barcalloa judqement and providing advance planning for 
the Buraau•a drainage program, reqardlaaa of the fate of the Barcelloa 
Battlement. The Bnviro-tal Dafanaa Pund (EDI'), with theaa c..-nta, 
&ddraaaaa only the latter purpcae. 

Unfortunately, the narrow confine• of the Barcalloa judqement appear 
to prejudice the acope and objective• of the drainage plan. Tbe entire 
analyaia ia akewed due to the aaaumption that management of the drainwater 
currently being produced ia the federal government•• raapcnaibility. In 
addition, many of the c0111p0nenta appear to have been daai9ft*l in a vacuum, 
ignoring the ongoing efforta of grow.ra, water and drainage diatricta, and . 
the State of california to deoreaae the amount of problem drainage in the 
weataide of the san Joaqin Valley, regardleaa of Bureau activitiaa. Aa a 
raault, the aource reduction program& already in place, rather than forming 
the foundation of the Bureau•a propcaed program, are largely ignored. 

Por theae raaaona, the OBIS analyaia tends to aaaume the worst 
poaaibla drainage problem, then aaaume that the federal gover.-nt ahould 
fix all of it. The Bureau, the federal taxpayera, the anviro~nt, and (we 

auapect) the farmera would be better aarved if the long-term drainage 
program developed by the Bureau were baaed on fundamentally different 
aaaumptiona. Primary reaponaibility for aolving the drainage problem reate 
not with the federal government, but with the growera . The Bureau's 
involvement may raaaonably be limited to providing only thoaa aervicea 
still necessary after the drainage problem has been ameliorated by onfarm 
source reduction, and ~ the drainage reduction benefit& of local 
programs such as tiered water pricing have been realized. 

Aa a management plan, the DEIS can further be faulted for arbitrarily 
including elements (auch aa water marketing) in acme plana, but not in 
others. Aa written, the bottom-line coat projections are mialeading. It 
ia EDP's view that the Bureau could devise a "laaat environmentally­
damaging• ~ "laaat-cost" combination of source control and disposal 
alternatives, or at leaat come cloaa to it, if unfettered by the artificial 
conatrainta imposed by ita own analysis. The preferred alternative would 
maximize farmer and district-level source control efforts. It would also 
take full advantage of acon.DIIliC incentive proqrama auch aa wa·t•r markatinq 
and water pricing adjuatmanta, aa well aa local coat-aharing program& such 
as tradable discharge parmita or locally-controlled affluent feea 1 • 

Central to an acceptable plan, of courae, is the asaumption that the 
overall costa of the program would be distributed primarily among those who 

1 Many of these components ware specifically excluded from 
conaideration in the DEIS. 
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are directly responsible for the problem, rather than the federal 
govern:m.nt. 

In short, while the DBIS contains some valuable proposals end 
backqround analyses, it also contains several elements which are simply a 
by-product of the dual purpose of the document and would be inadvisable to 
include in the Bureau•• long-term drainaqe plan. comments on specific 
components of the plan follow. 

Use of High-Quality Water to Dilute Pollutant Discharges 

Included in .aet altarnativee in the DBIS ie a proposal to taka high­
quality water out of the Bureau's Delta-Mendota canal end spill it into the 
san Joaquin River in precisely the amount naceeeary to dilute the f~r•• 
pollution diecharqee to the level required by water quality standards. 
This proposal would be inappropriate at any time, but ia particularly 
oneroua in the sixth year of drought, in the midst of battlea raging over 
scarce water supplies, and at a time when valuable species such ae the 
winter-run salmon are facinq extinction . 

The propoeal should be rejected ae bad public policy. It is also 
contrary to C&lifornia•e sanctions aqainet the •waste and unreaaonable use 
of water•. Furthe11:1110re, it is unnecessary. Almost a decade worth of 
federal, state, academic and local study of the drainage problem has 
generated cogent proposals for meeting water quality standards in the san 
Joaquin River without reeortinq to this practice. 

Con•truction of Regulating Reservoir• 

Ancther component of the DBIS which we recommend omittinq from 
further consideration ia qovernment-financed construction of larqe-capacity 
•requlatinq reservoirs• to store polluted farm drainaqe until it can be 
dumped into the san Joaquin River. The temptation to compare the proposed 
panda to a re-enactment of the Keatereon diaaater ha• been irriei1t~le in 
the preee, and understandably ao. 

The DBIS correctly identifies the reservoirs• potential for caueinq 
bird mortalities and deformities. It provides inadequate analysis of the 
additional potential for selenium accumulation from alqal qrowth and 
detritua dapoaition ae occurred at Ke•t•r•on, and the potential for further 
concentration and wildlife ex"poaure due to the cyclical wet/dry conditions 
and associated capillary rise . 

In sum, the proposal poses unneeeeeary rieka. Should thorouqh atudy 
ahow that regulating r•••rvoirs can be managed safely (which we doubt), 
then wa recommend that they be considered only if other alternatives for 
manaqinq drainwater are unavailabla1 §nQ with the proviso that local 
drainaqe diatricts bear full financial responsibility, aaeuma full 
liability, and poet a performance bond for operation of these facilities. 
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arouftdwat•r Puppina 

central to the •aucceee• of the DEIS' preferred alternative ie the 
deliberate ~ accelerated pollution of the reqion•e eeaiconfiDed ~ifer. 
While lll&llipulation of the ~ifer waa propoeed in earlier etwiiee, auch ae 
the San Joaquin Valley Dr~ Program, the pumping program wae vi.....S •• 
a potentially neceeeary, but l&rvely "lut-reeort• technique to manaqe the 
drainaqe prol:ll..,. The DEIS, in contrut, appear• to plan the pollution of 
the aquifer more •• a firat reaort, and encouraqee ~ifer pumpiDq by tyiDq 
it to water marlcatiDq, u -11 u by providing technical aeeiat&Dce for 
-11-drillinq. EDI' o~ thia a.pbaaie on polluting the ~ifer, aDd 
r....-ncie inatead that the ~ifer be uaecl to etore draimrater only to the 
extent that no other reaaonable alternative• are available. 

Volyntary I tpd Ratl£Mept; 

Among the potentially ~ficial el-te of the propoaecl progr- ie 
the proviaion for 1&114 retir-t. Retirinq the moat contaminated lanA& h 
one of the moat direct Dethoda of ameliorating the drainaqe prol:ll... At 
the aame tU., providiDq for fair coaapenaation of landowner• will lllinimi&e 
the extent to which ~~~· auffer fr,. having unJcnowiDqly imr..ted in 
contaminated lande. EDI' aupporte thia and other provieione which att-.pt: 
to lll&ica maxilllulll uee of econc.ic incentive& to eolve pollution and reaource 
allocation proble~~~& throwJh YOlUAtary and COIII(Ieneated approachee. 

Deeiqninq the 1&114 buyout program will not he etraic;rhtforward. Among 
the queatione which muat be addreeaed area 

-what ehould the ·-lection criteria and proceduree• bel 
-how are the water right• allocated' 
-ia eome of the retired laad appropriate for uae u habitati 
-to what extent -at tha retired land be ~~~&n&ged to aYOid 
nuieance ·apache &lid duet, aDd by wh,., and 
-how ehould the proqr- -be financed? 

One of the potential t.e..fita of a centralized ·buyout program ie the 
ability to lllinillli&e tranaaction coete. By addreeeinc;r the &bOYe queetiona 
now, the Bureau will lll&ica individual tranaactiona a1110other and, W. euepect, 
more attractive to the graoMre in the long-run. 

Water Marptina 

The rules under which water JD&rketinq will be allowed within the 
boundariea of the san Luie Unit have b .. n the subject of diacuaaion and 
dieaqr .... nt in a nUIIIber of state and federal foruJD&. The DKIS preeente a 
peculiar formula for water marlcatinq which ie highly eonatrainecl, lilllitinq 
the quantity of water eligible for marlcatinq, aaeiqninq water marlcated froiD 
Weetlande to other uaere within weetlanda until the "uDJDet deaand" ia 
aatiefied, and lilllitinq the duration of the tranefere. Thia foraala ie 
unlikely to be acceptable to a broad ranqe of partiea, including KDP, who 
have viqorouely aupported the developD&nt of an active water lll&rket in 
California. 
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In addition, the potential benefit& to be derived from water 
marketing are miauaed by encouraging the uae of groundwater in plaee of the 
marketed CVP water. The DZIS arguea that increaaed groundwater pumping 
helpa to aolve the drainage problem by lowering the water table, thereby 
creating more storage apace for the polluted drainageJ we auggeat that thia 
approach aimply trade& one environmental problem for another. It also doea 
little to encourage more efficient uae of irrigation water. In ahort, the 
DSIS uaea the powerful economic incentive• provided by water marketing to 
accelerate the deetruction of an aquifer rather than to accompliah 
environmental goal& a~ facilitate better uae of l~ted water auppliea. A 
far euperior uee of the incentive& created by a water market ia to 
encourage irrigation efficiency and occaaional land fallowing in order to 
decreaae the amount of drainage produced in the firat place. 

Further, the inclusion of water marketing gnly in Alternative 4 
appeara to be arbitrary. Excluding water marketing from the other 
alternative& akewe the comparison& of coat and efficiency among the four 
alternative&. 

In ahort, ED• aupporta the Bureau•a effort& to uae water marketing aa 
an economic incentive to alleviate the drainage problem, but recammenda 
that the propoaed rulea tor marketing be changed aigniticantly. 

conclueion 

Tbe DEIS propoaea a aet of solution& for the weataide drainage 
problem which arguably may make aenae within the narrow confine& of the 
Barcelloa aettl ... nt, but do not make aenee aa a matter of public policy 
and should not form the baaia of the Bureau•a long-term plana for drainage 
management in the weat San Joaquin Valley. Driven by the specific 
requirement& for the use of the "drainage fund" under the settlement, the 
Bureau haa conetructed a propoeal for drainage management which ia not 
coat-effective and laya considerable financial reeponaibility on the 
Federal government. Still, the DEIS contain• many valuable components 
which can be extracted and reformulated into an environmentally-friendly 
and coat-effective plan. 
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BY FAX AliD MAIL 

In our telephone converaation laat Friday, we 
offered to aet clown our concern& and auqqeationa 
regardiDg the propoaal, now pending, to re-open the san 
Lui& Drain for the conveyance and diapoaal of 
aqri.cllltural drainaqe to the san Joaquin River. We 
appreciate your intereat and willinqneaa to diacua• thia 
po:opoeal, &lid ita enviro-tal and political 
illplicationa. A8 ahould be clear fraa the record of our 
correapcnden-e with the Drainer&, the Sureau and other 
partie&, - atronqly believe that the propoaal can, and 
muat, be illproved before it can rightly be viewed aa a 
~ject to benefit wetland& and improve drainage 
~t in the Graaalanda aubbaain. 

we have briefly reviewed the reviaiona to the draft 
Final Findinq of No Significant Impact (!'OKSI), dated 
9/25/91. The aection titled "Environmental Commitmenta• 
(pp. 3-8) baa been improved over the Draft veraion in 
the followinq wayaa the project performance will be 
r-i- at the end of two year&, with extenaion to five 
yeara contingent on compliance with water quality 
objecti,..r the beqinninqa of a timetable for the 
fm:.atinn of a Regional Drainage Diatrictr and, the 
fm:.atinn of an Adviaory committee. It ia our opinion, 
"-• that the commitment• &till fall abort of the 
m.etinq_the minimum conditione neceaaary for aaauring 
that ~ to the environment will be avciided • 

we refer you to our latter of May 9, 1991 (a­
attached) which preeenta our comment• and 
racommeadationa on the Draft FONSI. In that latter, we 
diacuea two cateqoriea of concerna firat, specific 
inatancea where the lanquaqe in the Draft FONSI doea not 



242 

Mr. Roqer Patteraon, Director 
September 30, 1991 
Paqe 2 

ensure that commitments will be achieved, and second, fundamental iaauea 
which muat be reaolved, in acme way, to make the propoaed plan acceptable. 
The commenta in the firat category pertained to pointe of agreement 
negotiated with project proponent&, and which wa conaider essential (i.e., 
not optional) to any agreement for uae of the Drain. Theae pointe are as 
followao · 

l) use of the Drain muat be tied to meeting water quality atandarda 
in the san Joaquin River (we provided aubatitute language in 
Attachment l) 1 

2) uae of the Drain muat be linked to drainage reduction, 
3) formation of a Regional Drainage Diatrict with appropriate legal 
authority, including the ability to enforce drainage cute and levy 
f-•· 
The revised 9/25/91 veraion of the FONSI repreaents aome progreaa on 

theae poirits, but is diaappointingly vaque and/or confuaing in key areaa. 
For example, item lc on paqe 4 require• that •annual diachargea of 
selenium, boron, and total diaeolved aolida do not exceed pre-project 
lavale delivered to the san Joaquin River via Kud and Salt Sloughs.• Doea 
the term "diachargea• refer to loada or concentration• of contaminants? Is 
thia criterion tied to a particular baaeline year or a 5-year hiatorical 
average of loada diacharged to the River? The apecifica make all the 
difference. Similarly, what legal and regulatory authority would the 
Regional District have under item lb? 

The issuaa of potential liability and performance guarantees 
enumerated in our second category can be accomplished through a variety of 
means which we are happy to explore. The current veraion of the FONSI doea 
addresa some of theae isauea. The language in item 3 on the S5m of page 6 
satisfactorily spells out the reaponaibiiity of the Drainers to pay for 
mitigation and clean-up. S~ilarly, we believe that the formation of an 
Advisory Committee which include• environmental agenciaa (item 1, bottom of 
page 5) could suffice aa a mechanism or procaaa for determining compliance 
provided the Drainers do not serve on the Committee. Finally, the isaua of 
drainage reduction mileatonea ia central to an acceptable plan for the uaa 
of the Drain. We have provided several idea• for a ayatem of financial 
incentives/penalties aa an appropriate meana for anauring prograaa towarda 
drainage reduction. We remain quite willing to discuaa any alternative 
proposal to a performance bond or faa ayatem. 1 The adoption of thia type 
of "inaurance• program might be timed with the two-year compliance review 
if project-related drainage reduction milaatonaa and/or applicable water 
quality standards have not ba(iaat at that t~. 

See letter from Environmental Dafanaa Fund to Kika Delamore, Water 
Quality and Environmental Branch, Bureau of Reclamation, July 2, 1991. 
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In our telephone COIW8reatioft, you raieed the poaai.bility of removinq 
referencea to a lonq-tera use ~t followinq the termination of thia 
propoaed 5-year project. Wb1le thie -.ald ailllplify .the current project 
dOCWIIentation, it doea aot: cb.ulge the fact that thia ahort-term project 1e 
vi-.t by ita proponent& aa part of a lonqer term draiD&qe ~ plan 
involving un of the Draia. If the 5-year uae ~t ia de-coupled frca 
any future lonq-term un of the Drain, whet other -hani .. beaidea the 
propoaed uae ~t -u :r- propoee to tie future uae to current 
performanc:er 

B'inally, when- apoll8 with you., - ~ pl-aed to hear you endorae 
atronqly what- have lOIIIJ ~the moat prcaiainq approach to draiJiaqe 
~nt, n-ly aource redaction. Indeed, thie ia one of the principal 
findinqa and r-.ui&tinouo of the san Joaquin Valley DraiJiaqe Proqr ... 
In our ju~t, in additiall to benefit& of pollution reclllction and to the 
environment which re ... lt frca better drainaqe ~t practice&, a 
poaitive incentive eziate for thoee who enqaqe in thoae practice& if they 
can in turn be aaaured that -ter can be aold to other uaera in the atate. 
In the paat, there haa .,_ coaaiderable uncertainty aa to whether the Kid­
Pacific Reqion of the llur8alt -ld ... pport or oppoae thie approach to water 
conaervation and marketillg. u; in your poaition on thie project, you. 
-ld indicate the a~·• aapport for conaervatioft-baaed tranafera, the 

· reault -ld lilcely be _. t~:r ccapliance with water quality atandarda 
in the san Joaquin River and tributary alouqha, whlle providinq fillallaial 
benefit& to the Drainer& and .aJdDq water available to other uaera in the 
atate. If you -.ald lilce to .u.caaa thie idea at ~ter lenqth, pl- do 
not heaitate to contact .. or !Oa Graff. 

We appreciate your deliberation and willinqneaa to diacuaa the iaauea 
inherent in thia propoaed plan for uae of the san Luia Drain. we have 
provided detailed cammeata on thie project in the peat and believe that 
thoaa concern& and rec d•tiona provide the appropriate baaia for our 
revi- of the revieed draft Final veraion of the I!'OKSI. We hope thia 
letter is reaponaive to your queationa. Pleaae feel free to contact ua 
with any queationa. 

for Tbcaaa J. Graff, senior Attorney 
Terry F. Younq, Ph.D., conaultinq Scientiet 
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and Environment Branch 
MP 405 
2800 Cottage Way 
Sacramento, CA 95825-1898 

Dear Mikel 

When we apoka laat week, you expreaaed interaet in 
"revisiting• the idea of a performance bond as a meana 
of addreasing iaauea of financial liability asaociatad 
with the propoaad uae of the San Luia Drain in the event 
that environmental clean-up ia required. Ae you know, 
we have made numeroue auggeationa, both in our written 
comment• and in neqotiationa with the Drainara, 
regarding how auch a performance bond or liability fund 
might work. We hope that this letter can help to 
further clarify and advance thia concept. 

We have uaad the terms performance bond and 
liability fund interchangeably in deacribing a financial 
~haniam to provide two essential guarant-as 1) a 
dedicated source of funding available for any mitigation 
or cleanup made neceaaary by project operationa, and 2) 
an incentive for Lmprovinq environmental performance 
(i.e., drainage reduction). 

In theory, a performance bond places the 
raaponaibility for the coata of pollution with the 
polluters by internalizing theae coats up front. Thia 
"internalization• of heretofore external environmental 
coats ia accomplished by requiring the pollutare to 
allocate, at the outaat of the project, enough money to 
pay for the potential environmental damage cauaad by the 
project. If a etandard commercial bond is unavailable, 
the bond fund can be financed by faaa which are baaed on 
the amount of effluent produced. The total amount in 
the fund is raeervad (held in an intaraet-aarning 
account) to cover, in total or in part, the actual coata 
of clean-up or mitigation. The bond is totally 
refundable once the polluter• have damonatratad that 
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damaqe baa not occurred (and/or that otber agr.ed upon meaaurea of 
performance have been met). 

A performance bolld offera an attractive regulatory alternative 
because it encouraqes voluntary cc.pU.aDCe. Polluters have a atrong 
incentive to improve envJ.ro-tal perf~ in order to reduce their 
liability. The public benefit& fraa tba ~ certainty that 
performance standards (e.g., water quality atandarda or drainaqe reduction 
milestonea) will be met and env~ ~ will be avoidecl. 

In our propoaals for a perf01:8A11C& bead for the Sao Lilia Drain, we 
have incorporated scae of t- at&Ddard charact:erilltica of perforaance 
bonds and altered or eliminated otbera, in an attempt to tailor the 
approach to the particular needa of the aituation at halld. Tha followinq 
discusaion is intellded both to clarify our r8880Dinq, and to praaent 
options for further refining thia propoaal to better meet the needs of all 
parties. 

A Performance Bond for tbe Propoaacl Uae of tb8 San Luis Drain 

A standard performance bolld is in acae vaya analogous to an insurance 
policy1 it ideally seeka to create a fund large enouqh to cOv&r the worst­
case potential outcome. OUr propoaala do DOt anticipate a fund this larqe. 
Instead, we are willing to accept a aaa1ler fund if the paymenta into the 
fund provide sufficient incentives for tha farmers to reduce the amount of 
drainage which they produce, and if the project is of limited duration. 

Our proposal also differa fraa otber performance bollds becauae we do 
not intend that the farming districts aboald be required to ahow that 
environmental damage baa not occurred. We are inatead offerinq the 
compromiae that an overaiqht qroup cc.poaed of appropriate agency 
representatives will be empowered to make thia aaaeaament. Thus, the 
burden of proof will not, strictly apeakinq, be shifted to the farminq 
districts. 

The performance bond which va have propoaed is a atalldard one in the 
sanae that the money will be made available to pay for mitigation or 
cleanup measures, should they be required. If appropriate aitiqation 
measures coat -more than the amount of ··IIIOIIeY' ·available from the fund, then 
the Bureau would have to fall back on othar methode for requiring the 
Drainers to pay for mitigation. In otber vorda, we do not intalld that the 
size of the performance bond fund should de facto limit the Drainers• 
liability for damaqaa1 it aimply makaa tha finaocinq of a portion of tha 
axpanaaa immediately available. 

If the performance bond fund doea not have to be used for mitiqation 
or cleanup maaaurea, all or part of the fUDd may still be forfeited if 
water quality standards (or soma equivalent measure of performance) are not 
met. Should this occur, we auqqeat that the money be dedicated to fundinq 
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drainage reduction inveatmenta within the •probl.,.• districts. We are 
aaauming that the districts will want to work out a ayatem baaed on 
drainage reduction mileatonea ao that each district can demonstrate that it 
baa met or failed to meet ita respective requirements. In thia way, only 
thoae districts which have failed to meet their mileatonea will forfeit 
their aharea of the fundi all of the diatricta are nOt penalized if only a 
few districts are unable to ..at the qoala. 

If the money ia not required for cleanup or mitigation, and if 
specified performance requirements are met (in thia caae, water quality 
standards in the san Joaquin River and/or drainage reduction milestones for 
achieving Mud Slough atandarda) , then the bond fund will be returned to the 
districts with interest. 

Cre&tion of the Bone! fund 

We are open to considering payments into the fund baaed on water 
inputa, subsurface drainage outputs, weighted selenium plua boron loads, or 
some combination of the thrae. Bach ayat.,. haa ita advantages and 
disadvantages. 

With regard to water inputs, the advantage ia that the payment• can 
be a~ad a.ong all who are contributing to the probl.,., not just tbO- wbo 
happen to have drainage ayet-. on the other hand, it doea not 
distinguish a.ong areas with differing concentrations of selenium or boron. 
In order to correct thia probl.,., we could uae the mapa developed by the 
san Joaquin Valley Drainage Program (SJVDP) which ahov araaa with high 
concentrations of selenium and boron. Aaaeaamenta could then be tiered ao 
that a lower rate par acre-foot of delivered water is charged to those 
without ••vera boron or .. leniua concentration•. 

If payments are made according to the amount of drainage produced, 
then we recommend considering aubaurfaca drainage only. In thia way, 
decreases in surface tailwater will not be credited and feea can be 
directly correlated with the decraaaea in subsurface drainage quantity 
which are required to meet water quality atandarda. Weighted aelenium and 
boron loads would accomplish .uch the aame purpose. 

Regardlaaa of the ••-•-nt method chosen, we recommend that a 
tiered fee atructure be used. The first incr.,..nt of water inputs or 
drainage outputs should be aaaeaaad at the base rate, and higher amounts 
should be aaaeaaed at progrsaaively higher rates. In our view, the tiered 
fee structure will further enhance the incentive to reduce drainage. Aa 
the Drainers invest in source control and other drainage reduction 
measures, these improvements would translate into lower f .... 
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A8 mentioneci above, our initial purpoaea in auqqeating the 
performance bond were to addreaa iaauea of environmental riak and 
liability, and to create an additional incentive, and fund, for drainage 
reduction at the diatrict and/or farm level. l!'or theae reaaona, we 
augqeated baaing payment• into the fund on drainaqe output&, and ailing the 
fund according to the eatiaatea developed by the SJVDP of the coat& of 
drainage reduction (or •source control") meaaurea in the Craaalande 
Subarea. According to the SJVDP, theae meaaurea involve ezieting and 
available technology and are economically realiatic for the Drainer&. We 
alao note that the coat& of the&e meaaurea are well within the range of 
thoae deemed acceptable by the State Water Raaourcea control Board'• S5-1 
Technical Committee. 

In earlier caa.nta, we auqqeated a rate of $15-20/af of drainage 
generated (a figure derived froa the one-time aource control coat& 
developed by the SJVDP) that would yield a total of $7SO,OOO to $1,040,000 
per year, baaed on our own eatilllatea of the total &IIIOUilt of drainaqe 
generated from the affected area in 1989. we note that thia amount ia 
actually only about half of the total annualized coet of aource control 
(conaidering both one-time and ongoing expenaea) quoted by the San Joaquin 
Valley Drainaqe Proqraa for the geoqraphical area 811C0111p&&&ed by thia 
project. It ia alao approxiaately one-third of the Drai.naqa Program•• 
eatimatea of the coeta to ~ze riaka to fish and wildlife in this 
region. (Lacking batter information, the fish and wildlife coat& could be 
conaidared a aurroqata for the ainimua mitigation or clean-up coat& which 
might be required.) Finally, the aiza of our augqaatad fund ia far •-llar 
than what the Drainers - ready to pay for the anticipated San Luia 
Drain-san Joaquin River connection. Honethelaaa, we are willing to accept 
thia amount for purpoaaa of the ahort-tera (two to five year) project 
contemplated in the Drainer&' propoaal becauae of the incentives the fund 
would provide for drainaqe reduction. 

We hope thia information ia helpful. We continua to believe the 
adoption of a performance bond aa outlined in thia latter, and in earlier 
communication, will go a lonq way toward& reaolving the remaining critical 
isauea surrounding the propo&ad temporary uae of the san Luia Drain. 
Please feel free to contact ua if you Would like to diacuaa thia in more 
detail. 

Sincerely youra, 

../i~ 
Terry F •. Yolmq, Ph.D. 
seniort conaulting Scientiat 

...--·· 

(•f-·'-' v--..<--l::Oec--.,. 
Chelaea COngdon 
Raaource Analyat 
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Kay 9, 1991 

Mr. Lawrence r. Kancocl<, Director 
Bureau of Reclamation, Mid-Pacific Region 
u.s. Department of Interior 
2800 COttage Way, MP-405 
Sacramento, CA 95825-1898 

Rea Suppl-tal Environmental A8-•-nt and 
Draft Finding of No Siqnificant Impact , for 
the Propoaed o.. Aqr...-nt Allowing Oae of 
the San Luia Drain 

Dear Kr. Hancock a 

The Environmental Defenae l!'\lnd urge• you not to 
ad.opt the Suppl-tal Environmental A8Ha-nt (llA) and 
Draft Finding of No Siqnificant Impact (FONSI) for the 
u .. of the San Luia Drain. COnaiatent with our 
diecuaaiona with you during the paat year, we continue 
to conaider the uae of the San Luia Drain to be feaa~le 
under carefully defined circumatancea1 the conditione 
deecr~ed in the draft FONSI, EA and aaaociated oae 
Agr-nt, however, are not acceptable. Moreover, the 
EA and draft FOBSI are inadequate in their own right 
becauaa they do not fulfill tha requir ... nta of tha 
National Environm.ntal Policy Act. Among our concern• 
ara the followinga 

-The uaa of the San Luia Drain ia ~ directly 
tied to meeting water quality atandarda, 
deapita rhetorical proal•••· 
-Progr••• toward• controlling tha underlying 
pollution probl- (i.e., meaningful drainage 
reduction) ia not linked to the uae of the 
Drain. 
-The EA promiaea benefit& which may or may not 
actually occur. 
-The potential liability aaaociated with the 
uae of the Drain haa not bun properly 
addreaaed. 
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we are alao concerned that thia project haa beaG fundamentally 
aiarepreaented aa a project who .. primary purpose ia to benefit wetlanda. 
In our vi-, the -tlanda do --desperately- need acceaa to a relial»le 
supply of good-quality water. That ia not the purpoae of thia project, 
however. No aerioua consideration baa ~ qiven to aat:ually proYidinq 
water to the -tlanda. ThJ.a project aialply -• polluted aqd.cultural 
dral.naqe to a n- location witboat addreaal.nq the cruz of the probl-• 
agricultural drai.naqe ia pollutl.nq the wetlanda and riven of the san 
Joaquin Valley. 

Accordl.nqly, the J:nvi=-tal De fen.. Pund haa attempted to perauada 
you and the project propcnenta that it La n-••ary to tie the u .. of the 
Drain to aiqnificant pollution reduction. Dra1naqe reduction (reducl.nq the 
.-unt of polluted dral.naqe which La produced) La not controveraialJ rather 
it La the corneratone of both the Federal-State san Joaquin Valley Dral.naqe 
Program and the California Technical c:-Ltt .. Report which preceded it. 
We ... no reaaon why the u .. of a federally-aWiaidi&ed facility, aaade 
poaaible by a atate-aubaidi&ed loan fund, ahould not be contl.nqent upon 
furthering the drai.naqe red~ion qoala of the Federal-state Proqram. The 
Program, aa you know, repreaenta the cul.aination of nearly eiqht yeara of 
in-depth technical analyaia and public policy debate, aupported by $50 
aillion of taxpayer money. While the proqrUI l.ncluded the poeeible .... of 
the san Luia Drain, thia .... waa coupled with an extenaive array of 
dra.t.i>aqe reduction actions. u .. of the Drain ahould continue to be U.nlced 
to aubatantial drai.naqe reduction, in our vi-. 

II:DP'a earlier eommanta on the Panache Water Diatrict'a draft 
Environmental Aa .. aement and Initial Study indicated our willl.nqneaa to 
-t with the concerned parties and at~ to deaiqn a aatiafactory Uae 
Aqreament. We -re pleased vbea, albeit at the el..-nth hour, .. rioua 
naqotiationa ensued and aubatantial proqreaa waa achieved on a..-ral 
i.lllportant iaauea. Theee iacludaa 1) l.I.Dicinq the continued uae of the Drain 
to coaapliance with water quality atandardaJ 2) the foz:mation of a regional 
drainaqe diatrict with the authority to undertake actions neceaaary to meet 
the requirements for uae of the Drain1 and 3) the uae of defined aileatonea 
for drainaqe reduction aa neceaaary to - water quality atandarda. 
Unfortunately, - find that tbe laaquaqe nov included in the draft PCIUI 
and uaociated u .. Aqreaaent doew not adequately reflect our underatandl.nq 
of theae pointa of aq~ and will not accoapliah the intended qoala. 

Moreover, there are additional aiqnificant iaauea where no q-t 
haa b .. n reached. AIIDnq the .. area 1) the need to deteJ:IIIine, prior to the 
atart of the project, appropriate •tri.vqera• which will define unacceptable 
en ... i&o-tal .l.mpacta, and the need to pcovide a clear proc:e.a or aet of 
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criteria for determining when additional mitigation or enforcement meaeurea 
are required' 2)the creation of a liability fund, performance bond or other 
similar mech&niam to aaaure the availability of adequate reaourcea for any 
clean-up or mitigation which may be requiredl and 3) meaaurea to guarant­
that potential project benefit& aaaoeiated with the r..aval of drainage 
from Salt Slough are actually realized. 

Finally, we recognize that legitimate isauea raiaed by other partie& 
alao have not been reaolved. The following comment• deacribe acme of theae 
concern• in greater 'detail. 

THE LANGUAGE IN THE DRAFT FONSI DOBS NOT BNSORB THAT THE COMKITMBN'l'S WHICH 
HAVB BEEN PROMISED ACTOALLY WILL BB ACHIEVED. 

1. The corneratone of Reclamation•• juatification for allowing the uae of 
the san Luia Drain ia that it •ia contingent upon compliance with all 
applicable lawa and regulation&" (draft FONSI, p. 2). However, the actual 
language contained in the Bnvironmental~ommitmenta section, which will be 
an enforceable component of the Use Agreement, faila to deliver on this 
•••urance. 

Firat, the language doaa not actually require that water quality 
standards for the San Joaquin River which beccme effective in october 1991 
will be met. We aaaume that this waa an oversight1 Attachment l provide& 
specific language to correct this problem. 

second, the project will not comply with federal or state 
antidegradation requirement&, either in Mud Slough, or (according to the 
analysis in the Supplemental EA) in the San Joaquin River itaelf. The 
draft FONSI asaerta (p. 5, referencing Appendix 1, Table 24) that the 
project will not cauae a significant change in the number of times that 
water quality objectives are exceeded in the san Joaquin River. However, 
the Table ahowa that, in ~ year and ~ scenario analyzed, the 
project would cauae significant increaaea in the number of timea that 
selenium at&ndarda are exc~. According to thia analyaia, therefore, 
the only way that the project can be undertaken without further deqrading 
the San Joaquin River is to formally link the uae of the Drain to a 
subatantial dacreaae in drainage load, aa wall aa to tie continued uae of 
the Drain explicitly to meeting water quality atandarda. Thia formal 
linkage is not accomplished by the currant language. 

2. The Drainers, Reclamation and other intereated partie& (including Fish 
and Wildlife Service repreaentativea, NRDC and BDF) agreed in principle 
that drainage reduction mileatonea are appropriate for incluaion in the Ose 
Agreement. The provisions in the draft FONSI, however, do not accomplish 
the intended purpoae. 
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The draft FOKSI should clearly require that the llli.lestcmeso a) ue 
adequate to - applicable st&lldard8 in tbe san Joaquin Ri.verr b) require 
consistent proqre .. towuda -inq st&lldard8 in Hud Sloughr and c) aaew:e 
significant annual reductions in pollutant loade. Further, llli.lestonea for 
drainaqe reduction should be deftoloped and agreed-upon ~ to tbe start 
of construction of tbe project. we rec-.ul that an oversight c-itt .. 
composed of representatives from Reclamation, Fish and Wildlife service, 
CAlifornia Department of Fish and G_, and california state Water 
Reeources control Board (or ita delegate, tbe Regional Board) be 
eatablillhed to approve the llli.leetonea, and to reYiew the -itorinq results 
during the course of tbe project. The specific language to be added to tbe 
draft FOIISI to accomplish theee purposes appeua in Att-=-ot 1. 

3. The Drainers have also agreed to form a Regional Drainage District 
durinq the period covered by tbe Oae ~t. The draft FOIISI needs to 
be more specific in defininq the llli.nilllwll acceptable legal authority of the 
Regional Drainaqe District. 

4. AD updated revision of the Oae ~t incorporatinq the assurances 
aet forth in the draft FOifSI should be lll&de available to interested parties 
for caa..nt prior to the start of construction. 

Till: DRAFT FOifSI DOBS HOT RBSOLVB ISSUBS WHICH AU: Fti!IDAliBifTAL TO Alf 
ACCIPTAIILE PLAit FOR USB OF Till: DRAIIf. 

1. Given Reclamation's recent ezperience at bsterson Reservoir, - ue 
convinced that both Reclamation and the taxpayers should a .. k protection 
from liability in the event that the proposed uae of the Drain results in 
contallli.nation requirinq clean-up or expenaive llli.tigation. Tbe draft FOKSI 
provides no such protection, nor does the draft Use Agreement dated January 
21, 1991. Notable shortcollli.nqs include the following• 

-the draft FOifSI is silent reqardinq who will pay for additional 
mitigation, should it be raquiredr 
-the draft FOifSI provides no formal mechaniam for deterllli.ninq whetber 
(or when) adverse impacts justify termination of the Oae Aqreementr 
-tbe draft Use Agreement, while it clearly identifies the 
D~ainers as liable for potential damaqes, does net shield 
Reclamation from claims by third parties if the damages exceed 
the ability of the Drainers to pay. 

The lanquage included in Attachmeot 1 partially rectifies tbe first 
t- probl.,.., appears consistent with the Drainers • stated poeition, and 
can easily be inserted into tbe draft FOIISI. a-r, the remaininq 
concerns are still unresolved. For exa8ple, our recent discussions with 
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the Drainer& have led to an impaaaa regarding the uaa of pre-defined 
•trigqara• and the daaiqnation of a formal entity to review monitoring 
data. Similarly, with regard to third-party claima, EDI' baa r&COIIIMnded 
the uaa of a draiD&Q& faa/performance bond aillli.lar to the truat fund uaed 
in the Barcalloa aattlement (aaa Attachment& 2 and 3). Thia propoaal waa 
rejected, but an alternative machaniam waa not forthcCIIDinq and the iaaua 
ramaina unraaolved. 

2. Tba draft FORSI doaa not include an appropriate incentive atructura 
for the Drainer• to meat drainaqa reduction milaatonaa or comply with the 
other requirement• atipulated in the "l!!nviro.-ntal c:oaaitmaAta•. 

The draft FONSI now prohibita the renewal of the licanaa for uaa of 
the san Luia Drain beyond the five-year term if the "Environmental 
COmmitment•" are not met1 wa conaidar thia an improvement over the pravioua 
propoaal. However, if the Drainers fail to meat thaaa comaitmants ~ 
the five-year period, Reclamation should have recourse to an anforc ... nt 
mechanism abort of revolting the licanaa and cloaing the Drain. In our 
view, relying solely on the •all-or-notbinq" approach virtually quarantaaa 
that "minor• infractions will be overlooked. 

In order to rectify thia problem, EDI' haa recommended that 
Reclamation charge drainage feaa. Aa proposed, the faa syatam would 
provide aavaral benefits: give Reclamation the flexible enforcement option 
it naadaJ create a monetary incentive for drainage reduction' and finance a 
refundable performance bond. We continu• to advocate this approach beCause 
it providaa tangible incentive• for proqraas in drainage reduction. If 
drainage faas or their equivalent are not used, Reclamation will, in our 
view, lack a realistic enforcement mechanism during the five-year project 
term. 1 

3. The Supplemental EA continues to aasert benefits of the project which 
are not, in fact, a part of the project. 

The Supplemental EA promiaaa that usa of the Drain will eliminate 
contaminated drainwater from 70 milaa of channala, including ch&Dnala that 
can ba used to supply water to public and privata watlanda. No guarantees 
have bean provided, however, that All contaminated drainage will be 
diverted into the Drain. 

1Altarnatively, Reclamation could adopt a mora traditional enforcement 
mechani8m -- a ayatam of financial panaltiea which would be analoqoua to 
the standard finaa imposed when wasta diacharga permits are violated. If 
an approach involving refundable drainage faaa/performanca bond is not 
implemented, than a ayatem of panaltiaa is a logical alternative. 
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Juat aa important, there is no guarant- that any usable water will 
be left in these channels once they are "cleaned up•. The Supplemental EA 
aomewhat disingenuously provides an extensive analyaia which preau.ea that 
good quality tailwater will be available for uae in the wetlands (aaa P• ll 
and subsequent analysis). EDF baa been directly infoxmed, however, that 
the Drainers cannot and will not guarant- that water ia made available for 
wetlands. Reclamation baa also declined to commit to actions which would 
facilitate the provision of water to the wetlands. Moreover, the 
supplemental EA doea not analyze any alternative options for delivery of 
water to the wetlands. In abort, since little water may be available, 
cleaning up water supply channels doaa not qualify aa a project-related 
benefit to offset other impacts, aa ia aaau.ed in the draft FONSI. 

THB DRAJ'T FONSI AND SUPPLEMIDITAL EA FAIL TO ADDRJ:SS ADBQOATBLY OTIIBR 
I!'BASIBLE ALTBRNATIVBS AND MITIGATION KSASURBS. 

One of the benefits of the process required by the National 
Environmental Policy Act is that fundamental shortcomings, such aa those 
discussed above, can be remedied via a thorough evaluation of reasonable 
alternatives. For thia project, however, l) fundamental isauea remain 
unresolved; 2) reasonable options are available to resolve thaae isauea; 
and 3) thaae options ware not evaluated in the Supplemental EA. 
Accordingly, we conclude that the Supplemental EA did net adequately 
analyze alternative& to the project. 

In addition, the supplemental EA still purpcrts to provide mitigation 
maaaurea which are not mitigation maaaurea at all. (Sea the above 
diacuaaion regarding availability of water supply channels; see also EDF's 
comments regarding the misrepresentation of monitoring as mitigation in 
Attachmant 2. ) 

Finally, the supplemental EA incorrectly aaaerts that a FONSI is 
appropriate because the Oae Agreement would be of limited duration. The 
legal analysis presented by NRDC (COmments on Draft EA, December ll, 1990) 
refute• thia aaaertion. The proposed project ia clearly the first stage of 
a longer-term program that is currently being evaluated. In fact, almoat 
concurrent with this draft FONSI, Reclamation isaued an "Alternatives 
Analyaia" (preceding a full EIS) for the aame drainage problem in the aame 
region which include& the long-term uae of the san Luia Drain in four out 
of five alternative scenarios. 

CONCLUSION 

The design of the proposed project waa flawed at the outset, and baa 
not been sufficiently modified to addreaa the fundamental concerns raised 
by EDF and other interested parties. Because the Supplemental EA and draft 

77-141 94- 9 
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FOftSI atill do not aatiafactorily ~· tU.. concerna, tb8 draft J'OKSI 
C&IIIIOt be conatrued aa aatiafyillq tb8 r.qu~t• of fadaral law. 
Pa:ocaeding with tb8 projact on tb8 beaia of tb8 J'OIISI aa drafl:ed will maJce 
any conaenaua-baaed aolutiona to tb8 san Joaquin Valley•• drainage prabl ... 
• ,... more unlikely than tlwy alreedy are. 

CCI Marvin L. Plenert 
Dennia l!'alaacbi 

SJ.Acerely, 
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Attachment 1 

We acknowledge that the "Environmental Commitments• stipulated in the PONSI 
for incorporation into the uae Agreement represent progreaa towarda 
addresaing the numaroua environmental concerne aseociated with thie 
project. However, theee "Environmental Commitmenta• do not adequately 
reflect all of the change& to which the Drainers recently have agreed, at 
leaet in principle. In addition, the language in the draft PORSI, and 
therefore the Use Agreement, require further refinement to provide even the 
minimal environmental mitigations and guarantees already asaerted in the 
document. Accordingly, we auggest the following specific changea to the 
language in the PORSI in order to rectify, at leaat partially, these 
problema. 

ENVIRONMENTAL COMMITMENTS 

p.4. Item t2 ahould conclude with the following: 

Tht contenta of the Joint Exerciae of Pgwers Agreement will, purauant 
to Government COde provi1iona. state: the nature and purpose of the 
Agreement: the duration of the Agreement: work to be pedormeci: 
limitation•: service charges or fees to be a11essed. or other financing 
arrangements: administration; personnel; procedures for amendment. 

p.4. Itam t3 should be amtnded as followa: 

3. Drainage and con1tituent load redyction goals are specified in 
Appendix to this agreement. The goals will assure that 11 Water Quality 
Objectives in the San Joaquin River are met consistently throughout the 
agreement period; 21 conti1tent progress is made towards achieving the 
Water Quality Objectives for Mud Slough prior to the implementation date 
for thO!! objectives: and 31 in no case shall the monthly constituent loads 
exceed the average loads for the same month during the 1986 through 1989 
period of record. ~he D•aiaa••• iR aaRa~leaeiaR \iSh Ska Ralieaal Baaed, 
t i:ll eaeM1,aft ll•a:l:aa1• ..... aaRa•••ttaRe .laa• wea-.a•iaR f&&la 'ea •••• tJHa:e 
Qval••~ ~i•••' ea pew •h• 8aa4a Plaa a.ea-.•a• ••• •• •••~•• "ag.ai e 
W..•••• aaaaa:ir:aead llieh •••i:a~a~lSw.•al: ••ailR&IJa \IHe• These qoala will 
identify monthly flow and load targets for diachargea from tht Drain based 
on the type of water year, and on an annual baaia, will demonstrate 
significant reduction• in diechargea to Mud Slough and the River. Rad~aWiaa 
gaala ill ~a aaeaBl'•~•• aad pwaaaaead ~• l•••• Shaa ae eha •~• ef 
a~aiWSal af She D•akaa•a' 9waiaa,a Q•a•aWiaR Plaaa Sa S~a Ra,iaaal Baa•d 
ia 9aa-..a• 1 1991 Diacharge and- load will be measured monthly. 
Achievtmtnt of goals will be evaluated on a quarterly baais by Reclamation 
and tht service and made available to intarteted parties. 1 aa•, ae a 
aiR~~. •apa•Wed aaRHalll iR •as 9waiaa,a Qpa•a•iaa Plaaa dY•i•• epa•a•iaR 
d •ha p•e:jea'6 



256 

a) All diacharqa of toxic con.titu.,.ta iD to•ic UIO\lnta to Salt 
Slough ara taraiD&tad !!bp the Rro19Ct C!'!!P'T!£11· 

c) Qemonatration that applicable ... eall __. .._e..-aae••• wattr 
quality objaetivaa in Salt Slough &Dd the san Joaquin Rivar can 
conaiatantly ba mat tbrouqhout th9 oparation of tha projact. 

d) Qamonatration that tba applic&bla t.pl ... ntation achedula for 
-inq objactivaa iD llud Sl-qb !3oiL...ID!i!. will ba -t. 

p.S. It- t2 undar "To ·....ura that ai9nificant &dvern affacta to fiab &Dd 
wildlife in affected ch&nnela do not occur• should ba am.nded aa followaa 

2. Reaulta of tha 111011itorin9 proqram will ba ravi-.:1 quartarly ...,.. 
••••• AlaBa,aa ... l. by ID adyitpry £9'1jttat Cqmp91fd Of OQI 
rsr•••ntativa frsp tagh of tbne eqnqi,a•. If unacceptable probl_. or 
illlp&cta ara idantified, appropri&ta llitiqative action• to &ddraaa tha 
probl- will ba davaloped by t!Ja &dvilorv csmlttn. -· .... 1 ....... Tha 
dafiDition and id.,.tification of •unaceapt&bla" probl_. or impact& and 
naed for mitiqativa action will conaidar applic&bla lawa (i.a., Kiqratory 
Bird Traaty Act, !nd&nqared Spaciea Act 1 u -ll u tha iiDpaeta in all 
channel& affacted by i.lllpl-t&tion of the projact. Appropriate mitiqative 
action•, dependinq on tha aituation, -ld include, but not neeeaaarily ba 
lt.ited to, for ...-plea intarruption of a apeeific id.,.tified 
contamination pathway through h&&in9 or habitat manipulationr inereaaed 
manaq ... nt, enh&ne-nt, •and reecwery aetivitiea diracted at t.paeted 
apeeiea in channela cleaned up u a reault of the projectr and/or, 
eatabliahment and attaiDmant of more atrtnq.,.t contaminant load reduction&. 
Tht cowte of mitigation. at ypll 11 apy required qleag-up, aball b! barD! 
by tht Dra;nera. 

p.s. Innrt a n- it- t1 Wider "To enaura that there are no aiqniticant 
adverae effect• to othar en.iroaaaatal raaource. or public health" aa 
follow• and renumbar aubnquent i-• 

1, Seqtion 40! Mmittipq A9Yirwppt1 of tb4 C9rp! of lnqinM£1 
will bt complpt!d pr4pr to apy cgptSryctigp ip Mud Sloyqb or mqdi(&catLen• 
of rttainr dilret or gttwr -mu:" t;q prpttct hfbitft or fieb R91Nlationw 
frgm draLnaqw cpftt .. 4patLpn. 

p.6. It- t1 under "To ....ura that tbe above li.ted c.:-it..ata ara 
i.lllpl ... nted and adhered to u part of tbe projact• ahould ba ~ aa 
follow•• 

1. "Tha Bnvironmental cc-itmenta a.t forth in POIISI lfo. __ _ 
dated ___ , ara hereby iDeorporated and mada an i.ntaqral, l!i.D!UD5l · 
eomponant of thia Licenn.• 
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Attachment 2 

ENVIROl'TMEl'JTAL DEFEl'ISE FUND 
Rockridgc ~larkct Hall 
5655 Colkgc .-\vcnw 
Oakland. C.\ ~4618 
(415) b5S-SOOS 
(415) 658-0630 FAX 

NationaJ Headquarters 
Z57 Park Avenue South 
New York. NY 10010 
(212) 505-2100 

1616 P Street, NW 
Washington, DC 20036 
(202) 387-3500 

1405 Arapahoe Avenue 
Boulder, CO 80302 
(303) 440-4901 

1108 East Main Street 
Richmond, VA 23219 
(804) 780-1297 

128 East Hargett Street 
Raleigh, NC 27601 
(919) 821· ?;93 

I ROO Guadalupe 
Ausun, TX 7R701 
(512) 47R-5161 

December 11, 1990 

VDt. I'Alt .1U1D 1UUL 

Lawrance I'. Hancock, Director 
Bureau of Reclamation, Mid-Pacific Region 
u.s. Department of the Interior 
2800 cottage Way, MP-720, 
sacramento, CA 95825-1898 

Ral Propoaed Uaa of tile SoUl Luia Drain 

Dear Larry: 

Thank you for our good meeting laat weak. Aa you 
know, the Environmental Dafanaa l'und (EDI') baa many 
specific concarna regarding the propoaad uaa of the San 
Luia Drain aa daacribad in the Panocha Drainage Diatrict's 
Environmental Asaaaamant. Initial study. and Propoaed 
Negative Declaration dated November, 1990. (Sea cammanta, 
attached.) wa recognize, of couraa, that the Panocha 
proposal offara at leaat the ·potential of "clean• 
conveyance channala in the North Graaalanda area, aa well 
aa the poasibility that Salt Slough will once again ba 
uaabla for the benefit of area wetlands. Prospective 
banafita do not, however, change the fact that significant 
drainage reduction will ba part of any meaningful effort 
to address the Valley's irrigation drainage problema, 
whatever the short- or long-term prospects for usa of the 
San Luia Drain might be. 1 

Currently missing from tha Panocha proposal are two 
important elements: firm assurances that the benefits 
promised will, in fact, ba realized during the five-year 
interim usa period; and firm aaaurancaa that concurrent 
progress will ba made towards meaningful drainage 

1 "Improvement in the application of irrigation water 
to reduce the source of daap percolation haa bean shown to 
ba the moat affective and laaat coatly maana of reducing 
the amount of potential drainage problem water.• (San 
Joaquin Valley Drainage Program Pinal Report, September 
1990.) Drainage reduction is wholly consistent with the 
applicants• promise to meat applicable water quality 
standards; can be undertaken on a •for-profit" baais 
through the compensated reallocation of waters conserved; 
and will be needed to avoid the unnacaasary commitment of 
scarce water supplies to the mara dilution of agricultural 
wastes. 
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reduction. Considering tbe Bureau•a liabilities, obligationa, and intaraata 
in the poat-Kaataraon era, it ia imperative that any agreement for interim uaa 
of the Drain address both of theaa al ... nt&J it should also be available for 
public review and com.ant.2 eon.idaring theaa points, and following on laat 
-k·a discussion, we 11UCJ98R that the following al-ta be incorporated into 
any such interim-usa agro to 

Pi.rat, it should be guaranteed that watara wbich are available for 
diversion in Salt Slough and the ~ Graaalaada area will either be usable 
for wetlands purposes or, if not ua&bla, will be fully lllitiqated. At a 
minimWII, waters with aalani,_ concentration& in ... ceaa of 1.0 ug/l should be 
considered unusable for wetlaada purpo.... Mitigation should be provided in 
the form of "in-kind" replw ta (i.e., equivalent reductions in naxt......,nth 
deliveries among the participating entities, and reallocation of those waters 
to area wetlands), or in tba form of "in-lieu" pa~nta for the acquisition of 
equivalent replacamant auppliaa. 

Second, ceilings should be established on consolidated drainage 
discharges and maaa pollutant loadinqa. 3 Monitoring data (1989) auggeat that 
reasonable interim-uaa caps would ..aunt to approaimataly 50,000 acre-feat 
(API par year of cOIIIbi.Dad drainw)a inflow, 9,000 poun4a aelaniWII (avaraginq 
66 ug/1), and 900,000 ~ boron (awaraqinq 6.6 lllll/1). Substantial 
reductions in drainage vol,_ and loadings should also be required during the 
intarilll-uaa pariod.4 

2 It ia our undarstandinq that a draft interim-usa aqr-nt between the 
Bureau, Panoche, and possibly others has bean under discussion and development 
since Karch of 1990 (if not before). we have asked for and have bean 
prom~sed, but have not yet received, a copy of thia agr...-nt. 

3 C&ilinqs and reduction targets are naadad for satisfactory completion 
of the environmental review procaaa and to addraaa laqitilllate environmental 
concerns. It would also be unwise for the Bureau to rely on the tacit 
aaaWIIption that the Raqion&l Water ~lity COntrol Board's raqulatory proqram 
for aqricultural drain&qa in auy way quarantwaa that water quality objectives 
will, in fact, be attained, much leas that aiqnificant new wildlife or habitat 
contamination will be avoided. Evan a cursory review of the current ~ 
ElAn and moat of the associated Drainage Op!rationa Plana will confirm that 
this proqram cannot reasonably be relied upon to lead to full compliance with 
applicable water quality objectives. 

4 Accordinq to the State Water Re11011rcea COntrol Board • a Technical 
COmmittee Report (Auquat 1987), "deep percolation ••• could be raduced by about 
40 percent with batter water manaqamant of axiatinq furrow ayatama. It could 
probably be reduced by mora than 70 percent if the beat available technoloqy 
in irriqation ayatama ware aaployad ••• • Tba Drainaqa Proqram•a Pinal BeOOrt 
underscores this findinqo "t&r0)8t ~ion& in deep percolation believed to 
be attainable through on-tara water conaarvation meaaurea ••• and sustainable 
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Third, a system of fees should be established for consolidated drainage 
inflows on a per-AF or per-~und ba•ia, with revenues used to establish a 
liability/clean-up reserve. At the and of the interim-usa period, these 
funds would be returned, with interest, to the participating antitiaa unlaaa 
otherwise needed for liability/clean-up purposes. Unless interim drainage­
reduction targets have bean achieved, however, subsequent usa of these funds 
abould be restricted, by prior agraamant, to drainage reduction investments 
and/or aaaociated OK&R expanses. Fees of $15-20 par AF of consolidated 
drainage inflow would be appropriate baaed on the one-time source reduction 
investment costa described in the Final Report of the San Joaquin Valley 
Drainage Program. 

Fourth, progress towards the attainm.nt of "Laval 4" refuge water 
supplies ahould be aaaurad. Hera, many options are possible: the Bureau could 
•officially• forswear the marketing of such unallocated CVP yield aa $BY exist 
during the interim usa period (or pet$&Rantly) and maka such water available 
to the u.s. Fish and Wildlife service for fishery/wetland enhancement 
purposes. Also, assurances could he given that a Graealands turnout on the 
Delta-Mendota Canal would be completed by the and of the interim-usa period, 
and certainly prior to any subsequent usa of the Drain. In all casas, 
however, the moat appropriate pat$ARant source of enhanced refuge water 
supplies will coma not from unallocated CVP yield but from the companaated 
reallocation of watera indigenous to the San Joaquin River basin, or from acme 
portion of the water conserved for drainage-reduction purposes through reduced 
applications and/or land fallowing. To this and, the Bureau should act 
expeditiously to clarify ita policies in support of long-term water transfers, 
particularly with regard to any diacriminatory treatment that might be applied 
to waters under contract that are voluntarily transferred to non-irrigation 
u•••~ 

Fifth, and finally, the Bureau, or the Panache consortium, must agree to 
initiate a request to the State Water Resources Control Board for a permit for 

beyond [2000)" amount to 0 . 35 AF par acre annually--approximately 47 percent 
of the reported drainwatar average in the Grasslands subarea, and about 11 
percent of total applied water. Additional reductions will be needed to meat 
the u l s. Environmental Protection Agency's objections regarding disapproved 
atata~baaed objectives for water quality in Mud Slough. Finally, bona-fide 
load reductions will be needed if Drainage Operation Plana are to result in 
compliance with the drainage-reduction milestones referenced in the Regional 
Water Quality Control Board'• Basin Plan (aa &mended). 

5 The Bureau negotiated a aimilar reserve in the Barcellos litigation. 
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tne consolidated diacnarqe of drain&qe from tna san Luis Drain.6 An interim­
usa permit anculd be in place within one year of the data en which the 
interim-usa agreement takes affect, and should incorporate all of the terms 
and conditions of that ~t. Tbe interim-usa permit and aaacciatad 
agr-nt alae should clarify that u .. of the Drain beyond the five-year 
intar~uaa period will ~be allowed in the absence of (1) a permit which 
requlataa the diachar;e of aelaniua, borOn, and other constituents of ccncarn1 
and (2) formal crqanizatioD of a reqional entity (or entities) with 
appropriate ccntractinq, fin&Dcinq, liability, and dr~nt 
authority. 

We recognize that the above list of conditions may prove daunting at 
first blush, particularly to propo!lelt& of the proposed interim usa of the san 
Luia Drain. Anticipatinq such a ~. - can only undaracora the fact 
tnat our propoaala involve little eore than firm aasurancea that tna premised 
mitigations and benefits will -terializer provide a material means of 
resolving the Bureau•a, the Drainers•, and .cat of all the public•• ccncerna 
over liability for, and the potential adverse impacts of, auch interim user 
and offer complementary IIIIBC~ for the concurrent impl-ntaticn of a 
prcqram of drainage reductioD that lea.-a operational and investment details 
to the participating districts• dt.cretioD. 

We urqe your careful conaidaration of the' above auggaaticna, which W. 
will forward to the Panocbe Drain&qe Diatrict along with our ccamenta en the 
Envircnmantal Aaaea .... nt/Initial Study. We are, aa you know, prepared to work 
nard and cooperatively to assure that a satisfactory and comprehensive 
interim-uae agreement ia in place on or before Kay 1, 1991. Please let ua 
know now you wish to proceed. 

Sincerely yours, 

.. , 1.1 
Ya•"> 1 ilf<h~ 

David Yardaa 
Bconcmic Analyst 

for Thamaa J. Graff, Senior Attorney 
Terry P. Young, Ph.D., Consulting Scientist 

cc: Dennis Falaacni, Panccbe Drainage Diatrict 

6 Permits have previously bean required for the intermittent discharge of 
lower-volume and higher-quality groundwater aaapaqe from the Drain. Planned 
use of the Drain in the early 198D'a also was to nave required an· NPDZS 
permitl aae Interim Guidance on Possible Wasta Discharge Requirement• for the 
Proposed San Luis Drain, State Water Resources Control Beard, May 1981. 
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ENVIROl\TMEl'TT.A ... L DEFENSE FUND 
Rockridge ~ tarkct Hall 
)655 Colleg< ,\,·enue 
Oakland. C.\ 9~618 
(~151 65S-S008 
(~15) 658-0630 FAX 

National Heaclguarters 
257 Park Avenue South 
New York. NY 10010 
(212) 505-2100 

1616 P Street, NW 
Washington. DC 20036 
(202) 387-3500 

1405 Arapahoe Avenue 
Boulcler. CO 80302 
(303) 440-4901 

1108 East Main Street 
Richmoncl. VA 23219 
(804) 780-1297 

128 East Hargett Street 
Raleigh, NC 27601 
(919) 821-7793 

1800 Guadalupe 
Austin, T '< 78701 
1512) 4n,516t 

Mr. Dennis Falaschi 
Panoche Drainaqe District 
52027 West Althea 
Firebauqh, CA 93622 

December 11, 1990 

Rea Propolled u .. of tile san Luia Drain 

Dear Dennis: 

This letter, with attachments, constitutes the 
comments of the BnYironmental Defense Fund (EDF) on the 
EnYironmentsl AssesFpPnt and Initial Study for Proposed 
U!e of the San Lui• prain (Panoche Drainage Di1trict, Lead 
Agency, NoYember, 1990). 

Kotwith1tandinq the con•ider&ble effort that Panoche 
and othlr participatinq entitie1 ha.a expended on thie 
propoeal, we regret to 1ay that the BnYironaental 
Al .. l~m&nt r ... in, deficient in areal that rai1e major 
enYironmental concern•. our concern•, which we will 
di1cu11 in more detail below, represent not Pimply 
documentation problem~, but also 1eriou1 re1ervation1 
about thl de1ign of the project itself. ~ currently 
structured, we do not believe that the project, or the 
subject study and a1aeaament, warrant the proposed 
•neqative declaration• or d•••rve a •finding of no 
significant impact• by the u.s. Bureau of Reclamation. 

we do, however, wish to emphasize that it appears 
possible to resolve the•• concern• within a reasonable 
period of time, and thus it should still be possible to 
accommodate a Kay 1, 1991 construction date. A more 
detailed description of the changes that we propose is 
pro.ided in the attached letter to Mr. Lawrence Hancock, 
Regional Director of the Bureau. 

The areas in which the Aaaeasment/Initial Study ia 
deficient fall into three major categories: 

inaccurate characterization of mitigation 
meaaurea, 

inadequate analysis of alternatives that may 
render the project more environmentally 
benign; and 
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- inaufficient documentation of the propoaed alternative. 

With reapect to the i.naccurate characterization of mitigation meaew:ee, 
- note tbat monitgrinq of tbe potential conteaiD&tion of Kucl Slough and tbe 
aaeociated environment canaot be equated with tbe •itiq&tiop of adveree 
effect&. If mitigation ia to be cl&J...a, there -at be a .are aolid proviaion 
for follow-up than vague p~ to coaault with intanated partua. For 
-..ple, inca- cont.ainatioD exceeda &D accept:able tbre8bold, the plana for 
apportioning reaponaibilitiH f= c~-P llboald be explicitly dacua&ed. 
(Following on the experience at~ a-r.roir, both atate and federal 
taxpayer& deaerv. a clear di-aioD of··tbe legal-- available againat 
the federal gov.~nt abould a ~-c ... acenario dev.lop. 1 At the very 
leaat, a refundable contingellcy ~ abould be created tbat will be 
available during the interia u- ~icd to aaaut, u needed, in paying for 
the actual coat• of ciean-up. (Bee attacbaeut.) 

The corneratone of tbe propoaed "aitiqaticn" f= tbia project ia tbe 
eliaination of cont.ainated drainwater fro. 70 aile• of cb&Dnela in tbe north 
Oraaalanda area (including Salt Slalqla) and tbe pre--.! availa!»ility of tbe­
cb&Dnela for delivery .of uaa!)le water f= wildlife refu9ea and private -land 
habitat. We diapute, ~. the validity of tbia claia of mitiqation unleaa 
tbe water tbat r-ina in tu- cb&Dnela ia, in fact, uaa!)le. In other _rda, 
r-al of cont.ainated drailwater - be explicitly 9U&r&Dteed by tbe pl&D, 
and u- of the S&D Lui& Drain - be foaoally linJc8cl to the lll&inten&DCe of 
adequate water quality in tbo- 70 llilea of cb&Dnela. Tbia requir-nt eounda 
more formida!»le in the abatract than it need be in facti a auggeated metbod 
for accQDpliabing tbia formal 1~ ia explained in tbe attacbment to the­
coa.ent•. 

With regard to the i.naaquate &D&lyaia of alternative&, the Aaaea-nt 
baa over:look8cl an obvioua aet of alternative& wbicb would be environmentally 
prefer:able to the pr:opoeed project. "rlloHe alternative& would &till allow tbe 
uae of tbe San Lui& Dr:ain, but would prowide additional a&IIUJ:&DCe tbat tbe 
five-year interim uae per:iod would be .c==•~nied by progr:eaa toward& meeting 
tbe goal& tbat have already beaG eatabliabed by &tate water: quality J:89Ulatory 
agenciea and tbe federal-atate S&D Ja.qain Valley Drainage Progr... In other 
-r:da, tbe uae of tbe san Lui& Drain abould be tied fo~:~~~&lly to interia 
drainage ~~:eduction goal• and/or to progreee toward& ... ting water quality 
atandarda. 

The moat obvioua metbod f= achieving thie linkage ia to apply for a 
waate diacbarge permit for u- of tbe Drain. In fact, given tbe pr:evioua 
judgment of the state water ~ control Board tbat tbe san Lui• Drain 
r:equired an lfPDBS permit, it b odd tbet the lleqional Board baa not 
apecifically required a perait ae a r:e-lt of tbe current propoaal. Alao, 
drainage reduction mileet-, = otber quar&Dteee of progr:eee toward• tbe 
attainment of water quality atandard8, llboald be part of tbe contractual 
agreement tbat ia to be eiqned with tbe 11ur:eau of Recl ... tion for uae of tbe, 
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san Luis Drain. As currently described, the project-doe• not provide this 
linkage: the management of contaminated drainwater will be governed only 
through compliance with Drainage Operation Plans, which make no formal 
commitments to achieving any such milestones. Usa of the Drain, even on an 
interim basis, simply cannot be an excuse for further delay. 

As regards inadequate documentation of anticipated effects, we have four 
principal comments: 

o Firat, underlying data should be provided in appendices in support of 
All figures and tables, enabling independent analyses of effects baaed on 
a common set of assumptions, as well as comparisons against other 
available data. 

o Second, analyses should be provided with regard to expected flows and 
water quality in Salt Slough during the proposed interim use period 
(i.e., "Estimated Salt Slough without Drain Discharge"). Other 
constituents of concern (e.g., organic pesticides) should also be 
addressed. 

o Third, the proposed diking of Mud Slough and associated channel 
realignments are important features of the proposal that should help to 
avoid inundation of at least two impoundment areas. They will, however, 
require dredge-and-fill permits from the u.s. Army Corps of Engineers, 
and raise numerous questions with regard to on-site impacts, wet-season 
flooding of refuge lands, etc. Has sufficient time been left for this 
process? Also cited is the U.S. Fish and Wildlife Service's intention 
•to create a positive flow with usable water towards Mud Slough in the 
aide channel areas (south of Highway 140 ••• thus eliminating) the need 
for blocking these backwater areas• (p. 22). What is the source of this 
water? How much will be needed? Will it always be available when 
needed? At what impact (or benefit) to other needs in the wetlands/ 
refuge complex? 

o Fourth, and finally, the proposed monitoring program should be expanded 
to include at least three monitoring sites in the San Luis Drain: one at 
the point of entry; one approximately mid-Drain; and one just above the 
point of exit. Only this way can the ultimate fate of selenium, boron, 
and other problem constituents be accurately accounted for. 

We conclude that neither the proposed "negative declaration" nor a 
subsequent "finding of no significant impact• are justified at this point in 
time with ~egard to the proposed inter~ usa of the san Luis Drain. our 
analysis suggests, however, that opportunities exist for you and the other 
project proponents, together with the u.s. Bureau of Reclamation, to remedy 
the aforementioned shortcomings in a reasonably short time frame. To this 
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end, we will do our part to help atruct~ t~ aa.urancee that caa mak8 
intez::im uae of the Drain a atep in the riqbt direction for all concerned. 

SiDcarely youra, 

D&Yid Yardaa .__t c AD&l.yet 

tor Tbaeaa J. Graff, Senior Attorney 
Terry r. Young, Ph.D., coneultinq scientiet 

cca Larry Hancock, o.s. B~u of ~1-tioa 
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THE WILDLIFE SOCIETY 
5410 Gros1101nor Lane • Bethesda, MD 20814-2197 
Tel : (301 l 897-9no • Fax: (301) 530-2471 

5 October 1993 

Honorable George Miller, Chairman 
Subcommittee on oversight and Investigations 
u.s. House of Representatives 
1324 Longworth House Office Building 
Washington, DC 20515 

Dear Chairman Miller: 

The Wildlife Society wishes to submit the attached testimony 
concerning your committee's 26 October 1993 hearing on the San 
Luis Unit drain. The Wildlife Society is the international 
organization of wildlife professionals dedicated to excellence in 
wildlife stewardship through science and education. This 
testimony was prepared in collaboration with our San Joaquin 
Valley Chapter. 

We urge you to also consider holding hearings relative to the 
broader issue of agricultural drainage water impacts on wildlife 
associated with evaporation ponds. The Wildlife Society would 
like to offer the input of scientists with research and 
management experience in this problem area. 

Thank you for your consideration. 

Sincerely, 

~/1/.~-
Thomas M. Franklin 
Wildlife Policy Director 

Exctlltn<t in Wildlife Slewardship Through Scitntt and EducaJinn 
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THE WILDUFE SOCIETY 
5410 G_, lAine • ~.MD 20814-2197 
Tel: (3011 897·9770 • Fu:: (3011530-2471 

Statement of 
The Wildlife Society 

Oversight Hearing on 
Drainage Problems in the Central Valley Project 

Before the 
Subcommittee on Oversight ud Investigations 

CoMmittee on Natural Resoun:es 
U.S. House or Representatives 

October 26, 1993 

Mr. Chairman and respected subcommittee members, The Wildlife Society (1WS) 
appreciates this opportunity to present written testimony before the subcommittee on the 
issue of agricultural drainage water problems in the San Joaquin Valley, california. 
1WS is a nonprofit scientific and educational organization of over 8600 professionals 
active in wildlife research, management, >education, and administration. Through our 
Western Section and San Joaquin Valley Chapter, 1WS has been an active panicipant in 
the debate over agricultural drainage waters and related environmental impacts in 
California's San Joaquin Valley and throughout the Western United States. We believe 
that equitable solutions to the problems caused by agricultural drainage waters are 
available. However, these solutions will be oostly and no single group will endorse the 
entire package of solutions necessary to cope with the problems. 

A hearing on this and related issues is long overdue. We note, however, that the 
original announcement of this hearing included the topic of San Joaquin Valley 
evaporation ponds, an item omitted from the final agenda. We strongly urge this 
subcommittee to convene field hearings focusing solely on evaporation ponds and San 
Joaquin Valley drainage issues as soon as possible. Given the completion of the San 
Joaquin Valley Drainage Program in 1990, enactment of the Central Valley Project 
Improvement Act in 1992, recent court decisions, and pending actions relating to 
evaporation ponds in the San Joaquin Valley, such hearings should be convened. 

This subcommittee is aware of the significant environmental, social and economic 
problems caused by excessive salts and trace elements such as selenium in agricultural 
drainage water in the San Joaquin Valley and many other parts of the Western United 
States. In California alone, subsurface agricultural drainage water is discharged to 
surface waters of the state at a rate of 150 billion gallons per year; enough to fill a lake 
of 100 square miles to a depth of over 7 feet Salts imported to the San Joaquin Valley 
with irrigation waters amount to over 2 million tons per year. The subcommittee should 

Exctl!.nct ;, Wild/ifr Stewardship Tlr[ouf(h Scimce and EdNcation 
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also be aware that severe environmental damages are associated with agricultural 
drainage waters throughout the United States and elsewhere in the world where irrigated 
agriculture is practiced. 

The issues of concern to the subcommittee today cannot and should not be 
separated from the larger issues mentioned above. Much of this hearing is focused on 
the reopening of the San Luis Drain and implementation of the recommendations of the 
San Joaquin Valley Drainage program (Rainbow Report). We would first like to point 
out that the Rainbow Report explicitly recognizes that even if every one of its 
recommendations were enacted immediately (beginning in 1990), the drainage crisis 
might be managed, not solved, within the San Joaquin Valley for perhaps 50 years; the 
Rainbow Report does not offer solutions. Sometime around the year 2040 drainage will 
no longer be controlled by "in-valley" methods and drainage export will be a necessity 
despite efforts which will include substantial retirement of agricultural lands. This is the 
''best-case scenario" because the Rainbow Report recommendations rely on multiple 
unproven technologies to achieve results. During this intervening 50-year period the 
shallow ground-water table would be saturated with a net gain of over 3 million tons of 
salt per year (in a strategy termed "planned groundwater degradation"), drainage waters 
will continue to be discharged to the San Joaquin River (a defacto Master Drain) 
ultimately ending up in the San Francisco Bay Estuary, and evaporation ponds with 
concentrations of selenium known to be toxic to migratory waterfowl and shorebirds will 
continue to cause embryo, juvenile, and adult bird deaths. Furthermore, absent a 
drainage water management solution, agricultural lands will still be forced out of 
production by increasing salinization and land retirement will not be a voluntary 
program. TWS seriously questions the wisdom of a plan advocating the potential demise 
of entire ecosystems in order to maintain agricultural productivity over a relatively short 
period of time. 

The National Academy of Sciences harshly criticized the San Joaquin Valley 
Drainage Program for not considering all potential solutions to the drainage crisis. The 
San Joaquin Valley Drainage Program was constrained to consider a limited set of "in­
valley" solutions. Prime among these constraints was the assumption that the status quo 
must be maintained with respect to agricultural crop productions. TWS would like to 
see an independent economic evaluation of land retirement and water redistribution with 
resulting effects on water price, highest beneficial use, crop support price reductions and 
the effects of terminating water subsidies. 

Nevertheless, in general TWS supports the Rainbow Report because it forms a 
viable framework for future planning involving all sectors of the San Joaquin Valley 
community. The Rainbow Report will serve as a model for future multi-agency task 
forces addressing similar problems elsewhere provided this report receives the 
congressional support necessary for implementation. Without this necessary 
congressional support, the Rainbow Report will have served as just another testament to 
the inability of regulatory and policy setting agencies to make decisions based on sound 
science and the best available information. It is a simple matter to delay a difficult 
decision and call for more meetings, more research, and more committees to evaluate 
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the problems. This has been called cognitive dissonance, whereby public officials faced 
with difficult decisions fail to adequately protect the public interests in the exercise of 
their duties because of political expediency. lWS recommends a heavy reliance on 
source control, especially land retirement, as the most promising short term management 
strategy for reducing agricultural drainage impacts on the environment. 
Recommendations found in the Rainbow Report should be strengthened and expanded 
with respect to source control. lWS also supports the Rainbow Report 
recommendations with respect to institutional changes as necessary to implement a 
modernized water policy in the Western United States. 

Recently the US Bureau of Reclamation (BuRec) attempted to apply the 
Rainbow Report recommendations to resolve longstanding drainage problems in the 
Westlands Water District left unresolved after the closure of Kesterson Reservoir. 
BuRec's effort failed because it was not a genuine attempt to apply all of the 
recommendations found in the Rainbow Report. In fact, BuRec's preferred alternative 
for managing agricultural drainage waters was· rightfully rejected by all parties because 
the plan disingenuously relied on the creation of 17,000 acres of new evaporation ponds. 

lWS does not have a position on the reopening of the San Luis Drain. However, 
if the decision is made to not reopen the drain, then the subcommittee should be aware 
that no progress will be make on how to resolve wetlands water quality issues in the 
Grasslands area. Left unresolved, this means that federal laws will continue to be 
broken, water quality objectives will remain unmet, selenium contamination will continue 
to spread throughout the area, and water conveyance structures servicing the Grasslands 
and wildlife areas remain unavailable to meet the goals of the Central Valley Project 
Improvement Act. Again, source control emphasizing land retirement seems to be the 
most viable option for managing agricultural drainage water. 

Mr. Chairman, lWS members are among the foremost experts on the issues of 
agricultural drainage, selenium contamination, and environmental impacts in the Western 
US. These members are also scientists and others employed by federal or state agencies. 
Agencies can thus restrain these individuals from testifying before you because their 
findings may be politically troublesome. The Wildlife Society strongly encourages this 
subcommittee to convene hearings in California focused on evaporation ponds and 
environmental impacts. The Wildlife Society also encourages this subcommittee to call 
field level scientists and others as witnesses to provide testimony and respond directly to 
questions without interference from any specific agency policy objectives. We appreciate 
this opportunity to provide written testimony. 
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PREFACE 

A comprehensive study of agricultural drainage and drainage-related problems on the 
westside San Joaquin Valley has resulted in the management plan presented in this final 
report of the Federal-State interagency San Joaquin Valley Drainage Program. 

Understandably, some may be disappointed that no single, sure, and lasting solution to the 
drainage problem has been put forward. Rather, the management plan presented is complex 
and includes risks that could be costly. Moreover, it may be only the first step in solving the 
salt accumulation problem. Virtually everyone involved in examination of the drainage 
problem agrees, however, that there is no single solution and no easy answer to the problem. 

But it is also generally agreed that the drainage problem is manageable and that this 
management logically begins in the valley with a broadly shared effort to reduce the amount 
of drainage water, to place the remaining water under control, and to contain and isolate 
toxicants such as selenium. Such actions would largely correct present problems of 
waterlogging of farmlands and could greatly reduce adverse impacts on fish and wildlife. 

The in-valley actions recommended in the plan would also be necessary for any eventual 
export of salt from the San Joaquin Valley. The recommended actions would provide a 
regional drainage infrastructure that now exists only in scattered pieces. If the plan proposed 
here is implemented, a salt eXPOrt decision need not be made for several decades. 

A review of the history of the drainage problem suggests that some of the reasons the 
problem has grown to nearly 500,000 acres and is adversely affecting the environment include: 
(1) Continued hopes for a master drain, (2) expectations of a technological breakthrough in 
drainage water treatment, (3) the need for more information, and ( 4) a lack of cooperation 
among parties affected. Viewed as an accumulation of years of piecemeal efforts and neglect, 
the problem appears overwhelming. It is not. Systematic, shared work begun now can 
manage the problem and contribute to its eventual solution. 

Edgar A. Imhoff, Program Manager 
San Joaquin Valley Drainage Program 

iii 
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Chapter 1. SUMMARY OF THE PLAN AND 
RECOMMENDATIONS FOR ACTION 

This report summarizes the results of an intensive study of the subsurface agricultural drainage 
problems of the western side of the San Joaquin Valley, and presents a plan and 
recommendations for managing those problems from 1990 to 2040. The study has led to a much 
better understanding of the causes and effects of the drainage and drainage-related problems, 
although much is yet to be learned and long-term monitoring of the problem will be necessary. 

The study and resulting plan focus on in-valley management of the drainage and drainage-related 
problems. It appears that in-valley actions can manage the problems for several decades without 
a means of exporting drainage-related salts to the ocean. Ultimately, it may become necessary to 
remove salt from the valley. 

The recommended plan, which is regional in both scope and detail, takes account of uncertainties 
in information. The plan is not site-specific, and, without more detailed analysis, it is not a plan 
from which structures may be built. Rather, it should be considered as a framework that will 
permit the present level of agricultural development in the valley to continue, while protecting fish 
and wildlife and helping to restore their habitat to levels existing before direct impact by 
contaminated drainage water. It is noteworthy that many of the valley's water and drainage 
districts and individual growers have already begun to take actions similar to those recommended 
in this report. 

Figure 1 shows the San Joaquin Valley, the principal study area, and the five subareas used for 
planning. 

SUMMARY OF THE PLAN 

The plan recommended for management of subsurface drainage and drainage-related problems 
on the western side of the San Joaquin Valley contains the following major components: 

Source control. Consisting mainly of on-farm improvements in the application of irrigation 
water to reduce the source of deep percolation. This in turn will reduce the amount of 
potential drainage problem water. 

DraiiUlp reuse. A planned system of drainage-water reuse on progressively more 
salt-tolerant plants. This will reduce the volume of drainage water and concentrate salts 
and trace elements for easier containment and safe disposal. 

Evaporation system. Drainage-water evaporation ponds planned for storage and 
evaporation of drainage water remaining after reuse on salt-tolerant plants. Four types of 
ponds are included: (a) Nontoxic ponds in which selenium in drainage-water 
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inflow is less than 2 parts per billion (ppb ); (b) selenium-contaminated ponds (inflowwater 
containing selenium in the range of 2 to 50 ppb) that must include safeguards for wildlife 
and an equivalent area of alternative freshwater habitat; (c) small selenium-contaminated 
ponds designed with facilities to greatly accelerate the rate of evaporation, thereby 
reducing the pond surface area; and (d) temperature-gradient solar ponds that generate 
electricity by using water from other ponds containing very high salt and trace-element 
concentrations. 

Land retirement. Cessation of irrigation of areas in which underlying shallow ground water 
contains elevated levels of selenium and the soils are difficult to drain. 

Ground-water IIUlnagement. Planned pumping from deep within the semiconfined aquifer, 
in places where near-surface water tables can be lowered and the water pumped is of 
suitable quality for irrigation or wildlife habitat. 

Discharge to the Son Joaquin Rirer. Controlled and limited discharge of drainage water 
from the San Joaquin Basin portion of the study area to the San Joaquin River, while 
meeting water-quality objectives. 

Protection, restoration, and provision of substitute water supplies for fish and wildlife habitat. 
Provision of freshwater supplies to substitute for drainage-contaminated water previously 
used on wetlands and to allow protection and restoration of contaminated fisheries and 
wetland habitat. 

Institutional change. Includes tiered water pricing, improved scheduling of water deliveries, 
water transfers and marketing, and formation of regional drainage management 
organizations to aid in implementing other plan components. 

Table 1 summarizes the extent to which each plan component is included in the plan, based on the 
land area to which it applies or occupies and the water assigned for fish and wildlife uses. 

Table 1. SUMMARY OF RECOMMENDED DRAINAGE MANAGEMENT PLAN 

Subarea 

Plan Component Northern• Grasslands Westlands Tulare Kern 

Land areas In f ,OOOs of acres by 2040 

Source Control 0 93.6 159.3 316.7 105.9 
Drainage Reuseb 0 26 12.1 24.5 9.7 
Evaporation Systemb 0 0.2 21 3.0 2.3 
Evaporation Pondb 0 0.12 0.40 29 1.07 

Alternative Habitat 
Land Retirement 0 3.0 33.0 7.0 32.0 
Ground Water Management 0 10.0 19.0 40.0 0.0 
Discharge to San Joaquin River (land area) 0 160.6 0 0 0 

1,000s ol acre-teet annually by 2040 

Increased Water for Fosh and 0 150.0' 4.0' 29.0' 11.0' 
Wildlife Uses, Including Substitute Water' 

Except for study and monitoring, no planned drainage management actions are recommended for the Northern Subarea. 
b The acreages shown are for on-site facilities; the total land area served is essentially all the area under source control. 

Substitute water is that water supply for wetlands thai replaces contaminated drainage waler used lhrough lhe mtd-19805. 
Consists of 129,000 acre-feet of substitute water supply for wetlands, 20,000 acre-feet of Merced River inslream 
fish flow in October, and 1,000 acre-feet of evaporation pond alternative: habitat. 
Water for evaporation pond alternative habitat at the rate: of 10 acre-fc:et/acrelyear. 

3 

Total 

675.5 
48.9 
7.6 
4.5 

75.0 
69.0 

160.6 

194.0 
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No planned drainage ~t actions othec than those being carried out currently are 
recommended for the Noi1bem Subarea. However, drainage water from this area now flows to 
the Sari Joaquin River. In the event that water-quality objectives for the river become more 
restrictive, actions that would aid in meeting the objectives are discussed in the subarea plan. 

Problem water is a 'tenn fntroduced in this report to describe the volume of near-surface ground 
water that, if reduced ·by soun:e control or removed from plant root zones each year, would 
eliminate the drainage-related impediment to agricultural productivity. When placed in streams 
or open basins, some problem water is potentially hazardous to fish and wildlife and therefore 
must be managed to prevent environmental degradation. Drainage water that causes 
unacceptable levels of environmental degradation is viewed also as problem water for agriculture 
because it must be remedied - even if retirement of irrigated land is required. lllble 2 shows the 
estimated reduction of problem water to be achieved by each plan component in each subarea. If 
the targets are met, agricultural production could be maintained for at least the duration of the 
planning period, without removal of salt from the valley. H salt export becomes necessary in the 
future, the actions recommended in this plan could create prerequisite conditions by providing 
collection facilities, by reducing drainage water volumes, and by isolating and controlling 
contaminants. 

Table 2. PROBLEM WATER REDUcnON, 2040 

Sub-• 
Plan Component Northern Graalanda WHtlanda Tulare Kern 

Aole- "--'~ Acn- "--'~ Aole- "--'~ Acre- Percent .... f/1'111111 feel f/1'111111 feel f/1 Total feet of 1ilt8l 
Source Control 0 :r1.7 (21) 55.8 (36) 63.2 (JO) 37.1 . (34) 
Drain"'IC Reute 0 13.6 (9) 61.0 (40) 113.3 (54) .3.6 (39) 
Evaporation System 0 0.7 '-0 (3) 123 (6) 6.0 (S) 
Land Retirement 0 7.3 (1) 2U (16) •. 2 (2) 2'.0 (22) 
Ground-water Manaae- 0 u (3) 7.6 (S) 16.0 (8) 0 (0) 

ment 
DischarJC to San 0 IOU (66) 0 (.0) 0 (0) 0 (0) 

Joaquin River 
TOTAL 155.4 (I .. ) 153.2 (I .. ) ••• (180) 111.7 (100) 

a Except for study and monitorina, oo ...,_ ....... ....._,-are I<COIIIIDOadcd for tbe Nonhem Subarea. 

The costs of the recommended plan have been annualized over the SO-year planning period, 
1990-2{)4(), at an interest rate of 10 percent (Uble 3). One-time costs include those for installation 
of facilities and purchase (as in the case of land retirement) of plan components. The category 
':Agricultural Drainage" includes an drainage-related components of the recommended plan, 
except on-farm drainage systems. "'n-Farm Drains" includes new on-farm drainage systems 
expected to be installed betwl:cn 1991 and 2D40 and the annual operation of those drains during 
that period, as well as those already operating in 1990. "Fish and Wildlife" includes the costs of 
constructing and operating facilities and purchasing water so that clean water could be delivered 
to wetland habitat formerly supplied with contaminated drainage water. 

The economic value of the diia:t benefits or regional economic impacts of implementing the 
recommended plan was not estimated, and no aBocation of costs among beneficiaries has been 
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performed. ; For drainage reuse, an estimate of the value of wood produced has been reflected as 
a cost offset. However, for source control and land retirement, any economic surplus that might 
result from the possible transfer of conserved water to other uses has not been included as a cost 
offset. ' 

Table 3. ANNUAUZED COSTS OF THE RECOMMENDED PLAN 
In $1,000& 

AgriCUltural Drainage 

One-time 
Source control 
Drainage reuse 
Evaporation system 
Land retirement 
Ground-water management 
San Luis Drain 

Subtotal 

Operation, maintenance, and replacement 

Source control 
Drainage reuse 
Evaporation system 
Land retirement 
Ground-water management 
San Luis Drain 

Subtotal 

TOTAL 

On-Farm Drains 

Installation 
Operation, maintenance, and replacement 

TOTAL 

Ash and Wildlife 

Installation 
Operation, maintenance, and replacement 
Water supply 

TOTAL 

GRAND TOTAL 

5 

2,940 
6,194 
3,043 
2,818 

962 
2,300 

18.257 

5,444 
2,291 
1,915 

300 
2,694 

390 

13,034 

31,291 

6,473 
1,536 

I,OOJ 

153 
18 

2,548 

2,719 
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CONCLUSIONS AND RECOMMENDATIONS FOR ACTION 

During this study, a massive amount of data has been collected; many reports have been 
published; and much analysis, planning, and public review have been completed. This has led to 
the plan for drainage management presented in Chapter 6. However, a plan alone will not 
manage or solve the drainage and drainage-related problems of the western side of the San 
Joaquin Valley; actions are required on many fronts to make the plan a reality. These actions can 
be grouped under implementation, planning, monitoring, additional study, and funding proposed 
actions. The conclusions and recommendations for action that follow are presented in each of 
those groups. 

Implementation 
Local initiatives need to be recognized, supported, and enhanced by coordinated, comprehensive 
Federal and State actions undertaken to manage drainage problems. Several components in the 
management plan are either being studied preparatory to action or are actually being carried out 
by organizations and private interests in the problem area. Those activities that meet the criteria 
and objectives of the long-term drainage management plan should be carried out as rapidly as 
possible. Generally, these activities will require approval or assistance from local, State, or 
Federal agencies. They should receive high priority. 

Some changes in law and policy by local, State, and Federal agencies would provide the impetus 
or remove roadblocks for implementing some plan components. Policy actions by agencies 
supplying, distributing, and regulating irrigation water and managing drainage facilities are 
needed now and in the future . Institutional changes are also a part of the management plan, 
which requires concerted action by both the California Legislature and the U.S. Congress. 

Because unattended plans often do not materialize, the efforts reported here will be followed by a 
short, new Federal-State effort between October 1990 and December 1991 that will develop a 
strategy for implementation of the plan. 

Recommendation 1 - Implementation of Recommended Plan; Priority Activiths 

Local, State, and Federal water organizations and authorities should consider the recommended 
plan and explicitly adopt those parts appropriate for their long-term strategy of contributing to 
the management or solution of the drainage problems of the west side San Joaquin Valley. 

The following plan components should be implemented as soon as final planning is complete, 
funding and applicable clearances can be obtained, and agreement can be reached. An asterisk 
(*) following a plan component indicates there is a related current local initiative that should 
become part of the plan component. 

Northern Subarea 

Investigate, in detail, measures that may be needed if stricter salt standards are 
established for the San Joaquin River/Delta. 

6 
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Gra881anda Subarea 

Use the Grassland Th.sk Force water districts as the nucleus of a regional drainage entity 
to coordinate and jointly manage subarea-wide drainage problems. • 

Provide the facilities required to intercept contaminated subsurface drainage water now 
being discharged into open channels within the grasslands wildlife habitat, and convey 
these to the San Luis Drain. 

Renovate and extend the San Luis Drain, bypassing 20,(0) acre-feet of contaminated 
drainage water around wetlands (similar to the Zahm-Sansoni-Nelson plan). • 

Improve on-farm water conservation and source control on aU irrigated lands and reduce 
deep percolation on lands having drainage problems by 0.35 acre-feet per acre per year 
(on the average) as soon as possible. • 

Intensify and complete local demonstration projects on source control and treatment of 
drainage water. (Work already under way in Broadview, Panache, and Pacheco water 
districts.) • 

The U.S. Bureau of Reclariijtion should actively seek authority to reallocate 
74,000 acre-feet of water annually from the Central Valley Project to replace drainage 
water used on wetlands before 1985. 

Restore drainage-contaminated wetlands. 

Provide 20,(0) acre-feet of water to the Merced River each October to attract migrating 
fish from drainage water discharging to the San Joaquin River. 

Westland& Subarea 

Improve on-farm water conservation and source control on aU irrigated lands and reduce 
deep percolation on lands having drainage problems by 0.35 acre-feet per acre per year 
(on the average) as soon as possible. • 

Accelerate the pace and increase the number of field demonstrations of source control 
measures and drainage water treatment research. including especially reuse of drainagt' 
water on trees and removal of selenium from drainage water. • 

Develop guidelines for retirement of irrigated lands that have high selenium 
concentrations in shallow ground water and that are difficult to drain. 

Design and develop a 5,000-acre demonstration unit of closely-spaced, low-volume wells in 
the semiconfined aquifer for planned drawdown of the high water table. 

Tulare Subarea 

Develop a formal association of water districts (built around the existing Thlare Lake 
Drainage District) for coordinated and joint management of subarea-wide drainage 
problems. • 

Improve on-farm water conservation and source control on all irrigated lands and reduce 
deep percolation on lands having drainage problems by 0.2 acre-feet per acre per year (on 
the average) as soon as possible. • 

7 
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Accelerate the pace and increase the number of field demonstrations of source ,control 
measures and evaporation pond experiments, including especially the reuse of water on 
trees and modification of pond systems and their management to make ponds bird-free or 
bird-safe. • 

Demonstrate in the field the use of alternative safe-water habitat near an existing 
evaporation pond containing elevated levels of selenium. 

Design and develop a 5,000-acre demonstration unit of closely-spaced, low-volume wells in 
the semiconfined aquifer for planned drawdown of the high water table in the area of 
good quality ground water in the Kings River Delta (Thlare Subarea water quality zone E). 

Kern Subarea 

Kern County Water Agency and local water districts should form a drainage management 
entity responsible for coordination and joint management of subarea-wide drainage 
problems. 

Improve on-farm water conservation and source control on all irrigated lands and reduce 
deep percolation on lands having drainage problems by 0.35 acre-feet per acre per year 
(on the average) as soon as possible. • 

Initiate intensive studies of the ground-water resources of the old Buena Vista and Kern 
lakebeds. 

&commendation Z - Sour~ Control 

The agencies with major responsibility for delivery of water to the study area (U.S. Bureau of 
Reclamation and California Department of Water Resources) should increase their work with the 
university extension systems and water districts to. demonstrate ways to improve the efficiency of 
irrigation water application and thereby reduce potential drainage-water volumes. 

Each water district should, by 1992, set objectives in their operation plans that would reduce deep 
percolation by the amounts stated in Recommendation 1 (preceding). State and Federal agencies 
should help local water districts accomplish their water conservation improvement plans. 

&commendation 3 - Jiinoncing Sour~ Control Measures 

Both the Federal and State governments should explore ways of providing a portion of the 
financing needed to implement irrigator source-control actions and to invigorate existing 
programs. The U.S. Soil Conservation Service and U.S. Bureau of Reclamation both have 
programs that could aid in financing irrigator actions. The State of California, through the 
Department of Water Resources, the Department of Food and Agriculture, and the State Water 
Resources Control Board, could provide loans and grants for source-control actions, if funds were 
made available. 

8 
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Recommendation 4 -Joint Technical Assistonce 

The U.S. Department of the Interior and the State of California should jointly develop a technical 
assistance program to ameliorate the drainage problem, by providing water districts with 
geohydrologic and economic information and analytical techniques useful in investigating local 
areas for possible conjunctive surface- and ground-water use, land retirement, on-farm drainage, 
source control, and reuse. Technical assistance is also needed in environmental impact 
assessment, toxicity assessment, and habitat restoration. 

Recommendation 5 - Stote of c..Jijomio Lead in Water Consenalion 

The State of California should expand and intensify its program of on-farm water conservation to 
focus especially on demonstrating alternative source control measures on drainage-problem lands. 

Recommendation 6 - Federal and Stote Programs' Adjustment 

The State of California and the U.S. Department of the Interior should jointly consider the 
findings . forecasts. and plans of the Drainage Program with respect to drainage problems, and 
should look for opportunities to encourage amelioration and resolution of these problems. This 
should be achieved through ongoing operations, planning, construction, 
and - if considered necessary - new legislation, promulgation of rules and regulations, and 
appropriate language in contracts and administrative reviews. 

Recommendation 7 - Western U.S. Applications 

The U.S. Department of the Interior should consider the information, techniques, and experience 
accumulated in the Drainage Program and extend appropriate aspects of the knowledge base to 
other land areas in the western United States that are experiencing similar agricultural drainage 
and drainage-related problems. 

Planning 

The general plan for reducing or solving drainage and drainage-related problems outlined in this 
report provides a framework into which many actions can be fitted. However, before many of the 
actions can move forward, additional work is needed to refine estimates of their scope and effects. 
Generally, this additional planning will occur at local, State. and Federal levels, and at 
combinations of each. 

Recommendtztion I - Water Distrid Plllns 

With financial and technical assistance from State and Federal agencies, water districts should 
lead in developing plans to: · 

Identify lands in drainage problem areas in which the combined characteristics of high 
concentrations of selenium and difficult-to-drain soils would make these lands candidates 
for retirement from irrigation. 

Identify locations in drainage problem areas where there may be an opportunity to lower 
the high water table by pumping from deep in the semiconfined aquifer (above the 
Corcoran Clay). and design the facilities, reach agreements, and obtain policy approvals 
required to carry out pumping. 

9 
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Rtcommendation 2 - Sta" Wain" Proj«t Area 

Within the State Water Project service area, the State of California should lead in planning for the 
regional drainage-water treatment and disposal needs that will arise from management and reuse 
of drainage water within local water districts. 

Rtcommendation 3 - Federal Wa"r Senice Area 

Within the Federal water service area, the Department of the Interior should lead in planning for 
the regional drainage-water treatment and disposal needs that will arise from management and 
reuse of drainage water within local water districts. 

Rtcommendotion 4 -Joint P/onning for Ground-Wain" Management 

Plans for installation and operation of well fields designed to pump from the semi confined aquifer 
to lower the high water table should be completed cooperatively by Federal and State agencies 
and water districts. In the Federal service area, the Bureau of Reclamation should work with 
Westlands, Broadview, Panoche, San Luis, and Firebaugh Canal water districts to design well 
fields for areas identified in this report. In the State service area, the Department of Water 
Resources should work with Kern County Water Agency and Empire Westside, Riverside, 
Stratford, and Laguna irrigation districts, Lakeside Irrigation Water District, Kings County Water 
District, and Kings River Conservation District for the same purpose. Services of the U.S. 
Geological Survey should be used in locating favorable areas and in developing plans. 

Rtcommendation 5 -Joint Planning for Water Delivery 

Federal and State fish and wildlife agencies, in cooperation with private wetland owners, and 
Federal and State water development agencies should jointly plan the facilities required for 
delivery of water to wildlife areas affected by subsurface drainage water. 

Monitoring 

To properly implement management of drainage and drainage-related problems, both the 
problems and the progress in solving them must be monitored. This is especially important 
because of the changing nature of the drainage problem and the flexible array of measures 
required for management. Monitoring all aspects of the problem and the effects of management 
will be critical to using the plan as a flexible guide to remedial actions. 

RecommendatWn I - Local Water Agencies 

All local water supply and drainage agencies should participate in joint, coordinated programs to 
monitor the volume and quality of drainage water in the collection, treatment, and/or disposal 
systems. 

10 



290 

~ 2 -Joint SW./IW#rtll 

The U.S. Department of the Interior and the State of California should jointly design a 
scientifically reliable and cost-effective network of physical and biological monitoring stations that 
will detect change in the environment caused by subsurface agricultural drainage problems and 
attempts to solve these problems. Areas expected to experience expansion of high water tables 
should be included. 

Additional Study 
During the six-year life of the Drainage Program, the absence of reliable information made it 
necessary for the Program to fund basic research, as well as to fund investigations directly 
relevant to solving drainage problems. Some additional study is needed to provide detailed 
information for feasibility determinations. 

Water and land managers, universities, agencies, and individuals should emphasize the following 
study categories and subjects, and support the development of information transfer programs to 
extend study results to appropriate user groups .. 

Drainage Management 

Develop measures to renovate or close aged or toxic evaporation ponds. 

Develop a cost-effective treatment method to remove selenium from drainage water. 

Perform field tests of tolerance of agricultural crops, halophytes, and salt-tolerant trees to 
constituents in drainage water. 

Develop effective training programs for personnel involved in drainage management. 

Investigate the propagation and marketing of salt-tolerant crops that use saline drainage 
water as an irrigation supply. 

Demonstrate the use of an accelerated evaporation system, using a sprinkler system 
similar to the University of Texas at El Paso's experimental system and the use of a 
temperature-gradient solar pond system for salt disposal and generation of electricity. 

Geohydrology 

The following studies are interrelated by the nature of the geohydrologic system. The objective is 
to better understand the surface· and ground-water system's chemical and physical characteristics 
that will allow better management of the natural resources. 

Evaluate. in detail, the areal and vertical variability of ground-water quality in the Tulare 
Subarea and in all water-quality zones considered for the ground-water management 
component in the plan. 

Investigate solubility controls for specific elements of concern (selenium, arsenic, 
molybdenum, and uranium) in various geologic conditions. Specifically, expand studies to 
include basin and lacustrine environments that dominate the Tulare Basin where drain 
water disposal options are severely limited and conditions are highly varied. 
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Develop reliable, consistent methods for estimating ground water pumping. 

Complete investigation of surface water and ground water interaction in the San Joaquin 
River so that the quantity, quality and timing of ground-water contributions to river flows 
can be evaluated. 

Complete development of a streamflow and solute transport model for the San Joaquin 
River and couple it with reservoir operations models so that management alternatives can 
be evaluated. 

Determine the capacity of geochemically reduced Sierra Nevada sediments to remove 
selenium. 

Determine the hydraulic and water-quality feasibility of controlling the water table by 
pumping from wells in selected areas. 

Continue development of quantitative analyses of ground water flow syste'!ls. 

Economics 

Use the surface and subsurface conjunctive-use model of the San Joaquin Valley (as 
developed for the Drainage Program) to evaluate water transfers and marketing scenarios. 

Fish and Wildlife 

Contamination. Continue the effort initiated by the Program to determine the nature, geographic 
extent, and severity of contamination of fish, wildlife, and their habitats by subsurface drainage 
water. Special attention should be given to: evaporation ponds and neighboring public and 
private wildlife areas; agroforestry plantations; the San Joaquin River, Delta, and San Francisco 
Bay; and the six substances of concern discussed in this report (arsenic, boron, chromium, 
molybdenum, selenium, and total dissolved solids) and ten additional trace elements and metals: 
cadmium, copper, lithium, manganese, mercury, nickel, strontium, uranium, vanadium, and zinc. 

Toxicity. Continue the effort initiated by the Program to define, for fish and wildlife, safe and 
toxic concentrations (and associated biological effects) of subsurface drainage water substances 
of concern in water and food. Special attention should be given to: independent toxicity of trace 
elements other than arsenic, boron, and selenium (for example, cadmium, chromium, copper, 
lithium, manganese, mercury, molybdenum, nickel, strontium, total dissolved solids, uranium, 
vanadium, and zinc); interactive effects of trace elements in drainage water; effects of water 
chemistry (for example, pH and salinity) Ol) independent and interactive toxicity; and site-specific 
toxicity (for example, in valley aquatic and wetland habitats, evaporation ponds, and agroforestry 
plantations). 

Protection, restoration, substitute water supply, and improvement. Continue the effort initiated 
by the Program to identify and evaluate measures to: protect remaining fish and wildlife 
resources of the San Joaquin Valley from drainage-related impacts; restore drainage water 
contaminated habitats; provide water supplies to substitute for drainage water previously used by 
fish and wildlife; and improve fish and wildlife resources. 

Out-of-valley drainage water disposal. In the event that out-of-valley disposal is pursued in the 
future, develop information to assess the potential effects on fish and wildlife habitats and 
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populations, and public uses of those resources in the receiving waters and lands. In light of 
recommendations for consideration of disposal in these areas, special attention should be given to 
the Sacramento-San Joaquin Delta, San Francisco Bay, and the Pacific Ocean (CVRWQCB, 
1988a; NRC, 1989). 

Public Health 

To adequately quantify the risks of environmental chemical exposures, substantial information is 
necessary on the environmental fate of the chemicals, the toxicity of specific forms, and the degree 
to which humans are exposed to them. Although site- and organism-specific data are always 
preferred, surrogate data are used frequently to fill data gaps (for example, animal studies are 
extrapolated to assess likely human toxicity resulting from a chemical exposure). The following 
summarizes information needed to best assess the probability of adverse human health effects 
related to drainage contaminant exposures. 

Environmental fate 

Further identify chemical forms of substances of concern in different environmental media 
(air, water, soil, sediment, biota). 

Further identify environmental conditions (pH. oxidation-reduction, etc.) in which 
different chemical forms of substances of concern occur in different environmental media. 

Continue studies conducted by the University of California to assess the uptake of 
substances of concern into edible biota related to specific environmental conditions. 

Place research emphasis on the environmental fate of substances of concern via typical 
routes of human exposure (for example, food-chain transfer of organic forms of trace 
elements). 

Toxicology 

Perform additional chronic toxicity testing on specific chemical forms of substances clearly 
associated with the drainage problem. 

Exposure assessment 

Furthe: identify contaminant threshold concentrations in edible animals in tissues used for 
human consumption. 

Further identify contaminant threshold concentrations in edible plants in tissues used for 
human consumption. 

Characterize consumption patterns of populations at risk. 

Risk quantification 

Quantify option- and site-specific public health risks. 

Funding Proposed Actions 
There has been no formal discussion or analysis of the way in which components of the plan and 
the various actions recommended would be funded. Undoubtedly the costs would be shared by 
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the private and public sectors and it is essential that discussion begin soon of distribution of plan 
costs. 

Recommendation 1 - Cost Allocation Principles 

The following principles should be considered in discussing allocation of the costs of 
implementing the plan. 

All areas contributing to a problem of subsurface agricultural drainage water should share 
in the costs of resolution and management of that problem. 

With respect to contributing areas, the cost-sharing formulas should be based on best 
available scientific information, and they should be re-evaluated and updated periodically 
in light of new information. 

Both direct indicators (upslope-downslope hydraulic relationships, for example) and 
indirect indicators (water supply received, for example) should be considered for inclusion 
in cost-sharing formulas. 

All beneficiaries should pay for drainage-management costs in proportion to benefits 
received. 

There are both market and nonmarket national, State, and local benefits to be realized 
from the management of drainage problems. All beneficiaries should be identified. 

Because of the widespread occurrence of the drainage problem on the western side of the 
valley and the lack of scientific data on specific sites, costs should be distributed over the 
largest practicable land area - a whole service area or an association of water districts, 
for example - rather than one small water district. 

Recommemllltion 2 - Study Plan Benefits 

The U.S. Department of the Interior and the State of California should jointly study the benefits 
of implementation of the plan. 

Recommendation 3 -Study Legislative Needs 

The State of California should examine the need for new legislation to remove obstacles or to 
create opportunities for water marketing so that funds from water sales may be used for payment 
of drainage costs. 
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Chapter 2. THE PROBLEM 

The San Joaquin Valley, which forms the soutbem portion of California's Central \alley, is 
bounded on the east by the Sierra Nevada and on the ~ by the Coast Ranges (Figure 1). 
It is made up of two geologic features - the San Joaquin Basin, drained by the San Joaquin 
River, and the Thlarc Basin, a hydrologically dolled basin that is is drained by the river only 
in extremely wet years. The two basins divide the San Joaquin Valley roughly into its north­
ern and southern halves. 

The general study area includes the entire San Joaquin \alley, from the drainage divide of the 
coastal mountains to the l,~foot elevation of the Sierra Nevada foothills. The principal 
study area comprises lands that arc now direc:tly affected by or contribute to agricultural sub­
surface drainage problems, as well as lands likdy to be direc:tly affected in the future. Most 
of these lands arc on the western side of the valley and at its southern end. 

A BRIEF HISTORY 
The conditions associated with agricultural drainage in the San Joaquin Valley arc not new to 
the region. Inadequate drainage and accumulating aalts have been persistent problems in 
parts of the valley for more than a century, making some cultivated land unusable as far 
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back as the 1880s and 1890s (Ogden, 1988). Widespread acreages of grain, first planted on the 
western side of the valley in the 1810s and 1880s, were irrigated with water from the San Joa­
quin and Kings rivers. This type of farming spread until, by the 1890s, the rivers' natural flows 
were no longer adequate to meet the growing agricultural demand for water. Poor natural 
drainage conditions, coupled with rising ground-water levels and increasing soil salinity, meant 
that land had to be removed from production and some farms ultimately abandoned. 

The development of irrigated agriculture in the San Joaquin Valley since 1900 owes a great 
deal to the improvements in pump technology that took place in the 1930s. These achieve­
ments led to the development of large turbine pumps that could lift water hundreds of feet 
from below ground. In time, heavy pumping triggered severe ground water overdraft because 
more water was being extracted than was being replaced naturally. Ground water levels and 
hydraulic pressure fell rapidly, and widespread land subsidence began to occur. By the late 
1950s, estimated overdraft in Kern County had reached 750,000 acre-feet per year. 

Initial facilities of the Federal Central v.illey Project transported water from Northern Cali­
fornia through the Sacramento-San Joaquin Delta and the Delta-Mendota Canal in 1951 to 
irrigate 600,000 acres of land in the northern part of the San Joaquin v.illey. This water pri­
marily replaced and supplemented San Joaquin River water that was diverted at Friant Dam 
to the southern San Joaquin Valley. 

The CVP's San Luis Unit and the State Water Project, each authorized in 1960, began deliv­
ering Northern California water to agricultural lands in the southern San Joaquin v.illey in 
1968. 'lbgether they provide water to irrigate about 1 million acres. Authorization of the San 
Luis Unit also mandated construction of an interceptor drain to collect irrigation drainage 
water from its service area and carry it to the Delta for disposal. The Bureau of Reclama­
tion's 1955 feasibility report for the San Luis Unit described the drain as an earthen ditch 
that would drain 96,000 acres. By 1962, Reclamation's plans had changed to a concrete-lined 
canal to drain 300,000 acres. In 1964, alternative plans added a regulating reservoir to tempo­
rarily retain drainage (USBR, 1964). A decision waS made in the mid-1970s to use the reser­
voir to store and evaporate drainage water until the drainage canal to the Delta could be 
completed. 

At this same time, questions were raised about the potential effects of untreated agricultural 
drainage on the quality of water in the Delta and San Francisco Bay. This concern was re­
flected in a rider added to the CVP appropriations act by Congress in 1965, which stated that 
" ... the final point of discharge for the interceptor drain for the San Luis Unit shall not be 
determined until development by the Secretary of the Interior and the State of California of a 
plan which shall conform with the water quality standards of the State of California as ap­
proved by the Administrator of the Environmental Protection Agency." This proviso remains 
in effect today. 

Initially, the San Luis Drain was conceived as a State/Federal facility, but the State twice de­
clined to participate. The Bureau of Reclamation began construction in 1968 and, by 1975, 
had completed 85 miles of the main drain, 120 miles of collector drains, and the first phase of 
the regulating reservoir (Kesterson). In 1970, Kesterson Reservoir became part of a new na­
tional wildlife refuge managed jointly by Reclamation and the U.S. Fish and Wildlife Service. 
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Federal budget constraints and growing euviroomc:ntal coocem about releasing irrigation run­
off into the Delta halted work on the reseiVOir and the drain. 

In 1975, the Bureau of Reclamation, the California Deparunmt of Water Resources, and the 
State Water Resources Control Board formed the San Joaquin Y.llley Interagency Drainage 
Program to find a solution to valley drainage problems that would be economically, environ­
mentally, and politically acceptable. This group's RCOIIUDelldatioo was to <:0111pletc the drain 
to a discharge point in the Delta near Chipps bland (IDP, 1979). In 1981, Reclamation be­
gan a special study to fulfill requirements for a disc:barge permit from the State Water Re­
sources Control Board. 

The 1983 discovery of deformities and deaths of aquatic birds at Kesterson Reservoir altered 
the perception of drainage problems on the western side of the valley. Selenium poisoning 
was determined to be the probable culpriL In 1984 the San Joaquin Y.111ey Drainage Pro­
gram was established as a joint Federal and State effort to invaltigate drainage and drainage­
related problems and to identify possible solutions. 

In 1985, the Secretary of the Interior ordered that disdlarJe of subsurface drainage to Kester­
son be halted, and the feeder drains Jeadin& to the San Luis Drain and the reservoir were 
plugged in 1986. The reservoir is now closed. The~ bas been ploftd under, and 
low-lying areas were filled in 1988. 
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Contamination-related problems similar to those identified at Kesterson are now appearing 
in parts of the Thlare Basin, which receives irrigation water from the State Water Project, in 
addition to other surface and ground water supplies. Wildlife deformities and deaths have 
been observed at several agricultural drainage evaporation ponds. 

THE AREA OF CONCERN 
The chief area of concern in this study is the western side of the San Joaquin Valley from the 
Sacramento-San Joaquin Delta on the north to the Thhachapi Mountains south of Bakers­
field. This area coincides generaUy with the Federal Delta-Mendota Can;~l and San Luis Unit 
irrigation service areas and the State Water Project service area. Figure 2 shows those service 
areas, the Friant-Kern Service area on the eastern side of the valley, and the general study 
area boundary. Lands now directly affected by, contributing to, or likely to be directly af­
fected by agricultural drainage problems make up the principal study area shown on Fig-
ure 1. 1b aid planning and analysis, the principal study area has been divided into the 
Northern, Grasslands, Westlands, Thlare, and Kern subareas. Subarea boundaries are based 
on hydrologic considerations, political boundaries, current drainage practices, and/or the 
nature of the drainage-related problems. 

The San Joaquin Valley is a gently sloping, nearly unbroken alluvial plain, about 250 miles 
long and an average of 45 miles wide, that is characterized by a mild, dry climate. The tem­
perate climate, productive soils, and the application of water by farmers have combined to 
make this one of the world's most productive agricultural areas. Nearly all crops grown com­
mercially in the region require irrigation. 

Soils on the western side of the valley are derived from the marine sediments that make up 
the Coast Range and are high in salts and trace elements that occur in a marine environment. 
Irrigation of these soils has dissolved these substances and accelerated their movement into 
the shallow ground water (Gilliom, et al., 1989a). Where water tables are high and agricultur­
al drains are necessary, drainage water frequently contains elevated concentrations of these 
constituents. 

The principal study area includes remnant natural and managed habitats of importance to a 
diversity of fish and wildlife species. Habitats include the Grasslands area, a large 
grasslands/wetlands complex in the southern San Joaquin Basin, where for several decades 
commingled surface and subsurface agricultural drainage water was used for habitat manage­
ment; the San Joaquin River, into which an estimated 35,000 to 56,000 acre-feet per year of 
collected subsurface agricultural drainage water is currently discharged; evaporation ponds 
(primarily in the Thlare Basin), where subsurface drainage water is discharged and concen­
trated and which are used extensively by aquatic birds; and the beginnings of agroforestry 
plantations that are watered with subsurface drainage water and used by several terrestrial 
wildlife species. 

The principal study area is predominantly rural. Communities tend to have fewer than 
10,000 residents whose main economic existence is tied directly to agriculture. Although the 
population is sparse, compared to the central and eastern portions of the San Joaquin Valley, 
demographic shifts are occurring with an influx of people into the lracy-Los Banos area from 
the San Francisco Bay region and into the Bakersfield area from the Los Angeles basin. Mi­
grant farm workers also are major contributors to the area's economy and population. 
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INTERESTS AFFECTED BY DRAINAGE PROBLEMS 

Agricllllun 
Agriculture provides the economic base of the western side of the San Joaquin Valley (Archi­
bald, 1990). About 90 percent of the 2,544,000 irrigable acres in the principal study area are 
in irrigated crop production at any one time. A diverse range of crops is grown there. Fruits 
and nuts are important in the Northern, Grasslands, and Kern Subareas, while the predomi­
nant crops in the Thlare and Westlands Subareas are field crops and cereal grains. Cotton is 
the leading field crop in both subareas. 

Irrigation practices, methods, and efficiencies vary subarea by subarea. In 1980, the predominant 
method in the San Joaquin Valley was surface irrigation. The methods chosen depend on many 
factors - types of crops cultivated, cost of water, soil types, and current irrigation and drainage 
management practices. Farming practices and irrigation efficiencies are influenced by variations 
in soil type, climate, slope of the terrain, crops grown, and a grower's experience. 

If current irrigation practices continue, areas in which ground-water levels are 5 feet or less 
from the surface of irrigated lands will continue to expand in the Westlands, Thlare, and Kern 
subareas. Such areas. in the Northern and Grasslands subareas are unlikely to increase as 
long as they can be drained to the San Joaquin River. The total area in the western side at 
that level now is about 847,000 acres, of which 90,000 acres are managed as wetlands. By 
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2000, high ground-water levels may be adversely affecting about 1 million ac:res of irrigated 
land (W.C. Swain, 1990a and 1990b). or about 40 percent of irrigable farmland in the princi­
pal study area. This will reduce crop productivity, cause loss of farm income through conver­
sion from salt-sensitive to salt-tolerant crops. increase costs of draina8e management, and 
force land out of production. 

Fish and Wildlife 

{Tire following section is supported by infomutlion in the~ Prot;trlm's 
Technical Report, Fish and Wildlife Resourocs 8lld Agricoltunll Drainage in 
the San Joaquin Yalley, California, OctOOer 1990./ 

Before settlement of the San Joaquin Valley began in the 19th century, the richly diverse land­
scape supported large populations of both resident and migratory species of fish and wildlife. 
Today, most of these aquatic, wetland, riparian forest, and valley oak savannah habitats have 
been converted to agricultural, municipal, and other uses. Less than 1 percent of the fresh-
. water lakes, only about 7 percent of the riparian forests, and less than 15 percent of the origi­
nal wetlands remain. As a result, some native plants and animals have Vllllished from the 
landscape, and the continued existence of many others is in serious jeopardy. The popula­
tions of birds that once lived in or visited the valley as migrants have been greatly reduced, 
and the grizzly bear, the pronghorn antelope. and the gray wolf have disappeared entirely. 

Impoundments on and diversions from the San Joaquin River and its tributaries have dra­
matically reduced the valley's fisheries. Native fish have declined drastically and introduced 
species are now dominant. Chinook salmon, once sufficiently abundant to have at least a 
spring run and a fall run, have been greatly reduced in population. 

About 200,000 acres of private and public land and water in the San Joaquin Valley are pres­
ently managed as parks, refuges, and preserves, primarily for the benefit of fish and wildlife. 
These areas, which protect the surviving native habitats, include State and Federal wildlife 
areas, State fishery facilities, private duck clubs, special management an:as. and private na­
ture preserves. Until recently, about half the wa~r supplies used in these areas was provided 
by agricultural drainage, but use of drainage water for such purposes bas been discontinued 
on almost all wildlife areas because it may endanger the health of fish and wildlife. The loca­
tion of major public wildlife areas in the San Joaquin Valley is shown in Figure 3. 

Laboratory research has demonstrated that elevated waterborne and/or dietary concentra­
tions of several trace elements in some San Joaquin 'Y.llley dJaina8e waters are toxic to fish 
and wildlife. Selenium is the most prominent of these; other coostituents of concern include 
arsenic, boron, chromium, molybdenutn, and salts. 

Water QlUility 
The State of California, through the State Water Resources Control Board (State Board) and 
the nine Regional Water Quality Control Boards (Regiooal Boards). is responsible for pro­
tecting the quality of the State's water for beneficial uses. Regu1atioo of deleterious waste 
disi:harges into both surface and ground water of the State is their responsibility. The Cen· 
tral Valley Regional Water Quality Control Board bas adopted and the State Board bas ap­
proved objectives for allowable concentrations of seleniUtn. boron, and molybdenum at vari­
ous sites on the San Joaquin River and tributaries (CVRWQCB, 1988a). [The U.S. Environ-
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Figure 3 

MAJOR PUBLIC WILOUFE AREAS IN THE SAN JOAQUIN VALLEY 
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mental Protection Agency, however, has disapproved certain of the Board's objectives, and 
the matter is presently unresolved.) State water-quality objectives now and in the future will 
limit the discharge of agricultural drainage water to be assimilated by these streams. The 
Regional Boards issue permits for construction and operation of drainage-water evaporation 
ponds. Since events at Kesterson, the Regional Boards have become more concerned about 
the operation and eventual closure of these facilities. 

Actions proposed by the Drainage Program are consistent with the State's present water­
quality objectives. However, concern over the quality of the State's surface and ground water 
is expected to continue growing and introduction of agricultural drainage water into either 
body will likely be more strictly regulated in the future. In anticipation of these develop­
ments and in view of new scientific findings, assumptions based on more stringent objectives 
have been included in the alternative plans in Chapter 5 to show changes in required actions 
and associated costs. 

Public Health 
For the most part, contaminated agricultural drainage water is most likely to harm humans 
through indirect contact, such as consumption of contaminated fish or wildlife, plants, or 
livestock (Klasing and Pilch, 1988). Hazards intensify when contaminants are bioconcen­
trated by plants and animals or by evaporation, as in evaporation ponds. Direct dermal con­
tact with drainage water contaminants studied to date is unlikely to pose significant health 
risks; however, inhalation of some particulate sediments (chromium, nickel, and silica, for 
example) has been shown to cause adverse health effects under some conditions. 

Public health effects have been considered during this study, and plans were based on a crite­
rion to minimize potential adverse public health risks from any drainage-water management 
strategy. Conclusions from studies of various potentially harmful constituents of drainage 
water as public health risks are presented in Chapter 3. 
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Chapter 3. WHAT THE STUDY HAS 
REVEALED OR CONFIRMED 

When the San Joaquin Valley Drainage Program was initiated in late 1984, there were many 
questions and conflicting opinions about westside San Joaquin Valley drainage and 
drainage-related problems. Through Program-supported studies from 1985 to 1990, some 
questions have been answered, some myths discredited, and some controversy resolved; but 
other questions and issues remain. 1be drainage problem was a long time developing. It will 
likely be solved only through the diligence and cooperation of many individuals and 
organizations over a considerable period. Further study will undoubtedly be essential to 
these efforts. 

A common base of knowledge is paramount to understanding the causes and for developing 
potential solutions to drainage problems. This chapter describes major advancements in 
knowledge of various aspects of the drail)age problem. 

GEOHYDROLOGY 
Understanding the geologic makeup and hydrologic characteristics of the study area is 
necessary to understanding the cause of the drainage problem. 

Geology 

The Corcoran Clay, a clay layer 20 to 200 feet thick that underlies all but a small part of the 
study area, was formed as a lakebed about 600,000 years ago and is an important geologic 
feature of the San Joaquin Valley (Figure 4). Lying as much as 850 feet deep along the Coast 
Ranges and 200 to 500 feet deep in the valley trough, the Corcoran Clay effectively divides the 
ground-water system into two major aquifers - a confined aquifer below it and a 
semiconfined aquifer above it (Page, 1986). 

In the San Joaquin Basin, the semiconfined aquifer can be divided into three geohydrologic 
units, based on the sources of the soils and sediments. These are Coast Range alluvium, 
Sierra Nevada sediments, and flood-basin deposits. The Coast Range alluvial deposits, which 
range in thickness from 850 feet along the slopes of the Coast Range to a few feet along the 
valley trough, were derived largely from the erosion of marine rocks that form the Coast 
Ranges and contain abundant salt. Some of the marine sediments contain elevated 
concentrations of selenium and other trace elements. The Sierra Nevada sediments on the 
eastern side of the valley generally do not contain elevated selenium concentrations. The 
flood-basin deposits are a relatively thin layer in areas of the valley trough that have been 
created in recent geologic time. These three geohydrologic units differ in texture, hydrologic 
properties, chemical characteristics, and oxidation state. 
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Figure 4 

GENERALIZED GEOHYDROLOGICAL CROSS-SECTIONS 
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In the Tulare Basin, the semiconfined aquifer consists of the same three geohydrologic units 
found in the San Joaquin Basin, plus one additional unit, Tulare Lake sediments. The Thlare 
Basin is characterized by the presence of several dry lakebeds, including Thlare, Buena Vista, 
and Kern. 

The marine sediments from which most soils in the study area are derived contain salts and 
potentially toxic trace elements, such as arsenic, boron, molybdenum, and selenium. When 
these soils are irrigated, the substances dissolve and leach into the shallow ground water 
(Gilliom, et al., 1989a). Selenium is largely a westside phenomenon. Soils derived from Coast 
Range sediments are generally far saltier than soils formed from Sierran sediments. In fact, 
selenium in livestock feed grown in some areas of the eastern side of the valley is so low that 
it must be added to the livestock diet. Figure 5 shows selenium in the top 12 inches of soil, 
as determined by a survey in the mid-1980s. Most soluble selenium has been leached from 
the soils over the past 30 to 40 years, and it now occurs in solution in the shallow ground 
water. It is drained from there when growers attempt to protect crop roots from salts and a 
high water table. Generally, growers need not be concerned about protecting crops from 
selenium. 

Surface Water 
Precipitation in the study area is low, ranging annually from 5 inches in the south to 10 
inches in the north. Virtually all rainfall occurs from November through April, and, by 
midsummer, the small natural flows in most westside streams have ended or dwindled to little 
more than trickles. Storage and development of irrigation facilities on eastside streams have 
reduced inflow to once-large lakes such as Thlare and Kern. Now water reaches their dry 
lakebeds only in extremely wet years, such as 1983. 
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Flgure. 5 
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The San Joaquin River and its major MStside tributaries, Salt Slough and Mud Slough. are 
important to the study area because they convey drainage water away from the Northern and 
Grasslands subareas. San Joaquin River flows are controlled by dams on tributaries and on 
the main stem upstream from Fresno. Water stored in Millerton Reservoir is eli~ 
through the Friant-Kern and Madera canala. Irrigation water historically diverted from the 
lower reach!'~ of the San Joaquin River was replaced with Central Valley Project water 
provided through the Delta-Mendota Canal. beginning in 19SL Now, the San Joaquin River 
is essentially dry much of the year from belo\v Gravelly Ford to the point at which irrigation 
return ,flow and local runoff replenish the river. Development on major eastside tributaries 
has also reduced the flow of the San Joaquin River. The combination of these actions causes 
problems in water quantity and quality, both for fish and for other downstream river users, 
especially in the South Delta area. 

lrrtg.uon-., Ia atm pumped~ bolll abon end,.,_,. c-~ ..,.a.ny 
durlllfl drtlllflllt perloda when...,_-aupplla.,. a11ort. 

Ground Water 

Pumping of ground water for irrigation from 1920 to 1950 drew ground-water levels down as 
much as 200 feet in large portions of the study area (Belitz, 1988). High pumping costs. land 
subsidence, and declining water quality created a need for new water supplies. By 1951, 
Federal Central Valley Project water was being pumped from the Delta and delivered to the 
Northern and Grasslands subareas through the Delta-Mendota Canal. By 1968, water was 
being delivered to the Wesdands, Thlare. and Kern subareas through facilities of the CVP's 
San Luis Unit and the State Water Project. 
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With a reliable supply of surface water, ground-water pumping for irrigation lessened and the 
ground-water reservoir gradually began to refill. The semiconfined aquifer above the 
Corcoran Clay is now fullY saturated in much of the westside area. Water tables continue to 
rise, and the waterlogged area is expanding. During the period 1977-1987, the 0-to-5-foot area 
expanded from 533,000 acres to 817,000 acres (W.C. Swain, 1990a). Figure 6 shows areas in 
which the water table was less than 5 feet deep, 5 to 10 feet deep, and 10 to 20 feet deep 
during part of 1987. 

Irrigation-induced leaching of the soil and accumulation of salts from both the leaching and 
from imported water have concentrated dissolved salts in the upper portion of the 
semiconfined aquifer. Most of these salts are now located in a zone 20 to 150 feet below the 
ground surface (DuBrovsky and Neil, 1990). Ground-water quality is generally better above 
and below this zone. Figures 7 through 11 show concentrations of salinity, selenium, boron, 
molybdenum, and arsenic in shallow ground water (less than 20 feet below the land surface). 
This shallow ground water, and, in some places, water located even deeper, is the source of 
subsurface drainage water. 

There are still zones in the semiconfined aquifer above the Corcoran Clay in which ground 
water is present in quality and quantity suitable for irrigation. Figure 12 shows the location 
of zones with salinity less than 1,250 parts per million (ppm) for several aquifer thicknesses 
saturated with water of that quality. The map was prepared by using a geographic 
information system and combining and evaluating water quality data and well construction 
information for the study area, as obtained from the U.S. Geological Survey, the U.S. Bureau 
of Reclamation, the Department of Water Resources, the Central Valley Regional Water 
Quality Control Board, and local water agencies. The procedures used were designed to 
produce a conservative estimate of the total depth of ground water that meets the specific 
water quality criterion of 1,250 parts per million total dissolved solids. Lenses of good 
quality water (less than 1,250 ppm IDS) overlying poor quality water (more than 1,250 ppm 
IDS) were not included in the total depth calculations. In some areas, notably in the 
southern Westlands Subarea, data from studies conducted in the 1960s were used in the 
absence of more recent data. Elsewhere, data from 1970 to 1989 predominated (Quinn, 1990). 

DRAINAGE-WATER CONSTITUENTS 

Salinity 
Drainage water contains dissolved mineral substances often referred to as "salts." These 
salts include sulfates, chlorides, carbonates, and bicarbonates of the elements sodium, 
calcium, magnesium, and potassium. The term "salinity" refers to the salt content of 
solutions containing dissolved mineral salts, which is commonly measured as either total 
dissolved solids (IDS) in parts per million (ppm) or electrical conductivity (EC) in 
microsiemens per centimeter (~S/cm). There are three sources of salts in the study area: 
(1) Water imported from the Sacramento-San Joaquin Delta; (2) soils; and (3) ground water. 
The imported water is of generally good quality; that is, its average salinity is less than 350 
ppm. But because of the large volume of such water, about 1,600,000 tons1 of salts are 
imported per year (D.G. Swain, 1990). 

1 Calculated by: Firm water supply imported annually (3,400,000 acre-feet) • salinity (350 ppm TDS) • oon­
.ersion factor (0.00136) = 1,620,000 tons. 
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Figure tl 
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Figure 7 

SALINITY IN SHALLOW GROUND WATER 
Sampled between 1984 and 1989 
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Figure • 

SELENIUM CONCENTRATIONS IN SHALLOW GROUND WATER 
Sampled between 1984 end 1989 
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Figure 9 

BORON CONCENTRATIONS IN SHALLOW GROUND WATER 
Sampled between 1984 and 1989 
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Figure 10 

MOLYBDENUM CONCENTRATIONS IN SHALLOW G~OUND WATER 
Sampled between 1984 and 1989 · 
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Figure 11 

ARSENIC CONCENTRATIONS IN SHALLOW GROUND WATER 
Sampled between 1984 and 1989 
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A buildup of salts in the soil can adversely affect agricultural productivity. The arid soils on 
the westside San Joaquin Valley contain substantial amounts of naturally acquired soluble 
salts that can leach into the ground water below the root zone. These salts contribute heavily 
to the salinity of the soil solution and, subsequently, to the drainage water, if a field is 
drained. About half the soluble salts in the crop root zone are derived from the soil 
(CH2M Hill, 1988). Evapotranspiration increases the concentration of salts in the soil, and 
use of irrigation return flows also further concentrates them. 

Ponds used to elfllpor81e aubsurt•ce dr•ln•g• -•r olten co .. r aever•l hundred 8crea, •r• gener•lly 
dMded Into cells, and can evaporate •bout 4 feet of water per •ere each year. 

The chemical forms of total dissolved solids (salts) found in subsurface agricultural drainage 
vary from region to region in the San Joaquin Valley. The composition of drainage water is 
largely dominated by sodium and sulfate, although chloride is dominant in some places. A 
U.S. Geological Survey study (Devere!, et al., 1984) described concentration ranges for these 
major substances in drainage water from the Coast Range alluvium, the basin trough, and the 
transitional basin rim. Salts are highest in the basin rim zone. Median concentration of 
sulfate ranged from 310 to 3,450 ppm, with a maximum of 65,000 ppm. Chloride varied from 
a median of 220 to 455 ppm, with a maximum of 16,000 ppm. Sodium ranged from a median 
concentration of 230 to 1,100 ppm in the three zones, with a maximum concentration of 
30,000 ppm. Other major substances are calcium, magnesium, potassium, and bicarbonate 
plus carbonate. Electrical conductivity (EC) ranges from a median of 1,900 to 6,055 11S/cm in 
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:he three zones, while the maximum observed value was 68,000 11S/cm. By comparison, the 
:lectrical conductivity of seawater is about 50,000 11S/cm. 

fligh concentrations of nitrate with values greater than 70 ppm have also been observed in 
;orne areas. Nitrates are considered to have a dissolved salt source, although certain 
pollutant-type sources such as fertilizers and feedlots have also been documented. A 
potential public health hazard may exist if nitrates in public water supplies exceed 45 ppm. 
Nitrates and sulfates in drainage water also have been shown to hinder selenium removal in 
~ertain treatment processes (Hanna, et al., 1990). 

Extensive sampling and analyses by Federal and State scientists during the period 1984-1989 
have shown that pesticides are rarely detected in westside subsurface drainage water. 
However, pesticides have been observed in field irrigation runoff (tailwater), and com­
mingling of tailwater and subsurface water does occur in parts of the valley (Gilliom and 
Clifton, 1987). 

Evaporation ponds are one of the most common means to dispose of subsurface drainage 
water in the southern San Joaquin Valley. High salinity in the ponds, entering either from 
outside sources or developing from evaporation, produces concentrations of salts that may 
cause environmental problems. The dominant minerals (salts) in the evaporation ponds are 
typically sodium sulfate and sodium chloride, mainly due to the composition of geologic 
formations contributing to subsurface drainage systems. Inflow IDS concentrations were 
observed to range from 2,500 to 65,000 ppm in one study (CVRWQCB, 1988c). 
Concentrations in the ponds affected by evaporation have been measured as high as 388,000 
ppm. (Seawater is about 31,000 ppm IDS.) During the evaporation-driven process of 
concentration, numerous physical, chemical, and biological processes affect the reactivity, 
solubility, and availability of trace element constituents in these high-salinity evaporation 
ponds (K.K. Tanji, in press). 

Trace Elements 

Toxic and potentially toxic trace elements occur naturally in .some soils on the western side of 
the San Joaquin Valley, and they are leached into the shallow ground water during irrigation. 
These elements, originally found in the geologic formations of the Coast Ranges, can be 
mobilized, transported, and concentrated in irrigation drainage water. Another minor source 
of trace elements is imported irrigation water. 

Over the past several years, many studies have evaluated the chemical composition of 
agricultural drainage water. These studies, conducted by government agencies and other 
researchers, have produced evidence of the existence of a large group of trace elements or 
chemical substances that may be found at elevated concentrations at some time or place in 
irrigation drainage water. This group of elements or chemical constituents, called 
"substances of concern," comprises 29 substances (Table 4). Basically, these substances are 
of concern in the environment because of their actual or possible adverse effects on water 
quality, public health, agricultural productivity, and/or fish and wildlife. 
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Of Primary 
Concern 

Selenium 
Boron 
Molybdenum 
Arsenic 
Salts 

Of Probllble 
Concern 

Sllbj«t to fubuo 
c.IqonoUJ-. 
qtUJiily objecliHI 

Cadmium 
Chromium 
Copper 
Manpnese 
Nickel 
Zinc 
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'nlble 4. SUBSTANCES OF CONCERN 

Ofl'oulble Ofl'oalble Of Limited Prob8bly Not 

concern Concern Concern of Concern 
IIIPruenl 

I!IIHtM U#k~ ~ ...... -- ....,.,. _,,_ ---- --
Uranium Tellurium Lead Masncsium 
Vanadium Antimony Siher Iron 
Niuatea Lithium Merc:wy Barium 

Germanium Aluminum 
Bismuth 
Strontium 
Fluoride 
Beryllium 

Criteria used by the Drainage Program as evidence of primary concern include these factors: 
(1) The substance has been cited in State/Federal water-quality regulations (there are 
water-quality criteria affecting its concentration, use, and distribution); (2) it is lcnown to 
cause toxicity and create other problems for fish and wildlife; and (3) it can become 
hazardous to other wildlife and to humans by accumulating in the food chain or by direct 
exposure to contaminated soils. sediments, air, or ground water and surface water. 

The trace elements of primary concern are selenium, boron, molybdenum, and arsenic, all of 
which occur naturally in westside soils. Arsenic is of concern primarily in the Thlare and 
Kern Subareas, where it has been obseiVed in elevated concentrations in shallow ground 
water. In other locations, such as parts of Westlands Water District, concentrations of 
hexavalent chromium in shallow ground water have been obseiVed above usual background 
levels. The State Water Resources Control Board and the Drainage Program have also 
identified salts as substances of primary concern. 

ln addition, other elements for which the State Board eventually may establish site-specific 
water-quality criteria are cadmium, copper, manganese, nickel, and zinc (SWRCB, 1987). 
Samples from some evaporation p6nds have shown high concentrations of uranium. Elevated 
concentrations of vanadium have a~ been found in some evaporation ponds. Other 
substances have also been measured in ongoing monitoring programs. These include 
nitrates, tellurium, mercury, antimony, germanium, bismuth, strontium, fluoride, beryllium, 
lead, magnesium, iron, aluminum, lithium, silver, and barium. In some instances, there is not 
enough information on the effects of these elements to establish them as substances of 
primary concern, and in others, the concentrations are not high enough to establish a definite 
level of concern. 

Selenium leads the four elements of primary concern, primarily because it is widely 
distributed in the study area and because of its proven and potential toxicity. Water and 
mudflows have transported the selenium to the valley in particulate and dissolved forms 
derived from the weathering and erosion of source rocks. Decades of irrigation have 
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transferred soluble selenium from the upper soils to the shallow ground water, where its 
highest concentrations occur generally along the edge of the valley trough in the lower parts 
of the Coast Range alluvial fans. 

Selenium concentrations in shallow ground water show a wide range of values. In the U.S. 
Geological Survey's study of three physiographic zones (Coast Range alluvium, the basin rim, 
and the basin trough) on the western side of the valley (Devere!, et al., 1984), values ranged 
from less than 1.0 part per billion (ppb) to 3,800 ppb, with a median concentration for all 
zones of 6.0 ppb. Water entering Kesterson Reservoir in the spring of 1984 had an average of 
385 ppb. Th protect freshwater aquatic life, the Environmental Protection Agency recently 
established ambient water-quality criteria for selenium - 5.0 ppb for chronic toxicity and 
20 ppb for acute toxicity (USEPA, 1987). Saltwater limits are higher. The State Board has 
established a monthly mean objective for selenium of 5.0 ppb for a specific area of the San 
Joaquin River. 

Evaporation ponds can accumulate and concentrate trace elements that may be hazardous to 
wildlife, especially waterfowl and shore birds that use the ponds. A study of 22 ponds by the 
Central Valley Regional Water Quality Control Board indicates that trace-element 
concentrations vary widely (CVRWQCB, 1988c). Each of the four primary substances of 
concern (selenium, boron, molybdenum, and arsenic) occurs in high concentrations in one or 
more of the ponds. Selenium, for example, in these 22 ponds ranges from less than 1.0 ppb 
to 1,900 ppb, with a median value of 17 ppb. 

Elevated concentrations of boron (greater than 2.0 ppm) are found in parts of all the 
subareas under study, except the Northern Subarea. Although boron is essential to the 
nutrition of certain plants, concentrations in excess of 0.5 ppm are known to be harmful to 
some crops. For this reason, it is regarded primarily as an agricultural crop problem. The 
State Board established water-quality objectives for boron in the San Joaquin River that 
ranged from 0.8 to 1.3 ppm, depending on the time of year or whether it is a critically dry 
water year. The Regional Board's studies show that boron in evaporation ponds ranges from 
2.5 to 840 ppm, with a median concentration of 20 ppm. 

Molybdenum has been found in elevated concentrations (greater than 20 ppb) in various 
areas of the San Joaquin Valley, particularly in the 1\dare and Kern subareas. Molybdenum 
in very low concentrations is essential to many plants and some mammal species. In high 
concentrations, it can be injurious to the growth of many kinds of plants. It can be toxic to 
livestock through bioaccumulation, particularly in ruminant animals (cattle and sheep). A 
technical committee of SWRCB recommended a 10-ppb criterion in water to protect 
agricultural uses. The EPA has not set any water-quality criteria for molybdenum. 
Molybdenum is an abundant element in evaporation ponds, ranging in concentration from 
7.0 to 7, 775 ppb at the inlets to the ponds and 58 to 40,000 ppb in the ponds. Few studies 
have been performed to assess the potential consequences of elevated dietary molybdenum in 
humans. 

Arsenic is a known toxicant that has been shown to become concentrated at relatively high 
levels in evaporation ponds in the Thlare Basin. Arsenic values in evaporation ponds range 
from 2.0 to 900 ppb in the inlets to the ponds and 1.0 to 13,000 ppb in the ponds. 
Occurrences in other parts of the San Joaquin Valley are not as frequent, nor are the levels as 
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high, on the average. Certain chemical forms of inorganic arsenic are suspected human 
carcinogens. The EPA has set SO ppb as the current maximum contaminant level for arsenic 
compounds in drinking water and established 190 ppb as the water-quality criterion for 
freshwater aquatic life. 

Uranium was not one of the elements of concern studied in earlier evaluations of 
drainage-water constituents. However, the presence of elevated concentrations of uranium in 
Thlare Basin evaporation ponds has been documented (CVRWOCB. 1988b). These ranged 
from 30 to 11.000 ppb in studies conducted in 1987-88. The mean concentration for all pond 
samples was 675 ppb, while the mean concentration in the inflow samples of the three basins 
studied was 280 ppb. Over 60 percent of the evaporation pond area exceeded a Canadian 
marine water-quality objective of 500 ppb uranium. At the present time, there is no 
information regarding the role uranium may play in the toxicity problems of the evaporation 
ponds. In 1988-89, the USGS studied the occurrence of uranium in shallow ground water in 
parts of the Thlare Subarea. Results have not yet been published. 

The toxicity of drainage-water constituents is influenced by their chemical interaction with 
other substances. The understanding of these interactions is limited. In addition to the 
independent effects of trace elements, antagonistic or synergistic interactions may occur 
among various constituents. 

The list of substances that may be of concern in drainage water is not final at this time. 
Certain other substances not now listed have occasionally been detected in drainage-water 
samples or in water influenced by subsurface drainage. Future studies and continued 
monitoring may produce data that will indicate whether certain chemicals not presently 
thought to be important will have to be more thoroughly appraised. 

DRAINAGE-WATER TREATMENT AND REUSE 

At the beginning of the Drainage Program. major effort was focused on treatment of drainage 
water to make it environmentally acceptable and/or reusable. Selenium became the principal 
concern in those efforts because of confirmed associations between adverse effects on wildlife 
and the presence of selenium in drainage water. Unlike other substances of primary concern. 
no practical treatment method for selenium removal was known to exist. 

Tretztmmt Procusu 
Problems at Kesterson Reservoir generated about 1SO ideas and suggestions that were 
submitted to the Drainage Program. Many were oriented toward drainage water treatment 
and many were research proposals. The staff initially screened all the ideas and submitted 
about 30 of them to the Program's 'Iieatment and Disposal Subcommittee for evaluation and 
final screening. The subcommittee further narrowed the choices, but because of funding 
limitations, only the most promising methods were pursued. 

The Drainage Program investigated the 11 processes listed in 'Ill.ble 5 but did not fund all the 
developmental research. Others (for example, \\atlands Water District, Panoche Drainage 
District, and the California Department of Water Resources) also funded research on 
treatment processes. Chapter 3 of the Drainage Program's Prdiminaty Plmtning Altmlalives 
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summarized the various treatment processes investigated. Thchnical reports on the various 
treatment processes have been prepared and a review and evaluation of each treatment 
process has been completed (Hanna, et at., 1990). 

Anaerobic-Bacterial Process 

This process was tested by EPOC AG in a small-scale pilot plant, using a biological reactor 
(including upflow fiXed-film beds, fluidized beds, and sludge blanket reactors) and 
microfiltration. EPOC AG concluded in 1987 that the biological process is a practical and 
proven method for treatment of selenium-laden drainage. 

The optimum treatment train was sludge blanket to fluidized bed to microfiltration. The 
process lowered selenium levels in the feedwater from 300 to 500 ppb down to 12 to 40 ppb, 
and thence to below 5.0 ppb with ion exchange "polishing." However, interpretation of the 
data generated by the EPOC AG pilot plant is complicated by the ever-changing nature of 
the plant's operation. It operated under field conditions, with wide changes in drainage water 
quali~ and diurnal and seasonal temperature variation, as well as in other significant 
parameters. 

Tile enaerob/e-becterie/ ,..,.,.. .. of remollfllfl selenium from drainage wMer was felted 
In this small plant near Mendota In 1986 and 1987. 

Laboratory-~cale research at the University of California, Davis, was conducted as followup 
to the work by EPOC AG, mainly to determine the mechanisms of selenium removal in the 
anaerobic-bacterial process (Schroeder, et at., 1989). It was determined from studies using 
sequencing batch reactors and fluidized bed reactors that selenate reduction occurred 
simultaneously with nitrate reduction. It was theorized that selenate reduction was primarily 
a detoxification mechanism, rather than a respiratory process. In respiration, nitrate would 
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be used before selenate. The researchers postulated that the bacteria are detoxifying their 
environment of high concentrations of selenate, while simultaneously respiring on nitrate. 

Facultative-Bacterial Process 

This process was studied in the laboratory at the U.S. Bureau of Mines Research Center in 
Salt Lake City, Utah (Aitringer, et al., 1987). Selenium was reduced from selenate to selenite, 
using facultative bacteria that can live with or without oxygen, and precipitated from solution 
in elemental form. This study also demonstrated that the mechanism of selenium removal is 
influenced by nutrient addition, oxygen supply, and temperature. Aerobic conditions 
encouraged bacterial growth, but selenate reduction was enhanced when the air supply was 
restricted. 

Table 5. STATUS OF DRAINAGE-WATER TREATMENT PROCESSES 
TO REMOVE OR IMMOBILIZE SELENIUM 

Proce .. R ... •ch ~ 
Teatlng end 
Evllluatlon 

Blologlc81 

Anaerobic-bacterial X 
Facultative-bacterial X 
Microalgal-bacterial X 
Microbial wlatilization in X 

evaporation pond water 
Microbial wlatilization X 

from soils and sediments 

Phyalc81 end Chemk:81 

Geochemical immobilization X 
Iron filinp X 
Ferrous hydroxide X 
Ion exchange X 
Revene osmoois to remove X 

aalts and other contaminants 
Generate electrical ene'l)' and X 

heat for deaalination with 
a oogeneration process 

In many respects, the mechanism of selenium removal in this process appears similar to that 
occurring in the anaerobic-bacterial and microalgal-bacterial processes. It involves reducing 
selenate to selenite to elemental selenium, which accumulates in the biological sludge of the 
reactors. The same bacteria genus contained in EPOC AG's anoxic fixed-film reactor sludge 
was shown in this study to reduce selenate first and adapt well under high selenium 
concentrations. The study also demonstrated that optimal selenate reduction by facultative 
bacteria occurs under anoxic conditions. 
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Microalgai-Bacterial Process 

This process was investigated by the University of California at Berkeley (Oswald, et al., 
1990). The process is based on the principle that soluble selenate can be reduced by 
microorganisms to less-soluble selenite and elemental selenium in an anoxic sludge blanket 
reactor. While elemental selenium settles and accumulates in the reactor sludge, selenite 
suspended in the reactor effluent can be precipitated with ferric chloride and removed by a 
dissolved air flotation system. 

The carbon source for the biological reactor is algae cultivated in high-rate algal ponds fed by 
drainage water. If drainage nitrate levels are above that which can be assimilated by pond 
algae, a denitrification reactor is added upstream from the selenate-reducing reactor. 

The researchers believe that excess algae can be fermented to produce methane for power 
generation, carbon dioxide can be recycled for pH control in the algae ponds, and the 
digested sludge can be diverted to the biological reactors to supplement the algal feed. 
Although the field tests did not reach steady-state conditions, the process showed promise of 
greater than 95-percent removal of selenium. 

Microbial Volatilization of Selenium In Evaporation Pond Water 

This process was studied primarily as an in-situ means to maintain selenium levels in 
evaporation ponds below the hazardous waste criterion of 1.0 ppm. It was not intended to 
meet the more stringent criteria for wildlife protection. 

Investigators in 1990 reponed that compounds high in protein, such as casein, dramatically 
accelerate biological removal of selenium, but substantial amounts of the compounds are 
apparently required, probably creating eutrophic ponds (Frankenburger and 
Thompson-Eagle, 1989). Bacteria were identified as the predominant active selenium 
methylators in pond water. The researchers conclude that funher studies are needed to 
determine whether protein-mediated methylation can be optimized through the addition of 
coenzymes, methyl donors, and aeration, as well as through the addition of specific microbial 
inoculants. They funher conclude that it may be possible to design a pilot bioreactor to test 
selenium removal. This technique lags in developmental effons. 

Microbial Volatilization of Selenium from Soils and Sediments 

This process is being investigated by researchers from the University of California at 
Riverside to determine whether biomethylation of selenium could be accelerated and used as 
a bioremediation technique to remove selenium from Kesterson Reservoir and the San Luis 
Drain (Frankenburger and Karlson, 1989). Indigenous soil fungi are the primary organisms 
that volatilize the selenium, and dimethylselenide is the primary gaseous end product. The 
process was field-tested, following treatment methods in which different additives were used. 
This work was done at Kesterson Reservoir, on San Luis Drain sediments, and at a Peck 
Ranch evaporation pond. All treatments included moisture application and rototilling. 

At Kesterson Pond 4, where selenium concentration in the upper 6 inches of soil averaged 
about 39 milligrams per kilogram, treatment using citrus peel + ammonium nitrate + zinc 
sulfate and treatment using casein were most effective. The average emission rate with the 
citrus peel treatment was about 40 times greater than it was for background level. It was 

45 



324 

estimated that the treatment would require about seven years to achieve the cleanup goal of 
4 mg!kg from the initial concentration of 39 mglkg. 1be selenium volatilization rate is highly 
temperature-dependent, with the highest rates occurring in the late spring and summer 
months. 

Geochemical Immobilization 

A physicaVchemical attenuation process to transform and immobilize selenium in place was 
investigated by UC Riverside researchers (Neal and Sposito, 1988). The study was conducted 
to identify the pertinent variables in an irrigated soils system designed to implement 
management techniques that would control the eventual fate of selenium by immobilizing it in 
the soil profile. The researchers concluded that the chemical form in which selenium exists in 
the aqueous phase governs the applicability of this process. If, as in the soils of the western 
San Joaquin Valley, selenate predominates, farm level management practices to achieve 
physical/chemical attenuation would have little success in immobilizing selenium. 

Panache Water District laresttng- ,.,_., o1-...... by pnslllfl drlllnage _., 
through a bed of Iron filings In--...., ol--. 
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Iron Filings 

In 1985, Harza Engineering Company tested its patented heavy metals adsorption process for 
removing selenium from drainage water at Panoche Drainage District. In this process, heavy 
and toxic metals are adsorbed onto iron filings and removed from solution as drainage water 
flows through a bed of "activated" iron filings. Before the beds are exhausted, the iron filings 
are replaced, activated, and returned online. The spent material can be disposed of at 
landfills or recycled to the metal-working industry. 

A problem arose in initial field testing. The filings solidified and clogged the bed. A study 
was conducted at the University of Wisconsin, Madison, to determine the mechanism by 
which selenium is removed and the selenium specie formed to effect removal (Harza, 1989). 
It was concluded that selenium is removed by chemical adsorption on iron oxyhydroxide 
surfaces at an orange-brown layer of iron filings, where drainage water enters the column. 
Before the oxyhydroxide layer forms, selenium can be removed throughout the iron-filing bed 
by physical adsorption. There is still uncertainty regarding the exact mechanism whereby 
selenium is removed in the Harza process. 

The study did not conclusively define the cause of the bed-clogging problem. The formation 
of magnetite (Fe304), a ferromagnetic solid that restricts flow, was suggested as a possible 
cause. Other possibilities, such as calcite precipitation, were also suggested, but 
bed-hardening also occurred in columns with selenate-spiked distilled water. 

Pilot tests are presently being conducted in treatment ponds at Panoche Drainage District. 
Information from these tests should help to better evaluate the effectiveness and cost of this 
process. 

Ferrous Hydroxide 

Studies of this process were conducted by staff of the U.S. Bureau of Reclamation's Denver 
Office (Rowley, et al., 1990). The process is based on a reaction in which ferrous hydroxide 
reduces selenate to elemental selenium. The reaction rate depends on pH, for which the 
optimum range is 8 to 10. Thmperature affects the rate of ~elenate removal by about 
doubling the rate for each 10" C increase. Most of the tests were conducted at 20" C, the 
approximate average temperature of drainage water. 

The reaction time for selenate removal is inversely proportional to the ferrous hydroxide 
concentration, which was commonly used in the range of 2.5 to 20 millimoles per liter. The 
reaction times were very short (99-percent selenate removal in less than one minute) when 
deionized water was used for testing. but substantially longer times were required when 
drainage water was used. Field tests near Mendota resulted in 90-percent selenate removal 
after four hours. 

It was concluded that high concentrations of bicarbonate would decrease the reaction rate by 
half, while high concentrations of nitrate would reduce the reaction rate by a factor of 5. If 
high concentrations of both ions were present, the initial rate of reaction would be reduced 
by a factor of 17. Although oxygen does not appear to affect the rate of selenate removal, it 
oxidizes about 1.6 millimoles per liter of ferrous hydroxide if the water is saturated at 20• C. 
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lon Exchange 

Use of selenium-selected resins to remove selenium was investigated in laboratory tests on 
drainage-water samples (Boyle, 1988). 1\vo strong anion-base resins, both similar to 
commercial resins, sltovled selectivity for the selenate ion over the sulfate ion. The 
investigators concluded that this indicated ion exchange is a promising method. However, 
studies have not been conducted to demonstrate field-scale reliability and costs. 

Reverse Oamos'- to Remove Salta and Contamlnanta 

This is a versatile, proven treatment process capable of removing salts, as well as 
trace-element contaminants, but it is also much more costly than the other treatment 
processes. The California Department of Water Resources operated a drainage-water 
desalting demonstration plant at Los Banos from the fall of 1983 to August 1986. DWR 
concluded that additional work is required on the pretreatment system to establish the 
feasibility of a drainage water desalting facility. DWR has issued a report on the 
pretreatment systems tested (DWR, 1986). and reports on other components of the project 
(ion exchange and reverse osmosis) are being completed. 

Cogeneration 

This process uses waste heat from the thermal generation of energy to evaporate drainage 
water. However, from review of a cogeneration study completed in 1989 (RMI, 1989), the 
Drainage Program concluded that cogeneration using natural gas fuel is not promising for 
evaporation of unconcentrated drainage water because of the high cost and the relatively 
small amount of drainage water treated (about 7,500 acre-feet annually in conjunction with a 
100-megawatt powerplant). 

Westlands Water District, with Drainage Program participation, conducted a preliminary 
study of burning salt-tolerant agroforest biomass to evaporate drainage water concentrated 
by agroforestry crops (RMI, 1990). RMI concluded that wood fuel cannot be economically 
substituted for natural gas to fuel a cogeneration component of a drainage water evaporation 
plant. 

Future of 'n'eatment Procesan 
The implementation of any drainage water treatment process is burdened largely by three 
major items: (1) The need to keep costs low and affordable for agricultural application, (2) 
the stringent performance criteria imposed by the need to reduce selenium to extremely low 
concentrations (less than S ppb) in receiving water, and (3) the early developmental status of 
technology for selenium removal from drainage water. Because selenium-removal technology, 
unlike reverse-osmosis desalting. has not progressed to large-scale application, it is premature 
to recommend a specific treatment process at this time. However, selenium removal research 
indicates that treatment may be a viable drainage management strategy under certain 
conditions and, therefore, further treatment research is justified. 

Because the Drainage Program wanted to encourage the search for an economical way to 
remove selenium from drainage water, its Interagency 'lec:hnical Advisory Committee's 
Treatment and Disposal Subcommittee was asked for advice on which process to pursue. 
The subcommittee recommended support of a 30,000-gallon-per-day demonstration plant 
using the anaerobic-bacterial process field-tested by EPOC AG. The Department of Water 
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Resources intends to fund the demonstration plant in 1990, with support from the U.S. 
Bureau of Reclamation. 

In the EPOC AG field-pilot tests, selenium in drainage water at a concentration of 300 to 
550 ppb was lowered to about 10 to 40 ppb after microfiltration and to less than 10 ppb after 
polishing in boron selective ion-exchange resins. EPOC AG has reponed estimated 
treatment costs for a 1-million-gallon-per-day prototype plant of about $76 per acre-foot to 
construct (capital at 4 percent, with 20-year plant life) and $148 per acre-foot to operate. 
Thtal product cost would be about $224 per acre-foot. It was also estimated that, for a 
10-mgd plant, the total unit treatment cost would decline to about $145 to $175 per acre-foot, 
depending on the availability and cost of a carbon source. These estimates did not include 
waste-stream disposal costs. 

A study sponsored by the Drainage Program reviewed and evaluated each treatment process 
investigated, and, when cost estimates were available, adjusted them on a common basis 
(Hanna, et al., 1990). Revisions of EPOC AG's cost estimates were based on increases in the 
interest rate from 4 percent to ~ percent, electricity rates from $0.045 to $0.08 per 
kilowatt-hour, labor costs from $28,470 to $40,000 per person per year, and capital costs by 35 
percent. Added to these were replacement costs and 27 percent for overhead and profit. 
Those changes raised the estimated total product cost from $224 to $456 per acre-foot for a 
1-mgd plant and from $175 to $301 for a 10-mgd plant. Neither estimate includes costs of 
polishing to lower selenium levels to less than 10 ppb, or of waste-stream disposal. 

Reuse 

If drainage water could be economically reused, it would be a resource, not a waste disposal 
problem. The Drainage Program funded investigations of the reuse of drainage water for 
irrigation of salt-tolerant trees and halophytes. It also reviewed the results of reuse 
investigations conducted by others. These mainly concerned the use of drainage water in 
powerplant cooling, temperature-gradient solar ponds, aquaculture, salt and mineral recovery 
and marketing, and agriculture. 

There are no current plans for siting major thermal powerplants in the valley and hence no 
significant demands for drainage water for cooling. 'freatment costs would be substantial to 
produce drainage water acceptable for powerplant cooling. Possibilities exist, though, that 
energy-producing solar ponds could be used in drainage water management because of the 
increasing demand for, and cost of, electrical energy and because of growing concern for air 
quality in California. Both the Bureau of Reclamation and the Department of Water 
Resources are pursuing further solar pond investigations. 

The potential for both salt and mineral recovery and aquacultural reuse rests largely with the 
marketability of the products - primarily sodium sulfate, in the case of salt recovery, and 
the products grown in drainage water, in the case of aquaculture. Such markets do not 
appear promising at present because sources are available elsewhere, but these are subject to 
change in the future. 

Reuse of drainage water by irrigating salt-tolerant crops or by blending with normal irrigation 
supplies are the only reuse options that appear promising at this time. 
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AGRICULTURAL ECONOMY 

Agriculture is the mainstay of the economy of the westside San Joaquin Valley. Knowledge of 
the agricultural economy and the way in which it relates to the region, the State, and the 
nation are important to understanding and planning for management of the drainage 
problem. The information that follows is from the Census of Agriculture reports (1978, 1982, 
1987), Census of Manufacture reports (1978, 1982, 1983, and 1985), and data from the 
California Department of Food and Agriculture and a commercial agricultural lending 
agency, as presented in a report sponsored by the Drainage Program (Archibald, 1990). 
Additional information is available in the full report. 

The Contribution of Agriculture 

California leads the nation in the market value of agricultural production. In 1987, 
California's total value of agricultural output was $13.92 billion; this represented 10.2 percent 
of the total $1.36 billion U .S. agricultural production. Of the California total, $9.27 billion was 
contributed by crops and $4.65 billion by livestock, poultry, and related products. 

The San Joaquin VaUey is California's largest single agricultural area. contributing $6.82 
billion ( 49 percent) of the State's total agricultural output. Crops accounted for $4.45 billion 
( 65 percent), and livestock and livestock products contributed $2.37 billion (35 percent). 
Figure 13 provides a breakdown of the total crop production value in the San Joaquin Valley. 

Of the total value of crop production in the U.S., 50.9 percent was derived from irrigated land 
and 49.1 percent from nonirrigated land. In contrast, only 19.9 percent of the value of 
livestock and livestock products was derived from irrigated land, while 110.1 percent was 

Figure 13. SAN JOAQUIN VAUEY TOTAL CROP PRODucnON VAWE 
(Value = $4.45 billion In 1987) 
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contributed by nonirrigated land. Irrigated land in California accounted for about 45 percent 
of total U.S. crop production on irrigated land, and the San Joaquin v.aJley alone contributed 
about 21 percent of the U.S. total. 

The importance of agriculture to the economy of California can be estimated by examining 
employment statistics. Statewide in 1987, agriculturally induced employment accounted for at 
least 17.3 percent of employment and 185 percent of total payrolt Within the San Joaquin 
Valley, these categories were 48.6 and 54.2 percent, respectively. Figure 14 shows 
agriculturally induced employment in the San Joaquin Valley. 

Figure 14. AGRICULTURALLY INDUCED EMPLOYMENT IN THE 
SAN JOAQUIN VALLEY BY COUNTY, 1987 
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In 1987, agriculturally inducea employment in each valley county was even more striking, 
representing more than 50 percent of employment in Kings, Madera, Merced, and Stanislaus 
counties and about 50 percent in Fresno, San Joaquin, and Thlare counties. In Kern County, 
agriculture accounted for only 20 percent of employment, reflecting the development and 
growing importance of other industries, such as petroleum. 

Exports 

California also leads the nation in agricultural export value. The State's export value declined 
during the 1980s, as did U.S. export value, but tbe State's value recovered significantly by 
1987. The leading single export commodity from California is cotton lint. Figure 15 shows a 
breakdown of the value of California commodity exports. In 1987, 62 percent of California's 
cotton output was exported. This accounted for nearly half the value of U.S. cotton exports. 
About 60 percent of the State's almond crop and 45 percent of the walnut crop were 
exported. This was the entire amount of U.S. exports of these two crops. 

Given these levels of exports, an estimated 1.76 million acres of California cropland were 
dedicated to producing for export markets in 1987. Cotton dominates exports in terms of 
land use. In 1987, production from 710,000 acres of cotton was required to meet California's 
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Figure 15. SHARE OF CAUFORNIA COMMODITY 
EXPORTS, BY VAWE, 1987 
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export market. Of that area, 682,000 acres were in the San Joaquin Valley, and 450,000 of 
those acres are on the valley's western side. The rise in incomes in countries importing 
agricultural products from California favors growth in higher value export crops, such as 
fruits, nuts, and beef. For the 1990s, based on expectations of income and population growth 
in importing countries, the U.S. Department of Agriculture projects a 3-percent annual 
growth rate for agricultural exports, led by growth in high-value products. Food grain exports 
are not expected to grow as fast as feed grain exports, because importing countries are 
increasing their domestic meat production and must import feed grains. 

Land Use 
Total California farmland in 1987 was 30.6 million acres, with about one-third (10.5 million 
acres) in the San Joaquin Valley. Farmland on the western side of the valley accounts for 
one-third (3.4 million acres) of the valley total. About 7.5 million acres of cropland are 
irrigated, with irrigated pasture accounting for only 5 percent of the total. Over half (57 
percent) of the State's irrigated cropland is in the valley, and 40 percent of this is on the 
western side. Together, the Westlands, Thlare, and Kern Subareas account for more than 75 
percent of westside irrigated cropland. 

California farmland as a whole declined 2.3 percent from 1982 to 1987, a drop that was 
consistent with the national pattern, which declined 2.26 percent in the same period. For the 
valley, the decline was 3.0 percent; on the western side, it was 11 percent. 

A partial explanation for the decline of irrigated westside cropland is the acreage enrolled in 
the Federal Commodity Acreage Reduction Program and the Conservation Reserve Program. 
Idled cropland in the valley increased 125 percent from 1982 to 1987, or 13.4 percent of total 
irrigated cropland in 1987. Land under the Acreage Reduction Program increased 256 
percent from 1982 to 1987, to a total of 7.1 percent. Land set aside under the Conservation 
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ResetVe Program for the valley as a whole was less then 1 percent of irrigated land. Drought 
conditions in 1987 also help explain the reduction in irrigated acreage. 

Forty-three percent of irrigated cropland on the western side of the San Joaquin Valley was in 
cotton in 1987. In the five subareas, the share of cropland in cotton ranged from 2.1 percent 
in the Northern Subarea to 52.2 percent in the Westlands Subarea (Figure 16). The cotton 
shares for the Kern, Thlare, and Grasslands subareas are 51.0, 49.5, and 34.6 percent, 
respectively. Other field crops, including feed grains, hay, wheat, sugar beets, dry beans, 
oilseeds, and rice, accounted for 34.3 percent of the valley's cropland and 38.4 percent of the 
westside cropland in 1987. The shares of cropland in these field crops ranged from 28.7 
percent in the Westlands Subarea to 51.9 percent in the Northern Subarea. Most dry beans 
have been grown in the Northern Subarea; most sugar beets, in the Northern and Grasslands 
subareas; and most oilseeds, in the Thlare Subarea. Conversely, hay has been grown 
throughout the west side, but minimally in the Westlands Subarea. Cotton is minimal in the 
Northern Subarea, as is wheat in the Grasslands Subarea. 

In 1987, fruit and nut acreage represented 8.3 percent of cropland on the western side and 
33.4 percent in the San Joaquin Valley as a whole (Figure 16). Thgether, almonds, walnuts, 
and apricots accounted for 92 and 86 percent of tree and vineyard cropland in the Northern 
and Grasslands subareas, respectively. 

In 1987, vegetables accounted for 10.3 percent of cropland on the western side, up from 7.7 
percent in 1982 and 7.3 percent in 1978. This represented an increase of 17,000 acres during 
the 10-year period. The share of cropland in vegetables ranged among the subareas from a 
high of 25.8 percent in the Northern Subarea to a low of 2.8 percent in the Thlare Subarea. 
Westlands Water District, which makes up most of the Westlands Subarea, had the greatest 
vegetable acreage, with140,868 acres (Westlands Water District, 1988). Thmatoes, cantaloupes, 
lettuce, romaine, and dry onions occupied about 62 percent of land planted to vegetables in the 
valley. Thmatoes were the dominant crop, with 36 percent of the vegetable acreage. 

Production Expenses 

The western side of the San Joaquin v.illey accounted for 19 percent of total valley 
agricultural production expenses in 1987. Given that the westside share of irrigated cropland 
is 40 percent, this indicates lower per-acre expenses for the western side than for the 
remainder of the valley. This could reflect a combination of a greater ratio of field and row 
crops to trees and vines on the western side and some economies of scale associated with 
large operations. Labor expenditures exceeded 20 percent of the total, followed by chemicals 
and machinery (including equipment), each at 10 percent, and energy at 6 percent. The 
shares of expenditures for labor, interest, and property taxes are lower than for the rest of the 
valley. Westside growers, however, dedicate a larger fraction of their production expenses to 
machinery, energy, chemicals, and irrigation water. In the subareas, cash rents per acre 
appear to decline as a proportion of total expenditures from north to south. The proportion 
of expenses in the form of interest payments was greater in the Northern Subarea, reflecting 
higher land values and per-acre investments in orchards. Energy expenditures in the Tulare 
and Kern Subareas were greater in proportion to other expenses than in other areas, 
reflecting the greater dependence on pumped ground water as an irrigation supply. 
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Westside land values have followcd the natiooal pattern, inacasing from 1970 to the early 
1980s and then declining. with some recent evidence of ~ry. Westside land prices arc 
about five times the natiooal average and arc highest in the Northern Subarea, where 
orchards arc prevalent. 

Flgwe Ul. IRRIGATED CROPLAND IN COTTON, 
FRUITS, AND NIII'S, BY SUBAREA - 1887 
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Farm Structure 

Farms are fewer but substantially larger on the western side than in the rest of the vallcy. 
Average farm size in the principal study area was about 500 acres in 1987, while the average 
for the rest of the valley was about 100 acres. Farms in the Westlands Subarea averaged 
1,100 acres in 1987; in the Thlare and Kern subareas, 500+ acres; in the Grasslands Subarea, 
400 + acres; and in the Northern Subarea, 200 acres. 

Farm tenure types fall into three classifications: (1) Full owners, who operate only the land 
they own; (2) part owners, who operate farmland they own. as weU as land they rent; and 
(3) tenants, who operate only land they rent (Figure 17). Full ownership as a percentage of all 
forms of land tenure on the western side exceeded 50 percent in all subareas, c:xccpt in 
Westlands, where it was 44 percent. 

Farm operations are also divided into three basic types of management structures: 
corporations, partnerships, and individual or family owners. Corporatioos arc further 
divided into three groups: family-held; other-than-family-held; and others, including 
cooperatives. In 1987, individual owners and family c:orporatioos together accounted for 76.3 
percent of the farms on the westside San Joaquin v.illey. In the Northern and Grasslands 
Subareas, corporatioos accounted for less than 1 pcra:ot of farms and less than 2 percent in 
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Rgure 17. PERCENT OF FARMS BY TENURE OF OPERATOR, 
WESTSIDE SAN JOAQUIN VAUEY, 1087 
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each of the other subareas. All subareas had more than 70 percent of farms under individual 
ownership or in family corporations. 

Less than 0.5 percent of farmland in the Northern and Grasslands Subareas was owned by 
corporations. During the 1G-year period, 1978-1987, the portion of land owned by 
corporations in the Westlands and Kern Subareas increased from 6 percent to 8 percent and 
from 7 percent to 8 percent, respectively. In the lblare Subarea, the portion increased from 7 
percent to 16 percent. During the same period, land owned by partnerships in the 
Grasslands and Kern Subareas increased from 32 percent to 40 percent and from 35 percent 
to 40 percent, respectively. In the Westlands Subarea, the portion increased from 28 percent 
to 34 percent, while in the lblare Subarea it increased from 25 percent to 35 percent. Only 
the Northern Subarea reported a decrease in land owned by partnerships during this 
period - from 38 percent to 36 percent. 

Federal Agricultural Programs 
Commodity Credit Corporation (CCC) payments to farm operators include loans for com, 
wheat, sorghum, barley, oats, cotton, rye, rice, and honey. Government payments include 
deficiency payments, paid diversions, soil conservation reserve payments, payments from the 
Dairy Thrmination Program, other conservation programs, and other Federal farm programs 
under which payments are made directly to the farm operator. In 1987, CCC and other 
government payments to U.S. farms totaled $17.9 billion; $570 million was for loans and the 
remainder for payments. California received $69.1 million in CCC loans and $238 million for 
government payments. 'lbtal CCC payments for the San Joaquin v.illey were $17 million, 
amounting to 28 percent of California payments. The valley received $126 million in 
government payments, or 53 percent of the State total. CCC loans to the western side for all 
program crops totaled $11.7 million. 
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Cotton was the most important source of CCC payments (83.6 percent) on the western side. 
In the Kern Subarea, 97 percent of CCC loan payments was for cotton, and the Grasslands 
and Westlands subareas received 75 and 84 percent, respectively, for cotton. The Northern 
Subarea received almost 40 percent of its CCC payments for com, almost 50 percent for rice, 
and the balance for wheat. Feed-grain payments were negligible in the other subareas. 

While more than 25 percent of U.S. cotton farms participate in the CCC loan program, only 
10 percent do so on the western side of the valley and in the State. In 1987, the Grasslands 
Subarea accounted for 13.8 percent of the westside acreage in program crops, but farmers in 
the subarea received 23 percent of the CCC loans. The Westlands Subarea had 27.2 percent 
of the acreage in program crops and received 33.1 percent of the payments. The Kern 
Subarea had about 25 percent of the acreage and CCC receipts. The Thlare Subarea had 
32.8 percent of the acreage and 18.3 percent of loan payments. 

In 1987, westside farms received 0.6 percent of total U.S. payments and CCC loans to all 
farms, 2.5 percent of payments and loans to farms with any land irrigated, and 7.3 percent of 
payments and loans to irrigated farms. The San Joaquin Valley as a whole contributed 
21.3 percent of the value of U.S. agricultural output from irrigated farms and received 
10.5 percent of government payments to irrigated farms. 

FISH AND WILDLIFE RESOURCES 

[Data, references, and analyses supporting the infomu~tion included in this 
section can be found in the Drainage Program's 1989 report, Preliminary 
Planning Alternatives.] 

Habitat Losses and Population Declines 

Long ago, seasonal flooding of large areas of the San Joaquin Valley floor created a 
patchwork of aquatic, wetland, riparian forest, and valley oak savannah habitats. 
Surrounding these overflow lands were large areas of California prairie and San Joaquin 
saltbush. In the southern part of the valley, Thlare Lake and four smaller lakes were 
interconnected by a vast network of sloughs, riparian forests, and wetlands. On the average, 
during the past few thousand years, all five lakes in the Thlare Basin cov"red a total of about 
516,000 to 625,000 acres, or about 800 to 1,000 square miles. 

The diversity of habitats in the valley supported large populations of resident and migratory 
species of fish and wildlife. Before the region was settled, the year-round native plant and 
animal life in the Tulare Basin was so abundant that it supported the densest population of 
native Americans on the North American continent that was not engaged in agriculture. 
During the late 1800s, enormous numbers of waterfowl and fur-bearing mammals were 
commercially harvested throughout the San Joaquin Valley, and Thlare Lake supported a 
small commercial fishery for western pond turtles and native minnows. 

Widespread development of agricultural lands, draining of the once-extensive lakes, 
drastically reduced instrearn flows, and declining water quality have taken a substantial toll 
on the native - .' 1tic, wetland, .iparian, and terrestrial habitats of the San Joaquin Valley. 
The present acreage of natural freshwater lakes on the valley floor is less than 1 percent of 
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the historic extent. Current acreages of wetland and riparian habitats are less than 15 
percent and about 7 percent, respectively, of their historic extent. San Joaquin saltbush 
habitat now occupies less than 7 percent of its historic acreage. Such drastic reductions of 
these habitats have caused the decline of many species of plants and animals ende~c to the 
valley. Several species that once occurred in the valley no longer exist there or have become 
extinct, and 29 others are listed as endangered by the Federal or State gcwernments. 

Water Supplies and Needs 
About 200,000 acres of public and private land in the San Joaquin v.illey are managed 
primarily for the benefit of fish and wildlife. 1bese areas need over 400,000 acre-feet per year 
of fresh water to satisfy optimum management needs. Reliable firm supplies of fresh water 
for these areas currently total about 30 percent of needs. 

At present, about 4. 7 million acres of irrigated agricultural land in the San Joaquin Valley 
receive about 17.6 million acre-feet per year of irrigation water. Until recently, surface and 
subsurface agricultural drainage from some of these lands, commingled with other surface 
water, provided over SO percent of the water used by fish and wildlife areas, and these waters 
still provide instream flows for fisheries and other beneficial uses. 

Several major dam, reservoir, and canal systems have been constructed and are operated in 
the Central Valley to serve agricultural and urban water needs. 1bese projects have created 
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many severe problems for fisheries in the San Joaquin and other river systems. Although 
specific instream flow needs for many streams and associated fisheries in the valley have not 
yet been determined, it is apparent that instream flows in the mainstem San Joaquin (above 
its con1luence with the Merced River) and in the major tributaries are currently inadequate to 
sustain migration of salmon. Further study is needed to determine instream flow needs of 
San Joaquin River fisheries. Additional planning, analysis, and field testing of methods to 
provide adequate and firm supplies of clean, fresh water for valley fish and wildlife are also 
warranted. 

Toxicity of Drainoge-Water Conlllminonts 
Analyses of subsurface agricultural drainage water have revealed high salinity and elevated 
concentrations of toxic or potentially toxic elements (including arsenic, boron, cadmium, 
chromium, copper, lithium, manganese, molybdenum, nickel, selenium, strontium, uranium, 
vanadium, and zinc). Recent laboratory and field toxicity research reveals that fish and 
wildlife are more sensitive to the toxic properties of several of these chemical elements than 
previously believed. This is illustrated by the following examples for selenium, boron, and 
salts. 

The U.S. Environmental Protection Agency's ambient freshwater aquatic life water-quality 
criterion for selenium was recently reduced from 35 to 5 ppb. The State Water Resources 
Control Board and the Central Valley Regional Water Quality Control Board have 
recommended that water used for wetlands management in the Grasslands Subarea contain 
average selenium concentrations of 2 ppb or less. Furthermore, University of California 
scientists have identified 1.0 to 1.5 ppb waterborne selenium as the range that causes no 
adverse effects. Selenium concentrations in North Mud and Salt Sloughs in the Grasslands 
Subarea average 6.0 ppb. Selenium concentrations in the 7,000 acres of evaporation ponds 
average 49 ppb, based on acreage-weighted means, and range above 1,000 ppb. 

Boron, which was previously thought to be 
nontoxic to wildlife, has been shown to 
have adverse effects upon wildlife at 
concentrations of 900 ppm (dry weight) in 
the diet. Waterfowl food-chain organisms 
collected from Kesterson Reservoir and 
several other evaporation ponds in the 
valley have been found to contain 
concentrations of boron that approach or 
exceed this toxic threshold. 

Highly saline water, free from elevated 
concentrations of trace elements, can also 
pose a health threat to wildlife. For 
example, freshwater ducklings are very 
sensitive to salty water. Toxicity tests with 
mallard ducklings have shown that molt 
was slowed when they were provided a 
single source of drinking water containing 
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3,000 ppm total dissolved solids, and growth was reduced when their sole source of drinking 
water was 7, 71IJ 11S/cm electrical conductivity. In addition to containing elevated 
concentrations of various trace elements, evaporation ponds in the San Joaquin Valley, 
heavily used by ducks and other aquatic birds for nesting and rearing of young, are also very 
saline - up to 388,000 ppm TDS - and average 31,850 ppm TDS, about equal to seawater. 
The combination of saline ponds and the extremely limited acreage of freshwater wetlands in 
the southern San Joaquin Valley during the spring breeding season potentially increases this 
toxic threat to aquatic birds. 

Finally, the toxicity to fish and wildlife of various salts and trace elements carried in drainage 
water depends upon, among other variables, the species, life stage, health, and diet of the 
target organism; the chemical form of the contaminant; the bioavailability of the contaminant 
(which for waterborne concentrations can be affected by other chemical characteristics of the 
water); and the interactions (additive, synergistic, and antagonistic) of multiple contaminants. 
Very little information is available regarding many of these complex issues, and additional 
research is warranted. 

Contamination and Biological Effects 

Elevated concentrations of drainage-water contaminants have been discovered in water, 
sediments, food-chain organisms, and major vertebrates in a number of San Joaquin Valley 
areas outside Kesterson Reservoir and the San Luis Drain. These areas include rivers, 
streams, and ponds; riparian zones and wetlands; and upland sites. All these areas (both 
natural and manmade} provide fish and/or wildlife habitat. In several of them, elevated 
contaminant concentrations exceed documented toxicity thresholds, and studies have 
documented adverse biological effects that are believed to be contaminant-related. 

In the San Joaquin Basin, the same drainage water that previously was used to flood wetlands 
in the Grasslands area is now being discharged into various canals and natural channels for 
conveyance to the San Joaquin River. In the Thlare Basin, the number and size of 
evaporation ponds receiving drainage water have continued to increase. 

Evaporative concentration is dramatically increasing the waterborne concentrations of 
drainage-water contaminants such as boron and molybdenum in these ponds. In addition, 
through bioconcentration and possibly biomagnification, aquatic plants and animals can 
accumulate tissue concentrations of some drainage contaminants 100 to 10,000 times greater 
than those in the water. Statistically significant adverse biological effects (including impaired 
egg hatchability, elevated frequencies of embryo deformities, and reproductive failure) have 
been documented at seven of the valley's evaporation pond systems (about 58 percent of the 
ponds studied, which represent about 60 percent of the total acreage of ponds in th:: valley). 
Not all evaporation ponds have been studied, and efforts to date have focused upon breeding 
birds. Additional research is needed to determine whether adverse biological effects are 
occurring at other ponds and what effects, if any, operation of the ponds is having on 
wintering waterfowl and shorebirds, endangered species, and public health. Additional field 
research is also needed to field-test techniques for decontaminating and restoring 
drainage-water-contaminated fish and wildlife habitats and significantly reducing or 
eliminating the hazards posed to wildlife by evaporation ponds. 
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A test plot of eucalyptus trees (background) and atrlplex (fore- and mldground) being Irrigated 
with drainage water. Plant transpiration reduces the water volume and concentrates the salts In 
the remaining drainage. 

Agroforestry Plantations 
Agroforestry plantations are being established in the study area in an attempt to reduce the 
magnitude of agricultural drainage-related problems. The trees (primarily eucalyptus) and 
halophytes (such as atriplex) are used to: (1) Lower the ground-water table and (2) reduce 
the volume of drainage water by increasing evapotranspiration. Recent studies have shown 
that the plantations provide habitat for several species of wildlife, including mourning doves, 
ring-necked pheasants. blacktailed jackrabbits, desert cottontails, a wide variety of songbirds, 
and possibly some large mammals such as foxes and coyotes. The plantations may benefit 
both farmers and wildlife. However, where they are irrigated with concentrated drainage 
water, more research is needed to determine whether these sites pose a contaminant hazard 
to wildlife. Appropriate management practices that will either increase wildlife values or 
reduce or eliminate contaminant hazards must be identified. 

PUBLIC HEALTH 

Public health concerns associated with drainage water were investigated during this study 
(Kiasing and Pilch, 1988; Klasing, et al., 1990). Thble 6 summarizes the concerns with 
drinking water, food crops, fish and game, and occupational exposures. 

Safety of Food Crops 
To date, seleni urn concentrations have been measured in about 125 food-crop samples grown 
in the western San Joaquin Valley, as well as in the milk and liver of some cows raised in the 
area. Overall, selenium concentrations in crops from the study area were similar to typical 
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U.S. selenium concentrations reponed for those samples. Of the food samples analyzed, even 
daily consumption of the crops with the highest selenium levels found in the western part of 
the valley would not approach the quantity necessary for selenium toxicity. At most, they 
would provide part of the nutritional requirement for selenium in the human diet. The 
selenium content of cow's milk and liver obtained from the study area were similar to that for 
crops; however, the extent to which these cattle may have been exposed to elevated concen­
trations of selenium is unknown. 

Certain crops in isolated areas may possibly contain higher concentrations of selenium than 
have been previously measured. If this is the case, persons who place heavy reliance on those 
foodstuffs to meet their dietary needs (such as may occur with subsistence gardening) would 
increase the risk of selenium toxicity. However, this has not been reponed to have occurred 
in the westside San Joaquin Valley. Most consumers eat a variety of foodstuffs from many 
geographic areas. Persons whose consumption patterns are limited either to a small number 
of foodstuffs or to a very small geographic region may increase their risk of both deficiencies 
and excesses of trace elements in their diet. 

The risk to public health from potentially elevated concentrations of other agricultural 
drainage-water contaminants in foodstuffs is not known at this time. Currently, several other 
elements (arsenic, boron, and molybdenum) that have been found to be elevated in some 
agricultural drainage water are being analyzed in local food crops. 

Safety of Consuming Fish and Gtznu 

Because selenium can be concentrated by some aquatic plants and invertebrates to levels far 
higher than those found in the water in which they grow, selenium from agricultural drainage 
water has become toxic to some aquatic birds that feed in drai~taminated aquatic 
environments. Fish and aquatic birds may in turn accumulate relatively high concentrations 
of selenium in their tissues, becoming a potential health risk to humans who consume them. 
A survey of these species at specific locations within the western San Joaquin Valley has 
shown that unrestricted consumption of contaminated fish or game over an extended period 
could cause recognizable signs of selenium toxicity. 1b date, however, selenium toxicity in 
humans has not been reponed to public health officials or confirmed as a result of such 
consumption. 

Studies of other agricultural drainage-water contaminants in the tissues of fish and wildlife 
have not shown risks that exceed those from exposure to selenium. Therefore, procedures 
currently recommended to reduce selenium exposure from contaminated fish and wildlife (for 
example, health advisories to limit consumption of such game) can be expected to also 
protect the consumer from overeqxlllure to other drainage contaminants. 
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Table 6. PUBLIC HEALTH CONCERNS ASSOCIATED wmt DRAINAGE WATER 

Constituent 

Selenium 

Molybdenum 

Arsenic 

Drinking Wlller Food Cropa 

Some domestic wells in Field tests suggest that 
high-selenium areas may nonnal consumption of 
exceed the present EPA- crops is unlikely to exceed 
recommended safe level of recommended dietary al-
10 ppb. However, EPA has lowances, 
proposed raising the le""l 
to 45 ppb. See the Federal 
Register, May 22, 1989; 
vol. 54, no. 97. 

Daily ronsumption of wa- No standard defined. 
ter from some domestic 
wells in high-molybdenum 
areas may exceed recom-
mended health levels. 

Some domestic wells in Regulatory standards are 
high-arsenic areas may ex- not de""loped. 
cecd recommended safe 
levels. 

Safety of Foraging 

Consumption of fish and 
game from evaporation 
ponds and other contami­
nated areas that exceed 
safe le""ls should be re­
stricted. In most other 
cases, normal consump­
tion would be unlikely to 
cause toxicity. 

No health-related data 
available. 

Occupational 
Exposures 

Worke'" should re­
strict their exposure of 
direct contact with 
ele-vated le""ls of 
contaminants. 

Same 85 above. 

Consumption of fish and Same as abo..,. 
game from evaporation 
ponds and other rontami-
nated areas should be re-
stricted. 

Preliminary investigation of persons who forage in the western side of the San Joaquin Valley 
has not shown evidence of overexposure to selenium. However, substantial difficulties exist 
in obtaining and evaluating survey data of this nature. Thus, it cannot be assumed that the 
population of foragers in this region is safe from exposure to potentially toxic concentrations 
of agricultural drainage-water contaminants. Persons who make a regular practice of 
foraging would likely be at similar or greater risk from exposure to drainage contaminants 
than would fishermen and hunters, who are likely to eat a more varied diet. 

Occupational Exposures to Drainage Contaminants 

Concentrations of selenium in the blood and urine of personnel monitored during closure and 
cleanup operations at Kesterson Reservoir were within normal limits. Thus, it seems unlikely 
that such occupational exposures at sites similarly contaminated would cause above-normal 
selenium levels. Occupational exposures to other contaminants have not been evaluated. 
Because occupational activity may result in significant contaminant exposures by inhalation 
or dermal routes rather than by ingestion, different methods for assessing exposure and 
adverse health effects may be warranted. As an example, certain chemical forms of 
chromium and arsenic (and several other metals) are known to cause respiratory cancers or 
other chronic pulmonary diseases when inhaled. No investigation has been made of specific 
risks to workers from inhalation or dermal exposures to contaminants found at sites where 
drainage water has accumulated and concentrated (such as evaporation ponds or treatment 
facilities). No evidence is available to suggest that health risks from these exposure routes 
would be elevated for the general population. 
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Safety of Drinking Water 

Some ground-water sources of drinking water in westside San Joaquin Valley have 
concentrations of certain drainage constituents that can adversely affect human health, 
particularly when consumed OYer a long period. Arsenic, selenium, and nitrates have all been 
found in some domestic wells in the valley in concentrations that exceed current water-quality 
guidelines. With the exception of nitrates, these elevated concentrations are merely 
background levels that, in many cases, can be considered normal for these elements in the 
study area. Nonetheless, it is important to document when concentrations of substances 
exceed criteria set to protect an area's public health so that this information can be used in 
formulating drainage planning alternatives. 

SOCIAL CONDmONS 

Community Infrastructure 
While the economies of the communities on the western side of the San Joaquin Valley are 
primarily based on agriculture, these towns have sufficient infrastructure and other 
commercial resources to adapt to broad changes in the valley economy. A number of these 
communities are currently experiencing significant growth caused by residential-development 
overflow from coastal metropolitan areas. The rural character of these towns is being rapidly 
altered as they become more suburban, with residents commuting to cities on the eastern side 
of the San Joaquin Valley, to the Santa Clara Valley, and to the San Francisco Bay area. The 
direct dependence of westside community residents on ~culture is diminishing because a 
larger proportion is working in nonagricultural jobs. 

The extent and rapidity of this suburbanization were not anticipated, and the emergence of 
zoning changes and subdivision development poses new problems for farms and wetlands in 
the surrounding areas. Given this continuing growth and high real estate prices in the 
metropolitan areas from which the newcomers originate, this transformation is expected to 
continue and even accelerate. 

Farm Labor 

Farm workers in the San Joaquin Valley are typically immigrants. Most come from Mexico, 
but significant numbers also come from Central America, Asia, and the Middle East. Only 
about ten percent of California's farm laborers were born and raised in the United States, 
and only about half of these are from California. Once they have arrived, a large minority of 
farm workers continues to migrate, either by moving back and forth between the U.S. and 
Mexico during the year or by following seasonal cropping patterns around the State. About 
37 percent of the State's farm workers take part in one of these forms of continuing migration 
(Mines and Martin, 1986). 

Crop specialization on valley farms has created seasonal employment for farm workers, who 
often secure a succession of short-term jobs to remain employed for most of the year. 
Although mechanization, new seeds, and improved production techniques are causing 
seasonality to decline, large numbers of seasonal farm workers are still employed in 
California (Martin, 1987). 
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Large numbers of farm workers are needed ro lend and harvest crops on the westside San Joaquin Valley. 

Farmers in the San Joaquin Valley depend more on hired labor than do farmers elsewhere in 
the U.S. Most farmers rely either on foremen to recruit laborers, usually without the direct 
involvement of top management, or on farm labor contractors, who hire farm workers and 
then contract with growers to provide a temporary workforce. The use of intermediaries to 
meet farm labor demands is becoming increasingly important in the State (Martin, 1987). 

~ 

Issues surrounding farm workers' health and safety are growing in importance as concern for 
public health and environmental quality focus attention on farm chemical use and other 
management practices. 

Water Supply and Drainage Management Organizations 

Most agricultural water management processes in the San Joaquin Valley either originate in 
organizations or are strongly mediated by them. At the most general level, valley water 
management is institutionalized within organizations and networks of interorganizational 
relationships that structure linkages among water users, local water management 
organizations, and government agencies. Responsibility for water-use policy, planning, and 
day-to-day activities affecting drainage-related agricultural water management in the valley is 
dispersed among a large number of public and private water management organizations. 
Public water management involves water agencies, joint power authorities, hundreds of 
special districts, county governments, and a plethora of State and Federal administrative and 
regulatory agencies. Private water management is structured by incorporated and 
unincorporated river water associations and nonprofit mutual water companies, numerous 
agricultural corporations, family farms, and other groups (Coontz, 1989 and 1990a). 

Water Management Networks 

No single organization or network shapes overall water management or is found in all phases 
of water management throughout the valley. Valley water management is shaped by a variety 
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of networks of private and public water management orpnizations. Network structures 
affecting agricultural water management at any given location and for specific kinds of water 
management activities are unique configurations of arrangements among various 
organizations. ·~pplication" and "regulatory" networks are among the more important types 
affecting agricultural water management practices (Coontz, 1990b ). 

Application networks develop programs to provide professional and/or financial assistance to 
both on-farm and local organization water managers with the aim of improving water 
management practices and facilities. University researchers, Federal and State agencies, and 
contract consulting firms are the cornerstones of application networks. 

Regulatory networks are composed of relationships among government regulatory agencies 
and various groups with interdependent interests tied to drainage management. Regulatory 
networks mediate conflicting interests by attempting to constrain and/or induce the 
discretionary activity of network participants so that they conform to a limited range of 
accepted actions and/or results. At least two qualitatively different regulatory networks, 
roughly corresponding to the valley's two hydrologic basins, shape regional regulatory 
strategies. These are a prescription-oriented network in the Thlare Lake Basin, which defines 
a range of acceptable actions to resolve drainage problems, and a performance-oriented 
network in the San Joaquin River Basin, which places more emphasis upon defining and 
meeting water-quality objectives. 

Regional Institutional Spheres 

In addition to organizations and networks, regional institutional spheres are important social 
structures that shape agricultural water management. They are configurations of unique 
political. economic, and social arrangements among and between water users and local water 
management organizations within a region. These spheres are more geographicaUy restricted 
than regulatory networks and application networks. The principal institutional factors 
contributing to regionally specific variations that influence relationships among and between 
water managers within a region to outside organizations or government agencies include: 
(1) The degree to which formal or informal water management arrangements dominate, 
(2) the extent to which State or Federal agencies are integrated into water supply 
management, especially by the institutional structure of water rights and water contracts, 
(3) the degree to which agricultural water supply management and drainage management 
represent separate or integrated management structures, and (4) the relative importance of 
market relations in regional water management. The Drainage Program's five subareas 
roughly correspond to major regional institutional spheres (Coontz, 1990b ). 

THE EXISTING INSTITUTIONAL STRUCTURE 
[Information in this S«tion is sumnuuiutl from a contpt"dtensive study of water 
resources institutions~ by the Drainoge Progrrun (Thomas and 
Leighton-Schwartz, 1990)./ 

Water management institutions and laws that can both contribute to and help solve drainage 
and drainage-related problems are best described by illustrating the "chain of custody" of the 
water that ultimately results in problem drainage. Governing all water use in the State is the 
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Constitution of the State of California. The Constitution provides that all water within the 
State is the property of the people of California. 

Though conceptually the physical resource remains a public asset, individuals may acquire an 
exclusive right to its use in the nature of a property right. But it is a highly qualified one. 
The State Water Resources Control Board oversees the allocation of these rights and the 
protection of water resources for the people of California. Private rights are conferred to 
those who exercise physical control over the water - be it surface or ground water - and 
put the water to a reasonable and beneficial use. Recognized beneficial uses pertinent to the 
drainage problem include irrigation, ground-water storage, and fish and wildlife uses. An 
"environmental water right" vests only where the water is diverted from its natural channel, 
as when it is applied to a refuge, but it does not vest when the water is left in the waterway. 

Specifically, appropriative and riparian water rights (post-1914) are now administered 
through water permits issued by the State Board. Most of the irrigation water that eventually 
contributes to drainage is supplied through the Federal and State Water Projects as 
appropriative rights holders. However, appreciable amounts are supplied from ground-water 
pumping and local surface water. The Bureau of Reclamation holds water permits from the 
State Board entitling it to store. divert, and deliver water to the San Joaquin Valley through 
the Central Valley Project. The California Department of Water Resources holds permits for 
the water it develops and distributes to the valley through the State Water Project. 

In protecting the public's water resources, the State Board retains authority to modify these 
permits to prevent the unreasonable use of water. However, unlike the diversion of surface 
water, there is no State-administered permit system for ground-water extraction. 
Nonetheless, the State Board's authority to prevent waste and unreasonable use of water 
comes not only from its contractual rights under the permits it issues, but also from the State 
Constitution, which does extend to the use of ground water. This authority is codified in 
State Jaw and provides that the State Board, on its own motion or by petition of DWR or an 
aggrieved person, may prevent the unreasonable use of any surface or ground water. 

In theory, this authority allows the State Board to require the Bureau of Reclamation and 
DWR, their contractors, or the end water user to take steps to reduce the generation of 
surface and subsurface drainage caused by excessive water application. In practice, however, 
the State Board has never used this power to address the drainage problem, and its exercise 
is sufficiently discretionary and judgmental that it is unlikely to provide a reliable solution to 
the overall problem. 

Moving down a link in the chain of water management and use, the Bureau of Reclamation 
and DWR provide water to local water entities, including water agencies, water districts, 
irrigation districts, mutual water companies, and joint-powers authorities through contracts. 
These irrigation water service contracts vary significantly, but generally impose repayment, 
place, and manner-of-use restrictions on the districts. Pursuant to Federal contracts, which 
are effective for 40 years and automatically renewable, water entitlement is a stated maximum 
volume of firm water supply in acre-feet per year and currently priced between $3.50 per 
acre-foot and $19.31 per acre-foot. The price depends on the cost of facilities that were 
necessary to develop and deliver the water at the time of the contract and annual operation 
and maintenance costs. When these contracts are renewed, water charges will be based on 
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annually adjusted cost-of-service rates. In 1990, Central ~ Project irrigation 
cost-of-service rates for the Delta-Mendota Canal and San Luis service areas varied between 
$13.58 and $23.01 per acre-foot (USBR, 1989). Water use is restricted to agriculture, and may 
be neither transferred to another nor used outside the district's boundaries without the 
approval of the Bureau of Reclamation. 

Pursuant to State Contracts, which are effective for 75 years, the amount of total annual firm 
entitlement of State Water Project water that may be delivered in any month for agricultural 
use is limited to 18 percent of a contractor's annual entitlement amount. The price, which is 
based on the estimated actual operation, maintenance, energy, and capital recovery cost, is 
calculated annually. The 1990 price of State Water Project water in the San Joaquin Valley 
ranges from $32 per acre-foot to $67 per acre-foot (DWR, 1989). Thansfers of SWP water 
must be approved by DWR. DWR seeks concurrence of all SWP contractors on transfers. 

The final link in the chain is the sale of the water from the district to the grower. Generally, 
growers have pro rata shares or entitlement to the district's water, and pay for it at a rate 
designed to defray the costs of capital facilities, contract charges from project operations, 
and administrative expense. A few districts are currently experimenting with tiered or 
progressive water rates that are designed to induce conservation of water in excess of 
minimal evapotranspiration and leaching requirements. Some also impose rules on the 
recycling of tailwater. Generally, however, growers are left unfettered with regard to their 
decisions on how much water to apply, when, and in what manner. Some districts, most 
notably Westlands Water District, do provide informatiooal programs to their growers on 
these variables, expressly designed to help the growers minimi2Je drainage generation. 

The regulatory institutions that govern the ultimate fate of drainage water in the valley's 
environment are predominantly State-created. The functions and dysfunctions of the 
regulatory system can be conveniently elplained by referring to the public resources put at 
risk by drainage water. Existing regimes cover three of these resources: surface water, 
ground water, and wildlife. 

The State Board protects both surface- and ground-water quality in the State through 
water-quality standards developed by Regional Water Quality Control Boards. Water-quality 
standards consist of "beneficial-use" designations and "water-quality objectives" which are 
established to protect the beneficial uses. These are set as part of regional or statewide 
water-quality control plans in quasi-legislative proceedings. 

The Central Valley Regional Board has established a plan to protect San Joaquin basin 
surface water. The protection scheme, which is applicable to districts in the Northern and 
Grasslands subareas and the Westlands Water District, requires that drainers meet 
water-quality objectives for selenium, boron, and molybdenum. The Regional Board may 
revise the standards it established for selenium and boron because the Environmental 
Protection Agency, which has authority to oversee State water-quality protection, has 
determined that they do not protect beneficial uses. This scheme requires that drainers 
provide the Regional Board with plans, known as Drainage Operation Plans. The DOPs 
should include measures to reduce drainage and, hence, the amount of pollution discharged 
to the river. 
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Ground water is protected through State and Federal programs. Federal law provides little 
more than planning authority in protecting ground-water quality, but drives the protection of 
subsurface drinking water in California .through standards established by the EPA. The 
primary focus of the Federal program is the prevention of contamination, rather than 
correction of existing pollution problems. 

The more comprehensive ground-water protection schemes are those imposed by the State. 
California's ground-water strategy is to maintain ground-water quality at a level that satisfies 
present and future drinking water needs and other beneficial uses (such as irrigation) and, 
where feasible, to restore ground-water quality to these levels .. 

The State provides for two distinct kinds of ground-water protection standards: those 
relating to water quality and those relating to drinking water. Drinking-water standards 
address the quality of water at the point of delivery to consumers. Water-quality standards 
and drinking-water standards are established under two separate statutory schemes, 
administered by two different State agencies. The former is regulated by the State Board and 
the Regional Boards, and the latter is regulated by the California Department of Health 
Services. Additional protection is provided by the Department of Water Resources in its 
regulation of the design and construction of wells. 

Protection of both wildlife and ground water from drainage disposed of in evaporation ponds 
has come largely from the State. DHS and the Central Valley Regional Board are the 
agencies charged with regulatory responsibilities. DHS basically deferred regulation of valley 
ponds to the Regional Board, which issues permits for the pond operations. Ponds that 
contain drainage water that exceeds State hazardous waste threshold limits may be operated 
under an exception to the State's land disposal ban. This exception expires in 1992. 

The U.S. Fish and Wildlife Service is the principal Federal agency responsible for protecting 
and enhancing the nation's fish and wildlife resources, including preventing the unlawful take 
of migratory birds under the Migratory Bird neaty Act. Its authority to protect migratory 
birds is broad. The agency may request Federal prosecution of evaporation pond owners and 
operators, which might lead to closure of ponds. To date, the USFWS has not prosecuted 
any San Joaquin Valley evaporation pond owners or operators. 

The California Department of Fish and Game has similar authority under State laws. Under 
the State Fish and Game Code, DFG may seek action by the Attorney General against the 
impairment of fish and wildlife, including drainage-related impairment such as contamination 
of surface-water habitats from drainage discharges. 

The fish and wildlife agencies may themselves be regulated by other Federal and State 
agencies. Specific to the drainage problem, USFWS and DFG are subject to the Regional 
Board's regulations for operations of their refuges and wildlife areas that discharge drainage 
water. The USFWS has prepared a Drainage Operations Plan for operation of the San Luis 
National Wildlife Refuge. 
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Chapter 4. THE PLANNING FRAMEWORK 

Planning takes place within an eatablisbed framework of public sector policy and law and 
private sector resource use and management. 'Ibis frunewortr: must be acknowledged in 
developing plans for solving drainage and related problems, and planning objectives and 
criteria must be based on it. 

This chapter outlines drainage-related public policy, local drainage management initiatives, 
and the planning objectives, methods, and criteria upon which plans presented in the 
following chapters are based. 

PUBLIC POLICY 

The policy base adopted for Drainage Program planning is discussed in the following sections 
in terms of drainage service, environmental protection, drainage studies and monitoring, and 
constraints. .. 
Drainage Service 

The need for management of drainage water bas long bc:en rc:oognized by both the State and 
Federal governments and has bc:en stated in a number of official documents, especially in the 
Federal legislation and administrative arrangements for supplying water to the western side 
of the San Joaquin Valley. Official recognition of the need for solving the drainage problem, 
if not indeed commitments for actually solving it, appears in legislative statements about 
"drainage service" or "drainage management plans." 

The legislation authorizing the San Luis Unit of tbe Federal Central Valley Project requires 
that an interceptor drain be provided for tbe Unit. Beginning in 1965 and each year since 
then, Congress bas included a provision in the CVP appropriations act that prohibits 
selection of a final point of discharge for the San Luis Drain until certain conditions have 
been met. An appraisal-level study of the San Joaquin \ohlley Drain serving the entire valley 
was authorized in 1974 and completed in 1979 (IDP, 1979), and a feasibility study was 
authorized in 1980 but was never completed. 1be funding of studies indicates the Federal 
government recognizes the need for a drainage solution. Construction of an 85-mile portion 
of the San Luis Drain demonstrates a Federal commitment to solve the problem. A 1986 
Federal court order in the compromise settlement of Wntlands Water District v. United States 
of America requires the United States to develop and adopt a drainage plan acceptable to 
Westlands by December 31, 1991. 

The State of California bas also acimowledged in a number of documents the need to manage 
agricultural drainage in the San Joaquin Valley. 'I'M Co1ifomia Water Pion (DWR, 1957) 
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recognized the need for drainage in areas proposed to be irrigated, especially on the western 
side of the San Joaquin Valley. The Thlare Basin has subsequently become a part of the 
area provided irrigation water from the State Water Project. In discussions with the Federal 
government regarding a master drain from the San Joaquin Valley, the State has, at various 
times since 1957, tentatively agreed to participate in such a drain, but has never actually done 
so. 

Environmental Protection 
Federal and State environmental protection laws, regulations, and local ordinances affect 
possible drainage-related strategies and provide objectives and constraints that must be 
satisfied in drainage plans. The primary laws relevant to drainage problems are: 

Federal 

Fish and Wildlife Coordination Act 
Migratory Bird ll-eaty Act 
National Environmental Policy Act 
Resource Conservation and 

Recovery Act 
Federal Endangered Species Act 
Clean Water Act 

State 

California Environmental Quality Act 
California Administrative Code: 

Title 22 (Hazardous Wastes) 
Title 14 (Natural Resources) 

California Fish and Game Code 
California Water Code 
Porter-Cologne Water Quality Control Act 
lbxic Pits Cleanup Act 
California Endangered Species Act 

For planning, it is assumed that. at a minimum, drainage plans will have to meet the 
objectives and standards embodied in or developed pursuant to these laws. The primary 
standards to be met from both State and Federal laws are included in the Level A 
performance standards presented in the "Planning Objectives" section of this chapter. 

Plans developed to comply only with present laws may not provide sufficient guidance for 
future decision-making. Efforts are under way to increase protection from additional 
potentially harmful substances introduced into the environment and to lower the permissible 
concentration of a toxicant or contaminant in the environment. Moreover, the trend of 
scientific discovery is toward revealing an increasingly complex natural environment. It is 
possible that even more stringent standards for environmental protection may apply in the 
future . 1b address a range of possible future conditions, plans will be developed for more 
stringent (Level B) performance standards. These standards are also presented in the 
"Planning Objectives" section of this chapter. 

The A and B levels of performance are presented to bracket a range of probable future 
conditions. Judgment must be exercised in limiting the enormous range of possible future 
conditions. For example, the Drainage Program has assumed that water-quality objectives 
will be set in terms of concentrations of substances allowable in receiving water, rather than 
in terms of the total load allowed in drainage water. This is a subjective assumption, not a 
declaration of a preference. 

Drainage Studies and Monitoring 
Intensive studies of causes and impacts or' contaminant-related drainage problems hegan in 
1983 and were continued through the balance of the decade (see "Selected Bibliography" at 
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the back of this report). Although much has been learned, knowledge of some aspects of 
drainage problems is still limited, and many uncertainties about solving the problems remain. 
Areas of limited knowledge include interactive and long-term effects of contaminants on fish 
and wildlife, levels of public health risk posed by contaminants, specific causes of water table 
rise and deterioration of water quality on small land units, the long-term sustainability of 
agriculture under existing hydrologic and economic conditions in the valley, and future 
drainage conditions. To learn more, the effects of the drainage problem on the environment 
should be monitored. 

The basic strategy of monitoring should be to identify and collect information on biota, soils, 
and the water regime so that changes in drainage problems and conditions can be 
determined, particularly in response to actions taken to solve the problem. Plans can .. then be 
re-evaluated periodically and adjusted in light of new knowledge and new conditions. Design, 
funding, and implementation of a comprehensive long-term monitoring program are needed. 

Constraints 

In addition to the laws and performance standards cited previously, two Drainage Program 
policies further constrain planning. All alternative plans must: (1) Meet the water-quality 
objectives of the State of California, and (2) focus on in-valley solutions. (Action by the 
Drainage Program Policy and Management Committee on June 15, 1987.] 

Objectives for both surface- and ground-water quality adopted by the Central Valley Regional 
Water Quality Control Board and approved by the State Water Resources Control Board 
have become objectives for plan development. Level B performance standards make 
provision for more stringent standards in the future. 

The focus on in-valley solutions precluded study by the Program of the removal of drainage 
water from the valley by any means other than the San Joaquin River. This policy did 
recognize, however, the need to study and describe the distribution and fate of salts in the 
drainage problem area. 

LOCAL DRAINAGE MANAGEMENT INITIATIVES 

Initiatives by local water management organizations to manage drainage and related 
problems are presently under way in each subarea, and it appears they will contribute to 
improving management of the problem. Most local initiatives to improve existing water . 
supply and drainage management practices involve outside cooperators, sponsors, regulators, 
or other participants. These efforts are typically implemented through a variety of 
organizational and institutional arrangements that link individual water users, local and 
regional water management organizations, university researchers, and State and Federal 
agencies (Coontz, 1990b). Local initiatives should be'encouraged, supported, and 
coordinated as part of an overall management plan. 

Many local initiatives are not mentioned in the alternatives and recommended plan presented in 
the following chapters because the plan is not detailed. Some of the more significant of these 
include: (1) on-farm water management evaluation and conservation programs; (2) drainage 
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reuse, treatment, and disposal studies and demonstration projects; and (3) construction of new 
water management facilities and improvements to emtilll! facilities. Local initiatives seeking to 
reduce drainage volumes, effect institirtiooal dlange, restore and protect fish and wildlife 
habitat, and develop workable methods of treating and disposing of drainage water are 
important contributors to management of the problem and are considered part of the plan. 

PLANNING OBJECTIVES 

The technical objectives that guided formulation of alternative plans are stated in terms of 
specific aspects of drainage and drainage-related problems: water quantity, water quality, 
land use, and public health. 

• Water quantity objectives pertain to control of ground-water levels by managing the 
water in and out of the shallow aquifer and to provision of fish and wildlife water 
supplies. 

• Water quality objectives involve allowable water constituent levels of the San Joaquin 
River, Salt and Mud Sloughs, ground water pumped to lower water tables, evaporation 
pond influent, and wetland and agricultural water supplies. 

• Land use objectives stress future maintenance of agricultural productivity. 

• Public health objectives are concerned with protecting the public from the possibility of 
contaminated fish, wildlife, and agricultural foodstuffs. 

Thble 7 lists the planning objectives and quantifies them, where applicable. Performance 
Levels A and 8 are shown for each objective, even when they are the same. The need for and 
use of performance levels were described previously in the section of this chapter on 
"Environmental Protection." 

PROGRAM PLANNING METHODS 

The method used to formulate and evaluate alternative plans is described in the Drainage 
Program's report, Fonnulating and EWllllllling Dminage Mantlgement Plans for the San Joaquin 
Valley (1988). [Details of the planning procedures and their application are presented in a 
Drainage Program technical report (D.O. Swain, 1990).) Early in this Program, over a 
hundred ideas and concepts for solving part or all of the drainage problem were screened 
and reduced to some 80 drainage and drainage-related mana,ement options. 11lese options 
were further evaluated through an estensive review period for technical feasibility, potential 
effectiveness in solving the drainage problem, cost, and acceptability to the public. This 
reduced the number to about a dozm major options that could be combined in various ways 
to manage or solve drainage problems on the western side of the valley. 

For each subarea, those options effective in reducing the drainage-water problem were 
combined into three planni111 alternatives that emphasizle: (1) Source Control (the 
conservation and reuse of agricultural water). (2) Ground-Water Management (the extraction 
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Table 7. PLANNING OBJEcnVES, CRITERIA, AND STANDARDS 

ITEM 

WATER QUANTITY 

Plan/design average regional deep pen:olation 
that must be managed after 0.02-0.35 ac-ft/a£re/yr 
reduction by source control measures 

Plan/design minimum depth to water table 
Criteria for conditions required for deep 
pumping of semiconfined aquifer 

0.4 ae-ft/&1:/yr 

5 feet 
Minimum combined 

aquifer thickness 
of 100 feet 

0.481!-ft/111:/yr 

5 feet 
Minimum combined 

aquifer thickness 
of200 feet 

Water supply to fish and wildlife a Water conserved by reducing deep pen:olation oould 
be used to meet drainage water replacement water 
needs and alternative habitat water requirements ~ 
ciated with evaporation ponds. Water for restoration of 
drainage-<Ontaminated wetlands will also be included. 

b. Additional water supplies needed to improve fish and 
wildlife resour= will be quantified, and possible 
sour= and means of supply will be identified. 

WATER QUAUTY 
(Mean monthly values, unleu otherwise noted) 

San JOQqllin Rivu (Mouth of MU<td Rivu fQ l+m..U.) 

Total Dissolved Solids, near Newman (ppm) 
Total Dissolved Solids, near Vemalio (ppm) 

Boron, near Newman (ppm) 

Selenium, near Newman (ppb) 

Molybdenum, near Newman (ppb) 

-· 
450' 
0.8. 

(3/15 • 9/15) 
1.0. 

(9/16- 3/14) 
1.3. 

(Critical year only) 

5• 
s• 

(Critical year only) 
!O• 

S4h tUid Mud Sloug/u 1111d San JotlljUin Ri•or, Sack Dam fQ Mouth of Mer<td River 

TDS(ppm) -• 
Boron (ppm) 2 • 
Selenium (ppb) 10 • 
Molybdenum (ppb) 19 • 

PumJ*l GnHUtd·WGUr Aquif~r LinUa 

TDS(ppm) 
Boron (ppm) 
Selenium (ppb) 

a Obiectives not presently established or estimated. 

1,250 
1.0 
5.0 

650. 
450' 
0.7• 

2' 

1o• 

2,000 b 

2. 
2 

!O• 

1,250 
0.5 
20 

Stai'e Water Resources Control Board staff recommendations in .. Regulation of Agricultural Drainage to the San Joaquin River," 
August 1987. USEPA has disapproved certain of the Board's ob,iectives and the matter is presently unresolved. 

c U.S. Bureau of Reclamation and South Delta W.ter Agency agreement. 

Central Valley Regional Water Quality Control Board Resolution No. 88-19S, Adoptton of Amendments to the 'Mtter..()u.ality 
Control Plan for the San Joaquin River Basin (SC). 

e Grassland Water District agreement with agricultural drainers. 
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Table 7. PLANNING OBJECTIVES, CRITERIA, AND STANDARDS (continued) 

ITEM 

Pe=~nce~ 
WATER QUAUTY (collflnued} 

Evaporation Pond lnjlumt (conunlraliOIU lluJiwuq l!limi11.U 
tM n«dfor luu.ing and alt~malive habillll) 

Selenium (ppb) 
Molybdenum (ppb) 
Arsenic (ppb) 

~nd Water Supply (average monthly COII~OII) 

TDS (ppm) 
lloron (ppm) 
Selenium (ppb) 
Molybdenum 
Arsenic 

AgritullUI'IIJ Wt~ttr Supply (average monthly COif«fflnnli011) r 

TDS (ppm) 

Boron (ppm) 

-· -· 
2.500' 
4' 
2 -· -· 

soo• 
2,500. 

o.s• 
2.~ 

LAND USE 

A.gricullural uu 

Fult 

Selenium objective for San Joaquin River (ppb) 

Wildlife 
Selenium objective for evaporation ponds (ppb) 

Agricultural FOO<fslqjfJ 

Maintain eUting irrigable 
lands in production, c:xcept 
for land needed for drain­
age water reuse (trees). 
disposal octiviti<s, and 
urbanization. 

PUBUC HEALTH 

S' 
Use irription water (both 
surfaoe & ground water) & 
soil that will not produce a 
health risk in agricultural 
crops, animals. or animal 
byprodudS. 

2 -· -· 
1,250 

I 
2 

-· 
1.250. 
2.500. 

1.0• 
4.0' 

Maintain irripted agri­
allture on land$ OYCr· 
lyina c:xceptionally high 
rona:ntrations of selenium 
in ground water. if econo­
mically feasible; if not 
feasible, retire the land. 

2 

1.(}..1.5. 

Use irrigation water (both 
surface & ground water) & 
soil that will not produce a 
health risk in agricultural 
crops, animals, or animal 
byproducts. 

level 8 criteria for agricultural water supply show I he effect of increaed (COinpU'ed to l..eYel A) water comcrvatioa on farmland 
and increased restrictions on drainage dilcharJe; that is, more salt and boron liWOUJd be adudod from receiving water through reuse 
and n::circula1ion of drainage water. 

This objective is based on crop yield vs.. irription efftciency and uniformity analysis for beans (• saltlboron-sensitivc crop) and 
couon (a saiHolerant crop). 

~ler~uality limit for direct use of water (without blc:ndiq,) for irrialtion of alt-kJieraot aop, using manascment strategies pro­
poocd (Rhodeo, 1987~ 

i Diluted aubsurface drainag< U>ed foe irrigation of cotton aad other boroa-toleraat qricultwal eropo. 

Ambient frah-water a~uatic tile criterion (USEPA, 1987). M.oy "'~"~ WUlliaplouooawnption of fllb aad wild tile by JX"&JUint 
women and young chikin::n. 

"No ad"'nc effects lev<l" (UO:C, 1988~ •no ad¥ene effects le¥el" (Davia et al, 1988~ 
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of irrigable water from deep within the semiconfined aquifer to lower the near-surface water 
table in waterlogged land areas), and (3) Land Retirement (the retirement of irrigated 
agricultural lands overlying shallow ground water that contains greatly elevated 
concentrations of dissolved selenium and that are difficult to drain). Planning alternatives 
were devised for both Level A and Level B performance standards. 

Comparison of the alternatives permitted drawing conclusions that were useful in formulating 
the recommended plan. The plan is the optimum mix of the planning alternatives used to 
reduce the drainage-water problem, coupled with fish and wildlife resource components. 

ESTIMATING THE VOLUME OF WATER 
CAUSING DRAINAGE PROBLEMS 
The term problem water was coined by the Drainage Program to represent the volume of 
subsurface water that occurs (or will occur) in a given place to cause a drainage problem. A 
drainage problem exists when there is a condition of too much shallow ground water 
occurring in the root zone of crops - associated often with concentrations of dissolved salt 
or boron in that water that reduce crop production and/or increase farm management costs. 
A grower experiencing economic loss under this condition has three choices: (1) Grow more 
salt-tolerant or boron-tolerant plants (at less profit), (2) abandon irrigated agriculture on this 
land, or (3) apply drainage management to this land. Such management usually begins with 
installing artificial drains to remove the subsurface drainage volume. If potential toxicants 
such as selenium are present in the drained water, storage or disposal becomes more 
difficult, costly, and potentially hazardous to the environment. 

Problem water is generally ground water that is less than 5 feet from the surface of the land. 
In a hydrologic sense, considerably deeper water can move along a pressure gradient and up 
from greater depths into the 0- to 5-foot zone (Belitz, 1988); thus, as long as the regional 
water table remains high, other ground water is continually replenishing the problem water. 
The irrigated area that is, and likely will be, affected by a 0- to 5-foot water table is shown in 
Table 8. The forecasts are based on observed trends between 19TI and 1987, modified by 
physical limitations of the total area that will develop high water table conditions. These 
lands are considered to have a potential drainage problem. They are considered to have an 
actual drainage problem if and when the quality of water in the root zone causes one of the 
grower reactions indicated previously. The estimated extent of the drainage problem area 
(underlain by problem water) is shown in Table 9. The drainage problem area is smaller than 
the area with a water table less than 5 feet from the ground surface because of water-quality 
conditions. 

The shallow ground-water area (0 to 20 feet from the land surface) was divided into 
water-quality zones to aid in determining drainage problem areas and to aid in planning. 
The divisions, which were made on the basis of the concentration of salts and trace elements 
in the shallow ground water, are shown on Figure 18. Problem water occurs in these zones 
and, by 2040, will affect most of the land within the zones. 

The annual volume of problem water targeted for management is the average annual amount 
of water added each year to the root zone (largely through irrigation) in excess of water that 
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percolates to deep aquifers. This problem water is water that remains in the root zone area, 
redissolving salts and other substances, evaporating up through the soil coluinn. and 
becoming loaded with increasing concentrations of minerals as the summer irrigation season 
advances. Thble 10 provides an estimate of the annual volume of problem water in each 
subarea for 2000 and 2040. For the whole study area, the unit volume of problem water 
in 2000 is forecasted as about 0.70 acre-foot per acre of problem area; and for 2040, it is 
forecasted as about 0. 75 acre-foot per acre. The increase is due to the slow but steady trend 
toward increased mineralization that will occur in some subareas before a coordinated effort 
to manage the drainage problem can get under way at the scale required. 

Table 8. FORECAST OF IRRIGATED AREA WITH WATER TABLE 
LESS THAN 5 FEET FROM GROUND SURFACE 

(Based on Existing ll'ands) 
In 1,000a of ecrea 

Subarea 11190 2000 2040 

Nonhero 49 49 49 
Grasslands' 230 230 230 
West lands 104 170 127 
Tulare 321) 359 387 
Kern 62 110 164 

TOTAL 765 9tl 1,057 

1 Excludes 90,000 actt:t of wetland habital with a high water table. 

Note: All currently drained lands are included, even lhough drainage may have lowered 
the water table below S feet. 

Table 9. FORECASTS OF EXTENT OF DRAINAGE PROBLEM AREA 
In 1,000a of acres 

Subarea 2000 2040 

Northern 34 44 
Grasslands 116 21)7 
West lands 101 204 
Tulare 125 348 
Kern 61 141 

TOTAL 444 951 

Note!: "li.ll;ll area in 20f'IO revised upward (rom 409,000 acres in SJ\'DP's P,,timinary Planning 
AltmwthYs. Augu!;t IYRCJ. 
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'Tllble 10. ESTIMATE OF ANNUAL PROBLEM WATER VOWME 
In 1,000a or acre-feet 

2000 2040 

Northern 26 38 
GniSSlands 86 J5S 
Westlands 81 153 
Thlare 75 209 
Kern 46 111 

TOTAL 314 666 

In most areas where the ground-water table is less !han 5 feet from !he 
land surface, wlller Is drawn upward and evaporates, leaving • deposit 
of salts on the surface and In the root zone lhat retards or prevents !he 
growlh of many crops. 
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Fli!Uil 18 

SHALLOW GROUND-WATER QUALITY ZONES 

IEGE/tl 

"' ... \\1! .. ··' 111:,. Edge of Valley Floor 

__,-. General Study Area Boundary 

~ Subarea Boundary ·-------- .., 
[ __ "_ __ ; Shallow Ground Water Quality Zone • s.n luisC>bi&po 
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Chapter 5. IN-VALLEY MANAGEMENT OPTIONS 
AND PLANNING ALTERNATIVES 

This chapter reports the results of analyses made by use of the planning process described in 
Chapter 4. The analyses are a necessary transition step toward laying out a recommended plan. 

First, an estimate is presented of the future drainage problem and its consequences, assuming 
present trends continue and no coordinated and comprehensive action is taken by local, State, 
and Federal entities to solve drainage problems. This is called the Future-Without Alternative, 
and it is useful as a basis for comparison with planned actions for the future. Next, planning 
building blocks, called "options," are described. These can be fitted together in compatible mixes 
to form alternatives to the future-without alternative. Finally, three planning alternatives that 
emphasize different strategies are formulated and displayed as a basis for designing the 
recommended plan presented in Chapter 6. 

THE FUTURE-WITHOUT ALTERNATIVE 
The future-without alternative represents conditions that could develop in the valley if 
coordinated, comprehensive actions are not taken by local, State, and Federal entities to solve 
drainage and drainage-related problems. The President's Council on Environmental Quality 
requires that all Federal planning studies include a future-without alternative as part of project 
planning. The future-without alternative is intended to give planners and the public a common 
ground from which to judge the need for actions to change present trends. It is also a baseline 
against which the economic, environmental, social, institutional, and physical effects of planned 
actions may be measured to determine their positive or negative effects. 

Development of the future-without alternative involves: (1) Describing a general, overall theme for 
the future in the valley; (2) developing a set of assumptions about economic, environmental, social, 
institutional, and physical conditions in the valley and projecting trends; and (3) quantifying the 
effect of these assumptions on the planning subareas. 

The OveraU naeme 

In February and March 1987, the San Joaquin Valley Drainage Program conducted multi­
disciplinary workshops designed to develop future scenarios of conditions that would likely prevail 
in the absence of a coordinated, comprehensive plan to solve the valley's drainage and 
drainage-related problems. Participants included valley farmers, wildlife refuge managers, water 
district managers, academicians and researchers, and Federal and State agency personnel. The 
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groups discussed major themes and trends that~ forcin& c:haDges in qricultural 
drainage-related conditions in the vallcy. They c:ooduded that Clelltral themes shaping future 
trends were related primarily to the public's desire to protect fish and wildlife and to sustain 
agriculture in the valley {SJVDP, 1987). 

Assumptions About the Flltun 
Assumptions regarding future economic, environmental, social, institutional, and physical 
conditions and trends in the valley arc summarized below. 1Wo overriding assumptions arc that 
no catastrophic natural events and no major changes in the national political, economic, or social 
climate would occur. 

More specific assumptions and trends arc: 

• 1be present trend toward less Federal government participation and more 
privatization .would continue. Government elpCI!diturcs for major water projects 
would continue to decline, and Federal farm subsidies would be reduced gradually. 
More responsibility for natural resources manaplCilt would fall on State and local 
governments and the private sector. 

• Public pressure for environmental protection would increase, leading to more stringent 
environmental regulations, and increased governmental enforcement of those 
regulations. This could result in user charges, tala, and penalties to aid 
environmental protection. 

• Agricultural economic conditions would remain relatively stable. The United States, 
the State of California. and the San Joaquin Valley would compete favorably in world 
agricultural markets. Irrigated qriculture in the valley would be able to afford and 
install some drainage improvements but would not be able to do so uniformly, and 
some land would be removed from production as a result of drainage and related 
problems. 

• California's population would continue to grow, increasing the urbanization of the San 
Joaquin Valley, incl11~ng westside qriculturallands, more of which would be 
converted to urban, residential, commen:ial, and industrial uses (with their attendant 
transportation and communication needs). Air pollution, waste generation, and noise 
would increase. 

• Importation of water to lhe study area would not be significantly increased. 

• There would be a shift in the northern part of the valley from qricultural water usc to 
urban uses. 

• Existing public wildlife areas would be pre&Cr'led and protected. but no new areas or 
water sut>plies would be developed. Wetlands acreage on both public and private 
wildlife areas would diminish as their intermittent water supplies disappeared. 

• Overall, surface- and ground-water quality in the study area would continue to 
deteriorate. 

• The land area adversely affected by a high ground-water table would increase. The 
shallow ground water would become more saline, and, as a result, agricultural land 
would be removed from production. 
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e Except for use of the San Joaquin River, in conformance with water-quality objectives, 
no drainage outlet from the valley would be provided. 

e The rate of adoption of water conservation measures in drainage problem areas would 
increase. 

e Independent and uncoordinated actions related to agricultural drainage would result 
. in litigation, not only between agricultural and environmental interests but also among 
groups having similar interests. 

e Piecemeal legislation and institutional change would add to the drainage problem, 
causing the range of choices for water, land, and fish and wildlife managers to narrow 
and bringing significantly higher costs to most concerned parties. 

The Shape of the Future Under the Future-Without Altenuzlive 
The future-without alternative, as shaped by assumptions described in the previous section, is 
described here in terms of land-use change and assessmentS of the hydrologic, economic, fish and 
wildlife, public health, and social effects of that change. 

Land-Use Change 

Analysis of present trends toward change in the future hydrologic system of the western side 
provided estimates of irrigated land, land abandoned due to salinization, and land drained by 
2000 and 2040 (Thble 11)- The main conclusion drawn from these estimates and from backup 
data compiled in the Drainage Program's technical reports is that the absence of a clear, 
comprehensive approach to drainage management would likely lead to soil salinization and the 
abandonment of about 460,000 acres of irrigated agricultural land by 2040. The result would be 
major losses in agricultural production. 

Table 11. IRRIGATED LAND CHANGES UNDER THE FUTURE-WITHOUT ALTERNAnVE 
In 1,ooos or ecres 

1990 2000 2040 

lrrlg- lnt- Aban- Chane- lnt- Aban- Change lrrl-Drained Drained to Urban Drained to Urban SUBAREA able gated doned gated doned Area Area Land Area Area Area• Landa' 
Use 

Area• Land .. 

Non hem 24 165 157 34 0 5 152 51 0 
Grasslands 51 36S 329 85 0 4 325 152 40 
West lands s 640 516 so 28 0 551 49 140 
Tulare 42 612 551 86 38 0 511 94 190 
Kern 11 762 686 14 18 5 665 40 90 

TOTAL 133 2,544 2,299 ~ 84 14 2,210 386 ~ 

1 Irrigated area is 95% of the irrigable area in the Northern Subarea aod 90% of all other subareas. 
2 Calculated as 20 % of the 2040 abaDdoned 1aDd estimate. except GraaJands, where discharge to the river is expected 

to forestall salinization and resultant abaodonmcnl unlit after 2000. 

Land 
Use 

25 
20 
s 
5 

35 

90 

3 lnigatcd area is 90% of the difference between the irrigable area aad the sum of the land abandoned and land changed to 
urban, eJCCpt iD the Nortbem Subarea wben: the factor is 9S"'. 

• Values bated on WADE model analysis. using atima1ed 2040 area with water table less than S feet from ground surface. aDd 
present salinity and selenium concentratiom in shallow ground water (0 to 20-foot depth). 
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gated 
Are•~ 

133 
225 
446 
325 
573 

1,802 
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By ;1040, salinization of irrigated land could be c:xpcc:ted to diminish the irrigated area by about 
11 percent in the Grasslands Subarea, 22 percent in the Westlands Subarea, 31 percent in the 
'!blare Subarea, and 12 percent in the Kern Subarea. No irrigated land in the Northern Subarea 
would be affected. 

Hydrologic Effects 

A general reduction in irrigated agricultural water requirements is c:xpcc:ted in areas with shallow 
ground water at or near 5 feet in depth. This could occur because of increasing contributions of a 
very high water table to evapotranspiration and abandonment of waterlogged lands. The shallow 
ground water would become more saline. as would overlying lands. On affected lands, this 
condition would change farming practices and selection of crops grown. Eventually, the value of 
the lands for irrigated agriculture would decline to a level that would force abandonment of the 
lands. Changes in land use within the study area, including conversion of irrigated lands to 
residential and commercial development, would also reduce irrigation deliveries. 

limited opportunities to dispose of drainage would gradually reduce water deliveries to the lands 
with rising soil salinity during the next 50 years. Estimated reductions of irrigable land areas and 
irrigation water requirements due to salinization, changes in land use, and a modest increase in 
irrigation application efficiencies are shown in 'Illble 12. 

The quality of water provided by the State and Federal water projects would not change 
significantly throughout the planning horimn. However, the water in crop root zones would 
become more saline and, in places, would become loaded with boron due to increased evaporation 
of water from a near-surface water table. 

The present quantity of finn water supply available for wildlife management areas would probably 
diminish under the future-without alternative. In a normal year, finn water deliveries of 
97,000 and 17,000 acre-feet are available, respectively, to -riands within the Grasslands and 
Northern subareas. These amounts do not allow for any n:plac:ement of the selenium­
contaminated drainage water used for -riand management 

'Illble 13 shows that the quantity of subsurface drainage would be c:xpcc:ted to more than double 
the present level by 2040. These estimates reflecr the effects of increasing on-fann source control 
measures to reduce deep pen:olation by an average of 0.20 acre-foot per acre in the Grasslands, 
Westlands, and Kern subareas and 0.05 acre-foot per acre in the Thlare Subarea. The estimate 
reflects no reduction in the Northern Subarea. In contrast, the average target adopted for the 
Drainage Program's planning alternatives is 0.35 acre-foot per acre in the Grasslands, Westlands, 
and Kern subareas, and 0.20 acre-foot per acre in the Thlare Subarea, with no reduction in the 
Northern Subarea. 

82 



361 

lllble 12. CHANGE IN IRRIGABLI! AREA AND WATER REQUIREMENT 
UNDER THE FUTURE-WITHOUT ALTERNATIVE 

lrrigeble Ares' Total Irrigation Weter Requlrement2 
(1,000. Of -••l (1,000s of 8Cre..feet) 

Subarea Present 2000 2040 Present 2000 

Northern 165 160 140 530 520 
o ..... tands 365 361 305 1,180 1,140 
West lands 640 6U 495 1,580 1,470 
Thlare 6U 574 417 1,300 1,220 
Kern 762 739 637 2,040 1,870 

TOTAL 2,544 2,441 1,1184 6,630 6,220 

1 In any gi""n year, about 90% of this area is actually being irrigated, exa:pt for the Northern 
Subarea. when: 95% is irrij!8ted .. 

2 The proccdun: used to est1mate the water requin:ment is described in D.G. Swain (1990} 

llble13. ESTIMATED SUBSURFACE DRAINAGE VOLUME 
UNDER THE FUTURE-WITHOUT ALTERNATIVE 

In 1,0001 of sere-feet 

Subarea Present 2000 2040 

Northern 18 26 37 
G,....lands 38 54 !OS 
Westlands 4 28 Tl 
Thlare 32 47 52 
Kern 8 8 22 

TOTAL 101 163 243 

2040 

460 
9'10 

1,190 
880 

1,610 

5,110 

The present weighted average concentration of salts in drainage water estimated to occur in each 
of the water quality zones varies from about 1,000 to 25,000 parts per million total dissolved 
solids. Under future-without conditions, the quality of the shallow ground water would improve 
gradually in areas of high salinity where drainage is provided and salts are leached from soils. 
However, in undrained areas with a high water table, the lands may have become salinized before 
the quality of shallow ground-water had improved significantly. 

Economic Effects 

The future-without conditions were analyzed for 2040, and the agriculturally related economic 
impacts are compared to present conditions in 'Thble 14. Overall, the future-without would exhibit 
a net decline in irrigated acreage, income, sales, and jobs. About 554,000 acres would be 
abandoned or converted to noncrop uses, with an associated loss of crop value of about 
$440 million per year. The negative impacts on retail sales in the surrounding communities would 
be about $63 million annually. Personal income in the study area would be reduced by over 
$123 million annually. 
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Table 14. REDUCTION IN RETAIL SALES, INCOME, AND EMPLOYIIENT FROM 
PRESENT TO FUT\JRE·WITHOUT CONDITIONS, 1817-2040 

Sub8rea 

Item GriAIIIICia WeatiMCis ~· Kern 
Reduction in irrigated crop 62 151 210 131 
area (1,000. of acres) 

Lost crop value 42,747 1.30.344 17S,4S2 92,712 

Direct retail sales 1,SSS 4,743 6,38S 3,374 

Indirect and induced retail sales 4,545 13,903 18,804 9.913 

Totelretel .... a , ,1 .. 11.- 15,189 13,217 

Dlrect personal inoome 5,362 16,532 22.637 ll.8S9 

Indirect and induced 7,285 29.BOS 14,376 15.441 
personal income 

Total Income IZ-'47 -M,337 37,113 27,308 

Direct employment m 1,18J 1,519 822 

Indirect and induced 1,0211 2,160 1,022 1,071 
employment 

Total employment 1,41' 3,343 2,541 1,893 

lbtll 

SS4 

441,2SS 

16,057 

47,165 

~,222 

S6,390 

66,907 

123,197 

3,923 

5,273 

9,196 
. . 

Note: Crop value, rewlsales, and mcome are 1n 1.000 (1990) dollall per ,ear and employment • 1n penon-yelll$ per year . 

Employment projections indicate that total agricultural employment in the four subareas would 
fall by nearly 4,000 jobs. The loss of agricultural production would cause more than 5,000 jobs to 
be lost in the supporting industries and communities seJVing agriculture. Overall employment 
losses could reach nearly 9,200 jobs. 

The secondary and induced impacts would be felt statewide, with the greatest experienced in the 
valley communities and the balance predominantly felt in the San Francisco Bay area and the Los 
Angeles basin. 

This analysis does not take into account the value of resources freed after lands arc abandoned. 
Depending on the assumptions concerning the rcallocation of water and the fate of the lands 
abandoned, other positive values could be expected. Alternative uses for the abandoned or 
reallocated resources could be expected to exhibit some compensating income and employment 
characteristics. 

The loss of fish and wildlife habitat and populations in the San Joaquin Valley associated with 
future-without conditions would mean less direct recreational usc of these resources. This would 
result in regional economic impacts in the form of reduced retail sales, personal income, and 
employment. In addition, the value society receives from simply knowing that environmental 
resources in the valley exist and that the option exists to usc these resources would be reduced 
under future-without conditions. No estimates have been made of the economic values and 
regional economic impacts for future-without conditions, compared to present conditions. 
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Other agricultural areas that produce similar .crops could benefit when competitors abandon their 
lands. The net result of such a regional shift has not been analyzed. However, it is cxpccted that 
the bulk of net acreage and crop reductions would occur in relatively salt-tolerant row and grain 
crops, such as cotton and wheat. 

Clearly, a major reallocation of resources would occur. Water, land, and labor would be only part 
of the picture. The losses to the financial community and the local tax base would be substantial. 
Losses in land asset value could encourage a new round of investment at a lower cost. However, a 
net outmigration of investment capital would probably occur in heavily impacted valley 
communities. 

Effects on Fish and Wildlife Resources 

Without a firm supply of suitable quality water delivered when needed, the total acreage of 
healthy wetlands in the valley would continue to decline. At present, there are about 85,000 to 
90,000 acres of seasonal and permanent wetlands in the valley. It is estimated that, by 2040, only 
about 55,000 acres (those with firm water supplies) would remain. Populations of migratory and 
resident wildlife species dependent on those scarce habitats would decline. Effects on 
populations of wintering migratory birds (waterfowl, shorebirds, and long-legged wading birds, for 
example) would probably be especially severe as birds crowded into ever-smaller areas of habitat, 
increasing the incidence and impaet of avian diseases. Opportunities for such human uses of 
these wildlife resources as bird watching, nature study, and waterfowl hunting would diminish or 
even be prohibited. 

Even with hazing and other similar efforts, evaporation ponds containing elevated concentrations 
of selenium, boron, arsenic, molybdenum, uranium, other trace elements, and salts would 
constitute an extremely serious contaminant hazard to wintering and resident populations of 
aquatic birds. Operation of toxic ponds could also pose contaminant hazards to endangered 
predators known to occur in the southern end of the valley (for example, the bald eagle, American 
peregrine falcon, and San JOaquin kit fox). The development and operation of expanded or new 
pond acreage would likely impact populations of several other endangered species. Because 
elevated concentrations of selenium were found in tissues of birds taken from some evaporation 
ponds, a public health warning was issued, advising hunters to limit or discontinue their 
consumption of waterbirds taken from those ponds. All these contaminant hazards would be 
compounded by the decreasing acreage of clean wetlands habitat. 

Agroforestry plantations, developed to aid drainage management, would provide valuable new 
habitat for a variety of birds, mammals, and other species of wildlife, if the tree farms do not pose 
a contaminant hazard. 

Water-quality objectives for the San Joaquin River basin adopted by the Central Valley Regional 
Water Quality Control Board still allow certain waterways to contain concentrations of selenium 
considered by some researchers to be toxic to wildlife. The actual effects on the fishery are 
unknown, due to a lack of toxicity studies. 

Because of inadequate instream fishery flows from eastside tributaries to the San Joaquin River 
and high volumes of subsurface agricultural drainage water flows from the Grasslands area, 
upstream migrating adult salmon pass from the San Joaquin River into Mud and Salt Sloughs 
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instead of the Merced River to spawn. This situation has prompted expensive efforts to trap and 
artificially spawn adult fish and transport the eggs to the Merced River Fish Facility for hatching 
and rearing. In a future-without scenario, this situation could be expected to continue 
indefinitely. 

Several efforts have recently been initiated to address the inadequate instream fishery flows (for 
example, in the mainstem San Joaquin River between the Merced River and Friant Dam) and 
related environmental problems in the basin. Such efforts include the California Department of 
Water Resources' San Joaquin River Management Program. the U.S. Bureau of Reclamation's San 
Joaquin River Basin Resource Management Initiative, and litigation regarding renewal of 40-year 
water contracts from the Friant project. It is uncertain whether any of these efforts will provide 
flows in the mainstem San Joaquin River of adequate quantity and quality to support a viable 
fishery, including restoration of Chinook salmon runs. 

In addition, loading of selenium and other drainage-related contaminants into the Bay-Delta 
ecosystem would continue under the future-without alternative. It is unknown what effects, if any, 
long-term loading of these systems with such trace elements would have on the health of the 
fishery, on other water-dependent wildlife, or on humans consuming such animals. 

Public Health Effects 

The greatest risk to public health from the lack of a coordinated action to solve the drainage 
problem is likely to arise from increased use of conventional evaporation ponds for disposal of 
agricultural drainage water:-'Where bioaccumulation of trace elements occurs through the aquatic 
food chain, consumption of contaminated game would increase human exposure to elevated 
concentrations of these elements. Decommissioning of evaporation ponds might also pose 
occupational hazards from inhalation of airborne contaminants. 

Because ground- and surface-water quality in the valley will continue to deteriorate, potential 
human exposure to water contaminants will become greater. Future population growth and urban 
expansion projected for the San Joaquin Valley will bring people closer to all sources of 
agricultural drainage-water contaminants (air, soi~ water, and biota) and thus reinforce the 
likelihood of adverse effects from exposure of such contaminants. 

Social Effects 

Farmland is expected to be abandoned more rapidly toward the end of the planning period. 
However, since the impacts would be spread over several decades, their effect upon farm 
operators, employees, and rural communities would permit adjustment that would moderate the 
cumulative social effects associated with the loss of productivity. 

While land is being abandoned, the value and marketability of drainage-affected agricultural land 
would slowly stagnate, while uncertainty about the future would grow. Without an integrated 
regional solution, individual farmers would have increasing difficulty acquiring financing for farm 
operations and installation of drainage management facilities. 

Patterns of land abandonment would likely be irregular, with farmers attempting to preserve the 
most productive lands for high-value crops and selecting less productive lands for on-farm 
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drainage disposal. The remaining irrigated lands would be used more intensively as lands with 
drainage problems were abandoned. Over time, the cropping pattern in the approximate 
1-million-acre drainage problem area would become less diverse, with production shifts toward 
less profitable salt-tolerant crops. Farmers with marginal technical capacity and financial 
resources would suffer the most severe consequences; many small and/or undercapitalized farm 
operations would go out of business. 

Those who farm lands without drainage problems oould acquire a c:ompetitive economic 
advantage over those who farm lands with high water tables and associated high salinity, by 
realizing increases in land value and profitability. Nevertheless, the total agricultural production 
(and associated agribusiness) in the San Joaquin Valley would likely decline significantly from 
present levels. 

There would also be a significant conversion of farmland to alternative uses, either wildlife habitat 
or residential/commercial development. San Joaquin Valley towns within the drainage study area 
would become less dependent upon their traditional agricultural support base and more 
autonomous as fully developed small cities. Population expansion associated with the growth of 
valley communities would likely put greater pressures upon wildlife refuges and recreational lands. 

The current level of cooperation among water districts in water management activities could 
deteriorate as drainage conditions worsened in the valley. As the value of the assessment base of 
farmland dropped due to lower land values, water districts would be less able to take action to 
resolve drainage problems. The smaller districts would be more adversely affected (at least five of 
them in the drainage study area could Jose more than 50 percent of their assessment base through 
land abandonment). Some water management districts might be forced to merge and/or 
centralize operations to meet growers' needs and wOuld probably not be capable of resolving 
drainage problems without considerable assistance from other agencies. 

OPTIONS FOR DRAINAGE-WATER MANAGEMENT 

The Drainage Program has identified a broad range of individual structural and nonstructural 
management options, which analyses show have potential for helping to solve subsurface 
agricultural drainage and related problems in the San Joaquin Valley. Some 80 options, classified 
into seven categories, were identified and described in the Program's PrelimifUll)' Planning 
Alternatives report of August 1989. The options are the basic building blocks of the alternative 
plans. However, no single option will achieve all the desired results. Several of them, fitted 
together into a coordinated, comprehensive plan for action, oould be effective in managing 
drainage problems. The mix of options will have to be varied to accommodate local and regional 
differences in drainage problems and opportunities for solution. Different mixes of options are 
emphasized in the alternatives described later in this chapter. Tbe options shown through 
analysis to be most useful in drainage problem management at this time are briefly discussed in 
the following sections. 

Drainage-Water Source Control 
A first step in solving valley drainage problems is to reduce the production of potential drainage 
water; that is, to control drainage production at the source. Source control options encompass a 
broad array of measures to apply irrigation water more efficicotly and to manage land and water 
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in ways that reduce the magnitude and adverse effects of drainage and drainage-related problems. 
Options included in the alternatives are: 

• Water conservation: 
Improve existing irrigation practices and/or adopt new irrigation methods. 

Improve irrigation scheduling. 

Improve management of irrigation systems. 

Manage the water table to increase its contribution to crop evapotranspiration. 

• Change in land use: 
Cease irrigation of lands that have high salinity and selenium concentrations in 
underlying shallow ground water and that are difficult to drain. 

Each of the alternatives presented later in this chapter includes some degree of source control. 
Water conservation and retirement of lands from irrigated agriculture are discussed separately as 
drainage management plan components. 

Ground-Water Management 
In some parts of the principal study area, water in the semiconfined aquifer above the Corcoran Clay 
(Figure 4) is of suitable quality for direct application in irrigation.( I) This water occurs in both the 
Sierran sediments and the Coast Range alluvium parts of the aquifer. Where there is an adequate 
vertical hydraulic connection between waterlogged lands and this deeper, usable ground-water zone, 
pumping from the zone may be used to lower the water table. Planned application of pumped water 
as a substitute for a portion of the surface-water irrigation supply could bring the system into 
hydrologic balance and stabilize the water table at a lower depth. This would make part of the 
surface-water supply currently required for that area available for other uses. 

Drainage-Water Treatment 
Various drainage-water treatment processes have been investigated at several levels of 
development. The goal of these investigations has been to identify methods of removing trace 
elements of concern (mainly selenium) from drainage water. 

These processes have not been investigated equally or developed to the same level of technology. A 
review of the capabilities and limitations of processes investigated was completed and is presented 
in Hanna, et al., 1990. A few, such as anaerobic-bacterial treatment, high-rate algal ponds, and 
ferrous hydroxide, have advanced beyond laboratory bench-scale research. However, investigations 
of even these methods are incomplete, and more work with larger scale "pilot" or "prototype" 
plants is needed to establish technical performance and reliable cost estimates. Moreover, there 
has been no substantial operational experience with any drainage-water treatment process. The 
most promising new processes for selenium removal are biological processes. Of these, research is 
most advanced on the anaerobic-bacterial process. Research and demonstration are continuing on 
the physical and chemical removal of selenium, such as the work being done on iron filings at 
Panoche Water District, and this procedure should be pursued further. Reverse osmosis and other 
desalting methods are proven but high-cost methods. 

1 Blending with other irrigation water supplies to make possible the use of saline ground water on crops normally 
grown in the drainage problem .ma WIL'I not included as an altema!M: plan componenL 
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ll"eatment of drainage water is not included in the alternatives because the uncertainties of their 
effectiveness and/or their high cost make investment in them a fiscal risk at this time. However, 
the Drainage Program recommends additional study of treatment processes because of their 
long-term potentials (see Chapter 1). 

Drai1111ge-Water Reuse 

Of the various possible reuses of drainage water, irrigation (including salt-tolerant trees and 
halophytes), fish and wildlife habitat water supply, and solar ponds for energy production appear 
to have the greatest promise at this time. 1be options considered for the alternatives are: 

• Reuse of subsurface drainage water for agriculture: 

Reuse on very salt-tolerant crops having an upper permissible limit of 2,500 ppm 
IDS in water supply; cotton (after plant emergence), for example. 

Reuse on salt-tolerant trees having an upper permissible limit of 10,000 ppm IDS 
in water supply; eucalyptus trees, for example. 

Reuse on halophytes having an upper permissible limit of 25,000 ppm IDS in 
water supply; atriplex, for example. 

• Use of concentrated drainage water in solar ponds (from agricultural reuse options or 
from evaporation ponds) for energy production. 

• Use of drainage water for fish and wildlife habitat when there is very low toxic risk. 

Each alternative includes some amount of drainage-water reuse. 

Drai1111ge-Water Disposal 

Drainage-water disposal options include: (1) Discharge to the San Joaquin River, with and 
without dilution; (2) discharge to evaporation ponds; (3) deep percolation into ground water; 
( 4) injection into deep geologic formations; and (5) use for irrigation on the eastern side of the 
valley. The following are considered for inclusion in the alternatives at this time: 

• Discharge to the San Joaquin River without dilution (including use of portions of the 
San Luis Drain to convey drainage water to treatment or disposal areas). 

• Discharge to ponds to evaporare drainage water and concentrate dissolved 
constituents. 

• Deep percolation into the semiconfined aquifer. 

Westlands Water District continues to experiment with deep-well injection and, if successful, may 
use option (4), immediately above. 

Fish ang_wildlife Measures 

Fish and wildlife measures have been developed that address the Drainage Program's goal to 
"protect, restore, and to the extent practicable improve fish and wildlife resources of the San 
Joaquin Valley." Options included here are those which could be undertaken in concert with 
other options to address drainage-related problems. Options for improvement of fish and wildlife 
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resources are discussed in the Drainage Program's Preliminary Planning Altemiltives report. 
Options considered for inclusion in the alternatives at this time are: 

• Protection (in addition to the assumed enforcement of water-quality, wildlife, and 
other environmental laws): 

Modify evaporation pond design, construction, operation, and monitoring so that 
ponds are bird-safe or bird-free. 

Develop definite plans for evaporation pond closure when closure appears to be 
necessary or inevitable. 

Provide alternative habitat (including adequate water supplies) near evaporation 
ponds that require hazing because they are unsafe for birds. 

• Restoration: 

Flood and flush habitat with freshwater. 

Manage soil and vegetation to decontaminate wildlife habitat. 

• Substitute water supplies for fish and wildlife to replace contaminated drainage water. 
Substitute water would also improve protection and assist restoration. (These options 
must include modifications of existing supply or drainage systems to allow delivery of 
water to fish and wildlife areas directly, or by exchange arrangements.) 

Use water saved from source-<:011trol options (that is, on-farm water conservation 
and/or land retirement). 

Use wetland areas to seasonally store agricultural water supplies for release during 
April and May to improve fish habitat in the San Joaquin River. 

Use ground water produced by ground-water management options. 

Use nontoxic drainage water to produce saline wetlands. 

lnstitutUJrud Changes 

Growers and private_and public fish and wildlife managers operate within a framework of 
Federal, State, and local laws, policies, and practices. Some changes in the existing institutional 
framework may help solve drainage problems, directly or indirectly, by allowing implementation 
of plan components that otherwise might not be undertaken. The options listed here appear to be 
those most likely to be used in helping solve the drainage problem. A long list of potential 
institutional changes was provided and discussed in the Drainage Program's Preliminary Planning 
Alternatives report. Analysis of potential changes is provided in the Natural Heritage Institute 
report on institutional change (Thomlis and Leighton-schwartz, 1990). The primary options being 
considered are: 

• Use of tiered irrigation water pricing. or other types of financial incentives, by water 
districts, the Central Valley Project, or the State Water Project. 

• Drainage contribution surdwge 011 irrigation water. 

• Modification of water-transfer and water-marketing policy and laws. 

• Formation of regional drainage management entities that might be structured as 
special districts, joint powers authorities, or nonprofit mutual benefit cooperatives. 
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Evaluation of Options 

Before options are used in alternatives, it is necessary to: (1) Determine the geographical 
applicability of the options, and (2) evaluate their cost, performance, and impacts. The shallow 
ground water quality zones shown in Figure 18 are the units used for evaluation. 

Options are applied within the framework of objectives and standards shown in Thble 7. The 
applicability of drainage management options to each of the drainage water quality zones, under 
either performance Level A or B, is displayed in Thbles 15 and 16, respectively. Source control is 
applicable in every area. Discharge of drainage water to the San Joaquin River is applicable in 
the Northern Subarea and in two areas of the Grasslands Subarea. Salt-tolerant trees can be 
grown to transpire drainage water in 10 of the 16 areas. 'fiees cannot be grown in the other six 
areas because drainage water from field crops (water supply for trees) will exceed 10,000 ppm 
total dissolved solids (salt). Growing extremely salt-tolerant plants, such as saltbush, is not 
precluded in any area. Thble 15 shows that, under performance Level A, land retirement may be 
applicable in some shallow ground-water areas where dissolved selenium is above 200 ppm. 
Table 16 shows that, under performance Level B, much more area is candidate for retirement 
when the criterion is lowered to 50 ppb. Existing evaporation ponds may be continued under 
both A and B performance levels, but only if they are bird-safe or can be made bird-free. The 
assumed safe level of selenium concentration for Levels A and B are 5 ppb and 2 ppb, 
respectively. In the ground-water management option, water may be pumped from the 
semiconfined aquifer when the thicknesses of suitable aquifer materials exceed 100 feet (Level A) 
or 200 feet (Level B) and the quality of the water produced is suitable for irrigation. 

The results of an evaluation of the options considered effective and available are presented in 
Table 17. The evaluation is based on uncertainty analyses, economic analyses, and standard 
impact assessment techniques. 

In addition to the restrain~ provided by the planning objectives, criteria, and standards given in 
Thble 7, the evaluation of options in Thble 17 should shape the extent to which a given option can 
be used in an alternative. Thble 17 indicates that virtually all options have some limitations or 
produce an adverse effect on an important parameter of interest; for example, fish and wildlife, 
the economy, or the local community. Conversely, each option shows characteristics and effects 
beneficial to some interests. Judgment has to be exercised in determining the emphasis to place 
on a given option, considering the balance of effects. The lowest-net-cost option is sought, but not 
at the expense of significant risk to other interests. 

The evaluation reveals that, although some options are cost-effective, certain risks must be 
acknowledged. For example, the feasibility of discharge to the San Joaquin River might be 
affected significantly by possible future changes in water-quality regulations. Similarly, reuse 
might be affected by significant adverse effects on wildlife. In contrast, the risks of reuse of 
drainage water are less than the risks of evaporation ponds, and reuse has a comparative cost 
advantage. (Measures considered promising to make evaporation ponds bird-free or bird-safe are 
included in cost estimates.) Therefore, it is concluded that, comparatively, use of evaporation 
ponds should be minimized and reuse maximized. 
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lloblt 15. APPLICA8aJTY Of' DRAINAGE MANAGEMENT Of'TIONS 
LEVEL'r~&TAND-... ..;e.. --- - - ,_ lh=-· -· -- - -

Y(lBkAF) X X Y(J7.4kA<.) Y(IJ.lkA<.) NA{>5JOIObSe) 

Y(~O<AF) X X NA(<JilOJO!OioSe) "" X 

X NR NR NR NR NR 

NR·R NR-W NR-W NR-W NR-W NR-W 

NA X " Y(7.00A<.) NA NA( > S ppb Se) 

NA NA(>a..-TDS) " Y(74A<.) Y(l.lkAc.) NA( > S ppb Se) 

NA X X NA{<liiiJO!OioSe) NA NA( > s ppb Se) 

NA X X NA{<liiiJO!OioSe) Y(0.4kA<.) NA(>5JO!OioSe) 

NA X X NA( < lOO ppb Se) Y(0.5kA<.) X 

"" NA(> ... ,..1DS) X NA( < 200 ppb Se) Y(!.OOA<.) NA(>SppbSe) 

NA X X NA(<liiiJO!OioSe) Y(O.li<A<.) NA(>SppbSe) 

NA NA(>Ja..-l'DS) " NA(<liiiJO!OioSe) Y(O.!tA<.) NA( > S ppb Se) 

NA " X NA(<liiiJO!OioSe) Y(O.!tA<.) X 

NA NA(>Ja..-TDS) X Y(l.2A<.) Y(LltAc.) NA(>5JO!OioSe) 

NA NA(>tappa~TDS) X NA( <2110 ppb Se) NA NA(>SppbSe) 

NA X X NA( < 200 ppb Se) Y(O.li<A<.) X 

NA NA(>a.ppiD.TD$) X Y(0.9kA<.) Y(O.li<A<.) NA( > S ppb Se) 

-·----
Y(l51<A<.) 

Y(SlkAc.) 

NR 

NR-W 

Y(OI<A<.) 

NA( < liDft.lhick) 

Y( ... A<.) 

Y("""'-l 

Y(l4kA<.) 

NA( < 100 ft. thick) 

NA(< lW ft. thd) 

Y(!BkA<.) 

Y(UDAc.) 

NA(< lOOft. Utict) 

NA( <100ft. thick) 

NA( <100ft. thick) 

NA( < 100ft. thic:t.) 

~Uty ol option dc:pcndl on lht: ldeMul crCioa (----.a, c:onceatrttion of8 ppb) Wid a c:riiQI walef )leU ~ (b eumple. 19116-67) 
bSanJOIIqUinRM::rncwNewwl.~'-lil~tD~IIpiO_,.bJIMI•e,_.ollhev.tuJ re&ftOit'tlolldellium&omlhe 
sawao. f1V'I"d wner and soil • 10 a.~ ,.aaa 
The ldcniuiD eoncenttation o12llt ppb • lllc.....,., .,_.. _..- IIIICII "'ldcd ._.on .tUcb irripkd lp'battwe WC*k5 be d.ilcotltinaal 
New~pondlcanbctiiCd-"cct~~...._~eaedtSppbMdiiS!IRJbonlyifpoiGc:a be lUCie binH*or 
blrd-freic. Mc..ura nccaury to ntalre pondlllild-6lle will ilcllllde ......_ t.biW with an lllcqu-.. ftm. ...ecr aapply. 
Option limited by the .:jUifer th~ tnd .-1itf olthe .,_r _.(Ita than l,2SO ppm lDS} 
Manqed Wildlife wetland area. 

X Option i11pplable without any limltlotion in illllplllic:Mioa 
Y OptionilappliclblcbutlimitedtotheQII8Iditiclllld1lllill~illtbe~ 
NA Opdon not ~ble ~use it fajllto 1t10tt 111e perfor1aMc --.llld a. p.mthclel (tee 1\ble 1) or not phylicaiiJ awaillble m Chc inM&nca ot 

dilch&rp: kJ the San IDM~Uin Rftet. 
NR Opdon notiUIFiledbecallc icaled~eilll ...... ..._.....,. ... rodlccthclilc:dhxxl U.drlinaFwMcrc:an be..t b~land habitat. 
NR·W OptiOn il not lfll)bcablc linoe lhalow ,-.t ....... .._. • .,._ lllf(Jbletn; k bench: ....... 
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._ 18. APPUCAIIIUTY Of DRAINAGE MANAGEMENT OPnONS 
LEVEL "8" PERfORMANCE STANDARDS ... 

·~ 
... - .... .... ..... - ToaernTr ... ....... ............ ··::::,o:l"" ......... 

Y(4.Sk AF) X X Y(IJO.CRlAc.) V(O.IkAc.) NA( >S ppbSe) 

Y(4.1l< Af) X X Y(0.3kAc.) NA X 

X NR NR NR NR NR 

NR·R NR-W NR-W NR-W NR-W NR-W 

NA X X Y(lJ2kAc.) NA NA( > lppbSc:) 

NA NA( > lllc. ppm TOS) X Y(J9.4kAc.) Y(O.IkAc..) NA( > lppbSe) 

NA X X Y(S7.9kAc.) NA NA( > lppbSe) 

NA X X NA( < SOppbSe) Y(0.4kAc.) NA( > lppbSe) 

NA X X NA( < SO ppb Se) Y(1l .. A<.) X 

NA NA(> Ulk ppm TDS) X NA( < SOppb Sc) Y(HkAc.) NA( > lppbSe} 

NA X X NA( <SO ppb Sc) Y(0.2kAc.) NA( > lppbSe) 

NA NA( > lllc. ppm TDS) X NA(<SOppbSe} Y(0.3kAc.) NA( > 2 ppb Se) 

NA X X NN < >Oppi>Sc) Y(1lJI<A<.) X 

NA NA( > 1111 ppm TDS) X Y(219.5 Ac.) Y(I.J«Ac.) NA( > lppbSe) 

NA NA( > lot ppm TDS) X NA( < SOppbSc) NA NA( > lppbSc) 

NA X X NA( <SO ppb Se) Y(O.lk.Ac.) X 

NA NA( >Hit ppm TOS) X Y(23.6kAc.) Y(0.2tAc.) NA( > 2ppbSc) 

......,w_ .._.. 
Y(l7kAc.) 

Y(l6kAc.) 

NR 

NR-W 

NA( < 200ft. thd) 

NA( < 2IXl (t. thick) 

Y(S<kA<.) 

Y(31tAc.) 

Y(llkAc.) 

NA( < lOO ft. thick) 

NA( <200ft. thick) 

Y(33kAc.) 

~A<.) 

NA( < 200 rt. thldt) 

NA( < 200 (I. thiCk) 

NA( < 200 ft. thick) 

NA( < 200ft. thick) 

Awfic:abitity ol option depends on the seknium criterion (mean monthly awrn\Btion of 2 ppb) •nd a (Jllical..ter )'taT~ (lot eumplc. 1986-87) 
ror San Joequin RMr near Newman. Selcniu.m ll»d is o:pccted to decre.w up '0 !iO'Jl> bJ 2040 as 1 rauh ol tbc rem<MI ot utb rrom the shallow pound 
water 1nd soils due 1o the lelchi"' Jl'I'OCS. 
The selenium COfli:Cntration of 50 ppb in the shallow Jf'(l.lnd Mlcr Ml used to tclcct llndl on which irripted lpicultun: woukt be dilc:ontinued. 
New evapontion ponds can be wed when drainqe Mter tclenium concentration eiDCed5 2 ppb and is SSO ppb only if pot'llk an be mlde bird-uk 
or bird·fret. Mea~Ures necessary to mike ponds bird-fret will include lltcmatM habitat with In lldequ11c tirm water mpply. 
Option limiiCd by the 1q0ifer thieknc:M 1nd quality of the ptNnd wa1er Oea than 1.250 ppm TDS} 
MIJ\III'd wildlife wetland area. 

X Opcion is tppticlble ..rthouc lltf lnnn.tiotl in ia 8ppli=:llion. 
Y Option ialpplicable but limited to the quntrties lnd unita includtd in the puenthex::s. 
NA Option not tppicab1e because it fail1 to meet the perfonnanae ltandud in pen:nthela (see T1ble 7) or 11 not phJUcaly an..ilable in the inltanc:a ol dilldw)e 

to the San Joaquin Riwr. 
NR Option not sugestcd because inau.ed con~tm.tion with raulti111 inaelled salinity will reduce the likelihood that drainqc Wiler can be used ror-..etllnd habilll 
NR-W Option ia not applicable since 1hallowpnd water wit'ftin wetlands is not 1 problem; it benefits walcrfowt. 
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PLANNING ALTERNATIVES 

Three planning alternatives were formulated that emphasize: (1) The conservation and reuse of 
agricultural water, (2) the extraction of irrigable water from deep within the semiconfined aquifer 
to lower the near-surface water table in waterlogged land areas, and (3) the retirement of 
irrigated agricultural lands overlying shallow ground water that contains greatly elevated 
concentrations of dissolved selenium. 1Wo levels of performance, A and B, were applied to each 
alternative. These alternatives were devised to compare potential reduction in problem water 
volumes, if differing options for managing the drainage problem were emphasized. Four 
strategies involving major options that were employed in formulating the planning alternatives are 
discussed in the following sections. 

Drai1Ulge Management Strategies Underlying the Alternatives 

Four main strategies for management of drainage problems have emerged during the course of 
this study. These are source control, drainage water reuse, ground-water management, and land 
retirement. Each strategy is used to reduce problem water volumes in the three planning 
alternatives. 

Source Control 

The major source of recharge to the ground water system and subsequent production of drainage 
water is the portion of applied irrigation water that percolates past the crop root zone into the 
semiconfined aquifer. Some water must pass the root zone to leach salts and maintain soil 
productivity. Unnecessary deep percolation can be reduced mainly through better management of 
irrigation systems. 

Current average deep percolation in the study area is estimated to vary from about 0.90 to 1.05 
feet (Burt and Katen, 1988; D.G. Swain, 1990). Assuming 0.3 foot is the minimum amount 
necessary to achieve required salt leaching and is also the amount moving downward through the 
Corcoran Clay, nonbeneficial deep percolation contributes 0.60 to 0. 75 foot annually to potential 
problem water. 

Higher irrigation efficiencies leading to reduced deep percolation can be achieved by individual 
options or combinations of options. The most effective of these appear to be: (1) Improving 
management of irrigation systems, (2) improving present irrigation practices (for example, 
shortening furrows and using tailwater return systems, thus increasing uniformity of water 
application) and adopting new irrigation methods, and (3) improving irrigation scheduling. These 
and other options are discussed more fully in the Drainage Program's 1989 report, PrelimiMry 
Planning Alternatives. 

Not all potential problem water is generated by deep percolation at a given site. Some lateral 
movement of water from upslope areas may also contribute to drainage problems downslope. · 
This contribution varies considerably, depending upon locaJ geologic and hydrologic conditions, 
but a drainage problem most often arises from practices and conditions at the site. Reduction of 
deep percolation, even in areas without present drainage problems, can help reduce the long-term 
regional drainage problem. 
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Drainage-Water Reuae 

The concept of drainage-water reuse is shown in Figure 19. The objective is to reduce the volume 
of drainage water requiring ultimate disposal by reusing it on progressively more salt-tolerant 
crops. The volume of water would be reduced by evapotranspiration, with dissolved constituents 
such as salt, boron, and selenium becoming more concentrated and probably easier to manage in 
an environmentally safe manner. Volume reduction through reuse would substantially reduce 
disposal costs and treatment costs, if treatment became necessary. 

The initial good-quality water supply would be used to grow high-value, salt-sensitive crops, such 
as vegetables. Drainage water captured in the tile drainage system under these lands would be 
collected and pumped into a local distribution system to become the water supply for a 
salt-tolerant field crop, such as cotton. (If this were not practicable, the drainage could go 
directly to trees.) 

Drainage from these fields would become the water supply for salt-tolerant trees, such as 
eucalyptus. nees would be used at this stage, not only because of their tolerance to salt, but also 
because they are capable of high transpiration rates (about 5 feet of water per year). Finally, 
drainage from the trees would be used on halophytes that grow in extremely saline conditions, 
such as atriplex or salt bush. Even halophytes have limits for total dissolved salts and certain 
other substances, such as boron. The levels of boron and total salinity of water in the root zone 
must be monitored and the fields drained to maintain growth. 

At that stage of the reuse process, the extremely concentrated drainage water must be disposed 
of, or it could be stored in small evaporation ponds, treated to remove toxicants, or, when 
possible, injected into deep geologic formations. Vhter and salts from the evaporation ponds 
could also be used at solar-energy ponds or cogeneration facilities. 

Figure 20 illustrates pond configurations that might be used as part of a drainage water 
management system. The standard evaporation pond shown would be similar to ponds 
traditionally used in the valley, except that it would be improved with steepened sides and greater 
depths to reduce wildlife food supplies and discourage wildlife use. In contrast to traditional 
ponds, the new standard pond would be smaller so that birds could be more effectively hazed 
from it to alternative safe wetland habitat (not shown on sketch) that would be provided in the 
vicinity. 

The nontoxic evaporation pond would also provide safe wildlife habitat and would be designed for 
that purpose. The northern portion of the 1Ware Subarea (Kings River Delta) appears to be an 
area in which drainage water could evaporate in ponds that would be safe for wildlife use. 

The accelerated rate ponds would employ mechanical devkes to increase the rate of evaporation. 
Used in a facility in El Paso, ll:xas, the device shown here reduced the volume of applied water by 
about 25 percent in one pass through the system. Use of an accelerated evaporation system 
greatly reduces pond area, but it increases the cost. 

The solar pond shown would use very concentrated drainage water from either the standard or 
accelerated pond. The area covered by a solar pond would be small. This type of pond does not 
appear to attract birds. The value of the electrical energy generated would offset some of the total 
drainage system costs. 
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Figure 19. THE CONCEPT OF DRAINAGE-WATER REUSE 
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Agure 20. POND CONFIGURATIONS 
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Figure 21. THE CONCEPT OF GROUND-WATER MANAGEMENT 

U;NI'\1",.,... ~· wo1Haii'""A!a"'A-tllftr«'r 

-~ &~-
..1. _"q 

'A(I'. 'o/ J!OFT ....... 1(0 

~~~-
C-1/t)('- ..,,.,. L066EP 

"1"~ I#JP"iiIL!'~~NE 

>7a:t?-f"~ 
~ l < !::Z$01P.>-

P-1'..-- A<:<Vo~ Of 

~-- ~~~ury -~ OF-

~a.AY 

The major benefit from the reuse strategy is the reduction of drainage-water volume. Volume 
could bC reduced as much as 80 to 95 percent, depending on the crops, soils, and management of 
the system. A reduction in drainage-water volume translates to lower cost in final drainage-water 
management. 

Ground-Water Management 

The concept of ground-water management is to pump water, generally for irrigation, from the 
semiconfined aquifer above the Corcoran Clay to lower near-surface saline water tables 
(illustrated in Figure 21) and create a hydrologic balance that will keep the shallow water table 
below the crop root zone. In an unplanned manner, this strategy is currently being applied, to a 
minor extent, in the drainage problem area because some 2 million acre-feet of ground water is 
extracted annually from westside aquifers to supplement surface-water supplies. Although most 
of the pumping is from below the Corcoran Clay, the stress on the hydrologic system helps 
alleviate the subsurface drainage problem by providing storage space for deep percolation. 

In this strategy, the ground water extracted would be in addition to present extractions, and would 
be designed specifically for each drainage problem area in which it was applicable. Wells would 
be perforated to produce water only from selected zones of the semiconfined aquifer. This 
method would be technically feasible only if all the following conditions existed in the subsurface 
aquifers under the drainage problem area: (1) Adequate venical hydraulic interconnection 
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between the deep aquifer and the waterlogged surface lands (not applicable to the Thlare lakebeds 
where thick clays are present); (2) a sufficient volume of water in the deep aquifer to allow 
withdrawal for a reasonable period of time (for example, 20 years); and (3) a production (from the 
well) water quality of less than 1,250 ppm TDS, so it may be used for agricultural irrigation. 
Reconnaissance-level geohydrologic investigations indicate that these conditions probably exist 
beneath those parts of drainage problem areas shown in Figure 12. 

Several aspects of this strategy need to be recognized as potentially limiting its overall feasibility, 
even though the controlled pumping that would occur under the strategy could be an 
improvement over existing pumping conditions. First, the periods during which wells must be 
pumped to lower the water table to the required depth and the period in which they are pumped 
to supply water for irrigation or other beneficial uses may not correspond. Second, the 
application of this alternative might be viewed as a planned degradation of ground water. This 
interpretation might be reached, even though the present extent of ground-water pumping 
produces a regional hydraulic stress that is causing water passing the root zone to move 
downward at an annual rate of 1 to 3 feet vertically, transporting with it accumulated salt, boron, 
selenium, and other substances. Third, if this alternative were to be economically feasible, the 
aquifer must be capable of producing water suitable for beneficial uses for at least 20 years. 

Although recent study has removed considerable uncertainties (Schmidt, 1988 and 1989; Quinn, 
1990; CH2M Hill, 1990; Phillips, 1990), an additional significant limiting factor is the continuing 
lack of adequate geohydrologic information on ground-water systems in some parts of the 
drainage problem area. 

Land Retirement 

The essential strategy of land retirement is to stop irrigating lands with poor drainage 
characteristics beneath which now lies shallow ground water so contaminated with selenium (and 
other substances) that drainage would be extremely difficult and the water produced would be 
costly to manage. Hydrologic investigations (Gilliom, et al., i989b) indicate that, if a substantial 
land area (say, + 5,000 acres) were retired from irrigation, the shallow water table beneath those 
lands would drop. Th some extent, instead of contributing to their contamination, the dewatered 
area beneath the retired lands would then become a sink to receive some contaminated water 
from adjacent lands. Figure 22 illustrates how land retirement would lower ground-water levels. 

The feasibility of this strategy hinges on the existence of shallow ground-water areas in which 
concentrations of selenium are much greater than those of surrounding areas. Figure 23 shows 
areas in which selenium concentrations in shallow ground water are more than 50 and 200 parts 
per billion. Areas over 200 parts per billion are considered to be "hot spots" and special 
candidates for retirement. The feasibility of land retirement also may depend on the existence of 
compensating benefits in the form of overall reduced costs of handling the drainage problem 
regionally, or in economic return to landowners from the sale or lease of the water supply no 
longer used for irrigation. 

A related aspect of land retirement is that it could be considered a land reserve and, if at some 
future time, the problem necessitating retirement were to be resolved, the land could be used 
again for irrigated agriculture. 
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Figure 22. THE CONCEPT OF LAND RETIREMENT 
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Figure 23 

AREAS OF HIGHEST OBSERVED SELENIUM CONCENTRATIONS 
IN SHALLOW GROUND WATER 
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Description of Altenurtlves 

The following alternatives are analyzed and evaluated to subarea scope and detail. 

Northern Subarea 

Alternatives for problem water reduction were not prepared for the Northern Subarea because 
two factors that tend to motivate major changes in management of drainage problems are largely 
missing in this part of the valley. First, the shallow ground water is of relatively good quality and 
low in concentrations of dissolved gypsum. a substance that contributes greatly to problems of 
westside salinization of soil and ground water (D.G. Swain, 1990). 

Second, growers in the Northern Subarea are solving their drainage problems by draining their 
land and discharging about 20,1XXJ acre-feet per year to the San Joaquin River. If water-quality 
objectives on the river do not change materially, growers would likely continue discharging to the 
river. 

In addition to controlled subsurface drainage water, the San Joaquin River also receives about 
100,1XXJ acre-feet of ground water seepage annually from the Northern Subarea (CH2M Hill, 1988), 
an unknown portion of which is related to irrigation water application. Because of the large 
volume, this flow contributes about 25 percent of the annual salt load flowing into the San 
Joaquin River at Vernalis, primarily during low flows. 

Nishimura and Baughman (1989) have considered this phenomenon and remedial actions that 
might be both possible and necessary if more strict salt objectives were set for the San Joaquin 
River. One of the concepts mentioned prominently is a line of shallow wells that would be 
pumped during high river flows to evacuate the shallow ground water and create additional 
storage space for drainage water that would otherwise seep into the river during low-flow periods. 
Hydraulic and engineering studies axtducted by the U.S. Bureau of Reclamation were reviewed 
by D.G. Swain (1990). who concludes that the concept of seasonal evacuation to halt the seepage 
(which could pose a problem during low flows) would not be effective because the San Joaquin 
River lacks the capacity to assimilate salt in most high-flow seasons. 'There would simply be too 
few opportunities to pump the interceptor wells because of the limited number of days in which 
the river has assimilitative capacity. 

If measures were to be adopted within the subarea to lower the shallow water table adjacent to 
the San Joaquin River, these could reduce some of the salt load to the river because more salt 
would be stored in ground water. 1Wo measures that are technically available are: (1) Improving 
on-farm water application to reduce deep pen:olation to ground water, and (2) changing the 
present pattern of surface- and ground-water use to greatly increase the volume of ground water 
extracted. Presently, only an estimated 30,000 acre-feet per year are pumped from the combined 
semiconfined and confined aquifers. (In the Northern Subarea, the aquifers arc highly 
interconnected through gravel-packed and multiple-zone wells.) At present, about 94 percent of 
the agricultural water supply in the Northern Subarea is obtained from the combined sources of 
the San Joaquin River and the Delta-Mendota Canal. Substituting ground water pumped from 
below the irrigated area for a portion of this imported surface water would lower the water table 
and reduce seepage to the San Joaquin River. However, the subsurface drainage that would be 
discharged to the river would become more saline. 
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Grasslands Subarea 

Figure 24 shows how various options would be combined to reduce problem water in the three 
planning alternatives. When read horizontally, the graphs show the effect on each option resulting 
from· a shift from Level A to Level B performance standards. When read vertically, they show the 
effect on each option as the emphasis is changed from source control to ground-water 
management to land retirement. (Graphs are provided for this purpose in each subarea that 
follows.) Each Grasslands planning alternative includes the continued use of the San Joaquin 
River for disposal of some drainage water, although volumes would be reduced 15 to 20 percent 
under Level B selenium criteria, compared to the existing Level A criteria. 

'Illble 18 shows major features of Grasslands Subarea planning alternatives. Under the 
alternatives emphasizing source contro~ the maximum water conservation from source control 
increases from about 30,000 acre-feet per year in 2000 to 50,000 acre-feet per year in 2040. Source 
control, featuring available water conservation technologies (such as shortening furrows and using 
a·tailwater return system), is included only in water quality zones A and B (Figure 18). where it 
would reduce the volume of problem water by 30 to 40 percent, depending upon the criteria. 
Source control would not be applied in water quality zone C and 50 percent of Zone B (where 
there are some problems with waterlogging) because that drainage water is considered reusable 
for irrigating. managing wetlands, and/or increasing flow and improving quality of the San 
Joaquin River. 

Drainage water would be reused under all alternatives. The maximum reuse under the source 
control alternative would require from 3,000 to 6,000 acres of salt -tolerant trees and halophytes by 
2000 and 2040, respectively. 

Wetlands In the Grasslands Subarea, wlllch are laced with waterway~~, ere flooded during 
the fall and winter wlllerfowf migration season. 
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Table 18. MAJOR FEATURES OF GRASSLANDS SUBAREA PLANNING ALTERNATIVES 
In 1,000s 

Shallow Performance Land Problem Con-
Level and Plan Ground Af· Willer servecJ. Willer Emphasis Area1 fectacP Volume1 Wille,. 

Acres Acres Acre-feet Acre·felll 

A:2lHlll. 
Source Control 218.0 116.0 86.5 30.1 

Ground Willer 218.0 116.0 86.5 29.4 
Menagemen1 

Unci 218.0 116.0 86.5 26.4 
Retirement 

~ 

Source Control 218.0 196.0 147.0 53.6 

Ground Willer 218.0 196.0 147.0 23.8 
Managemen1 

Land 218.0 196.0 147.0 2t.6 
Retlrernen1 

~ 
Source C-ol 218.0 116.0 86.5 30.1 

Ground Willer 218.0 116.0 86.5 30.1 
Management 

Land 218.0 116.0 86.5 22.1 
Retlremen1 

.II:.2MQ 
Source Control 218.0 196.0 147.0 53.6 

Ground Water 218.0 196.0 147.0 53.6 
Managemen1 

Land 218.0 196.0 147.0 13.8 
Retlremen1 

Jrripted land uea with a depth 10 tbaUow pouDd waler lea thaa S feet. 
Thai por1ioa of sbollow _ .. , ...... droioed. 

Unci Area of 
Land Re· Land Overly· Exlatlng 

ualng Re· lngGW Evapo-
Drainage• tired' ~- rellon 

lng Poncla 

Acres Acres Acres Acres 

3.1 0.0 0.6 0.1 

1.6 1.9 8.9 0.1 

2.1 10.7 0.7 0.1 

3.1 0.0 0.6 0.1 

2.3 0.0 60.8 0.1 

2.8 32.3 0.8 0.1 

5.4 0.0 1.2 0.1 

5.4 0.0 1.2 0.1 

3.7 23.0 0.2 0.1 

5.8 0.0 1.3 0.1 

5.8 0.0 1.3 0.1 

3.0 70.2 0.7 0.0 

The for<caol<d IIJiaual droi..,. ...,. • .,. lhol nulll be manapd; droiDed laDd • 0.75 acre-feel per acre of deep percolation 

W.ter supply consc:~ by on-farm water c:on~ervatioa lneiiUra aDd maaaaement pnctica oa problem water laDdL 
Acrugc in trees ud balopbyla. 

L.anda la'l"l<d for n:tin:menl from inipl<d qricullun: (ncludias Ianda clcripol<d for Olher .,..~ 
7 lAnd area whue pumpina from the temiconfiaed aquifer ia Ulrd 1o ao.a lhalloiJ water tab~ below crop root zoae. 
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Because of geohydrologic conditions, opportunities for deep pumping of the semiconfined aquifer 
are limited to about 60,000 acres, largely in problem zone A. No new evaporation ponds would be 
included with any alternative. 

Under the land retirement alternative, retirement of irrigated land would be greater under Level B 
criteria and would increase from about 23,000 to 70,000 acres between 2000 and 2040. 

Westlands Subarea 

Figure 25 shows how various optioos would be combined to reduce problem water in the three 
planning alternatives. Each planning alternative places major reliance on source control for 
reducing problem water - up to a maximum of about 60 percent in 2040, under the source 
control alternative. 

Th.ble 19 shows major features of Westlands Subarea planning alternatives. The .;mximum water 
conservation from source control would be 38,000 acre-feet annually by 2000, and 92,000 acre-feet 
annually by 2040, under either performance Levels A or B. 

Reuse of drainage water is a major feature of all alternatives for the Westlands Subarea. Under 
maximum reuse, 9,000 to 14,000 acres of trees and halophytes would be used to reduce problem 
water volume in 2000 and 2040, respectively. 

Subsurface physical conditions most s1fongly favor deep pumping from the semiconfined aquifer 
to lower shallow ground-water levels in water quality zones C and D (Figure 18). Level A criteria, 
ground-water management alternative, shows the area of maximum pumping would increase from 
about 26,000 acres in 2000 to 107,000 acres in 2040. 

Under Level B criteria for the land retirement alternative (all shallow ground-water areas above 
50 ppb selenium), 12,000 acres would be retired from irrigation by 2000 and 107,000 acres by 2040. 
In contrast to areas suitable for ground-water management in the southeastern part of Westlands 
Subarea, areas that fit the criteria for land retirement are located primarily in the northern part. 
No new evaporation ponds would be included under any alternative. 
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Figure 25 
PROBLEM WATER REDUC110N 

. WESTLANDS SUBAREA 

LEVEL -a• 
SOURCE CONTROL EMPHASIS 
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'nlble 18. MAJOR FEATURES OF WESTLAND$ SUBAREA PLANNING ALTERNATIVES 
In 1,oooe 

8hlllow 
~ Orouncl 

Land Pnlblem c-
Level and Plan Walar 

,.,_ w .... ..,.. 
l!mphula -· fectad" Volume" Watar" 

Acree Acree ........... ........... 
A:2DliA 

Source Conlrol 170.0 1011.0 BU 37.9 

GroundWalar 170.0 108.0 BU 37.9 
MIINig-nt 

Land 170.0 1011.0 8U 34.4 
Retnmant 

6:2a.!A 
Source Control 227.0 2115.0 1S3.9 92.4 

OroundWalar 227.0 2115.0 W .9 62.4 
Manag-m 

Land 227.0 2115.0 1.53.9 85.7 
Retirement 

Jl:2ggQ 

Source Control 170.0 1011.0 8L1 37.9 

GroundWalar 170.0 1011.0 8U 37.9 
Manag-m 

Land 170.0 1011.0 8U 33.9 
Retirement 

II:2.UA 
Source Control 227.0 2IIS.o 1S3.9 92.4 

GroundW.._ 2%7.0 2IIS.o W .9 56.6 
Management 

Land 227.0 2IIS.o W .9 39.9 
Retirement 

1 Irritated llad 1n1 willla depda 10-_..t watcr ... lllaA S feet. 2 That..,._.,_ .. .., __ 

Land Ana of 
Land Reo Land Owelty- lldetlng 

.,=:.. .... lngGW I!WipO-
a-M" "::r rallon 

Poncla 

Acree Acree Alns Acree 

9.4 0.0 3.5 0.1 

s.s 0.7 26.2 0.1 

8.4 10.2 3.1 0.1 

13.8 0.0 S.1 o.s 

7.8 0.0 106.9 o.s 

12.5 14.5 4.6 0.3 

9.4 0.0 3.5 0.3 

6.2 0.0 22.0 0.5 

8.5 11.5 2.7 0.3 

116 0.0 S.1 0.1 

107 0.0 97.8 OS 

12 106.9 2.0 0.0 

3 The-auaal~- ... t-bc...,....t;dralaedllad•0.7S--puaa'Oofckq> ......... -
IMitcroupplr_by_,.,._..,_.. __ _._,......,.. ............. .., ..... 

""'- ia-aod.....,..,.... 
6 l..aado larF'<d lor-·- iniptod ..,.,...._ <ca:ludilll-dcoipatod ... _ -~ 
7 ........... - ......... - ....................... _..,..._ ___ ....,.crop.---. 

lU 

maof 
New 

EVIIPO-
rallon 
Poncla 

~· 
0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.o 

0.0 

0.0 

0.0 
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Tulare Subarea 

Figure 26 shows how various options would be combined in the Thlare Subarea to reduce 
problem water. Thble 20 shows major features of Thlare Subarea planning alternatives. All plans 
include major reliance on source control for reducing problem water, up to a maximum of about 
60 percent in 2040 under the source control alternative. The maximum water conservation 
through source control would be 44,000 acre-feet annually by 2000 and 156,000 acre-feet annually 
by 2040, under the source control alternative. 

Reuse of drainage water is a major feature of the alternatives presented for the Thlare Subarea. 
Under the maximum reuse option, from 11,000 to 23,000 acres of trees and halophytes would be 
used in 2000 and 2040, respectively. 

Conditions favorable for deep pumping of the semiconfined aquifer occur largely in areas 
influenced by the Kings River Delta: water quality zones A, D, and E (Figure 18). The planning 
criteria would allow pumping under a maximum of about 20,000 acres in 2000 and 135,000 acres 
in 2040. Ground-water management or evaporation ponds may be used in zone E, where drainage 
water is generally very low in dissolved selenium. No new evaporation ponds are included in any 
alternative. Further study may reveal that evaporation ponds in the South Kings River Delta 
(zone E) would be bird-safe because of low contaminant concentrations in drainage water. 

No shallow ground water in the Thlare Subarea is known to be high enough in selenium 
concentration to exceed the 200 ppb planning criterion for land retirement. Alternatives 
emphasizing land retirement are included, but they are almost identical to the source control 
alternatives. 

Kern Subarea 

Figure 27 shows how various options would be combined in the Kern Subarea to reduce problem 
water in the three planning alternatives. Thble 21 shows major features of the planning 
alternatives. All plans include major reliance on source control for reducing problem water, up to 
a maximum of about 55 percent in 2040, under the source control alternative. The maximum 
water conservation that would occur through source control would be 21,000 acre-feet annually by 
2000 and 68,000 acre-feet annually by 2040, under several alternatives. Reuse is also an important 
component of the alternatives presented for the Kern Subarea. Under maximum reuse, from 6,000 
to 12,000 acres of trees and halophytes would be grown in the subarea in 2000 and 2040, 
respectively. 

The ground water hydrology of the Kern Subarea is perhaps the least understood of all the 
subareas. But, based on the available information, including some recent field work, ground 
water pumping is included for 1,500 acres in 2000 and 7,000 acres in 2040. Application of land 
retirement criteria lead to retiring 19,000 acres by 2000 and 43,000 acres by 2040. 

Significant areas of evaporation ponds are not included under any alternative. The maximum 
acreage of new ponds included in any of the alternative plans is 1,600 acres. 
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Figure 26 
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'Dible 20. MAJOR FEATURES OF TULARE SUBAREA PLANNING ALTERNATIVES 
In 1,000a 

Shallow Lllnd Areeof Area of 
Performance Lllnd Problem Con-

Level and Plan Ground AI· Water .......... 
Water Empheale Area1 tected' Volume• Water4 

Acres Acree Acre-teet Acre-teet 

A:2llllll 
Source Conlrol 359.0 125.0 94.0 43.9 

GroundWater 359.0 125.0 94.0 43.9 
Management 

Lllnd 359.0 125.0 94.0 43.9 
Retirement 

A:illll 
Source Control 387.0 347.0 26().4 156.3 

Ground Water 387.0 347.0 26().4 132.5 
Management 

Lllnd 387.0 347.0 260.4 156.3 
Retirement 

~ 
Source Conlrol 359.0 125.0 94.0 43.9 

Ground Water 359.0 125.0 94.0 43.9 
Management 

Lllnd 359.0 125.0 94.0 43.9 
Rettrement 

~ 
Source Control 387.0 347.0 260.4 156.3 

Ground Water 387.0 347.0 260.4 132.5 
Management 

Land 387.0 347.0 260.4 156.3 
Retirement 

Irrigated land area with a depth to shallow ground water less than S feet. 

That portion of shallow water areas drained. 

Lllnd Re- Lllnd OVerly- Exlatlng 
ualng Re- lngGW Evapo-

Drelnege1 Ured" Pumr- rdon 
lng Ponds 

Acree Acree Acree Acree 

11.3 0.0 0.4 2.4 

7.4 0.0 19.3 2.5 

10.7 0.0 1.4 2.4 

23.3 0.0 7.1 2.0 

12.6 0.0 135.4 2.0 

23.3 0.0 6.7 2.0 

11.3 0.0 0.8 2.4 

9.5 0.0 8.4 2.4 

11.3 0.0 0.4 2.4 

23.3 0.0 5.1 2.5 

17.0 0.0 94.5 2.5 

23.3 0.0 5.1 2.5 

The forecasted annual drainage volume that must be managed; drained land x 0. ?S acre-feet per acre of deep percolation 

Water supply conserved by on-fann water conservation measures and management prac1ices on problem water lands. 

Acreage in trees and halophytes. 

Lands targeted for retirement from irrigated agriculture (excluding lands designated for other uses). 

Land area where pumping from the semiconfined aquifer is used to lower shallow water table below crop root zone. 
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Figure 27 
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Table 21. MAJOR FEATURES OF KERN SUBAREA PLANNING ALTERNATIVES 
In 1,000s 

Shallow Problem Performance Ground Land Water Con· 
Level and Plan Water Af· Volume' served· 

Emphasis Area' fected' Water' 

Acrea Acres Acre·feat Acre-feat 

~ 
Source Control 110.0 61.0 45.8 21.4 

Ground Water 110.0 61.0 45.8 21.4 
Management 

Land 110.0 61.0 45.8 20.2 
Retirement 

~ 
Source Control 167.0 150.0 1126 67.5 

Ground Water 167.0 150.0 1126 67.6 
Management 

Land 167.0 150.0 1126 66.2 
Retirement 

~ 
Source Control 110.0 61.0 45.8 21.4 

Ground Water 110.0 61.0 45.8 21.4 
Management 

Land 110.0 61.0 45.8 14.8 
Retirement 

~ 
Source Control 167.0 150.0 1126 67.6 

GroundWater 167.0 150.0 1126 67.6 
Management 

Land 167.0 150.0 1126 44.5 
Retirement 

Irrigated land area with a dcplh to shallow grouDCI water Jess tban S feel. 

That portion of shallow water areas drained. 

Land Area of 
Land Re· Land Overly· Existing 

using Re· lngGW Evapo· 
Draln•ge1 Urad" Pumr· reUon 

lng Ponds 

Acres Acres Acres Acres 

6.0 0.0 26 1.3 

6.0 3.2 25 1.3 

5.7 3.2 25 1.2 

11.7 0.0 6.9 1.5 

11.2 0.0 6.9 1.6 

11.5 3.1 5.6 1.6 

6.0 0.0 26 1.2 

6.0 0.0 26 1.3 

4.1 18.7 1.5 1.0 

11.2 0.0 6.7 1.6 

11.2 0.0 6.9 1.6 

8.7 426 4.8 1.6 

The forecasted annual drainage volume that must be manaJCd; draiDCd land 1: 0. 7S acre-feet per acre of deep pcrcolatioo 
Water supply conserved by on-fann water c:onaervation measures and management practices on problem water llnds. 

Acreage in trees and halophytes. 

Lands targeted for retirement from irrigated apiculture (exludinJ lands designated for other Ulel). 

7 Land area where pumping from the semiconfined aquifer is used to lower shallow water table below crop root zone. 
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SUMMARY AND CONCLUSIONS FROM ANALYSES OF 
SUBAREA PLANNING ALTERNATIVES 

Table 22 summarizes the major components of drainage management alternatives for the study 
area (the four subareas for which alternatives were prepared). 

The alternatives were developed to show the effects of emphasizing different strategies for 
managing drainage water. The conclusions that follow are based on analysis of the alternatives 
and are used in formulating the recommended plan presented in Chapter 6: 

• Few major differences exist among the six alternatives presented in each subarea, due 
primarily to the narrow ranges of choice actually available when physical constraints, present 
and likely environmental regulations, and costs are considered. The lack of difference is also 
due to the inclusion of source control and reuse in all alternatives. These options were 
included because they are available technologies that could be applied throughout the study 
area and because of their comparative cost advantage. 

• The opportunity for discharge of drainage water to the San Joaquin River causes the 
Grasslands Subarea to differ considerably from other subareas. 

• The planning alternatives show that the amount of water conserved by on-farm methods of 
drainage-water source control ranges from about 250,000 to 370,000 acre-feet annually by 2040. 
When land retirement and ground-water management are added to source control, the range 
of water conserved increases to 530,000 to 950,000 acre-feet annually by 2040. Water 
conserved by source control and ground-water management would benefit the water user, and 
values are taken to lower the costs of these options. It is assumed that at least 2.6 acre-feet 
per acre of water would be freed by land retirement, but no value is taken in this analysis 
because the value of the water is included in the market value of the irrigated lands to be 
purchased. 

• The analyses show how specific alternatives serve certain objectives that could be considered 
auxiliary to the objective of all plans of the Drainage Program - solving the drainage water 
problem. For example, the objective of conserving water at least cost would be served best by 
maximizing the source control and reuse options. If minimizing risk from toxicants were the 
dominant objective, then the land retirement component should be maximized. 

• A practical mix of drainage management options will not be found by formulating plans to 
adhere strictly to the criteria for performance Level A or performance Level B. However, 
analysis of alternatives formulated in that way provides a base for designing a plan that is 
more efficient than either Level A orB, or the future-without alternative. 

• Because of the complexities of the interactive factors involved in solving the drainage 
problems and the many unknowns, only limited success has been achieved in modeling the 
natural and cultural features of the problem area. This has prevented asking "what-if" 
questions that could generate an infinite number of alternatives. Professional judgment, local 
experience, and public review will evidently continue to be the most important resources in 
developing a successful plan. 
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Table 22. MAJOR FEATURES OF STUDY AREA PLANNING ALTERNATIVES 
In 1,000. 

SheRow Perfonnence Ground Und - Con-
Level and Plen AI· w- MrWCI-

Emphula w- fedH" __. w_. 
Area1 

Acre• Acree - -A:2lHIA 
Source Control 857.0 410.0 307.4 133.3 

Ground Water 857.0 410.0 307.4 132.4 
Menagement 

Lend 857.0 41D.O 307.4 124.9 
Retirement 

A:.2ll.4lt 
Source Control 999.0 898.0 673.9 369.9 

Ground Willer 999.0 898.0 673.9 286.3 
Management 

Lend 999.0 898.0 673.9 334.8 
Retirement 

li:.2ll2ll. 
Source Control 857.0 410.0 307.4 133.3 

Ground Willer 857.0 410.0 307.4 133.3 
Menagement 

Lend 857.0 410.0 307.4 114.7 
Retirement 

~ 

Source Control 999.0 8911.0 673.9 369.9 

Ground Willer 999.0 898.0 673.9 31o.3 
Management 

Land 999.0 898.0 67.3 2S4.S 
Retirement 

Irrigated land area with a depth to shallow lfOWid wala' lea than 5 feeL 

That portion of shallow water areas ckaiDecL 

Und Area of 
Undlle- Und o-1J· EJIIatlng 

uelng R• lnGGW lvepo-
Drlllnllge" ....,. 

":1" rallon 
Ponds - - Acree Acree 

29.8 0.0 7.1 4.2 

20.8 S.B S6.9 4.4 

26.9 24.1 7.7 4.0 

5L7 0.0 19.7 4.1 

33.9 0.0 310.0 4.2 

S0.1 49.9 17.7 4.0 

3Z.1 0.0 8.1 4.0 

27.1 0.0 34.2 4.3 

27.6 53.2 4.8 3.8 

53.9 0.0 19.4 4.3 

44.7 0.0 200.5 4.7 

4Z.2 219.7 13.2 4.1 

The lorecasled annual drainage oolume dull mUll be ......,..t; drained liDd • 0.75 oae-ket per"""' ol deep pen:olatioo 
VQ.ter supply conxrved by on-farm wa1tt COIIIICI"Qtioa, IDCaiW'CI aDd~~ pncticcs oa problem wa1er laods. 

Acreage in trees and haJophytea. 

6 Lands targeted foc "'tir<:mcnt from iniptcd ..,;.:.allure (codwliac laacb dcoipatcd loc mkr -~ 
7 Land area where pumping from tbe te:lllicaafiaed aquifer ii111Cd to lower sbafkJw water lable bckJw aop ['()()( zooe. 
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Chapter 6. THE RECOMMENDED PLAN 

The plan presented here is intended as a regional framework for management of drainage and 
drainage-related problems on the western side of the San Joaquin Valley. It consists of a set of 
actions that are quantified to the degree possible with information currently available. Actions 
are planned to continue over the 50-year period, from 1990, through a near-term planning horizon 
(2000), and on to a long-term planning horizon (2040). Actions are quantified and described for 
the two planning horizons. 

Under the assumptions and conditions of the plan, no decision need be made now on exporting 
salt from the San Joaquin Valley. As explained in a later section of this chapter, "Rationale on 
Salt Balance," that decision can be deferred. Most, if not all, of the actions proposed in the 
recommended plan would be required as the first phase of any out-of-valley export system. 

Uncertainties in the scientific information base, plus difficulties in forecasting human events, 
necessitate that the plan be updated from time to time as monitoring, additional studies, and local 
actions reveal new facts . 

PLAN FORMULATION PROCEDURE 
The recommended plan contains some aspects of both A and B performance levels from 
alternatives presented in Chapter 5. Performance standards used in formulating the 
recommended plan are shown in Table 23. The applicability of drainage management options in 
each water quality zone was assessed by using the performance standards (Table 24). 

The sequence of plan formulation is illustrated in Figures 28, 29, and 30. The following 
discussions are provided as a guide to the decision points and places where judgment was 
applied. A detailed and comprehensive explanation of the technical processes and data used in 
formulating the plan is set forth in a report by the SJVDP (D. G. Swain, 1990). 

Land Retirement Decisions 
Land retirement was generally considered for inclusion as a plan component on lands that are 
saline and/or difficult to drain (class 4, USBR classification, for example) and where shallow 
ground water contains high selenium levels (50 ppm or more). Such decisions must, however, be 
based on all factors at the site and on the other alternatives available for managing the drainage 
problem. They do not preclude the future option of re-establishing irrigated agriculture if 
circumstances should change. 

Source Control Decisions 
Measures to control subsurface drainage at the source should generally be applied to all lands 
with drainage problems, except those that may be retired from irrigated agriculture. The specific 
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Table 23. PERFORMANCE STANDARDS USED TO FORMULATE RECOMMENDED PLAN 

Category Fe ..... "'-*" Crttelta 

SAN JOAQUIN IUVEa 
BORON $._0.7 ppa 

near NEWMAN 
SEU!NIUMs..5ppb 

MOU'IIDENUM 5.10 ppb 

SALINITY 5.2.000 ppalUS 
SAU'udMUD BORON 5.2ppa 

S!DUGHS SEUMUM 5.2 ppb 

MOU'IIDENUM .s_10 ppb 

WATER SAUNfl'Y 5.1.250 ppalUS 

AGRJOJUURAL 
BORON.s.1ppa 

QUAUTY OR 
WATI!It 

1,250 ppa 'IllS .s.SALINITY .s.Z,SOO ppa IDS 
(mean monthly) SUPPlY 

BORON 5.2-
(wido clilutiooa 0< .-ic:ted -> 

WE"I1..AND 
SAUNfl'Y .s.l.250 ppa 1US 

WATER SUPPU" BORON.s.tppa 
SEUMUM 5.2 ppb 

REUSE OF SUBSURFACE EUCAU"PIUS TREES .s_IO.OOO ppa IDS DRAINAGE ON SAIX-
TO!JlRANT PLANIS HAWPHYlES 515.000 ppa IDS 

JNFU.JENrQUAUIY 

EVAPORATION I'OND 
SEl»>UM 5.2 ppb (No oltenla!M babilat required) 

SEUMUM >2 aDd <50 ppb (Aitenla!M babilat required) 
SEI.ENIUM .V0 ppb (No-... pontiooa ponds) 

PUMPING SEMI<DNFINED INI11ALAOUIFElt nDCitNESS ~feet 
AQUIFER. INI11AL SAUNfl'Y < 1.250 ppa IDS' 

GRASSLANDS WEllAND SUPPlY 129.000 ~-ioet per rear 
HABITAT SUIIS"ITIUIE (74,000 ..-e-ioet per Ja< oi-_,.. ..... !oc:iJilics IO provide 

WATER 
WATI!It SUPPlY at leaol SS.OOO ..-e-ioet oi opilla aDd tailwoter) 

QUANTITY WATEJI. SUPPlY R)R SUPPlY 10 ~-""'per~ per rear 
EVAPORAllON POND 

ALTERNATIVE HABITAT 

SUPPL.EMENI"AL FlSJIERY FLOWS -
sUPPU" 20.000 ..-...r.e. per rear MERCED IUVEa...., 

S'rnVINSON 
(pmridod ia Clctobo.-) 

DESIGN UMITTO REGIONAL DEEP 
UMIT JS 0.4 acre-fool per acn: per year> 

PEROOIATION 

ALTERNATIVE HABITAT EQUAL IN SIZE TO 
Wll.DUFE HABITAT EVAPORATION POND AREA WHERE 

LAND Se INFLlJEHr >2 ...s <50 .... 

LANDS wrrn 250 ppb Se CONC. IN SHAUDW 

USE 
RETIREMENI' OF UtRlGA:n!D GROUND WATI!It AND RI!Uii1VEIX IDW 

AGRIOJUURAL LANDS PRODUCDVnY (<L\SS 4) DUE TO ffiGH 
SALINITY AND POOR DRAINAGE CONDmONS 

A3 salinity of pumped waler eJr.CC:C'.ds 1.2SO ppm TDS, its u.e a irrip:tioa •a becomes limited; ~. il il c:oosKiered usable 
for very sall-loleranl crops if salinity clca .at cmeed 2,SOO ppm TDS. 

' That portion ohpplied irrigation-ti«polliosdoerootmacwltic:lt mpiradniutlo..._.....,t. Aaadditiooaol 0.1 toO.Jac-ftlaclyr 
of deep percolation is assumed to """" doontward tbrouch doe Con:oraa aay lo)<r. 
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Tobt. 24. APPUCABIUTY OF DRAINAGE MANAGEMEHT OPTIONS 
(Reconmencltd PIM Performwtee Sl8ndWds) 

Son -.Jo~Nw· Sill· H- UndReHr~ EYIIpOI'IIIIon Htw£¥11p01'MJon 
arDis- TolerMtTrt .. phytes ..... Ponct.1 

c:t'*'a•' 

Y(llltAF) X X Y(llAc.) Y(O.ItAc.) NA( > lppbSe) 

Y(l$kAF) X X NA( < SO ppb Sc) NA X 

X NR NR NR NR NR 

NR-W NR·W NR·W NR-W NR·W NR-W 

NA X X Y(SKAc.) NA NA( < 2 ppb Sc) 

NA NA( > !Ok ppm TOS) X Y(\jK Ac.) Y(O.It At.) NA(>lppbSc) 

NA X X Y(IJKAc.) NA NA( > lppbScl 

NA X X NA( <SO ppb Se) Y(0.4li:.-.c..) NA(>lppb~) 

NA X X NA( < 50 ppb Se) Y(O.SkAc.) X 

NA NA( > IOk pPm TOS) X Y{1kAc.) Y(l6kAc.) NA(>lppbSc) 

NA X X NA( < SOppbSc) Y(O.lk Ac.) NA(>2ppbSc) 

NA NA( > IOk ppm TDS) X NA( < 50ppbSc) Y(O.JkAc.) NA(>lppbSe) 

NA X X NA( <50 ppbSc) Y(O.lkAc.) X 

NA NA( > l()lr; ppm TOS) X Y(14Ac..) Y(IJk Ac) NA(>lppbSc) 

NA Nl\{ > !OK ppm TDS) X NA( <50 ppb Se) NA NA(.lppb Se) 

NA X X NA( <SO ppb Se) Y(0.2k 1\c.) X 

NA NA( > IOk ppm TOS) X 't'(8k Ac.) Y(0.2kAI:.) NA(> 2 ppbSc) 

G<ouncl 
Wllt:erMW~agerMnt 

Y(9kN:.) 

NA(200 tlthick) 

NR 

NR-W 

NA(> 2(0ftthict) 

NA( < 200 rt thick) 

Y(38k Ac.} 

Y(l.fk Ac.) 

Y(916':k) 

NA( < 200flth1Ck) 

NA( < 200 flth ick) 

Y(.HkAc.) 

Y(90k Ac.) 

NA( < 200ft thiCk) 

NA( < 200 ft thiCk) 

NA( < 200 fl thick) 

NA( < 200 ftthick) 

Applicability oC oplion depends on ~lenium cntcnon (mean 111Clntl'lly oonczntution of2 ppb) and c:nt~ra l ytar h)'droiO&Y (I986-a7) for San 1~utn Rt>'Cr 
near Nc-man Sclcntum lOad erpccttd to drop up to 50 pcra:nt by 2040 a.\ a rcwll of rem~mn&salt! trom the shallow around water and $Otis.. 

A mmbina.hon of ~50 ppb "kn11o1m conccntQliOn 1n the shallow ground water a nd relatiw:ly low land J)I"OdiKt!VItydue to hi&h wil Jail rillY and poor dratnaJC condi­
ttons (USBR C1u& • or equtvak:nt SCS sotl cla»tficauon) ...-as u~ m select lands on which tniptcd acna~lturc woukl be discontinue-d . 
Ntw cvapont iOfl ponc:h can be used ... t.en dramaae water scknrum conoxnuatiOI"I CliCCCds 2 ppb and G S50 ppb: hc'owtver. mitig:uion mca:surn uiCiuiJtnt al tcrna1ive 

habttat mU$1 be provided 
Manage wiktlife wetland area. 

X Option is applicable without any hmttat ion in iu applic.a tJOn. 
Y Option i.s appHcable but limited to the quanhtit:s and unit! ll"lt ludt:d in the partntheK• 
NA Option not applicable bec.ause it failed to meet the: performance standard in parentheses {see Table 7)or not physiClll lly available m the instances of discharge- to the 

SanJoaquinRi>'Cr 
NR Option not suaested beeaJUC incrt¥Cd comcrntion with result in& incrca.sed salinity wi ll tovoc r the likcbtMxld that drainage water can be used for wetland habttat. 
NR·W Option G not apptic3b1e since shallow ground owatu -Mthin wctlands benefiiS waterfowl. 
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Flgure28 

OVERALL PLAN FORMULATION SEQUENCE 

I Maximum Potential I 
Drainage Volume 

NO LA 
RE TIREMENT 

URCE so 
co NTROL 

Dl SCHARGE 

OUND-
TER 
NAGEMENT 

GR 
WA 
MA 

j- o.aoro.75MJk. 

Retire Lands with 
Poor Drainage 
Characteristics 

and High Selenium 

NOt 
Reduce Volume of 

Applied Water 

NOt- OAAFfk. 

Discharge 
to SJ River 

NOf 
Pump 

Semiconfined 
Aquifer 

YES 

YES 

YES 

YES 

NO+- Aquif.,thic:knta&c200ft 

RE USE 

RE USE 

APORATION EV 
SY STEM 

Irrigate 
Trees 

YES 

NO!-=+~-
Irrigate YES 

Halophytes 

NOt- ros;-
Evaporate 
Drainage 

............ Reduction of 
wlltl SMiblr 9N ~50-s. Potential 

Drainage 

~-o.&0«0.75~/k.. 

Reduction of 
Potential 
Drainage 

AMI• G.21D ot G.35 AF/k.. 

jrm;~~ Drainage -.@ -~ Assimil~ 
Reduction 

Rate = 0.4 AF/At;;. 
I 

C.poaty 

I YES 

-- Drainage 

~ 
,. 2DO ftwlltl < TOS 1250ppm 

Reduction 
( See Figure 29 ) I 

Rate = 0.4 AF/At;;. 

Drainage 
msS10K~ 

Reduction 

Rate K 5.0 AF/At;;. 

OraNge Allium FlcMo • 1.5 AFIAc. I 

TDS < 25Kcom 
Drainage 

Reduction 
Rate = 3.0 AF/At;;. 

DrUiaae Atllum Flow. 1.0 AF/Ic. I 
( See Figure 30 ) 

Salt 
Disposal 
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Figure 29 
PLAN FORMULATION SEQUENCE 

Pump Semiconfined Aquifer 

Results in some 
Pump Semiconfined ~ YES <I~ ppm 'IDS restriction on use as an 

Aquifer I irrigation supply. 

NO ll.50ppm<lDS<2SOOppm 

Oncepumpe 
Water used for irrigation 

dwater 
rates to 
TDS. 

quality deterlo 
of salt- tolerant trees or >2500ppm 
use as solar pond cover 

layers. 

I 
Cease pumping and 

I install tile drains. 

Figure 30 
PLAN FORMULATION SEQUENCE 

Evaporate Drainage 

Evaporate Drainage 

NO S.>SOppb 

2ppb<S. <SOwio- Pando ..,.,_AIDDaliw: Habiw 

Accelerated Evaporation 1-------.1 
System 

Drainage Reduction 
80% Reduced Volume 

Solar Energy Generation 1------------------111"( 
System 
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source control measures adopted will vary aa:ordin& to the types at c:rops grown and individual 
grower preferenc:e. Application of IOUI'CC c:ootrolliiCIISURI could eliminate an lMOF at nearly 
SO percent of the total problem water volume (pre-1985 c:ooditiona) by reduc:iug deep percolation 
and. hence, potential drainage water. 1bc rate at which IOUI'CC c:ootrol can be imp1cmcnted is 
generally controlled by the rate at which inYestments can be made to iJIIpnM: irription prac:tices. 
The recommended plan takes this into account. 

In the recommended plan, source control measures were not applied to water-quality Zone C and 
a portion of Zone B in the Grasslands Subarea. 1bcse zones c:ootain low seleuium and 
moderately saline water of a quality suitable for use in Mtlands c. for direct cliscbarF to the San 
Joaquin River during much of the year. 

The water collected in on-farm drains would bave four po1Sible fates: cliscbarF to the San 
Joaquin River, water supply for wildlife areas (if selenium concentration is low). reuse on 
salt-tolerant plants, and/or discharge to evaporation ponds. 

Decisions on Discharge to the San Joaquin Rmr 
The levels of performance required at the recommended plan in aff'ecliD& the quality of water in 
the San Joaquin River were determined by State water-quality objec:lna and by sc:ientific 
investigations of the U.S. Fish and Wddlife Semc:e. It was determined that the seleuium 
objectives of S ppb in the river and of 2 ppb in Mud and Salt sloughs were the moat diffic:ult 
objectives to be met. For planning. it was assumed that, if the seleuium objective were met, then 
the boron and salt objectives could also be met. 

Accordingly, the Drainage Program focused on the assimilative c:apacity at the San Joaquin River. 
The plan identifies means to collect and isolate (from wetlands) a c:omparati¥ely smaD volume of 
high-selenium water in the Grasslands Subarea. That drainaF volume 1iOUld dial be c:ooveyed 
through a rehabilitated and extended San Luis Drain for c1isc1JarBe to the San Joaquin River 
below its confluence with the Merced River. It was also decided that the plan sbould include 
supplementing the Merced River with fresh water obtained from tbc eastern side at the San 
Joaquin v.illey. 

Replacement of the contaminated agric:ultural drainaF water deliYered and Uled in Mtland areas 
before 1985 is a requirement of all plans. Mud and Salt Slougbs would not be Uled to c:oovey 
water to wildlife habitat unless the selenium concentration of tbc supply is leiS than 2 ppb. 

Reuse Decisions 

It was assumed that, with some a:epeions for the Grasslands Subuea. aD watcr collected in tile 
drains would be reused on salt-tolerant trees and balopbytes. This o••ip.wrt is included in the 
plan under the conditional requirement that monitorin& and analJses at the conc:entration of 
toxicants in biota (selenium. foc Clllalllple) would be neccauy top wamin& at any incipient 
problem and allow for remedial measures (lrecpina eucalyptus gnM:I free at fnlat litter, for 
example). Reuse would eliminate a sipificant volume of problem watcr. Tbe drainaF water 
from trees and halophytes would be disposed of in evaporation ponds and BOlar ponds. 
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Evaporation Pond Decisions 

The quality of drainage water (primarily selenium concentration) determines the selection, design, 
and operation of an evaporation system. It was assumed that all evaporation ponds would be 
designed and built according to criteria of the California Department of Fish and Game, which 
specify steep side slopes and minimum allowable pond depth (Bradford, et al., 1989). In addition, 
if influent selenium concentration is greater than 2 ppb, alternative, safe habitat equal to the pond 
area would be provided to facilitate hazing waterfowl from the pond area. If the influent 
concentration exceeds 50 ppb, an accelerated-rate evaporation pond would be used to reduce the 
required pond area because open ponds would not be considered feasible in the long run under 
these conditions. When possible, evaporation ponds would be located on the least productive 
agricultural land and at the lowest elevations of the drained areas. 

Treatment for Selenium Removal 

Although it is probable that an economical biological treatment process to remove selenium from 
drainage water will become available within the next 10 to 20 years, treatment is not included in 
the recommended plan. Instead, plan components are based on available technology. lteatment 
methods to remove selenium should be pursued and, when available, might replace or modify 
ground-water management or the evaporation processes. lteatment research should be continued 
not only on selenium removal but also on other toxic substances, such as arsenic, which are 
sometimes found in high concentrations in drainage water. 

Ground-Water Pumping Decisions 

Some growers now pump irrigation water from certain zones of the semiconfined aquifer. This 
pumping could be done in a more systematic and coordinated manner to focus specifically on 
lowering, and maintaining at lower levels, the shallow water table of drainage problem areas. 
Criteria for selecting potential pumping areas include adequate thicknesses of aquifers and water 
quality. Because pumping would eventually draw poor-quality water from higher in the aquifer 
into the producing wells, the length of time pumping could be continued was determined by the 
thickness of the aquifer zone and the rate of pumping. For an area to be included in the plan, the 
estimated life of the well field had to exceed 20 years. Application of planning criteria made a 
relatively minor amount of problem water area amenable to this component. 

Rationale on Salt Balance 

Implementation of the recommended plan would allow maintenance of a salt balance in the plant 
root zone. Primarily, this would be accomplished by source control and by drainage to remove 
shallow ground water and the salts it contains from crop root zones. This is in contrast to 
future-without conditions (described in Chapter 5), in which a salt balance could not be 
maintained and would lead to salinization and abandonment of lands within the next few decades 
because of problems associated with a persistently high water table. 

The main value of actions proposed in the recommended plan would be to reduce or dampen the 
present effects of the dissolution-evaporation cycle in which salts are precipitated in soils through 
evaporation of water from a near-surface water table. The present principal source of salts is not 
imported water but the high concentrations of natural salts that have been leached from soils 
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(particularly during the last 30 to 40 years) and arc now concentrated in shallow ground water 
(CH2M Hill, 1988). These salts tend to recycle seasonally through the soil under high water table 
conditions. 

Implementation of the recommended plan would maintain the water levels below the root zone. 
The problem water would be managed by tile drains, land retirement and ground-water pumping. 
The shallow water table would be lower and thus contribute less to evapotranspiration. 

How long can such a strategy work, since about 3 million tons of salt per year are being added to 
the shallow ground-water system of the study area? The Drainage Program's answer is based on 
the assumption that the potential to continue to store sails in the subsurface (as now occurs) will 
be approaching exhaustion when subsurface water is saturated with salts in concentrations that 
exceed 2,500 ppm. When that water-quality condition is reached in the semiconfined aquifer, it is 
theorized, it will also have contributed to increased degradation of the confined aquifer (below the 
Corcoran Clay layer). Assuming that growers will not pump water of this salt content, most of the 
beneficial hydraulic stresses that moved drainage water downward will have ended. The water 
table will rise again, and it will become difficult to manage salt in crop root zones. 

As a basis for estimating the useful life of the semiconfined aquifer, available ground-water data 
were analyzed for 1. 7 million acres of land, including all waterlogged areas. Analyses showed that 
about one-third of these lands already overlie portions of tbe semiconfined aquifer where ground 
water generally exceeds 1,250 ppm TDS. Thtal dissolved solids of 1,250 ppm is considered the 
maximum allowable limit for most irrigation use. For the remaining two-thirds of these lands, 
estimates were made of the rate at which saline ground water (greater than 2,500 ppm TDS) 
would displace the usable ground water by downward movement beneath the problem water 
areas. It was assumed that the flow in the semiconfined aquifer was essentially vertical and was 
governed by the rate of movement through the Corcoran aay. 

The rate of downward movement of salts in the semiconfined aquifer was estimated at several 
locations in each of the subarea water-quality zones. The thickness of the usable aquifer and the 
rate of movement then determined the aquifer life. Aquifer life was considered to be exhausted 
when the quality of pumped ground water exceeded 2,500 ppm TDS. From the several locations 
analyzed in each subarea water-quality zone, the minimum and maximum aquifer thickness and 
life were based on one location each. The mean aquifer thickness and life were based on all 
locations analyzed. The number of locations varied from zone to zone. Thble 25 shows the 
estimated useful aquifer life for water-quality zones in the Grasslands, Westlands, and Thlare 
subareas. The Northern Subarea is considered to be in salt balance, and insufficient information 
is available to estimate aquifer life in the Kern Subarea. 

Under the assumptions and conditions stated above, the western valley has several decades 
remaining before salt removal and/or export will be required. 

The process of salt contamination of ground water was set in motion decades ago with the onset 
of intense irrigation (Gilliom, et al., 1989a), and it will continue - to some extent - within the 
realm of probable use and management of water in the valley, regardless of the handling of the 
regional drainage problems. If it were possible to balancc salt inflow and outflow in the valley, 
this would help slow the rate of salt contamination of ground water. 
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"Rible 25. ESTIMATED USEFUL UFE OF THE SEMICONFINED AQUIFER 

Preaent Thlc:llneU - R...,ell*lg Life or Semlconllo,.d Aquifer 

Subarea Percent or w. lie an lllnlrNim llaxlmum 
Water ter Quality Tllldlneaa 0 Life' Thlelcneaa 0 Life& l'hlckneaa" UfeC 

Quality ZOne Area- (feat) (Jeara) (feat) (Je .. ) (feat) (Je .. ) 
ZOne Uaable Ground 

Water" 

GraUianda 
A 35 so 7S 3SO 525 160 2SO 

• 79 so 2S 200 100 130 6S 
c 66 so 1SO 1SO 450 90 270 

W-anda 
A 33 so 3S 200 190 1SO 110 

• 64 so 30 3SO 210 180 110 
c 70 so 30 450 270 190 11S 
D 781 so 2S 400 200 220 110 

lUI-. 
A 19 so 15 2SO 37S 12S 185 
D 100 so 2S soo 2SO 330 165 
E 88 so 2S 450 22S 335 170 

a Usable JIOUIId water roalailll le8 lbaa 1250 ppm 'IDS. 

b Th- .. fen 10 !hal pori of lbe ICmicoalllled aquifer c:oalaiainc usable pound water. 

c Ule of !be aquifer illbe ectimaled lime foe uline pound water (pater lbao 2,500 ppu 'IDS) 1o completely dioplace praenlly 
uuble pound water. in lbe ICmicoalllled aquifer. II il cak:uloled lJ)' dMdina lbe aquifer lbicknecl of, -ble JIOUIId water lJ)' 
lhe ...,nF nte of water,.,.,.._.,""'* lbe C<JmJno Cloy. II- _,nled lhal pwnpina .,_ lbe COillined aquifer be· 
neath the Corcoran Clay will be maiD&alled at curnat n.tet. 

Management of drainage problems in the manner presented in the recommended plan tends to 
enhance near-term (up to 50 years) protection of soils and off-site impacts of drainage discharges, 
while continuing to diminish the life (for direct irrigation) of westside aquifers. 

A functionally beneficial aspect of the recommended plan is that it includes the preliminaJ}' steps 
that would likely be needed when salt removal from the valley becomes necessary and feasible. 
These steps include integrated in-valley systems to collect and reduce the volume of drainage 
water, accompanied by containment and control of contaminants, such as selenium. 

PLAN FEATURES COMMON TO ALL SUBAREAS 

Several plan features are common to all subareas. The following discussion is intended to reduce 
the need for repetitive description of the recommended subarea plans. 

The features that are an essential part of the plans for all subareas (exclusive of the Northern 
Subarea) are: drainage-water source control, reduction of drainage-water volume by reuse, 
disposal of concentrated drainage-water, changes in water institutions, and monitoring of the 
drainage-water environment. 

Drainage-Water Source Control 

Improvement in the application of irrigation water to reduce the source of deep percolation has 
been shown to be· the most effective and least costly means of reducing the amount of potential 
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drainage problem water. Recognizing the necessity to leach salts past the root zone and the 
nonuniformity of soils, even in a single agricultural field, there is justifiable argument about the 
amount of improvement that can be achieved in irrigation water application to reduce deep 
percolation. Field demonstrations show, however, that irrigation water application can be 
improved (Boyle, 1990, 1989a, 1989b). 'lllrget reductions in deep percolation believed attainable 
through on-farm water conservation measures by 2000 and sustainable beyond that time are 
shown, by subarea. in lllble 26. The comparatively low target for the lblare Subarea reflects the 
average higher efficiencies in water application that prevail in that subarea now. 

lllble 28. RECOMMENDED TARGETS FOR 
REDUCTlON IN DEEP PERCOLAnON IN 2000 

Sub ..... 1Wget Reduction 
<-•-feetlecnl) 

Northern 0.0' 

GJ'IIIIands 0.35 

Westland& 0.35 

Tblare 0.20 

Kern 0.35 

• See d-for Nortbenl Subarea lllldec "Dcocriplioa aad 
BYaluarion of R_..._..... P1oa (by Subotu)" later illlhil cbaptcr. 

The target deep percolation reductions in lllble 26 are included as part of the recommended plan 
for all irrigated lands in each subarea. 

Reducing deep percolation on lands lying upslope (up the hydraulic gradient) from drainage 
problem areas would benefit downslope areas. The results of geologic investigations (Quinn, 
1990) suggest that, over decades, the aquifers above the Corcoran Oay function as a set of 
regional aquifers. Therefore, water conservation (!0 upslope areas is important, even though the 
impact on a downslope problem water area will probably not be nearly as immediate and direct 
as will water conservation practiced direc:tly on downslope lands with drainage problems. Even 
on upslope lands, which are significantly larger in total area than downslope lands, a moderate 
level of water conservation could have a significant effect on the waterlogging problems - in the 
long run. 

An exception to the universal inclusion of source control in the recommended plan is in the 
Northern Subarea and parts of the Grasslands Subarea lying in the basin trough. In these areas, 
source control is not included because of the relatively low levels of selenium occurring in the 
shallow ground water and the composition of the dissolved salts that are low in gypsum 
(WC. Swain, 1990c). Program analyses (D.G. Swain, 1990) indicate that application of source 
control in these areas would not contribute to meeting present State water quality objec;tives nor 
appreciably reduce the salt load in the San Joaquin River - assuming that the present policy 
agreement requiring releases from New Melones Reservoir remains in effect to dilute the salt load 
in the San Joaquin River. 
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Reduction of Drainage-Water Volume by Reuse 

The large volume of drainage water that is generated annually1 (from 0.60 to 0.75 foot per acre in 
the water-quality zones) presents a difficult but not insurmountable problem for in-valley 
management. Assuming that source control measures would eliminate from 0.2 to 0.35 acre-foot 
per acre, the balance of 0.40 acre-foot per acre would have to be collected and reduced in the 
most economic means available, while meeting acceptable levels of environmental protection. 

The first essential collection device in reuse is on-farm tile drains. Presently, there are only 
133,000 acres of installed drains in all the westside area. The Drainage Program projects that the 
area drained by on-farm systems will increase to about 760,000 acres by 2040 ('Thble 27). 

Table 27. PROJECTED ON-FARM TILE DRAINAGE ACREAGE 
(Acres) 

SUBAREA 1810 2000 2040 

Northern 24,000 34,000 44,000 

Grasslands 50,000 108,000 192,000 

West lands 5,000 69,000 140,000 

Thlare 43,000 96,000 277,000 

Kern 11,000 53,000 106,000 

TOTAL 133,000 360,000 759,000 

Subsurface water collected in the farm drains would be transported to the primary water 
reduction facility used in the recommended plan: salt-tolerant tree plantations and fields of 
halophytes. These plants would be irrigated with enough drainage water to leach salts from the 
root zone and meet the maximum capacity of the given species to transpire water. 1Tanspiration 
is about 5 acre-feet per acre per year for eucalyptus trees and 3 acre-feet per acre per year for 
halophytes. Drainage from the trees and halophytes would average about 1.5 acre-feet per acre 
per year for a total application rate of 6.5 and 4.5 acre-feet per acre per year, respectively. An 
acre of trees would serve an average of about 16 acres of drained cropland. The trees would be 
located as close to the drained farmlands as possible.2 The tree plantations would require 
subsurface drains, not only to remove salts from the root zone but also to provide feed water for 
the fields of halophytes, which would be located near the trees. In some parts of the Westlands, 
Thlare, and Kern subareas, drainage water would be too salty to use on trees and, therefore, 
halophytes would be the primary drainage reduction mechanism. 

The acreages of trees and halophytes required for the recommended plan are given in Thble 28. 
The atypical decline in acreages in the Grasslands Subarea is explained in the Grasslands plan 
later in this chapter. 

1 If on-farm drain> were available, the estimated YOlume in 1990 would be about 300,000 acre-feet per year. Based 
on analyses of water table measurements for 1977, 1983, and 1986-87, this YOlume is forecasted to more than 
double from 1990 to 2040. 

1 In addition to proximity to drained croplands, important land suitability criteria for the reduction facilities are: 
elevation, soils that can be drained, the absence of soil characteristi<s ad>erse to the species selected, and soils not 
suited for high-value crops. 
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lllble 28. PRIMARY DRAINAGE-WATER REDUC110N FACILITIES 
(Approlllln!D -) 

2800 2040 

Subarea 1NM Helophytea ....... Halophyte& 

Grasslands 2.400 900 1.900 700 
Westlands 3,900 2.100 8,1Dl 4,100 
Thlare 4,000 4/100 12.,300 12.300 
Kern 1,600 3,300 3,600 6,000 

TOTAL 11,900 10,!100 25,800 23,100 

Disposal of Concentrated Drairulge Water 
Other than in the Grasslands Subarea, the primary means of disposal of the residual drainage 
water and dissolved solids it contains would occur in evaporation and solar pond facilities. These 
pond systems would bear little resemblance, in structure or operation, to present evaporation 
ponds. A number of features would be c:hanged to improve their safety and efficiency. 

In the staged design of the recommended plan, ponds would follow drainage-water-volume 
reduction and, consequently, less pond area would be required than would be under current 
conditions. Compared to present pond acreages, the total acreage of ponds in 2040 would be 
about half the present, and each unit of pond area would serve about 8 to 10 times as much 
drained land as do ponds in 1990. 

The estimated life of an evaporation pond is 30 years. Old ponds would be closed safely, and new 
ponds would replace them. The pond area in 2040, by type, in each subarea, is given in Th.ble 43. 

Institutional Components 
The recommended plan contains several institutional components that are included in all 
subareas: tiered water pricing. improved scheduling of irrigation deliveries, water marketing. and 
formation of regional drainage management organizations. These are either new to the subarea or 
have never been applied at the scale that would be needed to implement this plan. 

Tiered Water Pricing 

Tiered water pricing means increasing irrigation water rates as more water is applied. This would 
provide incentives for water conservation. Although water districts are not allowed to make 
profits, water revenue surpluses could be used to help finance on-farm water conservation 
measures. Tiered water pricing is already being implemented by three water districts in the 
Grasslands Subarea. 

Improved Scheduling of Water Deliveries 

The aim of improved scheduling of water deliveries is to enable growers to obtain irrigation water 
deliveries when their land and crops need the water, not when the delivering entity can supply the 
water. In all the subarea plans, costs have been included, under the category of source control, to 

effect considerable improvements in scheduling water deliveries. These changes would build on 
the present programs of the California Department of Water Resources and several local water 
districts. 
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Water Transfers and Marketing 

This would provide incentives for water conservation, wherein local water districts and/or 
irrigators would be permitted to retain some portion of the increase in the value of water sold for 
a profit. The portion of the increase in value retained by the suppliers in a transfer would also 
help fund water conservation measures. The Department of Water Resources and the Bureau of 
Reclamation are the principal agencies that could develop and implement policies and programs 
for water transfers and marketing. 

Some transfers would require the approval of the State Water Resources Control Board. All 
transfers of State Water Project and Central Valley Project water would require, respectively, the 
authorization of the Department and the Bureau as project operator. Thomas and 
Leighton-Schwartz (1990) declare there are no serious legal impediments to the transfer of water 
made available by reclamation or conservation from drainage problem areas in the western San 
Joaquin Valley. Purpose and place of use restrictions in the CVP permits and contracts may be 
amended to facilitate transfers of project water to other uses or areas. The increases in 
repayment obligations in moving water from irrigation to municipal and industrial use do not 
appear to be substantial disincentives, according to Thomas. 

Regional Drainage Management Organizations 

Regional drainage management organizations are recommended for the Grasslands and Thlare 
subareas, with all upslope and downslope areas to be included within the boundaries of the 
organization. Such organizations would coordinate the drainage-related operations of existing 
local water entities, with respect to activities and issues that transcend local entity boundaries. 
Local water entities are in the best position to effectively manage the subsurface drainage 
problem because they deal with water throughout the hydrologic cycle in a given land area. 
Generally, they have the authority to manage drainage water; where they do not, the authority 
could be obtained through legislation. However, in recognition of hydrologic and economic 
linkages and relationships among local water entities, some drainage problems could probably be 
managed best at a regional level. For such needs, either regional entities or joint-power 
authorities could be formed. 

A regional drainage management organization could reduce drainage management costs, bring 
about coordination among several local entities, and help internalize the costs of drainage 
management. 

Westlands Water District could serve as the regional drainage management entity for the 
Westlands Subarea. In the Kern Subarea, Kern County Water Agency, through joint-powers 
agreement with the water districts or some other organizational arrangement, could serve as the 
regional drainage management entity. 

Monitoring of the Drainage-Water Environment 
The drainage problem that affects, or is related to, more than 1 million acres is not presently 
being monitored in a comprehensive, effective, and efficient manner. An extremely important 
premise underlying successful implementation of this plan is that the many facets and dimensions 
of the problem - ground-water levels, soil conditions, land uses, water quality, volume of 
drainage, conditions of evaporation ponds, impacts on biota, public health risks - must be 
monitored on a long-term, systematic basis. The objective of monitoring is to determine the effect 
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of actions and whether they should be changed. In 1990, no one can forecast with certainty what 
conditions will be in 2040. The strategy presented in this plan will, no doubt, have to be adjusted 
in response to unforeseen human events and responses of natural systems. 

DESCRIPTION AND EVALUATION OF THE RECOMMENDED PLAN 

Northern Subarea 

No actions are recommended as part of a regional plan for the Northern Subarea (Figure 31). 
This is based on two assumptions: (1) State water-quality regulations for the San Joaquin River 
will continue to allow salt discharge to the river from ground-water seepage and from surface and 
subsurface drainage water originating from irrigation in the Northern Subarea, and (2) fresh water 
will continue to be released from New Melones Reservoir to help meet State water-quality 
objectives at the Vernalis gaging station. 

It was stated earlier in this report that both a water balance and a salt balance have nearly been 
achieved under existing hydrologic eonditions in this subarea. As long as drainage water and 
seepage can be discharged to the San Joaquin River under the assumptions stated above, then no 
actions beyond those in place now would be required. However, if more restrictive objectives are 
adopted for either boron or salt in the I'Mr, this balance would have to be interrupted to reduce 
drainage water and salt and boron load. 

In the event of possible new water-quality restrictions, the following two measures would aid in 
reducing drainage discharge to the !'Mr. Source c:ootrol measures to reduce deep percolation on 
about 50,000 acres of irrigated land with water tables less than 5 feet from the surface would 
reduce drainage water inflow to the river; however, they would also increase concentrations of salt 
in the remaining subsurface draillliF water. (For estimates and calculations, see AWMS, 1987, 
and D. G. Swain, 1990). Increased pumping of deep ground water to replace some of the surface 
water currently being used for irrigation would JooM:r the high water table and reduce both 
drainage volume and seepage of salty ground water to the !'Mr. 

A measure that should be studied further in relation to more restrictive water-quality objectives in 
the San Joaquin River is pumping sballow ground water into the river during high flows to create 
underground storage space for percolating agricultural draillliF water. H feasible, this would 
improve river water quality by storing salty draillliF water during low river flow. There are 
technical problems that may be insurmountable in terms of storage space and the short periods of 
time during which the flows c:ould be aa:epted in the I'Mr (D.O. Swain, 1990). A variation of 
this option would be to intercept sballow, salty ground water moving to the river and pump it into 
surface-water storage ponds used as wildlife habitat. A possible drawback to this measure is that 
the average concentration of selenium in the inten:epted moderately deep ground water may 
exceed the selenium water-quality objectives in the I'Mr (5 ppb). The ponds could be drained to 
the river during high flows and refilled during low-flow periods. 
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Figure 31 
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Grasslands Subarea 

Figure 32 shows the shallow ground-water quality zones. Agricultural components of the 
recommended plan for the subarea are listed in Th.ble 29. Selected facilities and flows are shown 
on Figure 33. 

The agricultural components of the recommended plan for 2040 are: 

• Practicing source control on 93,600 acres of irrigated land. The amount of water 
applied to irrigate drainage problem areas would be reduced, on the average, by 
0.35 acre-foot per acre per year (a total of 32,700 acre-feet) by improving methods of 
irrigation water application, by improving scheduling of irrigation water application, 
and by tiered water pricing. 

• Reusing drainage water to Irrigate 2,600 acres of salt-tolerant trees and 
halophytes. Through installation of on-farm tile drains and conveyance facilities, 
drainage water would be collected and supplied to trees to reduce the total drainage 
volume by 10,900 acre-feet. Drains would be installed beneath the trees to collect the 
brackish water drained for subsequent use by halophytes. This would reduce the 
drainage volume by another 2, 700 acre-feet, for a total reduction of 13,600 acre-feet. 
These reuse plantations could serve individual farms or an entire water or drainage 
district and would be located on the least productive soils. Most sites would be 
located on Storie Index class 4, 5, or 6 soils on the Panoche and Little Panoche Creek 
fan rim in the eastern part of water-quality Zone A. 

• Operating 120 acres of evaporation ponds and 130 acres of solar ponds. Pond 
design and operation criteria would be consistent with State guidelines, and ponds 
would be located near tree and halophyte plantations. The volume of influent water 
evaporated annually would be about 700 acre-feet. 

• Pumping the semiconftned aquifer under about 10,000 acres of land. Due to 
natural features, this option is most feasible in the southeastern and northwestern 
portions of the subarea. The design average annual yield would be 0.4 acre-foot per 
acre of land affected, for a total management of 4,000 acre-feet of problem water. 1b 
exert this effect at the land surface, 8,000 acre-feet would have to be pumped from the 
aquifer. These lands would also have received source control (0.35 acre-foot per acre), 
but they would not be artificially drained. Pumped ground water of initial good quality 
could be used for agriculture, or fish and wildlife, or a variety of other uses. If, in 
future years, influent water to a well should contain dissolved salt in excess of 
2,500 ppm TDS, that water would be used for trees and halophytes, or as top water in 
solar ponds. This component would be applicable only in water-quality Zones A and B. 

• Retiring 3,000 acres of irrigated agricuhurallands. Lands having the combined 
characteristics of poor drainability, high salinity levels, and high levels of dissolved 
selenium (greater than 50 ppb) in shallow ground water would be retired. Only lands 
in water-quality Zone A met this criterion. 
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lllble 29. RECOMMENDED DRAINAGE MANAGEMENT PLAN 
GRASSLANDS SUBAREA (In 1000s) 

YEAR2000 YEAR2040 

AREAL PROBLEM WATER AREAL PROBLEM WATER 
APPUCATIOH REDUCTION APPLICATION REDUCTION 

PLAN OF OF 
COMPONENT COMPONENT COMPONENT 

Ac ... AF % Ac ... AF % 

ZONE A 

SOURCE CONTROL 68.9 24.0 44.4 72.0 25.1 44.3 
lAND RETIREMENT 0.0 0.0 0.0 3.0 23 4.0 
GROUND-WATER MGM'T 5.0 20 3.7 10.0 4.0 7.1 
DRAINAGE REUSE• 3.1 16.5 30.6 0.8 4.1 7.2 
EVAPORATION SYSTEM 0.18 0.8 1.5 0.12 0.2 0.4 
DISCHARGE TO SJ RIVER 26.8 10.7 19.8 525 21.0 37.0 

Total 54.0 100.0 56.7 100.0 

ZONEB 

SOURCE CONTROL 6.8 24 22.8 21.6 7.6 21.6 
lAND RETIREMENT 0.0 0.0 0.0 0.0 0.0 0.0 
GROUND-WATER MGM'T 0.0 0.0 0.0 0.0 0.0 0.0 
DRAINAGE REUSE 0.4 1.1 10.0 1.8 9.5 27.0 
EVAPORATION SYSTEM 0.01 0.1 0.6 0.12 0.5 1.4 
DISCHARGE TO SJ RIVER 9.3 7.0 66.6 23.5 17.6 so.o 

AND OR WETLANDS 
Total 10.6 100.0 35.1 100.0 

ZONEC 

SOURCE CONTROL 0.0 0.0 0.0 0.0 0.0 0.0 
lAND RETIREMENT 0.0 0.0 0.0 0.0 0.0 0.0 
GROUND-WATER MGM'T 0.0 0.0 0.0 0.0 0.0 0.0 
DRAINAGE REUSE• 0.0 0.0 0.0 0.0 0.0 0.0 
EVAPORATION SYSTEM 0.0 0.0 0.0 0.00 0.0 0.0 
DISCHARGE TO SJ RIVER 29.3 22.0 100.0 84.7 63.5 100.0 

AND OR WElt.ANDS 
Total n.o 100.0 63.5 100.0 

TOTAL 

SOURCE CONTROL 75.7 26.4 30.5 93.6 327 21.0 
lAND RETIREMENT 0.0 o.o 0.0 3.0 23 1.4 
GROUND-WATER MGM'T 5.0 20 23 10.0 4.0 26 
DRAINAGE REUSE• 3.5 17.6 20.3 26 13.6 8.8 
EVAPORATION SYSTEM 0.2 0.9 LO 0.2 0.7 0.5 
DISCHARGE TO S1 RIVER 65.4 39.7 45.9 160.6 1021. 65.7 

AND OR WETLANDS 
Total 16.6 100.0 155.4 100.0 

• Includes poleo1ial drainage from irripled qric:ultunlland - to -tall tolerant cropo. 
b luc:rcases in volume from year 2000 to )'UI' 2040 are due larply 1o im~tl forccarlcd 10 occur ~r time in the quali1y of 

shallow ground ... tor drained &om irripled lando. For data and iDietJ><etatioo 1Upponins Ibis concept,- Gilliom, et al .. (1989a) 
and Deven:land Gallathine (1988). 
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• Discharging about 102,000 acre-feet of drainage water3 to wetlands and/or the 
San Joaquin River (while meeting river water-quality standards). About 
63,500 acre-feet of subsurface drainage water of adequate quality'~ for fish and wildlife 
uses would be discharged from water-quality Zone C into Salt Slough, from which 
diversions could be made to adjacent public and private wetland management areas. 
About 17,500 acre-feet of subsurface drainage water from west of the wetland area 
(water-quality Zone B) would also be of adequate quality for use in wetland habitat 
areas. About 21,000 acre-feet of subsurface drainage water from irrigated 11!-nd 
(water-quality Zone A) south of the Grasslands wetland area would be unsuitable for 
reuse in wetlands and, therefore, would be discharged into the San Luis Drain for 
delivery to the San Joaquin River below its confluence with the Merced River. The 
sediments removed from the drain would be placed within the Kesterson Reservoir 
disposal area and treated as the Kesterson sediments were managed in that cleanup 
effort. The amount of drainage water discharged is limited by the river criteria near 
Newman (Table 7). The San Luis Drain would be cleaned of sediments and modified 
structurally to receive drainage from water quality Zone A at a point near South Dos 
Palos, and the drain would be extended to the San Joaquin River, below the confluence 
of the Merced River. The Main, Panoche, Hamburg, and Charleston drains would be 
interconnected and routed to the San Luis Drain near South Dos Palos. The San Luis 
Drain thus would become the means by which a portion of the contaminated 
subsurface drainage now entering the South Grasslands area would be re-routed 
around the wetlands. 

Management of agricultural drainage problems and protection, restoration, and substitute water 
supplies for fish and wildlife are planned as complementary activities. The interception of 
contaminated subsurface drainage water currently discharged into waterways of the Grasslands 
wetland area would make available nontoxic tailwater, operational spiUs, and nontoxic subsurface 
drainage for use in the wetlands. 

Plan components for protection, restoration, and substitute water supplies for fish and wildlife in 
the Grasslands Subarea are shown on Figure 33 and discussed in the following subsections. 

• Providing, on a firm basis, 129,000 acre-feet per year of adequate-quality water from 
existing sloughs, ditches, and canals that serve the Grasslands area. This volume is 
the average amount of surface and subsurface drainage water diverted to the wetlands 
before 1985, when use of the contaminated drainage water for wetland management 
was discontinued. It is assumed that the quantity and quality of tailwater, operational 
spills, and local runoff will continue to be suitable for fish and wildlife water supplies 
throughout the period of the plan. The 129,000 acre-feet of water could be obtained 
by: 

1 Assumption used to calculate the YOiumc of draiiiiiJC water dilcharJed: (a) Oly-year hydrology similar to the 1986-87 
water year, (b) existing 150 ppb aclenium in 111~ draiiiiiJC water, deaalccl to 15 ppm by 2040, and (c) S ppb 
aclenium criteria in the San Joaquin Ri\ocr near Newman. 

' TDS less than 1,250 ppm, boron less than 1 ppm, and aclenium less than 1 ppb. 
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Providing up to about 74,000 acre-feet from the Central Valley Project through the 
Dclta·Mendota Canal for divcnion into wetland areas. 

Delivering an average of 45,000 acre-feet of tailwatcr, operational spiUs, and local 
runoff of adequate quality from water-quality Zone C to Salt Slough for usc in 
wetlands. 

Delivering up to 10,000 acre-feet of tailwater, operational spiUs, and local runoff 
from water-quality Zone 8 to Los Banos Creek and vicinity. 

• Providing the facilities necessary to deliver 74,000 acre-feet of substitute water, 
including a Delta-Mendota Canall\Jrnout with a capacity of 200 cubic feet per second 
and 1. 7S miles of 200-cfs canal and siphons, to the wetlands of South Grasslands. 

• Providing facilities to intercept all subsurface drainage water now being discharged 
from water-quality :wne A into open channels in the Grasslands; facilities would also 
be provided to convey this water to the San Luis Drain near South Dos Palos. 

• Using an estimated 63,500 acre-feet of subsurface drainage water from water-quality 
Zone C, and 17,500 acre-feet of subsurface drainage water from Zone 8, by 2040, in 
wetlands. Most of this water would flow by gravity to Salt and Mud sloughs, where it 
would be conveyed to public and private wetlands. 

• Providing. on a firm basis, an additional 20,000 acre-feet of fresh water to supplement 
October flows in the Merced River. This would minimize the straying of migrating 
adult salmon into the Grasslands instead of into the natural spawning grounds in the 
Merced River. This water must be obtained by purchasing surface or ground water 
from water-rights holders in the Merced River drainage or by extending the northern 
end of the Friant-Madera Canal into the Merced River watershed so that water stored 
behind Friant Dam could be delivered to the Merced River. Purchasing water in the 
Merced River drainage appears to be the most economical approach. 

• Providing alternative wetland habitat near evaporation ponds. Because the selenium 
concentrations in the evaporation ponds would cxcccd 2 ppb, a hazing program would 
be required to discourage bird usc. ln addition, wetland habitat (one acre for each 
acre of evaporation ponds) would be developed close to the evaporation ponds to offer 
alternative clean habitat for hazed birds. Each acre of alternative habitat would 
require about 10 acre-feet of water per year. 

Assessment of Plan Features and Their Effects 

The plan for the Grasslands Subarea relies on the continued discharge of subsurface drainage 
water to the San Joaquin River, either directly to the river or through sloughs and wetlands. The 
opportunity for the discharge of contaminated subsurface drainage water depends on the flows in 
the San Joaquin River, the concentrations of contaminants in the subsurface drainage water, and 
the limiting water-quality objective at the point of discharge. Interception of contaminated 
subsurface drainage water south of the Grasslands Subarea and delivery to the San I.:uis Drain 
near South Dos Palos for conveyance to the San Joaquin River below the Merced River are key 
features of the plan. The removal and disposal of sediments within the San Luis Drain are 
necessary conditions for use of the drain as a plan component. 
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About half the subsurface drainage water would be suitable as a fish and wildlife water supply. 
Under conditions of the recommended plan, the quality of water delivered to the wetlands would 
be the best-quality water delivered since subsurface drainage was first introduced to the marsh 
area, and the volume (more than 129,000 acre-feet) would approximate the optimal water 
requirement for wildlife habitat in the subarea. Construction of the proposed wetland 
water-supply intertie facilities would provide the flexibility needed to ensure that the water would 
be delivered on an optimal schedule, assuming sufficient water is available in the Delta and 
sufficient capacity in the Delta-Mendota Canal to deliver the substitute water. 

'Thble 30 compares the recommended plan features with those of the present and projected 
future-without conditions. The recommended plan would keep about 36,000 more acres of 
existing irrigated agricultural lands in production than under future-without conditions. 

The annualized costs of the components of the recommended plan for the Grasslands Subarea are 
presented in 'Thble 31. The category ~Agricultural Drainage" comprises all drainage-related 
components of the recommended plan, except on-farm drainage systems. ~On-Farm Drains" 

-..tile 30. COMPARISON 01' PLAN WITH PRESENT AND I'UTURE-wrTHOUT CONDmONS, 
GRASSLANDS SUBAREA 

In 1,000S 

PreMnl Fulwe- Recommended 
nem (11180) Wllhoul Pill! 

(2040) (2040) 

Agrlcullur1ll Unci Aru (-) 

lnipble ........ 1W'81 Land 36S 303 339 
DniJIIFreule 0 2 J 
Abmldoned and/or JCtin:d ..,....ltunl land 0 40 J 
E...,.,..tion SyAcm 

Nontadc noporation pond 0.00 0.00 0.00 
'lblie noporation pond 0.10 11.20 0.12 
Accclcralcd cvoporation pond 0.00 0.00 0.02 
Solar pond 0.00 0.00 0.13 

E.aporation pond ohematne habitat 0.00 0.00 0.12 
Urban~ 0 20 20 

TOTAL• :M5 :M5 :M5 
Wlkllr. .-... (-) • 

Wctlando 68.0 24.0 ss.o 
Other 29.0 n.4 4L4 

Abandoned wildlife - 0.0 0.6 0.6 
TOTAL t?.e f7.0 ,7.0 

w- l'rHd 1n Adclrnelng Dr...,.. Problema 0 122" SS" 
(-..mt) 

l'lrm w- Supply for w... Arue (~ 
.,., .,., 226 

w- 1upp1r for hllpor811on Pond AJ~em~ewe 0 0 1 
Hllblllll(-.feel) 
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includes the installation of new on-farm dJaiDaF systems from 1991 to 2040 and the annual 
operation from 1991 to 2040 of the .-ly iDstallcd drains and those already operating in 1990. 
"Fish and Wildlife" comprises the costa of c:onst:ructing and operating facilities and purchasing 
water to deliver clean replacement water to waterfowl habitat formerly supplied with 
contaminated drainage water. 

One-time costs include those for installation of facilities and purchase of land retired from 
irrigated agriculture. Costs _were annualized. using an interest rate of 10 percent to reflect 
opportunities available to growers and a SO-year planning period. The grand total cost for the 
Grasslands Subarea would amount to about $107 per acre of problem farmland served by 
components of the recommended plan. This includes the cost of the fish and wildlife 
components. If these costs were separated, the per-acre cost to farmland served would be $81. 

Included in the total cost is a provision ncce&Sal)' to mini~ the risks to wildlife from 
evaporation ponds. The ponds in whi<:h the selenium level exceeded 2 ppb (the level assumed to 
be safe for wildlife) would include special features, such as steep side slopes, increased depth, 
hazing. and alternative habitat. 

Table 31. ANNUALIZED COSTS OF THE RECOMMENDED PLAN FOR THE GRASSLANDS SUBAREA 

AGRICULTURAL DRAINAGE 

~: 

Source control 
Reuse 
Evaporation 
Ground-water....._­
Land .-.:tirement 
San l.uis Drain 

Subtolal · 

Operation. mojptenang;.mJ rm'e em nt 
Source control 
Reuse 
Evaporation 
Ground-water m.._-nl 
Land retirement 
San Luis Drain 

SvbiOial 

Tolal 

ON-FARM DRAINS 

Installation 
Operation, maintcnana:, and tq>lacement 

1blal 

FISH AND WILDUFE 

Installation 
.Operation, maintenana:, and tq>lacement 
Water supply 

GRAND TOTAL 

143 

s 622,000 
845,(01 
224,(01 
193,(01 
SS,(Ol 

...l.JIII.IIII 
$4,239,(01 

$1,232.000 
145.000 
239,(01 
S49,(01 

6,000 
_.l2ll.lllll 

$2,561,000 

$ 6,800,000 

$2,653,(01 

~ 

$ 3.237.000 

S IS3,(01 
1B,OOO 
~ 

1..l.112JXlQ . 
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Westlands Subarea 

Figure 34 shows the location of the ground-water quality zones within the subarea. Agricultural 
components of the recommended plan for the subarea are shown on 1llble 32. 

The agricultural components of the recommended plan for 2040 are: 

• Practicing source control on 159,300 acres of irrigated land. The amount of 
applied irrigation water would be reduced by 0.35 acre-foot per acre per year (a total 
of 55,800 acre-feet) by improving methods of irrigation water application, improving 
scheduling of irrigation water application, and tiered water pricing. 

• Reusing drainage water to irrigate about 12,100 acres of salt-tolerant trees and 
halophytes. Through installation of on-farm tile drains and conveyance facilities, 
drainage water would be collected and supplied to trees to reduce the total drainage 
volume by 45,700 acre-feet. Drains would be installed beneath the trees to collect the 
brackish water for direct use by halophytes. This would reduce the drainage volume 
by another 15,300 acre-feet, for a total reduction of about 61,000 acre-feet. These 
reuse plantations could serve individual farms or an entire water or drainage district. 
They would be located on the least productive soils, with most sites on class 4 soils on 
the alluvial fan rims. These soils occur in the eastern part of the subarea near the San 
Luis Drain. Existing collector drains and the San Luis Drain would be used to convey 
drainage water to reuse plantations. 

• Operating 400 acres of evaporation ponds and about 1 ,500 acres of solar 
ponds. Pond design and operation criteria would be consistent with State guidelines, 
and the ponds would be located close to tree and halophyte plantations. About 
200 acres of additional land would be used for accelerated-rate evaporation facilities. 

• Pumping the semlconfined aquifer under about 19,000 acras of land. Due to 
natural features, this option is most feasible in the southeastern portion of the 
subarea. The design average annual yield would be 0.4 acre-foot per acre of land 
affected, for a total management of 7,600 acre-feet of problem water. Th exert this 
effect at the land surface, 16,000 acre-feet would have to be pumped from the aquifer. 
These lands would also have received source control (0.35 acre-foot per acre), but they 
would not be artificially drained. Pumped ground water of initial good quality (some 
16,000 acre-feet) could be used for agriculture, or fish and wildlife, or a variety of 
other uses. If, in future years, influent water to a well should contain dissolved salt in 
excess of 2,500 ppm, that water would be used as a supply for trees and halophytes, or 
as top water in solar ponds. 

• Retiring 33,000 acres of irrigated agricultural lands. Lands having the combined 
characteristics of low productivity, poor drainability (USBR class 4 lands), and high 
levels of dissolved selenium (greater than 50 ppb) in shallow ground water would be 
retired. A part of water-quality Zones A, B, and C would be retired. 
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Tllble 32. RECOMMENDED DRAINAGE MANAGEMENT PLAN 
WESTLANDSSUBAREA 

(In 1000s) 

YEAR 2000 YEAR2040 

ARI!AL PROBLEM WATER 
APPt1'8t10N 

PROBLEM WATER 
PLAN APPUCATION REDUCTION REDUCTION 

COMPONENT Of OF 
COMPONENT COMPONENT 

A<no "' ... A<no "' ... 
ZONE A 

SOURCE CONfROL 11.2 3.9 30.2 25.3 8.9 36.6 
lAND RETIREMENT 5.0 3.8 29.4 5.0 3.8 15.4 
GROUND-WATER MGM"T 0.0 0.0 0.0 0.0 0.0 0.0 
DRAINAGE REUSE' 1.0 4.9 38.1 2.2 11.1 45.5 
EVAPORATION SYSTEM 0.06 0.3 2.3 0.27 0.6 2.5 

1btal t:U 100.t 24.4 100.0 

ZONEB 

SOURCE CONfROL 12.3 4.3 28.0 21.7 7.6 26.3 
lAND RETIREMENT 7.0 5.3 34.1 15.0 11.2 38.8 
GROUND-WATER MGM"T 0.0 0.0 0.0 0.0 0.0 0.0 
DRAINAGE REUSE' 1.2 s.o 32.7 2.0 8.8 30.4 
EVAPORATION SYSTEM 0.07 0.8 5.2 0.94 1.3 4.5 

Total 15.4 100.0 28.89 100.0 

ZONEC 

SOURCE CONfROL 44.4 15.5 38.9 81.8 28.6 37.9 
lAND RETIREMENT 6.0 4.5 11.3 13.0 9.8 12.9 
GROUND-WATER MGM"T 10.0 4.0 10.0 11.0 4.4 5.8 
DRAINAGE REUSE' 2.7 15.1 37.8 6.0 31.2 4L3 
EVAPORATION SYSTEM 0.18 0.8 2.0 0.78 1.6 2.1 

1btal J9.9 100.0 7U 100.0 
ZONED 

SOURCE CONfROL 16.2 5.7 44.0 30.5 10.7 44.0 
lAND RETIREMENT 0.0 0.0 0.0 0.0 0.0 0.0 
GROUND-WATER MGM"T 5.0 2.0 15.4 8.0 3.2 13.2 
DRAINAGE REUSE' 1.0 5.0 38.3 1.9 9.9 40.7 
EVAPORATION SYSTEM 0.06 0.3 2.3 0.13 0.5 1.3 

1btal 13.0 100.0 24.3 100.0 

TOTAL 
SOURCE CONfROL 84.1 29.4 36.3 159.3 SS.8 36.4 
lAND RETIREMENT 18.0 13.6 16.7 33.0 24.8 16.1 
GROUND-WATER MGM"T 15.0 6.0 7.4 19.0 7.6 s.o 
DRAINAGE REUSE' 5.9 30.0 36.9 12.1 61.0 39.9 
EVAPORATION SYSTEM 0.4 2.2 2.7 1.0 4.0 2.6 

1btal ll.l 100.0 153.2 100.t . .. 
Includes drainage from ltTlpled apiculturol land .-1 to - oa1t tolcnnt "-
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Assessment of Plan Features and 'Tllelr Effects 

Thble 33 compares the recommended plan features with those of present and projected future 
conditions without a plan. Compared to future-without conditions, the recommended plan would 
maintain about 100,000 more acres of e:Dsting irrigated agricultural lands in production. By 2040, 
the plan would result in the conservation or development of 181,000 acre-feet of water through 
implementation of plan components (such as source control, conversion of land to reuse drainage 
water, land retirement, and ground-water pumping) on drainage problem areas. 

Table 33. COMPARISON OF PLAN WITH PRESENT AND FUT\JRE-wrTHOUT CONDmONS 
~NOS SUBAREA 

In 1,0008 

Present 
Future- Recommended 

hem WHhout Plan (19110) (2040) (2040) 

Agricultural Lend Area (acrea) 

Jrrigable agricultural land 640 489 590 
Drainage reuse 0 6 12 
Abandoned and/or retired B&riaJituralland 0 140 33 
Evaporation System 

Nonlol<ic evaporation pond 0.00 0.00 0.00 
TOlric evaporation pond o.so 0.20 0.40 
Aa:elerated evaporation pond 0.00 0.00 0.20 
Solar pond 0.00 0.00 1.52 

Evaporation pond alternative habitat 0.00 0.00 0.40 
Urban expansion 0 5 5 

TOTAL" 640 640 640 

Wildlife Areu (acrea) • 

Wetlanda Q.1 0.1 0.1 
Other 0.4 0.4 0.4 
Abandoned wildlife areu 0.0 0.0 0.0 

TOTAL 1.5 0.5 0.5 

Water Freed In Addreaalng Drainage - 0 390' 189" 
(acre-feat) 

Firm Water Supply for~ Areu (~ 0 0 0 
Water Supply for Evaporation Pond Allemllllve 0 0 4 

Habitat (acre.feet) 

Evaporation l)'ltems are loca1ed oo ailtiDa poad.lilcl or oa Rliml or DODinipblc laods. 10 are not included in '1btal." 
t. Federal and Stace wildlife areaa, priw:lc duct dahl. 8Dd oCbet private wilcllife area 
' lndud<s iac:raoed co.....-1 warer tbloup - -""'"" .............. tee Iondo and firlllwater 111pply fn:ed by land 

abandoruneot and t:OIMnioa ol crop lud to-t CI'OIIL 
• loclud<s iac:raoed conae....t warer throup .,... -""' "" ........... ""tee laDdo; finD warer 111pply fn:ed by land n:tire· 

meat and coavenion of cropland to talt·101enat CI'Opl: ud pouad water pumped to CODtcol water leYcb: within problem 
w.ater area. 

The annualized costs of the components of the recommended plan for the Westlands Subarea are 
presented in 'Illble 34. The category "Agricultural Drainage" comprises all drainage-related 
components of the recommended plan, ea:ept on-farm drainage systems. "On-Farm Drains" 
includes the installation of new on-farm drainage systems from 1991 to 2040 and the annual 
operation from 1991 to 2040 of the newly installed drains and those already operating in 1990. 
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One-time costs include those for installation of facilities and purchase of land retired from 
irrigated agriculture. Costs were annualized, using an interest rate of 10 percent to reflect 
opportunities available to growers and a 50-year planning period. 

The grand total cost for the Westlands Subarea amounts to about $136 per acre of problem 
farmland served through the components stipulated in the recommended plan. 

Included in the cost is a provision necessary to minimize the risk to wildlife from evaporation 
ponds. The ponds in which the influent selenium level exceeded 2 ppb (the level assumed to be 
safe for wildlife) would include special features, such as steep side slopes, increased depth, hazing, 
and alternative habitat. 

lllble 34. ANNUALIZED COSTS OF ntE RECOMMENDED PLAN 
FOR ntE WESTLAND$ SUBAREA 

AGRICULTURAL DRAINAGE 

~= 

Source control 
Reuac 
Evaporation 
Ground-water manap:mcnt 
Land retirement 

Subtotal 

Qpemtkm maintcnBJG NJd rmJaccmcnt 

ON-FARM DRAINS 

Source control 
Reuse 
Evaporation 
Ground-water manap:mcnt 
Land retirement 

Subtotal 

Installation 

Total 

Operation, maintenance, and replacement 

Thtal 

GRAND TOTAL 

148 

s 829.000 
1,801.000 

'l02,1XXl 
319,1XXl 

...l.2JilJDI 

SS,581,1XXl 

s 1,588,1XX) 
626.000 
S96,000 
903,1XXl 

......DJIXI 

$3,92l,IXXl 

$3,008,1XX) 
__3SS.DW 

s 9,502,1XXl 
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Figure 35 shows the location of the ground-water quality zones within the subarea. Agricultural 
components of the recommended plan fOI' the subarea are listed in 'Dlble 35. 

The agricultural components of the rec:ommended plan for 2040 are: 

• Prectlclng source control on 318,700 acrea of Irrigated land. The amount of 
applied irrigation water will be mluced by 0.20 acre-foot per acre per year (a total of 
63,200 acre-feet) by improving methods of irrigation water application, improving 
scheduling of irrigation water application. and tiered water pricing. 

• Reusing drainage -ter to lrrig8te 24,500 acres of salt-tolerant trees and 
halophytes. Through installation of on-farm tile drains, drainage water would be 
collected and supplied to trees to mluce the total drainage volume by 68,900 acre-feet. 
Drains would be installed beneath the trees to collect the brackish water for direct use 
by halophytes. This would rCduce the drainage volume by another 44,400 acre-feet, for a 
total reduction of 113,300 acre-feet. 1bese reuse plantations could serve individual farms 
or an entire water or drainage district. They would be located on the least productive 
soils, with most sites on class 4, S, and 6 soils (Storie Index) on the basin rim. 

• Operating 3,000 acres of evaporation ponds.5 Pond design and operation criteria 
would be consistent with State guidelines, and the ponds would be located close to tree 
and halophyte plantations. 

• Pumping the samiconfined aquifer under about 40,000 acres of land. Due to 
natural features, this option is most feasible in the northern part of water-quality 
Zones D and E. The design avcrqc annual yield would be 0.4 acre-foot per acre of land 
affected, for a total management of 16,000 acre-feet of problem water. Th exert this 
effect at the land surface, 32,000 acre-feet would have to be pumped from the aquifer. 
These lands would also have m:eivcd source control (0.20 acre-foot per acre), but they 
would not be artificially drained. Pumped ground water of initial good quality could be 
used for agriculture, or fish and wildlife, or a variety of other uses. If, in future years, 
influent water to a well should contain dissolved salt in excess of 2,500 ppm, that water 
would be used for trees and halophytes. 

• Retiring 7,000 acree of Irrigated agricultural Iande. Lands having the combined 
characteristics of low productivity, poor drainability (Storie Index 4, S, and 6 lands), and 
overlying high selenium (greater than SO ppb) in shallow ground water would be retired. 
All the lands lie within water-quality Zone B. 

S No solar ponds arc included because Alinity~ -ld probobly be too low to support them. 
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nble 35. RECOMMENDED DRAINAGE MANAGEMENT PLAN 
TULARE SUBAREA 

(In 1000a) 

YEAR- YEAR2040 

AREAL PROBLEM WATER AREAL PROBLEM WATER 
APPUCATIOII REDUCTION APPUCATION REDUCTION 

OF OF 
PLAN COIIPOIIEIIT COIIPOIIENT 

COMPONENT - ,., ~ """" 
,., .. 

ZONE A 
SOURCE CONTROL 60.9 122 30.8 169.5 33.9 30.8 
lAND RETIREMENT 0.0 0.0 0.0 0.0 0.0 0.0 
GROUND-WATER MGM'T 20 0.8 20 3.0 1.2 1.1 
DRAINAGE REUSE 5.0 25.2 63.7 14.0 71.3 64.7 
EVAPORATION SYSTEM D.34 1.4 3.5 0.96 3.8 3.4 

Total 39.6 100.0 110.2 100.0 
ZONEB 

SOURCE CONTROL 25.0 5.0 30.3 63.2 126 27.4 
lAND RETIREMENT 0.0 0.0 0.0 7.0 4.2 9.2 
GROUND-WATER MGM'T 0.0 0.0 0.0 0.0 0.0 0.0 
DRAINAGE REUSE 2S 9.0 54.5 6.3 228 49.7 
EVAPORATION SYSTEM 0.62 25 15.2 1.58 6.3 13.7 

Total 16.5 100.0 45.9 100.0 

ZONEC 
SOURCE CONTROL 1.5 0.3 27.3 4.1 0.8 29.6 
lAND RETIREMENT 0.0 0.0 0.0 0.0 0.0 0.0 

GROUND-WATER MGM'T 0.0 0.0 0.0 0.0 0.0 0.0 
DRAINAGE REUSE Q.2 0.6 54.5 0.4 1.5 55.6 
EVAPORATION SYSTEM 0.114 0.2 18.2 0.10 0.4 14.8 

Total 1.1 100.0 2.7 100.0 
ZONED 
SOURCE-CONTROL 6.9 1.4 31.1 19.7 3.9 31.4 
lAND RETIREMENT 0.0 0.0 0.0 0.0 0.0 0.0 
GROUND-WATER MGM"l 20 0.8 17.8 10.0 4.0 323 

DRAINAGE REUSE 0.5 1.8 40.0 1.0 3.5 28.2 
EVAPORATION SYSTEM o.u o.s 11.1 0.24 1.0 8.1 

Total 4.5 100.0 12.4 100.0 
ZONEE 

SOURCE CONTROL 221 4.4 326 60.2 120 31.8 
lAND RETIREMENT 0.0 o.o 0.0 0.0 0.0 0.0 

GROUND-WATER MGM'T 16.0 6.4 47.4 27.0 10.8 28.6 
DRAINAGE REUSE o.s 26 19.3 28 14.2 37.5 
EVAPORATION SYSTEM 0.114 0.1 0.7 0.15 0.8 21 

Total 13.5 100.0 37.8 100.0 

TOTAL 
SOURCE CONTROL 116.4 23.3 31.0 316.7 63.2 30.2 
lAND RETIREMENT 0.0 0.0 0.0 7.0 4.2 20 
GROUND-WATER MGM'T 20.0 8.0 10.6 40.0 16.0 7.7 
DRAINAGE REUSE 8.7 39.2 521 24.5 113.3 54.2 
EVAPORATION SYSTEM 1.2 4.7 6.3 3.0 123 5.9 

Total 75.2 100.0 209.0 100.0 
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Assessment of Plan Features and Their Effects 

'Thble 36 compares the plan features with those of present and projected future conditions without 
the plan. Compared to future-without conditions, the recommended plan would maintain 166,000 
more acres of existing irrigated agricultural lands in production. By 2040, the plan would result in 
the conservation or development of about 164,000 acre-feet of water through implementation of 
plan components (such as source control, conversion of land to reuse of drainage water, land 
retirement, and ground-water pumping) on drainage problem areas. 

The annualized costs of the components of the recommended plan for the Thlare Subarea are 
presented in Table 37. The category ·~gricultural Drainage" comprises all drainage-related 
components of the recommended plan, except on-farm drainage systems. ''On-Farm Drains" 
includes the installation of new on-farm drainage systems from 1991 to 2040 and the annual 
operation from 1991 to 2040 of the newly installed drains and those already operating in 1990. 

One-time costs include those for installation of facilities and purchase of land retired from 
irrigated agriculture. Costs were annualized, using an interest rate of 10 percent to reflect 
opportunities available to growers and a 50-year planning period. 

Table 36. COMPARISON OF PLAN WITH PRESENT AND FUTURE-WITHOUT CONDmONS 
TULARE SUBAREA 

In 1,000S 

Present 
Future- Recommended 

Item 
(1990) 

Wl1hout Plan 
(2040) (2040) 

Agricultural Land Area (acres) 

lrrigable agricultural land 612 406 572 
Drainage Reuse 0 11 25 
Abandoned and/or retired agricultural land 0 190 7 
Evaporation system 

Nontoxic evaporation pond 0.80 0.50 0.20 
Toxic evaporation pond 4.10 0.90 2.90 
Accelerated Evaporation pond 0.00 0.00 0.00 
Solar pond 0.00 0.00 0.00 

Evaporation pond alternative habitat 0.00 0.00 2.90 
Urban expansion 0 s s 

TOTAL• 611 611 611 

Wildlife Areas (acres)• 

Wetlands 1.7 0.0 0.0 
Other 7.7 9.3 9.3 
Abandoned wildlife areas 0.0 0.1 0.1 

TOTAL 9.4 u 9.4 

Water Freed In Addresslng Drainage Problema 0 454' 1644 

(acre-feet) 
Firm Water Supply for Wildlife Areas (acre-feet) 0 0 0 
Water Supply for Evaporation Pond Alternative 0 0 7f} 

Habitat (acre-feet) 

Evaporation systems are located on existing pond lites or on retired or DOninigablc lands, so are not iadudcd in 1btal.'" 
Federal and State wildlife areas, private duck clubs, and other private wik11ife areas. 

c Includes increased conserved water 1brough source control on problem water lands and finn water supply freed by land 
abandonment and conversion of crop land 1o u1Holeran1 crops.. 

d Includes increased conserved water through source control on problem wa1er lands; firm water supply freed by land retire­
ment and conver3ion or cropland to saiHoleranl crops; and ground water pumped to oontrol water ~~~ within problem 
water areas. 
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-..tile 37. ANNUALIZED COSTS OF ntE RECOMMENDED PLAN 
FOR ntE TULARE SUBAREA 

AGRICULTURAL DRAINAGE 

~ 

Source amtrol 
Reuac 
Evoporation 
Ground-water IIWIIFntent 
Land n:lin:ment 

Subtolal 

cmmDon main"""'G end nm)pmcnt: 

ON-FARM DRAINS 

Source oontrol 
Reuac 
Evoporation 
Ground-water mlftiFJilC'nl 
Land n:lin:ment 

Sublolal 

Irwlallalion 
Operation, maintenance. ond replacement 

1blal 

GRAND TOTAL 

Sl.lll,OOO 
3,11l,ll00 

396,000 
m.ooo 
~ 

$5,444.000 

$2,450,000 
99'2,000 
24l,ll00 

1,441,000 
~ 

$5,135,000 
$10,519,000 

The grand total cost for the 'Iillare Subarea amounts to about $104 per acre of problem farmland 
served through components included in the recommended plan. 

Included in the cost is a provision necessary to minimize the risk to wildlife from evaporation 
ponds. The ponds in which the influent selenium leYel elrCeeded 2 ppb (the level assumed to be 
safe for wildlife) would include special features, such as steep side slopes, increased depth, hazing. 
and alternative habitat. 

Kim Subtuea 

Figure 36 shows the location of the ground-water quality zones within the subarea. Agricultural 
components of the recommended plan for the subarea are shown on 'Dlble 38. 

The agricultural components of the recommended plan for 21l40 are: 

• Practicing aource control on 105,to0 acrea of Irrigated land. The amount of 
applied irrigation water will be reduced by 0.35 acre-foot per acre per year (a total of 
37,100 acre-feet) by improving methods of irrigation water application, improving 
scheduling of irrigation water application, and tiered water pricing. 
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Table 38. RECOMMENDED DRAINAGE MANAGEMENT PLAN 
KERN SUBAREA 

(In 1000s) 

YEAR 2000 YEAR2040 

AREAL 
AREAL 

APPUCATION PROIIL.£11 WATER APPUCATION PROBLEM WATER Of REDUCTION PLAN OF REDUCTION COMPONENT COMPOfiENTS COMPOfiENT 

..u ... IJ .. """" lt.F .. 
ZONE A 

SOURCE CONTROL 7.5 26 325 1.1 0.4 21 
lAND RETIREMENT 22 1.7 21.2 24.0 18.0 95.4 
GROUND-WATER MGM'T 0.0 0.0 0.0 0.0 0.0 0.0 
DRAINAGE REUSE 0.8 29 36.3 0.1 0.4 20 
EVAPORATION SYSTEM 0.15 0.8 10.0 0.08 0.1 0.5 

Total 8.0 100.0 11.9 100.0 

ZONEB 

SOURCE CONTROL 7.8 27 422 18.8 6.6 426 
lAND RETIREMENT 0.0 o.o 0.0 0.0 0.0 0.0 
GROUND-WATER MGM'T 0.0 0.0 0.0 0.0 0.0 0.0 
DRAINAGE REUSE 0.8 29 45.3 1.9 7.0 45.3 
EVAPORATION SYSTEM 0.19 0.8 125 0.47 1.9 121 

10tal 6.4 100.0 15.5 100.0 

ZONEC 

SOURCE CONTROL !3.4 4.7 43.1 324 11.3 43.1 
lAND RETIREMENT 0.0 0.0 0.0 0.0 0.0 0.0 
GROUND-WATER MGM'T 0.0 0.0 0.0 0.0 0.0 0.0 
DRAINAGE REUSE 1.1 5.9 54.2 27 14.2 54.2 
EVAPORATION SYSTEM 0.08 0.3 27 0.19 0.7 27 

Total 10., 100.0 26.2 100.0 

ZONED 

SOURCE CONTROL 24.4 8.5 41.0 53.6 18.8 37.5 
lAND RETIREMENT 0.9 0.7 3.4 8.0 6.0 120 
GROUND-WATER MGM'T 0.0 0.0 0.0 0.0 0.0 0.0 
DRAINAGE REUSE 23 10.0 48.4 5.0 220 43.9 
EVAPORATION SYSTEM 0.34 1.5 7.2 1.57 3.3 6.6 

10tal :M.7 100.0 50.1 100.0 

TOTAL 

SOURCE CONTROL 53.1 18.5 40.2 105.9 37.1 33.5 
lAND RETIREMENT 3.1 24 5.1 320 24.0 21.7 
GROUND-WATER MGM'T 0.0 0.0 0.0 0.0 0.0 0.0 
DRAINAGE REUSE 5.0 21.7 47.3 9.7 43.6 39.4 
EVAPORATION SYSTEM 0.8 3.4 7.4 23 6.0 5.4 

10tal 46.0 100.0 110.7 100.0 
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• Reusing drainage water to Irrigate 9,700 acres of salt-tolerant trees and 
halophytes. Through installation of on-farm tile drains, drainage water will be 
collected and supplied to trees to reduce the total drainage volume by 20,900 acre-feet. 
Drains would be installed beneath the trees to supply the water to halophytes. This 
would reduce the drainage volume by another 22,700 acre-feet, for a total reduction of 
43,600 acre-feet. These reuse plantations could serve individual farms or an entire 
water or drainage district. They would be located on the least productive soils, with 
most sites on class 5 and 6 soils (Storie Index) on the alluvial fans in water-quality 
Zones A and D. 

• Operating 1,100 acres of evaporation ponds and 1,100 acres of solar ponds. 
Pond design and operation criteria would be consistent with State guidelines. and the 
ponds would be located close to tree and halophyte plantations. An additional 
100 acres of land would be required for accelerated-rate evaporation systems. 

• Retiring 32,000 acres of Irrigated agricultural lands. Lands having the combined 
characteristics of low productivity. poor drainability (Storie Index 4, 5, and 6 lands), 
and overlying high selenium (greater than 50 ppb) in shallow ground water would be 
retired. These lands lie within water-quality Zones A and D. 

Assessment of Plan Features and Their Effects 

Table 39 compares the plan features with those of present and projected future conditions 
without the plan. Compared to future-without conditions, the recommended plan would maintain 
about 52,000 more acres of existing irrigated agricultural lands in production. By 2040, the plan 
would create an opponunity to free at least 753,600 acre-feet of irrigation water for other uses. 

The annualized costs of the components of the recommended plan for the Kern Subarea are 
presented in Thble 40. The category "Agricultural Drainage" comprises all drainage-related 
components of the recommended plan, except on-farm drainage systems. "On-Farm Drains" 
includes the installation of new on-farm drainage systems from .1991 to 2040 and the annual 
operation from 1991 to 2040 of the newly installed drains and those already operating in 1990. 

One-time costs include those for installation of facilities and purchase of land retired from 
irrigated agriculture. Costs were annualized, using an interest rate of 10 percent to reflect 
opponunities available to growers and a 50-year planning period. 

The grand total cost for the Kern Subarea amounts to about $137 per acre of problem farmland 
served through the components stipulated in the recommended plan. 

Included in the cost is a provision necessary to minimize the risk to wildlife from evaporation 
ponds. The ponds in which the influent selenium level exceeded 2 ppb (the level assumed to be 
safe for wildlife) would include special features, such as steep side slopes, increased depth, hazing. 
and alternative habitat. 

1S6 



434 

Table 39. COMPARISON OF PLAN WITH PRESENT AND FUTURE-WITHOUT CONDmONS 
KERN SUBAREA 

In 1,000& 

hem 
l'resem Future- Recommenaed 
(1990) Wllhout (2040) Plen (2040) 

Agrtcullur81 Land Area <-••l 
bripble apic:ulturalland 762 632 684 
DrainOF Reuse 0 5 10 
Abandoned and/or retired agricultural land 0 90 32 
Evaporation sy.tem 

NoniOOc evaporation pond 0.00 0.00 0.00 
Thlic evaporation pond 1.70 0.70 1.07 
Accelerated Evaporation pond 0.00 0.00 0.14 
Solar pond 0.00 0.00 1.10 

Evaporation pond altematiYe habitat 0.00 0.00 1.07 
Urban expansion 0 35 35 

TOTAL" 762 762 762 

Wildlife Areu (acrea)• 

Wetlands 6.1 0.0 0.0 
Other 10.9 13.6 13.6 
Abandoned wildlife area5 0.0 3.4 3.4 

TOTAL 17.0 17.0 17.0 

Wllter Freed In Addreaalng Drainage Problema (ac-11) 0 261!' 154• 
Flrm Wllter Supply for WUdllfe Areu (ecre-fellt) 0 0 0 
Wllter Supply for Evepo<llllon Pond Altem.UV. 0 0 11 

Habltllt (acre-fell!) 

• E.Yaporation l)'l&eml are kbted oa esiating pond li1el or oa retired or oonirripble b.odl, 10 are not iocludc:d in "lbtal." 
b Federal and State wildlife arcu, private duck dub., and other private wildlife uus. 
c Includes increaJed CODSerw:d water throuah 10\lr'Ce coa.trol on problem waler Iandt and finn water supply freed by land 

abandODment and c:onvenion of crop land to salt·toleraDt crop~. 
d Iocludes increased conserved water through toUJ'Ce control on problem water lands; firm water supply freed by land retire-

ment ud conversion of cropland to talt-tolennt c:ropt; and grouod water pumped to control water levels in problem water areas. 

Table 40. ANNUALIZED COSTS OF THE RECOMMENDED PLAN FOR THE KERN SUBAREA 

AGRICULTURAL DRAINAGE 
Onl:=liml:: 

Source control 
Reuse 
Evaporation 
Land retirement 

Subtotal 
Operation maintenan« and rcphqmcnt; 

Source control 
Reuse 
Evaporation 
Land retirement 

ON-FARM DRAINS 
Installation 

Subtotal 

Operation, maintenance, and replacement 

Total 

Total 
GRAND TOTAL 

!57 

s 551,000 
1,391,000 

542,000 
~ 
$3,136,000 

$1,051,000 
637,000 
489,000 
~ 
$2,245,000 

$2,051,000 
_l&IJXXI 

$5,381,000 
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Evalulltion of Pltm tuUl Comparison to Future-Wrthout 

The actions included in the recommended plan for each subarea woukl reduce the amount of 
irrigation water used on the lands overlying problem water. The volume would be reduced 
through: (1) Water conserved through soun:e control measures, (2) water not applied to retired 
land, and (3) water not applied to lands being supplied through reuse of drainage: water (for 
example, eucalyptus trees replacing a cotton field). In addition, a relatively small volume of water, 
some 56,0110 acre-feet per year, would be pumped from the semioonfined aquifer. 

The estimated water potentially available through recommended plan actions to reduce irrigation 
water application is given in "Illble 41. Although the water is potentially available with the plan. 
the water may not be physically available for any given use. That is because of restriCtions due to 
water law (including contracts). ec:onomics, or private property rights (for example, pumped 
ground water). In the Westlands Subarea, for instance, 189,0110 acre-feet annually would be 
conserved or developed in implementing the recommended plan. HOI't'eVCI", there is currently a 
shortage of irrigation water for some lands in the Westlands Water District. Consequently, water 
made available by reduced demand in the drainage: problem area would probably be transferred 
to the area of shortage. Considerations of service area boundaries, priority of rights, availability 
of funds, and the full array of alternative uses for such water should be examined in more detail. 

The water needs for fish and wildlife are shown in "Illble 42. Comparison of "Illbles 41 and 42 
shows that a possible source of the water needed for fish and wildlife to offset the effects of 
drainage could be found in the water made available under the plaD. It is assumed that 189,0110 
acre-feet of water freed in the Grasslands Subarea may be used to satisfy the 158,0110-acre·foot 
shortage in the current firm water-supply of the Grassland Water District. Additional 
investigation is required to determine the means of making the needed Water available. The 
investigation should in<:lude consideration of marketing part of the available water to help pay for 
costs of solving drainage problems, including protecting fish and wildlife. 

,_. 41. WATER POTENTW.LY AVAILAIILE THROUGH RECOMMENDED PUN ACTIONS 
In 1,000 _-fMl..,.,.., 

Source Col*ol Grounci-WIIIer Und....,_.. 1b181W81er _, ..... lllllllgeiiW'Il Avlll8bla 
SIAl ... 2000 L. 2040 2000 I 2040 2000 I 2040 2000 I 2040 

Northem 0 0 0 0 0 0 0 0 
ar-landl 3S 39 4 8 0 8 39 ss 
Weotlando 45 ll1 u 16 ~ 86 104 189 
llllale 4l 117 16 .n 0 ~ ~ 164 
Kern .n 64 0 0 9 90 41 ~ 

TOTAL 154 3t7 32 u u l9t 2A2 U2 

"Illble 43 shows the area of wetlands, evaporation ponds, and solar ponds in<:luded in the 
recommended plan. The new year-round wetlands have been created to provide alternative 
habitat to unsafe evaporation ponds, and they are necesaary for successful hazing. The wetlands 
would require fresh water at the rate of about 10 acre-feet per acre per year. 

Comparison of the recommended plan to the future-without conditions provides a scale for 
further evaluation of the recommended plan. Selected features of the two courses of action are 
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displayed in Thbles 44 and 45. Thble 44 shows that the recommended plan, which emphasizes 
more planned regional control of drainage water (beginning with intensive drainage water source 
control measures), provides water that could be made available for other uses, including fish and 
wildlife. However, by far the largest volume of water would be made available under 
future-without conditions, in which 1,140,000 acre-feet of water annuaUy would not be used on 
460,000 acres of presently irrigated lands because of salinization and abandonment of those lands. 

Table 42. SUMMARY OF ANNUAL WATER NEEDS FOR FISH PROTECTION, SUBSTTTUTE 
WATER SUPPLY FOR WILDUFE AREAS, AND ALTERNATIVE HABITAT FOR EVAPORATION PONDS 

(As Related to Drainage Problem) 
lnKre-leet 

Subarea 2000 2040 

Grasslands' 149,300 150,200 

Westlands• 2,300 4,000 

Thlare. 11,200 29,000 
Kern• 4,600 10,700 

TOTAL 167,- 193.!'00 

~ 
Includes 20,000 acre-feet per year for Merced River fl!ht:riel , 129,000 acre-feet per year for substitute 
walcr oupply, ond 300 actt·f<et per year (2000) I 1,200 ~feet per year (2040) lor oltemative habitat 
for evaporation ponds. Some subttitutc water supply necdt can be met with existin& water~istrict spil}s 
and taitwatcr of adequate quaJiry (about SS,OOO acre-feet per year is estimased under the: recommended 
plan on a finn basis). 

b AU needs are for alternative habitat to evaporation ponds. 

Table 43. AREA OF EVAPORATION AND SOLAR PONDS AND WETLANDS 
IN THE RECOMMENDED PLAN 

In-•· 
Evaporation Ponds 

Nontoxic Ponds Standard 
Accelerated 

SolarPonda" New Year-
{!;;.2ppb Ponda (2-50 

Rate Ponda" 
Round 

selenium) ppb selenium) Wetland .. 

Subarea 200012040 200012040 200012040 200012040 20001 2040 
Northern 0 0 0 0 0 0 0 0 0 0 
Grasslands 0 0 10 120 0 10 0 110 10 120 
Westlands 0 0 230 410 20 200 140 1,520 230 410 
Thlare 40 200 1,120 2,900 0 0 0 0 1,120 2,900 
Kern 0 0 460 1,010 120 140 190 1,100 460 1,010 

TOTAL 40 :180 1,8ZO 4,500 140 410 330 1,730 1,8ZO 4,500 

These ponds must be e¥ak&lted to dc:lennine their effect oo wikllile and shaDow pound water. 
b Provided as altemalive habitllt to stllndlrd ev~poration ponds (new wetlands require 10 acre-feet per acre per year). 

159 



437 

Table 44. COMPARISON OF SELECTED WATER FEATURES AND EFFECTS 
OF THE RECOMMENDED PLAN AND FUTURE-WITHOUT CONDmONS, 2040 

In 8Cre-fHI 

Water supplied to wetland areas 
Supplementation of Merced River 
Water made available by land abandonment 
Water made available through land retirement 
Water pumped from the semiconlincd aquifer 
Water oonsenocd through source control and reuse of drainage water 

----CgndiiiDQI 

97,000 
0 

1.140.000 
0 
0 

54,000" 

Re_,.nded 
ptan 

271,1100' 
20,000 

0 
195,000 
56,000 

308,()00' 

a Includes, approximately: 97,000 acre-feet per year of existing firm supply; 129,000 acre-feet per year of substitute water 
supply; and 45,000 acre-feet of water to create a wetland habitat that is an altematiw: to toDc evaporation ponds. 

b Conservation rate of 0.2 acre-foot per acre of drained land. 
Conservation rate of 0.3S acre-foot per acre of drained land (CKept 'Iblare, which is 0.20 acre-foot); includes freeing of irrigation 
water supply supplanted by using drainage water on ult-tolerant plants. 

Table 45. COMPARISON OF SELECTED LAND FEATURES AND EFFECTS 
OF THE RECOMMENDED PLAN AND FUTURE-WITHOUT CONDmONS, 2040 

In ecrea 

Seasonal and permanent wetlands 
Reuse areas (salt-tolerant plants) 
Irrigated land area 
Crop land drained • 
Land abandoned c 

Land retired from irrigation 

Future-Wllhoul 
CondiUona 

24,000 
28,000 

1,965,000 
345,000 
460,000 

0 

Recommended 
plan 

55,1100' 
49,000 

2,325,000 
783,000 

0 
75,000 

Does not include new wetlands created as alternative habitat for evaporation ponds because such lands are an adjunct 
of the drainage management system, not lands dedicated to wetLands. 

b Does not include tile drains that would be installed under salt-tolerant plants. 
c Salinization of formerly irrigated lands. 

Estimates of the economic benefits of fish and wildlife resources in the San Joaquin Valley have 
been based on both market (user) and nonmarket (nonuser) values (Loomis et al., 1990). The 
combined annual market and nonmarket values of fish and wildlife for the recommended plan 
exceed those values associated with the future-without alternative by a ratio of almost 2 to 1. 

Conditions that are expected to prevail with the recommended plan have been analyzed for 2040, 
and the agriculturally related economic impacts of plan conditions and future-without conditions 
for 2040 are compared in Table 46. The recommended plan would maintain more land in 
agricultural production and higher levels of retail sales, employment, and income. About 
360,000 more acres would be kept in irrigated agriculture, with an associated crop value of 
$285 million. The positive impact on retail sales in neighboring communities would be nearly 
$41 million, and personal income would be about $78 million higher than in the future-without. 

Total direct agricultural employment in the four subareas would be about 2,500 jobs higher with 
the recommended plan than without it. Additional employment of more than 3,200 person-years 
would occur both in industries that serve agriculture and in the general economies of nearby 
communities. The overall improvement in employment would exceed 5,700 jobs. 
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~ 4e. INCREASE IN RETAIL SALES, INCOME, AND EMPLOYMENT FROM 
FUTURE-WITHOUT CONDIT10NS TO THE RECOMMENDED PLAN 

FOR SELECTED SUBAREAS, 2040 

.IWn ~IUIIIIHII liYIIIIIDIII DdiU. Kim Dllll 

lnaease in irripted crop 36 101 170 S3 360 
area (1,000 acres) 

Crop value maintained 23,788 85,862 1.39,332 35,877 2&1,859 

Direct retail sales 86S 3,12S S,D71 1~ 1o,366 

Indirect and induced retail 2,529 9,1S8 14,932 3,836 30,4SS 
sales 

TOTAL RETAIL SALIS 3,JM 11,213 :10,103 5,141 40,1l1 

Direct personal income 2,984 10,888 17,975 4,590 36,437 

Indirect and induced penonal 4,054 19,6JS 11,417 S,91S 10.565 
income 

TOTAL PERSONAL INCOME 7,831 30,523 29,391 1t,565 77,518 

Direct employment 223 780 1,206 319 2,528 

Indirect and induced S68 1,423 811 414 3.217 
employment 

TOTAL EMPLOYMENT ,1 1,103 1,011 733 5,745 

Now: Crop value, retail sales, aod iDCOme are ia 1,000. (1990) of dollan per year, and caaploymcot is ia penoa-yean per ,ar. 

161 



REFERENCES CITED 

The following abbreviations identify organizations that are cited in the text of this report. 

AWMS 

CDFA 
CVRWQCB 

DWR 
lOP 
NRC 
RMI 

SNDP 
SWRCB 

uccc 
USBR 
US EPA 

Agricultural Water Manaaement Subcommittee, lnterqcncy Technical Advisory Committee 
California Department or Food and Agriculture 
California Regional Water Quality Control Board, Central Valley Region 
California Department of Water Rcsoun:es 

Interagency Drainage Propam 
National Research Council 
Resources Manaaement International, Inc. 
San Joaquin Valley Drainaae Propam 
State Water Resouroes Control Board 
University or California Committee or Consultants on Drainage Water RC<luction 

U.S. Bureau of Reclamation 

U.S. Environmental Protection Agency 

Altringer, P. B.; Larsen, D. M.; and Gardener, K. R., 1987, A IJiohydrontnallurgical ApprtXJCh to 
Selmium Removal: U.S. Bureau of Mines, Salt Lake City, Utah. 

Archibald, Sandra, June 1990, Economic Profile of Agriculture in the Westside of the San JOQI[Uin Valley: 
Stanford University. A report prepared for the San Joaquin Valley Drainage Program, Sacramento, 
California. 

Agricultural Water Management Subcommittee, Interagency Thchnical Advisory Committee, October 
1987, Farm Water Managmrmt Options for DraiNJgtt Reduction: San Joaquin Valley Drainage 
Program, Sacramento, California. 

Belitz, K., 1988, Character and Evolution of the Ground-Water Flow System in the Central Pan of the 
Western San Joaquin Valley, Cali[onUII: U.S. Geological Survey, Open File Report 87-573. 

Boyle Engineering Corporation, June 1990, Demonstration of Em6ging lnigation Technology: Semiannual 
Progress Rq>ott. A report prepared for the California Department of Water Resources and the 
State Water Resources Control Board, Sacramento, California.. 

____ . December 1989a, Denwnstration of Em6ging lnigation Technology: Semiannual Progms 
Rq>ott. A report prepared for the California Department of Water Resources and the State Water 
Resources Control Board, Sacramento. California. 

____ . June 1989b, Demonstration of Em6ging Irrigation Technology: Semiannual Progms Report. A 
report prepared for the California Department of Water Resources ar.d the State Water Resources 
Control Board, Sacramento, California. 

____ . February 1988, Report on S&nium Sdectillily in Ion Exicltturt§t Resins. A report prepared for 
the San Joaquin Valley Drainage Progxam. Sacramento, California. 

163 



440 

Bradford, D. F.; Drezner, D.; Shoemaker, J.D.; and Smith, L., June 1989, Evaluation of Methods to 
Minimize Contamination Hazards to Wildlife Using Agricultural Evaporation Ponds in the San Joaquin 
Valley. California. A report prepared for the California Department of Water Resources, 
Sacramento, California. 

Burt, C. M.; and Katen, K., March 1988, Westside &source Conservation District 1986187 Water 
Conservation and Drainage Reduction Program. A technical report to the California Department of 
Water Resources, Office of Water Conservation, Sacramento, California. 

California Department of Food and Agriculture, March 1988, The Agroforestry Demonstration Program in 
the San Joaquin Valley: Progress Rtport. A report prepared for the San Joaquin Valley Drainage 
Program, Sacramento, California . 

. California Department of Water Resources, September 1989, Managrment of the California 
State Water Project, Bulletin 132-89: Sacramento, California. 

--::-:,..,.-· 1987, Map of Present and Potential Drainage Problem Artas, Westem San Joaquin Valley, 
California: Sacramento, California. 

October 1986, Technical Information &cord on the Physical/Chemica/ Pretreatment System at 
the Los Banos Demonstration Desalting Facility: Sacramento, California. 

____ . 1957, The California Water Plan, Bulletin 3: Sacramento, California. 

California Regional Water Quality Control Board, Central Valley Region, October 1988a (Draft), 
Amendments to the Water Quality Control Plan for the San Joaquin Basin (5C) for the Control of 
Agricultural Subsurface Drainagr Discharges: Sacramento, California. 

____ . October 1988b, Uranium l.Lve/s in Water in Evaporation Basins Used for the Disposal of 
Agricultural Subsurface Drainugr Water in the San Joaquin Valley, California: Sacramento, California. 

---,-,.....-,· July 1988c, Water and Sediment Quality in Evaporation Basins Used for Disposal of 
Agricultural Subsurface Drainagr Water in the San Joaquin Valley, California: Sacramento, California. 

CH2M Hill, 1990 (draft), Detailed Options Descriptions. A report prepared for the U.S. Bureau of 
Reclamationt Sacramento, California. 

---,----::--·· October 1988, San Joaquin Valley Hydrologic and Salt Load Budgrts. A report prepared for 
the San Joaquin Valley Drainage Program, Sacramento, California. 

Chilcott, J. ; Westcot, D.; and Belden, K., 1988, Water Quality Survey of 1i/e Drainagt Discharges in the 
San Joaquin River Basin: California Regional Water Quality Control Board, Central Valley Region, 
Sacramento, California. 

Coontz, N. D., March 1990a, OrganiZDtions and Institutions: Agricultural Drainagr-RL/ated Water 
Managrment in the Kif!&J River Region, California. An SJVDP li:chnical Information Record. 

____ . February 199(1), Lixa/Jnitiatives to Managr Drainage and RL/ated Problems in the San 
Joaquin Valley. An SJVDP Technical Memorandum. 

---,--· March 1989, Agricultural Drainwater Management OrganiZlltions in the Drainagt Problem 
Area of the Grasslands Area of the San Joaquin Valley: Ebasco Services, Inc., Sacramento, California. 
A report prepared for the San Joaquin Valley Drainage Program, Sacramento, California. 

164 



441 

Davis, E. A.; Maier, K. J.; and Knight, A. W.,January-Febrwuy 1988, TM Biological Consequm= of 
Selenium in Aquatic Ecosystems: California Agriculture, v. 42, p. 18-29. 

Devere!, S. 1.; and Gallantlline, S. K., 1988, Relation of Slllinily aJUJ Sdmium in Slwllow Ground Water to 
Hydrologic and Geoclu!mical Proc~. WtJttm San Joaquin Valley, California: U.S. Geological 
Survey, Open File Report 88-336. 

Devere!, S. J.; Fujii, Roger; lzbicki, J. A.; and Fields,J. C., 1984, Areal Distribution of Selenium aJUJ Other 
Incrganic Cof!Slituents in Shallow Ground Water of the San Luis Drain Service Area: U.S. Geological 
Survey, Water-Resources Investigations Report ~319. 

Dubrovsky, N. M.; and Neil,J. M., 1990, San Joaquin Valley RASA~ /l" &gional to Site-Specific 
Approaches to Evaluating &gional Geoclu!mical Proc~ aJUJ 1lrlce-Elemmt Distribution. (Abstract) 
Paper presented at the Annual Meeting of the Association of Ground Water Scientists and 
Engineers. 

EPOC AG, November 1987, Removal of Seknium from Subsurface A&ricultural Drain~ by an Anaerobic 
Boctmal Process. A fmal report on continued operation of the Murrieta Pilot Plant. Submitted to 
the California Depanment of Water Resources, Sacramento, California. 

Frankenberger, W. T.; and Karlson, U., March 1989, Microbial VolatiliZillion of Selenium at Kesterson 
Reservoir: Illlerim Report. A report prepared for the U.S. Bureau of Reclamation, Sacramento, 
California. ' 

Frankenberger, W. T.; and Thompson-Eagle, E. T., September 1989, In Situ Volatilization of Selenium 
from EIIQ{JOI'ation Potuis. A repon prepared for the San Joaquin Valley Drainage Program, 
Sacramento, California. 

Gilliom, R. J., et al., 1989a, Prelimituuy AsRssmml of SOW'Ces, Distribution. aJUJ Mobility of Selenium in the 
San Joaquin Valley, California: U.S. Geological Survey, Water-Resource Investigation Report 
No. 88-4186. 

---:-:,-:--::· l989b (draft), Preliminary Simulation of Eff«ts of lAnd Retirement on Drailu1gr Problems: 
U.S. Geological Survey, unpublished report. 

Gilliom, R. J.; and Clifton, D. G., 1987, Organochlorine Pr.rticide Residues in &d Sediments of the 
San Joaquin River aJUJ Its Tributary Streams, California: U.S. Geological Survey, Open File 
Report 87-531. 

Hanna, G. P. ; Kipps, J . A.; and Owens, L P., October 1990, A&ricultural Drai1Ul&f' Treatment Technology 
Review. A report prepared for the San Joaquin ~ley Drainage Program, Sacramento, California. 

Harza Environmental Services, Inc., May 1989, Fundamental Aspects of Selenium Removal by HanJJ 
Process. A report prepared for the San Joaquin Valley Drainage Program, Sacramento, California. 

Interagency Drainage Program, June 1979, A&ricultural Drainage and Salt Management in the 
San Joaquin Valley: Sacramento, California. 

Klasing, S. A.; and Pilch, S. M., August 1988, A&ricultural Drailu1gr Water Colllamination in the 
San Joaquin Valley: A Public Health Pmpective for Selenium, Boron. aJUJ Molybdenum. A report 
prepared for the San Joaquin Valley Drainage Program, Sacramento, California. 

165 



442 

Klasing, S. A.; Wisniewski, J. A.; Pilch, S. M.; and Anderson, S. A., 1990, Agricultural Dr~ Water 
Contamination in tire Western San Joaquin Valley: 11 Public Health hnpective for Anmic, 
Nitratu/Nitritu, Mercury, Uranium, ami Vanadium. A report prepared for the San Joaquin Valley 
Dminage Progmm, Sacramento, California. 

Loomis, J.B.; Hanemann, W.M.; and Wegge, T.C., September 1990, Environmental 1Jen£jits Srudy of the 
San Joaquin Valley's FISh and Wildlife Rl!sourcu. A report prepared for the San Joaquin Valley 
Dminage Progmm, Sacramento, California. 

Martin, P. L. , July 1987, Califomi11 's FtmnlAbor M~~rket: University of California Agricultumllssues 
Center, Issues Paper No. 87-1, Davis, California. 

Mines, Richard; and Martin, P. L., July 1986, A Profile of California Ftmnworkers: University of 
California, Giannini JnJormation Series No. 86-2. 

National Research Council, 1989, Irrigation- Induced Water Quality Problmzs: What Can Be Learned from 
tire San Joaquin Valley Expuience: National Academy Press, Washington, D.C. 

Neal, R. H.; and Sposito, G., December 1988, Attenuation of Selenium Draining from Irrigated Seleniforous 
Agricultural Soils. A report prepared for the San Joaquin Valley Dminage Progmm, Sacmmento, 
California. 

Nishimum, George; and Baughman, Sheryl, January 1989, Regulating Timing of Salt Entry to tire 
San Joaquin River. An SJVDP Thchnical Jnformalion Record. 

Ogden, G. R., March 1988, Agricultural Land Use and Wildlife in tire San Joaquin Valley, 1769-1930: An 
Ovvview: SOLO Heritage Research. A report prepared for the San Joaquin Valley Drainage 
Progmm, Sacramento, California. 

Oswald, W. J ., et al. , January 1990, Second Annual Report Microalgai-Bacterial Treatment for Selenium 
Removal from San Joaquin 1-Q//ey Drainage Watus. A report prepared for the San Joaquin Valley 
Drainage Progmm, Sacramento, California. 

Page, R.W., 1986, Geology of the Fruh Ground- Water Basin of the Central Valley, California, with Texture 
Maps ami Sections: U.S. Geological Survey, Professional Paper 1401-c. 

- ---,-...,..-·· 1983, Gealogy of tire Tulare Formation ami Other Continental Deposits, Kettleman City Area, 
San Joaquin 1-Q//ey, California, with a Section on Groundwater Management Considemtions and 
Use of Thxture Maps: U.S. Geological Survey, Water Resources Investigation Report 83-4000. 

Phillips, S., 1990 (unpublished data), Preliminary Rl!sults from a USGS Regional Aquifer Model of the 
Alluvial Fans on the West Side of the San Joaquin Hllley. 

Quinn, N. W. T.; Swain, W. C.; and Hansen, D. L., August 1990, Assessment of Ground- Water Pumping as a 
Management Option in Drainage Problem Areas of the Western San Joaquin Hll/ey. An SJVDP Thchnical 
Information Record. 

Resources Management International, Inc., June 1990 (draft), Agroforestry Biomass Fuel Assessment. A 
report in preparation for Westlands Water District, Fresno, California. 

_ ___ . August 1989, Concept Evaluation Report for the Westlands Water District Selenium 
Removal/Cogeneration Project . A report prepared for the Westlands Water District, Fresno, California. 

166 



Rhoades, J. D., 1987, Reuse of IJiotlino&e Water for lm,atiolf: &suits of Impmtd Valky Study: I. Hypotlrais, 
Exptrimmtal Proctd..- and Cropping &suhs: U.S. Salinity Laboratoty, USDA-ARS, Rivmidc, 
caiifornia. 

Rowley, L H .; Moody, C. D .; and Murphy, A. P., 1990 (Draft), Sdmium &movaJ with Fmous Hydroxide: 
E=ulive Sumnuuy. A report in preparation for the San Joaquin Valley Drainage Program. 
Sacramento, California. 

San Joaquin Valley Drainase Program. October 1990, Full and W'lldlifo ReMNirces and At,ricuJ1uraJ 
Dfrlina&e in the San Joaqubt J.frlky, Cali{omilz: Saaamento, California. 

---·· August1989, Prrliminllly Pllllflfing Altentlllila for SohVrt AtJriadtural ~and 
~Rdattd l'rob/em.J in the San lotlquin Jfdky. Saaamcnto, California. 

-~~·· 1988, Fomwlllling and Evaluatilrg IJiotlino&e Mlllfi1&'!'MI'I Pras for the San Joaqubt J.frlky. 
An SJVDP 'R:dulicallnfonnation Record. 

---.,...,~·· June 1987, 1Nvel0flin8 .Allmtt8iw Hltwe-W'Ithoca Proj«t Saluuios for At,ricuJ1uraJ DraiJul&e 
and ~Related Problem.J in the s.m ~otutuin J.frlky, based oa workshops or February and 
March 1987: Sacramento, California. 

Schmidt, K. D., 1989, Rmdrs of U Day Aquifrr Tats,_. Mmd«a. Unpublished report prepared for the 
San Joaquin Valley Dr:aina&c Program, Sacramento, California. 

---·· 1988, &port of Aquifrr 'D.rt.r for Shallow Wells in F,.,.,_Mmd«a Ami. Unpublished 
report prepared for the San Joaquin Valley Drainage Program. Saaamcnto, California. 

Schroeder, E. D.; Erps, S.; Lawver, R.; and Preiffcr, W. J. C~ December 1989, M«lumism of Sdmium 
&movaJ from Salt /oQquin J.frlky At,ricuJ1uraJ ~ Water. A reporl prepared foe the San 
Joaquin Valley Drainase Program. Saaamcnto, California. 

State Water Resources Control Board, August1987, &pdarion of At,ricuJ1uraJ IJiotlino&e to the Salt 
/oQquin River. SWRCB Otdcr No. W.Q. 85-1, 'R:dulical Committee Report: Saaamento, 
California. 

Swain, D. G~ September 1990, ~tltioll of the Use of Dalt~, ..4naJ)oJil. tiNI E'lltlbmtive Pro«s.tes That 
&sulltd in the SJYDP ~ l'tim. An SJVDP 'ICchnicallufocmation Reaxd 

Swain, W. C., Augustl990a, &ui.s of Caladation of ~liSts and~ of Shallow Ground Wartr Table, 
We.suide Stm Joaquin lfllley. An SJVDP 'R:dulical Memorandum. 

---,-,....--·· August 199111, Dew1opmmt of Shallow Ground-Warer Qull1ily M11ps. An SJVDP 1l:chnical 
Memorandum. 

--=-:--· August 1990c, c-.r "" Soil SaJilrities in the Gtad4lwU l'roiJknl Ami and the Northem 
Suborea, in Response to a Letter oC July 20, 1990, from the South Delta Water Agcney. An 
SJVDP 'Thchnical Memorandum. 

'lllnji, K. K., in press, MChcrnistry or 1bxic Elements (As, B, Mo, Sc) Aa:umulatins in Agricultural 
Evaporation Ponds," in Symposium Proc«dJn&s, U.S. Committee oa Irrigation Draina&c, Ottawa, 
Canada, June 8, 1989. 

'lllnji, K. K.; and Dahlsrcn, R. A., April1990, E/!fc«y of ElltlpONIIicn l!'r1Nb for Dispo«<l of Saline 
DraiJul&e Warm: University of California, Davis, Department of Land, Air, and Water Resources. 
A report to the California Department or Water Resources, Saaamento, California. 

167 



444 

Thomas, G. A; and Leighton-Schwartz, M. T., 1990, Ugal and Institutional Structure {Of' MQ/IQ8ilrg 
Agricultural~ in the San IOtlqllin Valley: Designing a Future. A report prepared for the 
San Joaquin Valley Drainage Program, Sacramento, California. 

Tidball, R. R.; Severson, R. C.; Gent, C. A; and Riddle, G. 0., 1986, Elmwu Associations in Soils of the 
SGII Joaquin IIQJ/ey, California: U.S. Geological Survey, Open File Report No. 86-583, Denver, 
Colorado. 

University of California Committee of Consultants on Drainage Water Reduction, February 1988, The 
Evaluation of Water Quality Criteria for Selenium, Boron, and Molybdenum in the SGII Joaquin River Basin. 
A Report Prepared for the University of California Salinity/Drainage Thsk Force and the University of 
California Water Resources Center, Davis, California. 

U.S. Bureau of Reclamation, 1989, 1990 liTigation Water Rates: Central Valley Project, California: 
Department of the Interior, Bureau of Reclamation, Mid-Pacific Region, Sacramento, California. 

1964, Addendum to Alternative Solutions for Drainage: Sacramento, California. 

1962, Alternative Solutions for Drainage: Sacramento, California. 

May 1955, SGII Luis Unit, Central Valley Project: A Report on the Feasibility of Water Supply 
Development: Sacramento, California. 

U .S. Environmental Protection Agency, September 1987, Ambient Water Quality Criteria for 
Selenium - 1987: USEPA Publication No. 440/5-87-006, Washington, DC. 

Westlands Water District, 1988, Annual Report: March / , 1987 to February 29, 1988: Westlands Water 
District, Fresno, California. 

168 



445 

SELECTED BIBLIOGRAPHY 

Poncy Reports, Technlcel Reports, end Memorende by Staff end Contractore of the 
Sen Joaquin Valley Dr811111ge Program are available through the SJVDP Data Directory. 
Phone (916) 978-4181 or FTS 460.4981 

SAN JOAQUIN VALLEY DRAINAGE PROGRAM REPORTS 

POLICY REPORTS (approved by Policy and Management Committee) 

San Joaquin Valley Drainage Program, October 1990, Son Joaquin Valley Drainage Program Final Report: 
Sacramento, California. 

----,----,.-· June 1990, Son Jooquin Valley Drainage Program Draft Fmal Report: Sacramento, 
California. 

____ . August 1989, Prdimimuy Planning Alttmatives for Salving Agricultural Drainage and 
Drainage-&lated Problems in the Son Joaquin Willey: Sacramento, California. 

----:-:o-·· December 1987, Developin& Options: An ~of Efforts to Solvt! Agricultural Drainage 
and D~&Jated Probkms in the Son Joaquin VaUey: Sacramento, California. 

____ .. February 1987, Prospectus (with separate Appendixes volume): Sacramento, California. 

TECHNICAL REPORTS 

Lee, E.; Nishimura, George; and Hansen, Henry, September 1988, Agricultural Drainage Water 
Treatment, &use, and Disposal in the Son Jooquin Vdiley of California: Part I, Treatment Technology, 
and Part II, &use and Disposal: Sacramento, California. 

Moore, S. B.; Detwiler, S. J.; Winckel, Joy; and Weegar, Mark, November 1989, Biological Residue Data 
for Evaporation Ponds in the Son Jooquin Valley, California: Sacramento, California. 

San Joaquin Valley Drainage Program, September 1990, FISh and Wildlife &sources and Agricultural 
Drainage in the Son Jooquin Valley, California: Sacramento, California. 

Swain, D.G.; Stroh, Craig; Quinn, N.W.T.; Kasower, Steven; and Horton, Robert, October 1988, 
Formulating and Evaluating Drainage Monagemmt Plans for the Son Jooquin Valley: Sacramento, 
California. 

169 

77-141 94 - 15 



REPORTS IN THE TECHNICAL INFORMA110N RECORD SERIES 

Coontz, N.D., March 1990, ~ tlllld buliluliolu: A,rial/tU1al ~Rilstrd Wmer 
M~ in the Kin&s RMr Rqjclt. c./ifomilr. Sllcramellto, c..tifomia. 

Nishimura, GeorJe, August 19116, U~~e of~~ Wlller for .f"ower Pfllllt Coolin&: 
Sacramento, c..tifornia. 

Nishimura, George; and BauaJ!man, Sheryl, JmliiUY 1989, R.tpl/lltin8 7ilrrin8 of Slllt Entry to the SIDI 
JO<Iqllin Riwr. Sacramento, c..tifomia. 

..,..-,,-:----'' August 1988, A&riadturtll ~ C4Niitil1lu in tlte SIDI Joaquin Jfdley: SacraMento, 
California. 

Nishimura, George; and Hansen, Henry, Jane 1989, ~in tlte Upllurd Ami of 1M Wmlandr 
Slll>amz: Sacramento, c..tifomia. 

Nilhimura, GeorJe; and Lee, Ed, March 1989, "-rhu tiiNI l:Jaitpllrd Wa.ste DUpostd: Sacramento, 
California. 

---· November 1988, Sttvctwal OpfiDIIf in tlte Gnmilllub Subaml: Sacramento, California. 

Puckett, Lany, May 1990, Water Mllllll&fmml for Eillil tlllld W'lldlifr. Sacramento, California. 

Quinn, N.W.l; August 1990, o...n.iew oftlte U~~e oftlte Waaide A&riadturtll I>rtzinll&e EcOIIIJmics Model 
(WADE) for Pion Ellllluation: Sacramento, caufomia. 

Stroh, Craia; Dinar, Ariel; and Quinn, N.W.'l:, Jaly 1990, ~of L4lld ~as a Strategy for 
Lorrg-Tmrt Mllllll&fmml of AgriaiJtunll ~ tlllld ~Raotrd hoblmts in the Wmtm SIDI 
JO<Iqllin Valley of Califomhz: Sacramento, CalifGruia. 

Swain, D .G ., September 1990, SIDI JO<Iqllin r.t.llq ~ ,.,_ - &c~ed Pion Supporting 
Docummt: Sacramento, California. 

MEMORANDA ON TECHNICAL PROCEDURES AND RESULTS OF ANALYSES (usually 
titled Memor~~nda to Sen Joaquin Valley Dra!Mge Progr~~m Data Directory) 

Kasower, Steven; and M'Maretc, Maranp, Scpcember 1990, D&dcpmml of tire Dytuimic Agro-Economic 
Soil Salinity (DASS) ModeL 

Lee, Ed, April 1988, Docummtatitllt of Out-of-u.tlq ou,.r-1 Snu/ia. (Prepared in response to a 
directive of the SJVDP Policy and Mmlqement Committee, August 17, 1987.) 

Nishimura, George, September 1990, ~ tlllld Raile of I>rtzinll&e Wlller from the Grasslands Slll>amz 
in Wmtm Merced and Madera COIIIIIiD. 

---· November 1989, D~ Water Raile in tlte ED# Silk of rite SIDI JO<Iqllin Valley. 

Nilhimura, George; and Hansen, Henry, August 1990, ~and DisposiiJ A/Jtmllliw for the Northml 
and Grass/Jind Slll>amz. 

---· August 1990, Tret11111mt and Dilpostll AltmttltM for tlte Wmlands, T~. and Kml Subareas. 

Nishimura, George; and Horton, Robert, Aupst 1989, CDtuideratiotu in rite~ of FtumiDnd from 
Irrigatm Agricul~ in the SIDI JO<Iqllin Jfdley. 

170 



447 

Quinn, N.W.T.; August 1990, Asu.tmtenl of Ground-Water Pumping as a MtuUJg011L111 Opticm in Drainage 
Problem Arras of the Westem San Joaquin Valley. 

--:-:-:--·· August 1990, Simulaticm of Water Quality Over 7ime from a ~d Well Used to U>wer 
Saline High Water. 

Stroh, Craig, August 1990, Documentation of Cost Estimates, SJVDP Recommended Plan. 

Swain, W.C., August 1990, Ikvelopment of Slrallow Ground-Water Quality Maps. 

Yates, Marvin, August 1990, Documentation of the Development and Use of the QA System of 
SJVDP. 

MISCELLANEOUS REPORTS 

San Joaquin Valley Drainage Program, January 1988, Public Involvrment Plan: Sacramento, California. 

----:-::::::' June 1987, Developing Altemativt Future-Without-Proj«t Scmarios for AQicultural U>nds 
and Wetlands in the San Joaquin Valley: Sacramento, California. 

---::---' May 1987, On-Farm and Wetland MtuUJg011L111 Practices: Summary of Workshops: 
Sacramento, California. 

____ . December 1986, Project Data DirectOty: Sacramento, California. 

October 1986, San Joaquin Valley Drainage Pro[Jram Directory: Sacramento, California. 

October 1985 - June 1990, San Joaquin Valley Drainage Program Status Reports: 

No. 1 -October 1985 No. 7- April1987 No. 13 -
No. 2 - November 1985 No. 8- July 1987 No. 14-
No. 3 - March 1986 No. 9- October 1987 No. 15-
No. 4 - July 1986 No. 10 - February 1988 No. 16-
No. 5 -September 1986 No. 11 - September 1988 No. 17-
No. 6 - January 1987 No. 12 - January 1989 

SUMMARIES OF PUBUC INFORMAnON MEEnNGS 

September 25 - October 3, 1989 (Bakersfield, Lost Hills, Corcoran, Fresno, Mendota, 
Los Banos, Patterson, and Oakland). 

July 23-Zl, 1990 (Sacramento, San Francisco, Los Banos, Fresno, and Bakersfield). 

171 

May 1989 
August 1989 
December 1989 
March 1990 
June 1990 



CmzENS ADVISORY COMMITTEE MEETING MINUTES 

Man:h S. 1987- Stockton 
Apri110, 1987 - Santa Nella 
May 22, 1987 - Pleasanton 
June 22, 1987 - Patten;on 
July 27, 1987- Uvermore 
September 28-29 1987- Coalinga 
January 11, 1988- Oakland 
February 11, 1988 - Santa Nella 
Man:h 28, 1988 - Thlcy 
April 25, 1988 - Uvermore 

May 23, 1988 - Stockton 
June 28, 1988 - Coalinp 
August 29, 1988 - Stockton 

September 26, 1988 - Stockton 
February 13, 1989 - Stockton 
April 3, 1989 - Stockton 
April 3, 1989 - Stockton 
July 31, 1989- Byron 
September 11, 1989 - Stockton 
November 13, 1989 - Los Banos 

January 17, 1990 - Sausalito 
Apri118, 1990 - Coalinp 
May 30, 1990 - Stockton 

July 16, 1990- Stockton 
August 13, 1990 - Stockton 

POUCY AND MANAGEMENT COMMITTEE MEETING MINUTES 

1985 

August 19 
October 21 
November 12 
November2S 
December9 
December 16 

1918 

January 4 
March 11 
May9 
May23 
DecemberS 

I!M 

Janwuy8 
Janauy21 
Fcbnwy13 
Man:h6 
Apri12 
Apri129 
May26 
June 26 
August28 
Oc:IGber8 
Nomnberl2 

ID! 

Man:h2A 
July7 
December 18 
August 1 

1987 

February 23 
Apri12 
June 1S 
AuJU$117 
October 21 

1990 

May7 
June 13 
AuJU$115 
Sepcember 22 



449 

CONTRACTORS' REPORTS PREPARED FOR 
OR IN COOPERATION WJTH 

THE SAN JOAQUIN VALLEY DRAINAGE PROGRAM 

In addition to the publicatiou listed below, the SJVDP Data Dinctol')' includes an exteuive 
bibU..,..phy of U.S. Geoloaical Suney and U.S. Fish and Wildlife Sei'Yice npor1s baaed on 
investiptions conducted for or In cooperation with the San Joaquin Valley Dralnap Procram. 

Archibald, Sandra, June 1990, Economic Profile of Agriculture in the Westside of the San Joaquin Valley: 
Stanford University. 

Boyle Engineering Corporation, December 1988, Evaluation of Unlined Ditch and ReservoirS~ 
Losses in West/antis Water District. 

____ . October 1986, Evaluation of On-Farm Agricultural M~ Alternatives. 

Bradford, D.F.: and Little, RJ., Januaty 1990, Techniques to Restore Fuh and Wildlife Habitats 
Contaminated by Subsurface Agricultural D~ Water. Ebasco Services, Inc. 

____ . Januaty 1990, Techniques to Restore FISh and Wildlife Habitats Contaminated by Subsurface 
Agricultural D~ Water, .Appmdix E: Ebasco Services, Inc. 

Brown and Caldwell Consulting Engineers, April 1987, Scnening Potential Alternativt! Geographic 
Disposal Areas. 

California Department of Food and Agriculture, March 1988, The Agroforestry Demonstration Program in 
the San Joaquin Valley. 

----· Februaty 1986, Selenium Survey in Animals and AnilrUll Products. 

----· November 1985 (draft), Monitoring Selenium, Nickel, and Chromium Concentrations in 
Agricultural Commodities of the Western San Joaquin Valley, I984. 

Campbell, M.B., September 1988, Ownenlrip and Recnotiono/ Use of Wetlands in the Grassland Water 
District and Refuges of the Central San Joaquin Jo&lley: University or California, Davis. 

CH2M Hill, September 1989, Irrigation Systems Costs and hr{omronce in the San Joaquin Valley. 

____ . October 1988, San Joaquin Jo&lley Hydrologic and Salt Load Bu ... 

____ . January 1986, Reverse Osnrosis Desalting of the San Luis Drain, Conceptual-Uvt!l Study. 

Coontz, N.D., March 1989, Agricultural Drainwater M~ Organizations in the Drainage Problem 
Area of the Grasslands Area of the San Joaquin Valley: Ebasco Services, Inc. 

Cooper, Joseph; and Loomis, John, November 1988, The Economic Jo&lues to Society and Landowners of 
Wildlife in San Joaquin Valley Agroforestry Plantations: California Department or Food and 
Agriculture and University of California, Davis. 

Dinar, Ariel; and Campbell, M.B., August 1990, Parts I and m, Adoption of Improvt!d Irrigation and 
Drainage Reduction Technologies in the Westside of the San Joaquin Jo&lley: University of California, 
Riverside, and Management Systems Research. 

Doroshov, S.l.; and w.utg, Y.L, August 1984, The Effect of Subsuiface Agricultural Drainage Water on 
Larval Striped Bass, Morone saxatilis (Walbaum): University of California, Davis. 

173 



EA EnJineerin&, Science, and 'lloclmolof:y, IDe., Sepcembct 1985, hocedln 111111 7arirtr Protocol for 
&commtfllling ModijicOiioru to EIJIMS I.ilrrib W1lidllft Sd for dw ~of SuMu/D« 
AgricuJtu1'tll Draintlt:e W<Jtm in Cdi/rlmil6. 

Frankenberger, W.T.; and ThompllOII·Eacle. E. T., Septembe£ 1989, Study oiln Situ Vol«iiizDtion of 
Sdenium. 11. EWipONltion Porulr. UIIMnily al California, RiYenide. 

___ . September 1989, Study ofln Situ ~of SMiium. II. EWipOtfltion l'btub, 
(Eitltcutive Sunuruvy): Univenity al California, RiYenide. 

Frankenberger, W.T.; and 1lunaki, S~ Mardll989, ~ IJiDchemistly of .Anomie: University of 
California, Riverside. 

Gaines, Raymond, June 1988, Wm Smt /oQquilt ~ ~ Sminf, Boyle EnJineering 
Corporation. 

Outer, ·G.A., Febnuuy 1988, Sdtnium SdectiMty ill fort-~ RaW, Boyle EnJineerin& Corporation. 

Hanna, G. P.; Kipps, I . A.; and Oweal, L P~ ~ 1.990, ~ Draintlt:e '1irlltmmt Teclrnolcgy 
Revkw. 

Harz& Environmental Services, IDe., May 1981J,I'tiNI-..t ~of Sdmium &mow~/ by HflniJ 
Proceu. 

Herrmann, C. C., August 1985, &mow~/ of JOllie S4mium from W<Jter by !011 ExduurtJe: Revkw of 
Litm~~U~e 111111 Brief Anlllysis: Univenity al California, Berkeley. 

Klasing. S.A.; and Pilch, S.M., August 1988, ~ Draint1t:e W<Jter ContlDfliNztion in tM Smt 
Joaquin liz/ley: A Public Hetlhh l'rnpec:tiw: Health OlfX:ers Association of California. 

I .M. Lord, lnc:., October 1989, Pluue 111 Rqort. Sauly of~ Tedrniqua to 1Wbu:e SubSUI[D« 
Drai,.. Flows. 

---· March 1989. Phose 11 Rqort. Sauly of~ Dclutiqua to IWbu:e SuMu/IJt:e Drtzintlt:e 
FIUW$. 

----· November 1987, Phose! Rqort, Saulyof'-M Ttdrniqua to IWbu:e SubsuljtJCe 
Draintlt:e F/UW$. 

Miller,J.R.,Janwuy 1986, .An Estinultt: oftlw Hllw of 11 WIJUrfowl HUIJtine DtJy in tM Celllrtll Vlllley of 
CDiifomia: University ol Utah. 

National Academy of Science/National Reseudl CouDCi1, 1989,1nipti011lnducu W<Jt.,...Quality 
Problt:II'IS: Wluzt C1J1t Be Leamt:tJ from tlw Smt /oQquilt Hilley Exptrimce: National Academy Press, 
WashinJIOn, D.C. 

Neal, Rosenwy; and Sposito, Garrison, December 1988, AltmuatiDit of St:1tnium Drainilrg from Irrigatu 
Sdmifrrous .Agricultural Soils: Univenity al California, RMnide. 

Ogden, G .R., March 1988, .Agriculturrll '--d U.e 111111 W'lldlifo ill tlw Smt Joaquin Vlllley, 1769-1930: .An 
o-.few: SOW Heritage Researdl. 

Oswald, W.J., August 1985, Polmrial for '1irlltmmt of~ Drrlin W<Jter with Microa/tral-Bactttial 
Systt:/I'IS. 

Price, M.K.; and Eisenhauer, R.J., July 1988, Rqort 011 ~Process Te.rtint: U.S. Bureau 
ol Reclamation. 

174 



451 

Prokopovich, N.P., Apri11989, Irrigation History oftM Wut-Cmtrol San Joaquin Valley. 

---::---:-· April 1989,l.ithology and Physical ~u of Alluviwm in the Wut-Centra/ 
San Joaquin Willey. 

SOA, Inc., November 1988, Microalgai-Bocttrial Sdenium &duction Systmr Deoelopmml Pilot Plant. 

SRI International, May 1985, Chronic Toxicity of San Luis Drain Eflluent to~ am:w/il. 
Final RqKNt. 

Thomas, G. A.; and Leighton-Schwartz, M. T., 1990, UgaJ and Institutional Structure for MQIUI8ing 
A&ricultura/ DrainDgf! in tM San Joaquin Valley: Designing a Futwr: Natural Heritage Institute. 

URS Corporation, October 1986, /Hq>-Wdl Inj«tion of A&ricultura/ Drain Watm-, Summmy RqKNt and 
Technical .Appmdicu: Westlands Water District, Fresno, California. 

Water Education Foundation, 1986, Layperson's Guide to A&ricultural Drain•: Sacramento, California. 

Wichelns. Dennis, March 1988, Farm-Uvd Anolysis of Irrigated Crop Producti0t1 in Areas with Salinity 
and DrainDgf! Problm~S: University of Rhode Island. 

11S 



ABBREVIATIONS 

Ac: acre 

Acre-ft: acre-feet 

AF: acre-feet 

CCC: Commodity Credit Corporation 
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GLOSSARY 

Acre-foot: The quantity of water required to cover 1 acre to a depth of 1 foot. Equal to 325,851 
gallons or 43,560 cubic feet. 

Adsorption: The surface retention of solid, liquid, or gas molecules, ions, or atoms by a solid or liquid. 

Aerobic: Referring to a condition requiring the presence of oxygen. Aerobic bacteria require free 
oxygen for the metabolic breakdown of materials. 

Agroforestry: As used in this report, it is the practice of growing certain types of trees with drainage 
water. The trees act to dispose of applied drainage and shallow ground water through foliar 
evapotranspiration and at the same time produce a marketable commodity. 

Alluvium: A general term for clay, silt, sand, gravel, or similar unconsolidated material deposited 
during comparatively recent geologic time by a body of running water. 

ADuvlal fan: A low, outspread, relatively flat to gently sloping mass of stream deposits, shaped like an 
open fan or a segment of a cone deposited by a stream, especially in a semiarid region at the place 
where it issues from a narrow mountain valley upon a plain or broad valley. 

Anaerobic: Referring to the condition of existing in the absence of oxygen. Anaerobic bacteria can 
survive in the partial or complete absence of air. 

Aquaculture: As used in this report, refers to the potential use of drainage water for growth of aquatic 
organisms (fish, etc.) that could have product marketability. 

Aquifer: An underground geologic formation that stores and transmits water and yields significant 
quantities of water to wells and springs. 

Attenuation: In the context of this report, refers to the reduction of the amount of metal species 
transmitted through a soil column. Research has been conducted on the attenuation of selenium. 

Basin trough: A long, sediment-filled depression at the center of the valley. 

Bloeccumulatlon: The uptake and accumulation of a chemical by plants and animals directly from the 
environment (that is, from water, sediment, soil, or air) or through the diet. See Bloconcentratlon 
and Blomagnlfleatlon. 

Bloconcentratlon: The uptake and accumulation of a chemical by plants and animals directly from the 
environment, resulting in whole-body concentrations greater than those found in the environment. See 
Bloaccumulatlon and Blomagnlflcatlon. 

Blomagnlfk:atlon: The uptake and accumulation of a chemical by plants and animals through their 
diet, resulting in whole-body concentrations that increase at successively higher trophic levels of the 
food chain. See Bloaccurnulatlon and Bloconcentratlon. 

Blomau: As used in this report, refers to plant material that has been grown in drainage water and 
is suitable for use as a fuel, such as in cogeneration processes. 

Cogeneration: A process using waste heat from the thermal generation of energy to evaporate 
drainage water. 

Confined aquifer: An aquifer bounded above and below by impermeable beds or beds of distinctly 
lower permeability than the aquifer itself. 

ConJunctive use: A resource use or management plan in which surface and ground water supplies are 
used in a manner to maximize use from both without degradation of either. 
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ContemlnaUon: The addition 10 a given mcdi11111, such as water, of substances that adversely affect its 
benefiCial use. 

Crlllc.l v•-= A year is classified as critical wben unimpaired runoff to the San Joaquin River and key 
tributaries, as described in Department of Water Reaoun:cs' Bulletin 120, is less than 3.37 million 
acre-feet. However, if the previous year was claaified as aitical, a year is rated as aitical when 
unimpaired runoff is less tban 4.13 mil1ioo acre-feet. 

Deep percollltlon: The downward pm:olation of water past the lower limit of the root zone of plants, 
usually more tban S feet below the surface. 

Delta: A low, nearly flat alluvial tna.of land formed by deposits at or near the mouth of a river. In 
Ibis report, Delta UIUally refers 10 the delta formed by the Sacramento and San Joaquin Riven;. 

Dralnllge problem ••1: A land area c:lwactcrized by watcrlOJ&inl and related water-quality 
problems. lncludelland arcu now drained or land arcu that likely will require draina&e. 

Drllnllge water: See S•!l.lll'f8ce .....,.. w.ter. 

EndMgered tpeelee: Any ~Pedes or sublpec:ies of bird, mammal, fish, amphibian, reptile, or plant 
which is in serious dan&er of becomin& Cl1inct tbrougbout all, or a lipifk::ant portion of, its range. 

ElettltCIII conduc:tlvlly (EC): The ability of a panicular pared of water to conduct electricity. The EC 
of a water sample is an indirect measure of the total dissolved solids ('IDS) or salinity of the sample. 
Units of reporting arc siemens, wbicb arc equivalent to the older units, m/rM. Miaosicmcns per 
centimeter arc abbreviated as .,.stan. 

ev..,oratlon: The cbanse of a subl:taD<:e from the solid or Uquid phase 10 the gaseous (vapor) phase. 

Ev11potr8Mplrllll0n: Water lost u vapor tbrousJt the combined processes at evaporation from soil 
surface and transpiration from plants. 

Facullatlva INicterla: MiaoorpDilms capable of adaptive response to vuying environments (for 
example, adaptive 10 aerobic or anaerobic conditions). 

Furrow: A long. narrow, shallow lRDcb made in the poun4 by a plow or otbcr implement. 

Halophytaa: Plants that arc wellldapted 10 growing in a saline soil environmenL 

Hydraulic comectlone: The situation ezisting between two aquifers whereby the openings allow 
water 10 go from one aquifer 10 tbe other. 

Immobilization: In the context of Ibis report, the application of processes and procedures to retain 
toxic elements, cspedally selenium, in a given (soil) area. This is done 10 limit the movement and 
availability of those metal species wbicb may make them environmental hazards. 

lon exch1111ga: A reversible chemical reaction between a solid (ion crchangcr) and a fluid (usually a 
water solution). by means of which ions may be interchanged from one substance 10 another. 

Irrigation efllclency: The ratio of the averaae deptb of water infiltrated and stored in the root zone to 
the average depth of water applied to the field. Applk:ation effiCiency of an irription system is 
estimated by dividing the crop water use between irriptions by the amount of water applied during the 
last irription. 

Leaching: The dissolution and flushing of salts from the soila by the downward pcroolation of water. 

Methylation: The cbemical attachment of one or more methyl (CH3) groups 10 an element or 
compound. 
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Mitigation: One or all of the following: (a) Avoiding an impact altogether by not taking a certain 
action or parts of an action; (b) minimizing impacts by limiting the degree or magnitude of an action and 
its implementation; (c) rectifying an impact by repairing, rehabilitating, or restoring the affected 
environment; (d) reducing or eliminating an impact over time by preservation and maintenance 
operations during the life of an action; and (e) compensating for an impact by replacing or providing 
substitute resources or environments. 

Oxidation: A chemical reaction taking place by loss of electrons or addition of oxygen. 

Oxidation atate: In chemical terms, it is the number of electrons that can be added or subtracted from 
a chemical atom in a combined state to convert it to elemental form. Also known as the oxidation 
number or valence and could be positive or negative. 

Part per billion (ppb) : One part by weight per 1 billion (109) parts. In water, nearly equivalent to 1 
microgram per liter (14g/L), or 1 microgram per kilogram (llglkg) in solids. 

Part per million (ppm): One part by weight per 1 million (1o6) parts. In water, nearly equivalent to 1 
milligram per liter (mg/L), or 1 milligram per kilogram (mglkg), also 1 microgram per gram (llg/g). 

Percolation: In the context of this report, the downward movement of water through the soil or 
alluvium to the ground-water table. 

Potential problem water: Shallow ground water within 5 feet of the surface of irrigated lands during 
at least part of the year that has chemical characteristics adversely affecting agriculture and, if the 
water were to be drained, fish and wildlife, public health, or attainment of State surface-water quality 
objectives. 

Principal atudy area: Primarily the western side of the San Joaquin Valley, comprising lands, waters, 
and related resources currently affected by problems related to agricultural drainage, as well as lands 
likely to be affected in the future. 

Problem water: That part of potential problem water that, because of its adverse impact on crops, 
soils, or off-site areas, and water and land uses, requires drainage and associated management. 

Recharge: The processe's of water rilling the voids in an aquifer, which causes the piezometric head or 
water table to rise in elevation. 

ReduCUon: A chemical reaction taking place by acceptance of electrons, removal of oxygen, or 
addition of hydrogen. 

Riparian: Pertaining to the banks and other terrestrial environs adjacent to water bodies, watercourses, 
and surface-emergent aquifers (for example, springs, seeps, and oases), whose waters provide soil 
moisture significantly in excess of that otherwise available through local precipitation. Vegetation 
typical of this environment depends on the availability of excess water. 

Root-zone storage: Water present in the first few feet, usually within 5 feet of the ground surface in 
field crops and vegetables; within 10 feet for some fruit and nut trees. 

Sallnlly: The salt content of dissolved mineral salts in water or soil. Salinity in water is measured by 
determining the amount of total dissolved solids (fDS) or by the electrical conductivity (EC); 
1,000 11S/cm is approximately equal to 650 ppm as IDS. 

Salta: In chemistry, the compound formed when the hydrogen of an acid is replaced by a metal or its 
equivalent. Examples are sodium chloride, calcium sulfate, and magnesium carbonate. In this report, it 
generally refers to chemical salts as they are dissolved in water or present in soils. The major 
components of drainage water salts are sodium, sulfate, and chloride. 
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Salt balance: The equilibrium C518blished between salts imponed to an area and Ute salts exponed 
from the same area. When used in a resional sense, imponed salts are those contained in 
surface-applied water and may include other inputs such as fenilizer, soil amendments, and 
precipitation; exponed salts are those conveyed from the area through surface and subsurface flows. 
The term "salt balance" can also be applied to the crop root zone. In this sense, it refers to an 
equilibrium state of soil salinity where there is no net salt accumulation in the root zone. Net 
accumulation of salt in the crop root zone can reduce crop yields. 

Salt load: The total amount of salts contained in a given volume of water entering or leaving an area. 

Seepage: Water escaping from a channel or an impoundment by percolation. 

Selenete: Ionized selenium, usually present as a salt, existing in a valence (or oxidation) state of +6. 
The chemical symbol is seo4-2. 

Selenite: Ionized selenium, usually present as a salt, existing in a valence (or oxidation) state of +4. 
The chemical symbol is seo)-2. 

Semlconnned aquifer: As used in this report. it includes all aquifers above the Corcoran Clay, 
including the so-called unconfmed aquifer. 

Shallow ground water: Ground water within 20 feet of the land surface. 

Sierran aand: A term referring to a distinct subsurface body of water-bearing material underlying the 
San Joaquin Valley. These deposits originated from the Sierra Nevada. lerm is equivalent to "Sierran 
sediment" and "Sierra Nevada sediment." 

Soli aallnlzatlon: The accumulation of soluble salts in the soil by the evaporation of water from the 
soil zone. 

Solar ponde: Nonconvective, salt-gradient solar ponds discussed in this report are about 6.5 to 16.5 
feet deep with three distinct water salinity/density zones. Short-wave solar radiation penetrates the 
upper zones into the lower, denser, heat storage zone and raises its temperature. The stored heat can 
be used as a low-temperature energy source. 

Subsidence: A local mass movement that involves principally the gradual downward settling or 
sinking of the earth's surface with little or no horizontal motion. II may be due to natural geologic 
processes or mass activity such as removal of subsurface solids, liquids, or gases. and wetting of some 
types of moisture-deficient loose or porous deposits. 

Substance of concem: One of a IJOUP of tllllic or potentially toxic chemical elements or constituents 
present in agricultural drainage water. 

Subltltule water aupply: An adequate nontllllic and reliable freshwater supply equal in volume to the 
agricultural drainage water previously used by wildlife and/or wildlife habitat. In practical application, it 
is water to replace a supply on wllich biol08ical depenclence has developed. 

Subaurrace drainage water: Surplus water removed from within the soil by natural or artificial 
means, such as by drains placed below the surface to lower the water table below the root zone. In this 
repon, unless otherwise qualified. drainage water refers to subsurface drainage water. 

~ater: Irrigation water that flows ovu an irrigated field withf'llt infiltrating the soil. Sy-nonymous 
with "surface drainage water" and "irrigation return flow." 

Tile Clraln; An on-farm subsurface drain made of flexible plastic pipe (formerly made of day tile). 

Total dlMolv'eif eollda: A meuwe of the IIJilOIIftt ol dissolved material in a liquid (usually water). It 
is used to determine salinity. The proc:eclure requires measuring (weilhing) the amount of solid 
remaining after evaporation of the liquid for a pen time period and at a specified temperature. 
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ll'ace elementa: Those elements present in the environment at small but measurable concentrations, 
usually less than 1 part per million. 

nansplratlon: The passage of water through the stomata of plant leaves into the atmosphere. 

Upland: Generally means a land zone sufficiently above and/or away from freshwater bodies, 
watercourses, and surface-emergent aquifers to be largely dependent on precipitation for its water 
supplies. As used in this report, upland also refers to lands other than those which are seasonally or 
permanently wet. 

VolatlHzatlon: The conversion of a chemical substance from a liquid or solid state to the gaseous 
(vapor) state. 

Waterlogged: Soaked or saturated; said of an area affected by a high water table; that is, where water 
stands near, at, or above the land surface. 

Water table: The area in unconfmed subsurface material where hydrostatic pressure equals 
atmospheric pressure. Generally, the boundary between the saturated and unsaturated subsurface soil 
zones. 

Watland: A zone periodically or continuously submerged or having high soil moisture, which has 
aquatic and/or riparian vegetation components, and is maintained by water supplies significantly in 
excess of those otherwise available through local precipitation. 

Wildlife habitat: An area that provides a water supply and vegetative habitat for wildlife. 
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A STRATEGY FOR IXPLBKBHTATION 

OF THE 

MANAGBXBNT PLAN FOR AGRICULTURAL SUBSURFACE 
DRAINAGE AND RELATED PROBLEMS ON THE 

WESTSIDE SAN JOAQUXH VALLEY 

The State-Federal San Joaquin Valley Drainage Program 

culminated approximately six years of study in September 1990 

with a report that focused on in-valley management of the 

agricultural drainage and drainage-related problems on the 

westside of the san Joaquin Valley. The state and federal 

agencies involved in developing the plan recognized that 

"unattended plans often do not materialize" and initiated an 
interagency follow-up to the program to prepare a strategy for 

implementation of the management plan. This document presents 

the implementation strategy . 

Backup materials in support of the information contained in 

this report have been compiled in a separate report, entitled 

"Background Documents", that is available in limited numbers. 
These materials are in the form of memorandum reports, technical 

information records, papers, and statements. They are listed 

below. 

o Work Plan for the San Joaquin Valley 
Drainage Program Follow-up. 

o Re-draft of Concept Paper on Monitoring. 

o Draft Technical Information Record for 
the Development of Strategies to 
Implement the Various Management 
Components Presented in the SJVDP's 
Recommended Plan. 

o Guide to Information Acquired and 
Developed by the SJVDP. 

vi 

January 1991 

April 19, 1991 

April 21, 1991 

April 25, 1991 
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o Summary of Agricultural Drainage-Related 
Monitoring Programs and studies. 

o Aspects of Monitoring system Design for 
Assessing the Regional Impacts of 
Implementation of the SJVDP Recommended 
Management Plan for the Western San 
Joaquin Valley. 

o Summary and Analysis of Results of 
Individual Agency Assessaent of Proposed 
or Preferred Role in I~lementing the 
SJVDP Recommended Plan. 

o Agency Recommendations on Monitoring: A 
Summary of Discussions in Meetings. 

vii 

May 1991 

July 3, 1991 

July 24, 1991 

Auqust 15, 1990 -
Auqust 22, 1991 
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CIIAPTBR 1. BACJtGROUIID 

THE AREA OF CONCERN 

The chief area of concern is the westside of California's 

San Joaquin Valley from the sacramento-san Joaquin Delta on the 

north to the Tehachapi Mountains south of Bakersfield. This area 

coincides generally with the irrigation service areas of the 

Federal Delta-Mendota Canal, the Federal San Luis Unit and the 

State Water Project. The area is predominantly rural. Lands now 

directly affected by, contributing to, or likely to be directly 

affected by agricultural drainage problems are shown as the 

program study area on Figure 1. 

The san Joaquin Valley is a gently sloping, nearly unbroken 

alluvial plain, about 250 miles long and an average of 45 miles 

wide, that is characterized by a mild, dry climate. Nearly all 

crops grown commercially in the region require irrigation. 

Soils on the western side of the valley are derived from the 

marine sediments that make up the Coast Range and are generally 

high in salts and, in some areas, trace elements such as selenium 

that occur in a marine environment. Irrigation of these soils 

has dissolved these substances and accelerated their movement 

into the shallow ground water. · Where water tables are high and 

agricultural drains are necessary, drainage water frequently 

contains elevated concentrations of salts and, less frequently, 

trace elements. Under high water-table conditions, these 

substances are alternately dissolved by irrigation water and then 

reprecipitated as evapotranspiration removes water from the water 

table, leaving behind increasing concentrations of salts in the 

soil and in shallow ground water. 

In addition to 2.5 million acres of irrigated agricultural 

land, the area also contains remnant natural and managed habitats 

1 
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of importance to a diversity of fish and wildlife species. 
Natural and managed habitats impacted by agricultural drainage 
include the Grasslands area, a large grasslands/wetlands complex 
in the southern san Joaquin Basin where for several decades 
commingled surface and subsurface agricultural drainage water was 
used for habitat management, and the San Joaquin River, into 
which an estimated 35,000 to 56,000 acre-feet per year of 
collected subsurface agricultural drainage water is currently 
discharged. Man-made drainage-created habitats include: 
evaporation ponds (primarily in the Tulare Basin), where 
subsurface drainage water is discharged and concentrated and 
which are used extensively by aquatic birds: and agroforestry 
plantations that are watered with subsurface drainage water and 
are used by several avian and terrestrial wildlife species. 

SU JOAQUIB VALLBY DRAIDGB PROGRUl 

In 1984, the san Joaquin Valley Drainage Program (SJVDP) was 
established as a joint federal and State effort to investigate 
drainage and drainage-related problema and to identify possible 
solutions. The SJVDP adopted the following objectives: 

Public Health 

Minimize potential risJts that uy be associated with 
agricultural drainage water. 

water Quality 

Protect existing and future reasonable and beneficial 
uses of surface and ground waters. 

3 
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Agricultural Lands apd fro4uctiyity 

Sustain productivity of existing farmlands on the west 
side of the valley. 

Fish and Wildlife Besources 

Protect and enhance fish and wildlife resources. 

The SJVDP followed earlier studies and efforts that resulted 
in the construction of approximately 85 ailes of a planned 209-
aile drainage canal that was to discharqe into the Sacramento-san 
Joaquin Delta. A part of the constructed section discharged into 
Kesterson Reservoir that was then planned as a storage control 
and wildlife refuge area. 

In 1983, discovery of deformities and deaths of aquatic 
birds at Kesterson Reservoir altered the perception of drainage 
problems on the west side of the valley. Selenium poisoning was 
determined to be the probable culprit. The drainage problem then 
became a aore serious environmental concern as well as an 
agricultural problea on the west eide of the valley. The San 
Joaquin Valley Drainage Program was directed to investigate the 
problems and •to formulate, evaluate, and recomaend alternatives 
for the immediate and long-range management of the problems". 
The program was also subsequently directed to focus on "in­
valley" management of the problems, and therefore, although 
continued discharge to the San Joaquin river was studied, a drain 
to the Delta was not included in the evaluation of alternatives. 
However, the proposed plan includes plan components that are 
necessary first steps regardless of the ultimate choice of a sink 
for the drainage water and dissolved constituents now 
accumulating in parts of the San Joaquin Valley. 

4 
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Proqraa Participants 

The San Joaquin Valley Drainage Program was established in 
August 1984 by the U. S. Secretary of the Interior and the 

Governor of California. Three Federal agencies -- the Bureau of 

Reclamation, Fish and Wildlife Service, and the Geological 

survey, together with two State agencies -- the Department of 

Fish and Game and the Department of Water Resources -- were the 
principal program participants. A Policy and Management 

Committee comprised of Director and Regional Director level 

representatives from each of those agencies was formed to provide 
policy direction to the program. 

An interagency study team made up of interdisciplinary 

representatives of the various agencies together with contract 

consultants conducted the analytical, planning, and management 

activities. 

Three main committees provided advice to the Policy and 
Management Committee and the study teaa. The National Research 

• Council Committee on Irrigation-Induced Water Quality Problems 

provided scientific oversight. A 14-member Citizens Advisory 

Committee representing a broad spectrum of organizations and 

individuals interested in and affected by drainage-related 
problems provided information, viewpoints, and guidance. An 

Interagency Technical Advisory Committee and several 

subcommittees composed of personnel from several federal and 
state agencies and both California university systems provided 

technical review and guidance. 

Altogether, over one hundred people were involved in the 
study directly and several hundred more through two series of 

public meetings held to solicit comments on the preliminary and 

final program reports. 

5 
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The Final Proqraa Report 

The final program report, "A Management Plan for 
Agricultural Subsurface Drainage and Related Problems on the 
Westside San Joaquin Valley" was published in September 1990. 
The report outlines the problem, describes what the study 
revealed or confirmed, presents in-valley management options and 
planning alternatives, and recomaends a plan for in-valley 
management of drainage and drainaqe-related problems. 

0 

0 

0 

0 

0 

The plan contains eiqht major components: 

Source control 
Drainaqe reuse 

Evaporation systems 
Land retirement 
Ground-water manaqement 

0 

0 

•o 

Discharqe to the San Joaquin 
River 
Protection, restoration, and 
provision of substitute water 
supplies for fish and wildlife 

habitat 
Institutional chanqes 

These plan components complement each other. They may be 
implemented separately, but there will be interaction between 
them. For example, source control and drainaqe reuse actions 
reduce drainaqe volumes which in turn reduces the need for 
evaporation systems. 

RBBD POR IKPLBKIMTATIOB STRATBGY 

The plan in the final SJVDP report outlines a set of 
in-valley actions (often reqional in scope) that, taken toqether, 
will enable manaqement of the agricultural drainaqe problem. for 
several decades into the future. In the plan report, however, 
there was no formal aqreeaent on specific actions, responsi­
bilities, implementation schedules, and budqetinq or fundinq. 

6 



474 

But, the participants in the San Joaquin Valley Drainage 

Program recognized the need for a strategy to promote action on 

the program's recommended plan, and, they set a time period for 

its accomplishment. They agreed the strategy should define: 

(1) required actions and priorities, (2) agency responsibilities, 

and (3) funding sources and amounts. They also agreed that the 

"Strategy for Implementation" should be presented in a report 

which should include a memorandum of understanding among 

participating federal and state agencies. 

In addition, it was determined that the strategy would 

include: (1) A long-term monitoring program for tracking 

drainage conditions and the impacts of actions to manage drainage 

problems; and (2) develop-ment and execution of a plan for long­

term management of the SJVDP data base (which includes reports, 

files, computer models, computer data storage, a geographic 

information system, and numerous other items). 

7 
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CHAPTBR 2 • PURPOSB 01' :EKPLBJIBII'rAT:EOif STRATBGY 

When the follow-up to the San Joaquin Valley Drainage 
Program was initiated in october, 1990, it was anticipated that 
the implementation strategy ~. be developed would serve the 
following purposes: (1) establish a continuing coordination 
structure; (2) define and prioritize implementation needs; 
(3) identify federal, State, local, and private roles in 
implementation; (4) recommend implementation actions; and 
(5) seek agreement of involved parties. 

BSTABL:ESH A COIIT:EIIU:EIIG COORD:EKAT:EOH STRUCTURB 

Agricultural drainage studies and activities on the westside 
San Joaquin Valley have fluctuated considerably since the threat 
of drainage problems was recognized more than 50 years ago. The 
two most recent state-federal interagency studies resulted in 
reports in 1979 and 1990. 

Although there has always been some continuing coordination 
between federal, State, local, and other drainage interests, 
structured coordination has taken place only during formally­
organized, agency-endorsed study programs. There is need for a 
continuing, formally-organized coordination mechanism that will. 
effectively continue from year to year to deal with the drainage 
problems. This is more important than ever during the transition 
from planning and study to implementation of management actions. 
Establishment of a coordination mechanism is one purpose of the 
strategy. 

SCHBDULB AlfD PR:EOR:ET:EZB :EKPLBKBII'rAT:EOif ACT:EOIIS 

The management plan presented in the final report of the San 
Joaquin Valley Drainage Program in 1990 described eight plan 
components and a series of recommendations for action. There 

8 
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was, however, no schedule for implementation of the actions 

recommended. This strategy should be a step toward preparation 

of a schedule for implementation actions and identification of 

the parties that will implement the actions. 

IDENTIFY FEDERAL, STATE, LOCAL AND 

PRIVATE ROLES IN IMPLEMENTATION 

The recommendations for action presented in the SJVDP final 

report generally identify the entities that should be responsible 

for implementation of specific actions. A purpose of this 

strategy is to review current actions and make more specific 

recommendations regarding implementing entities and schedules for 

future implementation. Identification of the long-term roles of 

action entities in drainage management is also included as a 

purpose. 

IDENTIFY REQUIREMENTS TO IMPLEMENT PLAN AND RECOMMENDATIONS 

Effective implementation of the management plan will require 

commitments and actions. These include authorizations at various 

governmental levels, appropriation of funds, enactment of 

enabling legislation, promulgation of rules and regulations, more 

detailed technical studies, and environmental assessments. A 

purpose of this strategy is to identify those requirements and 

provide guidance on how they can be accomplished. 

SEEK AGREEMENT OF INVOLVED PARTIES 

One of the most important purposes of the strategy is to 

decide and agree among the implementing entities on the specific 

roles in implementing the management plan. This is especially 

important among the State and federal agencies. Participation of 

local and private interests along with the California university 

systems must also be included. Some type of formal agreement 

9 
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identifying the role of each interest or entity in plan 

implementation is the proposed vehicle to gain agreement among 

key entities. A Memorandum of Understanding endorsed by the 

participating State and federal agencies adopts this strategy 

report as a guideline for organizational long-term action. 

State and federal agencies have committed to continue 

providing technical and financial assistance for correcting the 

drainage problems. Growers and local water districts are facing 

regulatory requirements which will necessitate their timely 

action in effecting drainage management. Environmental 

organizations and fish and wildlife managers also have major 

interests in drainage management and must be included in 

organization, planning, and action. 

RESULT OF FAILURE TO ACT 

It is incumbent on the local agencies and the irrigators to 

implement effective drainage management measures, or, eventually, 

stringent regulatory measures will probably be imposed. The 

State Water Resources Control Board's (SWRCB) Non-point Source 

Management Plan (1988), for example, outlines three progressively 

more stringent general . management approaches which are scheduled 

to be applied, as necessary, on agricultural discharges to 

achieve prescribed performance goals* or objectives: 

(1) Voluntary implementation of best management practices 
(BMPs). 

*PERFORMANCE GOALS are defined by the SWRCB as concentrations of 
water quality constituents established for receiving waters that 
a discharger must make best efforts to meet in discharging waste 
to waters of the state. For non-point source dischargers, these 
best efforts must be made pursuant to the Non-point Source 
Management Plan. Performance goals serve as a measure of 
success in improving water quality. 

10 
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(2) Regulatory-based encourageaent of BMPs (e.g., waiver of 
waste discharge requirements on condition that BMPs are 
implemented). 

(3) Issuance of waste discharge requireaents which establish 
effluent limitations or discharge prohibitions. 

The SWRCB has also established schedules for accomplishing 
specific tasks. The regional boards are directed to establish 
accelerated schedules, as appropriate, for agricultural 
dischargers to implement BMPs and controls to reduce levels of 
known problem constituents. The following must occur within one 
year from April 11, 1991, (the date of adoption of the Inland 
Surface Water Plan): 

(1) Agricultural dischargers shall identify or form drainage 
entities, and demonstrate, based on available data, that 
applicable water quality objectives or performance goals are 
being attained, or beqin iaple.entation of BMPs; and 

(2) The Regional Board, with the assistance of agricultural 
dischargers, shall submit, for State Board approval, a 
report which defines drainage area entities identified or 
formed by dischargers, and establishes monitoring sites and 
a surveillance and compliance aonitoring program. 

The State Board will approve or disapprove the report within 
six months of submittal by the Regional Board. If agricultural 
dischargers do not identify or fora drainage entities, the 
Regional Board shall submit a report to the State Board which 
describes appropriate drainage entities. If agricultural dis­
chargers do not comply with these requireaents, the Regional 
Board shall immediately pursue regulatory-based encouragement of 
BMPs or issuance of waste discharge requirements, as appropriate. 

11 
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Table 1, (which is Table 8 of the SWRCB's Inland Surface 

Water Plan), defines the implementation timetable. 

TABLE 1 

IMPLEMENTATION OF PERFORMANCE GOALS OR OBJECTIVES AND 

MONITORING REQUIREMENTS FOR AGRICULTIJRAL DRAINAGE DISCHARGERS 

1 year 

6 months 
of submittal 

2 l/2 years 

6 months 
of submittal 

3 years 

(lst triennial review) 

6 years 

(2nd triennial review) 

o Identify or fonn drainage entities; begin 
implementation of BMPs 

o Submit report to Regional Board which 
describes implemented BMPs and time 
schedule for further implementation of 
BMPs 

o Implement BMPs, as necessary 

o Implement BMPs, as necessary 
o State Board: review 

progress of BMP 
implementationY 

Y Conducted with technical and financial assistance of agricultural drainage dischargers. 

Y State Board will require a more stringent management approach if sufficient progress in the 
implementation of BMPs has not been made. 

12 
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CJIAPTBR 3 • IJIPLBJIDI'fA'l'IOII IIBBDS BY JDJOR PLAit COJIPOIIBliT 

The SJVDP's recommended plan includes eight major components 
designed to: (1) reduce the production of subsurface drainage 
water, (2) control the remaining drainage water, (3) contain and 
isolate contaminants such as selenium, and (4) resolve the 
current and potential drainage-related public health and fish and 
wildlife problems. This chapter describes the total needs of 
each plan component, current actions underway, and the future 
needs and support required. 

SOORCB COII'l'ROL 

The objective of source control is to reduce the annual 
volume of deep percolation of water past the crop root zone. The 
plan includes a regional target of reduction of deep percolation 
through source control that varies from 0.20 to 0.35 acre-feet 
per acre per year, depending on irrigation and soils conditions 
in various areas. This leaves approximately 0.4 acre-feet per 
acre to be collected as drainage water. 

Recent efforts by water districts and irrigators are 
reportedly reducing deep percolation amounts from those estimated 
by the SJVDP in the aid to late 1980's. For example, westlands 
Water District asserts that source control bas reduced deep 
percolation in that District by approximately o.s acre-feet per 
acre per year from the amount estimated in the SJVDP final report 
and that there is little potential to further reduce deep 
percolation in that area. LOng-term monitoring of the entire 
drainage problem area is needed to aid in planning drainage 
reduction actions. 

Significant gains have been made in developing and improving 
source control methods and techniques. The most effective of 
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these include improvement of: (1) management of irrigation 
systems, (2) present irrigation practices (e.g., shortening 
furrows and using tailwater return systems, thus improving water 

application uniformity), and (J) irrigation scheduling. 

Additionally, the beginning of technology transfer to the farmers 

through education and demonstration programs appears fruitful. 

CUmulatively, these source control efforts are expected to 

produce encouraging results in reducing subsurface drainage water 

volumes and pollutant loads. 

Additional effort needs to be applied to source control -­

especially in promoting, convincing, and assisting individual 

farmers to adopt and practice water conservation and source 

control measures. To make effective valley-wide gains in sub­

surface drainage water management, source control measures must 

be more widely implemented. 

Besides regulations, positive incentives need to be 

developed to encourage growers to maximize efficient use of 

water. Profit-sharing in the marketing of water conserved 

through local efforts may be a viable incentive in certain 

service areas. 

DRAXRaGB RBUSB 

The SJVDP projected that much of the average 0.40 AFfacre-yr 

of deep percolation remaining after implementation of source 

control measures should be collected as drainage water, further 

reduced in volume, and ultimately disposed of. It was 

recommended that the drainage water reduction be achieved through 

sequential irrigation of salt-tolerant crops, salt-tolerant 
trees, and halophytes. Based on evapotranspiration rates of 

5 AFjacrejyear and J AFjacrejyear for trees and halophytes, 

respectively, the SJVDP projected the need for year 2000 and 2040 

acreage for trees and halophytes as shown in Table 2. 

14 



Subareas 

Grasslands 
Westlands 
Tulare 
Kern 

482 

'l'&BLB 2 
PRJ:IIJUlY DRAJ:DGB-&'l'Bit UDOC'l'J:C* ftCJ:LJ:'l'J:BS 

(&pprozia&te aar .. ) 

2000 2040 

'l'rees Halophytes 'l'r-• 

2,400 900 1,900 

3,900 2,100 8,000 

4,000 4,600 12,300 

1,600 3,300 3,600 

TOTAL 11,900 10,900 25,800 

Source: Table 28, SJVDP, 1990 

Halophytes 

700 

4,100 

12,300 

6,000 

. 23,100 

Presently, over 500,000 salt-tolerant trees have been 
planted in the valley for purposes related to drainage water 
volume reduction and lowering of shallow ground-water tables. 
However, because there is also a need to further advance and 
refine the technology, auch of the present efforts are directed 
toward research. For example, efforts are being made to: 
develop sturdier, aore freeze-resistant and salt-tolerant tree 
stock; aonitor physical and ch-ical cbancJea in the soil profile 
of agroforestry plots and the accoapanying t.pacts; field measure 
evapotranspiration rates; develop aarketable halophytes; and 
explore markets for agroforeatry products. 

There is additional need for research and technology 
development in areas such as tree and plant stock iaprovement, 
finding and developaent of aarkets for tree and halophyte 
products, and identifying and correcting salinity problems 
accompanying irrigation with saline waters. There is also a need 
for demonstration projects to iaprove as well as promote and 
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assist farmers and districts to effectively implement the salt­
tolerant treesjhalophyte concept, for evaluation of possible 
public health and wildlife impacts, and for development of 
management practices that eliminatejreduce adverse impacts. 

BVAPORATIOH SYSTBHS 

Evaporation ponds are presently the only disposal system 
used in the valley. Because of the negative environaental 

impacts of aost ponds they are viewed by water quality, public 
health, and wildlife agencies as facilities needing corrective 
actions. The SJVDP proposed that for ponds having incoming 
drainage water with selenium exceeding 2 ppb, alternative safe 
wetland habitat would be provided nearby to facilitate aquatic­
bird hazing and that where incoming selenium concentration 
exceeds 50 ppb, accelerated rate evaporation systems would be 

used to significantly reduce ponding areas and wildlife use. 
Both of these types of ponds should be constructed and operated 
to minimize bird use. 

There are on-going efforts to aore specifically identify the 
iapacts of evaporation ponds on wildlife. There are also on­
going investigations of other evaporation or related systeas such 
as the enhanced evaporation spray systea developed by ORMAT 
Turbines, Ltd., and solar ponds. 

Because of the serious problems connected with evaporation 
ponds, there is wide concurrence that further commitment must be 

made to develop new technologies, iaprove pond management, 
improve .onitoring, and address the issue of eventual closure of 
existing ponds. Major research and field de.anstration programs 
are needed to assess and develop a proven, safe disposal 
technology. 

16 



The SJVDP defined land retirement as the cessation of 

irrigation of: (1) lands having poor drainage and overlying 

shallow ground water that contains elevated levels of selenium or 

other contaminants, or (2) any areas in which the drainage 
problems could not be managed safely with any other available 

options. Areas having shallow ground water seleniua levels over 

200 ppb were considered •hot spots• and special candidates for 

retirement. Land retira.ent is not viewed as necessarily being a 
permanent measure; it is a land reservation strategy whereby land 

may be irrigated again in the future if the problems necessi­

tating retirement were to be corrected. Because of the program's 

deliberate choice of sustained agriculture as one of four 

planning objectives, land retirement was viewed as an option of 
"last resort". 

Table 3 shows the land area included in the SJVDP plan for 
retirement. 

~ABLII 3 

LMID RBTIRBXDIT COJIPO~ 01' '!'liB SJVDP• 8 RBCOJIIIBJIDBD PLMI 

LaiiD ~I~ &RBA (I. ACRBS) 
SUBAREA 

DAR 2000 YBU 20CO 

Grasslands 0 3,000 

Westlands 18,000 33,000 

Tulare 0 7,000 

Kern 3,100 32,000 

TOTAL 21,100 75,000 

Source: Tables 29, 32, 35, and 38 (SJVDP, 1990) 
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GROUIID-WA'l'BR MARAGBMBIIT 

The SJVDP's recommended ground-water management concept 
entails pumping from the deeper ground-water bearing zones in the 

semi-confined aquifer to lower the shallow-water table and 

thereby alleviate water~logging conditions through induced 

drawdown. Water produced would replace current surface water 

being used for irrigation or be made available for other uses. 

The program identified three conditions necessary for the ground­

water management strategy to be technically feasible: 

1. Adequate vertical hydraulic interconnection between the deep 

semi-confined aquifer and the waterlogged lands, 

2. Sufficient volume of water in the semi-confined aquifer to 
allow withdrawal for a reasonable period of time (exceeding 

20 years), and 

3. Pumped water quality of less than 1250 ppm TDS so the water 
might be used for irrigation. 

Presently, there is no deliberate pumping of the semi­

confined aquifer to produce drawdown in the shallow-water table, 

although there is (especially in drought years) unscheduled 

extraction of ground water which helps t~raw down shallow-water 

levels and moderate waterlogging conditions:-- Reliable site­

specific information on the above conditions must be develope~~~ 
order to ensure effective implementation. The USGS believes that 
in parts of the problem areas that have been studied and modeled, 
such information may be developed by extension of existing 

hydrologic models. However, in many areas where data are sparse, 
more study will be required. 

18 



DISCBARGB TO TBB sa. JOAQUIB RIVBR 

The Central Valley Regional Water Quality Control Board is 
the primary regulatory authority governing the discharge of 
drainage waters to the San Joaquin River. The Board's water 
quality objectives for the river are designed to protect the 
beneficial uses of water in the river and set standards for waste 
discharges to the river. The objectives adopted by the state 
Board in 1988 (subject to U. s. EPA approval) for selenium, boron 
and salinity from the mouth of the Merced River to Vernalis are 
summarized as follows: 

Selenium 

o 5 ugjl monthly mean 
o 8 ugjl monthly mean, critical water year 
o 12 ugjl maximum 

0 0.8 mg/1 monthly mean, 3/15 through 9/15 
0 1.0 mg/1 monthly mean, 9/16 through 3/14 
0 1.3 mg/1 monthly -an, critical water year 
0 2.0 mgjl maximum, 3/15 through 9/15 
0 2.6 mg/1 maximum, 9/16 through 3/14 

at.lLoLtx 
The present salinity objective is 500 ag/1 at Vernalis, 
but no upstream salinity objective bas yet been adopted 
for the immediate drainage producing areas. Upstream 
salinity objectives will be reconsidered in 1992 in 
light of newly established water quality objectives for 
the Bay and Delta. 

To date, the principal effort to alleviate the impacts of 
drainage water on the water quality in the river has been to 
reduce pollutant loads to the river through source control and 
best management practice measures. Implementation of these 
measures has been reported to be effective in reducing the volume 

of drainage water produced as well as in reducing the waste 
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loads. Additionally, efforts are underway to reopen the San Luis 
Drain to convey drainage water to the San Joaquin River and to 
facilitate the supply of usable water to the wildlife refuges in 

Grasslands. 

The lower San Joaquin River has long been plagued with many 

problems -- among the more prominent of which have been the 

interrelated problems of low flows and poor water quality. Two 

of the more significant programs aimed at correcting problems in 

the river are: (1) The San Joaquin River Basin Management 

Initiative and (2) The San Joaquin River Management Program. 

The San Joaquin River Basin Management Initiative is a 
program of the USBR to explore opportunities for environmental 

recovery in the San Joaquin Basin (USBR, 1990). The management 

plan of this initiative will focus on the needs of: (1) Chinook 

salmon, (2) water quality conditions, (3) wetlands for waterfowl, 

(4) wildlife, and (5) reservoir fishery and recreation. 

Accordingly, this program ties directly and closely with two 

components of the SJVDP's recommended plan -- discharge to the 

San Joaquin River and protection, restoration, and provision of 

substitute water supplies for fish and wildlife habitat. 

FUnding for this program is substantial, totaling $5.07 

million over five years (FY 1991 to and including FY 1995). In 

accordance with current federal funding policies, fifty percent 

non-federal funding cost sharing is required. Work on this 
initiative is closely coordinated with the State-sponsored San 

Joaquin River Management Program. 

The San Joaquin River Management Program (SJRMP) is a state 
legislative sponsored effort to correct natural resource 
conditions on the San Joaquin River and to enhance it's many 
uses, including water supply, flood control, fisheries, wildlife 
habitat, and recreation. Assembly Bill 3603 (CostajJones) 
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established the San Joaquin River Management Program Advisory 
Council and the San Joaquin River Management Program Action Team. 

The SJRMP brings together representatives from organizations 
representing property owners, water users, federal, State, local, 
environmental, and recreational interests to coordinate 
activities to improve river conditions for all beneficial uses. 
Its objective is to develop compatible solutions to meet water 
supply, water quality, flood protection, fisheries, wildlife 
habitat, and recreational needs. Because the discharge of 
subsurface drainage water and the migration of shallow ground 
water to the river materially affect the water quality in the 
river, the implementation of drainage management plans is of 
critical importance to the SJRMP. 

The management of drainage water discharge to the San 
Joaquin River has many common goals with these state and federal 
programs and therefore, must be coordinated with those programs. 
Drainage water management must be an integral part of correcting 
the problems of the lower San Joaquin River. 

PROTBCTIOII', RBs'TollATIOII', UD PJtOVXSIOII' 01' SUBSTITOTB 

WATBR 8UPPLIBS I'OR I'ISB .utD WZLDLIR ltBSOURCBS 

The SJVDP's first objective for fish and wildlife resources 
is to: "Protect (or, where protection is not practicable, 
mitigate for the loss of) existing fish and wildlife resources 
from ongoing and potential impacts associated with subsurface 
drainage water generated by irrigated agricultural lands." This 
objective acknowledges past and ongoing impacts upon fish, wild­
life, their habitats, and associated public uses caused primarily 
by toxic contaminants carried in elevated concentrations in 
subsurface agricultural drainage water. The SJVDP identified 
drainwater protection needs for Merced River chinook salmon, 
migratory birds and other trust resources that use evaporation 
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ponds, and avian and terrestrial fauna that use agroforestry 
plantations. The following actions are needed to satisfy fish 
and wildlife protection provisions of the SJVDP recommended plan: 

o Field testing and implementation of modified evaporation 

pond design, construction, operation and monitoring 

practices to ensure that ponds greatly minimize impacts on 

birds . 

o Development of definite plans for evaporation pond closure 

when closure appears necessary or inevitable. 

o Provisions of alternative, clean wetland habitat (including 

adequate, clean water supplies) near evaporation ponds that 

pose a contaminant hazard to birds and require hazing. 

o Based upon findings from additional monitoring , development 

and implementation of management guidelines for agroforestry 

plantations to either encourage or preclude/discourage 

wildlife use of the plantations. 

o Provision of 20,000 acre-feetjyear in-stream flows (during 

October) to the Merced River to entice upstream migrating 

chinook salmon away from westside tributaries of the San 

Joaquin River. 

Another of the SJVDP's objectives is to: "Bestore (or, 
where restoration is not practicable, mitigate for the loss of) 
fish and wildlife resources contaminated with subsurface drainage 
water generated by irrigated agricultural lands in the principal 
study area." Valuable fish and wildlife habitats that the SJVDP 
identified as needing decontamination and restoration included 

the mainstem and westside tributaries of the San Joaquin River, · 
associated riparian zones, and wetlands in the Grasslands Area. 
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The following actions are needed to satisfy fish and wildlife 
restoration provisions of the SJVDP reca.mended plan: 

o Development and field testing of decontamination and 
restoration techniques for various types of habitats 
impacted by agricultural drainwater contamination throughout 
the valley. 

o Implementation of successful decontamination and restoration 
techniques on public and private lands (e.g., flood and 
flush habitat with freshwater). 

Another of the SJVDP's objectives is to: "Provide adequate, 
clean, and reliable freshwater supplies to wildlife habitats that 
previously have relied upon drainage water generated by irrigated 
agricultural lands in the principal study area." The SJVDP cal­
culated a SubStitute water supply need of 129,000 acre-feetjyear 
for public and private wildlife areas in the Grasslands Planning 
Subarea. Substitute water would also improve fish and wildlife 
protection and assist habitat restoration actions. 

The SJVDP's fourth objective for fish and wildlife resources 
is: "To the extent practicable, improye fisb and wildlife 
resources of the San Joaquin Valley.• The following actions are 
needed to satisfy fish and wildlife improvement provisions of the 
SJVDP recommended plan: 

o Determination of the feasibility of aanagement of lands 
retired from agricultural production for use as upland 
and/or wetland wildlife habitat. 

o Study the feasibility of seasonal storage of agricultural 
water supplies in wetlands as a means of improving fish and 
habitat through timed release to the San Joaquin River. 
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XMS~X~UTXOBAL RBKBDXBS 

The existing institutional framework of federal, State, and 
local laws, policies, and practices significantly influences what 
can be done to correct some of the drainage and related problems. 
Institutional changes are commonly viewed as necessary to 
effectively manage the subsurface drainage and related problems. 

Institutional measures include a wide variety of strategies 
such as tiered water pricing, water transfer, and establishment 
of "environmental recovery funds". The institutional issue of 

primary concern from the standpoint of ensuring continuing, 
efforts to implement the recommended SJVDP plan is, "~ will 

have the lead responsibility in correcting the drainage 

problems?" 

A State agency such as the Department of water Resources 
could assume a central coordinating role aaong federal and State 
government agencies in providing technical and monetary support 
to correct the drainage problem. However, the major responsi­
bility for directly dealing with the problems rests with the 

local agencies or regional authorities foraed by local agencies, 

because: 

o As the principal local suppliers of irrigation water they 
can best implement source control. By incorporating the 
cost of drainage water collection and disposal together with 
the price of water they can encourage drainage reduction and 
allocate the cost of drainage services in proportion to each 
grower's contribution to drainage problems. 

o They can best influence how growers use non-district 
supplied irrigation water that contributes to drainage 
problems. Coordinated aanageaent is necessary to aake 

24 



492 

drainage source reduction and the SJVDP's ground-water 
management strategies effective. 

o They can best promote improvements in irrigation practices 
on the districts' member farms. 

o They, as local entities, are best able to tailor drainage 
solutions to local conditions. Drainage and drainage­
related problems as well as the best solutions could vary 
widely with local conditions. 

o The active participation of the districts and the growers 
are essential to achieve a successful, stable solution·. 

It must be recognized that the involvement of non­
agricultural interests -- local, regional and national -- is 
essential to assure that institutional means are also available 
to handle the impacts of drainage problems. 
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CJIAP'l'BR 4 • '1'88 DIPLBIIBJI'rA'l'XOJt S'l'RA'l'BGY 

The strategy presented in this chapter provides the initial 
steps to be taken in bridging the gap between the agricultural 
drainage management plan for the westside San Joaquin Valley and 
implementation of planned actions. It presents some answers to 
the who, what, when, and how questions that are incumbent in any 
plan for action. It does not provide complete answers to all 

those questions, but it does lay the ground work for continuing 
present activities and initiating other actions to more 
aggressively manage drainage problems. It also provides an 
organizational framework in which actions can be tracked, altered 
and sustained to encourage the management of agricultural 

drainage and drainage-related problems over the long haul. 

COORDXID.'l'l:Oit S'l'RUC'J.'URB 

A continuing, agency-endorsed structure for coordination of 

drainage management activities is necessary to maintain 
collective focus on drainage management and to ensure active 
participation. The organization shown in Figure 2 is voluntary 
and would receive no specifically earmarked funds. Different 
parts of the organization are described in the following 
sections. 

Management Group (BG) 

The Management Group is made up of the four State and four 
federal agencies currently involved in development of the 
implementation strategy. The California Department of Water 
Resources has volunteered to initially chair the MG. 
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Fl:GURB 2 

ORGARJ:ZATJ:OM OF TBB l:MTBRAGBMCY BFFORT 

FOR 

DRAJ:DGB IIAMAGBMBMT 

IIAMAGBJIIMT GROUP IMGl 

COMMITTEE Federal state DRAINAGE 
OF LOCAL OVERSIGHT 

WATER I-- USBR DWR* - COMMITTEE 
INTERESTS FWS DFG (DOC) 

USGS DFA 
scs SWRCB 

I 
Budget & Programs 

Committee 
(BPC) 

!Interagency Technical Comaittee (ITC) I 
I I 

Monitoring & Research & Information Base Assessment Demonstration Subcommittee Subcommittee Subcommittee 

*Lead Agency and Group Chair. 
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The Management Group would be responsible for policy 
guidance and coordination of agency work activities and funding. 
There would be no central funding or staff, and eaeh agency would 
contribute as needed for its accepted assignments, not only for 
MG activities but also for the activities of the entire 
organization. 

Budget and Programs co .. ittee 

Under guidelines set by the Management Group, the Budget 
and Programs Committee would prepare an annual interagency 
coordinated budget for activities, programs, and projects 
designated by the Management Group as necessary to support the 
management of drainage water. 

Drainage oversight co .. ittee (DOC) 

The Committee will provide the State of California with 
comments, advice and recommendations on interagency activities 
for management of agricultural drainage problems on the westside 
San Joaquin Valley. This will include, but not be limited to, 
activities included in the Implementation Strategy. The 
Committee will initially be comprised of the 14 members of the 
SJVDP Follow-up Drainage OVersight Committee. Membership may be 
changed by the Director of the Department of Water Resources who 
sponsors the Committee and appoints its members, with consulta­
tion by the Director of the Department of Fish and Game. 

committee of Local water xnterests 

This Committee will provide the Management Group a direct 
link to the local agencies and interest groups. It will provide 
feed-back on the activities of the continuing interagency effort, 
from those managers who deal directly with agricultural drainage 
problems and their impacts. The Committee will be comprised of 
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representatives fro• irrigation, resource conservation, wildlife 
management and other locally affected interests. Membership will 
be voluntary, representative of the entire problem area, and 
solicited by the Management Group. 

Interagency Technical Committee (ITC) 

The functions of this Committee are: (1) to provide advice 

to the MG on technical matters, (2) to coordinate interagency 

activities in the conduct of monitoring of drainage conditions 

and impacts, and in so doing -- to oversee the work of the 
Monitoring and Assessment Subcommittee, (3) to review drainage­

related research and study proposals and projects and to 

recommend to the MG the form and extent of support the MG should 

lend, and in so doing -- to oversee the work of the Research and 

Demonstration subcommittee, and (4) to establish guidelines and 

procedures for maintaining and making available the information 

base of the SJVDP (as it is enhanced continually by new data), 

and in so doing -- to oversee the work of the Information Base 

Subcommittee. In effect, the ITC provides staff services to 

the MG. 

The presently designated subcommittees of the ITC are: 

Monitoring and Assessment Subcommittee, Research and 
Demonstration Subcommittee, and Information Base Subcommittee. 

standing work groups can be designated by Subcommittee Chairs 
with the consent of the ITC Chair. The preliminary organization 

of the Research and Demonstration Subcommittee includes work 
groups in agricultural water management, evaporation ponds, 
treatment and disposal, and agroforestry. New subcommittees may 
be added by the ITC as needed. The following discussions outline 
the functions of the subcommittees. 
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Monitoring and Assessaent SUbco .. ittee 

The function of the subcommittee should be to determine, 
designate, and enhance the establishment and operation of gaging 
stations, networks of monitoring stations, and monitoring 
programs for tracking: (1) drainage conditions, (2) impacts of 
drainage, and (3) success of efforts to manage drainage. 

The presently designated standing work groups of the 

Monitoring Subcommittee are: 

0 Ground Water 

0 Surface Water 

0 Soils 
0 Demonstration Projects 

0 Biota 
0 Public Health 

Additional details on the organization of work groups are 
provided later in this Chapter in the section titled "Monitoring 

of Agricultural Drainage Conditions". 

Research and Deaonstration SUbcoaaittee 

The Research and Demonstration Subcommittee will: 
(1) review the results of related research and studies, 
summarizing potential applications for the benefit of all 
drainage water managers; (2) facilitate the dissemination of 
information from these activities (in liaison with the 
Information Base Subcommittee), while obtaining feedback from 
users as to utility; and (3) inform the Interagency Technical 
Committee of Subject areas that require study to improve 
opportunities for drainage management. 
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Xnforaation Base Subcommittee 

The functions of this subcommittee are: (1) to ensure that 
the data base of the SJVDP program is continually updated and 

enhanced with new information so that it comprises a useful and 
accessible storehouse of information for managing agricultural 

drainage, and (2) to assure that suitable quality control 

procedures are in place for all information systems relied upon 

by the various entities involved in implementing the ongoing 

interagency effort in drainage management. 

XMPLBMBNTATXON OP PLAN COMPONENTS 

In order to implement the SJVDP Management Plan for 

Agricu1tural Subsurface Drainage and Related Problems on the 

Westside San Joaquin Valley individual ~owers and the local 

water supply and drainage districts must undertake major actions. 

The implementation role of State and federal agencies is to 

support those local actions through a coordinated and continuing 

implementation strategy. Table 4 shows likely participation in 

management plan implementation by plan component. Table 5 

presents an estimate of the current (1991-92 and 1992-93) budgets 

of Management Group agencies for drainage implementation 
activities. 

The eight plan components are discussed in the following 

sections, under the topic headings of implementation approach, 
schedule, funding estimate and source, and legislative and policy 

needs. 

source Control 

Consisting mainly of on-fara improvements in the appli­
cation of irrigation water to reduce the source of deep 
percolation. This in turn will reduce the amount of 
potential drainage problem water. 
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I~l ... ntation IDProacb. The SJVDP identifies regional 
goals for reduction of deep percolation through source control 
measures. However, the applicability and potential effectiveness 
and efficiency of various source measures vary considerably 
according to localized conditions and irrigation practices. 
Therefore, this program component .ust be initiated and developed 
at the farm and local district level. The proposed i~lementa­
tion approach is to encourage or require, through available 
mechanisms and programs-- e.g., section 210 of The Reclamation 
Reform Act for federal service lands and Best Management 
Practices Program under the State Inland Surface Waters Plan, the 
Districts to develop source control plans based on fara-by-farm 
irrigation audits, including technical assistance and 

consultations with growers. 

source control programs developed by local districts would 
include, as appropriate, the land retirement co~nent of the 
SJVDP plan. Upon adoption of the local proqraas, State andjor 
federal financial assistance in the fora of financing, grants, 
loans or other mechanisms as apprOpriate, would be aade available 
to facilitate implementation. 

Support Aqencv Bolt. The u. s. Soil Conservation service 
and the Department of Water Resources will be principal agencies 
for providing technical support at the water district and farm 
level, for irrigation audits and the development of source 
control plans. The u. s. Bureau of Reclamation and DWR, as well 
as SCS through currently established proqraas, will be the 
principal agencies providing support for deaonstration projects. 
The Department of ·Food and Agriculture will conduct research in 
selection of irrigation methods and crops for water and salt 
management. The USGS, FWS, and CDFG will play a supporting role 
through associated monitoring activities. 
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Schedule. source control actions have already begun at the 
farm level. DWR has demonstration projects underway. All of 
these efforts must be continued and expanded, especially during 

the next ten years. It could require several decades to apply 

adequate source control to approximately 675,000 acres in the 
problem area. 

Funding Bstiaate and source. A rough estimate of the 

annualized cost of installation, operation, maintenance and 

replacement of source control methods for the total drainage 

problem area is $8,384,000. This estimate includes cost of 

installation of on-farm drains. It is anticipated that costs 

will be borne by the growers, but with federal and State cost 

sharing -- the formula yet to be developed. In definite planning 
for the San Luis Unit service area, the USBR is proposing that, 
upon appropriate adoption and approval of local source-control 

plans, federal financial assistanc' be provided in the form of 
project financing loans or grants. 

There are present opportunities for cost sharing of some 
source-control measures through the USDA Agricultural 

Stabilization and Conservation Service (ASCS). 

Legislative apd P9liqy Heeds. The scs needs to adopt a 
policy that would assign a priority to allow and encourage an 
expanded and aggressive program of technical assistance in the 

San Joaquin Valley. Congressional support of appropriation 
requests would be required. The funding for implementation of 

adopted source control programs would have to be approached on a 

case-by-case basis. New legislation andfor policy changes may be 
required for the USBR which is currently limited in its authority 

to finance on-farm source control measures. 

35 



503 

DraiDaqe Reuse 

A pl&DDed syat .. of draiuqe--ter reuse Oil progres­
sively more aalt-toler&Dt pl&Dta. ~s will reduce the 
volu.e of draiDaqe water aDd OODaeD.trate aalta aDd 
trace el .. eDta for easier OOD.tai-.aDt aDd safe 
disposal. 

Impltaeptatiop Approach. Reduction of water volumes and 
concentration of dissolved constituents will facilitate contain­
ment and disposal of drainage water. successful iaple.entation 
of drainage reuse, however, on the scale contemplated in the 
recommended plan, is dependent on ~ensive testinq and demon­
stration of reuse technoloqies, as well as on developaent of 
reliable treatment and disposal technoloqies. It must be 

remembered that, irrespective of the number of stages of reuse, 
ultimately there will be solids and liquids that will require 
final, safe disposal in the vallty, or, at an export site. 

The proposed implementation approach is to develop 
integrated reuse and disposal syste.s through carefully planned 
and monitored pilot-scale demonstration proqrams. Reuse might be 
implemented on an individual farm basis, district-wide systea 
basis, or as a regional system. 

Support. Aqepcy Role. Six agencies (DWR, DFG, CDFA, USBR, 
scs, and USGS) are committed to support this COlllpOnent through 
research, demonstration and education projects. DWR is funding 
research on impacts of reuse on public health and wildlife. DFG 
is conducting field studies of potential impacts on wildlife. 
CDFA will continue testing and demonstration of agroforestry and 
halophyte plants and will take the lead in providing quality 
control and in coordinating the various demonstration projects. 
The scs will assist farmers in planning, design and management. 
The USGS will provide technical assi~tance and analysis related 
to ground water and effluent storage to effect reuse of drainage 
water. 
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The USBR proposes to implement a pilot-scale demonstration 
project as part of the provision of drainage service to san Luis 
Unit water users. 

There is evidence of a tendency for local, scattered 

research demonstration projects to lose some of their 
effectiveness because of inadequate monitoring and quality 

control of research methods. The MG should designate an agency 
to coordinate reuse demonstration projects and studies. 

Schedule. Some research and demonstration projects have 
been in place for several years in the Westlands Subarea. 

Wildlife studies have been conducted for several years. A 
project was begun in Tulare Lake Drainage District in 1990 and is 
progressing well. 

FUnding Estimate and source. Federal and state funds for 

the demonstration projects should come from agency budgets. A 
combined total of approximately $2,000,000 per year until 2000 
will be required to fund demonstration projects. Operational 
projects at the farm or district level will be privately funded, 

but possibly, some help could be provided through ASCS or other 

State and federal cost-share or loan programs. 

Legislative and Policy Reeds. All involved agencies should 
adopt appropriate policies to give priority to demonstration 
projects in reuse technologies and to coordinate these projects 
and share the resultant, valuable information. 

Evaporation systems 

Drainage-water evaporation ponds planned for storage 
and evaporation of drainage water remaining after reuse 
on salt-tolerant plants. Four types of ponds are 
included: (a) Ron-toxic ponds in which selenium in 
drainage-water inflow is leas than two parts per 
billion (ppb); (b) aeleniua-contaainated ponds (inflow 
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water containinq seleniua in tbe ranqe or 2 to so ppb) 
that aust include sarequards ror wildlire and an 
equivalent surrace area or alternative rresbwater 
habitat; (c) saall seleniua-contaainate4 ponds equipped 
with facilities that qreatly acoelerate tbe rate of 
evaporation, thereby reducinq tbe pond 8Urfaoe area: 
and (d) teaperature-qradieat solar ponds that qeaerate 
electricity by usinq water rroa other ponds contaiainq 
very·hiqh salt and traoe-el .. eat concentrations. 

Iapleaentation Approach. Evaporation systeas are an 
integral part of the plan because they acco.plish the final 
segregation and containment of salts. Implementation of 
evaporation systems will require further investigation, testing, 
and demonstration of enhanced-evaporation . ponds, temperature­
gradient solar ponds, and wildlife protection aeasures. The 
proposed implementation approach is to continue a coordinated 
effort in developing these technologies through carefully planned 
and monitored pilot-scale demonstration programs. Ultimate wide­
spread implementation will require· site -specific planning and 
linking with other program components, including reuse and 
treatment technologies. 

Support Agency Role. six agencies are comaitted to 
activities supporting work on this co.ponent (DFG, DWR, SWRCB, 
scs, USBR, and USFWS). DWR will fund studies of impacts on 
wildlife; DFG and USFWS will conduct the studies. DWR will -also 
support demonstration projects of evaporation po~ design 
improvements. DFG currently has a aajor coordination role 
pursuant to the Fish and Game Code to work closely with the 
CVRWQCB. SWRCB and the CVRWQCB will work with pond owners to 
make sure ponds are in conforaance with CVRB 'Basin Plan policy. 
The USBR will fund demonstration projects for new or improved 
evaporation pond technologies as part of its definite planning 
for the san LUis Unit. The scs will work with faraers to develop 
and evaluate pond design and manageaent criteria. There is also 
a need for field testing and deaonstration projects for measures 
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to avoid or minimize wildlife hazards associated with evaporation 

ponds. 

Schedule. Evaporation ponds are the only present means for 

storage and disposal of drainage water in much of the problem 

area. Ways must be found to improve, reduce andjor safely close 

evaporation ponds in the shortest time possible. Research and 

demonstration of accelerated-rate evaporation or solar-energy 

ponds is needed to replace the conventional ponds. All of these 

studies should begin now so changes could be made in the systems 

by 1995. 

Funding Estimate and source. Federal and state funds for 

studies and demonstrations should come from agency budgets. A 

combined total of approximately $3,000,000 per year through at 

least 1995 will be required to develop the field testing of new 

technologies. 

Legislative and Policy Needs. The USFWS and DFG need to 

continue the policy of working with pond ownerjoperators to find 

solutions to pond problems and ways to mitigate damages from 

existing ponds. 

Land Retirement 

Cessation of irrigation of areas in which underlying 
shallow ground water contains elevated levels of 
selenium and the soils are difficult to drain. 

Implementation Approach. Land Retirement can contribute to 

management and resolution of drainage problems and should be 

directed at those lands that are difficult to drain, have low 

economic returns, and/or contribute disproportionately to 

drainage problems. The proposed approach is to tie implementa­

tion of land retirement to the source control program. Land 

retirement is, in actuality, a source control measure. The same 
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decision-making processes employed in decidinq whether to 
implement source control measures are relevant to land retirement 
decisions. As part of the farm-by-fara audits conducted in 
developing district source control plans, lands candidate for 
retirement and the overall acreage tarqeted for retirement would 
be identified by the district. Upon adoption of the plan, State 
or federal financial assistance could be provided to facilitate 
implementation. 

Sypport Aqepqy Role. Five agencies are committed to aid in 

imple~entation of this plan component (DWR, SWRCB, USBR, USGS, 
and scs). DWR will monitor hydrologic and social effects of 
discontinuing irrigation. The SWRCB will be involved if water 
transfer occurs. USBR will provide technical assistance to water 
districts to facilitate land use chanqes. The USGS will provide 
technical assistance throuqh hydrologic analyses. scs will 
provide technical assistance in irrigation audits and source 
control plans. As part of their assistance, scs will help 

farmers evaluate land reservetretireaent options, which could 
lead to farmer participation in the USDA conservation reserve 
program. 

Sqhe4y1e. CUrrently there is local interest in retiring 
some land by the year 2000. The federal and state aqencies 
should be ready to provide support beqinninq in 1992. Support 
activities could be required for 10 to 15 years. 

lUD4inq Bstimate ap4 SOqrqe. Federal and state funds for 
studies and support activities should coae from aqency budqets. 
A combined total of $500,000 per year throuqh the year 2000 will 
be required to fund studies and support activities for the 
extensive audits, classifications, and .unitoring that will 
necessarily accompany retirement decisions. 
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Legislatiye and fOliqy leeds. current needs are unclear. 

Land retirement by individual irrigators could potentially be 

implemented under the USDA conservation reserve program. 
Participation by other federal agencies and by State agencies in 

funding land retirement purchases may require new legislation. 

Ground-Water Management 

Planned pumping from deep within the semi-confined 
aquifer, in places where near-surface water tables can 
be lowered and the water pumped is of suitable quality 
for irrigation or wildlife habitat. 

rapleaentation Approach . Ground water pumping, from deep 

beneath drainage problem areas, can become an effective interim 
and, possibly, long-term measure for management , of agricultural 

drainage problems. Although any return to a more balanced 
surface waterjground water 5Upply -- such as occurred during the 

drought year 1991 -- helps to ameliorate drainage problems, it is 
a planned, sustained and coordinated approach , resulting in the 

right volume of extractions in the right place, that will be most 

effective in causing shallow ground water levels to fall and 

remain below crop root zones over the long-term. 

The SJVDP approach is to perform the field monitoring, field 
demonstration projects and the research necessary to guide 
intelligent implementation of this option. Reliable, 
scientifically credible monitoring of ground water levels and 

related ground water extractions is needed to better determine 

relationships between effort and success (see later section on 

monitoring). Lack of ground water pumping information is a 
present constraint on the reliability of estimates of the level 
of success that can be anticipated through ground-water 
management. 
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With a suitable monitoring system, it will be possible to 
demonstrate the degree of success that can be obtained by pumping 

both old and new wells -- in both the semi-confined and confined 
aquifers. 

Finally, the approach will require the development of 

increased scientific understanding of the hydrology of the 

westside alluvial deposits, and completion and extension of the 
ground-water models developed by the USGS and DWR. 

Support Agency Bole. Four agencies (DWR, USGS, USBR, and 

SCS) are committed to aid in implementation of this plan 

component. DWR will take the lead in developing a monitoring 

program and will work with the USGS in necessary studies. The 

USGS will provide detailed hydrologic analyses required to imple­

ment demonstration projects to test the ground-water management 
component in different parts of the drainage problem area and 
will . provide general scientific overview for implementation of 

this plan component. The USGS is well suited to these roles 

because of its extensive experience in the hydrogeology of the 

area and in quantitative analysis of ground water flow and 

contaminant transport problems, and its ability to maintain a 

consistent and credible data base. The scs can provide technical 

assistance to local agencies and farmers in development and 
demonstration of on-farm high water table management. The USDA 

Agricultural Research Service Water Management Research 
Laboratory already has one project underway that is related to 

this component. As part of its program for the San Luis Unit, 
USBR proposes a program of encouraging ground-water management 

through incentives provided by water transfers. 

Schedule. More detailed study and analyses to identify 

locations suitable for application of this component are 
required. Only broad, general areas were identified by the 

SJVDP. Westlands Water District is currently drilling explora-

42 
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tory test wells in one area of the district to investiqate 
potential applications of the concept. other water supply 
districts should investiqate the potential in areas identified by 
the SJVDP, as soon as practicable, usinq the technical expertise 
of the USGS. 

lUD4ipq lttiaate 1D4 8qgrge. The costs of test wells should 
be borne by the -local districts or individual farmers. Technical 
help presently funded by the USGS is equivalent to approximately 
$300,000/yr. This fundinq level is entirely inadequate for the 
indicated tasks, which would require annual amounts of 
approximately $1 million each for the USGS and scs. 

Ltqitlatiye &D4 Roliqy· 11941. There is a qeneral need to 
address how conserved water would be distributed to beneficial 
uses. 

This plan component requires coordination of qround water 
pumpinq by multiple land owners over a wide area. Because qround 
water is controlled by the overlyinq land owner, iaplementinq 
leqislation may be needed. 

soae related issues that may need to be addressed are the 

leqality of: (1) continuinq, unofficial -- but real -­
deqradation of qround water throuqh pumpinq drawdown of selenium, 
and (2) official encouraqeaent of this daqradation throuqh 
qround-water pumpinq proqrama. 

Ditcharqe to the SID JoaqaiD River 

coatrolle4 ID4 lt.itt4 4iaabarge of 4raiaaqe water froa 
the SID JoaquiD BaaiD portioD of the ttu4y area to the 
BID JoaquiD River, while aeetiag water-quality 
objeativea. 
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Jmplpentation APProach. .The SJVDP has recommended 
continued use of the river for transport and assimilation of 
agricultural drainage discharges, under the conditions that: 

(1) future water quality objectives are met (objectives likely to 
be more stringent than present objectives), and (2) the actions 

of drainers in isolating and transporting agricultural water must 
begin to contribute substantially to the substitute!/ water needs 
of fish and wildlife. The structural and non-structural elements 

that comprise this component cannot be implemented simultaneously 

-- in fact, logical scheduling of actions is essential. For 

example, separation of tailwater and tile water must be a first 

step. Nor, must the implementation necessarily proceed exactly 

as outlined in general detail in the SJVDP plan . Various 
opportunities for funding and cooperation will come along, and 

they should be utilized, if they meet the above principles. 

Because of significant unknowns that persist in terms of the 

assimilative and transport capacity of the san Joaquin River, and 
the potential impact of the plan component on beneficial uses, an 

improved monitoring plan must be adjunctive to any implementa­

tion. Subject to the results of this monitoring, operations of 

planned facilities may have to be modified to meet water quality 

objectives, judicial decisions, and other mandates. 

support Agency Role. Four agencies have committed to 
actions related to drainage water discharge to the San Joaquin 

River (DWR, SWRCB, USGS, and USBR). DWR is currently leading a 
five-year interagency effort titled "San Joaquin River Management 

!/ "An adequate nontoxic and reliable freshwater supply equal in 
volume to the agricultural drainage water previously used by 
wildlife andjor habitat. In practical application it is 
water to replace a supply on which biological dependence has 
developed." (SJVDP, Sept., 1991, A Management Plan .•. ") 
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Proqram" that is charged with developing a scheme for multi­
purpose management of the River. The OWR will continue to 
include in that effort proposed agricultural drainage actions 
affecting the river. The SWRCB intends to control discharges to 
the river so as to avoid unreasonable impact on beneficial uses, 
as defined in the State/Regional Board Basin Plans. The Board 
also is willing to investigate the concept of a discharger with 
high productivity soils purchasing another discharger's waste 
load allocation in the san Joaquin River Basin. The USGS is 
currently conducting investigations of surface water and ground 
water interaction in an effort to evaluate the quantity, quality, 
and timing of ground-water contributions to the San Joaquin 
River. They will attempt to complete those investigations. · 

The USBR is advancing a definite plan for the San Luis Unit 
that, if implemented as presented, could contribute significantly 
t~ard satisfying substitute water supply needs (it would contri­
bute 55,000 AF/yr) and to providing the water control facilities 
needed to control releases of drainage water the San Joaquin 
River. 

In addition, the USBR is conducting a major proqram, the San 
Joaquin River Basin Manageaent Initiative, that by the year 1993, 
will result in action plans for environmental recovery of the 
river. 

As outlined by the SJVDP, and the USBR in San LUis Unit 
Drainage Proqram planning, potential sources of substitute water 
supply could include water aade available through water 
marketing, water conserved through source control, water "freed" 
through land retirement, and water developed through ground-water 
pumping. 

Sche4gle. Related activities of designated agencies are 
currently underway. 
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lUJI4ipq lstillate uad Souro•· The San Joaquin River 
Management Program led by DWR is funded by the State Legislature 
at approximately $250,000/yr, and will end on January 1, 1995. 
SWRCB actions require no special funding. USGS proqramaed 
activities are also funded, but the level of funding needs to be 
re-examined. The San Joaquin River Basin Management Initiative 
is funded for a total of approximately $5 million, about half of 

which is non-federal cost-sharing funds, over five years. The 
SLUDP planning effort is fully funded, and, for purposes of this 
strategy, its implementation is considered fully fundable. 

Ltgialatiye &Qd Jolicy Reeds . Water quality objectives for 
the Delta are uncertain, and, when firmed up, may necessitate 

adjustment of this component of the SJVDP plan. 

Protection, Restoration, and Provision .of Substitute Water 
supplies for •ish and Wildlife Habitat 

Provision of freshwater supplies to substitute for 
4rainaqe-oontaainated water previously used on wetlands 
and to allow protection and restoration of oontaainated 
fisheries and wetland habitat. 

Japl .. entation Approach. The SJVDP set the following order 
of priorities to address problems of actual and potential daaaqe 
to fish and wildlife resources due to management of subsurface 

agricultural drainage water. The first priority was to so manage 
drainage and related problems that fish and wildlife would be 
protected from any additional exposure to elevated concentrations 
of drainage water contaminants. This would be accomplished, 
'primarily, by implementation of the plan components discussed 
previously in this chapter. Another high priority measure for 
fish and wildlife was restoration of drainage-contaminated 
habitats . A variety of techniques to decontaminate and restore 
such habitats have been identified (for example, see Moore 
et al., october 1990: Bradford and Little, January 1990): 
however, field testing and demonstrations are needed along with 
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technical and financial assistance programs. Another high 
priority measure for fish and wildlife was provision of 
SubStitute water supplies. Providing clean, fresh waters to 
substitute for contaminated drainage previously used in 
Grasslands area wetlands and waterways would satisfy not only the 
SJVOP's substitute water supply objective, but also substantially 
assist fish and wildlife protection and habitat restoration 
objectives. Actions taken to accomplish these three objectives 
are the highest priority measures of the SJVDP recommended plan. 

A second order of priority in the plan is for improvement of 
fish and wildlife resources. In the plan, improvement actions 
are those taken over and above measures needed to accomplish the 
protection, restoration, and substitute water supply objectives. 
Improvement could occur throuqh ·any of a broad ranqe of actions 
includinq: (1) those related to implementation of the SJVDP 
recommended plan (e.q., conversion of retired farmland to 
wildlife habitat or reallocation of waters freed up throuqh on­
farm water conservation and land retirement to fish and 
wildlife); and (2) actions unrelated to resolution of drainaqe 
problems, such as acquisition and development of new fish and 
wildlife habitats and associated public use facilities in the 
valley. 

1. Protection of Pish and Wildlife Resources 

(a) Increased Inatreaa Plows for the Merced River 

Support Agency Role. In cooperation with the USBR, the FWS 
and DPG will: (1) determine the source, quality, and cost of the 
water to be used (some preliminary work has been accomplished); 
(2) design, construct, operate, and aaintain water control and 
conveyance systems to deliver the water when and where needed; 
(3) acquire and deliver instream flows durinq OCtober; and 
(4) seek fundinq and leqal authority to implement the foreqoinq. 
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Schedule. Actions to provide increased instream flows 
should begin iiDBiediately to work in concert with: (1) the 
Federal San Joaquin River Basin Management Initiative; (2) the 
State san Joaquin River Management Program; and (3) the reopening 
of the San LUis Drain, an action that may result in exacerbating 
Merced River chinook salmon problems by increasing and 
concentrating drainwater flows in Mud Slough (North). 

(b) Management of Evaporation Ponds to Greatly Miniaise 
Adverse Impacts on Birds. 

The SJVDP recommended plan identified the provision of 
18,400 acre-feetjyr and 44,900 acre-feetjyr for creation and 
maintenance of alternative habitat in the years 2000 and 2040, 
respectively. For the purposes of the analysis in the 
recommended plan, the SJVDP assumed that creation of ·alternative 

wetland habitats -- equivalent in acreage and productivity to 
evaporation ponds in the >2 ppb selenium range -- would greatly 
minimize adverse impact on birds. The actual water needed to 
create and maintain alternative wetland habitat, however, may be 
greater than or less than that estimated in the recommended plan, 
depending on the outco.a of field demonstrations of this 
alternative. A potential, reliable and clean source of water for 
use on alternative habitat identified by the SJVDP could be that 

water freed-up by implementation of source control/land 
retirement actions. 

Support Aclencv Bole. With the assistance of the FWS, USBR, 
scs, DWR, CVRWQCB, and DFG, pond owners/operators will: (1) haze 
birds from toxic ponds; (2) establish and manage alternative 
habitat; and (3) initiate a comprehensive field program to 
demonstrate and evaluate measures to eliminate/minimize bird 
exposure to hazards at the ponds. In addition, · an interagency 
effort should be initiated among USBR, SCS, DWR, CVRWQCB, DFG, 

and pond owners/operators to: (1) establish field demonstration 
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projects for modifyinq ponds1 (2) continue a field bioloqical 
research proqraa; (3) develop and iapleaent a technical and 
financial assistance/outreach proqram; and (4) seek funding to 
implement the foregoing. 

Sobedgle. The support agencies should immediately pursue 
implementation of alternatives to minimize the exposure of 
migratory and resident birds (and other affected wildlife 
species) to drainwater contaminants. 

(o) K&Dage aqrororestry Plantations to Protect Wildlife 
Resources 

SUpport &capqy IQle. The SCS, DWR, DPG, PWS, and DPA, 
should continue the on-going proqram to evaluate wildlife use of 
the plantations. A cooperative effort among SCS, DPA, DWR, and 
DFG should be continued: (1) ror field studies to <letermine if 
wildlife are being adversely affected by their use of the 
plantations; (2) to identify aanageaent practices to either 
encourage or discourage wildlife use of the plantations (based 
upon the findings of the erfects studies); (3) to develop and 
implement a technical and financial assistance/outreach program; 
and, (4) to seek fundinq to t.pleaent the foregoing. 

Sahe4gle. Actions to aintaize adverse effects of aqro­
forestry plantations abould be pursued immediately, and prior to 
larqe-scale implementation of aqroforestry systems throughout the 
San Joaquin Valley. 

2. Restoration or Fisb an4 Wil41ire Resources 

SUpport Agtpqy hlt. With the assistance of USBR, PWS, scs, 
DWR, CVRWQCB, and DPG, private wetlands owners/operators should: 
implement <lecontamination and rtstoration techniques on private 
wetlands. In addition, an interagency effort shoul<l be initiated 
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to: (1) field-scale test and evaluate decontamination and 
restoration techniques in various types of habitats throughout 

the valley: (2) implement s~ccessful decontamination and 
restoration techniques on public lands; (3) develop and implement 

a technical and financial assistancejoutreach program to 
encourage decontamination and restoration of private lands; and, 

(4) seek funding, and potentially new authority, to implement the 

foregoing. 

Sche¢Ule. Decontamination and restoration techniques should 

be identified and implemented as soon as possible to reduce the 

extent and severity of drainwater contamination impacts on fish 

and wildlife resources. 

3. Substitute Water supply for Wetlands. 

The SJVDP objective for substitute water supplies included 

the restoration of drainage-water-contaminated fish and wildlife 

habitats by ensuring that 129,000 acre-feetjyr (by the year 2000) 

of adequate, reliable, and non-toxic water supplies be made 

available to public and private wetlands in the Grasslands 

Planning Subarea. Although the recommended plan identified 

operational spills and tailwater as possible sources of 

substitute water supplies, these water supplies may potentially 

be inadequate due to water quality concerns (e.g., pesticides in 

tailwater return flows), reliability of supply, and timely 

availability for wetlands uses. A potentially reliable, clean 
water supply identified in the recommended plan could be water 
freed-up by source control andjor land retirement actions. 

support Agency Role. The FWS and OFG in cooperation with 

USBR will: (1) determine the source, quality, reliability and 
seasonal availability, and cost of the water to be used (some 
preliminary work has been accomplished); (2) identify the water 
management and operations (facilities seem adequate) to deliver 
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water to fish and wildlife; (3) acquire and deliver the 
substitute water; and (4) seek funding and potentially new 
authority to implement the foregoing. 

scbeQule. Provision of substitute water supplies should be 
pursued immediately to mitigate for drain water contamination 
that has occurred in public and private wetlands of the 
Grasslands Planning Subarea. 

4. Improvement of Pisb and Wildlife Resources 

Support AatDCV Bole. An interagency effort should be 
initiated in cooperation with USBR, SCS, DWR, PWS, and DFG to: 
assess feasibility of use of retired farmlands for use as 
potential wildlife habitat -- including appraising the 
contaminant hazard potential and other management issues. 

scbe¢ule. Assessaent of the feasibility of the use of 
retired farmlands as potential wildlife habitat should occur 
prior to full-scale t.pl..,ntation of the land retirement 
component of the SJVOP recommended plan. 

5. General Stat .. ent on PUDding Batiaate and source. 
(Applicable to strategy elements for fish and wildlife.) Funding 
to accomplish the indicated activities for fish and wildlife is 
either unavailable or insufficient. Member agencies of the 
Management Group established by the Memorandum of Understanding 
will cooperate in atteapting to obtain adequate funds. 

6. General Stat .. ent on Legislative and Policy Heeds. 
(Applicable to strategy elements for fish and wildlife.) It is 
likely that federal legislative authority, and new policy, in 
general, will be necessary to iapleaent the indicated activities 
for fish and wildlife. Member agencies of the Management Group 
will cooperate in atteapting to assure or obtain authority 
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sufficient to implement SJVDP plan components for fish and 
wildlife. 

Institutional Change 

Inclu4es tiere4 water pricing, iaprove4 sche4uiing of 
water 4eliveries, water transfers an4 marketing, an4 
formation of regional 4rainage management organisations 
to ai4 in impleme~ting other components. 

Iapleaentation Approach. ~ changes and improvements in 
drainage conditions are not likely to result from employing 
existing institutional measures, or through enacting new 
institutional measures, to focus on particular problems. 

Institutional measures, however, are an important part of the 
answer to drainage problems, and, trial and application of 

measures -- such as tiered water pricing, water marketing, 
changes in water scheduling and deliveries, and forming special 

districts -- should be encouraged. As a general principle, the 
involved parties should try to solve drainage problems within the 
boundaries of present laws and institutions, before resorting to 

new legislation. 

There has been sufficient experimentation by local water 

districts with tiered water pricing to show the advantages (and 
disadvantages) of this measure. 

Successful experiences in water transfers and water salvage 
by the Imperial Irrigation District have shown the specific 
viability of this measure in a setting in southern California. 
Analysts cannot guarantee that similar measures would be 
successful, if implemented, on the westside San Joaquin Valley. 
Nevertheless, there needs to be experimentation with water 
transfers and water marketing in the san Joaquin Valley, as 
related specifically to obtaining the funds necessary to finance 
drainage plans and to ameliorate drainage impacts. 
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Presently, there are several instances in which new local 
governmental arrangements are proceeding, in which regional 
drainage districts are forming (e.g., use of the San LUis Drain) 
and joint power agreements are occurring (water users' management 
of the Delta-Mendota canal). 

It is the intent of this strategy to support all reasonable 
attempts in experimenting with non-structural measures to improve 
water management, as related to drainage problems. If it is 
revealed that new laws and arrangements are needed, then, the 
member agencies should stand ready to help in the drafting and 
support of such legislation. 

Support Agenov Role. Four agencies (DWR, SWRCB, USBR, 
USFWS) are committed to supporting some institutional changes 
necessary for plan implementation. The DWR will encourage and 
support devices such as tiered water pricing and water marketing. 
The SWRCB will participate in study of an environmental recovery 
fund (means of funding fish and wildlife measures), and a study 
of price controls in water aarkets. The USBR will seek to 
initiate trial arrangea~ts for funding drainage projects. The 
FWS would assist in drafting comprehensive legislation to 
authorize and fund the SJVDP drainage management plan. 

Sqhedyle. soae activities are underway now, scheduled for 
completion before the year 2000. 

lUDd~pg Batiaate ap4 sourqe. The source of funds is from 
individual agency budgets, but the amount of funds is presently 
unknown. 

Legislative apeS Po1iov Heeds. Unknown at this time. Needs 
will be determined as the strategy for implementing individual 
plan components unfolds. 
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other Actions 

Other actions recommended in tbe SJVDP final report -­
namely, use Qf the SJVDP plan, treat.ent of drainage water, 
detailed planning studies, and out-of-valley disposal of salts 
should also be pursued as part of tbe overall implementation 
strategy. 

Ust and Update of tht M-n'9'P'Dt PlOD. The SJVDP Drainage 
Management Plan is a regional fra.evork that provides a l ong­
range guide for actions in both the private and public sectors to 
manage the agricultural drainage problem on the westside San 

Joaquin Valley. The SJVDP plan is not meant to be a static· plan, 
but a flexible guide that should be updated and improved as 

conditions change and the effects of actions taken are assessed. 

As the SJVDP information base is updated with data from the 
monitoring system, that infor.ation should be used to revise and 
update the Management Plan. Tbe interests of all affected 
parties should be considered in the updating process. Local 
experience with implementation of tbe various plan components 
will be invaluable in revising and updating the plan. 

The Management Group will sponsor an effort to periodically 
update the Management Plan, say at 5-year intervals. Updating is 
necessary to maintain a fra.ework for guiding actions of 

individuals and organizations involved in drainage management. 

Trtataeat of Drainage WAter· Treatment of drainage water is 
not included as an actual ca.ponent in the SJVDP plan, but the 
potential of treatment is recognized in a recommendation 
(page 11, SJVDP Plan, 1990) that additional study should be 
devoted to developing a •cost-effective treatment method to 
remove selenium from drainage water•. 
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Implementation of this recommendation began in 1991 with the 
construction of an anaerobic-bacterial selenium-removal pilot 
treatment plant at the Adams Street experimental station, under 
federal/Statejlocal funding. This plant will be operated under 
the direction of the California State University at Fresno. 

Successful technical operation will conceivably lead to the 
construction of a larger treatment plant. Success of such a 
plant, in turn, could well lead to the construction of a full­

scale treatment plant that would be integrated optimally into the 
drainage-water management processes of an operating local water 
district. 

The planned schedule of implementation of selenium treatment 
plant demonstration program is as follows: 

o pilot treatment plant phase: 1991-93 
o half-scale treatment plant phase: 1994-97 
o planning, design, EIS and funding of a full-scale plant: 

1995-2000 

o begin operation of a full-scale plant: Post-2000 

Fund sharing for all the experimental phases of the 
treatment plant (to year 2000) should be one-third each; federal, 
State, and local. 

Detailed Pl&DDinq studies 

"The general plan for reducing or solving drainage and 
drainage-related problems outlined in this report 
provides a framework into which many actions can be 
fitted. However, before many of the actions can move 
forward, additional work is needed to refine estimates 
of their scope and effects." 

The SJVDP plan of 1990 was developed to serve as a regional 
framework for long-term management of drainage problems. More 
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definite and locally-specific planning projects will have to be 
conducted in most local areas, before certain parts of SJVDP plan 
implementation can occur, e.g., centralized collection of 
drainage water for concentration, treatment andjor disposal. 

The practical boundaries for detailed planning depend upon a 
number of factors, including water-supply service areas, common 
characteristics of lands, and drainage management opportunities. 
The scheduling of such studies depends upon instigating factors 
and the urgency of the need. 

Definite planning is now underway for a large area of land 
that comprises approxiaately one-third of the total land area in 
the SJVDP plan. This is the USBR definite plan for all or parts 
of the following water districts: Westlands, Broadview, Panoche, 
Pacheco, and San Luis. This planning project is proceeding on a 
fast pace because of a coapletion date (12/31/91) stipulated in a 
court settlement, the Barcellos judgeaent. 

The "Barcellos judgement• plan will rely heavily upon 
information developed in the SJVDP plan, however, it may differ 
in certain respects based upon different needs and capabilities 
that arise as specific plaoaa, tiaes, and payers are identified 
in a more definite plan. 

As a general practice, the Management Group, of the 
continuing regional effort , should review and comment on definite 
plans, endorsing those aspects of definite plans which help to 
implement the SJVDP regional plan, and recognizing those facets 
of the definite planning vhicb suggest that the regional plan 
should be revised. 

It is not possible to draw precise boundaries or to set 
exact boundaries for definite planning exercises, however, the 
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following content and schedule is recommended for general 
programming and budgeting activities: 

CONTENT .MID SCHEDULE 

RECOMMENDED SCHEDULE 
PLAHNIHG AREA LEAD AGENCY (BEGIN-COMPLETE) 

Remainder of Grasslands USBR 1992-94 
Subarea (minus San Luis Unit) 

Tulare Subarea DWR 1992-94 

Kern Subarea KWA* 1994-96 

Northern Subarea DFG 1995-97 

*Kern County Water Agency 

FUnding. Costs of definite planning should be distributed 

on the basis of 50/50, federal/local or State/local. 

out-of-Valley Disposal of Salts 

"The study and resulting plan focus on in-valley 
management of the drainage and drainage-related 
problems. It appears that in-valley actions can manage 
the problems for several decades without a means of 
exporting drainage-related salts to the ocean. 
Ultimately, it may become necessary to remove from the 
valley." 

As a policy procedure, and to place investigations in a 
logical sequence, the SJVDP chose to concentrate on in-valley 
management of drainage problems. Neither the Policy and 

Management Committee of the SJVDP nor the advisory committees of 

SJVDP disclaimed a possible future need to dispose of 

concentrated agricultural brine in the Pacific ocean. To the 

contrary, the coordinated units of the SJVDP -- policy makers, 
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advisors and staff -- have separately addressed the probable need 
for future investiqations of out-of-valley salt disposal to 
complement and finish off in-valley actions. 

Before out-of-valley disposal of salts could be developed as 
even a technically workable option, .uch more information needs 
to be collected and various study themes need to be pursued. 

Such studies are not scheduled in this strateqy document: 
rather, we adopt the followinq general principle to quide the 
initiation of any future studies: Any study of out-of-valley 
disposal of salts. condUcted under the auspices of or in 
cooperation with the Kanagement Group. will be initiated only 
with the support And inyolYftmept Of calif9rpia CommUQities that 
would tentatiyely be affected, by such disposal. It is expected 
that the respective policy-setting bodies which will choose to 
cooperate in joint studies of ocean disposal, will look for ways 
to co-manage both in-valley and coastal wastes so that net 
environmental, economic and social benefits will accrue to both 
San Joaquin Valley and coastal ~ty participants. 

IIOIII'fORDIG OJ' ACJal:CUWUDL DRATDGJ!! COIIDJ:'l'J:O•s 

Bacltqround 

The need for a monitoring plan is described on page 133 of 
the SJVDP Final Report, September 1990: 

"The drainage problem that affects, or is related to, 
more than 1 million acres is not presently being 
monitored in a comprehensive, effective and efficient 
manner. An extremely t.portant preaise underlying 
successful implementation of this plan is that many 
facets and dimensions of the problem ground water 
levels, soil conditions, land uses, water quality, 
volume of drainaqe, conditions of evaporation ponds, 
impacts on biota, public health risks - must be 
monitored on a long-term systeaatic basis. The 
objective of monitorinq is to determine the effect of 
actions and whether they should be chanqed." 

58 



526 

This section lays out the components of a monitoring plan . 

This plan will have to be revised and improved periodically, to 
fit changing circumstances. 

The monitoring process is generally in two parts: 
measurement of certain indicators of drainage conditions and 

their effects (usually in the field), and assessment of the 

significance of the cumulative measurements. A sound monitoring 

plan would provide information on: (1) drainage conditions and 

accompanying effects on a continuing, long-term basis, and 

(2) the success of plans and efforts to correct these conditions 
and effects. 

The SJVDP Follow-up Task Force has inventoried the existing 
monitoring programs of various agencies and has canvassed many 

technical experts on their recommendations for a monitoring 

strategy and activities to be focused on agricultural drainage 

conditions and effects. 

The task force has developed concepts for guiding the design 

and implementation of a monitoring plan. The Program managers 

and the chair of ITC have discussed with agency managers and 

technicians their priority needs and possible monitoring roles. 

The designation of roles is tentative at this time and assumes: 
a willingness to cooperate, a need for additional funds, and 
continued availability of specific expertise in the agencies 
designated for technical leadership. 

Basic Management Principles for Monitoring 

Coordination an4 Cooperation. A successful monitoring plan 
will require close cooperation between individual water users and 
water districts, between water districts and major water 

suppliers , and between all the agencies having the responsibility 

to manage some aspect of the drainage problem (and its effects) 
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and the technical and financial means to carry out the given 
responsibilities. Specific responsibilities will have to be 
defined and accepted. Both administrative and technical 
coordination are vital to the monitoring strategy~ 

It is understood that the eight-agency Management Group will 
provide oversight for the administrative arrangements laid out in 
this section. The MG may recommend joint budgeting and 
administration of programs and will provide oversight for the 
interagency technical activities essential to conducting a 
regional monitoring system, 

Building op Bxistinq Proqr..,. Because of the universal 
funding problems of agencies, as well as specific technical 
expertise vested in certain agencies, auch of the information 
needed will have to be obtained through building on existing 

programs -- while enhancing these programs as needed. 

Tying Mopitorinq to Maiptepanoe of a Qoor4ipate4 Data Base. 
The September 1990, report of the SJVDP, and the many back-up 
documents and files of data, coaprise a rather extensive current 

data base of great utility over the long-term -- if the data base 
can be updated with information gathered from interagency 

monitoring activities. The monitoring system should be designed 

so that the data collected can be stored (under proper quality 
control) in the SJVDP data base. It is understood that the SJVDP 

data base will be maintained as an accessible, computerized, 
GIS-based system. 

Beginning with a "Bare-Bopes" Plap of Actiop. Extensive 
staff discussions have shown that the "laundry list" of para­
meters and places to monitor can be exhaustive. Although it is 
desirable to recognize ideal circumstances -- as a long-term 
administrative goal, it is essential to lay out the absolute 
minimum level of regional monitoring that must be implemented in 
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the near future as part of the continuing follow-up to the SJVDP 
effort. 

Basic Bleaents of the strategy 

Scope of Monitoring. The primary emphases for regional 

monitoring are: (1) the land area that had a free ground water 

level within 20 feet of land surface in the year 1986-87 as shown 

on page 31, Figure 6 of the SJVDP final report; (2) all water 

bodies affected adversely by agricultural drainage from such 

land; (3) all species (including humans) and habitats that are, 

or might be, impacted by agricultural drainage waters, and 
(4) beneficial uses of ground water and surface water, that· are 

affected by agricultural drainage waters. The primary media to 

be monitored are: (1) ground water; (2) surface water; 

(3) soils; and (4) biota (including certain crops). The 

conditions of primary concern are: (1) water-logging of crop 

root zones; (2) evidence of damage to some species and; 
(3) contamination of media, in some places, with substances of 

concern as listed on page 40 of the SJVDP final report, or 

contamination of the media with any substance in violation of 
State or federal law. 

Designers of the monitoring plan will be guided by the SJVDP 
plan performance standards. 

Minimum Required Monitoring by Media 

The following is a "bare-bones" listing of subjects and 
conditions to be monitored to provide a continuing basic level of 
understanding of drainage - affected environments in the San 
Joaquin Valley. 
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M9Ditorinq Ground water. The monitoring plan should focus 
on measuring and assessing the following conditions occurring in 
the subsurface of drainage-problem lands (present or potential): 

o the depth to the shallow water table prior to, and 
following, each irrigation season 

o the quality of the shallow ground water, in terms of the 
dissolved substances of concern and major ions, especially 
in those parts of the shallow ground water body and semi­
confined aquifer that may eventually contribute flow to tile 
drains (generally, depth zones to 50 feet below any land 
having a shallow ground-water table within 20 feet of the 
land surface) 

o the depth to water (potentiometric surface) in index wells 
developed solely in the semi-confined aquifer and the 
quality of their water produced, in terms of dissolved 
substances of concern 

o in those land areas flagged in the SJVDP as candidate areas 
for ground water pumping, the quality of the water, in terms 
of dissolved substances of concern 

o the depth to the water table under land retired from 
irrigation 

Konitqrinq Surface water. Compared to the monitoring of 

ground water, the monitoring of surface water is relatively 
well-organized by agency and standardized by fairly uniform 
technique. But, analyses by the Follow-up task force suggest 
that changes will need to be made in some technical aspects 
(e.g., frequency of measurement, location, associated data 
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collection). Some specific problems with the existing network· 
are : 

o a need for new stations and networks to serve new drainage 
water management (e.g., use of the san Luis Drain} 

o a general paucity of gaging stations on the San Joaquin 
River and its tributaries (only three sites measuring flow 
and salt} 

o a present lack of a statement of the minimum permissible 
monitoring network for evaporation ponds. (The many 
different kinds of biochemical pond environments are . a · 
challenge.) 

The existing surface-water networks must be utilized and 
improved to fashion a suitable monitoring program for surface 
water bodies . 

A suitable surface-water monitoring program must accomplish, 
at least, the following with respect to the SJVDP recommended 
plan. It must allow statistically reliable assessments of: 

o the volume and quality of subsurface drainage water flow as 
measured in collection or main conveyance facilities 

o the changing geochemistry of evaporation ponds, primarily to 
measure the hazard to wildlife 

o the net effect (contaminating or diluting} of drainage-water 
flows on water in streams, rivers, and wetlands 

o the extent and conditions under which drainage-related 
substances of concern in streams and canals affect 

beneficial uses of these water bodies 
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Monitoring soil•. n -the lOilC)-ten~ aonitoring of soil 
conditions, two major qu-tions need to be answered. Th•y are: 
(1) At what rate is soluble seleniua -- and other substances of 
concern -- continuing to leach froa soils and contribute to the 
contamination of shallow ground water? (Z) What seasonal and 
long-term geochemical effects are occurrinq in soils as a result 
of the presence of a high water table contributing to evaporative 
concentration of salts and trace-ele.ent contaminants in soils? 
(3) What are the effects of different irrigation management 
strategies on the concentrations of salts and other substance of 
concern in the root zone? 

With respect to deten~ininq the local iapact of SJVDP plan 
components on soils, the followinq situations require monitoring 
of plan implementation sites: 

o the possible build-up of substances of concern in soils 
having inadequate leachinq due to liaitations on water 
application (source control iapact) 

o the likely build-up of substances of concern in soils at 
re-use sites (e.g., aqroforestry) 

o possible leaching, wind driven, or other escape . of 
substances of concern froa evaporation systems 

o impact on soils of retirinq land from irrigation in 
water-logged areas. 

Some associated questions and conditions are less straight­
forward than the actual testinq of soils. Xt will be important 
to know the rate of land abandon.ent and land retirement, and the 
suitability of those lands for non-irrigation uses, especially 
for any use as wildlife habitat -- planned or unintentional. 
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In ·designing the monitoring plan, it would also be wise to 
consider how to assess the long-term sustainability of land 
affected by salinization of soils and a general salt imbalance in 

the San Joaquin Valley. 

Monitoring Biota and their Habitats. A monitoring plan must 
track the effects of contaminated drainage water and soils across 

the trophic levels of the food web prevailing in the drainage­

affected environments of the San Joaquin Valley. During the 

period 1985-90 (see Bibliography in SJVDP Final Report), a 

considerable amount of research and monitoring was conducted 
under the auspices of SJVDP. Analysis of the results of these 

drainage-related efforts, however, suggest that additional staff 

work will be needed before all of the biologic element of the 

monitoring plan can be designed. To guide such work, the Follow­

up staff came up with the following "bare-bones" listing of 

elements for a biota and habitat monitoring plan • 

• In evaporati on ponds and wetlan4s, monitor concentrations of 

substances of concern* in surface soil, water, and biota 

(including food chain items and aquatic birds); populations and 
health characteristics of key species that use the sites, and; 

use of any freshwater alternative habitat that has been developed 

to mitigate hazards. 

In agroforestry plantations and demonstration project areas, 
monitor concentrations of substances of concern in soils and 

biota; populations and health characteristics of key species 
feeding on or dwelling in tree and halophyte areas (especially 

small mammals, migratory birds, threatened or endangered species 

*For fish and wildlife, these are: arsenic, boron, chromium, 
molybdenum, selenium and total dissolved solids (salts). In 
some areas, the following additional elements must be 
considered: Cd, cu, Li, Mn, Hg, Ni, sr, u, v, and Zn. 
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or others with declining populations, and game species), and 
sample nectar and honey resulting from bee culture at agro­
forestry sites. 

In artificial and natural surface water courses, monitor 
levels of selenium and boron in selected indicator species of 
native fishes, game fishes, wildlife, and invertertebrates such 
as clams and crayfish. 

In production and marketing of foodstuffs, monitor crops and 
livestock and their products produced froa drainage-affected 
areas (especially areas that are selenium hot spots), to 
determine potential bio-concentration of selenium in such crops 
or livestock. 

Designation of "Drainage Kanag-•nt" Monitoring Programs, 
Networks and stations 

Recognizing that the availability of certain information is 

essential for successful aanagement of drainage conditions in the 
San Joaquin Valley, the MG should endorse steps toward ensuring 
that the programs, networks or stations needed for gathering this 

information are: (1) available, or: (2) can be made available -­
over time -- through designating, revaaping or improving existing 
data-collection arrangements, or, establishing new arrangements. 

In keeping with the basic principles of this strategy, the 
present, acceptable parts of existing programs and networks, 

should be designated by the MG -- upon the advice of ITC -- as 
"Drainage Monitoring Networks", or "Drainage Monitoring 
Stations". Networks and stations so identified should be 

enhanced by the MG through policy support of the agency programs 
that fund the given networks and stations, or, through partici­
patory funding by meabers agencies of the MG. 
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The desi9nation of "Draina9e Kana9ement" stations or 
networks would be analoqous to desiqnations which the USGS and 
its cooperators have found administratively useful, over decades 
of time, in maintaininq the NASQAN network and the Hydroloqic 
Benchmark network of stations. 

One of the major assiqnments of ITC should be to develop a 
means to implement technical aspects of the monitorinq strat89Y. 
To be9in the process of desi9natin9 and of enhancin9 the 
desi9nations, standin9 subcommittees and work 9roups should be 
established by ITC. 

Batabliabaent of work Groups 

The roles essential in the work 9roups are: 2bAit of the 
work 9roup, technical lead in a 9iven field, and memb8rship on 
the work 9roup. The work proposed would be to: (1) develop a 
specific work plan; (2) make preliminary desi9nations of the 
basic networks and/or stations; (3) quantify the extent to which 
desiqnated systems need to be supplemented, or new systems 
established, in order to meet the objectives laid out in the 
monitorinq plan, and; (4) make arran9ements for QA/QC for these 
processes. The result of the work 9roups activity should be 
recommendations on monitorinq stations, in terms of kind, number, 
location, frequency of measurement, and fate of the data 
collected (where to obtain lab analyses and where to store data 
for use) and development of a means to assess whether implementa­
tion strateqies are havinq an effect on drainaqe manaqement -- or 
should be chanqed. 

The work qroups should initially meet .monthly, and then 
perhaps quarterly, to make recommendations for ITC to convey to 
KG for consideration and action. 
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Ground-Water work Group. 

Chair: DWR 

Discipline lead: USGS 

Membership: Above; CVRWQCB, representatives of appropriate 
water districts, and others invited by chair. 

Focus of the work group: The objective of the Work Group is 

to guide monitoring of the physical and chemical aspects of 

ground water in the drainage problem area to assess the impact of 

drainage reduction measures recommended by the SJVDP. The 
approach to monitoring this large and complex system is to 

integrate on-going programs to the extent possible and minimize 

unnecessary new data-collection. The basic tasks that must be 

accomplished for a successful monitoring and assessment effort 
can be summarized as follows: 

(1) Develop a clear statement of the key questions that need 

to be answered. These must be specific and include 

identification of specific constituents or land use 

practices of concern. Questions will range from regional 
to site-specific in scope. 

(2) Review on-going monitoring of water levels and water quality 

and determine the adequacy of this data for answering the 

questions. 

(3) Design monitoring networks for quality and water levels 
using existing stations to the extent possible. Because of 

the high costs of assessing water quality, representative 
subareas (as well as known problem areas) will be selected 
within which specific questions can be answered. 

(4) coordinate data collection to ensure that the field 
protocols and laboratory methods that are used result in 
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high-quality data. High quality data make assessment 
easier. 

(5) Develop a strategy for coordinating and conducting the 
assessment once the data are collected. 

surface water Work Group. 

Chair: CVRWQCB 

Technical lead: DWR, USGS, water districts 

Membership: Above; USBR, USFWS, DFG, representatives of 
appropriate water districts, and others invited 
by chair. 

Focus of the work group: The purpose of the Work Group is 
to coordinate existing monitoring efforts on surface waters done 
by various agencies. Members should discuss successes or 
problems with existing sampling sites, techniques, planned sites 
and needs for additional information. The work group should 
coordinate requests for additional data and help to avoid 
duplication of effort. The group will recommend actions to 
change and improve the data collection effort, based on the 
results of monitoring. Actions will be the responsibility of 
individual agencies. 

soils work Group. 

Chair: University of California, Davis 

Technical lead: SCS 

Membership: Above; USBR, DFA, CVRWQCB, representatives of 
appropriate water districts, and others invited 
by chair. 

Focus of the work group: A need exists to establish long­
term monitoring programs for the chemical, physical and 
biological characteristics of surface soils and subsoils under 
various land uses such as irrigated croplands, grasslands, 
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wetlands, agroforestry, idlejretired lands, wildlands, ground­
water recharge, and other lands used for treatment/disposal of 
problem drainage waters (e.g. evaporation ponds). The monitored 
soil data base should be assessed for changes in the chemical 
reactivity, availability, and transport of salts, and other 

constituents of concern (Se, As, Mo, cr, u, V, etc.) as impacted 

by the land use. When soils acquire adverse/deleterious 
properties, remedial/or reclamation measures may be needed to 

restore soil quality. 

Biota work Group. 

Chair: DFG 

Technical lead: USFWS/DFG 

Membership: Above; DFA, USBR, SWRCB, CVRWQCB, DWR, CSUF, 
SCS, UCD, representatives of appropriate water 
districts, and others invited by chair. 

Focus of the work group: The major purpose of the group is 

to implement a short-term/long-term monitoring plan to track 

efforts to correct adverse effects of contaminated drainage water 
and soils through trophic levels of the food web prevailing in 

drainage-affected environments of the San Joaquin Valley. The 
monitoring plan must be designed to track the success (or 

failure) of implemented drainage management elements identified 

in the SJVDP Final Plan. The media which must be monitored 

include: evaporation ponds: drainage re-use systems (including 
crops, trees, halophytes, and solar ponds); Westside San Joaquin 

Valley wetlands; and streams and water courses in the lower san 
Joaquin RiverjUpper Delta. The plan should specify appropriate 

indicator species of wildlife, fish, and invertebrates to be 
sampled; representative areas to be sampled; and frequency of 
sampling. It should also establish a data base system including 
an access agreement, QA/QC, standardized methods, both for 
collection (sampling protocol) and for reporting (in standard 
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terminology). The plan should also identify funding needs for 
monitoring and research. 

Additional duties of the Work Group should include 
developing a system for gauging the success (or failure) of 
reducing and managing drainage problems. In some cases little is 
known about what level of contamination constitutes a hazardous 
level; hence, additional research needs must also be identified. 
Finally, the Work Group should identify agency responsibility for 
funding monitoring and research programs. 

PUblic Health Assesaaent Iork Group. 

Chair: California Environmental Protection Agency 

Technical lead: DHS, DFG, FWS 

Membership: Above, all entities havin9'~ direct interest in 
public health, and others invited by chair. 

Focus of the work group: The Work Group will assist in 
planning for collection and subsequent evaluation of monitoring 
data for public health protective purposes. Previous work of the 
SJVDP has determined that contaminated wild biota are currently 
the likeliest source of human exposure to agricultural drainage 
water contaminants, and, hunters, fishermen, foragers, and 
subsistence gardeners are populations at greatest risk from over­
exposure to these substances. Implementation of the Management 
Plan, including the introduction of treatment technologies, may 
generate new exposure scenarios or concentrations and may alter 
these conclusions. 

The Public Health Assessment Work Group will interact with 
other work groups to assure that collected data will serve the 
purposes of health evaluation and that potentially important 
exposure routes are not overlooked. once data are compiled, the 
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Public Health assessment Work Group will prepare an Annual Report 
to the Monitoring and Assessment Subcommittee. This report will 
evaluate potential public health concerns that could result from 
contamination as environmental conditions change. 
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MAXBTAXHXHG AH XRTBGRATBD COMPRBKBHBXVB XHPORMATXOH 
BABB I"'R DRAXHAGB MAHAGBIIBBT 

Xntroduction 

The san Joaquin Valley Drainage Program (SJVDP) has created 
a comprehensive data base that is both hard copy and computer­
ized, and, is stored and made available through the offices of 

the Mid-Pacific Region of the u. s. Bureau of Reclamation, in 
sacramento, California. That data base has been described in a 
report titled "Description of the Data Directory of the san 
Joaquin Valley Drainage Program", May 1990. The temporary 
offices of the SJVDP Follow-up have been assisting the USBR. in 

continuing to make this data base available to a large body of 
requestors (400 individual ~~quests in the period from October 1, 
1990 to August 1, 1991). 

Permanent arrangements must be made to continue to protect 
and make available the SJVDP data base. Furthermore, activities 
of the Monitoring Subcommittee (discussed elsewhere, this 
report), and studies and data-collection not under the auspices 
of the Management Group, will continue to produce data which 

should be integrated into the original SJVDP database -- or 
related to it in a suitable manner -- so that the base remains 
useful for current purposes. 

It is· the purpose of this section to describe these tasks in 
more detail and to prescribe a solution and assignment of 
responsibility and function. 

Recommendations on Handling the Existing SJVDP Data Base 

The existing drain~c:re related data base currently resides 
with the u. s. Bureau of Reclamation. The following are 
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suggested assignments of responsibility for storing, maintaining, 
and updating the data base: 

SUGGI!SI1!D ASSIGNMENTS POll UPDATING DATA BASE 

WORK 
I11!M 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

ASSIGNMENT 

Updating and maintaining 
the SJVDP Data Directory 

Providing public access 
to Directory 

Storing and providing 
access to historical maps, 
reports & files 

Indexing the accretion 
of hard-copy reports, 
maps, and files 

Responding to public 
inquiries on data base 

Maintaining the SJVDP 
Geographic Information 
System and meeting data 
requests 

Maintaining the SJVDP 
biological residue base 

Entering monitoring data 
into the G.J.S. and 
related data files 

Making available the G.I.S. 
_system as an analytical 
tool (e.g., for thematic 
overlays and analysis) 

LHAD 
RESPONSIBILlTY ASSISTED BY 

USBR MGY agencies as contributors of 
bibliographic material & other items 

USBR DWR and ucoY through co-location 
of compatible terminal facilities 

USBR MG agencies as holders of 
information 

USBR MG agencies accumulating material 
and notifying USBR for entry 
in to Data Directory 

USBR MG agencies referring inquiries 
to USBR Office 

USBR MG agencies, as financial 
participants 

USFWS MG agencies, as financial 
participants 

USBR MG agencies, as financial 
participants 

USBR MG agencies as financial 
participants 

1/ MG - The Management Group for continuing interagency coordination . 

Y UCD = Universiry of California (Davis) 
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aoTBI Computer data files are both sources of information 
and analytical tools. The USBR will provide copies of the 
data files to the "public" at nominal cost. The use of the 
files for data analysis, however, will be substantially 
more expensive. The SJVDP Data Directory will be main­
tained to provide "current" listings of data gathered by 
other agencies, i.e. -- to reference other sources of that 
data, that are important to drainage management efforts. 

Bstiaated Adainiatrative Burden of Work outlined 

PUrdon on VSIR. The space requirements are: maintain rooms 
W-1407 and W-1409 in the Sacramento, Cottage Way Federal 
Building; continue to hold space in central files for reports and 
files; maintain overflow storage in warehouse; and maintain. user 
space in library and map storage in library. 

The system requirements are: Aviion Work station (under the 
existing USGS contract) with connection to the USBR TCP/IP 
network; access and use of ARC/INFO software to maintain and 
update the GIS database; maintenance of the data link and access 
to USGS systeas for data exchange; provision for updating the 
Macintosh and PC systems and programs currently running data 
bases from SJVDP; access to the INTERNET under the Drainage 
Program account for data exchange to other agencies and 
universities; and computer equipment such as terminals, 
digitizing tablet, printers in order to access systems, update 
data files, and prepare reports and studies. 

The personnel requireaents are: A full-tiae person with the 
ability to respond to requests for hard copy reports and studies 
and with the ability to produce reports and aaps from the 
computer data files, and with the ability to import and export 
computer data files on request from other agencies or the general 
public: a full-time person to coordinate with other agencies, and 
other on-going Bureau activities in the San Joaquin Valley, and; 

a part-time person to assist in the development of user friendly 
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systems for the rapid search and query of Program data files for 
future analysis. 

Burden on USGS. Provide access to USGS computer system and 
relevant data files. Provide coordination with USBR personnel on 
on-qoinq USGS activities in the San Joaquin Valley includinq 
reports and the development of data sets. 

Burdep op rws. Maintain and update data on contaminants in 
Biota that is presently in BIORES. Coordinate any activities 
related to drainaqe conditions in wildlife refuqes in the San 
Joaquin Valley. 

Bur4ep op scs. Coordinate with USBR personnel via their 
Resource Inventory Specialist any on-qoinq activities in the san 
Joaquin Valley. Provide any data or other information related to 
the on-farm monitorinq program as it is available. 

aurden on Q!B. Coordination with USBR personnel on on-qoinq 
activities in the San Joaquin Valley, particularly on the 
monitorinq program and land use. 

aurden on DfG. Coordination of on-qoinq monitorinq 
activities in the San Joaquin Valley. Provide access to 
appropriate data files related to monitorinq activities. 

Burdep op SWBCB. Coordination of on-going monitoring 
activities by SWRCB with USBR personnel. Provide access to 
appropriate data files related to monitoring activities. This 
includes sites used for requlatory requirements and for base line 
studies . 

Bgrden on DfA. coordination of on-goinq monitoring 
activiti es by DFA with USBR personnel. Provide access to 
appropriate data files related to these monitoring activities. 
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Burden on UCD. Indexing of current materials held by SJVDP 
for cross referencing with the SJVDP system. Storage space for 
SJVDP documents and maps. Maintenance of data link to USBR for 
access to appropriate data files. Coordination with USBR 
personnel on current and proposed studies related to drainage or 
trace elements in the San Joaquin Valley by the UC system. 

Discussion 

Coordination of each agency's activities with USBR 
personnel, as described in the previous section, includes sharing 
in the responsibility for identifying what data are to be 
retained in the SJVDP data sets and in funding the development 
and maintenance of those data sets. The G.I.S. system and 
related data files are on a cost recovery basis. 

Agencies responsible for collection of a particular data set 
should be responsible for maintaining and updating the data set. 
This should reduce the cost of maintaining and updating the SJVDP 
data set. It will also free up resources for any data analysis 
desired by the participants. 
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JIBMORAIIDUM 01' UWBRS'l'UDIBG (MOU) 

I'OR IJiliLIDIBift'A'l'IOB OP 

'1'BB BAR JOAQUIB VALLBY DRAIJIAGB PltOCJRAJ(' 8 RBCOIOOUIDBD PLAir 

The u. s. Bureau of Reclamation, u. s. Fish and Wildlife 
Service, U. S. Soil Conservation service, U. s. Geoloqical 
survey, Department of Water Resources, Department of Fish and 
Game, Department of Food and Aqriculture, and the state Water 
Resources Control Board aqree to the followinq: 

1. BaCkground. A manaqement plan for aqricultural subsurface 
drainaqe and related problems on the westside San Joaquin 
Valley was developed by the Federal-State San Joaquin Valley 
Drainaqe Proqram (SJVDP) durinq the period 1985-1990, and 
published in a September 1990 report by the same name. 

2. Purcose. All parties to this aqreeaent adopt the proqram 
described in the September 1990 final report of the San 
Joaquin Valley Drainaqe Proqraa (SJVDP Recommended Plan) as 
the principal quide for remedyinq subsurface aqricultural 
drainaqe and related problems. All parties aqree to work 
toqether to identify and define specific tasks and 
associated responsible parties, needed fundinq and 
authorities, and schedules for accomplishment, as necessary 
to implement all components of the SJVDP Recommended Plan. 

3. Pxoaram· The parties adopt the foreqoinq report describinq 
a strateqy for iapleaentinq the SJVDP Reca.aended Plan as 
the initial step in deve1opinq an action plan. Based on it, 
the parties will adopt an annual plan of work, co..ancinq in 
1992, to establish priorities and coordinate activities to 
accomplish the objectives of the Recomaended Plan. Subse­
quently, the parties will annually evaluate accomplishments 
and adopt a revised plan of work. 
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4. funding and Leaal Authority. It is understood by all 

parties that implementation of this MOU and the SJVDP 
Recommended Plan are subject to the availability of funding 
and legal authority. All parties to this agreement agree to 

support attempts by signatory agencies to secure the funding 

and authority necessary to implement work plans adopted 

pursuant to this MOU. 

In order to enhance efficiency and economy, and reduce 

duplications or conflicts in efforts, all parties to this 

agreement agree to coordinate requests for funding and 

authority. 

5. Amendments. This MOU may be modified by mutual agreement as 

necessary to accomplish drainage management objectives. 

6. Withdrawal. Any party to this MOU may withdraw by 
submitting a written notice to each of the other parties 120 

days in advance of the intended withdrawal. 

7. Term of MOU. This MOU shall remain in effect until all 

components of the SJVDP Recommended Plan have been fully 

implemented or until it is dissolved by unanimous agreement 

of the signatory parties. 

SIQNATURBS 

u. s. Bureau of Reclamation Department of Water Resources 

u. s. Fish and Wildlife Service Department of Fish and Game 

U. S. Soil Conservation Service Department of Food and Agriculture 

U. S. Geological Survey water Resources Control Board 
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• 
United States Department of the Interior 

. 

MEMORANDUM 

omc~; or INSPECtOR GENERAL 
Washmgton. l>.C. 20240 

TO: The Secretary 

FROM: Acting Inspector General 

SUBJECT SUMMARY: Final Audit Report for Your Information • "Department 
of the Interior Irrigation Drainage Programs" 
(No. 93-1-1302) 

DISCUSSION: We concluded that the Department of the Interior ·had not taken 
actions necessary to ensure recovery of funds expended for irrigation drainage studies 
and for the cleanup of contamination at the Kesterson Reservoir. As a result, none 
of the $110 million spent since 1981, including $87 million reported to be specifJCally 
repayable under Reclamation law, had been reimbursed to the U.S. Treasury, and 
the Government is incurring about $7 million annually to finance this unreimbursed 
cost. 

In addition, despite spending $50 million of the SUO million to study drainage 
problems at the Sao Luis Unit, the Bureau of ReClamation was unable to develop 
an irrigation drainage plan that satisfied the terms of a court settlement reached 
between the Bureau and the Unit's water users. We attnbuted the laelt of an 
acceptable plan to the fact that the Bureau agreed to pursue the development of a 
plan that was conceptually unworkable or unacceptable to State of California officials 
and to the general public. By not meeting the settlement terms, the Bureau lost the 
water users' commitment to finance as much as $100 million of the costs of 
constructing the Sao Luis Unit drainage facilities. Additionally, litigation was 
renewed against the Government over the drainage problems experienced in the 
Unit. This litigation could hinder the Bo~reau's ability to fully comply with the 
Reclamation Projects Authorization and Adjustment Act of 1992, which contains 
specific provisions addressing the drainage problems in the Unit. 

The Assistant Secretary for Water and Science concurred with three of the report's 
four recommendations and provided sufficient information for us to consider two 

Prepared by: Harold Bloom 
Extension: 208-4252 
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recommendations resolved but oot implemented. The Assistant Secretary was 
ret~uested to provide additional information for one recommendation and to 
reconsider the recommendation to require repayment or cost-sharing agreements for 
all reimbursable costs before engaging in further drainage-rel~ted programs or 
studies. 

Attachment 
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U.S. Department of the Interior 
Omce of Inspector General 

AUDIT REPORT 

DEPARTMENT OF THE INTERIOR 
IRRIGATION DRAINAGE PROGRAMS 

REPORT NO. 93-1-1302 
JULY 1993 

This report may not be disclosed to anyone other than 
the auditee except by the Assistant Inspector General 

for Administration, Office of Inspector General, 
U.S. Department of the Interior, 

Washington, D.C. 20240 

77-141. 94 - 19 
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-v 
United States Deparunent of the Interior 

Memorandum 

OffiC'.[ OF INSI'fi-TOR Gt:N[JtAJ. 
Hndquarwn Audios 

15511 W"olonn llot•a.....-.1 

~~· 
Arlin~ou, VA 2'2'!09 

To: Assistant Secretary for Water ud Science 
Commissioner, Bureau of Reclamation 

From: Assistant Inspector General for Audits 

Subject: Final Audit Report on Department of the Interior Irrigation Drainage 
Programs (No. 93-I-1302) 

This report presents the results of our review of the Department of the Interior's 
irrigation drainage programs. The objective was to determine whether the 
Department was (1) identifying and resolving irrigation drainage problems relating 
to selenium and other water contaminants and (2) establishing adequate repayment 
and/or cost·sbaring policies to obtain reimbursement of program costs by water users 
as appropriate. The audit was performed primarily at the Department's 
headquarters in Washington, D.C., and at the Bureau of Reclamation's Mid-Pacific 
Region in Sacramento, California. 

Overall, we concluded that the Department bad progressed in its efforts to identify 
and resolve drainage problems in that 33 contamination sites bad been identified and 
were in the various program stages of investigation, study, and development of 
corrective action plans. In addition, the resolution of the drainage problems at one 
site, the Kesterson Reservoir, was pending determination of final cleanup 
requirements. However, we concentrated our audit efforts on the Department's 
actions relating to repayment and planning because neither the Kesterson Reservoir 
Cleanup Program nor the National Irrigation Water Quality Program bad sufficiently 
progressed so that we could determine the programs' effectiveness in resolving the 
irrigation drainage problems identified. 

Regarding repayment, we concluded that the Department had not ensured that 
Federal expenditures of SUO million for drainage studies and the cleanup of 
Kesterson Reservoir would be recovered in aa:ordance with applicable statutory 
requirements. As a result, the Department has not recovered any of the $110 million 
it has spent since 1981, and we estimate that the Government is incurring over 
$7 million annually to finance those unreimbursed costs. We also found that the 
Bureau of Reclamation bad not developed a drainage plan that conformed with 
criteria specified in a negotiated court settlement, despite spending $50 million of the 
$110 million for drainage studies related to the resolution of the drainage problems 
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involviDg the San Luis Unit As such, the courts relieved the Westlands Water 
District of its obligation to finance up front an additional $100 million of the costs 
to construct the facilities needed to resolve the drainage problems in California's San 
Joaquin Valley. 

To correct the problems noted, we recommended that the Department identify all 
non-Federal parties responsible for repayment, expedite the development of a 
repayment policy consistent with existing law for all drainage-related costs, and 
report on that policy in accordance with Congressional direction. In addition, we 
recommended that appr6priate repayment or cost-sharing agreements be required 
as necessary to help ensure timely recovery of future drainage-related costs and that 
future drainage plans involving the San Luis Unit be developed in accordance with 
appropriate planning instructions and guidelines. 

The June 18, 1993, response (Appendix 5), from the Assistant Secretary for Water 
and Science concurred with three of our four recommendations. The response was 
sufficient for us to consider two of the three recommendations resolved, and 
additional information is needed to resolve one recommendation. The response 
disagreed with our recommendation to require appropriate repayment or cost-sharing 
agreements prior to engaging in any further drainage-related programs or studies. 
We have asked the Assistant Secretary for Water and Science to reconsider this 
recommendation. The status of the recommendations and the information needed 
for resolution are in Appendix 6. 

In accordance with the Department Manual (360 DM 5.3), we are requesting your 
written response to this report by September 27, 1993. Your response should 
provide the information requested in Appendix 6. 

The legislation, as amended, creating the Office of Inspector General requires 
semiannual reporting to the Congress on all audit reports issued, the monetary 
impact of audit findings (Appendix 1), actions taken to implement audit 
recommendations, and identification of each significant recommendation on which 
corrective action has not been taken. 

ez41!~ 
Harold Bloom 
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INTRODUCTION 

BACKGROUND 

Since the early 1900s, the Department of the Interior has constructed about 
600 irrigation projects in 17 western states, converting millions of acres of previously 
nonarable lands into productive farmland. However, the drainage water from some 
irrigation projects has been known to cause serious health and environmental 
problems. For example, inadequate drainage of irrigation water from farmlands can 
build up the salt in the soil, which can subsequently reduce or destroy the 
productivity of the land. Conversely, the transportation and disposal of the drainage 
water can result in the accumulation and concentration of toxic elements and 
chemicals such as selenium, arsenic, boron, and pesticides at the disposal site. The 
concentration of such toxins in areas inhabited by fish and wildlife can endanger their 
health and survival and create public health risks through the consumption of 
contaminated fish, wildlife, plants, and livestock. 

In 1983, the discovery of high rates of deformity, mortality, and reproductive failure 
among aquatic birds at Kesterson National Wildlife Refuge in California brought the 
drainage problem to national attention. The damaging effects on the waterfowl were 
traced to high levels of selenium, a natural element found in soil, which was carried 
by irrigation drainage water flowing into the Kesterson Reservoir, located within the 
Refuge. This discovery prompted concern that toxic levels of selenium in irrigation 
drainage water from Federal water projects presented a nationwide health risk for 
both humans and wildlife. In response to this concern, the Department of the 
Interior Irrigation Drainage Program (renamed the National Irrigation Water Quality 
Program) was established in 1985 under the direction and management of the 
Assistant Secretary for Water and Science1 to identify and evaluate agricultural 
drainage-related problems throughout the western United States. Through January 
1992, the Program had identified 33 sites in 15 states that were considered to have 
a high potential for contamination from irrigation drainage flows (see Appendix 2). 
However, the Kesterson Reservoir was the only site that had advanced to the stage 
where actions had been taken to resolve the contamination problem. Specifically, 
the drainage flows into the Kesterson Reservoir were completely terminated in 1986, 
and the low-lying areas of the Reservoir were filled with soil in 1988. At the time 
of our audit, further activities at the Kesterson Reservoir were pending 
determination of the final cleanup requirements. 

10ther Department of the Interior agencies have participated with the Bureau of Reclamation in 
funding and providing technical personnel for the study efforts under the Department's irrigation 
drainage programs. The other participating agencies were the U.S. Fish and Wildlife Service, the U.S. 
Geological Survey, the Bureau of Indian Affairs, and the Bureau of Land Management. 

1 



The Kesterson National Wildlife Refuge was established in 1976 on lands purchased 
by the Bureau of Reclamation. The Bureau planned to use the site as part of a 
system to dispose of irrigation drainage water from farmlands on the west side of 
California's San Joaquin Valley. The main feature of the planned system was the 
San Luis Drain, which was originally designed to transport drainage water 188 miles 
for discharge into the Sacramento-San Joaquin Delta. The construction of the 
San Luis Drain was authorized in 1960 under the San Luis Unit Act (Public Law 
86-488), which also authorized, as part of the Central Valley Project, the construction 
of facilities to deliver irrigation water to farmlands on the west side of the 
San Joaquin Valley. The service area of the San Luis Unit comprised approximately 
700,000 acres of farmland, about 600,000 acres of which fall within the boundaries 
of the Westlands Water District, the single largest water contractor in the Central 
Valley Project Given the poor natural drainage of these farmlands, it was 
considered essential to dispose of the irrigation drainage water to maintain the 
productivity of the lands. Despite this critical need, construction of the San Luis 
Drain was halted in 1975 because of funding constraints and concern that untreated 
drainage water would materially degrade the water quality of the Delta and the 
San Francisco Bay. 

In August 1984, the San Joaquin Valley Drainage Program was established to 
identify measures to help solve the drainage-related problems caused by irrigated 
farming on the west side of the San Joaquin Valley and to develop a comprehensive 
plan for the long-term management of the problems, particularly those involving the 
San Luis Unit. The Program received Federal funding from appropriations under 
the San Luis Unit Act and was conducted jointly by the Department of the Interior 
and the State of California. A final report on the results of the Program was issued 
in September 1990. In December 1991, eight agencies from within the Department 
of the Interior, the Department of Agriculture, and the State of California entered 
into a memorandum of understanding that provided for the use of the management 
plan described in the final report as the principal guide for remedying agricultural 
drainage problems in the San Joaquin Valley. In October 1992, the Congress 
enacted the Reclamation Projects Authorization and Adjustment Act of 1992 
(Public Law 102-575), which authorized the implementation or further study of at 
least four of the eight measures recommended in the final report. 

OBJECI'IVE AND SCOPE 

The objective of the audit was to determine whether the Department of the Interior 
was (1) identifying and resolving irrigation drainage problems relating to selenium 
and other water contaminants and (2) establishing adequate repayment and/or 
cost-sharing policies to obtain reimbursement of program costs by water users as 
appropriate. 

2 
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This performance audit, completed in February 1993, was conducted at the 
Department's headquarters in Washington, D.C., and at the Bureau of Reclamation's 
Mid-Pacific Region in Sacramento, California. We also visited the Kesterson 
National Wildlife Refuge near Los Banos, California. To accomplish our objective, 
we reviewed laws, legislative history, Congressional hearings, program studies and 
reports, correspondence, court documents, and legal opinions relating to the 
Department's irrigation drainage programs. We also interviewed officials from the 
Office of the Assistant Secretary for Water and Science, the Office of the Solicitor, 
the Bureau of Reclamation, the U.S. Fish and Wildlife Service, the Bureau of Indian 
Affairs, the U.S. Geological Survey, the California Department of Water Resources, 
the California Regional Water Quality Control Board, the California Department of 
Fish and Game, and the Westlands Water District concerning their responsibilities 
with the drainage programs. In addition, we obtained and reviewed data on the 
drainage programs from several of these entities. 

The audit was made, as applicable, in accordance with the "Government Auditing 
Standards," issued by the Comptroller General of the United States. Accordingly, 
we included such tests of records and other auditing procedures that were considered 
necessary under the circumstances. The scope of our audit did not include an 
evaluation of the technical aspects of the Department's drainage-related studies. 

As part of our audit, we evaluated the system of internal controls related to the 
Department's irrigation drainage programs. We identified internal control 
weaknesses in the areas of repayment of program costs and development of drainage 
plans. The weaknesses and recommended corrective actions are discussed in the 
Finding and Recommendations section of this report. We also reviewed the 
Department's Annual Statement and Report, required by the Federal Managers' 
Financial Integrity Act, for fiscal years 1989 through 1992 to determine whether any 
reported weaknesses were within the objective and scope of our audit We 
determined that none of the reported weaknesses were directly related to the 
objective or scope of our audit. 

PRIOR AUDIT COVERAGE 

Neither the Office of Inspector General nor the General Accounting Office bas 
issued a report on the Department's irrigation drainage programs within the last 
5 years. However, the General Accounting Office issued a report that dealt, in part, 
with the irrigation drainage problem in California's Central Valley. 

The General Accounting Office report "Changes Needed Before Water Service 
Contracts Are Renewed" (No. GAO/RCED-91-175), issued in August 1991, stated 
that agricultural drainage water had degraded the quality of central California's 
water supply and soil, poisoned wildlife, and threatened agricultural production. The 
report recommended that the Secretary of the Interior determine the impacts of 
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renewing Central Valley Project water service contracts for long time periods for the 
same quantities of water. 

On October 30, 1992, the Central Valley Project Improvement Act (Title XXXIV 
of Public Law 102-575) essentially incorporated some of the General Accounting 
Office's recommendations into law. Specifically, the Act shortened the length of 
long-term water service contracts from 40 to 25 years, required environmental impact 
statements to be completed prior to renewing any long-term contracts, and mandated 
that the provisions of the Act be included in all long-term contracts. 
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FINDING AND RECOMMENDATIONS 

REPAYMENT OF IRRIGATION DRAINAGE PROGRAM COSTS 

The Bureau of Reclamation and other Department of the Interior agencies have not 
recovered the reimbursable portion of the $110 million expended since 1981 on 
irrigation drainage studies and the cleanup of the Kesterson Reservoir. According 
to Bureau officials, more than $87 million (79 percent) of the $110 million is 
repayable by non-Federal beneficiaries under Reclamation law. The Bureau has not 
determined how much of the remaining $23 million was reimbursable under existing 
laws and policies. However, despite the passage of over a decade and the 
significance of the amount involved, the Department has not taken sufficient actions 
to ensure that these costs would be recovered in accordance with applicable law, nor 
has it submitted a report required by the Congress in 1991 detailing the 
Department's recommendations concerning the repayment of these drainage-related 
costs. As such, none of the $110 million has been recovered, and the Government 
is incurring an estimated $7 million annually to finance these unreimbursed program 
costs. 

In 1983, selenium contamination was discovered at the Kesterson Reservoir, which 
prompted the California State Water Resources Control Board to issue a series of 
orders directing the Bureau to take immediate actions at the Reservoir. This 
contamination raised questions as to whether conditions at the Reservoir represented 
a violation of the Migratory Bird Treaty Act. In light of these questions and in 
response to the resultant media attention and Congressional hearings that were 
convened, the Department initiated efforts, the Kesterson Reservoir Cleanup 
Program, to address the Kesterson problem and began an extensive study program, 
the San Joaquin Valley Drainage Program, with the State of California to investigate 
the overall drainage problem in California's San Joaquin Valley. Subsequently, the 
Congress and the media began to question whether conditions similar to those found 
at the Kesterson Reservoir existed at other locations throughout the West. To 
address this concern, the Department assembled scientists and technicians from 
several of its agencies and established a national program, the National Irrigation 
Water Quality Program, to search for other irrigation-induced contamination 
problems within the 17 western states. 

From fiscal years 1981 through 1992, the Department expended about $110 million 
to conduct drainage studies in the San Joaquin Valley, to identify other contaminated 
sites throughout the West, to resolve the Kesterson contamination problem, and to 
accomplish other drainage-related activities. The Department funded its drainage 
programs using existing legislative authorities. Through fiscal year 1992, the 
Department had obtained and expended approximately $83.3 million from 
construction appropriations, $13.3 million from Bureau of Reclamation operation 
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and maintenance approprialioos, and $13.4 million from other Departmental 
appropriations (see Appendix 3). Of the $110 million expended for drainage 
activities, the Bureau considers $87 million (79 percent) to be fully reimbursable by 
project beneficiaries under Reclamation law. At the time of our review, the 
Department had not determined how much of the remaining $23 million was 
reimbursable under existing law or policy and the responsible beneficiaries if 
repayable. 

According to the Acting Regional Director for the Bureau's Mid-Pacific Region, the 
Department initially did not address the issue of who should be held responsible for 
the repayment of drainage-related program costs in order to concentrate all its 
efforts on remediating contamination problems, which could result in a violation of 
the Migratory Bird Treaty Act. However, despite the passing of almost 11 years, the 
Department has continued to postpone action on this important repayment issue, 
even though the issue has surfaced numerous times in Departmental correspondence 
during the study period. For example: 

- AJuly 17,1987,informationmemorandumfromthe0fficesoftheAssistant 
Secretaries for Water and Science and for Fish and Wildlife to the Office of the 
Secretary stated that the Department's National Irrigation Water Quality Program 
"has now progressed to the point where attention should be turned to the 
development of cost-sharing arrangements with appropriate State and local entities." 

- A September 21, 1987, memorandum from the Office of the Assistant 
Secretary for Policy, Management and Budget to the Assistant Secretary for Water 
and Science stated, "Repayment for the Drainage Program is complicated by the fact 
that major expenditures have already been incurred without having a repayment 
agreement or contract in place." 

- An April 17, 1989, memorandum from the Project Investment and 
Repayment Officer to the Mid-Pacific Regional Director stated, "An important but 
as yet unresolved issue concerns the responsibility for the repayment of costs 
incurred by the Drainage Program in the conduct of its studies and development of 
alternatives." 

Since 1985, the Congress also bas questioned the Department about who should be 
responsible for paying the costs of remediating the drainage problem. The Congress 
subsequently directed the Department, in Conference Report 101-889, dated October 
1990, to formally address the issue and to submit a report by March 31, 1991, on the 
Department's repayment policies for the Kesterson Reservoir cleanup and other 
drainage-related costs, including recommendations for the allocation of costs between 
the Federal and the non-Federal interests. A Departmental official advised us that 
the Departnient did try to collect $2.8 million of the program costs from some of the 
beneficiaries through Reclamation's water rate-setting policy. However, the official 
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further stated that the Congress restricted the recovery of any costs pending 
submittal of the repayment policy report to the Congress. During testimony before 
the House Appropriations Subcommittee on Energy and Water Development on 
April 19, 1993, the Acting Assistant Secretary for Water and Science stated that the 
report had been held up by the prior administration but that Congress would have 
the report by the end of the year. 

In Conference Report 101-889, the Department was also directed to make 
recommendations for allocating future drainage-related costs between the Federal 
and the non-Federal interests. The Department plans to spend over $10 million for 
its fiscal year 1993 drainage program activities (see Appendix 3). Also, substantial 
expenditures will be required in future years to execute the Department's plans to 
clean up the irrigation-induced contaminants at the Kesterson Reservoir and at other 
identified sites throughout the West and to implement measures to minimize the 
damaging effects of salt accumulation on farmlands within California's San Joaquin 
Valley. To facilitate timely recovery of these costs, we believe that the Department 
should secure either repayment or cost-sharing agreements with appropriate 
non-Federal parties to the maximum extent practical. Further, we believe that the 
Department should consider recommending, in its report to the Congress, that 
cost-sharing agreements be sought from the non-Federal parties to help limit the 
future financial burden on Federal funding. Cost-sharing agreements that provide 
for up-front contributions from the non-Federal parties are generally more 
advantageous to the Government than repayment agreements, which typically allow 
for 100 percent Federal financing before cost recovery begins. Through fiscal year 
1992, the Bureau has provided nearly 90 percent of the Federal financing for the 
Department's drainage activities. In 1987, the Bureau adopted a new policy, which 
called for appropriate non-Federal cost sharing in all aspects of the Reclamation 
program. Accordingly, the use of cost sharing between the Bureau and non-Federal 
parties for future drainage activities would be consistent with existing Reclamation 
policy and would help reduce the amount of Federal financing needed. It could also 
help alleviate some of the attendant repayment problems that have been 
encountered. 

According to Bureau officials, the recovery of future drainage-related costs involving 
the Central Valley Project can be effected through the existing rate-setting policy 
without the need for new contractual agreements. However, the Government could 
incur substantial additional interest costs depending on how and when the Bureau 
implements its rate-setting policy. For example, a Discussion Paper issued by the 
Bureau in July 1991 states that the repayment of the drainage-related costs (except 
operation and maintenance costs) would not begin until the drainage solutions are 
implemented and until the Kesterson Reservoir cleanup is completed at some 
unknown future date. In our opinion, this delay will result in an undue burden on 
the Federal taxpayer because the costs of financing the program would be borne by 
the Government over an extended period of time. For example, we estimated that 
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the Government would incur about $5.6 million2 in financing costs annually if the 
repayment of the $83.3 million already expended under the San Luis Unit Act were 
postponed until the costs were placed into repayment, as specified in the Discussion 
Paper. Furthermore, the recovery of future costs could be adversely affected because 
the water users may not have the ability to pay these costs when their water rates are 
increased under their renewed water service contracts. As such, we believe that the 
reimbursable-type costs of any future studies or activities involving the Central Valley 
Project should be scheduled for recovery in a more timely manner, through 
negotiation of new repayment or cost-sharing agreements, whenever it is apparent 
that the Bureau's existing rate-setting policy would jeopardize future repayment or 
result in substantial interest costs for the Government 

When the extent of the irrigation drainage problem became evident at the Kesterson 
Reservoir in 1983, the Department had immediate and pressing responsibilities to 
mitigate the contamination problem that may have taken precedence over concerns 
about repayment. However, after nearly ll years, we do not believe that the 
D~partment should continue to delay the repayment of millions of Federal tax 
dollars spent on drainage activities. In this regard, we estimated that the 
Government is incurring costs of about $7.4 million3 annually to finance the 
$110 million spent on drainage activities. Since sufficient actions have not been 
taken to recover the $110 million, we believe that the Department should expedite 
the submission of the report required by Conference Report 101-889 and ask the 
Congress to help affix responsibility for these costs. In requesting the Department's 
"recommendations" for repayment in Conference Report 101-889, we believe that the 
Congress indicated that it intended to answer the questions of how Federal and 
non-Federal costs would be allocated and which functions would be reimbursable or 
nonreimbursable. 

San Luis Unit Drainage Studies 

In addition to the repayment issue, the Bureau of Reclamation did not develop an 
irrigation drainage plan that satisfied the terms of a court settlement between the 
Bureau and water users in the San Luis Unit despite spending $50 million of the 
$110 million studying the drainage problems of the area. Under a 1986 negotiated 
settlement, the Bureau agreed to develop and adopt a plan for drainage service 
facilities that would dispose of irrigation drainage water from the Westland's Water 
District in the San Luis Unit. However, the Bureau agreed to pursue development 
of a drainage plan based on a concept that appeared unworkable and unacceptable 
to State officials and the general public. This occurred because the Bureau did not 

20ur computation of the interest cost is based on the lS-year Treasury rate estimated by the 
Department of the Treasury for October 1992 (6.7S percent). 

3tbid. 

8 



561 

perform sufficient analyses or take the action necessary to fully assess the "viability" 
of the settlement requirements in accordance with the Federal Principles and 
Guidelines for water resources planning and Reclamation Planning Instructions. 
Since the Bureau was unable to meet the terms of this settlement, (1) the District 
was refunded over $17 million deposited in a trust account and was relieved of an 
obligation made to finance up front as much as $100 million toward the future cost 
of resolving the drainage problems and (2) litigation against the Government was 
renewed, which may obstruct the Bureau's ability to comply with the Reclamation 
Projects Authorization and Adjustment Act of 1992 in resolving the drainage 
problems in the San Luis Unit. The background and events leading to the current 
status of drainage studies associated with the San Luis Unit and our analysis of the 
deficiencies in the Bureau's planning process are presented in Appendix 4. 

At the time of our audit, the Bureau was attempting to reach a new settlement with 
the District and the other parties to the lawsuits. The Bureau has spent several years 
and millions of dollars studying the area's drainage problems, but these efforts have 
not resulted in an acceptable drainage service plan. Accordingly, we believe that the 
Bureau should not agree, in the current negotiations, to pursue the development or 
adoption of any drainage plan until actions are taken to reasonably ensure that the 
planning concept is viable in accordance with all applicable planning instructions and 
guidelines. ' 

Recommendations 

We recommend that the Assistant Secretary for Water and Science: 

1. Identify all the non-Federal parties considered responsible for repaying the 
reimbursable costs of drainage studies, the cleanup of Kesterson Reservoir, and the 
other contaminated sites. 

2. Expedite the development of a repayment policy consistent with existing 
laws for all drainage-related costs, past and future, and submit the policy report 
stipulated in Conference Report 101-889 to the Congress. 

3. Require a repayment or cost-sharing agreement, as appropriate, for all 
reimbursable costs before engaging in any further drainage-related programs or 
studies unless it has been determined that recovery can be effected through existing 
rate-setting policies in a timely manner without jeopardizing recovery of the 
Government's future investment or resulting in additional interest costs to the 
Government. 

4. Direct that future drainage plans for the San Luis Unit be ·developed in 
conformance with the requirements set forth in the Reclamation Planning 
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Instructions and the Federal Principles and Guidelines established for water 
resources planning. 

Assistant Secretary for Water and Science Response 

The June 18, 1993, response from the Assistant Secretary for Water and Science 
(Appendix 5), stated concurrence with Recommendations 1, 2, and 4 and 
nonconcurrence with Recommendation 3. 

Recommendation 1. The response stated that the Bureau would identify the 
non-Federal participants having obligations to repay the reimbursable costs of 
Kesterson and the San Joaquin Valley Drainage Program. The response identified 
the target date for implementation as December 31, 1993, and the Regional Director, 
Mid-Pacific Region, as the responsible official. The response further stated that the 
non-Federal participants responsible for repaying the costs of studies in process 
under the National Irrigation Water Quality Program would also be identified. 
According to the response, as current and future studies conducted under the 
Program move to the planning phase, the participants responsible for repayment will 
be identified in the individual planning documents, but a target date for identifying 
participants in future studies could not be established. 

Recommendation 2. The response stated that a repayment policy that takes 
into account existing laws for all drainage-related costs, past and future, is being 
developed for submission to the Congress as provided in Conference Report 101-889. 
The response identified the target date for implementation as December 31, 1993, 
and the Secretary of the Interior as the responsible official. 

Recommendation 3. The response disagreed with the recommendation and 
stated that the participating Departmental agencies provide the funding for problem 
identification and for determination of the severity of irrigation-induced water quality 
problems from Departmental irrigation projects. The response further stated that 
the U.S. Geological Survey, the U.S. Fish and Wildlife Service, and the Bureau of 
Indian Affairs are not covered by Reclamation law and thus have no mechanisms to 
require cost recovery under Reclamation's authority and that these Bureaus should 
seek voluntary cost sharing for any remediation costs. 

The response also stated that the Bureau of Reclamation is responsible for the four 
National Irrigation Water Quality Program study areas currently in remedial 
planning and that Reclamation law provides for securing repayment or cost-sharing 
agreements. The response stated that in most areas, however, the non-Federal 
parties considered responsible for repaying reimbursable costs may not agree that 
they· should be held financially responsible. The response further stated that the 
planning process includes educating non-Federal parties on the extent, magnitude, 
and causes of the problem, which may make it possible to achieve repayment or cost-
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sharing agreements. As such, the response alternatively proposed that our 
recommendation be changed to require a repayment or cost-sharing agreement for 
reimbursable costs "prior to implementing remediation." 

Recommendation 4. The respons! stated that the Commissioner, Bureau of 
Reclamation, would be directed to ensure that future planning activities for the San 
Luis Unit be developed using National Irrigation Water Quality Program guidelines, 
which reflect both Reclamation Planning Instructions and the Federal Principles and 
Guidelines. The response identified the target date for implementation as July 30, 
1993, and the Assistant Secretary for Water and Science as the responsible official. 

omce of Inspector General Comments 

Based on the Assistant Secretary for Water and Science's response, 
Recommendations 2 and 4 are considered resolved but not implemented, and 
Recommendation 3 is unresolved. Although the response concurred with 
Recommendation 1, it did not provide sufficient information to resolve the 
recommendation. The status of the recommendations and the information needed 
for resolution are in Appendix 6. 

Recommendation 1. The response, as written, did not include the costs 
incurred on the San Luis Unit Drainage Program and the other San Luis Unit 
studies. These costs are, according to Bureau officials, also reimbursable and as such 
are obliged to be repaid. 

Recommendation 3. Our report discussed substantial expenditures of about 
$87 million that were made for planning studies, such as the San Joaquin Valley 
Drainage Program and the San Luis Unit Drainage Program, from funding sources 
that are reimbursable under Reclamation law. However, none of these costs have 
been recovered from non-Federal parties to date. This is due, in part, to the fact 
that the Bureau of Reclamation believes that non-Federal parties considered 
responsible for repaying reimbursable costs may not agree that they should be held 
financially responsible or that mechanisms are not available to initiate repayment 
actions. To preclude similar situations from occurring on future studies, we believe 
that the Government's financialinterests would be best served if repayment or cost­
sharing agreements were obtained before substantive expenditures are made from 
funding sources which statutorily require reimbursement. Such advance repayment 
agreements would also be consistent with existing requirements for other Bureau 
planning studies, such as those conducted under its General Investigations Program. 
Accordingly, we request that the Assistant Secretary for Water and Science 
reconsider the response to Recommendation 3. 
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APPENDIX 1 

CLASSIFICATION OF MONETARY AMOUNTS 

Repayment of Drainage Program Costs 

Annual Financing Costs 

Funds To 
Be Put To 
Better Use 

$7,420, 756•• 

Potential 
Additional 
Revenues 

$109,937,121• 

• Al:cording 10 Departmental officials, $83,308,665 of this amotlllt is reimbursable under Section 9 of 
the Reclamation Project Act of 1939, and $3,852,11)2 is reimbursable under Section 6 of the 
Reclamation Act of 1902. The Dcpartmcllt had DOt dctcrmiDcd the c:nent 10 which the remaining 
$22,175,654 is either reimbursable or aoareimbursablc under a:isting law or policy. 

**This amount represents the Government's BllDual cost of borrowing 10 finance the $109,937,121 at 
a rate of 6.75 percent based on the 15-year Treasury rate estimated by the Department of the 
Treasury for October 1992. 
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APPENDIX2 
Page 1 of 2 

STATUS OF NATIONAL IRRIGATION WATER 
QUALI1Y PROGRAM AS OF JANUARY 1992 

Program Phase Descriptions 

1. Site identification is the examination of existing information to determine sites 
likely to have irrigation-induced contamination problems. The five sites in the 
identification phase of the program were as follows:1 

Bostwick Division, Nebraska/Kansas 
Fort Sumner, New Mexico 
Colorado-Big Thompson, Colorado 
Central Nebraska, Nebraska 
Middle Rio Grande, New Mexico 

2. Reconnaissance investi&ations are field sampling studies to determine levels of 
potentially toxic chemicals in water, sediment, plants, fish, and waterfowl. The 
18 sites in the reconnaissance investigation phase of the program were as follows: 

Middle Arkansas River, Colorado/Kansas 
Pine River, Colorado 
Lower Colorado River, Arizona/California 
Sacramento Refuge, California 
American Falls Reservoir, Idaho 
Milk River, Montana 
Bosque del Apache, National Wildlife Refuge, New Mexico 
Malheur, National Wildlife Refuge, Oregon 
Angostura Unit, South Dakota 
Belle Fourche Unit, South Dakota 
Laguna Atascosa, National Wildlife Refuge, Texas 
Riverton Unit, Wyoming 
Delores-Ute Mountain, Colorado 
Grand Valley, Colorado2 

San Juan, New Mexico 
Humboldt, Nevada 

1More sites may be identified as a result of independent investigations by participating agencies. 

2-rbis site was incorporated into the Gunnison River detailed study {see Item 3). 
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Owyhee-Vale, Oregon/Idaho 
Middle Columbia Basin, Washington 

APPENDIX2 
Page 2 of2 

·1 

3. Detailed studies are field studies to gather all information necessary to identify 
and evaluate remediation alternatives. Detailed studies include the identification of 
sources, transport mechanisms, and fate of potentially toxic chemicals and 
quantification of adverse impacts. The three sites in the detailed study phase of the 
program were as follows: 

Klamath Basin, California/Oregon 
Gunnison River, Colorado 
Sun River, Montana 

4. Plannin& is the development of coordinated plans of action with appropriate 
Federal, state, and local agencies. The six sites in the planning phase of the program 
were as follows: 

San Joaquin Valley, California3 

Salton Sea, California 
Tulare Lake, California3 

Stillwater, National Wildlife Refuge, Nevada 
Middle Green River, Utah 
Kendrick Project, Wyoming 

5. Remediation is the implementation of corrective actions. The only site in the 
remediation phase of the program was the Kesterson Reservoir in California.4 

:J.rbese sites were included in the San Joaquin Valley Drainage Program. 

4In 1988, in voluntary compliance with an administrative order by the State of California Water 
Resources Control Board, the Bureau of Reclamation filled the temporary pools at Kesterson 
Reservoir to reduce any immediate threat to wildlife. The Bureau bas continued to monitor the area 
and conduct research into effective means to manage and dissipate the selenium. The Bureau may 
undertake additional cleanup activities depending on evolving conditions at Kesterson Reservoir and 
on State Water Resources Control Board administrative actions. 

14 



567 

APPENDIX3 
Page 1 of2 

IRRIGATION DRAINAGE PROGRAMS 
SOURCES AND APPLICATIONS OF FUNDING 

FOR FISCAL YEARS 1981 THROUGH 1993 

Sources of Fundin& lbroueh fiscal Year 1992 

Reclamation Construction Appropriations 

Reclamation Operation and Maintenance Appropriations 

Other Interior Appropriations 

Total 

Awlications of Funds Throueh Fiscal Year 1992 

Kesterson Resetvoir Cleanup Program 

National Irrigation Water Quality Program 

San Joaquin Valley Drainage Program 

San Luis Unit Drainage Program 

Other San Luis Unit Studies* 

Total 

AmOUnt 

$83,308,665 

13,252,802 

13.375.654 

$109,937.121 

$30,292,409 

22,775,654 

47,032,017 

3,323,148 

6.513.893 

$109,937.121 

*These studies are additional studies and related costs funded from reimbursable construction 
appropriations under the San Luis Unit Act, including (I) a Reclamation study to fulfiU State of 
California requirements to obtain a discharge permit for the San Luis Drain, (2) a Reclamation study 
seeking authorization to complete the San Luis Drain, and (3) capitalized movable equipment. 
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Sources of Fundin& Budgeted for Fiscal Year 1993 

Reclamation Construction Appropriation 

Reclamation Operation and Maintenance Appropriation 

Other Interior Appropriations 

Total 

Budeeted Awlications of Funds for Fiscal Year 1993 

Kesterson Reservoir Cleanup Program 

National Irrigation Water Quality Program 

San Luis Unit Drainage Program 

Total 

16 
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$1,000,000 

7,350,000 

1.946.000 

$10.296,000 

$2,800,000 

6,496,000 

1.000.000 

$10.296,000 
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SAN LUIS UNIT DRAINAGE STUDIES 

APPENDIX4 
Page 1 of 4 

In April 1985, after the Kesterson problem surfaced, the Department of the Interior 
and the Westlands Water District agreed to begin a phased termination of the 
irrigation drainage flows into the Kesterson Reservoir from the partially completed 
San Luis Drain. Under a 1986 negotiated settlement, the Bureau of Reclamation 
agreed to develop, adopt, and submit a drainage plan to the District for drainage 
service facilities that, in the aggregate, had sufficient capacity and capability to 
transport, treat as necessary, and dispose of between 60,000 and 100,000 acre-feet1 

of agricultural drainage water annually from the District The settlement required 
that the plan be submitted by December 1991 and that the drainage facilities be cost 
effective; financially feasible; and capable of construction, acquisition, and operation 
in compliance with all applicable laws. The settlement was signed and entered as a 
court judgment, referred to as the Barcellos Judgment, on December 30, 1986. 

The San Joaquin Valley Drainage Program was completed in September 1990, 
ending 6 years of study in search of a solution to the irrigation-induced drainage 
problems of the San Joaquin Valley. The principal area of Federal concern was the 
San Luis Unit, and one of the goals of the Program was to prepare a drainage plan 
meeting the requirements of the 1986 settlement Over 100 ideas and concepts for 
solving part or all of the area's drainage problems were generated, and approximately 
80 drainage options were studied or evaluated during the course of the Program. 
However, despite these efforts, Bureau officials decided prior to completion that the 
Program would not result in the development of a drainage plan that satisfied the 
terms of the settlement Consequently, the Bureau began funding another study 
effort, the San Luis Unit Drainage Program, for the express purpose of developing 
a drainage plan that met the criteria specified in the settlement The Bureau spent 
an additional $3 million on this second study effort, which, according to the Bureau, 
built upon the investigations performed under the San Joaquin Valley Drainage 
Program. This included an evaluation and screening of all previous plans and 
options for the collection, treatment, and disposal of drainage water, including 
out-of-valley disposal. 

In December 1991, the Bureau submitted a proposed drainage plan to the Westlands 
Water District Shortly thereafter, the District rejected the Bureau's proposed 

11be quantity of water required to - 1 acre of land to a depth of 1 foot. An acre-foot is equal 
to 32S,8S1 gallons or to 43,560 cubic: feet. 
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drainage plan, and in May 1992, a Federal District Court agreed with the District 
that the proposed drainage plan did not meet the specific criteria of the judgment. 
In a court deposition, a Bureau official stated that every effort had been made to 
develop a plan consistent with the criteria specified in the judgment but that the 
criteria were found to be mutually incompatible with current knowledge and 
technology. 

Based on our review, we concluded that the Bureau did not perform sufficient 
analyses as contemplated in the Federal Principles and Guidelines for water resource 
planning and Reclamation Planning Instructions. These criteria prescribe procedures 
for evaluating a proposed plan of study and use the term "viable" to refer to a plan 
that has been tested and found to be adequate with respect to acceptability, 
completeness, effectiveness, and efficiency to accomplish the specified objectives. 
The tests for viability help ensure that Government resources are not expended in 
developing plans that have little or no chance for success. However, rather than fully 
adhering to this testing process, the Bureau made the assumption that the San 
Joaquin Valley Drainage Program could develop a suitable plan, even though the 
Bureau knew, as early as September 1985, that the California Legislature had ruled 
out ocean and estuary disposal and either had restricted or was unlikely to approve 
other identified disposal options. This opposition left the Bureau with few, if any, 
practical solutions for disposing of agricultural drainage water from the San Joaquin 
Valley. 

Nonetheless, in April 1987, officials of the San Joaquin Valley Drainage Program 
issued a draft report that presented the Sacramento-San Joaquin Delta, San 
Francisco Bay, and the Pacific Ocean as possible disposal sites for agricultural 
drainage water. This report stirred controversy, and because of strong negative 
reactions by the Congress, the State of California, and the general public, Program 
officials stopped studying ways to export agricultural drainage water outside the 
San Joaquin Valley. Thus within months of the December 1986 settlement, it 
became clear that the concept of transporting and disposing of drainage water 
outside the District was questionable and would not, in Bureau planning terms, meet 
the test of "acceptability." 

Consequently, the Bureau submitted a drainage plan to the District in 
December 1991 that did not provide for the construction of facilities to transport and 
dispose of drainage water from the District. Instead, the Bureau submitted a Draft 
Environmental Impact Statement, containing a preferred plan and three alternatives 
that were designed to reduce the amount of drainage water requiring export from 
the District. The Bureau's preferred plan consisted of a combination of source 
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control measures, land retirement. a pilot water marketing program, and the 
development of new drainage technologies. Under its proposed plan, the Bureau 
would develop these technologies through further study, testing, and demonstration 
by the year 11XJ7. Although a Bureau official stated, in court testimony, that this 
plan was "financially feasible." we found that the Bureau did not have financial 
analyses documenting that determination. The responsible Bureau official stated that 
preliminary calculations were prepared but were subsequently discarded. 

In reviewing the financial feasibility of the proposed plan, we found that the Bureau 
apparently had not considered several factors that would increase the District's 
future annual obligations and significantly reduce its ability to pay for 
drainage-related costs when its water service contract is renewed in the year 2008. 
For example, the District's annual capital repayment requirement under its renewed 
contract would increase from $8.5 million to $14.8 million as a result of Public Law 
99-546. Under Section 105 of the law, the water rates established under renewed 
Central Valley Project contracts are required to be sufficient to recover the 
Government's capital investment by the year 2030. Considering the increased rates 
resulting from this shortened repayment period and the costs of implementing the 
Bureau's proposed plan, we estimated that the District's annual obligations in the 
year 2008 would be approximately S1 million2 more than its ability to pay.3 In 
addition, we found that the Bureau had not considered (1) the District's own future 
capital requirements;4 (2) Kesterson Reservoir cleanup and San Joaquin Valley 
Drainage Program costs that may be allocable to the District (see Finding and 
Recommendations section); (3) any future construction appropriations under the San 
Luis Unit Act that are allocable to the District; ( 4) fiSh and wildlife mitigation costs 
relating to both the Kesterson cleanup and the Bureau's proposed drainage plan; 
(5) the District's accumulated operation and maintenance cost deficit; and (6) the 
updated Central Valley Project cost allocation. These issues collectively could 
significantly increase the District's annual obligations. The District also questioned 

2-rhis amount is expressed in 1991 doDars and could differ depending on comparative price levels in 
the year 2008. 

3 Ability to pay, also referred to as "payment capacity," consists of the amount that the Distric:t's 
irrigators can afford to pay for water seiVice. Generally, Reclamation policy requires that project 
power users assist in repaying reimbursable irrigation costs that are beyontl the ability of the irrigators 
to pay. Howev~r. under a 1986 amendment to the San Luis Unit Act, the Bureau is prohibited from 
using power revenues to assist in repaying the costs of drainage facilities for the San Luis Unit. 

41n August 1991, the District formed the Westlands Water District Financing Corporation for the 
purpose of issuing up to $98 million in debt securities. 
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the completeness of the Bureau's financial feasibility calculations in its January 17, 
1991, letter that rejected the Bureau's proposed drainage plan. 

As part 'of the 1986 settlement, the District agreed to deposit up to $5 million 
annually in a trust fund to' help finance the future costs to construct the drainage 
facilities called for under the drainage plan, up to a maximum of $100 million. 
However, the court released the District from this funding obligation and refunded 
the $17 million in the trust fund when the Bureau failed to develop the agreed-upon 
drainage plan. 

The Bureau's failure to develop an acceptable drainage plan also impacted two 
lawsuits filed by the District and by affected landowners within and outside the 
District. These lawsuits had been suspended either by the Barcellos Judgment or by 
another court action. Upon rejection of the Bureau's proposed drainage plan, new 
court motions were filed, in part citing the Bureau's failure to develop a drainage 
plan meeting the requirements of the judgment. In addition, the litigants were on 
record as being opposed to source control, land retirement, and "unproven 
technologies, • which were measures recommended in the final report of the San 
Joaquin Valley Drainage Program. These lawsuits could impact the implementation 
of an interagency agreement and recently enacted legislation. Under a memorandum 
of understanding executed in December 1991, the Bureau agreed with seven other 
Federal and state agencies to implement the recommendations included in the final 
report on the San Joaquin Valley Drainage Program. Also, under Public Law 
102-575, enacted in October 1992, the Bureau received authorization to implement 
or study further at least four of -eight measures recommended in the Program's final 
report. Given the lawsuits and the litigants' expressed opposition to the report's 
recommended measures, implementation could be obstructed, thereby impeding the 
Bureau's ability to resolve the area's drainage problems. 
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United States Department of the Interior 

BUREAU OF REClAMATION 
Washmgwn, D.C. 20240 

To : Office of Inspector General 

APPENDIX 5 

Attention : Assistant Inspector General for Audits (5341-MIB) 

From: Assistant Secretary- Water lind Science e~ ~~ 
Subject: Draft Audit Report on "Depllrtment of Interior, Irrigation Drainage 

Program" (No . W-IN-MOA-002-91) (OIG Audit) 

The following co11111ents are offered in response to the recorrmendations in the 
subject audit report. 

Recorrmendation I 

Identify all the non-Federal parties considered responsible for repaying the 
reimbursable costs of drainage studies, the cleanup of Kesterson Reservoir, 
and the other contaminated sites. 

Response 

Concur . Since 1991, the Bureau of Reclamation's Mid-Pacific Region has 
worked to identify all non-Federal parties having obligations to repay 
the reimbursable costs of Kesterson and the San Joaquin Valley Drainage 
Program. likely repa)'lllent entities are also being identified as part of 
the planning activities for other drainage studies conducted under the 
National Irrigation Water Quality Program (NIWQP). 

The target date for identifying and documenting non- Federal participants 
for Kesterson and the San Jollquin Valley Drainage Program is 
December 31, 1993. The responsible official is the Regional Director, 
Mid-Pacific Region. 

The target date for identifying all non-Federal parties responsible _for 
repayment of re imbursable costs for all the NIWQP drainage studies 
cannot be established lit this ti11e . Non-Federal participants will be 
identified for the studies in process; however, identification of all 
non-Federal participants for future studies may not be possible until 
well beyond the yellr ZOOO. As current and future NIWQP studies move 
into the planning phue, the pllrticipants responsible for repayment of 
reimbursable costs will be Identified in the individual planning 
documents . 
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Recommendation 2 

Expedite the development of a repayment policy consistent with existing laws 
for a 11 dra i nage-re 1 a ted costs, past and future, and submit the po 1 icy report 
stipulated in Conference Report 101-889 to the Congress . 

Response 

Concur. A repayment policy which takes into account existing laws for 
all drainage-related costs, past and future, is being developed. The 
policy will be submitted to the Congress as provided in Conference 
Report 101-889. 

The responsible official is the Secretary of the Interior. The target 
date for completing the policy and submitting it to the Congress is 
December 31, 1993. 

Recommendation 3 

2 

Require a repayment or cost- sharing agreement, as appropriate , for a 11 
reimbursable costs before engaging in any further drainage-related programs or 
studies unless it has been determined that recovery can be effected through 
existing rate-setting policies in a timely manner without jeopardizing 
recovery of the Government's future investment or resulting in additional 
interest costs to the Government. 

Nonconcur : DOl irrigation projects heretofore identified by NIWQP with 
drainage related problems were originally constructed by the Bureau of 
Reclamation (BOR) or were privately constructed projects that later were 
managed or enhanced by BOR . Under NIWQP, the participating Department 
of the Interior (001) agencies, including the U.S. Geological Survey 
(USGS}, the Fish and Wildlife Service (FWS), the Bureau of Indian 
Affairs (BIA), and BOR, provide the funding for problem identification 
and for determination of the severity of irrigation-induced water 
quality problems from DOl irrigation projects. The 001 bureau that 
constructed the project is responsible for the costs of remedial 
planning and for obtaining repayment for reimbursable remediation costs. 
The USGS, FWS, and the BIA are not covered by Reclamation law and thus 
have no mechanisms to require cost recovery under Reclamation's 
authority. However, these Bureaus should seek voluntary cost sharing 
for any remediation costs. 

For the four NIWQP study areas currently in remedial planning, BOR is 
the responsible bureau and Reclamation law provides for securing 
repayment of cost-sharing agreements. In most areas, however, the non­
Federal parties considered responsible for repaying reimbursable costs 
may not agree that a problem exists for which they should be financially 
responsible. Part of the planning process includes educating non-
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Federal parties on the extent, ngnitude and causes of the probletll, 
which may make it possible to achieve a repay.ent or cost-sharing 
agreement with these parties. 

3 

Therefore, we propose that the language in Recoaaendation 3 should read 
"Require a repayment or cost-sharing agreement, as appropriate, for all 
reimbursable costs of rl!lledial planning and rellediation prior to 
hlplementing ret~ediation, unless it has been deten~ined that recovery 
can be effected through existing rate-setting po11cies in a tilaely 
manner without jeopardizing recovery of the Governaent's future 
investment or resulting in additional interest costs to the Government. 
If a remediation action is required to •itigate against a life 
threatening situation, that action would be accOIIP11shed in an expedited 
111anner with or without a cost-sharing agree~~ent in place. • 

Drainage-related progrus outside NIIIQP will have to identify individual 
repayment or cost-sharing agreements as defined in the appropriate 
legislation. 

Recommendation 4 

Direct that future drainag~ plans for the San luis Unit be developed in 
conformance with the requirements set forth in the Reclantion Planning 
Instructions and the Federal Principles and Guidelines established for water 
resources planning . 

Response 

Concur. The Assistant Secretary - Water and Science will direct the 
Commissioner, Bureau of Reclamation, to ensure that future planning 
activities for the San luis Unit be developed using NIIIQP guidelines. 
These NIWQP guidelines have established decisiomnaking processes and 
strategies that reflect both the Reclantion Planning Instructions and 
the Federal Principles and Guidelines. 

The responsible official is the Assistant Secretary - Water Science . 
The target date for implementing this recommendation is July 30, 1993. 

We welcome the opportunity to further discuss our response with you . 

cc : Assistant Secretary - Pol icy, Hanagetaent and Budget 
Attention : Phillip Hay.ond 
(w/encl) 
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SfATUS OF AUDIT REPORT RECOMMENDATIONS 

FiDding!Recoounendation 
Reference 

2 and 4 

3 

Status 

Management concurs; 
additional information 
needed. 

Resolved; not 
implemented 

Unresolved 

24 

Action Reqyjred 

Provide a response to the 
recommendation that addresses 
the costs of the San Luis Unit 
Drainage Program and the other 
San Luis Unit studies described 
in Appendix 3. Also, provide 
target dates and titles of officials 
responsible for implementing the 
recommendation as it relates to 
the repayment of the San Luis 
Unit costs and the costs of the 
National Irrigation Water Quality 
Program studies iD process. 

Recommendations will be referred 
to the Assistant SecretaJy for 
Policy, Management and Budget 
for tracking of implementation. 

Reconsider the recommendation, 
and provide a plan identifying 
actions to be taken, including 
target dates and titles of officials 
responsible for implementation. 
Also, provide a specific response 
to the recommendation as it 
pertains to future drainage­
related studies for the San Luis 
Unit 
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ILLEGAL OR WASTEFUL AC'I1VITIES 
SHOULD BE REPOKI'ED TO 

THE OFFICE OF INSPECTOR GENERAL BY: 

Sending written documents to: Calling: 

WltblD tbe Coqtlgegtal. United States 

U.S. Department of the Interi« 
Office of Inspector General 
P.O. Box 1593 
Arlington, Virginia 22210 

Oar 24-hour 
Telephone HOTIJNE 
1-800-424-5081 or 
(703) 235-9399 

1DD bthe bearing impaired 
(703) 235-9403 or 
1-800-354-0996 

Outside the Continental Uplted States 

U.S. Department of the lnterkw .. · 
Office of Inspector General 
Caribbean Region 
Federal Buildiug & Courthouse 
Vetenu Drive, Room '1IY1 
St. lbomu, Virgin Islands 00802 

North PacU1c: Rcglog 

U.S. Department of the Interi« 
Office of lospector General 
North Pacific Region 
~ Ardabillaop F.C. Flora Street 
Suite 807, PDN Buildiug 
Apu, Guam 96910 

0 

(1109) 774-8300 
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