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Introduction

Water agencies implementing water use
efficiency programs have long struggled
to achieve quantifiable and reliable water
savings in residential landscapes.
Historically, programs targeting residential
landscape savings have focused on edu-
cation including irrigation system mainte-
nance, irrigation scheduling and climate
appropriate plantings. Although these
efforts have garnered savings, these sav-
ings are usually short lived as newly
acquired techniques are readily forgotten.

In the late 1990's, the Irvine Ranch Water
District, Municipal Water District of
Orange County and Metropolitan Water
District of Southern California learned
about an emerging irrigation manage-
ment technology now dubbed "Smart
Irrigation Controllers" or "Weather-based
Irrigation Timers". This technology
removes the need for homeowners to
make regular scheduling adjustments
because the controller or timer adjusts
the schedule automatically as weather
changes. A water savings evaluation was
implemented known as the "Residential
Weather-Based Irrigation Scheduling f
The Irvine ET Controller Study". This
evaluation identified single-family home
savings rate of 37 gallons per day. Alas,
an opportunity for quantifiable and reli-
able residential landscape water savings
had materialized.

As this study was concluding, cities and
counties throughout the State were
establishing new educational programs to
increase public awareness to reduce non-
point source pollution. This awareness
brought about a second study to evaluate
the linkage between improved residential
irrigation management and reduced dry-
weather runoff. The "Residential Runoff
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Reduction Study" found comparable
water savings of 42 gallons per day per
single-family home and also quantified a
reduction in runoff ranging from 64 to 71
percent. With this change in runoff vol-
ume, concentrations of pollutants did not
change therefore reducing pollution by a
like amount.

Water agencies throughout the country
recognize weather-based irrigation timers
as an emerging tool to achieve landscape
water savings and reduce non-point
source pollution. When the first study
began, the study team was aware of only
two automated controller technologies.
Today, several different smart or weather-
based irrigation controller manufacturers
exist and others are quickly emerging into
the marketplace.

In 2003, the Municipal Water District of
Orange County approached the U.S.
Bureau of Reclamation, Southern
California Area Office to provide an objec-
tive evaluation of all the residential irriga-
tion controller technologies that was
available to consumers. The purpose of
this evaluation is to document the overall
status of residential technologies along
with a general description of how each
technology operates. From this informa-
tion, water agencies can quickly gain
knowledge about the technology for use
in their incentive programs.

Weather Based
Irrigation Principles

All of the products reviewed operate
based on the principle of scheduling irri-
gation, based on evapotranspiration (ET),
which is a function of weather conditions
and plant type. ET is the quantity of
moisture which is both transpired by the



plant and evaporated from the soil and
plant surfaces.

Each of the irrigation scheduling systems
evaluated utilize micro-processing
devices which calculate irrigation sched-
ules based on weather conditions, plant
type, and site conditions. A significant
factor in comparing the various products
is the location at which the weather con-
ditions are measured to calculate ET and
monitor rainfall. Since it is cost prohibi-
tive to install and maintain a complete
weather station at every site, two tech-
niques are being used to collect weather
data and calculate ET. Specifically, ET is
calculated either using limited on-site
measurements, or using multiple sensors
to collect data on each of the daily weath-
er parameters necessary to calculate the-
oretical ET based on accepted equations,
such as the Penman-Monteith Equation.
The daily weather parameters required to
be input into the Penman-Monteith
Equation to calculate reference ET are:
maximum and minimum temperatures,
maximum and minimum relative humidity,
solar radiation, mean air pressure and
mean wind speed. The latitude and ele-
vation of the site for which ET is being
estimated must also be known.

Three of the products reviewed use on-
site weather measurements to calculate
ET utilizing either on-site temperature or
solar radiation sensors. Two of these
also use historic ET data in the ET calcu-
lation. The historic ET data used for both
products are a function of the site loca-
tion. This technique is based on the rela-
tionship between these two weather fac-
tors (temperature and solar radiation) and
ET. An obvious consideration with this
technique is the accuracy of the historic
data relative to a specific site.

Four of the products reviewed calculate
ET using a full set of data from local
weather stations or a network of weather
sensors. The weather station data are
collected from public or private weather
stations. The weather station and sensor
network data are processed by a central-
ized computer server, and transmitted to
the irrigation sites. There are ongoing
service provider costs associated with the
operation of the weather stations, sensor
networks, computers, and information
transmission systems associated with
these products. These costs are either
absorbed by water entities or are paid by
the users.

In some cases, compelling data were
submitted for this review showing accu-
rate ET calculation and or significant
water savings associated with a product.
However, given the overall lack of data, it
is difficult to draw conclusions about the
overall performance of one technique
over the other. Both techniques provide
potentially effective methods for develop-
ing weather based irrigation schedules.
Bench test type studies are being con-
ducted by the Metropolitan Water District
of Southern California and the University
of California at Riverside Cooperative
Extension in an effort to better under-
stand the overall advantages and disad-
vantages associated with these tech-
niques. The findings of these studies
should be available during 2004.
Additionally, the Center for Irrigation
Technology at California State University,
Fresno will initiate bench test type prod-
uct evaluations of most of the products
included in this technical review during
2004.



Product Features and Comparison
Criteria

Significant product components and irri-
gation features are discussed below. The
discussions identify different methods
used to achieve similar results by the var-
ious products, and associated advan-
tages and disadvantages.

Installation

Although most of the manufacturers rec-
ommend professional installation and
programming of their products, several
indicate installation and programming can
be done by the typical homeowner. Most
of the individuals associated with demon-
stration programs and pilot studies which
were interviewed during this review
expressed concerns about homeowner
installation and programming. It appears
the percentage of homeowners actually
capable of installing and programming
most of these products may be relatively
small.

Replacement Controller Versus
Receiver Add-on

The primary component of most of the
products reviewed is an automatic irriga-
tion controller which would replace an
existing clock type controller.
Alternatively, two of the products include
a receiver or scheduler which is connect-
ed to the existing controller. In the case
of one of these receivers, cost is a signifi-
cant attraction. Regardless of cost, the
quality of an existing controller should be
a factor when considering replacement.

If the consumer's existing controller is a
high quality unit with adequate features,
consideration of an add-on receiver may
be warranted. However, the level of
automation is limited with these units rel-
ative to some of the replacement con-
troller systems. Specifically, the receivers
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do not automatically calculate run times.
The user must manually calculate run
times based on experience and guide-
lines provided by the manufacturer.

Automatic Run Time Calculation
and Adjustment

Most of the products reviewed will auto-
matically generate irrigation schedules for
various hydrozones as a function of appli-
cation rate, plant and soil types, slope
and sun/shade conditions, and distribu-
tion uniformity. The ability of the con-
troller to accurately generate an efficient
and satisfactory schedule is a primary
consideration relative to maintaining the
health of the plants as well as reducing
runoff. As stated above, the manual
alternative is inexact and may be difficult
to calculate. Regardless of automatic or
manual run times, all of the products
reviewed have a feature which allows
adjustment of station run times by a per-
centage factor or by minutes. This func-
tion gives the user the ability to compen-
sate for inaccurate programming inputs,
design/sprinkler inefficiencies, and
sun/shade areas. Also, this input serves
to ease the mind of the property owner
that they have control to slightly regulate
watering, thus negating the fear of
over/under watering and losing expensive
landscape.

Application and Distribution or
Efficiency Rates

Some of the products reviewed allow the
user to enter actual application rates ver-
sus preprogrammed rates based on irri-
gation type (spray, rotor, drip, etc.), and
to enter distribution or efficiency factors.
These features provide the user more
ability to accurately program the con-
troller to actual site conditions.



Irrigation Run-Soak Cycles

When conditions require multiple run-
soak cycles, the soak times should not be
more than the maximum needed for effi-
cient irrigation and minimal runoff. In the
case that soak times are excessive, the
overall irrigation run time could be unac-
ceptable.

Rain Sensors and Gages

With one exception, all of the products
reviewed offer a rain sensor or gage with
the system or as an optional add-on
accessory. In the case of the exception
(HydroPoint), the receiver will accept
commercially available rain sensors. All
of the products have a rain delay feature
which is triggered by the rain sensor or
gage. Some of the products' rain delay
only interrupts ongoing irrigation when
significant rainfall is detected. Other sys-
tems adjust the irrigation schedule based
on the amount of rainfall measured by a
gage, or the duration of the rainfall
detected by the sensor. No documenta-
tion was provided for this review on the
accuracy of the sensor based schedule
adjustment, and it is assumed the use of
a gage for this purpose is a significantly
more accurate method. Although some of
the systems have the ability to initiate a
rain delay or adjust the irrigation sched-
ule based on rainfall measured at a local
weather station, the advantage of an on-
site rain sensor for interrupting irrigation
is obvious.

Other Sensors

Some of the products reviewed include
standard or optional wind and tempera-
ture sensors. These sensors interrupt or
delay irrigation when programmed wind
and or temperature conditions are
adverse to irrigation. Alternatively, some
of the systems delay irrigation based on

wind and temperature conditions meas-
ured at a local weather station.

Station Circuit Rating and Terminal
Wire Sizes

The compatibility of the existing electrical
circuits (wiring from the controller to the
station valves) should be considered in
the selection a new irrigation controller.
The station wire terminals on some of the
products reviewed will not accept wire
sizes larger than 18 gage. In which case,
adapters must be used. Also, the circuit
current capacity required for an existing
system should be checked prior to
installing a new unit. Reports from
demonstration studies indicate previous
installation problems associated with
insufficient circuit capacity to operate
some irrigation valves with high circuit
resistance.

Clock Mode Operation

Some of the products reviewed will not
operate in a standard clock mode. So, if
a user elected to discontinue receiving
the automatic scheduling service, installa-
tion of a new controller would be
required.

Non-volatile Memory

Most of the controllers and receivers
reviewed have non-volatile memory to
protect them during power outages. This
provides that the device is not totally
dependent on batteries, and the micro-
processor programming is saved and
reinstated when power returns.

Product Descriptions

The following product descriptions
address operational characteristics and
features, and include discussions of avail-
able information from demonstration and



pilot studies, relative to documented
water savings and ET calculation accura-
cy. Each of the manufacturers were pro-
vided copies of the product descriptions,
for their input, prior to being incorporated
into this report.

Aqua Conserve
Aqua Conserve Incorporated, located in
Riverside, California, has been in busi-
ness since 1996 and is a subsidiary of A-
G Sod Farms, which has been in busi-
ness for over 30 years.
The company manufac-
tures 7 residential ET con-
troller models and an ET
based irrigation scheduler,
which is used in combina-
tion with most existing
conventional controllers.
All of the controllers, and
the scheduler, operate
based on adjusted historic
ET data; with the adjust-
ment made as a function
of on-site temperature
sensor readings. An
optional rainfall sensor is
available as an add-on
component to all of the
controllers and the sched-
uler.

Aqua Conserve's residen-

tial controllers have been on the market
for approximately 4 years, and the irriga-
tion scheduler became available late in
2003. Their commercial controllers have
been on the market for approximately 6
years. Information regarding the number
of controllers sold is not available from
Aqua Conserve.

Four indoor residential models are avail-
able which accommodate up to 6, 9 or 14
stations (models ET-6, ET-6M, ET-9 and
ET-14). The ET-6M differs from the ET-6
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in that it does not have a non-volatile
memory. The remaining residential mod-
els also are designed for outdoor installa-
tion, and will accommodate up to 8 and
12 stations (models ET-8b and ET-12b).
Each controller includes one station ter-
minal which may run concurrently with all
the other stations, and may be used to
control a master valve or drip system.
Other than this, the Aqua Conserve con-
trollers will not run multiple stations con-
currently. The controllers and the sched-
uler include a wired
temperature sensor,
and optional combined
temperature and rain
sensor devices are
available. All products
are available directly
from Aqua Conserve
by mail and internet
order, and through a
limited number of local
distributors. The retail
prices for the con-
trollers, the scheduler,
and the temperature
and rainfall sensors
are summarized in the
table below. There are
no ongoing service
costs associated with
these controllers.

,',

Aqua Conserve's ET controllers and irri-
gation scheduler are preprogrammed with
16 individual historic (10-year) ET curves,
each representing certain geographic
regions within the states of Arizona,
California, Oregon, Washington, Nevada,
New Mexico, Colorado and Texas.
Refinement of water demands within
each of the regions is accomplished by
programming month of July total run
times specified by Aqua Conserve for
certain areas within each region. The



Aqua Conserve Component Retail Prices

Component Type

total run times are specific to plant types
and for either spray or rotor type sprinkler
heads. As an example, the California
coastal/desert ET curve region for
Orange County includes 3 of these irriga-
tion scheduling (run time) areas. These
areas coincide with CIMIS reference ET
zones. Refined run times may be pro-
grammed based on the prescribed total
run times and soil and slope conditions,
per Aqua Conserve's guidelines. Four
programs are available with all of the
controller models except for the ET-6M,
which has 3 programs. The multiple pro-
grams allow the user to specify different
watering days for different stations. Four
run times (3 for the ET-6M) are available
for each program to refine the prescribed
total run times due to soil and slope con-
ditions. The minimum irrigation frequen-
cy for low water requirement or native
plants is once per week.

The actual irrigation run times for a given
day are dependant on the programming
described above and an automatic
adjustment made by the controller, based
on the measured on-site average temper-
ature. The average temperature for the
latest 24-hour period (midnight to mid-
night) is compared to the preprogrammed
historic data, and an adjustment to the

next scheduled irrigation is made if the
average temperature measurement
varies from the historic data. The run
times may also be decreased manually in
one percent increments up to 20 percent.
The units' accumulation feature elimi-
nates cool period run times which are too
short for plant benefit by storing pro-
grammed run times, until 50 percent of
the July run time has been accumulated
before irrigating.

The findings of a 2002 study by the East
Bay Municipal Water District (Oakland,
California) indicate installation and pro-
gramming of the Aqua Conserve residen-
tial controllers is relatively simple and can
be performed by most homeowners.
Aqua Conserve provides toll free tele-
phone technical support and provides sig-
nificant technical information on their
internet site. Aqua Conserve will arrange
for professional installation and service
anywhere in the U.S., upon request. The
estimated cost for this service, according
to Aqua Conserve, is $50 to $100. Aqua
Conserve's support system appears to be
adequate, and the installation and pro-
gramming instructions appear to be com-
plete and easy to understand. The only
apparent major programming instructions
related deficiency concerns programming
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for drip irrigation. The instruction manual
does not provide information regarding
programming the controllers for drip sys-
tems.

The Aqua Conserve controller and sched-
uler units do not come equipped with a
rain sensor or rain gage. The optional
rain sensor (shut-off) signals the con-
troller once every 20 minutes, initiating
the rain delay function when significant
rainfall is detected and continues the
delay until rainfall ends. In rain delay
mode, the controller will not re-initiate irri-
gation demand calculation for 24-hours
once significant rainfall has ceased.
Depending on the duration of the rain
event, the rain delay may cause the con-
troller to interrupt irrigation for several
days. Without the rain sensor, the user
has the ability to trip the controller's rain
delay feature manually.

The indoor controllers are constructed of
plastic, and the outdoor controllers are
housed in lockable stainless steel boxes.
The indoor models' dimensions are
8.25"6"2” and the outdoor models' dimen-
sions are 9"8.75"3.25”. The controller
panel includes a dial and push button
type controls and a 2-line LED display.
All of the controller models and the
scheduler include a 24VAC power trans-
former. The station circuit current capaci-
ty 1.0 amperes and the terminals will
accept wire sizes of 18 gage or smaller.
The controller programming is saved in a
non-volatile memory (except for ET-6M),
and a back-up battery powers the con-
troller clock in the event of a power out-
age. In the event of a power outage
combined with a dead clock battery, the
date and time would have to be reset
after replacing the battery, but all station
programming would remain stored in
memory. The ET-6M must be totally
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reprogrammed following a power outage.
All Aqua Conserve products come with a
limited 3 year warranty.

Based on reports from various pilot stud-
ies conducted with Aqua Conserve con-
trollers, it appears significant water sav-
ings can be achieved for a relatively low
initial cost and no ongoing costs.
Significant savings have been reported
even when the controllers were used
without the temperature and rainfall sen-
sors. Reported outdoor water use sav-
ings for pilot studies performed by the
City of Denver, Colorado, Sonoma,
California, and the Valley of the Moon
Water District in Northern California were
21%, 23%, and 28%, respectively.

Currently, the Aqua Conserve internet site
includes irrigation scheduling guidelines
for certain locations in Arizona, California,
Oregon, Washington, Nevada, New
Mexico, Colorado and Texas. Aqua
Conserve plans to expand this database
in the near future, and they will assist
users with irrigation scheduling informa-
tion for other areas, upon request. Even
with the prescribed irrigation schedules,
some trial and error could be involved in
programming these controllers.
Depending on site conditions, it appears
the potential exists for a relatively high
level of user monitoring and manual
adjustment of run times could be required
of the user to improve on the basic
scheduling guidance provided by Aqua
Conserve. For example, based on the
significant variance in the run times spec-
ified for given plant types in the 3 differ-
ent areas within Orange County, the
specified run times may not fit for a user
located on the border of two of these
areas, or in a microclimate area not rep-
resentative of the overall area. In which
case, the user would be required to moni-



tor operation and make manual adjust-
ments, as recommended by Aqua
Conserve.

Although the 16 run times available with
these controllers (4 per program) should
be adequate to prevent run off and inade-
quate irrigation, when properly pro-
grammed, the programming process for
numerous multiple start times could be
difficult for some users. The user must
manually calculate the start times using
irrigation scheduling guidelines provided
on the company's internet site, and enter
them into the multiple programs. It
appears professional installation could be
warranted in such cases.

The Aqua Conserve products offer a
proven and competitively priced alterna-
tive to limited areas in the western U.S.,
and the company plans to increase serv-
ice areas as market growth dictates.
Participants in demonstration studies
report the Aqua Conserve controllers tend
to over-irrigate, but that this can be com-
pensated by using the manual adjustment
feature.

Weathermatic

Weathermatic, established in 1945, is a
worldwide manufacturing company of a
full line of irrigation products. The com-
pany, headquartered in Dallas, Texas,
began developing water conserving prod-
ucts in the 1950's when it used soil mois-
ture sensors which were later followed by
its innovation of the industry's first rain
sensor shut off device in the 1970's.

The Weathermatic ET controller technolo-
gy patent was filed in 1998 and granted
in 2000. The unit accepts user inputs by
zone for sprinkler type, plant type, soil
type, slope, and a zone fine-tune adjust-
ment factor. The unit then incorporates a

ZIP code input (for solar radiation) and an
onsite weather station (sensing tempera-
ture and rainfall) to perform real time ET
measurements that are used with user
inputs to calculate proper zone run times,
including cycle/soak, at user selected
start times and watering days. No histori-
cal weather information is used in the
unit's calculations and no offsite weather
information is gathered so there are no
ongoing costs associated with operation.
After 8 years of development, testing,

and field trials, the ET controller line is
scheduled for worldwide release in
November of 2004 with capacity in
excess of 100,000 units for the first year
of production.

The Weathermatic residential controller
platform is built around a programming
module that is incorporated in a residen-
tial housing (4 - 16 zones). Four zone
modules allow expandability for varying
landscape sizes. All residential units are
suitable for either indoor or outdoor
installation and are shipped standard with
a pre-wired plug-in line cord and mount-
ing bracket for easy installation. The unit
is powered with an internal transformer
accepting 120 or 240 volts with 24 VAC
output (1.5 amps) to zones capable of
running 4 zone valves concurrently or 3
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zone valves with a master valve. Wire
sizes accepted range from 14 to 18
gauge and the unit is 101 tall by 9i wide.

The unit has advanced functions includ-
ing zone-to-zone and master valve timing
delays as well as a unique diagnostic
function that displays the electrical cur-
rent by zone for troubleshooting.
Additionally, the user can omit specific
calendar event dates, days of the week,
and times of the day when no watering is
allowed. The remote control option
allows the programming module to be
used as a remote (range 600 feet line of
sight) and also enables the programming
module to be mounted independent of
the base housing in a user-friendly loca-
tion (e.g. kitchen or utility room).

The onsite weather station includes a
temperature sensor and rain sensor. The
unit has a microprocessor to record and
process measurements. The tempera-
ture-sensing unit, designed for a very
precise measurement of ambient air tem-
perature, is encased in a solar shield and
white in color to avoid strict mounting
location requirements. Both wired and
wireless weather station units are offered.

The planned list prices for the controllers
range from approximately $135 for the 4-
station model to $240 for the 16-station
model. The weather station will have a
list price in the $250 range.
Weathermatic plans to partner with its
wholesale distributor and contractor net-
work to offer an installed package price of
$349 for select markets, which will be
lessened by any local market subsidies
and may include a free system audit for
further potential water savings (system
upgrade costs additional). The con-
trollers will not be available to the con-
sumer directly from Weathermatic, but
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will be distributed through their estab-
lished wholesale suppliers (specialty irri-
gation suppliers) and installation profes-
sionals. The Weathermatic
controller/weather station package oper-
ates stand-alone and does not require
communication with remote servers to
obtain weather data or irrigation sched-
ules and no ongoing service costs are
associated with the unit.

Installation and programming of the unit
is designed to be simple and intuitive for
both the novice homeowner and the
advanced professional who is familiar
with the unit's industry standard program-
ming dial. Advanced user functions are
located in an "Advanced Functions" posi-
tion on the programming dial so as to not
complicate the set up for novice users.
While programming the unit is simple,
Weathermatic recommends installation by
a professional who will give the site the
highest rate of success for not only con-
troller programming, but also complete
system operations with an emphasis on
water conservation. Based on
Weathermatic's solid reputation and well-
established support network, it is reason-
able to assume their ET controller techni-
cal support system will be adequate.
Installation and programming instructions
were not available for this review, howev-
er, a programming video and DVD will be
available to accommodate the standard
user manual.

Programming of the "Auto Adjust" ET por-
tion of the controller requires inputs by
zone for sprinkler type, plant type, soil
type, and slope. Sprinkler type can be
entered on a basic level by the user
selecting the type of sprinkler in zone i
SPRAY, ROTOR, or DRIP. A more
advanced user can scroll past these
basic inputs with default precipitation



rates and prescribe an exact numerical
precipitation rate for the zone from .2i/hr
to 3.01/hr. Plant type works similarly to
the sprinkler type input in that the user
can simply select the type of plant life in
the zone n COOL TURF, WARM TUREF,
ANNUALS, SHRUBS, NATIVE, or
TREES. Again, a more advanced user
can scroll past these basic inputs with
default percentages and prescribe an
exact numerical percentage for the zone
from 10 to 300% based on the plant life
in the zone and sun/shade consideration.
The soil type i CLAY, SAND, LOAM -
and slope (numerical degree of slope 1 i
25+ degrees) are used to automatically
calculate the cycle/soak function by zone.

In addition to these inputs by zone, the
user programs the ZIP CODE of the site
or, primarily for locations outside the
United States, the latitude of the site.
This input and the calendar day of the
year is used to determine the solar radia-
tion at the site, which is a variable in ET
calculation. These static inputs are com-
bined with the dynamic onsite weather
station inputs to perform the overall equa-
tion that determines proper zone run
times. No historical ET information is
necessary for the real time ET calcula-
tion.

The user will have the ability to fine tune
the zone run times by zone through a
MORE/LESS function. This allows the
user to increase watering by zone up to
25% or decrease watering by up to 50%.

The controller's irrigation schedule is
based on the user prescribed irrigation
days, start times, and omit times (dates,
days, and times of day) so as to conform
to local watering restrictions and also
accommodate site-specific hydraulic
issues, which vary by time of day. Once

programmed, the controller calculates ET
for the period beginning at the end of the
last irrigation cycle, or measurable rain-
fall, and ending at the next prescribed irri-
gation day. Irrigation will occur if the cal-
culated run time is sufficient for an effec-
tive irrigation watering. If insufficient
demand has not been reached, irrigation
will not occur and the controller will carry-
over the accumulated ET to the next pre-
scribed irrigation day and time. This
accumulation threshold, which prevents
ineffective irrigation, is calculated based
on a default accumulation factor.

Weathermatic has tested its ET calcula-
tion algorithm and controller functionality
extensively over the past 8 years. For
comparing ET calculations, CIMIS weath-
er station ET calculations were compared
to those using the Weathermatic con-
troller/weather station methodology at 10
geographically diverse sites over a 7-year
period for 70 years of combined data.
The ET results at each site show a very
high correlation between the CIMIS
weather station ET results and the
Weathermatic ET results using the rela-
tively inexpensive onsite weather station.
The graph is one example that is repre-
sentative of the study:

Beyond comparing the ET calculation, the
Weathermatic unit has been part of a
field study performed by the Northern
Colorado Water Conservancy District.
This three-year study of the unit analyzes
the Weathermatic controller's accumulat-
ed water output in comparison to ET (as
measured by a lysimeter and onsite
weather station) and the plant water
requirement of the zone. The results
show the Weathermatic unit waters con-
sistently with the varying needs of the
plant life as is shown below in the 2003
study:
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The Weathermatic unit is also part of a
field pilot program conducted by the
Marin Municipal Water District. In this
study, 13 controllers were installed at 7
sites to compare water usage in 2002
and 2003 to the base year usage in
2001. In 2002, sites installed with the
Weathermatic ET controller saved 26%.
In 2003, the water savings climbed to
32%. Based on available documentation
from this program and the other studies,
it appears the Weathermatic controller
performs well and yields significant water
savings.
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Weathermatic’s test center is conducting
ongoing testing on the controller and
weather station in the following areas
affecting reliability: mechanical stress
testing, environmental testing, software
testing, and functional/characterization
testing. Additionally, Weathermatic will
ensure user friendliness and perform fur-
ther reliability test during the summer of
2004 at 500 sites in the United States
and a number of international countries.

Once the Weathermatic controller
becomes available in November, it looks
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to be an economical and effective unit
with the benefits of real time, onsite ET
measurements and inputs by zone for
key programming parameters.

WeatherSet

The WeatherSet Company is located in
Winnetka,. WeatherSet has manufac-
tured commercial weather based irriga-
tion controllers for landscapes, golf cours-
es and greenhouses since 1979. The
company began development of the first
residential controller prototypes in 2000,
and began marketing the residential con-
trollers in September 2001. Their con-
trollers utilize a WeatherSet designed and
custom fabricated solar sensor to approx-
imate on-site ET, and these solar meas-
urements are combined with an on-site
rain sensor to automatically adjust irriga-
tion schedules.

The WeatherSet res-
idential controller uti-
lizes the same solar
radiation sensor
used with the com-
pany's greenhouse
and commercial irri-
gation controllers.
This solar sensor
has reportedly func-
tioned reliably in
demanding environ-
mental conditions
from Wisconsin to
Florida to control
greenhouse misting
systems both
indoors and outdoors since the early
1990's.

Two indoor residential controller models,
and five outdoor models are available.
Models and low volume prices are sum-
marized in the table below. The prices

include the solar and rain sensors. The
WeatherSet controller is a stand-alone
controller and does not require communi-
cation with remote servers to obtain
weather data or irrigation schedules, and
there are no ongoing service costs asso-
ciated with the controller unit. The con-
troller units are available directly from
WeatherSet or from their internet site,
and the company plans to also distribute
the product through select specialty irri-
gation contractors.

The WeatherSet controller calculates a
daily ET estimate based on solar sensor
SunFall T™M measurements which are
logged by the controller on a 2-minute
frequency. The sensor must be installed
in a mostly sunny location in order to
function accurately. From their work with
commercial controllers, WeatherSet
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reports that "SunFallTM" reduces by
about two-thirds from a clear day in sum-
mer to a clear day in winter, and that their
5 self-adjusting programs follow these
changes.

The calculated ET information is com-
14



WeatherSet Controller Retail Prices

Controller Type

Model No.

8-Station Indoor WSR8 $170
12-Station Indoor WSR12 $195
8-Station Outdoor WSC8 $210
12-Station Outdoor WSC12 $235
16-Station Outdoor WSC16 $320
20-Station Outdoor WSC20 $380
24-Station Outdoor WSC24 $440
Irrigation History Function H-option $35

bined with rain sensor data and user pro-
grammed information to adjust schedule
irrigations. To program the controller for
automatic adjustments, the user assigns
each station to one of three programs,
which are labeled Lawns™ Flowers™,
and Shrubs™, and designates irrigation
type as either rotor or spray for each sta-
tion. A runoff factor may also be entered
each station to stop runoff. Alternately,
the user may program custom run times
for each station in one-minute increments
from O up to 255 minutes.

The controller also includes two low
water plant programs (LWU1 and LWU2)
for drip systems and native plants. The
LWU programs allow the user to manually
enter a "Days-Between-Waterings" inter-
val for the hottest time of the year and
run times up to 255 minutes. As the solar
measurements indicate the ET is falling,
the LWU programs automatically increase
the "Days-Between-Watering"while hold-
ing the run times constant. For example,
10 and 18 day summertime frequencies
will automatically increase as solar sen-
sor data measurements a fall in ET. The
run times remain constant for valves in
the LWU programs. The 2 LWU programs
and the Lawns™, Flowers™ and

Shrubs™ give WeatherSet controllers 5
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self-adjusting programs.

The controller has a manual start func-
tion, and an optional irrigation history
review function. With the H-option, the
controller keeps a running tab of total run
time for each station like a water meter
records total gallons. The controller's
rain sensor is a Hunter Mini-Clik® unit.
The sensor signals the controller to inter-
rupt irrigation in its rain shut-off mode,
and the rain sensor signals are also used
by the controller for irrigation scheduling.
The WeatherSet controller is prepro-
grammed to account for the duration that
the rain shut-off circuit has been interrupt-
ed when scheduling irrigations.

The WeatherSet irrigation controller pro-
vides 7 different runoff factors which are
set for each station. A maximum cycle
run time of 2, 4, 6, 8, 11, 15, 20 and
unlimited minutes per hour is associated
with the respective factor. The default
cycle limit factor (number 6) is four 4 min-
utes per hour. As an example, if the con-
troller calculates a total 12 minute run
time for a station, this station will be irri-
gated in three 4-minute increments over
a 3-hour period, with the default setting.
For stations which generate runoff,
WeatherSet recommends the user meas-
ure the time required to cause runoff
(using the manual run mode), divide the



time by two and use that time to choose
the runoff factor for the station. The runoff
factor may be shut off to allow continuous
watering when required. For example,
valves controlling drip systems in LWU
programs may best be watered with
runoff limit shut off.

The indoor controller cabinets are con-
structed of aluminum and the indoor
power transformer is an external plug-in
type unit. The lockable outdoor cabinets
are constructed of zinc plated steel with
powder coating and stainless steel
hinges. The outdoor models include
internal power transformers. The station
circuit current rating for the indoor units is
0.75 amperes and it is 1.5 amperes for
the outdoor units. All models' station cir-
cuit terminals will accommodate wiring
sizes from 12 to 20 gage. The con-
troller's program memory is non-volatile,
and the time-keeping microprocessor
chip uses a 3.3V coin-type battery which
has a reported life of ten years if no
power is applied. When the controller is
powered, then the energy of the 10-year
battery is not used. WeatherSet provides
a standard 3-year warranty with their con-
trollers.

WeatherSet has provided data showing
the close correlation between ET esti-
mate calculation by their controller and
that calculated by an AZMET (Phoenix,
Arizona ET network) weather station.
WeatherSet controllers have not been
used in any formal demonstration studies
and no water savings data was evaluated
for this review. It is estimated that
approximately 180 commercial units have
been installed since 1995, and that most
of these controllers remain in use.
Approximately 100 residential controllers
have been installed since they became
available in September 2001.
WeatherSet reports current production

capacity is approximately 25,000 per
year, and delivery time is about 8 weeks,
depending on volume. WeatherSet has
contracted with a major irrigation manu-
facturer to provide assembly operations,
and the above production capacity is
based on this recent business arrange-
ment.

WeatherSet reports that most homeown-
ers should be capable of installing the
residential controller. WeatherSet
believes that programming the residential
controllers by the typical homeowner is
easy because of Flowers™, Lawn™ and
Shrub™ program labeling. Technical
support is available by toll free telephone
and also through the company's internet
site. Service by factory trained contrac-
tors is limited to California, Oregon,
Washington, and Colorado at this time
and will grow as the market expands.
The installation and programming instruc-
tions, which include directions for locating
the solar sensor, appear to be adequate
and easy to follow.

The WeatherSet controller appears to be
simple stand-alone alternative that should
function adequately at most locations.
Although WeatherSet reports the technol-
ogy used in their controllers is proven,
water savings data is not available and
the track record for their residential unit is
limited.

AccuWater

AccuWater, Inc. was incorporated in
October 2002 and is based in Austin,
Texas. The company is currently in the
final stages of developing a centralized
weather-based irrigation management
system. Their first prototype controller
was developed in 2002 and pilot testing
has been ongoing since late 2002.
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AccuWater plans to begin actively mar-
keting their system within Texas begin-
ning in May 2004. For the rest of 2004,
sales outside of Texas will be limited to
formal pilot programs sponsored by water
authorities.

The AccuWater system schedules |rr|ga-
tion based on ET
calculated from
local weather data
collected through a
private network of
weather stations
and or sensors.
Communication and
data transfer to the
controllers and sen-
sors is accom-
plished through
Internet connection
to a centralized
computer server
operated by
AccuWater.

The residential : S 2
model of the AccuWater controller is an
indoor unit with a 16-station capacity,
including one station terminal that may
run concurrently with all the other stations
to control a master valve or drip system.
The controller includes a wired tipping
bucket type rainfall gage. The planned
retail price for the controller will be
between $400 and $600. The annual
service fee will start at $180 for up to a
quarter acre of irrigation landscaping and
increase by $1 per additional thousand
square feet of irrigated landscaping, with
a cap at $600 (1.05 acres of irrigated
landscaping).

The controller housing is constructed of
injection-molded plastic, and the trans-
former is external to the controller. The
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rain gage is commercial grade and is
constructed of UV-resistant heavy-gage
nylon. The station circuit terminals will
accept all common wire sizes and the
station circuit current rating is 0.3
amperes. AccuWater plans to provide at
least a one-year limited warranty with the
controllers and weather stations.

Initially,
AccuWater
products will
only be avail-
able directly
from the
company or
AccuWater-
certified irri-
gation con-
tractors. The
AccuWater
.= controller

. requires an
. "always on"
Internet con-
nection (e.g.

: : DSL or cable
modem). In a typical |mplementat|on the
controller will piggyback over the home-
owner's high-speed Internet connection
via a wired or wireless network router.
The system does not involve loading any
software on the homeowner's computer,
nor does the computer need to remain on
for the system to operate.

The controller is configured and managed
by the end user using a web browser.
Because all configuration occurs on the
server, configuration and management
can be performed from anywhere that the
end user can get access to a web brows-
er. Also, since all configuration data is
stored on the server, no battery backup is
required on the controller.



Information for each controller includes
site location (latitude, longitude and ele-

vation), environmental limits (tempera-
ture, wind speed), ET lookback period
(days), irrigation start time, daily station
run limit (number of stations per day),
and other operating parameters.

Information programmed for each station
includes plant type/coefficient, replace-
ment factor, application rate, irrigated
area, maximum run time, minimum delay
(soak) time.

Installation of the AccuWater system
involves (1) installing the AccuWater con-
troller in place of the existing controller;
(2) installing weather instrument(s) and
connecting to the new controller; (3) per-
forming an initial site survey to determine
flow rates and areas; and (4) configuring
the stations and performing a test run of
all stations.

Guidelines will be provided with the pro-
gramming instructions for adjusting the
replacement factor to compensate for
shade areas and other special needs,
and for determining maximum run and
delay times for sloped areas.

Adjustments, based on post installation
monitoring, are accomplished by chang-
ing the replacement factor. AccuWater
reports that most users are able to make
these adjustments, with technical assis-
tance provided upon request.

The AccuWater controller tightly inte-
grates a weather station and an irrigation
controller. It relies on weather monitoring
instruments attached to each irrigation
controller, and can share weather data
between nearby units via the server. The
AccuWater controllers send weather data
to the server every minute, and the serv-
er backfills missing data elements from
nearby sites by searching a pre-defined
hierarchy. The server then replies to the
controller with a complete weather sam-
ple for that locale containing temperature,
humidity, barometric pressure, wind
speed, rainfall and solar radiation. The
controller calculates dew point and wind
chill for each incoming sample. As a
result, the AccuWater controller always
knows the current weather conditions and
can make decisions (adjust, delay or
abandon).

Once a day, the server calculates a
schedule for each client based on stored
weather data, irrigation history, on-site
rainfall history, and the National Weather
Service local forecast. The schedule is
sent to and stored on the controller until
time to execute each record of the sched-
ule. Controller clocks are synchronized
with the server to ensure that the entire
system remains in synchronization. If a
controller is restarted following a power
failure, history and schedules will be
reloaded from the server on the first con-
nection.

Within an irrigation schedule, one sched-
ule record represents a complete station
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activation for that day. If necessary, the
controller will break down a schedule
record into multiple intervals to meet the
"maximum run time" and "minimum
delay" criteria (commonly used in situa-
tions where runoff is a problem). The con-
troller will wait until the specified start
time for each record, and will then ana-
lyze the current (real-time) weather condi-
tions. If conditions are appropriate (no
rain or high wind and temperature within
limits), the system will open the valve and
irrigate the specified zone. When it com-
pletes each irrigation segment, the con-
troller will generate an irrigation history
record and send it to the centralized serv-
er for storage. When the schedule for the
next day is generated, the stored irriga-
tion history is used to tabulate previous
irrigation amounts.

If the controller determines
weather conditions are not
appropriate for irrigation, it will

pany anticipates the need to locate
AccuWater-owned weather stations and
weather sensors at selected user sites.
All weather stations and sensors will be
monitored automatically for suspicious
data, and maintenance will be managed
by AccuWater. As service areas are
developed in other areas of the country,
AccuWater may locate additional comput-
er servers within these areas (e.g. West
Coast or East Coast) for redundancy and
load balancing. At present, all sites are
serviced from AccuWater's server facility
in Austin, Texas.

By storing all operating data on the serv-
er, AccuWater makes it possible to evalu-
ate the effectiveness of controllers (indi-
vidually or collectively) very easily. The
following chart illustrates the effective-
ness of one controller and was created in

10504 San Souci Place (Najvar Residence in Great Hills)

wait for conditions to improve. If

conditions do not improve

before the record expires, no

irrigation will occur and a null

history record will be generated.

If the weather forecast includes

Inches per Month
iy

a high probability of rain, irriga- N
tion may (based on a proba- N
bilistic model) be delayed for 24 0
hours. The unit also has the

Feb-03 ‘

capability to provide manual irri-
gation for individual or collec-
tions of stations by minutes or
inches. Manual irrigation history

Jan-03 | Fel
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records are taken into account during
normal scheduling, so it is not possible to
manipulate the system by occasionally

performing manual irrigation.

Since the AccuWater System relies on
having a sufficient density of weather sta-
tions within their service areas, the com-
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Microsoft Excel by accessing the
AccuWater database.

The above chart is representative of ten
similar pilot study data sets, and it should
be noted that there was a problem with
the ET algorithm that was not recognized
and fixed until late May 2003. (The



acronym TAMU is for Texas A&M
University.)

AccuWater has implemented the water-
rationing algorithm for Austin, Texas, and
can add algorithms for any other city (by
zip code). This is a user-selectable
option. AccuWater plans to make water
usage information available to local water
authorities (subject to the provisions of its
privacy policy) for analysis and to even
build in the capability to adjust water
usage (if allowed by the end user) during
periods of peak usage or water shortage.

AccuWater reports that most homeown-
ers will be capable of installing and con-
figuring the controller. An installation and
programming manual was not available at
the time of this review. The company
plans to make arrangements for local
technical service representatives for serv-
ice calls, and technical support will be
available by toll free telephone and
through the company's Internet site.
Because of its Internet-centric design and
web-based controls, the AccuWater sys-
tem integrates easily into most home
automation systems.

AccuWater installed twelve controllers at
residential sites in the Austin, Texas area
during the winter of 2002/2003, and has
monitored these sites as a pilot program.
Based on documentation from this pro-
gram, which has been provided by the
company, it appears the system functions
well and that it has the potential to yield
significant water savings as well as
reducing runoff.

Assuming sufficient and accurate weather
monitoring data is available within ade-
quate proximity to the user, this system
should provide accurate ET-based irriga-
tion scheduling and require minimal moni-

toring and adjustment. The computer
interface provides an easy and effective
method for monitoring irrigation informa-
tion and weather conditions. Given the
limited track record for this system, long
term reliability and operation and mainte-
nance is a concern. The AccuWater
System could potentially satisfy the more
demanding and affluent portions of the
ET irrigation controller market.

ET Water Systems
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ET Water Systems (ETWS), based out of
Mill Valley, California, is a new manufac-
turer of weather based irrigation con-
trollers for the residential and commercial
markets. The company is currently in the
final stages of developing a centralized
weather based irrigation management
system. ETWS was incorporated in 2002
and their first prototype controller was
developed in 2003. The company plans
to begin marketing their system in the
California, Nevada and Colorado markets
beginning in July 2004.

The ETWS system schedules irrigations
based on ET data received from existing
weather stations and user programmed
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information associated with specific land-
scape features. Currently the ETWS sys-
tem uses publicly available weather data.
The option to install a weather station is
also available. A 12-station indoor resi-
dential controller is planned for distribu-
tion by September 2004, which should
retail for approximately $199. The con-
troller will accommodate an optional rain
sensor shut-off or tipping bucket type rain
gage, and an outdoor installation enclo-
sure will also be available. An annual
service fee will be charged, and it is esti-
mated the fee will be $48 or less.

ET and precipitation data is automatically
retrieved from the Internet each day by
the ETWS host server. This data is
planned to be obtained from existing
weather station networks in the cities
where ETWS will market its product. If
necessary, ETWS plans to install or use
other non-public weather stations to col-
lect ET and precipitation data in locations
where sufficient quality data is not avail-
able. The server automatically processes
the ET data in combination with the user
programmed landscape information, to
develop irrigation scheduling. The user
enters the landscape information from
any computer with an Internet connection
via the ETWS Internet site. However, a
personal computer is not required at the
site residence for the system to function.

Communication between the user's con-
troller and the server may be by cellular
telephone or land-based telephone link.
(It is anticipated most residential users
will use land lines.) The ETWS central
server communicates with each field con-
troller on a daily basis. During each daily
call the ETWS server receives a log of all
watering activity since the last call and
sends any required scheduling adjust-
ments. The controller will be able to
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operate independently if communication
to the server is temporarily interrupted.
In which case, the controller functions
using the latest schedule received from
the server, then revises the schedule
once reconnected to the server. The
ETWS controller can accommodate
schedules of any duration and frequency,
including schedules that require watering
on a very infrequent basis (i.e. every 30
days).

To enter landscape information, a user
goes to the ETWS Internet site and logs
into their account with a user name and
password. The program interface to
enter the site specific landscape informa-
tion is set up with Windows/Z based pull
down menus and appears to be intuitive
and easy to use. The program is well
organized and covers a comprehensive
set of landscape factors including; plant
type, irrigation type and optional applica-
tion rate, soil type, slope, root depth, sun
exposure and distribution uniformity.
User-defined sprinkler precipitation rate
(PR) and sprinkler uniformity (DU) may
be entered or default measures may be
selected in the absence of precise PR
and DU information. A wide selection of
plant types are available to select from
and multiple plant types may be selected
for one station. The program will auto-
matically set the watering schedule based
on the plants with the highest water
requirement. Irrigation types available
include spray, rotor, impact, stream spray,
drip emitter, and bubbler. The default dis-
tribution uniformity factor is 70 percent.
All default settings can be changed at
any time by ETWS and each water
agency can select the default settings it
wishes to use for its customers. The
user may also enter non-irrigation days,
adjust the total station run times by a per-
centage factor, and initiate manual irriga-



tions by station. The user will also be
able to review system and irrigation histo-
ry information on ETWS's Internet site
from any Internet accessible computer.
The ETWS setup program includes help
screens to answer questions common to
first time users. Once the user becomes
familiar with the program, an advanced
setup mode may be used which offers a
more efficient means of programming.
Adjustments to specific site factors may
be made at any time via the ETWS
Internet site. Site factor changes will
generate new irrigation schedules.

The ETWS controller also has an offline
programming feature in which users can
manually set a watering schedule for
each station. This feature is intended to
be used during periods when phone serv-
ice is temporarily unavailable (i.e. newly
constructed home prior to sale). Offline
programming may be performed at the
controller using the keypad and the 2-line
LCD display. The manual start mode
may also be initiated at the controller.
ETWS' objective is for the system to
automatically generate, download and
execute irrigation schedules. The need
for program modification in the field is
expected to be very limited.

ETWS reports the irrigation scheduling
algorithms used in their system are
based on current state-of-the-art horticul-
ture science. The program incorporates
all landscape factors needed to accurate-
ly determine soil moisture depletion, and
irrigation scheduling. ETWS uses a dif-
ferent algorithm for scheduling sprinkler
and drip irrigation stations. The compa-
ny's proprietary algorithms automatically
generate daily schedules with station run
and soak times based on the station
application rate, soil intake rates and
slope conditions.. The station run/soak

cycles for each irrigation period remain
constant, based on replenishment of a 50
percent plant root zone moisture deple-
tion level. Irrigations are delayed until a
soil moisture depletion level of 50 percent
is calculated, based on the measured
daily ET and rainfall.

ETWS' initial residential controller will use
a fabricated metal enclosure. Starting in
early 2005, ETWS will manufacture all of
its residential controllers with an injection
molded plastic enclosure. In addition to
the 12 station circuits, the controller is
expected to provide a master valve/pump
start circuit. Information on the con-
troller's power transformers and station
circuit current capacity was not available
at the time of this review. The station cir-
cuit terminals will accept 12 to 20 gauge
size wiring. The controller memory is
non-volatile and it includes 9-volt back-up
battery for the clock. An optional powder
coated lockable steel cabinet for outdoor
installation will be available.

Other options will include a rain sensor
and a tipping bucket type rain gauge.

The rain sensor will cause circuit interrup-
tion and simply suspend irrigations when
significant rainfall occurs. The rain gauge
data would be transmitted to the server
for use in irrigation scheduling.

Since telephone communication allows
two-way information transfer, ETWS will
be able to manage the information
received from the individual controllers.
This may be beneficial to water agencies
by allowing analysis of customer water
use data. ETWS plans to provide this
information through their Internet site.
Also, ETWS may sell their software pro-
gram to water agencies that would main-
tain the server and provide the service for
their water users. In this case, the water
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agency could absorb the ongoing service
cost.

The controller will not require professional
installation, although the company recom-
mends professional installation and plans
to provide factory trained individuals or
irrigation contractors to install all units. It
is estimated a typical professional com-
mercial installation should take 1 - 3
hours, including a site assessment and
discussing the assessment with the user.
Typical residential installations will be
completed in less time. The professional
installation/consultation cost is estimated
to be $75 - $225 depending on location,
size, and other site conditions. Technical
support will be available by toll free tele-
phone, in addition to the support provided
on the company's Internet site.

The ETWS System has not been includ-
ed in any demonstration programs and
no water savings data were available at
the time of this product review. However,
ETWS reports about 20 commercial pro-
totype units that were installed during
2003 are functioning well. ETWS plans
to provide a 3-year limited warranty with
the controller.

The ETWS System appears to be a well
designed real-time approach to weather
based irrigation scheduling. Depending
on the conditions at a given site relative
to those measured at the weather station
used, the ETWS controllers should func-
tion well. Post-installation monitoring and
adjustments may be required to address
any problems. The controller cost is
competitive and ETWS will offer several
pricing options for service. Users will
have the option of purchasing a one-time
service plan for the lifetime of the product
(this will be in lieu of annual service fees)
in addition to the option of purchasing a
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multi-year service plan. The computer
interface method of programming and
monitoring the system is outstanding.
The water use monitoring option should
also be attractive to progressive water
agencies interested in quantifying water
savings.

HydroPoint

WeatherTRAK is the "smart" irrigation
controller product of HydroPoint Data

provides a wireless, real-time ET data
service combined with a "scheduling
engine" that updates irrigation schedules
for each valve in a landscape daily.
Network Services, which developed the
patents on the broadcasting of ET data,
began business in 1997. HydroPoint was
incorporated in 2002 and now has 1,000
units currently in use.

The WeatherTRAK system uses data
from existing ET stations and the National
Oceanographic Atmospheric
Administration's system of 12,000 nation
wide weather stations to deliver ET to
any area in the US. The WeatherTRAK



system uses advanced climatologic mod-
eling techniques, developed at Penn
State University. This proprietary system
is called ET Everywhere, and has proven
accuracy to a standard deviation of .01
inch of daily ET down to one square kilo-
meter. The WeatherTRAK ET
Everywhere data service provides local
ET (microzone) without the need for
weather station on site. The HydroPoint
Data Center validates the weather data
and transmits calculated ET through
three satellite servers to each controller
everyday. The three satellite services pro-
vide over-lapping coverage of the U.S. to
ensure signal reception to WeatherTRAK
controllers located anywhere.

The WeatherTRAK controller calculates
irrigation schedules for each independent
valve on a site. The controller does not
use pre-set irrigation schedules input by
the user. Instead, it asks a series of
questions to "understand" the site vari-
ables that influence water need. The con-
troller is programmed by entering the fol-
lowing station specific information: sprin-
kler type or precipitation rate, plant type,
soil type, microclimate (sun or shade),
slope (including if the valve is at the top,
middle or bottom of the slope, and sys-
tem efficiency (percentage). The sched-
ule for each station is adjusted daily
according to the local weather data
received via the ET Everywhere Service.

With these inputs, the WeatherTRAK cal-
culates an efficient irrigation schedule for
each irrigation valve. Soil moisture deple-
tion tracking, triggered at a 50% depletion
level, along with daily ET updates allows
the controller to adjust schedules as the
weather changes. The number of water
days, minutes and cycles (with appropri-
ate soak times between cycles) are gen-
erated automatically and change as

weather and water need fluctuates. The
WeatherTRAK has an eight week sched-
uling window. This allows for infrequent
watering of low water use or native
plants.

The WeatherTRAK has a manual feature
providing any amount of time setting to
check the irrigation system on a valve by
valve basis. An adjust feature provides
percentage (in 5% increments) increase
or decrease to any independent valve. A
rain pause mode allows the user to shut-
off irrigation for up to 14 days during or
after rain. HydroPoint can also be con-
tacted to automatically "rain pause" con-
trollers and groups of controllers using
the wireless data service. Non-water days
can be selected. A "help" mode alerts the
user to the HydroPoint customer service
center toll free telephone number to
answer questions and walk users through
any situation occurring on the site.

The currently available WeatherTRAK
model is an indoor unit which accommo-
dates up to 12 stations. The retail price of
the 12 station unit is $480 and this
includes two years of scheduling service.
Afte the initial two years of service an
annual fee of $48 is charged.
WeatherTRAK 6 station, 9 station and 12
station models will be available in April
2004. The Toro Company will be selling a
full line of residential and commercial
models with full WeatherTRAK enabled
features available during the summer of
2004. Custom inputs for crop coefficient
values, community water restrictions
(odd/even or selected watering days) will
also be available with the spring 2004
models. The controller is available direct-
ly from HydroPoint or through local
HydroPoint, Irritrol, and Toro distributors.

The WeatherTRAK residential controller
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Summary of WeatherTRAK Demonstration Projects

Test Sponsor

is a small (71 X 61 X 21) metal and plastic
unit for indoor installation. It features a 3
knob interface with 2-line LED display.
The power transformer is a 24VAC exter-
nal plug-in type. Spring models will have
hard-wire and 110 volt wiring options. The
station circuit current capacity is 1.0
amperes, and the terminals will accept 12
to 20 gage size wiring. Stations run
sequentially. WeatherTRAK can accom-
modate rain shut-off devices, master or
pump valves. The WeatherTRAK has a
non-volatile memory and does not require
a back-up battery.

The WeatherTRAK controller does not
require professional installation, although
"trained" installation is recommended.
Typical installation times, as seen in pub-
lic agency studies and distribution pro-
grams, range from 1 hour to 2.5 hours,
depending upon the size of the land-
scape covered and mounting issues.
Installation should include a site assess-
ment and discussing the site irrigation
system, how the controller operates with
the user. Technical support is available
from HydroPoint by a toll free number, on
the company internet site and through
field "certified" contractors.
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No. of Test Sites

The WeatherTRAK controller has been
tested (or testing is in progress) in at
least 15 public agency settings in the
West since 1998. The overall results from
these tests indicate sufficient water sav-
ings (16% - 58%) and significant reduc-
tion in runoff (64% - 71%) have been
achieved. Tests locations information is
summarized in the table above.

The WeatherTRAK controller has a
proven track record, and has been on the
market longer than any other real-time
weather based controller. The
WeatherTRAK has added and updated
features as public agencies have
requested, such as adding the ability to
irrigate native and low water use plants in
the proper way.

Irrisoft

Irrisoft Incorporated manufactures the
Weather Reach Receiver (WR-7). The
WR-7 is a weather data receiver which is
used in combination with a user's existing
irrigation controller to schedule irrigation
based on ET demand. Irrisoft has been
in business since 1999, and became a
subsidiary of Campbell Scientific
Company during 2001. The WR-7 has
been on the market since July 2002, and



approximately 600 units are currently in
use.

The Weather Reach System works in
conjunction with local Campbell Scientific
weather stations and centralized comput-
er servers using Irrisoft software to calcu-
late local ET based on real-time climatic
data. Weather data is transmitted from
the computer server through a pager net-
work to the receivers hourly. Data
includes temperature, wind speed, rela-
tive humidity, and solar radiation data.
The WR-7 uses this information to esti-
mate ET accumulation on an hourly
cycle, and processes it into a running ET
balance.

The WR-7 does not include on-site sen-
sors or gages. A tipping bucket type rain
gauge is available as an optional add-on
component to the receiver. With or with-

out the gauge, the receiver accounts for
local rainfall which affects the root zone
soil moisture balance. In addition, the
receiver includes a wind factor adjust-
ment which may be set to compensate
for significant variance in on-site wind
conditions versus the conditions meas-
ured at the weather station. The current
retail price for the WR-7 is $485, and
accessory prices are summarized in the
table below. The existence of an ongoing
service fee is dependant on the service
provider, as discussed later.

A growing network of Weather Reach
System Providers exists throughout the
U.S., covering areas in several northeast-
ern, southwestern and Rocky Mountain
states. For a covered area, data from
multiple weather stations are received,
processed, and then transmitted by a sin-
gle provider. The WR-7 receivers are
programmed to receive data from the
appropriate weather station based on a
weather region code. The data are trans-
mitted by the provider using a Motorola®
Flex® paging system.

Once the WR-7 receives the data and
calculates ET, one of four modes are
available for the receiver to communicate
with the irrigation controller. These
include: ET Enable, ET Trigger, ET
Pulse, and RS-232. Selection of the
appropriate mode is dependant on the
irrigation controller being used.

WR-7 Accessories Prices

Component

Model No.

Plug-in Transformer WR-PS $25
External Antenna WR-ANT $32
Outdoor Enclosure WR-OE $98
Pronamic Rain Gage WR-PRG $85
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Residential irrigation controllers typically
require use of either the ET Enable or the
ET Trigger modes. The ET Pulse and
RS-232 modes are compatible with com-
mercial type controllers, and their com-
munication processes are not discussed
herein.

The ET Enable mode functions by inter-
rupting the common wire circuit from the
irrigation controller to the automatic irriga-
tion control valves. The WR-7 allows for
irrigation by closing this circuit. This
mode is used to control most irrigation
controllers that use a common circuit to
provide power to the system.

In the ET Trigger mode, the WR-7 closes
a switch contact to trigger irrigation when
ET accumulates to the programmed
threshold. The switch duration is pro-
grammable to accommodate the con-
troller. The controller recognizes the
momentary switch closure as a signal to
irrigate. For this mode, the controller
should also have day and time condition
settings that must also be met to start an
irrigation cycle.

Regardless of the receiver to controller
mode used, the controller is programmed
based on a plant root zone moisture
depletion and ET threshold balance con-
cept. This balance is maintained based
on ET minus effective rainfall. The user
programs one of four settings to define
effective rainfall. Effective rain is based
on the soil moisture intake rate and soil
moisture holding capacities.

The controller schedule is set to irrigate
every day, unless certain days are to be
excluded for a variety of reasons. The
receiver then signals the controller when
the ET threshold is reached, and the pre-
scribed irrigation amounts are applied to
replenish the root zone depletion. The
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receiver includes two programs so that
two ET thresholds and landscape adjust-
ment percentages may be used. This
provides for different stations to be
scheduled separately to meet the needs
associated with varying plant types and
conditions. There are user-defined set-
tings to define effective rainfall.

As discussed above, the WR-7 simply
turns the irrigation controller on when a
specified demand is reached which coin-
cides with a specified depletion. The irri-
gation controller's features allow for pro-
gramming to satisfy the demands dictated
by the landscape features. Specifically,
the controller schedule should be devel-
oped based on application rates and
plant types, and soil, slope, and shade
conditions. Hence, the ability of the sys-
tem to irrigate all stations efficiently and
minimize run off is very much dependent
on the controller used.

The WR-7 is a small (4.8"X5.25"X1.5”)
plastic cabinet designed for indoor instal-
lation. A lockable fiberglass outdoor
enclosure is available as an accessory.
In the event a power supply is not avail-
able from the existing controller, an
optional power transformer is available.
Irrisoft requires installation by a profes-
sional irrigation system specialist, and
they market their products through spe-
cialty irrigation product suppliers.

As mentioned above, potential ongoing
costs are dependent on the service
provider for a given area. Irrisoft reports
that the split between existing public and
private providers is approximately 50 per-
cent. Public providers typically absorb
the cost of the weather stations, comput-
er server and software, and paging sys-
tem, and there is no ongoing user cost.
Private providers pass on these costs to
their users, and the two providers inter-



viewed for this review reported typical
residential rates in the range of $100 to
$350. Existing public providers include
the City of Denver, Colorado Water
Department, the Northern Colorado
Water Conservancy District, Southern
Nevada Water Authority, the Utah
Division of Water Resources, and Irvine
Ranch Water District, in Orange County,
California.

During recent years, numerous demon-
stration projects using the Irrisoft System
have been initiated. The overall results
from these ongoing projects indicate suffi-
cient water savings can be achieved with
the system and that the system functions
well in many areas.

A sampling of these projects is provided
in the table below. In addition, Irrisoft has
provided a list of about 25 municipal and
institutional entities currently using their
product in residential and commercial
applications.

Depending on the variance between on-
site conditions and those measured at
the weather station being used, the use
of a rain gage, and the accuracy of the
controller programming; the WR-7 should
provide most users with relatively accu-
rate real-time weather based irrigation
scheduling system.

Summary of Irrisoft Demonstration Projects

No. of Test sites

28



Product Features Matrix

Manufacturer Advantages Disadvantages




SUOIE)S JIYIBIM [EI0] WOLJ BJEP U0 PISEq SUINPIYIS UONESLLIL JEWOINe YIIYM S)Iun i
BuINPaYyds UONESLLIL 9)BWOINE 0} SIOSUIS IIYILIM J)IS-U0 10 PUE €)ep LF 110)s1y pawer3ordard azipn yorygm syun suoe-pue)s i

(Burmos dup 10 ex mopy ou) A[uo 3Ky uoRESLLI 10)01 10 Keads £q paqudsaad ey - 7

2911d 13[]0.3u0d Iseq Ul PIpN|IUL Jou AINJedy uo-ppe [euondQ - |

0SE€$-001$ 10 2UON 8rS 8r$ 081$ QuoN QUON SUON 750 93MA IS [enuuy
S8P$ (9314125 J0 51598 7 SOPNPU) 08PS | (9DTAIIS JO ABIA | SOPNPUI) 6679 0095-00r$ 0ET-0LTS UODE[[E)SUI SIPNPUI) 6ES 651$-66% (593114 [1€J9Y PIISIT) 3500 19NPOIL
180D
[ ] [ ] [ ) ) [} paxmbayy Juawddeday A1apeg yaopD
[sa0suag ajeaque) B 28eD utey ued|))| 10SUJS IE[0S UB[D) paambay sdueud Uy SUl0SUQ
o PIPUIWILI0IY PIPUIWUI0IIY PIPUIWWOINY PIPUIWILI0IY paainbay Sunuuiea5014 % UOHE[[EISU] [EUOISSIJOI]
syudurd.bay IBJAl pU® uoye[| 1
° [) Suipuag ° ° S10)nqLYSI( 80T
[ e o [J ° ° ° NS JouIduf
° ° ° o o o ° suoydapay,
[ ) [ ] [ ] [] ) ) [ SUBIIUYIIY, IAIS 310ddng
JaBax | SIeIX € SIBIX € TeIX | SABIA € SABIA T saedk ¢ Auerie,
Kyueriepy pue yioddng jonpoig
1[10HU0) uo Juspuadaq ° o SuNjag AdUdILYY 10 AJIULIOJIU() UONESLLI|
o o ) o ) Bun)ag 103oe g Ipeys
J9[j0pu0) uo yuapuadaq Py o ® [} [} Buag 103 dodofs
(] (] [ [ ] L] [ Sunyag odi Y, (10§
L4 o ° ° D D Bunyog odAL Jueld
® [J ] o Funps |daq ro0y
J3[03u0) uo yuspuddaq [J [ ] [ ) (4K J [} [N ) Bunjag ey uonedddy |
J9[j0.pu0)) uo Juapuadaq [} Py payuIu ) [} anyed q Isnlpy uoNeSLL] JuUdIIdJ -/+
J9fjonu0) uo yuapuadaq $9[943 9 03 d T pajuijun) 91 uone)§ 194 sie)S A[dn[nA Jo PqunN
J3[[0u0) uo yuspuadaq ) ® ® SUONE)S JUILINIUO)) SUNYY
J9[j0.pu0) uo yuapuada Y [ [ ) Arear V s11e)§ o[dynyy 10y spsnlpy
o Y paamnbay s[npaydg uonesLLIy aseq
[ ) ) J19ndwo)) [euosidg 1y UOHBULIOJUL JIYJBIAY JULIND) JO MIIAFY SIPIAOI]
o o [ ) ) ° UONEWLIOJU] UONESLLI] JU3IIY JO MIIAIY SIPIAOI]
Jrqeanddy joN [] []) [] [} [ ° SIUITT, Uny] A[qELIEA
[J [J 0 ) D) ° 3pow ,}a0[),, Ul a[qedQ
[} (] o [ ] ) [ o sAe(q UONESLLI[-UON PauLd( 19S)
S3aUn)ed | SuUINpayds
o ne mHe ° [ D H0-INYS 92201
] 0)e me [ 0n e J30-INYS PUIA YSTH
° me ° [ ° 0 e JJo-Inys urey
[OLJ [ ° 9380 urey As-uQ
me e ® D 0 1) e 10SUdS urey NIS-UQ
ne ne ° ne ne 0 @z1 % 931D @ WOE(EISu] 1000
) Py o [ ® ® SIZIG AATA\ Uowo)) v $3daddy
a1qeanddy joN 01 parioday JoN €0 ST PUE S0 ST 01 (so1adwy) Suney JUsLIN) NI UOREIS
) [] o ° o ° ° K1owd ApEI0A-uoN
o ° ® ® ) o KI10)STH UODESLLI] JO MIIAY J13S()
Ja[[o.nuo)) uo yuapuadaq Y o ) ® ° o WnJ 10 9A[eA 1)y sajelod() uone)§ auQ
J3[[0u0) uo yuspuadaq Fa i aysew snpd 7 91 -8 (sampout ©1§ § £q) 91 1-9 S[BUIULID], UONE)S JO IdquInN
uo-ppy Juswade[day Juowdde[day Juawdde[day JuswddR[day Juowdde[day pog Bunsixy 0) uo-ppy 10 Id[j0.nuo)) Judwadejday
$3.4NJ83 ] JINPoIg
Tor1as 10IndW0d POZIENUR ToA1es 1oA10s onduod Torias 19ndwI0> POZIENU WonEa0] I ATI5005
Aq paseurw vjep uone)s aoyndwod pazijenuad Aq padeuew pazieyuad Aq paseurw vyep £q paseuew vyep uone)s U0 PasEq PayEWINSd UONEIPEL D MG LRELL € SR g
Joypeom dyeand EJEp uonEIs JoyyEam dNjqng uonE)S JDYIEIM S LA P ANANd JOYIEIM PIUMO JISN 7 1IEMNIIY 10su2s Tejog e[S pue 10suds ans-ug|  $MM LY pawnmiesdoadaxd oy 92110g BIR( DYLIA
° ) ) 21eM}308 SuIPPON
[] [ ) (S)uone)S IAYIBIAN AJowdY
e me me [] L] L] [J (5)10sudg S-uQ
o () eje( [eILI0)STH ANPaYdS 10j siseq
uonedd(Q Jo poyIdA
200z AIng 00T 2unL-[2POIN MN P00 9quid)dog pauueig $00Z AN pauulg £007 19qui2)dag-[POIN MIN $00Z 19qUISAON pauuE[g £00Z AINL-PPOIN MIN ANqeEAY 19npoad Jo dea
I 1 1 14 L I & SIPPOIA [EUIPISIY JO JdquInNN
WO YPIBILIIYIBIM MMM Ecu.uﬂ_eﬁchﬂ%ﬂ—u}}gs WO IIBM)I" MMM WO IIPBMNIIB MMM WO JISIIYJBIM MMM WO INBULIDYIBIM MMM wod'IAIISuOIENDE MMM wuun— [ERYY
2100\ UIANS SNINYIURA SYD [eurpae)) 2dnag U0SIEA, WO, (Qq MaIpUY Jaun.g a1pog Kapeg Kien [TXXEF PRI
00v0-SSL (Sep) 9696-69L (LOL) L88P-88€ (STP) 9698-1€7 (T1€) 6vPI-€66 (818) 1€19-8L7 (2L6) 168€-75€ (606) auoyq
*ou| JJOSLLI| SUIYSAS B)e( JUI0JOIPAH SUIA)SAS 19\ LA JIJBAN DY Aueduro)) 13819y eI JPBULIDYILIAN JAI3suo0) enby JweN Auedwo)

S.IN)EI JO Arewiwing - SAIF0[OUYIJ], UON)BILLI] [BIJUIPISIY pasey JIYIBIAL

o
™



		Superintendent of Documents
	2025-07-01T11:39:04-0400
	Government Publishing Office, Washington, DC 20401
	U.S. Government Publishing Office
	Government Publishing Office attests that this document has not been altered since it was disseminated by Government Publishing Office




