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THE PANAMA CANAL.

Part II.

PROJECTS, TECHNICAL NOTES, AND DISCUSSION OF
THE HYDRAULICS OF THE CHAGRES RIVER.

PROJECT RECOMMENDED BY THE COMITt TECHNIQUE.

What is known as the Comit6 Technique, or Technical Comumittee, appointed by tie New
Panama Canal Company, after investigations and studies extending over a period of several
years, during which time they considered nearly every plan for a canal on the Isthmus of Panama
that could be thought of and that did not involve an expenditure of time and money that was

prohibitive, arrived at the conclusion that one of the three following plans afforded the most
satisfactory solution of the canal problem:

11. A project with a summit level of 62.31 feet. Estimated cost, $102,483,000.
II. A project with a summit level of 97.6 feet. Estimated cost, $98,8[6,000.
1. A project with a sunnit level of 126.31 feet. Estimated cost, $94,570,000.
The Committee recommended the adoption of Project 11, chiefly because it seemed to enable

the definite completion of the Culebra Cut and the auxiliary works at Bohio to he accomplished
within the same length of time. It was estimated that the dam and locks at Ilohio would requiire
ten years for construction, and it was estimated that the Culebra Cut in Project II wouil he
completed in the same time, whereas it was thought to be doubtful, whether or not, it could be
done in that time under Project III. To do so within the time estimated necessary for the
completion of the auxiliary works at Bohio would require a large increase in the number of
workmen, which it was desired, if possible, to avoid.

Project I was practically eliminated before the report was signed, so that in point of fact,
there were only two projects that were finally offered, either of which would fulfill all require-
ments, but preference was expressed for Project il1, provided it should be found in the couirse of
the work that the Culebra Cut could be made as deep as that project necessitated within the time
needed for the construction of the works at Bohiio. The final decision, I however, was left to he
determined at a later period, after longer experience on the Great Cut ii(lieated with ccrtaiuty
whether or not the excavation there could be made within the tiie hinit. It was tionigit that
for two or three years the work cold go on with advantage, no matter wlh icli pIroject might be
finally adopted.

In Project III Lake IBohio was to form the summit level ot tlhe canal, and it was toh be sup-
plied with water from the Chagres River without aiiy artificial feeding device. A second lake
was to be created in the upper valley of the Chagres by means of a dan at Alihajiula, the object
of which was to hold back a part of the freshets and supply the deficiencies of the dry season.
The sunmnit level was reached by a flight of two locks at Bolhio, on the Atlantic side; and a similar
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flight of two locks at Petdro Miguel, together with a tide lock at Mirailores, on the Pacific side.
The total number of locks in this scheme was i\.

project II had a sumniit lIcel of 6. feet and Lake Bobjo constituted an jiteriediate level
oi) the Atlantic side, and a short Iiie between Paraiso and Pedro Miguel, another on the Pacific
side. A flight of two locks was to be constructed at Ias ObWsp, and one lock at Paraiso. The
projowt provided for eight locks in all, four on the Atlantic side for reaching the sum init level,
aind foi r, including the tide lock at iratkiores, on the Pacific side. Lake Alhajuela was to be
created, as in Project Ill, for taiin g the (iagres and supplying the summit level. The latter
was to he done by mneans of a feeder extending fromt Lake Alhajuela to the vicinity of Olispo.

PM(t I estall hed the summit level at 128.31 feet above mean tide. Lake Bohio remained
as in Pojet t II lit the sunlit level being higher, was reached by means of five locks on the
Atlantic side, two at Hohio and three at Obispo; andl five on the Pacific side, two at Paraiso, two
at Pedro MiUe, and a tide lock at Miratlores. The siinnit level was supplied from Lake Alha-
juela exactly as in Project I.

The canal was to have a width of 9&5 feet in earth and 111.5 feet in rock. In Lake Bohio
the within was to he inicreased to L;4.1 feet in earth and 173. feet in rock. The depth was to be
29.5 feet. The side slopes -aried according to the material through which the cuts were to be
iiade, and some widening was provided for in the hends. In order to enable vessels to pass each
other when going in olposite directions several sidings were provided.

A canal of these dimnensions, of course, does not afford the sane facilities as the one recomi-
mended Iy the hsthiian Canal Coinission, which is 150 feet wide and 35 feet deep, with locks
also of greater dimnnsions than those Irov ided in the French projects. In order, therefore, to
make the two phmis coinparable, it is necessary to enlarge the dimeinsions of the three projects
of the Technical Cimiiittee to correspond with those of the Isthniian Canal Commission. This
increase in dimensions necessitates an increase in the estimate of cost. It is estimated that
Project I will cost dout $14,0),t0 when made to conformn to the increased dimensions; the
Hohio daii and (igante spillway remaining of the same construction as that proposed by the
Techiical (oninittee. Project II will cost about $4,000,000 less, say $145)00,000. Project I
"id cost less than Project II, and will probably amount to about $142, oWt,)0. These figures
are approximate only. The Techni iical Con nnittee regtarded about 30 feet as the greatest admissi-
ile lift of the kicks. and in no case were they to exceed, even at the highest stage of the lake or
siUii level, 33 feet.

The following is the report of the Technical Connittee in full:

REPORT TO THE NEW PANAMA CANAL COMPANY BY THE INTERNATIONAL COMMISSION
OF ENGINEERS APPOINTED IN ACCORDANCE WITH ARTICLE 31 OF THE BY-LAWS.
DATED NOVEMBER 16. 1898.

1 NT ocTON.

In accorlane with article 31 of the by-lawis, the New Panama Canal Company appointed a technical commission
of engineers umilpose as fhilows:

\t. RIb'aglia, president, getieral itispectar des p its et ci aussees (retired).
111. louvier, sinretary, general ispector des ponis et chiaiissees (retired).
(4neral Abbot, Eninetier (orps, U. S. Army (retired).
Mr. Castel, inspector-geteral of mines (retired).
Mr. ItDaymoard, chief engineer of Transatlantic Steamship Company.
Mr. Farglie, general inspector dtes ponts it chatissees retiree ).
Mr. Ai. Ftcey, chief engineer, aqtelit comminission, New York.
Mr. ul Ischer, private coon selor to the department of public works of Prussia, formnerly technical director of the

Kiel Canal.

Mr. Iiersent, civil engineer.
Mr. I Itinter, chief etigitteer of the Maibchester Cantal Company.
Mr. Koch, coiniselor of public works; directorof the Technical Acalemy of 1)armstadt; formerly special inember

of the imperial cotinissioni of the Kiel Canal.

It The cotumission of engineers moums th loss of Mr. Bonriot.
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Mr. Jules Martin, general inspector des ponts et, chanssees (retired).
Mr. Skalkowski, formerly director of the bureau of mines in the department of agricnltnre and estates, RUssia.
Mr. Sosa,a chief engineer of the RIepnblic of Colombia.
The commission of engineers has held between Febrnary 3, 1896, and September 8, 1898, ninetv-seven regular

sessions and many informal iieetings. It has followed, as it were, day ty day, the sn rveys, the works, and the plans
of the company.

Several members visited the lsthins in the spring of 1898. They broglit 1ick valnable data and information
which confined in every important partiniclar the concisions to which tiie conission had already been led by its
studies in Paris. In this way have been established wN ith precision the basis and the general plaii of a canial with
locks, which vill fully provide for the needs of navigation between the two oceans, and this within reasonable
limits of time and ontlay.

The details of this plan will be given further on, but it sees first to be interesting and necessary to indicate
what may be called the genesis of the idea, which by progressive evolution from the teaching of the past ad the
deduction from recent experience have evolved the solution considered by the commission of engineers to be most
logical and satisfactory. This will form the subjectof the first chapter, the aim of which is to show the varied aspect

of an extremely complicated probleii and to justify the solution finally reached.

CHAPTEr I.-Disc ission of possible solutions and Juiification of the one adopted.

Principal problems to solve:
The building of a maritime canal across the Isthmus of Panaina encounters, from a technical point of view, two

main difficulties. These are, on the one hand, the chain of the Cordilleras, which must be crossed by a cut abont
110 meters deep (361 feet) if a sea-level canal is contemplated, or by a very considerable cut, but little less than 70
meters deep (230 feet), if a canal with locks is intended. Oii the other hand, there is the river Chagres, a torrential
stream, subject to sudden freshets, of which the canal must necessarily follow the vallev for a great portion of its
length and against which it roust be protected by a proper regulation of the flow in order to insure the safety of
navigation.

A third difficulty of a general nature presents itself when a canal with locks is Considered; the qnestioi of water
supply assumes, on account of the extent of the several needs to be provided for, aii importance suggested by the
fact that the accumulated floNv of the Chagres itself and of the other streanis on the ine of the canal becoiies
insufficient during a certain portion of the year.

The first two difficulties increase as a lower and lower level of the canal is sought, and acquire their maxinum of
intensity in the case of a canal without locks.

On the contrary, the third difficulty, which appears only with a canal with locks, becomes greater as the suniiit,
level is raised.

The first difficulty, relative to the excavation of the great cut at the suminit separating the two watersheds, does
not raise any special technical question; it is simply the work to be done by manual labor, which iiay require more

or less time and expenditure, but which, being without any inherent eleient of impossibility on account of the well-
known character of the material, does not retjiiire any special study. It is the practical problem of a large excava-
tion to be made within a restricted space.

PRINcIPAL DIFFIcUL'TrY ENCOUNTERED BY A CANAL wITHOUT LocKS.

The second difficulty, due to the presence of the river Chagres upon the same territory as the canal, is, in view
of possible consequences, of a more serious order. The rectification of the bed of the river for the purpose of ltiliz-

ing it for the canal can not be contemplated. The irregularity of the flow and the violence of the lage freshets are
incompatible with a solution of that kind. To turn tie stream completely from its coi irse and to direct it to tie
Pacific slope, far from the location selected for the canal, an idea formerly advanced and in part, considered, wod
be a colossal undertaking, requiring an amount of labheur which votild render it iopracticable. It is a solition pon1
which it does not seem possible to dwell. It therefore becomes necessary' v to) make of t ie river and of the cal two

neighbors, whose character and wants are to be harmonized. This is a solution which sectis very difficillf when
considering a canal without locks. In fact, froin whatever point of view it is considered we imulst acknowledge that
it is necessary to prepare parallel to the canal ai artificial waterway, v capable of discharging lniier occa ional flood
conditions a very large flow per second, and this even when the waters of a large portiti of the watershed hav been
temporarily stored in a reservoir to be provided.

An artificial bed established at a higher elevation than the canal itself woiild prove to he not only' a vork very
difficult to execute, but also to be a danger, a permanent mnace, to the canal itself.

We can consequently state that the principal obstacle to the execiition of a canal without locks resiIts less front
the difficulties entailed by the execution of the deep cit at the sminlit than from Iiose which Spring froil the prox-

imity of the Chagres in the region to be crossed before reaching that s miit. It will not, perhaps, le too moich to
maintain that herein lies an obstacle insnrimoitable to a conception of that kind.

a The commission of engineers moniis the loss of Mr. Sosa, drowned in tile sinking of La Bou rqo .
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RAPID GLANCE AT THE PLANS oF THE OLD COMPANY.

It is, nevertheless, this plan which the old company adol ted and tried to carry into effect almost to the last days
of its existence, under the doiminating pressure, we imlay say, (of the imian who ruled its destinies. All know to what

degree this influence determined the plans. The great cut at the sunnit was, so to speak, only attempted. Out of
a depth of 110 meters (361 feet) oi the center line at the culminating point of the crest only 20 meters (66 feet) were
excavated. As to the question of the regilation of the Clhagres, we may remark that if the old company perceived
and weighed the difficulties, they had reached no real solution of them. The dam they had proposed at the much-

discussed location of Gaiuboa, to store up temporarily a portion of the Chagres freshets, was never begun. As to the
derivation channels provided below alongside the canal to carry whatever water the reservoir could not hold back,
we have good reason to state that these channels were far from answering their purpose. In fact, this important
question remained yet to be solved when the irresistible pressure of events obliged the company to modify their
plans and abandon, as they supposed provisionally, a canal without locks and substitute for it a canal with locks.

To the two great difficulties encountered in building a canal without locks was thus added a third, relating to
the water supply of a canal with locks.

Circumstances allowed the company no time for long reflection or for varied and protracted study of the

problem under the new conditions. They were forced, as it were, without delay to improvise and execute.
Concerning the execution of the large cut, the company took measures which were evidently the wisest under

the circumstances, viz, reducing it to a minimum by establishing the summit level as high as possible, but with
limits a priori acceptable; they fixed the elevation of its bottom at 40 meters (131 feet) above mean sea level, which
change would diminish by 50 meters (164 feet) the depth of the cut required for a canal without locks.

They proposed live single locks on each slope, each 18 meters wide (59 feet) and having a serviceable length of
180 meters (591 feet) with a lift of 11 meters (36 feet).

The water-supply question was solved in a manner suggested by the idea that such a canal with locks was only
a temporary expedient. It was to be accomplished by machinery pumping water from a reservoir to be formed by
the building of the Gainmboal Dami, raised to a height much less than in the case of a canal without locks.

As to the question of the disposition of the Chagres, it is likely that a study of its complete solution had been
postponed.

It would be out of place to criticise here the plans for a canal with locks as proposed by the old company, but of
which the execution under the pressure of events was merely begun. The preceding brief sketch concerning past
facts has no other object than to emphasize the point that the conception of the old company furnished no solution
in any way satisfactory to the three fundamental questions which arise when the building of a canal with locks
across the Isthmus of Panama is considered. We can only learn from the unfortunate past that material proof has
been furnished that a canal without locks to unite the two oceans is an undertaking the realization of which can not
be thought of, certainly for a long time to come.

PLAN OF THE COMMISsiON D'ETUDEs.

After the failure of the old company, the receiver, anxious not to forfeit the rights acquired from the concession,
and thus to lose the benefits of the great efforts already made and of the important results obtained, conceived the
idea of undertaking anew, on a different basis, and of carrying through the interrupted work. He named a comnis-
sion d'etudes, under the presidency of Mr. Guillemain, inspector-general des ponts et chauss6es, whose mission it was
to studv the status of the undertaking, and, if possible, to establish the basis for a new plan capable of execution
within reasonable limits of time and expense. This commission at the start rejected all idea of a canal without locks,
which indeed was impracticable in any event under the conditions they had to consider; condemned the plans of a
canal with locks as adopted by the old company, which appeared to them to present capital objections, and formu-
lated the program of a plan established upon an entirely different basis, investigating and discussing, with great
ability, the three fundamental questions involved in the construction of a canal with locks across the Isthmus.

The irst condition to be met by the commission was to devise a plan that should be feasible within the time
limit still left before the forfeiture of the concession-about nine years, of which one year would be consumed in
resuming the work. The commission accepted, in principle, that the work requiring the longest time would be the
excavation of the cut at the central mass at the Culebra, and that this determined the limit of time required for the
completion of the canal.

The answer to the first of the three main questions was thus reduced to the more precise and limited form-
What depth can we hope to reach at the Culebra Cut in the eighth year of actual work? The answer would furnish
an inferior limit for the excavation, below which, everything considered, they could not think of going; that limit
they thought should be established at elevation 25.5 meters (84 feet) above mean tide. On the other hand, the
solution they thought most satisfactory for the problem of water supply of the canal allowed them to fix definitely
the proper elevation for the sumiiit level.

They rejected the suggestion of mechanical supply, which involved too much uncertainty and lacked elasticity
to meet the complicated and variable needs of a great maritime canal. They likewise rejected a priori the supply
through a feeder that would have to he built in the upper vallev of the Chagres, a region, as they said, "practically
unknown and crossed by numerous profoundly engorged streanmi."
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The only moans left, therefore, was the direct supply by the Chagres itself, whose level would be raised to the
requisite height by a dam to be 1Iilt across its bled at one end of tie su1iiit leve Thev conidellied ilih Imeation
of the Ganboa Dam adopted by the old company, whici appeared to theim to be "one of the least favorable that

could have been selected," and recommended a location at Sani1 Pabldo, P. K. 38 of the canal line. At that poiit
they would close tile Chagres bed, and a secondary depression there found, by a dam1, which, with two locks, would
determine a large lake of which the sunmnit level of the canal would form an integral part; that sumiiit level oin
the Pacific side wonld end at Paraiso, 1). K. 57 of the canal, with a flight of two locks, and an adjacent (11111 closing
the Rio Grande Valley.

The location which tiley recommended for the large dam at Saii Pablo did not, however, leave th emi without
doubts as to the security of this dai. They indicated it only with reserve, stating that ill ally event it was ieces-
sary to use prden e in establishing th height of a dam so directly related to the height of tile smlimillit level, since
that teiglht would determine that of the lake to be formed. These conservative considerations led them inally 1)
adopt the definite elevation of 25.5 meters above mean sea level (84 feet) as the extreme limil of excavation
admitted iv the time demanded for the completion of tile canal. Th1s were studied and solved together the tw
important p testiolns of the depth of the central cut and of the water supply of the canal.

The third qtiestion, probably the most difticolt one, that of controlling the freshets of the Chagres, was, ill the

opinion of the commission d'etudes, largel y solved at the same time. TIie lake formed by th 1 a1n Pablo diln

became, in fact, a regulating reservoir in which the Ciagres freslets could spread oIt and lose the greater part of
their velocity ai le, 1in a measure, temporarily retained, sufficiently to limlit the overflow ill th lower levels lIt each
end of the summit division.

Allowing a rise of 2 meters (6.6 feet) in the San Pablo Lake, the commission d''tids believed t hev cild store

60,000,000 ciiic meters (2,119,000,000 cbic feet) at thel time of the greatest freshet, allowing to pass throh',fi the

summit level a maximum flow of only 1,200 cubic meters (42,380 cubic feet) pel' second, of which 900 cbih Meters
(31,780 cubic feet) xxouii flow toward the Atlantic lnd 300 cubic meters (10,600 cibic feet) toward te PacItic. Ill

order to allow the escape of 900 cubic meters (31,780 cubic feet) per second oi tlhe A1lantic side witIhoilt elida gering

either the canal itself or the navigation, the commission (I'6tdes indicated below the San Pablo Lake I lie possibility

of a second lake, formed by building across the Chagres Valley, at Bohio, a second dam vith a i flight of t xwi loiks.
This lake would constitute a second level oil the canal oi tile Atlantic side, 1it was not intended Ias a storage
reservoir. The waters escaping froml San Pablo wool flow to titI sea through artificial channels 1is located 1y tie
old company o1 each side of the canal, completed as intended, or through the canal itself.

PRINCIPAL OBJECTIONS TO Tlsi PLAN.

Oil technical grounds the plan of the co mission d'etjdes gives rise to serious objections, as will he iniPated
further on, but it has the merit of establishing two ver ry rational principles for the solutit io Of till' two more

important qestious raised by the construction of a canal with locks.
The first principle, relating to tile depth of the great cut, is that there is ln reason to fear that, the gological

conditions will comPel the adoption of too high an elevation, brit that it is possible, N\ itholt II 111111ing ally risk, 6)

adopt a illmch lower elevation within limits in accord with the timIe allowed for the excavation.
The second principle is that the soluItiOll Of the prOb0111 Of COntrOlliniig the Chagres River must Ise Ii ok edI for in

the establishment of reservoirs or artificial takes outside or o i tile line of the canal-lak s in which it portion of the
freshets will le temporarily retained while the remainder would flow to tile sea witho t causing danger or even
delays to navigation.

In fact, these two principles should dominate all subsequent plans, eing, however, so applied as to eliminate
front that of the commission i'ettes certain objectionable features which are ilaily v the following:

In the plan just briefly analyzed, the two questions of tie lowering of the lit and of tIle water st]pply aire closely
connected in such a manner that what favors the solution of one is harnifil Po the other. It is, in fact, nIcesSary to
deepen the cut as much its possible, thus increasing the diliclties of the work, in order to facilitate as much as

possible the construction of the provisions for water su p pi ', and vice versa. This re(11ts froii excluding, a[ tile
outset, a iode of water supply based lpon the construction of It reservoir ill tImo higher valley of the Chlagr's, aiitl of
at feeder for delivering( the water to thle canial-at method which would prove ohastic, so far its Ohw elevuilnm Of tht(
siumit level is concerned. This first. objection is it scrions (111.

A second objection, still more serious, is raised by ti1e selection of the locatioll of tI'e damill, whici is to ho the
key to the sotition, a location concerning which the colminisSiol sliggest'(d dolult, Sfatilg I that nOW SU(lYS WON!
necessary to finally ascertain the character of the foundation. These new Surve'vs have shown 11 that , tit points th
conditions for building a laige dam are very inifavorale, allid that no satisfactory location call e found along the
canal fromn the point where the Chlagres first meets it (1'. K. 45) t Bohio ( 1'. K. 24 ). The plan of the conmj iSSion

d'etdties, by this fact, becomes impossible of execution, or only to le prosecuted under dobtil condition S, wlich

they themsel ves declare would constitute a capital defect. Even were this dam feasible, a vtry grave object ill (-obli
still le raised concerning the disposal of the Cingres fresliets.

The impounding tf 60,000,000 cubic meters (2,119,000,000 cubic feet) of wti'r, estimated as tIle excess of the
river freshetS over at volume (if 1,200 cubic imiters per second (42,380 cihic feet) passing the <i1un, is altogiejher

insufficient. The thoroigl stuyl made (if the floods of the CAllgros Px' mlleans (of lumlitro'ls observationS lead to the
conclusion that the real excess to le iImp(OUtided over a allval le maxililmillm lio of 1,200 clkbl liters (42,38S

129A-05 2
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cubic feet) through the channel would reach 250,000,000 cubic meters (8,829,000,000 cubic feet). Thus we see how
inadequate would be the reservoir provided by the conlinission etudes.

They suggest, it is true, that if their estimate of this volume is too small it would only be necessary to allow the
excess of water to escape vin the Atlantic side, even interrupting navigation temporarily, if necessary. But this would
simply be all expedient which, under certain poscsib le conditions, might prove disastrous to the canal and harmful to
navigation.

TIiese several objections constitute, fromt a professional point of view, reasons of suflicient importance to warrant

tle rejection of the plan of the lcounission d'eti tdes.
That commission allowed a period of eight t years of effective work. They established in a general way the

priiciple that the excavation of the central cut, everything being considered, is the work requiring the longest delay,
and fixing the measure of little necessary for the completion of the canal.

This opinion may be erroneous, and we are led to believe that it is so, even with the plans of the conuiission

d'etudes. The aggregate of the masonry wovirk required for a canal with locks may demand a longer tilie than the
excavation of the central cut, if the latter be reduced to relatively nioderate proportions. hi the especial case of the
plan of the commission d'etudes we think that the complicated group of structures which closes the valley at San

Pablo (locks, diams, overflow weirs, etc.), together with the change of location of the I'anaima Hailroad, which must

precede them at least in part, would require a longer time than eight years. This, however, is but a secondary
objection, because even the foundations of the plan do not appear to be admissible.

We mliust, however, retail] fromi th labors of the commission d'etudes the fundamental principles on which were
based their plaus-pri uciples altogether rational, notably in what concerns the control of the freshets of the Chiagres.
These principles, if broadly applied, with the advantage of niore precise data and imore thorough surveys than the
commission had time to iake, will furnish a satisfactory solution of the complicated problems before us to-day.

P'AN OF TE NEw coiN.k.

The plans of the commission d'etudes were never carried into effect. At the request Of the receiver the Govern-
ment of the Republic of Colombia agreed to a prolongation of time granted by the concession for the completion of
the canal.

A new company, completely independent of the old one, was formed with a view to study q practical basis for
the completion of the canal, to the benefit of all the interests involved, and to effectively prosecute the sane.

POLICY ADOPTED BY THE NEW COMPANY.

Actuated by the spirit of its by-laws, the new company at the outset adopted as a program, and took as a
guiding principle, the examination and study of all questions which could be raised in the minds of practical and
professional men, in order to be enabled to discuss and prepare with perfect knowledge the advantages and difficulties
of the undertaking.

The technical commission could not but fully approve this method, wh ich, judiciously applied, required complete
and accurate knowledge of the topographical and geological formation of the region where it is proposed to make the
canal, as well as all the special peculiarities and local conditions which have a bearing on the methods of execution;
in short, of all the data relating to the details which are involved in a study of the plan.

The new company also resolved, in order to justly estimate the material difficulties offered by the excavation of
the deep cut, ani in order to settle, in' actual facts, the uncertainties which had existed in all discussions on that
point, to actually dig a central trench to such a depth as would leave nothing hypothetical as to the character of the
final work. The excavations so made entailed no ultimate loss, as they became an integral part of the final cut.

The fulfillment of this preliminary program demanded several years, but the time thus devoted to investi-
gation and experiment has been far from wasted. It is an axioi applicable to public works of magnitude that the
more the surveys and the preparation of the plans are elaborated and carefully studied the more the execution is
rapid and sure. We may properly add that the execution of great public works too hurriedly started, without
sufficient discussion to allow of definitely determining what is intended to be (lone anid what can be done, leads to
great disappointment and delay, even when it does not end in disastrous failure, as was the case with the old
company. We may even aflirn that the primary and principal cause of the nonsuccess and failure of that company
was the lack of the necessary preliminary study.

PRINCIPLES APP'LIED TO THE snTDIES OF THE sEVERAL PLANS.

Sinmltaneously with the progress of the surveys, aud with that of the excavation carried oil at the Culebra to
furnish inaterial data as to tile folirmation of the central mass, the stability of the material there encountered, and the
difficulty of its removal at increasii1g depths, the engineers of the coipaiiy, constantly advised by the technical i'omii-
mission, prepared several plans for a canal with locks, based oii different assuied elevations of the bottom of the
summit level. Thus a great variety of combination xxas studied successively ii detail.

The technical coimiission has uniformly adopted as principles from which no deviation was allowed in the
several studies ani which 'estriCtel their scope: ( 1) Ever yi solution must be rejected a priori which, in itself, and
apart fromt any consideration of tim[IC and expelnice, does not present absolute guaranty of certain success; (2) in pre-
paring the plans of the several structures required by so important and complicated a work, such types only should
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be adopted as have been prov-ed to be satisfactory 1 v experience, barring g out all innovations which might lead to
failure; (3) in the examination of all questions, the special conditions under which tie work is t) le executed should

be taken into account, as well as the characteristics of the climate, the influence of which imay show itself in the
inferior quoali ty of labor and in tihe' reduced efficienc vOf tile personiii ci which directs it. IHenc tle tiiecessity to plan

only simple structures requiring no special conditions in the imnealis of execution.
in every study are found, as principal questions to solve, the three udin genital problems which atrose iii all

plans prepared previous to those of the new company, viz, possible depth of the central cut; mxodi of water supply;
mode of controlling the Ciiagres freshets.

POSSIiLE Di'Tii OF TUE CENTRAL CUT.

The qInestion of tile possible depth of the central cit, especially in that portion of the main divide forined by
the Culebra, depends on two eleieuts:

(1) The naturei of the material to be excavated, which determines tile condions of stability at various deptHis.
(2) The material xlif iculties atteniding the excavation, upon whicih deped tHic necessary t ime at expense.

At first the company, somliewhit in fluenceid bv inheriteI fear of the iunstable formation to be encointireil, and

following tie prudent principles thie v had adopted, thought, it necessary to reduce the idepthI of the cut to a mlin iiuimn

compatible with the execution of a canal offering sufficient facilities to inavigatim .

A tentative plan, ela1orated accordingly, placed the canal bottoim at tihie sunnit level at :4 iieters (111.6 feet)

above ieani tide; that pli required live locks of a loaxiunm lift of 10 meters (32.8 feet) oi each slope. Ent
experience at the excavation carried on ill the deep ciit has shIow n that the chances of histibility are liiitel to file

upper strata, which must be passed through inder ill plans, and these fears have beeii now allaved by the actual

progress of the work.
The opening, on it large sctle, of the trial trench, and the sinking of many open siafts below the actual cut, some

eve goinlgl to elevationl 10 imeters (32.8 feet), have given the assurance that the formation below the clay ey beis of
the upper regi present .every guaranty of stability, even for sleep slopes, dioNl to all possible depths to be coit-
sidered. The technical commission, several members Of which eit ti tite istlittixis to see things for ilemselves,
thus became conviced thiat the formation is not to le considiere-l as an elemmiit of limitation with reit-tird to the depth

to be assumed for the central trench, aiixl that this point should be deteroiiied by consideri g the timi lod expense
required to reach such or such a depth.

Tihus, basing their belief upon actual experience, the technical icoission is it-formlated the principle that the
central trench, considered in itself, and solely in the light of the nature of the formation to be encountered, could be

made as deep its desired within the limitations necessarily imposed by the possible solution of the other questions,
and also by the question of the time to le allowed for completioii.

MODE OF SUPPLYING WATER TO THE CANAL.

'The question of water stipply for the canal has given rise to the most. varixl aix complete studies. Tie
technical voiission decided that they -oulI not admit the principle of a mechaical supply aS a final soltilitio.

Whatever precauticns might be take, such a solution, independently of the greilt permtmietlc exp-lese citailed,
Would he too precarious to be admitted for the operation of a x-nial of stich a iaginitide. Hence itl y Ni two solutions
were left as possible-either direct supply by the Clhares, transformed into a hake, which itself wonl constitite the
summilit level of the tAnal (this arrangement had been adopted by the coiiission Of 1890), or supply through a

feeder from a point in the upper valley where a reservoir coutl le formed by the builxiing Of a dai the flow line of

which shold be so calculated as to carry the water siipply to the summit level at the proper elevation.

DIRECT FEEDING 13V TiE CHAGRES.

Concerning the first of these metliods, it was ascertained ly local examinations ni iivestigtitiois tiat the

solutioti poillted Out by the commission d'etudes could not he ilpplieI; that ill the whole of tle Lxver Chigris
Valley-between Gaihhoa atid the sci-oly one location showed favorable ximditions for the building of a high

dam capable of impounding a lake which could become the sinmlit level.
That iocatii is that Of Bohlio Soxitdo (P. K. 24 Of the caial line), where the above-iatmed comloissionl hiatd

located a secondary reservoir to forii the seconil level of the canal in their plaii. The !haraittr of tle formation ia

that point, in the lialweg of the Chltgres allows the building of an il-tth dai o a ix-rttain hight; but, after carefulix
studying the geological formation Of the nider-grouid strata which was cleal--v reveall by imxils list ils, the

technical commission uianiiously agreed that it would lot le prudeilt to build oi that loatio it (1itim formiilg a

reservoir of at depth of more than 20 meters (65.6 feet) above the river bed, whicIi tit that point is at aoti th imn
level of the sea.

Considering the importance of that, structure in relation to lte safety of the caial itself, it was deexd that here,
more than tnyvcwhere else, it was necessary to le very cautious, and conseiintly 010 Maxiiixtii elevation of 20
meters (65.6 feet) wts fixeil upon as that of the level of tile lake to le formed b 'xy the building of the Bolio dami .

Under these conditions, if it is desirable to adopt the Cliagres itself ts t feer by itiilizing the ictral Like
formed as above stated as the smnmit level of the canal, the laximimii eleviltion of that level must he 20 nxtx-s
(65.6 feet) or thereabouts. Front this it, folxws that xwith a minimum depth of 9 winters (29.5 fet) iin the canal, and
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allowing for a certain variation in its level, due to the variable supply it may receive, the bottom of the sunnit level,
of which the deep tnt woild he a part, must be established in the neighborhood of elevation 10 (2.8 feet).

Such is the result to which we are led in considering direct feeding through the Chagres if we do not wish, in
determining the proportions to be gi veii to the main structure of that plan, to deviate from the prudent rules which

the commission consider as absolute.

The great depth rcsnlting therefrom for the central cut does not seem incompatible with the conditions of
stability upon which we may rightlyv depend, knowing as we do the formation to be encountered; but to-day it does
not seell likely that we can execute the work within the time that we slhall have to establish.

FEEDiNG THloUGH A DERIvArION CHANNEL FROM TiE HATGRES.

If we reject direct feeding, as explained above, we call only supply the canal by means of a reservoir to be
formed by a dam in the upper valley and of a new channel connecting that reservoir with the summit level.

On that subject two plans were carefully examined, both based upon the results finished by the surveys made
in all the lpper watershed of the Chagres, and upon the stnldy of the conIItry made by several members of the
tech nical commission.

In one plan the solution would be based uponi the building of a dan at Gaimboa, in the immediate vicinity of
the summit level of the canal, thus forming a storage reservoir for its supply. We know that the old company,
wh'bit' projecting the building of a dai at that place, had consid era ble miisgivings, and that the commission d'etudes
foriially rejected it, shining that "it was one of the most inisatisfactory lo'cations that could be selected." However,
on account of the great advantages presented iy a Gamboa dam for supplying the canal, it was thought important

to stildy the question upon material data altogether reliable. A complete and very accurate survey of the location
was made; numerous test pits were sunk on the probable line of the daim to ascertain the nature of the ground above
rock bottom and the nature and exact depths Of the latter. Upon these data several plans for a dam were studied,
such as would appear most feasible from a technical point of vieiw. As a result of protracted discussions and of a
thorough consideration of the modes of construction presented, the commission did not feel assured that there would
be in the erection of that structure any sure chance of success and, in the future, those absolute conditions of safety
upon which it is imperative that they' should rely.

Other grave objections seemed also inseparable from a reservoir of so large proportions located in close proximlity
to the canal. Consequently, at their meeting of September 6, 1898, the technical commission decided that it was
imperative to reject any solution based upon the building of a dam at Gamboa. But ;contrarv to the conclusions of
the commission d'ettdes, which, with hardly any data to guide them, had (a priori) rejected the idea of building a
dam in the upper Chagres above (Gamboa, with a feeder between that dami and the summit level of the canal, the
technical commission thought that solution feasible under satisfactory conditions.

They based this conclusion upon most complete investigations carried o0 in the locality in question, which gave
a very good knowledge of all the conditions. At the place commonly called Alhajuela, a very favorable location
exists for a high masonry dai, the foundations of which could be established upon a compact rock formation.
From complete surveys and from the inspection of the locality made by several members of the comminssionI, it is
known that the dificultics of constructing a feeler line between that dam alid the summit level of the canal are not
of a prohibitory nature. By the building of a branch of the Panama Railroad up the valley of the Chagres to Alha-
juela, closely skirting the proposed line of the feeler, the whole locality of the works would be as accessible as those
portions of the isthins occupied by the canal itself.

Under these conditions the plan of supplying the canal by building a retaining dai in the upper Chagres and
delivering the water through a feeder seemed to the Commission perfectly feasible; therefore thev agreed that it
would be advisable to build a canal with locks, the supply of which would be furnished by the method just described.
The advantage Of that solution is the wide iimt allowed in the selection of the elevation of thesuminit level, which
may thus be established much higher than that required for a direct supply through the Ciagres proper.

REGULATING TIE FiREiSiETS OF THE CHARGES.

The question of regulating the Chagres freshets, constituting the third element of the general problem of the
building of a canal with locks, was studied with care.

It is true that the continued and careful observations made to that end did not extend over snch a length of
tine as would enable us to affirm that they cover the most extreme cases. They go back, however, to the first years
of the old company's existence, and we have been able, by studying the numerous data collated by it and preserved
in the records turn(,d over to the new company, also by comibining notes made at the time of the 1879 freshet, which,
from the testiiony of witnesses, the marks it left, and the damages it produced, .eems to have been the greatest
within the memory of man (it is, at all events, the greatest which has occiirred since the building of the Panama
lailroad in 1850), to form a very well-founded estimate of the extreme conditions to be met in the solving of the
problem of the regulation of the freshiets of the Chagres. That question has been repeatedly discussed at the
Meetings of the techniical commission and formed the subject of an elaborate report from one member, which is
contained in a note accompanying g the minutes of the sixty-third meeting. The points given in that report, relating
to the maximum output of the largest freshets at important points along the river, have appeared sufficiently
comprehensive to warrant the opinion that, by basing on them the solution of the problem, we may rest assured of



THE PANAMA CANAL-PART I. 99

having so solved it as to meet the most unfavorable Cases. Nevertheless, the general plan adopted is such that, even
if the precautions taken to provide for the largest freshets known in fifty years should be insuiciciit, nothing would
be endangered; the only consequences which could result therefrom would le i1 short interruption to navigation in
the Bohio level and perhaps the necessity of suspending it for a brief period in very exceptional circumstances.

The principle followed by the new company, which the technical coiiiiiissioii has completely approved, is the
one adopted inl a general way by the commission d'6tudes, nanmely, the formation of reservoirs in which the freshelts
of the Chagres will spread over large areas, anil wheri will be tempo r arily stored up, in timiie of flood, the voluime of
water in excess of the quantities which can be safely allowed to flow through tihie canal and its appurtenances.

Such is the principle admitted by both comnissions as a hasis; but the adjustment of the atual plans provides
much greater security than that of the counission d'6tudes. In reality that collissi iion had only provided one lake
for regulating the freshets, that at San Pablo, including tile sumiiiiit level of the canal anld formed by the building of
a dani at (P. K. 38) of the canal line. That lake, estimated to cover :3,000 hectares (7,400 acres), was to le of such
capacity as to inipounid in a horizontal space of 2 iieters (6.6 feet) a volnuie of 60,000,000 oubic ieters (2,119 iiiion
cubic feet) to be retained out of the maxiiimim output of the freshets. As stated above, tiie new investigations estai-
lish that the real volume to be retained at the time of the largest freshets, while allowing a free limiv of 1,200 oubic
meters 42,380 cubic feet) per second, as had been done by the con nissioi i'(tudes, will probably reach 250,000,000
cubic meters (8,829 million cubic feet). The lake proposed by t hat commission would therefore be inadequate, and
it has been explained elsewhere that the San Pablo dam is not practicable.

The elaborate discussion of the conditions to be fiiltilleid in order to harmonize the regulation of the Chagres

freshets with the exigencies of water supply for the canal has established the necessity of inakiig provision for
two large reservoirs or artificial lakes. The first one, comprising the central region of tilt' canal and containing

one of the levels thereof, would be formed by the building of the l1ioit daim (P. K. 24), and xvolid have a
maximum flood height fixed at elevation 20 (05. feet) or thereabouts. It w]oud cver an area of 5,500 hectares
(13,600 acres), and be able to impound, between elevations 17 ieters (55.8 feet) and 20 imeters (65.6 feet), ii reserve

of about 150,000,000 cubic meters (5,297 million cubic feet). This storage capacity would be reduced to about
100,000,000 cubic meters (3,532 million, cubic feet) by a fluctuation of oily 1.75 meters (5.7 feet).

The second lake would be formed in the upper Chagres Valley by the building of a dam at Alhajuela.
That dam would form the source of supply of the feeder in case it is decided to build the latter.

At the height adopted for this dam a lake would be foried i on the upper river which, at the mean
elevation of the storage reserve of the freshets, wonld cover an area of about 2,600 hectares (6,425 acres), aiiid
would allow the impounding, within a change of level of about 4 meters (13.1 feet), of 100,000,000 ilbic meters
(3,532 million cubic feet), thus completing, with tile reserve in tue Lake Ilohio, the 250,000,000 'ubic ineters
(8,829 million -cubic feet) which should be held back during the greatest freshets.

Even in the event of the great cut at the summit being lowered sufficiently to reduce the summit level of the
canal to that of Lake Bolio (the bottom of the canal being then at elevation 10), (32.8 feet) Alhajuela Lake should
not be dispensed with. Its sole use would then be.to constitute a large reservoir in which would be stored the
volume of water necessary for the water supply and the operation of the canal during the periods of deficien 'y in
the natural output of the Chagres and of that portion of tile excess of the frisiietsi which mist be retained ill order
to restrict the oscillation of Bohio Lake to its strictly netessar' limit and thus avoid toti great tiuctuatiions of its
surface. In that case the inaxiumn of reserve to be allotted to the Bohio Lake would be reduced to 100,000,000
cubic meters (3,5.32 million cubic feet), andt that allotted the Alhajuela Lake would be raised to 150,000,000 uic
meters (5,297 million ciubic feet). The height of the dam at Al hajula xvould not be altered, but the outlet woul

be lowered, which would become practicable because there would then be no feeder to supply, the delivery being

by the natural bed of the river.
The technical considerationl forinilg the basis of the general solutions just indicated tal he sulluned till as

follows: Tiie greatest known freshet may be assumed as having produced at Boio, at tilitt time of its maximum, a
discharge of about 3,000 cubic meters (106,000 cubic feet) per second. It is admitted that it is safe to allow tue
escape, through the overflow weirs of the Bohio reservoir, to the right and to the left of the canal, a total vomime
of 1,200 cubic meters (42,380 cubic feet) perI second.

Time estimates that may be niade of tile r6gimie of the freshet under consideration lead us to assume that the
time 'ing xx'hich tie output was greater than 1,200 cubic ieters (42,380 cubic feet) was about forty-eight hou s,
and that the iean output luring that time was 2,e00 cubic mieters (91,800 cubic feet,) per second. The voll1ne to be

impounded would then be 1,400 cubic ieters (49,400 cubic feet) per second during forty-eight hours, or 242,000,000
cubic imeters (8,546 million cubic feet); say 250,000,000 cubic meters (8,829 inillion cubic feet). A liood of thliat
magnitude at Boio call take place only in the event of the determining climatic conditions acting with iteiisity

over the entire watershed, and we can estimate, from a study of tie data at hand, that in that case 52 per ceit of tlii
total output admitted at Bohio would cole from the portion of the watershed above Ailiajuel; this gives for the
considered period of forty-eight hours an output of 234,000,000 cubic meters (8,264 million cubic feet) coi ng froii
the upper region. It will then be always possible to retain in the Alhajiela reservoir 100,000,000 cubic letters
(3,532 million cubie feet) or 150,000,000 cubic meters (5,297 million cubic feet), in accordance withi whichever of the

above plans is adopted. The regulation of the Chagres freshets is therefore absolutely insured Ibiy the arragelielints
just described.
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If, contrary to expectations, a fresliet should exceed the proportions iipon which the preceding calculations are
based, the level of Lake Bohio could be allowed to rise above the established limit; by these means its storage
capacity would he increisedI and tile flow over the spill ways (if the lake woul be carried above 1,200 cubic meters

(42,380 ctibic feet) per second. Tile plais are so adjusted that no damage woul be caused to the canal thereby.
The advisability of building thle Alhajuela (lamli witi its storage reserve, even in the ca se that a feeder should

become unnecessary (on accomit of Lake Bohio forming the sunmit level), results from two main considerations:

Fist. Te abandoiment of Lake Allh ajuela would lead to the concentration Of all the surphis flood waters ill the

Boh io Lake, which would be possible only by gving the dam al increase of several meters more in height, a scheme

iianiinously looked upon as overbold, or by lowerinlig tile minium level of the lake as well as that of the bottom

Of the central cut 1y several meters, wilich is not admissible. Second. The abandoument of the upper lake, whicb
coistitutes th first reguilatolr of tie Chagres floods, would allow that river to enter furiously that portion of tle

canal territory occupied by the IlBohio Lake, Iihere are fonjid, for several kilometers near the point of ingress, bends

an(d natural iiarrows where the total volume of the freshets Would certainly produce curreiits detrimental and
dangerous to navigation. It is true that resource coiul be had to a suspeisioln of navigation at critical times, but, it

would le a regrettable alternative of a nature to throw a ccrtaiin amount Of discredit upoi the efficieniy of t1ie canal;
it is certaiily preferable to avoid this objection 1 V a relatively small additional outlay. Moreover, it is important to

notice that the buildig of this daml will provide a considerable motive power wvIiich will be advantageously applied

in tle working, of the canal itself. Tile expense incurred would thus be plainly justified by the financial return to
be Obtained therefrom.

In fine, tile solution considered by the techical commission as perfectly judicious ald eflicacious for regulating
the floods of the Clhagres consists in the formation of two lakes-one in the upper valley, by the building of a
masonry dam (eencut concrete) at Alhajuela; the other in the lower valley, about the central region of the canal,
1y tle building of an artli dam at Bohio. This second lake will form one of the levels of the canal; and, accordilng

as this level should be the summit level or simply an iitermoediary one, the water supply would be provided either
directly through the Cliagres itself or iiidirectly from the Chagres through a feeder connecting the upper dai with
the caiial.

VA RIOUS PLANS CONslIDIEliED-ToV GENERAL TYPEs.

The general principles which must serve as a basis for the solution of the three fundamental questions before

mentioned. arising in the consideration of a canal with locks, Ieiig thus defied and established, there remains to

be considered how the can he applied and which plan appears to be preferable.

We shall, consequently, indicate the various teclinical considerations which it has been deemed useful to study
in view of the ultimate formulation of a plan for a caial XVith locks; such colibiinatious will be found to differ from
each other only as to special and less important details, which remain to be decided, and which, compared with
those already presented, can be qualified as secondary.

The various plans studied cal be classified under two general types; one in which the summit level of the canal
has aI higher elevation thai Lake Bohio (a lake which is inecessarily a part of all solutions), and ill whicli the supply
of the canal is accomplisIled by means of a feeder startig from the reservoir of the upper Chagres; the other one, im
which the s01111 it level of I he caial is part and parcel Of Lake Bohio, and in which the supply of tle canal is accoml-

plisthed by the Chagres itself empt.viig into this lake.

SOLTION OF THE' FIRST TYPE.

Il the first type a number Of conubinations can 1e considered, varyiug in accordance wit-h the elevation assigned
to the sunlit level. We shall be restricted in thiat research by ithe niumner of locks to be established on each slope
and by the maximum lift to be allowed for these looks. We at first admitted that five locks oii each slope was a

maximum not to be exceeded. As to the lift to he adopted, we decided that Ve Xvould reject the argument founded

on the advantage of using llmaterial purchased by the old conIpany for locks of 11 meters (3.1 feet) lift. These
miiaterials, which w Vere ilitended for much arrover locks than is IowiO considered necessary, would not easily meet
tIle up\w conditions. ThIierefore no weight should be given to that argument, and the question should be examined
without reference to the past.

It is advautageous to reduce the lift of tile locks as much as possible. The building (if tle gates and their
operation afterwards will be easier if they are of a less height; the probabilities of damage or imperfect maneuvering
are also decreased. The consume ption of water in the locks is reduced in tle same proportion as the Ieight of the
lift, anud this is an important consideration when we realize that the supply from the Chagres itself is inade q uate

during a cerlaia season Of the year, and that it will be necessary to establisli reservoirs to be drawn from duriiig that
period. Again, the time necessary for filling and emptying the locks aind for operating then increases with the
height 'of the lift; hence, the time of passage increases withl the lift, and the commercial usefulness of tle canal
decreases pro portiouI el Iy.

All these consideriitiolis have led the technlical commiiission to decide that it vould not be advisable to go beyond

a 10-meter (:,2.8 feet) lift, a1d tbat even a reduction to 9 meters (29.5 feet) would be very desirable if tle (oisequent

deepening of tile central cut does not give rise to serious objections.
The first plam studied included live locks of 10 meters (82.8 feet) lift; the result was the assumption of elevation

34 meters (111.1; feet) as that of the bottom of the summit level, with all excavation of 12,000,000 cubic meters
(15,693,000 cubic yards) in the large central ett comprising tle Eniperador and the Culebra. The experience
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acquired in the course of the present work of excavation in the central trench convinced us that we could, without
fear of danger from the nature of the formation, excavate below that elevation without exceeding tle time required
for the other parts of the work.

At their meeting of May 20, 1897, the technical commission agreedl under any circumstances to establish at
elevation 30 meters (98.4 feet) or thereabouts the maximum height for the canal bottom in the sun nit level. U nder

these conditions it was possible, by retaining live locks oin each slope, to reduce the lift to 9 iieters (29.5 feet). A
second plan was studied upon these bases giving an elevation of the canal bottom in the summit level of 29.50 nieters

(96.8 feet) and its maximum water surface at an elevation of 40 meters ( 131.2 feet). The total excavation required in
that plan at the central cut would be about 15,500,000 cubic meters (20,274,000 ulio yards .

At the same time, and in accordance with the decision to limit to a naximuim elevition of 30 meters (98.4 feet)

the bottom of t11e summit level, we examined a modification of the priimitivxe plan, with 5 ]ticks of 10 ieters (32.8
feet) lift, by suppressing a lock and lowering the bottom of the summit level front elevation 34 meters (111.6 feet)

to elevation 25 meters (82 feet) -the total excavation of the central cut beinIg 20,000,000 cubic meters (26,1160,000

cubic yards). The study of that variant, made as thoroughly as the one in which the elevation is 29.50 meters (96.8
feet), led to the discovery that it would not.be economical, but, on the contrary, would entail a. greater expense,
while the reduction of 4.50 meters (14.8 feet) in the elevation of the summit level would offer but little advantage.
The number of locks on each slope would be reducel froii 5 to 4, it is true, hot the lift would he raised from 9 iieters

(29.5 feet) to 10 meters (32.8 feet), with all the consequent disadvantages enumerated above for the working of the
canal and for navigation. Owing to these coiisidlerations this arrangement was not deemed judicious, an was not
found to offer real advantages over the former plan with 5 locks of 9 meters (29.5 feet) lift. On the whole, the plan
at elevation 25 meters (82 feet) constitutes an intermediary system, a sort of hybrid, between that of 5 locks with 9
meters (29.5 feet) lift and the one naturally derived from it by the Suppression of one step. The technical commission

decided, consequently, that it should be excluded from the number of solutions us(efili to discuss.
Oii the other hand, actual work in the central trench proving to he more and more reassuring and to warrant

the belief that it would be possible, without misgivings as to the stability of the formation, to deepen the excavation
much below elevation 30 meters (98.4 feet) alread v established as a maximum, we thought it very interesting and
useful to examine a variant directly derived from the plan with live locks and 9 meters (29.5 feet) lift by simply
suppressing the upper step. Thus is reached a system of four locks with 9 meters (29.5 feet) lift, in which the
bottom of the summit level is lowered to elevation 20.75 meters (68.1 feet) with a surface elevation of 31.25 meters
(102.5 feet). This solution demands the excavation of 24,000,000 cubic meters (31,392,000 cubic yaris) in t.he central
cut, instead of the 15,500,000 cubic meters (20,270,000 cubic yards) in the five-lock solution. As to the total cost of
the work, the two systems practically balance each other, the increase due to excavation being nearly compensated
by the economy realized upon the rest of the work. Therefore, the omily question which presents itself ill the
comparison to be made of the two systems aside from the manifest advantage that the second presents over the first
in a general way, arises from tile time necessary to complete them. The answer to this question will furnish us with
a decisive reason for a choice to be made between the two. It should be noted here that the study of the second
was made in such a way as to conform to the first in all respects, except as regamis the works of the summit level,
which are altered by the fact of an additional deepening of 8.75 meters (28.7 feet). Ifence most, of the work could
be executed equally for either plan.

Another variant of the same general plan was stulied, consisting in the suppression of a secondI Step of locks,
thus reducing their number to three Oi each slope; but this study is only speculatively interesting. It leads to a
lowering of the summit level to nearly the same point as is contemplated for the Second type, where the water
supply is provided directly by the Chagres, a doubtless preferable arrangement. There is, then, no reason to further

dwell on this modification.
In fine, for the reasons just given we were induced to retain two solutions only friom those relating to tile first

type-namely, one with five locks with 9 meters (29.5 feet) lift, requiring elevation 29.50 meters (96.8 feet) for the
bottom of the summit level; the other with four locks of 9 meters (29.5 feet) lift, requiring elevation 20.75 meters
(68.1 feet) for the bottom of the summit level.

soLUTIoNs OF TIlE SEcOND TYPE.

The solutions considered under the secoindl type, in which the summit level is a part of Lake Bohio traversed by

the Chagres, are reducible to two.

III tile one a single lake oily is to be built-Lake Bohio-and it must, provide for ill necessities-the water
supply and operation of the canal and the regulation of the freshets of tile Chagres. III this system, the bottom) of

the summit level being established at elevation 10 iicters (32.8 feet), the maximum lev l of its water surface, which
would be also that of the lale, could reach elevation 24.50 meters (80.4 feet) in the Inrge freshets, and th Bolio
dam should be raised to elevation 27.50 meters (90.2 feet), which would be about 30 meters (98.4 feet) above its

foundations. In the other a first lake woullI be formed oii tile upper Ch1agres by the Alhajuela ,:lam; tlt, function
of this lake would be to store up all water ned ed for supplying and Operating the canal, as w%('l I na great portion
(the largest) of the excess of the freshets. In that case, the bottom of the suiit level remaining practi'ally at
the same elevation as before, the maximum level of Iake Bohio would not, exceed elevation 20.50 meters (i7.3
feet), and the dam woul remain very nearly within the linmiits establisill'd for all the plans of the first, typle. This
solution is the only one meeting tile conditions for the regulating of the fresliets without giving the Bohio dam
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such proportions as are considered too bold. On that account principally, and also by reason of the advantages
which, in any event, the AIhajuela dain presents by providing a considerable hydranlic power and by permitting
a preliminary regulation of the Chagres before entering the canal territory, it has appeared proper to adopt this
solution preferably to the first.

SOLUTIONS RESERVED FOR SELECTION.

To sum up, three solutions only are retained for comparison in view of a final choice.

The first two, directly related to one another, comprise a summit level at a higher elevation than Lake Bohio,
which is fed from a reservoir to be formed in the upper valley of the Clha gres through th feeder.

II the one the bottom of the summit level would be at elevation 29.50 meters (96.8 feet), and there would be
five locks oim each slope. In the other the bottom of the upper canal level would be at elevation 20.75 meters (68.1
feet), and there would be only four locks on each slope.

In the third solution the summit level is a part of Lake Bohio formed under the same conditions as before, and

the canal is supplied directly through the Clagres discharging into the sumunilt level after traversing a reservoir
formed b)y a damn in the higher valley, mainly in view of assisting in the regulation of the freshets, and of taming the
river before its arrival in the canal territory. The bottom of the summit level would be closely at elevation 10
meters (32.8 feet).

REASONS FOR THE SOLUTION ADOPTED.

The detailed estimates made for each one of these solutions show that, as regards outlay for actual work, they
differ but little from each other. The total expense for the work itself, including large amounts for incidentals,
would be:

Frmnes.

For the plan at elevation 29.50 meters (96.8 feet)----------------------------------- 490, 000, 000=$94, 570, 000
For the plan at elevation 20.75 meters (68. I feet) --------------------------------------- 512, 000, 000= 98,816, 000
For the plan at elevation 10.00 meters (32.8 feet) ---------------------------------------- 531, 000, 000=102, 483, 000

We know that at the central cut the formation, now well understood, allows the adoption of either of these
elevations without fear of serious danger arising, from the instability of the ground.

Under these conditions the time necessary to exCulte one or the other of these three solutions becomes the
determining reason of the choice to be made between them. This question has been the object of prolonged
discussion among the members of the technical coimission-a discussion summed Lup in the ininutes of the ninety-
sixth session. It has been recognized, and we can state that it is not possible to formulate a priori a conclusive
decision oii such a question. So many elements, the value of which it is impossible to calculate with certainty,
bear upon the rapidity which may be developed in the execution of the work that we can not establish in advance
its exact duration. Nevertheless, especially as regards excavation, we can form a close idea by considering what

was formerly accomplished hy the old company and by what is performed to-day, applying to such results such
corrections us can be rationally deduced from the progress made in methods of work and in organization oii a large
scale. We can likewise obtain important information from similar great works executed recently, making ample
allowance for the differences in climate and in the conditions of labor.

By such means we have formulated estimates as to the time necessary for the excavation, which appear to us to
be reasonable.

The problem involved in the cutting of the Culebra itself is obviously of paramount importance. It is undoubt-
edlv the work of excavation which will continue longest, and which, of all operations of that class on the entire
canal, will determine the length of tine needed.

The amounts to he excavated at that special point, between P. K. 53.600 and P. K. 55.500 in the three plans to
be compared, are:

In the plan at elevation 29.50 meters (96.8 feet), about 8,200,000 cubic meters (10,725,600 cubic yards).
In the plan at elevation 20.75 meters (68.1 feet), about 11,200,000 cubic meters (14,649,600 cubic yards).
li the plan at elevation 10.00 meters (32.8 feet), about 15,600,000 cubic meters (20,404,800 cubic yards).

Simultaneously with the excavations the permanent structures must be erected, and it is judicious to establish
the principle that, applying to the working of each of these two classes all possible energy, with the means of
execution and the labor resources upon which we may reasonably rely, it is desirable that their completion be
effected as nearly as possible in about the same time, a condition which would reduce to a minimum the duration of
time undertaking. This consideration is, from every point of view, of capital importance, and it constitutes the
determining reason for a decision as to the plan to be adopted.

Ilut, among the various works to be completed, there is a complex group, the execution of which can oily be
accomplished in successive installments, and this will certainly require a longer time than all the others. It is the
aggregate of the structures constituting the closing of the valley at Bohio (damis, locks, spillways, etc.).

The study made of the methods to be adopted for the construction of these structures, which is sunmed up in
the minutes of the ninety-fifth session of the technical commission, leads to the conclusion that the total time
necessary for the completion of this group of structures will be about tell years. It is not to be doubted that, within
the same time, all the other works can be completed, including the change of Iocation of the Panama Railroad alnd
the feeder, if needed.

In fine, then, the question of the time demanded by each of the three plans under consideration is reduced to
comparing on one side the group of the Bohio works, which, being the samme in the three plans, will require the
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same time-about ten years-and, on the other, the work at the Culebra, the excavation of which varies -otsiderably
in the three plans; then, to consider in which of them the excavation of thiit deep cut will require practically the
same time as the Bohio works. After thoroughlv discussing this question, the technical collnission has decided
that, according to the actil experimenti l datai, it is the plan at elevation 20.75 ieters (11. feet which is the most

favorable, in that it offers the most chanltes of fullilling the fIundaiental condition of eiuilihrilimi il the time required
for the two principal groups of works; :onseq eitly, at their meeting of September 8, 1898 ininety-sivent Ieetinll),
they formulated the conclusion of their studies and advised the company to adopt the plan just mentioned, the
detaileti description of which will he the subject of the following chapter.

It is clear, from this short analysis ofi all the plans considered and from the discussion arising ttherefrom, that,
under the light of the facts brought out during the experimental vork which the new company y haI decided to ia-e
performed before a final decision should he reached, owing aiso to the data furnisht'eti ly the sirvtvs Made and tile
test pits slunk on the Istlimus, with a view to study all solutions that could reasonably le thought of, the present

plan has been evolved progressively. At the outset there was a preference for the plai of a canal with a highl
summit level, which was later chaiged for the mtore advantageous one of a canal with at much lower siliolnit. This
solution, gradually brought about Iby the procurement of imaterial facts, has resultled from the policy of protracted

experimental research and of painstakingtt study which the inew company thought proper to adopt in the 1eginning;
it also constitutes the justification of that polity.

CnAI-ra IL -Description of a pl/i for o u-.i wit h locks, tith bottom of simmi lire u-/bdished oftt ieratio 20.7;3 eterS

(1"8.1 feet).

The main questions which will be the subject of this chapter relate to-
First. The plan or location of the canal.
Second. The longitudinal profile showing the various levels.
Third. Standard cross sections adopted for the several levels, widths, aid'l areas (if these levels.
Fourth. The general arrangements adopted for the locks.
Fifth. The ports of ingress or waiting basins provided at each end of the canal.
Sixth. The general earth works of the canal.
Seventh. The various structures.
Eighth. The feeding system mid its appurtenances.
Ninth. The Upper Chagres Railroad.
Tenth. The arrangement adopted for the regulation of the fresliets, derivations, and xvidenings.
Eleventh. The change of location of tile Panaia Railroad.

Twelfth. The general expense of the undertaking.

. ARTRcA, L-The phan ,r locatimn ( th anad.

The location adopted for the plan of canal uider consideration is precisely the sate i ch was agreed upon atid
followed by the old company for the scheme of a canal without locks, and later for the scheme of tia canal with locks,
which they had ligin to substitute for the first. That location was ju iciously selected, and thre was no tetiliical
reason to imolify it. Oit the contrary, there was economy in preserving it in order to benefit Iby tlt useful work

already done over nearly the whole length of it. It was oily necessary to make a few local chaiigtes in order It
replace curves by straight lines at points of the old location where locks are to be locatittd under the preset scheme.

The location includes everywhere on the normal course of the canal lanre radii, of which the minimum is 9,000

meters (9,843 feet), except inl that part correspondinig to the central cut, where, on account of the more dist ted
nature of the ground, the radius of t few curves is reduced to 2,500 meters (8,202 feet). Ati some special points
forming waiting basins o the approaches of the locks the radius at the theoretical t-enter liiie falls to 2,500 meters

(8,202 feet) (Bohio loks), and even to 1,900 meters (6,234 feet) (Ohispo loks), but there tti- width of the canal has
b-en largely increased. Ext-a widening, ioreover, will be provid-d for all the iurves in proportion to their radii,
according to the best acknowledged rules.

The total length of the canal front its starting point in the hay att .0Fox Rit-r, toil the Atlantic, to its terminus in
the bay of Panama, at La Boca, Ot the Pacific, is 69 ilometers (42.87 miles); lut, dip water being t-t with iiily

in the vicinity of Noas Island, 5,400 meters (3.36 miles) farther thalt La Boca, a channel imust lie diig at sea frit
that point to the iteeting of the permanent deep wa ters, thus increasing the total length of the oalil to 74.4 kilo-
meters (46.23 miles), including that channel.

AirriciE 2.-Loigiidinal priili.

The bottom iif the summit level is established at elevation 20.75 iieters (68.1 feet ) ab ie miealt sea level; tile
minimum depth adopted being 9I meters (29.5 feet), it follows that the m 1iniluim elevation of the water surface in
the sunitit let-el will be 29.75 meters (97.6 feet). A possible oscilIatioi of 1.5 meters ( 4.92 fect) is ciontemplated to
provide for the natural inflow outside of the regular supply, and also for the unavoidable variations of the consullip-
tion which require a certain reserve supply I y. The maximum water sitrface will thus reach a maximum levation of
31.25 meters (102.5 feet). As there are hardly any tides oii the Atlantic side at Colon, we hi,av( a total height of
31.25 meters (102.5 feet) to provide for between that t)(,call and the sumit it level. To that end, the pli contem-
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plates only one intermediary level formed by Lake Bohio, beginning at P. K. 24.5 of the canal, at the Bohio locks,
and ending at P. K. 46, at the Obispo locks.

A double step of two locks is provided at Bohio and another at Obispo. The water surface in the intermediary
level will fluctuate between minimum elevation 16 (52.5 feet) and maxinmm elevation 20 (65.6 feet). The bottom
of the canal, which will form almost throughout the lake a buoyed clannel, Will then be established 9 meters (29.5
feet) below elevation 1 (52.5 feet), or at elevation 7 (23 feet). The bottom of the maritime level is at elevation
-9 (--20.5 feet). The Pacific Ocean gives rise to tides varying between the extreme elevations -3 (-9.8 feet) andi
+5 ( 16.4 feet). The total height to provide for between the lowest tide and maximum elevation of the summit
level is then 34.25 meters (112.4 feet) on that slope. To that end the scheme provides for two intermediary levels,
one located between Paraiso (P. K. 57) of the canal where the lock closing the summit level terminates, and Pedro
Miguel (P. K. 59), where there is a double step of two locks. The other level is located between the last group of
locks and Miraflores (P. K. 61.8), where there is one lock. The surface of the water in those levels can vary 1 meter
(3.3 feet) above their mininmm elevation. The elevations of the canal bottom are 1.3.25 (43.5 feet) in the level adja-
cent to the summit level, -3.75 ( -12.3 feet) in the following level, and -- 12 (--39.4 feet) in the maritime channel.

The double step of two locks at Bohio is intended to cover a total difference of elevation which can vary from
elevation 0 to elevation 20 (65.6 feet), with a possible fall of 10 meters (32.8 feet) in each lock; but we must notice,
as stated hereafter, that elevation 20 (65.6 feet) in Lake Bohio is an extreme figure which may only be reached during
the greatest freshets--that is, on very rare occasions. We can admit that generally the surface of the lake will not
rise above mean elevation 18 (59.1 feet), and that, with re-ard to normal conditions of operation, the Bohio locks are
of 9 meters (29.5 feet) lift.

The maximum difference of elevation to be provided for between the Bohio level and the summit level is between
16 (52.5 feet) and 31.25 (102.5 feet), say 15.25 meters (50 feet) with two locks, giving a maximum lift of 7.65 meters
(25.1 feet) for each one.

On the Pacific slope the water surface of the level adjacent to the summit level is at iniiimum elevation 22.25
(73 feet), which gives a maximum fall of 9 meters (29.5 feet) for the Paraiso lock. The surface of the water in the
next level is at miinimum elevation 5.25 meters (17.2 feet); the maximum elevation of the preceding one being 23.25
(76.3 feet), we have to overcome with two locks a maximum difference of elevation of 18 meters (59.1 feet)-say 9
meters (29.5 feet) with each lock. Finally, the surface in the maritime level varying between -3 (-9.8 feet) and

F 5 (+ 16.4 feet), the Miraflores lock which ends it will have to overcome a difference in elevation which may vary
between 2.25 (7.4 feet) and 9.25 meters (30.4 feet.)

Awcm 3.-aO(aard crosa sections. wiaths, naid arras of thm screral lremr/.

The standard cross sections for the several levels, which were finally adopted by the engineering commission at
their ninety-third meeting, are shown in the exhibits. Their peculiarities can thus be resumed:

.t/a11h1 leoihanel.-Bottom width, 30 meters (98.4 feet) or 34 meters (1116. feet), according to its being dugL ini
ordinary earth or in rocky ground, with slopes of 3 to 2 and 2 to 3 for the \vetted prism, and berms 3 meters (9.8
feet) t6 2.5 meters (8.2 feet) below the water surface. Two waiting stations are provided along this level, the length
of which is 23,880 meters (14.84 miles). These waiting stations have a width of 60 meters (196.9 feet) at bottom and
a length of 600 meters (1,968.5 feet), not including the approaches leading to the normal parts of the canal.

Bohio lerel.-This level, forming a channel across Lake Bohio, extends from (P. K. 24.483) to (1). K. 46). Its
bottoni width in the normal portions is 50 meters (164 feet), with slopes of 3 to 2 in common earth, and 52 meters
(170.6 feet), with slopes of 2 to 3 in rocky ground.

Smmanio lerel.-This level extends from (P. K. 46.603) to (P. K. 56.306). It includes the deep trench through
the mountains dividing the two ocean watersheds. The standard section adopted for its normal portions includes for
the wetted prism a bottom width of 36 meters (118.1 feet), slopes of I to 2, and berms of from 3 meters (9.8 feet) to
2.5 meters (8.2 feet) below the water surface. Alove the wetted prism the cross section includes bernis 5 meters
(16.4 feet) wide for every 10 meters (32.8 feet) vertical distance, connected by slopes of 2 to 5, except through the
clayey layers at the top, where the slopes are 3 to 2.

Lerel behreen Poaraio and edro Afigluel.-This level, next to the summit level, extends from (P. K. 56.643) to
(P. K. 59.07). The same standard cross section as that of the Atlantic level has been adopted. The greatest portion
of its length, however, will be inade up of the waiting stations at the approaches of the locks.

Lerel bveen Pedro Miguel and Mirallores. -This level, which extends from (P. K. 59.373) to (P. K. (1.79), shows
likewise the same cross section as the Atlantic channel and, like the preceding one, is mostly made up of the waiting
stations at the approaches of the locks.

Pacific level.-This level extends from (P. K. 61.453) to (P. K. 74.400), with a bottom width of 30 meters (98.4
feet) and slopes of 5 to 1 from Miraflores to its teriminus at La Boca, where a basin of ingress will be established.
From there to the end it consists of a sea channel with a bottom width of 50 meters (164 feet) and slopes of 5 to 1.

In all the levels above and below the locks and close to them waiting stations or basins are provided which will
also be crossing points for vessels. These basins will have generally a bottom width of 62 meters (203.4 feet) and a
clear length of 700 meters (2,296.6 feet). The length of the curves connecting these stations with the normal section
being 100 meters (328.1 feet), the basin adjacent to the Obispo locks on the Atlantic side, which is on a curve with
a theoretical radius of 1,900 meters (6,233.6 feet), is provided with a bottom width of 85 meters (278.9 feet).
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The respective areas of the several interinediarv levels are the following at, their maximum water elevation:

I[reti-es. Acres
Bohio level, about . .------------------------------------------------------------------- 5,500 = 13, 591. 1
Summit level, including a siall natural lake toward (bispo--------------------------------. 160 = 395-.4
Level from Paraiso to Pedro Miguel ------------------------------- ------------- _---------i= 39.5
Level from Pedro Miguel to Miraflores ------------------ ------------------------------------ 13= 32.1

The area of 160 hectares (395.4 acres), which the suimit level covers, with the additional 1.5 meters (4.9 feet)
of water allove its minimum elevation, constitutes a reserve supply of 2,400,000 cubic meters (85,000,000 cubic feet).
This reserve may seem inadequate to amply meet the fluctuations of supply and consumption. It will then be

proper to increase it l'y the formation of a little lake near Paraiso, which can be formed by building a dam across the
valley of the Conga and the Mallejon. An additional area of about 100 hectares (247.1 acres) would thus be pro-

vided, which would bring the total reserve up to 3,900,000 cubic meters (138,000,000 cubic feet). It could still be

made larger by increasing to 2 meters (6.6 feet) the total oscillation of the water level.

A lTrici i.-nerlo arralngeet adlp1ed tor the letks.

The general conditions required for the locks have been the object of lengthy discussion, as a result of which the
following dispositions have been adopted at the ninety-fourth meeting of the engineering commission:

The locks are to be twin locks, of a useful length of 225 meters (738.2 feet) and a width of 25 meters (82 feet) in

the one and 18 meters (59.1 feet) in the other. However, the engineering commission, like the company, believe

that for good reasons both are likely to be built with a width of 25 meters (82 feet). One (if the twin locks (the
narrower one) would be provided with intermediary gates.

The building of one of the twin locks could be postponed (without great inconvenience) until after the opening

of the canal to navigation, if the company should find a real financial advantage in that policy.

The system of gates, as adopted in principle, is that of pivoted single doors. This arrangement could be modified,

however, in some cases in accordance with the ideas submitted by special builders, from whoim detail plans are to

be obtained.

Such are the data upon which the locks have been plannell.
There is provided below the minimum elevation of the water a vertical depth over the sill of 9.5 mileters (31.2

feet) at the side walls and of 10 meters (32.8 feet) on the axis.
The thickness of the middle vall between the twin locks was determined from the hypothesis that one of the

locks might be eventually empty in case of repairs, and it was fixed at 15 meters (49.2 feet) at the narrowest part
near the point of attachment of the gates. The filling all emptying of the locks is insured by means of cast-iron

pipes, 2.8 meters (9.2 feet) and 2.7 meters (8.9 feet) dliamneter, located under the floor on each side of the locks, and

provided with vertical branches of 0.4 meter (1.3 feet) diameter, 2 meters (6.6 feet) apart. This arrangement allows
of a simultaneous supply over the whole surface of the lock. The pipes will be controlled by vertical shafts con-
taining cylindrical valves and connected with the canal. These shafts and the aqueducts through which they are
connectedl with the cast-iron pipes are located in the masonry of the side walls.

The masonry of the bcycks will generally be made of cement concrete. Only those parts intendedI for special

work will be of cut stone, which will be shipped from Europe all ready to lay. (iiard gates are provided on the

upstream side of the locks, the object of which is to prevent the accidental emptying of the levels.
Timber gtiards will also lie built at the approaches of the locks, and oii a line with their sides, to facilitate the

entrance or the exit of I lie vessels.

The details of this tiniber work iust be especially studied in due time, and so will be those for the gates,

machinery, and generally for all mechanical appliances.

These items rmentionel in the present report in a tentative manner, in view especially of estimiating their cost.

A wrwLciE 5.--Rtusifinr the, inoeres, anders p hp at, each oid olf he canal.

It has been thought proper to limiit the design of these basins for the present to what will be absolutely neces-
sary for the first needs of the operation of the canal. It will be tiue when navigation increases to complete the

structures which will constitute fully equifPed ports of ingress. There is already in Colon, near tile point selected

for the origin of the canal, a port provided with basins and wharves in direct communication with the Panama

Railroad.
These structures, although oil a restricted scale, will lie at the beginning of the operation of the canal sufficient

for the maneuvers of the vessels before their entry into the canal. As, however, the roadstead is rough when cer-
tain winds are prevailing, it is important to provide vessels intending to cross the Istimus with Ia safe shelter were

they can wait. To that effect at the very end of the canal, in prolongation of the bay of Fox tiver, a spacious basin

is to he built 150 meters (492.1 feet) wie and 1,000 meters (3,280.9 feet) long. Mooring facilities are to be estab-

lished oil the shores, and timber guards are to Ie erected along portions of that basin to allow of the loading and

unloaling of vessels.

At the other end of the canal, at La Boca, where it empties into Panama Bay, a large basin is provided with an

adjacent wharf connected with CIone of the terminal stations of the Panaia Railroad. This port might be gradually
improved later on. These works have been executed by the Panama Railroad Company, which thought that a

great advantage could be derived for commercial intercourse from thus coming early in contact with navigation,
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whereas formerly, oln account of the impossibility of reaidng the port of Panama, vessels of too large a draft had
to 1isclarinrge their cargoes at a point opposite Naos Islanis at a great 'ost for lighterage.

The maritime channel between these islaniIs andt the port of La Boca has only been d ng to a depth of 9 meters

(29.5 feet) lelow mean vater for the present; it will have to be deepened ) meters (9.8 feet) when the canal is
completed.

mImCii 6.-fiIinel 1 -mim Imk,, f IIm cu( i.

The excavations necessary to complete the canal under the conditions of the adopted plans are divided as follows

in the several levels:
rihj'tIjime' _I/tlinic Im,,.- We have indicated in article 3 t he stalard cross-section which was adopted -for this

level; it requiredi a wiIth of '0 (98.4 feet) or ;4 (111.6 feet) iieters, accordig as it was to le (ig inl orilinary or in

rocky gronid. This level was dIng Iv the old company for nearly its whole length to very near the final depth.
The bottom so reached has been ini a measure refilled iin places l)y the intrusim oif the Cliagres. The old company
Iadm given a vidth of only 22 meters (72.2 feet) to the bottom of the canal, and the excavation was thrown out in

moinds on the shores by the dredging machines vith long dlischarge pipes used in the vork. In order to enlarge

the section to the staidard one now adopted, those spoil baiiks mii1ist be removeil. The new comipaiy thought that,
to save at the outset a large expetise, they could accept for the present that bottom width of 22 meters (72.2 feet), and
wait until after the opening of the canal for the enlarging of the same by easy dred going operations.

It is under these conditios that the excavation to le made ow in that level wvas calculated. It is as follows:

tubic imeterrs. Cubic ymarits.
Excavation in ordinary soil. . . .-------------------------------------------------------., 87., ) = 7, 678, 000
Excavation in rocky ground .-------------------------------------------------------- 598, 000 = 703, 700

T otal. .- .- .- .- .- .- .--- .-- . 0 , 408, 000 = 8, 38 1, 700

Of this amount we may expect that 4,800,000 enuic meters (6,278,000 cubic vards) can be excavated directly
with dredging inciilies.

Bo/io lerel.-The excavation necessary to form a channel of a bottom width of 50 meters (164 feet) across Lake
lohio, of which this level is a part, is as follows:

Cubic meter. Cubi yards.

Earth excavation . . . .---------------------------------------------- ---------------- , 350, 000 = 8, 306, 000
Rock excavation. . . . .--------------------------------------------------------------- 2, 000, 000 = 2,616,000

Total ----------------.-.-. --------------------------------------------------- 8, 350, 000 = 10, 922, 000
A portion of the earth excavation can mndoubtedly be mahe vith dredginig machines.
Si mnmi Ierecl.-The excavation necessary to form this level, according to the cross section indicated in article 3,

is as follows:
C ibie imieten. Cubic yards.

E arth excavation ----t.ii.----.-.-----.----.i.i.---- -. --. --. -. 6, 250, 000 = 8,175,000
Hard or rocky excavation ----------. ---.---------------------------------------- 17,600, 000 = 23, 021, 000

Total --------------------------- -------------------------------------- 23,850,000 =31, 196,000

In this total the excavation of the Culebra proper, between (P. K. 53.6) and (P. K. 55.5), is 11,200,000
cubic meters (14,650,000 cubic yaruls), ail, inasiiuch as muder the old company nearly all of the clayey imate-
rials of the upper stratnml was exca-vated, the above amount rpresents almost entirely an excavation iii hard
or rocky ground.

The spoil banks for this large excavation will probably le ftormnel for the CUlebra in the Lirio Valley upsteai
and the Quebrada Mallejon Valle ' downstream; the ' y are more than aimple for tite purpose.

For the Emperador the lateral depressions along the line of the cut cn be utilize; also the Rio Mandingo
Valley, which is situated at the upstream extremity ani will accon date a large quantity of material.

P1'rm No Irel.-This level, 2,427 meters (7,962.7 feet) loig, between tihe Paraiso lock and Pedro Miguel ladder,
will require:

Cubi mi-nters Cubic yards.
Earth excavation------------------ ----------------------------------------------- 759, 600 = 993, 600
Rock excavation ----------------------------------------------------------------- 693, 400 = 907,000

Total ----------------- ------------------------------------------------- 1,453,000 = 1,900,600

Pedro Iigel lir i.-This level, 2,117 meters (6,945.6 feet) long between the PeIro Al igtel aiol the l irafliores locks,
will require:

Cxbic miirs. Cfic yaris.
Earth excavation ----------------------------------------------------------------- 617, 600= 807,800
Rock excavatioli-_------------ --------------.---------------------- -- ---- 450, 000 = 588, 110

Total -----------------------------------------------------------------.-. . 1, 108,400= 1,396,400
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Poacifc lcrel--The dgging of this level will require:
Cuic meters. Clibic Yards.

E arth excavation .--.-.-.---.---. ---. -. -. -. -. -. --. ---. -. -. 9, 051,000 = 11,839, 000
R ock excavation . .-- .-- .- .-.--- .--- .- .--- .- .-- .- . 588, 000 = 769, 100

T otal . .----.-. -. -. ---. ----. ---. -. -.-. -.-. 9 , 6:3 , 000 = 12, 608, 100

The greatest part of the earth excavation can be (111 with dredgiug machines, hut it must be carried away quIlite
at distance, this destroying in part the advantages of that method of excavation.

Si UxNtAA.-Tie general excavation required for the digging of the canal proper is summarized in the follow inlg

table:

Earth HtIIa rd anld roeckY. T ol.

C1. 'omce r". 01. yards. 'Imtes. C . yards. C t. m trs. u.ymrd'.
Athml tic marili e. 5,870,000 17, 1678. 50300 000 703, 700 1; los, 0110 I 81,70
Bolio . . . 6,350,Ott 8,301;000 2,000,00 V 2.610 ,000 8,3,o50,1,Ili 10 22, lo0
S m it . . . ,2250,1000 3,175,000 17, 1 10 111111 23,021.11111 21, 850,00 31,1),000
P i so.- .--------- .-- .--- .-- .- .------------ .--- 759, 00 , 000 ,410 1 017, 01: 1 1.11,0 0 1,00, l600
Pedro Miguel . . . 617,00 807,800 51, 00 5 1 '0 1, 1m,oo 1, 1 00
Paceific maritime . . .i .5 ,0 18 90 0 58 0 0 ,0 9,6,19, 000 12,.0 100

To 1 . _ . . 2S,897,200 37, 799, 00 21,870, 200 28,605. 400 51,81os,31 00 66,4 -1,.800

The above quantities were calculated by means of cross sections made before beginning the actual work oi1 till
central cut. The excavation made in that tut is about 3,000,000 cubic meters (3,924.000 cubic yards), and is 1lud d
therein. They will compensate supplemtientary quantities not now calculated but expected from causes that we can -
not exactly determine to-day, such as possible landslides and extra widenings to be given the canal at some1 curves.

The same ca be said of the dredgings just finished for the ingress channel and the port of La Boca, whic amount

to about 2,000,000 cubic meters (2,616,000 cubic Yards).
Pavig canal slopes.--It will be necessary, to insure stabilityv for the slopes of the canal at certain points, to face

them with masonry. We can not determine to-day the size and extent Iof that facilg, the necessity for wviich will

be disclosed only at the very time of excavating.

A general facing, however, has been provided for the slopes of the wetted prism in tile s1 1it level, from the

ber which has been located 2.50 meters (8 feet) below the maximum vater surface.
The quantity of cement concrete masonry required for this facing is 69,,500 cubie iieters (90,900 c'ilic yards),

which was doubled to cover the revetlient work which imay he found necessary at other points.

The principal strictures are:

First. The locks.

Second. The dam1s which accompany their and close the several levels. These da1sare accompanied w\ ith Spill-

ways to facilitate the escape of surplus water.

Locks.-The general arrangement adopted for tile locks was summarized in article 4; only the peculiarities of their

construction are to he now considered. The cost was calculated ill the hvpotheis of the inunediate buildiIg of both

chambers, 25 (82 feet) and 18 (59.1 feet) meters wvide, respectively.

Under the title of general expense the increased expense arising from t lie wideling of the narrower chamber to

2,5 meters (82 feet) will be mentioned, as well as tile temporary reduction which would follow tite postponement of
the construction of tie narroNwer chamber.

On account of the difficulty of securing the services of a great number of masons oi1 the isthml11s, it 0w13s thought

proper to exclude, as mu11ch as possible, stone front the structures ad to substitute concrete moasonlry, %khich does not,
require skilled labor.

Tile copings, hollow quoins, gate recesses, and sills are of hard stone, which are to be forwarded from I rop'
all cut. Most of the locks are located ill knolls alhlst entirely of rock, so th' side walls 1my he simply formed with

a strong facing applied against the sides of the colts. Ill that cts' the facing w(lllld he 3 Imeters (9.8 f't) Ihlick.
When the side walls have to resist earth pressure, their thickness is calculated according to ordinary llethods,

allowing a m111 inimim pressure of 6 kilograms per square c'lIthill'er (85.3 pounds per sqire illchi).

The dividlg wall was calculated according to the method usedt' for a 11aso1113 y (ll, supposing one of the

chambers to be empty and the other full.

A general floor inl the shape of an1 inverted arch is -provided betweell the side wall"'. The heads of the side walls
are provided vith recesses to receive floating gates, which are to aCt as xvater-tight doors ill cas' of repairs to he

iade to the several parts of the locks. The special arrangement foi- each grotip of locks is as follows:
Bo1 i loktl-Tise locks consist of a douIle-step.ped structure located in a knoll formed of a volcani cwngI'm-

orate of variotis rocks cemented with petrified sand. This ground Makes a g'00d resiSting~ foAundationl and is of
sufficient length to admit a double step of t\\(, locks. At either end it suddenly disappears under sandy and] peaty\
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soil. The total length oci-upied by the masonry of these stepped locks is 603 meters ( 1,978.4 reet). The height of
the lagest gates oil hile diowinsteam side of each chamber is 22.8 meters (74.8 feet), thus divided:

Meters. Feel.
Projection over m aximim water elevation. . . . .-.-.-.-.-. . . . .---. . . . 0.5= 1.;

Distance from maximum water elevation to tol of sill ----.-. -----.-.---------------.-.-.-.-.-. 22 =72.2
R e st a g a in st sill ----. -. --- .- .- . . .- . . . . .- .- - . .- . . .- -- .-- - .-- - .-- -- ---- .-.-- ---. . .-. .-. .-- - -=

Total ------------------------------------------------------------------------------------- 22.8=74.8

The width of the gates for the larger chamber is 27 meters (88.6 feet), including I meter ( 8.8 feet) rest against
each side wall. The gates of the smaller chamber are 20 meters (05.6 feet) wide. These sizes relate to the gates of
all the locks.

The estiiatel quantities for this group of locks are as follows:

Excavation- --.--. 1, 031, 000 eubic meters (1,348,600 culbie yards).
Miasny . 4 ---------------------------------------------------- 432, 300 cubic meters (565,500 cubic yards).
Lock gate,. . 3, 805 square meters (40,957 square feet).

Cast-iron pipes. . 11, 700 meters (88,90 feet).

Cylindrical valves -------------------.----------. -. I

(/ispo lo'ks.-These locks are also arranged in two steps for a total maximuni fall of 15.25 meters (50 feet); they
are to be iuilt iii a compact miass of volcanic rock. The totat length of the inason-y N\ill be 603 meters (1,978.4

feet), as before. It would le easy to build on the same location a treble step of locks. The height of the larger
gates is iin this case -19.25 meters (6.'.2 feet).

Tihe estimated quantities for this group of locks are as follows:

Excavation . . 967, 000 ehic meters ( 1,265,000 cahie yards).
Masonry. 72, 000 eubie meters (486,000 cubic yards).
Lock gates---. 3, 230 square meters (84,770 square feet).
Cast-iron pipes. 1, 700 meters (5,580 feet).
Cylindrical \-alves. 16

I'ri'i look.-This lock, to he iuilt on a rock foundation, will be 337 meters ( 1,105.7 feet) long. The arrange-

ment of the several parts is the same as ill the preeding locks. The maximumn fall it is intended to overcorir' is 9
meters (29.5 feet) and the height of the larger gates will be 19.8 ireters (65 feet).

The estimated quantities for this lock are as follows:

Excavation --. 570,000 cirbic meters (745,600 cubic yards).
MasoiryN-. . 215,000 cubic meters (281,250 cubic ' yards).
Lock gate. 1,905 square meters (20,510 square feet).
Cast-iron pipes . 850 rieters (2,7190 feet).
Cylindrical valves. 10

Pdro Milrl looks.-The cks provided at this PtOinrt are iii lt stes, with a maximum fall of 18 meters (59.1
feet).

They will be built upon a rock foundation; the total lerrgth of the masonry is 603 mitrs ( 1,978.4 feet). The

height of the larger gates is 19.8 meters (65 feet).

The estimilate(I q iarrtitis for this group of locks are as follows:

Excavatioii -----.------------------------------------------------- 687,300 cibic iteters (899,000 cubic yards).

Masonry (aggregate) ----------------------------------------------- 404,500 eubiC meters (529,100 cubic yards) .
Lock gates---------------------------------------------------------- 3,275 square meters (-5,255 square feet).
Cast-iron pipes.------------------------------------------------------. 1,700 eters (5,600 feet).
Cylind-rical valv-es----------------------------------------------------- 16

Me/ors pa.--Tihiois ick will cover a total length of 337 meters (1,105.7 feet), and, like the others, will have a

rick foundation.

It will serve as a tide lock ani will have a vtriahle fall of from 9.25 meters (30.4 feet) at the time of the lowest

tides, with regard to the maximum elevation of water irr the preceding level, to 2.25 meters (7.4 fret) at the time of
the highest fidles. The height if tie large gates xNiII be 20.05 ireters (65.8 feet).

The estimated quantities for this lick are as follows:

Excavation.--------------------------------------------------------- 362,800 eubic meters (474,600 ctibic vards).
Alasory (a(ggregate).----------------------------------------------- 228,680 cubic rreters (229, 150 cubie vards).

Lock gates --------------------------------------------------------- 1,900 square meters (20,460 square feet).
Cast-iroil pipes .----------- ---------------------------------------- 85) meters (2,790 feet).
Cylindrical x-alves -------------------------------------------------- 10

DOons nl spil liw'ii. -The locks arc all eoinected with earth dams, the object of which is to fill any depressions
or either side of the canal and to thus close up the several levels. The crndiiirs of (xeentio vry aecolrdiiig ti
local circuitstance's; they a re snitmllma rized below. The plans give the fullest information.

Boio omrs. -There will he constructed at Bohio:
First. A drm across the valley of the Cliagres, abutting on the left against the "Boiio Hill," so called, ir wiich

the locks are located, and or the left against the "Cemetery Hill," so called.
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Second. A spillway to let out, in time of freshet, from the surplus water not retained in the lakes, a volume of
500 cubic meters (17,700 cubic feet) per second in the channels built by the old company on the left of the canal to
the sea, some parts of which only remain to be completed.

This spillway will be located in a hollow formed 1 "Cemetery lill."
Third. A spillway to let out at least 700 cubic meters (24,700 cubic feet) per second in the channels provided, or

to be provided, to the right of the canal, and through them in the very bed of the Chagres at a point where the river
completely diverges from the line of the canal.

This spillway will be built in a depression of land formed by the Rio tigante gap; the escaping water will first
tlow in the swamps of Pena-Blanca to the right of the canal between P. K. 20.5 and P. K. 215.

The Bohio level, which forms a vast lake, the object of which is to temporarily retain a portion of the freshets
up to 150,000,000 cubic meters (5,297,000,000 cubic feet), as explained in chapter 1 of this report, will have a variable
surface which may reach a maximuin elevation of 20 (65.6 feet) or fall to a uaximun elevation of 16 (52.5 feet).

A layer, 1 meter thick, is to be stored in it at the beginning of the dry season to face possible losses through evapo-
ration or percolation; the normal elevation of this level is therefore 17 (55.8 feet). The 3-meter (9.8 feet) layer
between this elevation and elevation 20 (65.6 feet) has an approximate area of 5,000 hectares (12,360 acres), and will
consequently impound 150,000,000 cubic meters (5,297,000,000 cubic feet).

The dam to be built across the Chagres will retain 20 meters (65.6 feet) of water above its bed which here is at
about elevation zero. It will be brought up to elevation 23 (75.5 feet) with an additional height of 3 meters (9.8
feet) above the maxillmum water elevation in the lake. Numerous test pits sunken to great depths on the line and in
the neighborhood of the proposed dam1 did not show any rock in the middle of the valley. It is therefore necessary
to build here an earth dam. The geological section shows that the underground formation is favorable to a work of
that character. The clayey puddle formiing the bottom of this dam can be started at mean elevation -15 (-- 49.2
feet) in a compact argilaceous formation or an impermeable sandy clay bed constituting a thick layer resting on a
very compact bottom of argilaceous sand and gravel.

This damn will have a length of 392 meters (1,286.1 feet) at top. The cross section shows the arrangement adopted
for construction.

The object of the great mass of riprap against its downstream slope up to elevation 16 (52.5 feet) is mainly to
permit great freshets to submerge the structure during construction without any danger of destruction or even of
great damage. This may happen only in the hypothesis of the damo not having been completed to elevation 14 (45.9
feet). Wlhen that elevation is reached, the contemplated spillways at elevation 10 (32.8 feet) or It (36.1 feet) where
rock is met upon which to rest their foundations, would then be stripped to the rock and the channels thus prepared
would then allow free passage to the freshets.

The methods to be followed in the building of this dam were adopted it the sixty-seventh and ninety-fifth meet-
ings of the engineering commission. It was then recognized that by reason of the unavoidable necessity of proceed-
ing by gradual steps in the building of the locks, the dam, and spillways, the execution of the works for tile closure
of the valley at Bohio and for the regulation of the overflow of the lake would require no less thaii about ten years.

The spillways are to be of masonry and fitted with water-tight sliding metallic gates, such, for instance, as the
"Stoney " gates used in the Manchester Canal.

The estimated quantities for these works, i. e., damis and spillways, are:

Excavation. 1,057,800 cubic meters (1,384,000 cubic yards).
Puddled dam embankment. ------.-.-.-. 352,700 cubic meters (461,4)0 cubic yalrds).
Concrete masonry . 34,050 oubic meters (44,550 cubic yards).
Dry masonry .--. . 18,900 cubic meters (24,750 cubic yards).
Riprap. ----. 39,800 cubic meters (52,100 cubic yards).
Timber for sheet piling . 3,260 cubic meters (4,270 cubic yards).
Iron work. 213,500 kilograms (470,700 pounds).
"Platelages-.-. 370 square meters (3,990 square feet).
Gate system. 425 square meters (4,580 Square feet).

Obispo don.-The Obispo locks, at the end of the summit level on the Atlantic side, are connected with a dami
closing the Rio Obispo Valley, thus making this rio a part of the sumiiit level itself.

The location of this dam is in rock throughout, and the structure is to be of concrete masonry.
Its lowest foundations are at elevation 13 (42.6 feet); the surface (if the water it retains being iat a mnaximulm

elevation of 31.25 (102.5 feet), it will rise 18.25 meters (59.9 feet) above the lowest point of the dam. The length at
top of this dam is 100 meters (328.1 feet); a spillway 50 meters (164 feet) long, with gates, is there provided. Its
sill is at elevation 30.5 (100.1 feet), and, without the water reaching a higher elevation than 31.25 (102.5 feet), it
will accommodate the flow of 70 cubic meters (2,500 cubic feet) per second in case the elevation of the water in the

level becomes excessive. The section of the dam is established according to the best rules in use to-day.
The estimated quantities for this dam are thus resumed:

Excavation. 4,460 cubic meters (5,850 cubic yards).
Masonry . 8,000 cubic mIeters (10,)0 cubic yards).
"Platelages" in wood. .-. 440 square meters (4,750 square feet).
Ironwork . . . 20,000 kilograms (44,100 pounds).
Gates .-------------------------------------------------------------- 52 square meters (559.7 square feet).
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I'rim dion.--The Paraiso locks, at the end of the upper level, on the Pacific side, are likewise connected with
a m11n in the depression formed by the Rio Grande Valley. This structure, of little importance, is to be on a rock
foundation, and is to he of concrete masonry. Its lengtl at top is 99 ineters (324.8 feet) andI its greatest height 8
meters (20.3 feet).

A spitl vay, with 1 reguIlatintig gates, is pro vided outside fri mi tle dati to assist, if necessary, in carrying away the
excess of water froum the level. The regulating gates of this spilhway ocenpv a space 35 meters (114.8 feet) long;
their sill is at elevation 30.5 (100.1 feet), and their loving capacity is 50 cubie meters ( 1,765 cubie feet) per second
under the head correspoinding to tile maximin ui elevation of the level.

The estimated quantities for this (tam are as follows:

Excavation---------------------------------------------------. 442, 700 eubic meters (579,100 cubic yards).
Masonry ------------. .------------------------------------------- 5,200 eubic meters (6,800 eubic Yards).
"Platelage -------------------------------------------------------- 60 square meters (650 square feet).
Ironwork ------------------------------. ------------- -------- 7,000 kilograms (15,450 pounds).
Gates ----------------------------------------------------------- -36 square meters (387.5 square feet).

Pedro Miguel Dam.-The group of locks at this point is also to be accompanied with a dam for tile closure of the
Rio Grande Valley, which here again intercepts the canal. The foirmation not being favorable for the building of a
masonry dam, anl earth (lam is contemplated. Its greatest t height ifwill be (9.75 meters (32 feet) from water elevation.
Its leiigt h at top will be 389 tm meters (1,276.3 feet). The greatest portion will have only ati inconsiderable height.

This danm is to be bitilt to tile iight of tile canal; to tile left, in the rocky cut of the Panama Railroad, the location
of which is to be changed, a masonry spillway 47 mecters ( 154.2 feet) long at top will be placed.

The estimated quantities for these structures are:
Cubic meters. Ciihi yards.

Excavation ------- --- -----.------.----.-- .-------- .-- ----------------------------- --- 47,050 = 62,750
Embaiktiment ------------------------------- -------------------------- -----------. . . .- 11, 900 = 146, 400
Masonry. - ----------------------------------------------------. .-------------------------------. . 690 = 910
Riprap-------------------------------------------------. ------------------------- 7,50 = 9,850

3firaT/ors iam. -The Miraflores lock is connected with a dai closing again a low part of the Rio Grande Valley.
It is to be a small masonry structure of a total height, at water level, not exceeding 5 meters (16.4 feet); its top
length will be 96.5 meters (316.6 feet).

Estimated quantities:
Cubie mo ters. Cubi yards.

Excavation -----------------------------------------------------.-. ----------------- 860 = 1, 125
Masonry ----------- -------- --- --- - --- ------------------ ------ -----. -------------- 1,000 = 1,310

AwRILE s.(111gsytm d appur1T1CnaWes.

As stated in chapter I of this report, the method for feeding the (anal adopted and hierein described consists of a
derivation of the Chagres from a high point in the valley at Alhajnela, where a hun is to be erected. A reservoir
will thus le formed which will le in communication with the sminit level of the i-anal by means of a supply chan-
nel to be built on the side hills along the left side of the valley.

The structures required by the feeding system are:
First. The retaining dam at Alhajuela.
Second. The supply channel frrott the dai to the suiimit level.
-UI/hjo me dim.--The object of tile contemplated dani is not merely to raise the level Of the Chagres to a point

high enough for supplying the connecting channel. It is farther reaching, and, as stated in chapter 1, includes
the formation of a large reservoir lake, in which shall be impounded, besides the water necessary for feeding the
(-anal and for the motive power requir-i for its operation during the periods of scar-ity of water in tile river, which
may last three tionths, a portion of the timax liittut output of tile freshets, so calculated as to allow the flow in tile
lower valley of those volumes only which are not considered excessive for the proper regulation of the river.

'I'llt- dam is to be located at a narrow and favorable point of the Chagres Valley, nearly 1,5 kilometers (9.32 miles)
in a straight line from the place where the river tirst iteets the line of the canal (P. K. 45). There we find a com-
pact rock formation, the greatest depth of which is about 9 im-ters (29.5 feet) below tile low-water mark of the
Chagres, which is at elevation 28.4 (93.2 feet).

The lake to te formed by this dam, with a flow line at elevation 61 (200.2 feet), has ati area which the surveys
sihow to be 2,300 iectares (5,090 acres).

The water surface in the feeding channel at the start is at elevation 58 (190.3 feet), and this compared with
elevation 31.25 (1102.5 feet), maximum elevation of the water surface in the upper level, gives a fall of 16.75 meters
(55 feet) for a length of about 15.5 kilometers (9.6 miles). The reserve to be stored up for the feeding of the canal
and for the production of pmver, as well as to make good the natural loss in the lake itself during the period of
scarcity of the Chagres, is estiniated to be 130,000,600 cubic meters (4,600,000,000 cubic feet). This reserve would
require a layer 5 meters (16.4 feet) high friom elevation 58 (190.3 feet), which leads to elevation 63 (206.7 feet).

Above this last elevation must -be stored up 100,000,000 cubic meters (3,532,000,000 cubic feet) to be diverted
from the freshets, according to the provisions male for their regulation, which will require another layer 4 metes
(13.1 feet) high and leads to maximum elevatiai 67 (219.8 feet) for the vater surface in the lake.
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The top of the wall is established at elevation 69 (226.4 feet), and it is, besides, surinoanted with a parapet
I meter (3.3 feet) high. Low water in the Chagres being there at elevation 28.4 (93.2 feet), the depth of water
impoundel will be about 39 meters (128 feet).

The lowest point of the foutndations being at about elevation 19 (62.3 feet), the greatest height of the dam will
be about 50 meters (164 feet) above the foi ratios; its top leinigth will Ie 285.5 meters (936.7 feet).

This structure is expected to be built entirely of concrete masoniry. Its section was calculated according to the
best rules followed to-day in such a inanner that the maximum pressure will not exceel (.5 kilograms per square
centimeter (92.5 poinils pei square inch), which is very reasonable.

In connection with this structure a spillway is to be excavated in the plateati at elevation 75 (246. 1 feet,), which
crowns the rocky knoll forimini lg oni the left bank of the Chagres one of the abutments of the damo.

The drawings give all the necessary inlications for the intended 'disposition of these structures.

Moreover, the minutes of the sixty-iiinth aid niinety-fifth meetings of the n gineering commission completely v
relate the imcans adopted for the mode (if execution. We will only repeat here that, ill order to render easil v
accessible the section of country to be occupied 1b y 1 the dami, its appurtenaces, and the feeding chaiiel, a railroad is
expected to be biIilt between Obispo and Alhajuela.

The time required for the building of the Alhajuela Dam has been, according to data presented at the meeting,
above referred to, estimatedi at five years.

Estimated quantities for Alhajuela Dai:
Cubic iltenrs. Cubic Yards.

Earth excavation .--------------------------------- --------------------------------- 51, 400 = 67, 25o
Rock excavation . . .------------------------------------------------------------------- 18, 900 = 4 700
Masonry .--------------. ----------------------------------------------------- 150, 000 = 19), 200

The execution of this dai will require the excavation of a tunnel of "derivation'' for the waters of tie iag res
and of a temporary dami to throw the waters in that tunnel, which will be 300 meters (984.3 feet) long anl will have
a section of 77 square meters (828.8 square feet).

The spillway is to be dng entirely in the rock; it will have a clear length of 50 meters ( 164 feet), allowing an
overflow of 700 Cubic meters (24,700 cubic feet) per second, and will be provided with metallic gates of the same
type as adopted at Bohio. The sill of those gates will be at elevation 59 (193.6 feet) and the top at elevation 63
(206.7 feet).

The building of this spill way will require quite an amount of rock excavation, which may, however, he utilized
in great part for the masonry of the damli.

The estimated quantities for the spillway are as follows:

Rock excavation .---------------------------------------------- -109,200 cubic meters (142,850 cubic yards).
Masonry .--------------------------------------------------------- 4.50 cubic meters (590 cubic varls).

Platelage .------------------------------------------------------- 150 square meters ( 1,620 square feet).
Gates .------------------------------------------------------ 210 square iieters (2,260 square feet).
Ironwork ---------------------. . . --------------------------------- 80,000 kilograms (176,370 pounds).

ieedingl chmnel.-The channel is esigned to supply at the Outset 25 cubic meters (890 cubic feet) per second.

The plans are such that it xvill be possible to increase this simply by 10 cibic meters (:150 cutbi feet) by alowi
the xvater to rise 0.5 meter (1.6 feet) higher, which can be done by raising the lip of the overflIow opeiiings provided
at intervals over the whole length of the channel.

The surface of the water at the intake is established at elevation 58 ( 190.3 feet); it is the Ilinimiuin flow line of

,the Alhajuela Reservoir.
The territory traversed by ithe location of the channel is divided into three very distinct portions xxith regard to

the general lay of the ground.
The first portion of the channel, that between the intake at Alhajuela and the (iilibre Valley, covers a length

of about 3.5 kilometers (2.17 miles). It is generally a kiiiI of rocky plateau, ut pl) by several very tortuous rios ,
forming steep ravines. It xxwould be ver d difficult and expensive to attenlpt in this region to excavate tie channel oil
the side hills by following the meanderings of these rios. The solution arrived at and xxwhich leads to s1ructures of
simple character consists in directly crossing the plateau while keeping near its edge on the side of the uhagres Val-

ley, and in damming ill, as we proceed, the raviiies which cIlt it up, thus forcing little lakbs through wiic the

channel will cross these ravines. The parts of the plateau too higih above the chailiel bottom will be tunnled.
The total length of the tunnels in this region which extends to 1'. K. 3.5 is 595 iieters (1,952.1 feet). h'le lidiis, all

built in miasonry upon rock found at very shallow lepths, with some relai ilng walls at a few seeolldary depressions,
will require together 8,500 cubic meters (It,120 cubic yards) of masonry.

The intended railroad follows closely the location of the channel, and it will only be iecessary to huild a few
short Decauville branches to give access to the works.

The second section of the channel includes the crossing of the valleyxv of the Chilibre, an important atlilnent of

the Cliagres, and of the Juan MIina, a secondary affluent near the former. Between the (ids Of that section the
channel is, on an air line, about 3,150 meters (10,350 feet) long.

The section is locatled in a large depression very much lower than tie elevation of tIlle chalilel bottoii if it were

continuedi at its normal level across the valley. The most rational and at the same lime the iiost econoiical plan

appears to be across that xtalley byl\' ain iivertell siphon composed of two parts, 1,400 (4,594 feet) and 610 (2,001 feet)
meters long, respectively, connected with a section of open channel 1,140 meters (3,740 feet) long.
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At the cro'0ssilg of the Chilihre, an important metallic strueltlre will be built to support tihe sipholl. The three

pipes of which it is formed have, Iilder the total available head, a flowing capacity of 25 eubic meters (810 cubic feet)
pel. secoiid; the structures for the support alld shelter of the siphon are so desigiied as to allow, if ieeessary, of the

laingo'a fouIrth pipe, thlus jnereasing he Iapaeity to 8 (1,165 cubie feet) or 35 eubir meters (1,240 cubic feet) per
second.

The third section of the supple y channel, along the aelidental slope of a coniti11ous ridge nearly parallel to the
'hagres, is locateI oil the sidebil. This slope is cut at se Veral points y li Somewhat (leep depressions, forming sel-

onlary thalwegs p 'rpendicular to the general direction of tile ridge. The plans adopted for the crossing of these
expressionss vary according to cireilumstiances. li some cases the chasi is to be bridlgel Joy a Iltum1e; ii others it
appeared siIpIler and more ermonmial to adopt the solution already applied to the first portion, which consists in
tamming the 1io at the crossilng of the supply channel, and in forming a small Ilake: these iworlks are nowhere of
Illagiitlule, told the collditions for the fomilalions are favorable in all case-.

The channel iltersectS at several poiiltS of this section high spurs 1%which it would lihive beeln expensive and pos-
siilv dalglerous to cross ill open cults; thee are to be crossedl Iy means of short tillIlnels. This sectioll at its down-
stream terminus ends in a spur at elevation 75 (240. 1 feet) which separates the secondlary valley (If Rio tamiboa
fromt tue valley of the other rio flowing into the sumimit level of the canal. There is no other i.av of crossing this

Spur than by a tunnel which will le 430 meters (1,410.8 feet long.
The location just described(, preparell for the scheme with the bottom elevationl of the summit level at 29.5

(95.8 feet), applies as well to the plan with tile simmiiit It elevation 20.75 (68.1 feet), for which it was thongit best
to preserve the same general features (If the channel. Ii fact, if it were desired to lower tHie elevation of the outlet,
it would he iece essary to greatly lengthen the last tinel, without realizing i material saving anywhere else i(ii the
route of tile channel or sillli fyvi ng any of the structures; on tle contrary y, Ily allowing it t e at ti hI a samee eleva-
tion, we ein command a 9 meters (29.5 feet) fall, thus Creati a source of power without additional expense.

sPElIAL TECH.NIeAL CONDITIoNS.

The feeding or supply channel includes four k ims of work, namely:
First. Excavation for the eiannel.
Second. Retaining wIalls and inasonry dams. .
Third. Earth levees and dlams.

Fourth. Various other structures.

EXCAVATION ANiD ROSS s SECTION OF TH' iANNIi.

Anost everywhere tie channel is in a ut, so that it will be natu rally as wvater-tight as possible; only at the rio
crossings arlil at some points where it was economical to siiply follow the side hills it was found necessary to build
(lams and side walls, which, however, are generally of small magnitlidle.

The total Illngti of the channel is 15,250 meters (9.48 iile) between Alhajuela Iake and the regulating dtam at
the lower end, front which it will emptY into a basin, forming, as it were, an estuar v into the summit level.

The bottom of the channel at the start is at elevation 55.5 (182.1 feet); 'its slope is regularly 0.8 ieter per

kilometer (4.22 feet per mile) in the portions where the sides are of earth or of rock not paved, a1it of 0.0 tieter per
kilometer (3.17 feet per mile) in the tiniels1 and fliimes. The slope was also redue to 0.6 meter per kilometer
(3.17 feet per Imlile) in the opet channel betiveen the two siphons of Chilibre Valle v. The bottom of the channel
at its ilier end is at elevation 18.78 (127.2 feet). 11 eyiond( that point the channel formed )by the upper level is at
:bout elevation 37 (121.4 feet). The plan of the channel is a series of tangents and curves, the radii of which tire
not less than 60 meters (196.9 feet).

The cross sections of the channel are of two kiniS for tht portion in 0pet1n cut; tile engineering commission
particularly discussed, at its ninetv-first ineeting, the question of iross sections, whIlich have ])beeni 1 computed by imealls
of the latest Bazin forimilla, which insures a flow of at least 25 cubic meters (810 ubic feet) per SO(lll. 1(1eides, an
extra height of I letter of water is arranged for, which would ilicreLase the sulply to at least 40 eubic Ieters (1,400
1111ic feet) if necessary. The channel is, therefore, well ale to meet anY possible present and flItilre requirement.

RETAINING wVALS AND MASON[ItY DAMS, ALSO EARTHEN LEVEsI ANi imS.

Where the channel has to cross a rio or a depression not exceeding 5 (16.4 feet) or 6 (19.7 feet) meters below
the normal water elevation, a lateral dam is provilet to replace the omitted side valls. These d-ims are masoNv
wall s at points where they can be built oin rock foundation witholiut incurring too great an expense; this is notably
the case between the inlet of the canal and the Chilibre Valley; theiy are of earth at other points.

The imtlasoinry dams are 28 in number with a total qu a nitity of 29,000 eubie meters (38,000 cubic yards) of
masory; ( they are of concrete iasonry, and their section is calculated from the usual rules. In these structures
spill Iwa ' 1s are provided (if a size sufficient for the easy exit of the waters brought in by the dai ned rios and
quebradas, as well as ill the flow front the sidehills.

The number of earth dams is 16, of I total approximate volume of 10,000 cubic meters (13,100 cubic yards); they
contain 1,400 cubic meters (1,850 cubivic yards) of pouddled work. Like the masonry dams, they are so designed as to
be perfectly secure.
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At the outlet of the first siphon into the Chilibre Valley, the natural ground being at a lower elevation than that
of the channel bottom, an earthen levee 230 meters (755 feet) long, with a height of from 0 to 5.7 meters (18.7 feet)
is to be built. The whole of the wetted prisms will be entirely covered with clay puddle 0.6 meter (2 feet) thick.
The estimated quantities in this levee are:

Earth, 62,000 cubic meters (81,110 cubic yards).
Clay puddle, 7,000 cubic meters (9,156 cubic Yards).

VARIOUS OTHER STRUCTURES.

The other structures include two inverted siphons, two bridge flumes, one bridge over the Rio Chilibre, andl three
smaller ones to be located either in the Chilibre Valley or at the crossing of the Rio Juan Mina.

Each siphon is formed of three sheet-steel pipes 2.4 meters (7.9 feet) diameter, placed side by side, with intervening
spaces of 0.5 meter (1.6 feet) for repairs. The heads of these pipes are inserted in masonry dams, and are each fitted
with a gate, in view of independent service. There are waste gates at the lowest point of each pipe.

The length of the first siphon is 1,400 meters (4,600 feet), with a loss of head of 5.2 meters (17.2 feet). The
radius of the pipes being 1.2 meters (3.9 feet), their aggregate flowing capacity, according to the method of calcula-
tion generally used in the department of the Paris waterworks, is 26.09 cubic meters (921.4 cubic feet).

The length of the second siphon is 610 meters (2,001 feet), with a loss of head of 2 meters (6.6 feet) and an
aggregate flowing capacity of 29.16 cubic meters (1,029.8 cubic feet).

The necessary supply is consequently well insured. Moreover, the substructure, as previously stated, is ample
enough to accommodate a fourth pipe.

The siphons rest upon coni rete foundations by means of intervening cast-iron shoes.
At the crossing of streams, culverts are provided for the flow thereof. Two flumes bridge the Rio Falupa

(P. K. 9.128) and the Rio Falupita (P. K. 10.1), respectively, and present a section sufficient for the supply.

TUNNELS.

In order to avoid expensive detours which the location of the channel over very steep sidebills would have
required, fourteen small tunnels are contemplated, with a total length of 1,555 meters (5,1018 feet). The wetted

part of these tunnels is to be lined. The upper part miay also be lined, if necessary.
The cross section of these tunnels is calculated by A1. Bazin's formula and will largely neet ll Iants.

MEANS OF ACCESS TO THE WORKS.

In order to execute the various works just explained, storage yards for materials will be provided at convenient

points near the branch railroad from (Gamboa to Alhajuela; then from these yards to the works, "Decauville,"
narrow-gauge branches will be built to facilitate the necessary hiandling of materials at the works.

These branches will have a total length of about 5,000 meters (16,400 feet).
The following table is a summary of the estimated quantities for the proposed feeding channel:

General excavation:

Earth .-.-. 232,000 cubic meters (303,500 c1bic yards).
Rock.--.-- 386,000 cubic imeters (505,000 cubic yaiIs).

Earthen levees anld dams between the siphons:
Em1ankiient . 72,000 cubic meters (94,200 cubic yards).
Clay puddle .------------------------------------------------- 8,400 cubic meters (11,000 cubic yards).

Various tunnels .1-.---------.-.-. -. . l,555 m eters (5,101.75 feet) long.
Dams and masonry walls of concrete masonry--------------. 29,000 cubie meters (38,000 cubic yards).
Siphons in Chilibre Valley, with three pipes, foundation, and covering 2,010 linear meters (0,600 feet).
Metallic trestle supporting the siphon over the Chilibre. 45 linear mdeers (148 feet).
Bridge flume over the Falupa and the Falupita . 90 linear ieters (295 feet).
Branches of Decauville Railroad to give access to the several works -. 5,000 linear meters ( 16,405 feet).

A ric E 9.-Upper Chogrin il(rol.

The railroad contemplated to facilitate the access to the whole region, including the supply channel and the
Alhajuela Dam, starts near Oamboa from a branch connected with the Panama Railroad and already built along the
central cut of the canal. Its terminus Iwill be the plateau, which at elevation 75 (246.1 feet) commands the site of

the Alhajuela Dam, and upon which will be built the houses for the laborers and all otlIer Issary builings

and appliances.
The location of this road, a plan and profile of which have been made, was studied so as to bring it close to all

the points of the channel where structures require the incoming of materials. The cross sections show that it will
be built over ground having easy tranisverse slopes. The 1art works required will imit be large. It will le easy
to build close to the road laborers' camps and other buildiligs required 1biy the contractors aid for the storage if

materials.
The gauge of this branch road vill be the standard of the Panama Railroad. The mininum radius of the curves

is 150 meters (492.1 feet). Its length is 16.2 kilometers (10.07 miles).
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An estimate of quantities is as follows:

Excavation:
Earth . .----------------------------------------------------- 125,500 eubic meters ( 164,150 iubic yards).
Rik.-------------------------------------------------------.32,000 cubic meters (41,900 cn)bic yards).

Embankment:
Front excavatin.------------------------------------------------ 157,500 cubi1 meters (206,010 cubic yards).

li rrowed . .-------- ------------------------------------------ 12,800 cubic meters (16,750 cubic vards).
Excavation for fotndations of strctur.------------------------------ 3,900 cubic meters (5,100 cubic yards).

Masonry, total---------------------------------------------- G8,0 cnb tic meters (I 1,290 cubic yards).
Metallic trestle over La Falupa and La Falupita.---.------------------. -3 Ieters (102.27 feet).

Metallic trestle over Chilibre ---------------------------------------- 4:1 meters (141.08 feet).

Metallic trestles over minor opeiigs ------------- -------------------. 103 melers (37.93 feet)-

The building of this branch road is estimated 14 require two Years.

The general features of tle plan adopted for the disposition of the freshets of the Chagres were indicated in

chapter I of this report. They consist, mainly:

First. In providinIg for the free flow during the period of maximum flood of an amotint of at least 1,200 cubic
meters (42,380 cubic feet) per second through the Bohio spi llways and through special lanniels to the right and left
of the canal.

Second. In retailig the surplilus of the floods, which is estimated in the most unfavorable eases to be 250,000,000
cubic meters (S,829,000,000 cubic feet), in the Bohio Lake to an amount of 150,000,000 ru-ic meters (5,297,000,000
cubic feet) and in the Allajuela Lake to an aiout of 100,000,000 cubic meters (:,;5,32,000,000 cubie feet), the amounts

so impounded to be gradally released at the time of the subsidence of the floods.
There remains only to indicate the special arrangements adopted to meet these conditions.
Two spillways are provided at Bohio, one with a 54-iiter (177.2 feet) opening on the left of ti- caial and with

an estimated overflowing capacity of 500 cuibi- meters (17,700 cubic feet) per second; thte other with a 78-meter
(255.9 feet) opening on the right at the Rio Gigante gap, with an estimated overflowing capacity of 700 cubic meters
(24,700 culdic feet) per second. These spillways are provided.with movable gates :3 meters 18.8 feet) high, the sills
of whit-h are at elevation 14 (45.9 feet) and the top at elevation 17 (55.8 feet) when they are completelyv lowered.
Generally the gates will remain lowered so as to maintain the water in the lake at elevation 17 (55.8 feet).

When a freshet shall occur the gates will be gradually raised, always maiiitaiiitng that constant elevation while
allowing the flow of all the incoming water, uitil the gates, being completely raised :3 meters (9.8 feet), the output
of 1,200 cubic meters (42,380 cubic feet ) pei-r second will be reached; t(e total length of the spillways is calculated
with that end in view. From that moment should the freshet continue and the overflow become greater than 1,200
cubic meters (42,380 cubic feet) per second, file gates would be gradually lowered so Is to Iiinit to that atunit the
quantity issuing through the openings, and thie suirplds would Iiaturally be imipomided in the lake, raising its surface
about elevation 17 (55.8 feet). It may happen that the water may progressively reach elevatiin 20 (65.6 feet) if tle
frshet is very lar-ge; at that moment the gates shall have bio completelv lowered, their top being brought back to
elevation 17 (55.8 feet), liain the output of 1,200 cubic meters (42,380 cibic feet) per second will flow over the ltop

-ider a 3-meter (9.8 feet) head; the length of the spillways is so calculated as to allow the flow of 1,200 cubic meters
(42,380 cubic feet) per secondti under that head.

The storage of 150,000,000 cubic meters (5,297,000,000 cubic feet) will thus be obtained.
Similar arrangements are provided at the Alhajuela spillway for the impotiding of 100,000,000 cubic meters

(3,532,000,000 cubic feet ), and a free maximum flow of 700 cubi meters (24, 7100 cobic feet) per second). It was, in
fact, calculated from tit data at liand that this amioitint, together with the volume naturally furnished to Lake Bohio
by the watershci below Alliajiiela, will give a tiital maximum flow (inflow) of 2,000 cubic meters (70,600 cubi feet)

Per second, ont of which, 1,200 ubic meters (42,"80 cobic feet) being freely allowed passage through the TBolh io
spillways, 800 cutie ieiters (28,250 iubic feet) will be retained and form, during the period of at most fort y-eight
hours. correspond intg t te passage of a dangerous flood, the volume of 150,000,000 ubi icmeters (5,297,000,000 cubic
feet) to be impounded.

To take care of 1,200 cibic meters (42,380 cubic feet) per second issuing from the Bohio spillways, "derivations"
are provided to the left and rigit of the canal. These "dirivatiois" were made iii great part by the old company.
They are merely to be repaired iii an completed. They are completely isolated from the canal, and levees will be
built at such places where they will be deemed necessary to shelter the caiial from any eventual intrusion of the
waters carried in the "derivations." lII case the output of 1,200 cubic meters (42,-80 cubi feet), whiCh the are to
aciom itlate, would he accidentally overstepped, thtle flow of the surplus will take plaee in the main bed situated
ietwec the " derivatioiins " and tlit- protecting levees of the canal.

W1"iei ot.-Lake Bihio tontains some narrow and tortuous portions which the width of the canal would nearly
Jill. Unless those parts are widened currents dangerous to litigation ighlit result. Tliese narrow places are to be
so straightened and widened that the possible low at the tiie of the maximum inflow will not exceed tn average
velocity of 1 meter (3.3 feet) per second.
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A R I LE11-Chny o loaton f hePanamta Railromd.

The preset nt railroad across the Isthimus intersects the line of the canal in two places. It does not seem a1 is
si to allow a railroad to cross so important a canal, on account of the impediments which illiglit resuillt for navig
tiO . Moreover, the elevation of the water ill Lake Rohlio, which is a part of the plans considered, it places
higher than the railroad track, which wonll thus be snubierged. For these two reasons it is necessary to relocate
the railroad and to keep it to the left of the canal, where it is in w situated at its starting p/int at Colon and at its
termin ns at Panama. This change will begin a little below the site of tile Bohio Daim and terminate it Atiraflores,
where it will meet again and follow the actual location. The final surveys for this change of location are I/ot vet

nadii; a preliminary location onIly has been made, which permits to approximately v estimate the required expense

at 250,000 frans (,448,250) per kilometer. The total length of the new location will be about 50 kilometers (31 ileo).

Alnerri .-l nera expcne.

The cost of the plan just described has been estimated carefull v and ill detail for all kinis of wiirk. The estimate
for excavations was established from calculations iased upon nu///imerous cross sections made espiailly for that pur

pose, and for the various structures, froi complete drawings. The details may, lit the time of act hial execution, he
more or less inolified, but the estimated expense would riot be practically changed thereby, but the I/it prices
adopted ill Our estimate volld be perceptibly io/ifiel by probable improvements i/I the means Of execution. We

ca/l, therefore, expect that such modifications woi reduce the estiniates, as the unit prices i/dopted ore large.
The general cost is summed up as follows:

(,eneral cxcacatimn.
Frates. Dol, s.

Maritime Atlantic level -----------------------------------------------------------. 20, 568, 000= 3, 969, 700
Bohio level.-------------.--.-------------------------- -----------------------. 111., 225,000= 6, 412,1-500
Sumnit level . . .-------------------------------------------------------------------- 118, 675, 000=22, 904, 300,

Pe/ro-Miguel level . . . . .------------------------------- -------------------------------- 4, 78, 000= , 22, 100
Maritime Pacific level. . .-----------------------------------------------------------8 0,7 387, 000= 5, 864, 700
Contingencies . . .------------------------------------------------------------------ 21, 000, 000= 4, 053, 000

Total . . . .------------------------------------------------------------------- 235, 000, 000=45, 355, 000
Revetment of the canal------------------------. . .----------------- ------------------ 7,000,000= 1,351,000

lGeneral cost of excavating canal.-------------------------------------------- 242, 000, 000=46, 706,000

The average prices adopted, including labor and disposal of materials, are, for dredging, 3 fralies (80.579) and

exceptionally 3.5 francs (40.6755) per cubic meter for ordinary excavation, and 5.5 francs ($1.0615) per eubic meter

for the removal of rocky materials.
For the big trench and other dry excavation they are 3.5 francs (10.6755) for Ordilnary excavation aind 5.5 frales

(S10615) for rocky v excavation, including all labor and dlispo.5al of materials.

These unit prices were estalished from the actual cost Of the irge central cut, with corrections xthich appear to

he justitied by expected future conditions.
Lock:s.

Franes. D"Musr.
Double step of twin locks at Bohio.------------------------------------------------- 32, 21G, 000= 6, 217, 700
Double step of twin locks it Obispo.------------------------------------------------ 29, 928, 000= 5, 77,100
Paraiso twin locks .-----------------------------------------------. ---.------------ 15, 945, 000= 3, 077, 400
Double step of twill locks it Pedro Miguel .----------------------- -------------------- 28, 851, 000= 5, 568, W0
MiralIores twin lock --- --.--------------.---------------------------------------- 15, 799, 000= 3, 049, 200

Timber approaches of locks and operating i/achilery .--------------------------------- 1, 675, 000= 2:,, 0O
C ontingencies ---. -. --.-. -. -.-. -.-. -.-.---.--.------.-.--.-. -. 12, 586, 000 = 2, 429, 100

-eneral expense for locks . . . . .-------------------------------------------------- 187, 000, 000=2i, til, 100
The price for masonry has been determined byli a careful analysis of /lilantities and stablished it 50 fralies

($9.65) per cubic meter.
D(mis andl spilbrtt.S

Bohio dam and spillways, includinI g tem porary structures . ------------------------------ 10, 8 l, 000 = 2, 119, 300
Obispo spillway daI .-------------------------------------------.---------------- 451, 700= 87,2 00
Paraiso dai anI spillwa-y.--------------------------------------- ------------------- 1,348 700= 2/;0,; 00
Pedro M igutel (lank and spillway ---.- .-- .- .- .---------- . .,.- . -. -. --. 896, 900= 17:3, 100
MI'iratlores daml and spillw ay .- .----- .-- .- .- .---.-------.-.-.-.--.----.- 50, 200 = 9, 701)
Alhajuela damn and slillway, including temporary striicturcH .---.-.--.--.-.-.--.-. 12, 210, 700)=2, 356, 700
Contingencies --------------------------------------------------.--.------------------. 4, 060,(l=- 783, 700

General expense for (lams.----------------------------------------------------------. -10, 000, 00o=5, 790, 000

The masonry prices are the same as for the locks, as regards the dams along the canal, and are raised to 60 fral//s

($11.58) for the Albajuela dam.
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" Drvti(0.'' und ('4den ;o/.
Vrane-. [(ols s.

Derivation'' to the left of canal -----------------------------------------------. 5, 547, 000=1, 070. 00
D erivation " to right of canal -.-.-.-.- .------- . .-.- . ---. ---. ---. -. -- 5, 550, 000= 1, 071, 200

Widening at various points of Lake Bohio. 3, 298, 700= 60, 600
Contingencies . . . . . . . . . . . . . . . . .-. . . . .-. 1,---4, 300= 809, 600

general expense for "derivations" and wienings.--------------------------------- 16, 000, 000 =, 1)88, 000

RA'ilirods.
Frals s. Dollars.

Change of loation of Panama airod- .-.---. ---------------------------------- 14, 000, 000=2, 702, 000
Higher Chagres Railroad--------------------------------------------------------------- 1,017, 000= 812,100
Contingencies --------------------------- ---------------------------------------------- 88, 000= 73, 900

General expense for railroal.ls--------------------------------------------------.0, 000, 000=,0, 00)

Fmn1l1s. D0,1s

Estinmted expense ------------------ ----------------------------------------------- 15,000,200= 2, 895, 000

Contingencies ----.------------------ ---- .-- -- 1, ,800= w8(,100

(General expense for the channel.---------------------------------.------------- 17,000,000- 8,281,000
Estimated cost of right of way-------------------------------------------------------- 6,000,000= 1,158, 000
Estilmted expense for powr plants---------------------------------------------------- 13, 010 000= 2, 509, 008

The aggregate of the eyxpnsO above summnarized represent, a total of .-.-. 477, 1)1T000=2, ,08, 100

Contingencies on account of unforeseen structures, tilhe need of which miay develop (hring

construction, in addition to the suns (nearly 42,000,000 francs) (8, 106, MR) already

estiiated for tie rest of the work -.-.-.------------------------------------------ 85, 00), 000= 6, 755, 000

Total expect ion of canal and appertainhng work-----.--- .-- .-. 512, 000, 000=98, 836, 100

This amount would be dminished by ab10t 41, 0, 000 francs (87,72),(1)) if the lUldig Of a secon lIIniber
in a1 the locks were temporarily postponed.

The amount of 512,000,000 francs (898,836,100) would be raised to 525,000,000 fra1es (8101,325,000) if both
chabirers, with at width of 25 ineters (82 feet) each. were built at the start for each lock.

Dated Paris, November 16, 1898.
(Signed) A. RoIAoI1<,

(Signed) IIENIY I. A 1loT.

(Signed) E.a~it
(Signed) V. .
(Signed) I'nimio .

(Sied) A. AMMYe.

(S'iged) FiIsOE1.
(Signed) H l1s12.
(Signed) W. HENRY HUNr11.

(Signed) Korn.
(SIlne) J8 i Ai1rIN.

(Signed) C. SII ,(wskI

COMPARISON OF ADVANTAGES AND DISADVANTAGES OF THE THREE PROJECTS
(ENLARGED) OF THE TECHNICAL COMMITTEE.

It will be assuned that, in respect to the water supply in the dry season mid the regulation
of the (hagres River in times of floods, all three projects stand on te sa1e footing, and that
they, all eqIal in respect to time of completion; for although the amount of excavation in the
(ilebr division diffrs miateriallv in each, the controlling feature that lixes the time of Completion
of the canal is tile construction of the llohio dam, locks and spillway, and these are identical in
each project.



THE PANAMA CANAL-P ART H. 117

ROECT Ill.

[Summit level, 6231 foct.]

ADVANTAGES.

1. The suimmiit level is lower than in either of the otlher1' projects.
2. The fluctuation in the level of Lake Bohio is less. This arises from the fact that in

Project III the amount of water to he stored up in Lake Bohio during g floods is less. Ini Projects
I nd II it was expected ti store up in floods III 0,000 cubie meters in Lake Bohio, whereas in
Project III the anouit to Ie stored up-is only 100,000,000 cubic iieters.

8. The less nitunher of locks.
4. Bv reason of the fewer number of locks there is less danor of any interruption to navi-

gation from their getting out of order. This advantage, however, is iiot great, b se, the
locks being in duplicate, it is not likely that both will be out of order at the same tinie.

5. The time of transit will be shorter. This is not an important advantage. The difference
ii time of transit is so insignoilicant when measured Iy the expense of running the vessel that it
is almost negligible. The average tonnage of vessels passing through the Suez Cal is something
over WH0 toins. The cost per hour of a 3,004-ton ship ruling at full speed does not average
more than about $2. In the canal the speed wvill be reduced. For a steamer of 4,(0) tons, i2a

per hour would be ta fair average. A saving of two or three hours, therefore, in time of transit
is almost too insignificant an item to merit consideration.

0. It approaches more nearly the sea level and consetquciitly can ie transformed into a sea-
level canal, should it ever become necessary. in less time, with less inconvenience to coninerce
and at less cost than either of the other projects.

7. Projects II and I both require an artificial feeder for the summit level. In Project If,
Lake Bohio will be supplied from Lake Alhajuela by the river itself without an artificial feeder.
This is an important advantage.

8. The cost of maintenance will be less than in either of the other projects on account of the
less number of locks and there heing no artificial feeder.

9. Should the length, breadth and depth of vessels using the canal increase so that an
increase in the size of locks should become necessary, it could be done more readily with five locks
than with any greater number.

DISADVANTA"Es.

1. orreater cost. This is an insigitiicant iten and does not amonit to more than about

$5,0,0t)) when compared with Project II, nor more than about $10,0M0,M) when conmpared with
Project I.

2. On account of the greater depth of the Culebra Cut there will be greater danger of slides.
The deeper this cut the greater will he the difficult of maintaining it. It is not possiile to
estimate what the additional cost of maintaining the cut will be, but it may safely be assiined
that the cost of maintenance will be in direct proportion to its depth.

Pom ri II.

[Sumnmit lev, 'T fWQie

ADVANTAGES.

. The summit level being lower than that in Pioject I, it has an advantage over the latter,
but not over Project III.

2. The estimated cost is somewhat less than that of Project III.
3. The excavation in Culebra Cut is less than in Project Il.
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DI1SADVANTAOES.

1. As compared with Project III, it has a higher suinmit level.
2. It requires an artifical fee(er to supply that level.
3. The use of a feeder. which may get out of order, is a disadvantage.
4. It requires two more locks than that of Project III.
). ThI cost of maintenance will be ("reater than that of Project IIT.
6. On account of a greater number of locks there will be greater liability of their getting

out of order.
There is a greater fluctuation in the level of Lake Bohio.

S. It will require more time, more money and will inconvenience commerce to a greater
extent to transform it into a sea-level canal, should it ever become necessary, than Projeet 111

[Simmni t level, 126.31 feet.]

ADVANTAGES.

1. Less excavation in Culebra Cut.
2. Less estimated cost.

I)TSADVANTAG ES.

1. Higoh sunmnit level.
2. Greater number of locks than either of the other projects.
3. Greater cost of maintenance, due to greater n ber of locks.
4. On account of the greater number of locks there is gri'eater danger of the canal being put

out of order.
5. As compared with Project III, it has the disadvantage of the artificial feeder.

* 6. Liability of artificial feeder to interruption.
i. Can not be as quickly transformed into a sea-level canal as either of the other projects.
The accompanying portfolios. A and 13, contain all the lnaps needful to a full understanding

of the Report of the Technical Committee and of the Technical Notes (Appendix A) of which they
formed a part.

Portfolio A contains a map of the canal region on a scale of d y ill five sheets.
Portfolio B contains the following plates:
JP/at- I.-General plan of the canal o1 a scale of , f)0
P/at 2.-Profiles of the projects which ha\ e the Ibed of the summit level at elevations 20.75

meters and 9.75 meters.
P/ate .- Cross sections of the canal in the various materials.
Platb ,.-General plan of the region of Bohio.
1P ate .- Locks at Bohio.
Ilid 6.-Bohio dam in elevation and section.
P/utc 7.- Bohio spillways.
IPlatb 8.-Paraiso lock.
Plate 9.-Dam and spillway at Alhajuela.
Pwtc 1.-General map of the upper Chagres, with the location of the feeder and railroad

indicated thereon.
IPlate 11.-Profile on line of feeder.
Ilte 12.-Drawings of various works in connection with the feeder.
Plate 13.J-Profile of railroad from Ganmboa to Alhajuela.
1PYa //,.-Railroad from Ganmboa to Alhajuela, various types of cross sections and metallic

bridge across the Chilibre.
P/ab' 1J.-Stud' of a method of making the Culebra Cut (general and detail plans).
Plate i.-Study of a method of making the Culebra Cut (cross sections).
Iat 17.0- Graphic illustration of the number of laborers and mechanics needed to exe-

cute the works. ii. Graphic representation of the distribution of expenses over a period of ten

Years for the 2R).75 meters project.



APPENDix A.

TECHNICAL NOTES CONCERNING VARIOUS PROJECTS ADOPTED FOR THE SOLUTION OF
SEVERAL SPECIAL PROBLEMS IN THE CONSTRUCTION OF THE CANAL.

By A. Lou Cis ( N, inginher in C6ief of New Panannam Canal Conpany.

INTRODUCTION.

The report of the technical comni ttee of November 16, 1S98, which was subibmitted to the
board of directors of -the company, has set forth the general and complex problems incident
to the construction of a lock cainl to join the two oceans through the Isthmus of Painia. Suni-
nong Lip the discussions of many sessions devoted to the study of this great problem, the comi-
nittee has laid down those principles which should I adopted as bases of the tinal project,
taking into consideration the Iimits within which to keep the expenses, the necessity of reducing
the pi riod of const riCtinIg the works to a reasonable time, the guaranties of a successful execn-
tion of tihe projected works, which most not be overlooked, and lastly, the chances of lowering g the
large central cut to greater or less depth without endangering the probably stability of the slopes
and without risking serious disappoi ntiment respecting tle period of construction.

At i ca reful examination the technical connittee deenimel the lock-canal project the one
best fililling the requirements, and, among the several studies, the one including the lar e
central cut, having its bottom elevated 20.75 meters aboT inan tide with a highest water level
of 31.25 iieters above the sale. The difference in level between this and the oceans would be
overcome on each slope by four locks, so placed oil the Atlantic side as to forn a single inter-
mediate level, which would be the so-called central Lake Bohio, and on the Paeitic side two
intermediate levels. In this project the sunuiit level would h led from a dam at Alhajuela in
the upper valley of the Chagires. This dam would raise the level of the river to the innniim
eievatioi of 58 meters, and would forn an immense reservoir haiing an area of 2,3) hectares in
which to store the surplus waters necessary to feed the canal during the dry season when the
regular discharge of the Chagres is insuflioient for ordinary needs. This reservoir would coin-
muiniicate with tile sunmnit level by means of a feeder about 15 kiloineters long. The project for
this feeder is ident ii with that for the project having a ottomi elevated 29.50 meters above sea
level, mentioned below. No advantage would result from reducing its level iil the project at
2).7,5 liites, either front a technical staiidpoint or in regard to its cost of construction. The
fall thus obtained at its terminal point will be utilized as an important source of powmr.

In the 09.54-lt tr is well as in the 2075-neter project the height of the Albajuela daim would
be raised suflicicntly to provide, iii addition to the volume necessary to feed Ile canal, a further
capacity to hold back part of the volume of nmxiumi discharge, during excessive floods of the
Chagres, thus reduing to a reasonable extent the discharge into the lower lake which constitutes
one of the levels of (hi cail. This second ike, constituttel by a diiu at Bohio (P. K. 24 of canal),
Would have its normd level it etevatioi 17 iieters. During tle drv season it might fall to D;
meters, owing to natural losses, and the elevation Of the hot(m) of the navigable channel throughI
this lake would then be 7i meters alive sea level. In time of lage HIoods the function (i this
lake, concurrently with the Alhajuela Lake, would consist in regI lating and in Moderating the
low hy holding back inoinutirily part of Ole maximum discharge, which would raise its surfa e

to tho niaxiniun level of Wt meters. The lowest water level of the Cliagies being aboit at e va-
tion () iieter at the point where the daiii would le built, it follows that the aim would ave a
nmxiuni pressure, due to thti height in the lake of 20 motors. It wiuld le a so-called artI darn,
because the character of the foundation does not lind itself to the construction Of a masonry daun.
The discharge at the outlets of the lake, thaiks to the systin of storing provided, would he
limited to a unixiinum of 1,)t cubie enters per second in time of the largest floods, aid ( this
discharge in the region extending between the hohbo damn and the ocean would be regulated by
means of special channels, either natural or artificial, on both sides of the canal, under such
conditions as would protect the canal against any invasion.

This is a short analysis of the project devised by the technical coiiittee, which is dtsribed
in its essential features in the second chapter of its report Cornurrently with this project, the
committee retained, after a study of all the variints, two other plans intinately coinectel with
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the first as regards the provisions adopted and derived therefrom, either [or deepening more or
for deepeniiig less the central cut.

In the to frier variant it suffices to add a lock at each end of the sununit level in addition to
those provided in the above project; ill the latter variant, on the contrary, these latter locks would
he suppressed and the suninmit level, identified with the Lake kolkio itself, would extend troum
the 1ll1io locks to the Pedro-MAl iguiel locks. In tie former of these variants the bottom of tile
summit level would be elevated to 29.50 meters and would 'e fed exactly as in the project favored;
in the latter the bottom oft tle suniit level would he reduced to 9.7.) meters above sea level and,
heing identified with Lake Bohio, would be fed directl y' vy the discharge of the Chagres into this
lake coming from the Aliajuela dam. 'This darn would be maintained to provide a reservoir
1oth for a reserve water supply during the dr*y season and for regulating the volume of heavy
fldods before their discharge into the suiuit level. Thles'e two projects, and the intermediate
project above described, ha ve been studied and discusel with equal care by the committee and
found to be equally satisat f oi for the needs of navigation. From a comparison o their respec-
tive conditions it appears beyond question that the latter project, which provides the lowest
summit level, and by which the canal would be supplied with water without a Iteder, would be
preferable were it po',sible to complete the works within a reasonable time. If the technical
committee has given preference for the interniedinte project it is because, among the three, it
fulfills best all tie conditions necessary to decide the present choice. This decision has belen
deemed the more rational because, betweeii the two projcct-tle one which tle comlliittee has
favored and the other with the lowest suimmiit level--there is so Complete an adjutistment that a
decision between the difterelices may le d elay d for several yars, and beca use the choice fiirned
exclusively upon the dotibt as to the timie required to make tile deeper central cut. This doubt
will Certainly be removed after three or tour 'years, actnal e experience in working, andI it will be
then possible, without any mistake made or tine wasted, to alter the decision according to cir-
cumstances. Thus the conditional character of this decision is apparent.

All the projects which have been examined by the technical committee have been studied
and drawn by the technical corps of the compaiv, under the constant supervision and with the
active cooperation of the committee. All the discussions which have beeu set forth have been
based upon data gathered by this corps and upon explanations which I supplied, based either oi
the original data dating from the origin of the studies or on the results which have been gradually
collected by the investigations made under my direction. It follows tliat the work of the tech-
nical committee is, properly speaking, a work accomplished with the cooperation of the technical
corps of the company. Therefore the synthetic report of the committee embodies, as to the
general subject of Con tirctioi of the caial and as to the conditions calling for the solution of
the problem, as complete a suunary its could be expected from tile enginiecr in chief himself as
to the studies made by the technical corps, as to their data, and as to the rational conclusions to
be deduced. Personally, I may therefore dispense with another statement of the technical ques-
tions, referring, after iy general remarks offered above, to the report of the technical coiinittee,
whose conclusions I consider as reahizi ng the object which I would have sOught in submitting to
the company a general report on stihes made by ny, department.

However, since the publication of the report of the technical conniittee, subsequent studies
have shown the company and the coiiuittee itself the necessity of some modifications, especially
as to the proVIis 1 Concerning the profile type of the Culebra C It. It is a necessa ry supplel ient
to the said report to state and j ustify fbIhs* niodifiCatiOns. Oil the other hand, the report o'f the
committee does not enter in detail into tihe sohiitluls of several special problceis incident to the
general Construction of the canal or into their practical application. In this respect it is useful
to complete the work of the connittee. To Iiit this coublie requireiiit I hiiav written the
following technical notes as a natural sequelt ti th report of thie technical conllmittee, treatiiig
with more detail several special subjects which tile coll)luiittie has considered only from a general
point of view. Ill the general problemii o constructing the canal these subjects are considered
special problems of great importance, whose solutions contribute to determine and to Justify the
general solution.
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NOT E 1. -J/ud/ftcati~nhs of p)'I/71 tyJ)( ut cnti cut.

ORIGINAL PROJECT.

In the meeting of August 3, 1898, the technical committee adopted a profile type applicable
to the central cut, which forms the entire summit level ill the project with a bottom elevated 20.75
meters above sea level and part of this summit level in the 9.75-mieter project, as follows:

1/5

(3 5)

30. 1.

This profile is characterized by general conditions as follows: The slopes of ithe cut have
benches 5 meters wide every 10 meters in vertical height; the portions between two benches
are regulated at 45" in those parts which correspond to ordinary soil, and on a basis of 2 for a
height of 5 in parts corresponding to hard soil (rocky marls and schists crossed in places by
basalt veins). The bottom of the cut is 36 meters wide, and the wetted slopes have a masonry
revetment regulated on a basis of 1 for a height of 2, with a bench 3 meters wide situated at 2.75
meters below the minimumn water level. The profile type is identical in the two projects with a
20.75-meter elevation and with a 9.75-meter elevation. In application, the latter is deduced front
the former by moving back both its slopes parallel to themselves a distance corresponding to
to the lowering of the bottom.

From a study of the practical construction of the cut and front a consideration of the logical
plan to be adopted and of the order of the works I vas convinced that the profile type adopted
does not agree in the details with a progressive order which it seems natural to follow. The
division in steps of t mters height, corresponding to the successive benches, is not quite
judicious, because shovel work ustial v consists of cuts whItich are 4 meters deep, involving a step
of 8 meters for two sucessive cuts. In practice the benches forming the successive steps of the
cut should correspond exactly to the phases of excavation; therefore a vertical division at every
8 meters should be adopted instead of one at every 10 meters. W ith this eld in view I have
drawn for the 20.75-meter project a new profile type of the central cut which ldoes not chaiige
perceptibly the cubic quantity to le exticteod, and which has ben approved by the technical
conmittee at the ineettig of June 12, 1899.

Likewise it has been found advisable to relocate slightly to the left the axis of the canl I
between P. K. 53 and 55, which will result indirectly in lengthben ig the radius of the curve of
this portion of the canal from 2,500 to 3,000 meters. Ilis slight modification of the line will
permit any desired widening of the preparatory cunetto betwe the above-ientioned points to
be made on one side only; it will enable therebyiV a itiore advitnitageons distribution of the yards,
while also avoiding quite important excavations oil the side of the Cerro to the right of time
prelparatory i CUnette. Besides, this a rranoement will allow all the excavations intended to be
dumped at the Lirio to be transported without crossing the cut itself.
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NEW PROFILE.

The new profile is represented by the following sketch. The section below water remains
like that in the original profile. A above, the slopes have 5-meter benches every s meters: the
slopes betweell two successive benches are regulated at 45) in ordinary soil, and at 2.50 of base
to S of height iin hard soil.

This profile applies to the entire central cut in the project of 20.75 meters elevation. The
same profile would apply, in the 9.75 meter project, to the entire portion of this cut correspondi ng

50D

22.

to the Einperador and to the comparatively low p7OrtiOns of the Cnlebra; but as to the portion
of the last-named cut lying between P. K. 54.100 anid 55.300, which is very deep in the said
project, it has seemed to 11e1 possible and logical to make a~ chainge iin the middle part (in alti-
tnde) ot this protik , which would be very advantageous in case of a tranmsitioii from one project to

~oSo

(50 so -

t? 75 75

3 00

Fic. 2.

the other duri ng the period of construction. This modirfation coiissts in redueig the wrti
from 5 meters to d meters of four of the intermediate benches, corresponding to the hardest
and tiioe stable portion of the terrain. Thereby is gained a redctini of vr meters on the total
w idthi of the ent at the level corresponding to the lowest contracted beiieh, the (oiselnence beiiig
that, as regards the eiitire portion above this level, the profile of the cut in the 9.75-meter proect
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The estimates stated above, as well as the prior estimates for the original profile types, have
been made without taking into account, the cubic quantity already taken out of the preparatory
cunette. Thie omission of the rediuctioa has been made int entionally, so as to offset any abnormial
increase which is likely to aligilient materially the excavations resulti ag from the strict geonetrical
applicatioi of the regular profile; for the niitire central cut this dedtiction is about, 3.00yo00 eubic
meters. This quantity coiistit utes an elastic margin to meet tiforeseen events, such as caviii g
which must be removed, Slopes to be mad.e more gentle wlen denied necessary it]. certain place's,
aiid above all itncreasi ng the widtli of portions bulgig with respect to the regular profile, the
real amount of which increase has not been de initelv settled so far.

The adopted profile type provides aii area of wet ,ectioni of-
380 Square meters for a minimum water level.
457 square meters for a maximum water level.
418.50 square ieters on the average.

PROBABLE INCREASE OF Tri i wET SECTION.

The technical committee, in its earlier imeetings, regarded the cross sections of the waterway
provided as satisfactory for the navigation of most vessels. As to very large vessels, which will
form always a small-proportion of the total toinnage, the greatest inconvenieiico of these sections
would he a reductmii in speed th rough the central Ct, for the sanme expenidituare of power.

Nevertheless, several mcmbllers of the coiniittec have declared that it woid be advantageous
to increase to a certain extent thi wet sections above nientioned, af hr coisideriig the development
in the size of midship cross section in large vessels and the utility of facilitating the navigation of
the very largest vessels likely to pass through the canal in the future. Ia order to reach this
result practically, it is necessary to increase the widths of the wet section at bottom as well as at
water level, anod to systemtatize tle width of the entire cut froim top to bottom by moving back
together, parallel to themselves, the slopes of the adopted profile type. lht( necessary coiisequence
would be a material increase iii excavationi at the central cut an1d especially at the Culebra proper.
For example, as indicated in the dotted line of the previous drawiiig, by a wideniuig' of 10 meters
ill the wet section, the areas of that section would becoiie-

470 square meters for a miinumu water level.
562 iqiare meters for a maximum water level.
51 Square meters on the average.

The company amad the technical committee have considered it interesting to study the
material effects of a variation in the aforesaid projects, established on these bases. Moreover,
in regard to the project providinagt the lowest smuminit level at elevation 9.75 meters with a
maximum water level for Bohio Lake of 20.50 meters, xxwhether it would be convenient to reduce
this imaxi maiu level to 20 meters, as in tile other project, anid then lower the i bottoii to 9 meters.

Uiuder these conditions, aid with the defiliite adopt ion of the arraungeniemits relative to the
side walls of the profiles, the i crlasd estimates for tie excavatiois of the central cut as defined
above wotild be as follows:

1P',' /h" ,f/rst prjet (eheion, 0.75 mutrs).-In round imnibers, 3,000,000 cubic ieters for
the entire ciit; 1, 30) ,)0 cubi meters for the Culebra only.

p the second jnIjeI t (t'a'e/mon, 9 m'e., insad .f 9.11 m 'es).-T a round numbers,
4,500,000 cubic meters for the eiitire cut; L00,000 cubic imeters for the Culebra only.

Il tIn secOn11d prOJect it would also be necessary to xviden the sectioi as far as tIme end of the
sunmiit level tit Pedro-MA\iguel, giving a total increase of excavation resulting front the widenif g
of this projtet.of 5,800,000 cubic meters.

These are important iiirases which would involve correspondin , i creases in expenses.
Thu coipany thiterefore would have to decide whether to accept this iicrease in expenses,

which nlmiht reach about 20,0,0,00 fraucs for the 20.75-meter project and about 50,000,000 fracs
for the 9-mnte11r proJect, in Case a1ll the benches of the lateral slopes were, maintaiiied at a width
of 5 nmoeters. The increase in the respective periods of construction might reach about fifteen
niouths for tilie first project and thirty iioniths for the secoiid.

By holding tIh bottom elevationt at 0.75 meters, with a profile of contracted iiternmediate
beieiches, as stated above, the additioial expense would be brought (down to ab ouut 87,000,000 franes
and the additional period of construction to about tweity mouths.

Noru HI.- lWder oquppg o' tlw canai.

The problem of xxater supply, so soon as it becomes a question of a lock canal, becomes one
of the iost important problems affecting the general realization of the a udertaking', as it is con-
nected with a question absolutely vital to its success. I n order to sol ve this problem, it is necessary,
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on the one hand, to study the demands for operating the canal and the nicans available to liieet
tlile; oil the other hand, tile iiethods to he adopted for surely and at any time utilizing these
Illeans in proportioll to the requirenjen ts.

1 EQ UI tEM ENTS.

In t special paper, in which General Abbot collaoritted, 1 have iade a thorongh study of the
supply of water ecessary to operate the calial, adopt ing for tie future the Iimost cxtrene hypotheses
as to the antiipattd triC. 1 shall conline myself 1er1 to giving a sinllary, and the results of
this study. II the first place, tile operation of the caal requires the vollulme liecessary to coal-
pensate the coiSulptioI ite to the lockages ot vessels passing the locks. As appears from the
special Paper, this voluine is equivalent to a continuous disliarge of H) Wic meters per second,
in cs of a Yearly traffic 01 1o 00 000 not tons, and of 2-[ couic mneters in case of a yearly tratlic
of 2,000,000 tons."

This estinitte sipposes that, neither in the administration nor in the operation, will theie be
pitcticed any of the customary dtmices for rednulng tie consilptioi of water. Next come the
losses due to uiavoidaile defects in mecinicai llirnements, such as eakages at gatts. They
are iOeraliy estimated at 3 cublie meters pr secod. Losses due to natural cases, such as evapo-
ration, infiltrations, etc., are estimated literally at 5 elic miieters per second. Finally is added
for eonslnIption due to unforeseen (uises a vohitne of 2 Wic meters per second. The total
requirements for the supply of water to the canal, largely estimated, represent a continuous
discharge per second of-

20 cubi meters in case of a ttailic of 1U,0J0,!Il tons.
34 cubic iieters in case of a tratlie of 23,000,0$ tois.
Outside of the reqIienlts for feeding the Canal, and which must necessar-ily be moet by an

a appropriate supply oi water, we have to consider the iiechanicl pnwr ri14ird at the lIcks and
at the harbors and for lighting the canal and its accessories. Strictly speaking, this power may he
realized by industrial Iiealts without resorting to wNater, but economnically and from a practical
stiidpoi nt it is advantageous, if possi ble, to 11s water as the priniary source of elieigy. At the two
dais at Aliajuelat and at lBohio, the constrution of wlich is demanded for other reasons, there are
important falls capable (f generating great power at little c(st, which can ben he listrib ted by
electric ieans to any desired point. The vouie of wtter consider d desIrble for this purpose
is 7 cubic nieters per second. This voluie, successively passing over the two falls at Alhajula
and at Bohio, which represent together at least 46 imetes of height, will supply a total of 4,800
horsepower at the sttrtiig points, and with a reduction of 5) per cent will reach the places of
consumption. This is t cousiderable power, which exceeds certainly all the normal reqprliets,
however harge. As a snipi ts, however, for exceptional cases, and in order to have a very ample
supply, Justified by the resources av Ailtbl, as will be seen hereafter, there has been iade aI fir-
ther addition of 8 cubic meters per seond. This addition will either allow new power works for
industrial use or will serve to meet new requirements created v accidental circuistamices exceed-
ing all provision, but for which provision has been imdile.

If we add the 15 cubic iieters p11r second, thus provided for special rqirmients, to the
voLiie above given for feeding the anal, it will be sin tiat the volume of water necessary to
mteet all the requireients estimated in the largest sise will e s oKiows:

o Cubic micieters for at yearly tralic of ill 000 tons.
49 cubic meters for at yearly trafic of 2i'),010,000 tons.
The last, number represents the imaxtiniu ustinto for te future, anld will hardly ever be

reached, since a traffic of 23, M)1, 1 tons represents about thrice that of the Suez (anal at
present.

We uist not lose sight of the fit( that in the aforesaid volumies of 35 and 49 cubic meters
per second the 15 cubic mIeters intended for special reouiireniits must pass directly from
Alhajuela into the lower lake, and therefore will not follow he feeder. The v'oliiines which
this feeder inust carry will vary, according to cases, between 20 cubic meters and i)4- cubic meters
per second. Its arrangements have been designed to ieet these requireiiets in ai 1ianner
entirely satisfactory.

REsOUWCES.

The resources to meet the requirement above estiiited coisist mainly in the contributions
of the Cilagres itself, and upon these contributions ale based the comparative estillates of mienalls
available to iieet the demands. It wiii he usefil, however, to point oit that several other streiais
exist with quite important discirges daring the rainy season, and which are easily capable of

a This estimate takes into account the final decision of the compaiiv to give both chalbers of the twin locks the
same width of 25 meters.
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cointributiig to the supplY of the suumit level. For example, we find ill the very region border-
ing this level oii the one side the Rio Obispo and its trihiitaries, chief among which are the Lirio
and the Caniacho, and on the other the Rio Girande. These two streaiis will flow directly into
the summit level, and natu ral y their coni ntribtions will assist. Dil niig the raiiy season - that is,
for seven o eigit months in the year-these contiribations are quite important, the acenmiilated
discharges of these rivers representino dining tihe r-ainy season a total of not less thaii 5 cubic
nieters per second. During the dry season their disc harges are ilnsionificaint and not worthy of
mention; but, since the Chigres does not stppY all tie necessary water iVLIIduinig the (ry season,
as will be Seein below, and siince a sur pluis nmist be acumntilated by storing the excess of the raiiiy
season, the onitrib1iutiotis of the secondary rivers durig m that period will r dace the voltie to be
demanded from the Cha gres, and thus vill increase by that amount the available surplus. The
same is trnu foi several secondary streams which cross the lile of the feeder and which can con-
tribulte to suIPl y it during the ritixn season. However, in what follows iio 1itio1unit is taken of
these accessory means, yet it is of interiest to remember the fact, which strei igtheiis the conclh-
sion reached, that the available Sutpply is estimated at a inimiiinum, while the requirneits are
estimated at a maxiitill.

The special paper relative to the reiiimen of the Chaores, based oil numerous and certaiii
data, exlihits the average discharges of tle Chagres ringg the xvarioiis miontiiihs of the year
passingo at Aliajuela, where the supply is Stored. It follows, if we consider the two years of
limiiniiiii contributions of the Chages, that its average annual discharge at Al hajucla amounts to
5 Cubic ectrs per second. Ill other wOrds, with itequirmni its estimated aiulder ioniditiOlns ce-
tainly exaggerated and upon the hypothesis of a early traffic of 23,000,000 toils ii a period of
anusially low dischlarges, there wili still remain a margi ill excess mulounitiiig to 3 ctihic meters
pet second during the whOIle year, nid this Withont taking into consideration the contriibution of
tle secondary Nx strennis refer retd to above.

The special paper oi the regiiiien of the CIaomes miiakes known that its average diseliarg at
Alliajuela (iiring the mnntiths Of Februur, March, aind April, ill the Iiiost ln favorable ,evars, Illa
he set down at 18 dabit meters per second, which, as a measure Iof piecatitioi, has been reduced
to 16 Cubic metels in tle estimate. Duringi the remi iailide r of tire year it-exceeds the volume
required for inaximum needs. We have seen that on the basis of a yearly traLflic of 1l,o0o,100
tons the deficit in the contributions of the river daring the dry scastin vOliilid be 35- 16=19 cLIic
meters per second, including the 15 cubic meters intended to created motive power ioi to imeet unfore-
seen requi remients. Oi the basis of a tratlic of 23,000,000 tons, the deficit would be 419-10=33
cubic meters pei second. Therefore it will be necessary to Irovidle L surlis to ieet these deficits,
which is one of tie main objects of the reselrvoi r at Ailiajuela. It, is necessary also that the sur-
plus be accumulated before tile raiNy seasoI; that is, by the enid of December. The total volume
under the first hypothesis as to traffic would he 147 millions of cubic meters, and under the second
hypothesis 256 millions of tahic nmeteis. The studY on the regimen of the Chagres shows that in
years whe i diseharges areI smallest its aventLge discharge for tihe last two months of the veal is 91
cubic imieters per sec(ol(L. Dedtinig froi this dischiarge the 35 oi -4I cubic meters required for the
regila operation of the canal, theri ieiains availahle 5G or 4-3 cubic meters per second, which,
du ritig the interval of tie said two months, will suily a total volume of 295,000,000 cilbic meters
il the former case and of 227,000oo,0 ini the latter. The accumiiiiliatioii Of the surplus caii theli
be niade sillly froiii the excess of these two nilthitis (and even fmoiii the imiondti of December alone
in the first ease). The deficiency of 29,000,00 cubic meters which miight occur ill the second
case should he supplied either by storage dating from the end of October or ill the ealv part of

AiANIEMENTS FoR REGULATING AND UTILIZIN(G TH E SUiPi'LY.

I the in termediat project the aringeients at the Alhatjnela damii aire so established :Is to
retain a total resetre of 270 millions of cibic iieters-170 millions for the low-watler supply aLid
100 millions to hold back pat of the injurious excess ii floods. TIe i 170 millions of so-called
useful reserves correspond to a pioable yeai y tuaflic of 14 millions of tons. Should the total
traffic exceed this amount, ani should the average tonnage not exceed 3,000 tolis for a single
lockage (the figures oil which the lockaog estimate is leased), the 170 millions of eubic meters for
reserves, including power and unforsetii requiireiiients, should be iictreLased. To accomplish this
end, it would be iiecessary either to use part of the capatitY intended to stoie the floods, or to
raise the dai, or to provide in additional sir plus elsewhere. It is essential to note that the
iieans available allow a la rge margin iin excess of the requireienits, eveni if we consider the iost
unfavorable hy potheses.

The utilization of the resolulrces necessary for the operation of the canal, il projects where
the summit level is above that of Bohio Lake, requires the constrictiion of a feeder between that
level and the Alhajuela dam, where the Water supply WoUld be stored. The project for this
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feeder is been fully set forth in the tile of descriptive drawings, and I shall not treat it again
here. I shall recall only that its provisions are such as to insure at the outset a discharge froi
the f'eder of 25 cubic imeters per second, and in the future, if necessary, a discharge exceediigo
35 cubic iieters per second: Fr that it will sWhlice to increase by half a meter the water level in
the open section of tlie feeder and to lay a fourth piep in place where a reversed syphon had to
be adopted. This will inlvolve no dHililty. The discharged of 35 cubic meters per second will
fulfill the most extriine conditions; for we have seen that by omitting the 7 cubic nenters per
second intended ias motive power and the s cubio imieters for exceptions coitingencies-that is,
the 15 cubic meters which are not carried by the feeder-- there remain only 34 Wuic metes per
second to represent the maxiinmi voluie which can be necessary for supplying the canal even in
so distant a future that it is difficult to anticipate it.

Norr [[1. I.,''tu'a/ +1/'ent of miat'es ad'ptit f'l ' .'tthi'/ ]it/i of Ihe pkoooh oJ / 'ex8
(1/1( t/w /n a~ qf ims hmo in tho Wy/ mn iWrWd bny the minw.

GENEAZAL CONDITIONS OF THE PROLExI. PRINCIPLES OF THE SOLUTION ADOPTED.

The problem of icgLdating and Of mOderating the floods of the Clhagres, or of controlling it,
is oniv second in importanice to the problem of supplying water. Its solution concerns the
regilar operation of the canal. The geinral method adopted for this solution, and the principles
forming its basis, have been set forth in the report of the technical coniittee; I shall only
briefly recapitudate them here.

The canal ule, starting at Colon, meets the valley poper of the Chagres at 1. K. 10. So
far it has crossed a region usually if low and swanipy lands, but with a few moderate elevations.
It is called the M\indi swamps, and is little exposed to the floods of the Chagres. Ihe valley near
the mouth of this river follows it direction ahnost at right angles to the canal line. Fron P. K.
10 to P. K. 45 the latter follows directly the valley of the Chgres, even cutting a number of
ties the course of this river, which contains manv bends. In this region the width of the
valley varies greatly. Quite wide at first, as far as the vicinity of P. K. 24, at Bohio Soldado,
it contracts at this point between two rocky luts: then it widens greatly so as to form the vast
plain of Tavernilla, which is several kilometers in width. Farther on, beginning at P. K. 34 of
the canal, the valley narows down again and remains so, except for somn local variations and
windings, as far as 1. K. 45 of the canal, near Matachin, where is the point of junction of a
tributary, the ,i6 Obispo. Froi this point oi, the canal line entirely leave s the valley of the
Chagres, which iy a sharp bend at right ang-les ascends northeastward, while the canal follows
its course southeastward. Beyond this point the qiuestion of the Chagres does not interest the
calial. Thereby it will be seeli hat it is in the middle region of the Chagres, lying between
P. K. Uo and P. K. 45, that the problem of the floods of the Chagres ad theiR posslibe action
upon the caiial possess their dominating ilmportanlce.

The fundamenta[ idea of the solution adopted( to control the regimen of the Chagres in tillie
of large floods and to protect the caiiat against, its ravage Is Simple. It consists ill transforming,
by ieans of a daii at a suitable place, the niidile part of the valley jist referred to into a lake,
ii which the waters of the Ciagres will spread without causing any sensible current, and which
nmy he made navigable xitiout danger or difficulty. The only point suticiently favorable to the
constti lion of a dam1 is the natural cotraction referred to above, at P. K. 24. Consequently
that pirt of tih valley lying between P. K. 10 and P. K. 24 is not turned into a lake, and in this
district artificial channels collateral to the canali must be provided to convey the waters of the
Chagres after issnlgo from the lake. The very creation of this lake allows palt of the volume
to he hld back theriin in time of highest floods, to e discharged later, and thus will reduce to
a sate volumlii tie flow from1 the lake into the special diversions down the rix'er. Snli is, in its
simplest fori, tie principle of the method to sl ve the pioilem of the control of the Chagres.
It may ibe said that this method is hoioxwed froni nature itself, Which slpplies nany and
important examples in the lakes of iioutainous regions with their torrential rivers. No
objection can le raised against its etlicacy; the only objection xxwoul le as to the practicability
of construction the dan, which is the key to the prIblem; and the stuodies and discussiois of the
project for this work have showxi that there is here no valid objection.

Thile application of the imthod mnti-st be supplemented by a preinmiry step wich, hoxvever
secoiidaxy in chiaractei, is nevrtheess ecessary'. The central lake, which has just been referred
to, would be quite arrow and winding for somle distance. On account of the resulting currents
it would be disadvantageous to admit into these parts of the lake tie entire discharge of the
(agres in time of maximn flow during a great Hood; therefore it lis been deemed necessary
to hold back part oF itnii a tirst reservoir situated in the upper valley of the Chagres. This
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reservoir is formed by the proposed dm at Alhajela, whose primary purpose, as I have said in
Note 11, is to store the reserves intended to feed the canal, but with an appropriate height of dam
to afford sufficient capacity to hold back part of an excessive flood.

REGIMEN OF THE CHAGRES.

In the special paper, in which General Abbot collaborated, all the conditions relative to the
regimen of the Chagres in time of floods have been thoroughly elucidated, based upon very
complete data covering a g rwu n nber of yea's. I shall not retatc. thes'. conditions again, but
wiII confine myself to the principal facts and the resulting conclusions hearing upon the special
problem now under coisideration. (See the annexed Note A, page 133, suing up the reasoNs
for these conclusions.)

GENERAL CONDITIONS FOR STORAGE.

It has been estabOished that the highest, flood to be anticipated will discharge at Bohio a
maxininn of 3,170 eubic meters per second, and an avenge (d 1,640) ciuic ieters per second
during the forty-eight-hour period of its maxi nuan flow ( twxIee an initial discharge of 1,200
cubic meters and a tinal discharge of 1,200 cubic meters). I, threfore, during this period an
average discharge (uniform or varied) of 1,200 cubic meters per second be allowed to pass freely
at the spillways at Bohio, there will remain an excess of 1-440 cubic meters per second to be
held back imoiientarily, and to be discharged later w ien-the natiul contribntion of the flood has
fallen below 1,200 Cubic iiieters per second; thus the totAl volume to withhold is about 250
millions of cubic meters. loweiv, as has been said above, it would he iipriienit to admnit into
IBohio Lake the entire (cntibution of the flood during the period of highest flow; and it has
beeii recognized as explient to iitn in the upper lake at least in average of 60o cuihic ineters
per second, which for the total period represents about 1110 illions of cubic meters. It follows
that the 250 millions of c(ubi meters to be stoied are distributed, 15l0 iiillions in Lake Blohio and
100 millions in the upper reservoir. A modification of this distrlibntion, however, has been
adopted for the project in which Lak e Bohio would constitute lie sunmit level. It is vei:y
advantageous to limit is much as possible the extent of fle oscillations in the le'el of this lake,
and with this object in view the part which it is to store is reduced to 100 millions of cubic
meters, whereas the other is increased to 150 millions.

The 100 millions of cubic meters which form the resee of Lake Bohio in this case corre-
spond to a height of xvater of 1.75 meters lying between the 18.7 meter elevation, which would
be the minimum level of this lake, and the 20.50-meter elevation, which would represent the
maxinmm, very seldom reached. This elevation has been idopted instead of the 20-meter elexa-
tion, which is the limit in the prioi project, in order not to depii any more the excavation in
the large cut. Consequently, in cases ve rare and of short duration, the Bohio locks iioien-
tarily may hax'e their lift increased to 1.25 iicters, which call not, cause ally inconvenience. In
order to obviate this slight increase it would suflice to reduce the maxinin water level to 2)
meters and the bottom to .25 meters in this level, but this wonld result in important additional
excavations. This level has been adopted in the variant with a Iottom elevation at 9 miters
where the width at the bottom in the siinnit level would be 45 meters.

These data relative to the solution of the problem in question and the conditions to be fill-
tilled have heen accepted after discussion at the meetings of the technical committee and in its
report. I shall not dwell thereon any longer, but I have still to indicate the practical method
which will realize these conditions.

PRACTICAL METHOD OF APPLICATION.

The following is the end to be attained in the operation, natural or under orders, of the
works at the two stations of Alhajucla and of Bohio:

Suppose a flood, the intensity of which can not be anticipated hut which is supposed to
equal in degree the greatest flood known in the past, that of 1870 (such a flood is possible only
at the end of the year, the latter part of November, December, or the beginning of Janmary).
This flood, during forty-eight hours of its largest flow, may discharge at Bohio from 1,200
cubic meters per second to a maximun of 3,170 cubic meters, falling again to 1,200 cubic miieters,giving an average volume of 2,640 cubic meters during the entire tIme referred to. Such
arrangements must be made either through the automatic operation of the works, or through the
agency of men, that (1) the discharge through the outlet of Lake Bohio does not exceed 1,200
cubic meters per second (for the sake of simplicity, I assuie that the two outlets of the lake
form only one); (2) the average total low into the take is reduced to about 2,000 cubic meters
per second instead of 2,640; (3) an average of 600 cubic meters per second of the total contribu-
tion is held back in the upper reservoir during the entire time referred to. It must follow from
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these three conditions that out of the total contribution of the flood during its largest flow (forty-
eigit hours), there will be stored 250 millions of cubic meters, of which too millions will
rviimain ill the tipper reservoir and 1.05 millions in tiii lower reservoir. This exactly accoin-
plishes ou putrpose. Ii order to flii ill these conlitions how shall the material operations be
regulated? The operations nuist be begun at the moment when the flood is announced if we
assme. that the spillway constitUtinig the Bohio otitlet is provided with a system of adjustable
weirs wherewith to regulate its discharge artificially, as is provided in the project of the coni-
pany. (We shall see later what might happen should such a waste weir not be provided.)

The regular level of the la~kc except in the dry season is fixed it 17 meters. During the dry
season it imay decliie graduially to 16 meters on account of losses through evaporation and infil-
trations, but with)ot aii\ inconvenience since the bottom of the navioable channel of this lake is
at elevation 7 meters. When a flood occurs near the eid of the y I, that is, a flood presumably
very intense, the slUiCes will be so operated as to discharge such a volume integrally through their
gates that the level of the lake shall not fall below 17 meters, or rise inmaterially above it, so long
as the entire discharge of the waste weir has not attained 1,200 cubic meters per second. The
sill of this w waste weir is set at elevation 14 meters, and the aooreogate length of outlet of the
sluices is arranged to discharge, when entirely open, the 1,200 cubic meters per second between
elevations 14 meters and 17 meters. Therefore, we shall be warned when the discharge of the
flood at this point has reached 1,200 cubic meters per second, and at this moment storing opera-
tions must begin to regulate the distribution between the two reservoirs, still maintaining the
discharge of the outlet at 1,200 cubic meters per second. This last condition admits of ready
realization. It is easy to determine in advance, and to indicate in precise instructions, what
lengths of free chaiinel the sluices must have, that is, how nany sluices must be opened, at the
various successive levels of the lake, between the original elevation of 17 meters and the maxi-
mum elevation of 20 meters, which latter must not be exceeded, in order to always insure a
discharge of 1 200 cubic meters per second. At this limit, all the sluices whih are 3 meters
hioh will be closed and the 1 200 cubie meters will be flowing over the tops of their gates.

IPeltic(d ar~irSg/mInitI fiw 1b1tdi otr /etcen the two , oe ious.-In order to insure a
practical distribution between the two reservoirs of the volume to be held back in the proportions
of 100 and 150 the engineer stationed at Alhajueia nMust be foreN arned of the limiting discharge
which he is to let through his waste wvoir at the time when lie is to begin storing, which time
will be notified to him by Bohio, beiig the moment when the discharge of the flood at that
point has reached 1,200 cubic neters. The problein thus laid down would be very easy to
solve if, duriiig the forty-eighlit hours referred to, the flood had a uniform discharge equal to the
average of 2,640 cubic meters, instead of a varying discharge from 1,200 cubic meters to 3,170
cubic meters, declining back to 1,200 cubic meters and averaging 2,0640 cubic meters in round
numiihers. The special paper on the regimen of the Chagires informs us, indeed, that the contri-
buition at the time of largest flow of the flood, coming front the basin above Alhajuela, is about
half of the total discharge at Bohio, so that a discharge of 2,640 cubic meters at that point would
correspond to a discharge of about 1,300 cubic meters at Alihajuela.

The other requirement consists in letting into Lake Bohio only abont 2,000 cubic meters per
second; therefore 000 cubo in ters should be held back from the contribution of the basin above
Alhajuela, and only 700 cubic meters per second should be allowed to escape through the regulating
waste weir at Alhajuiela. Finally, if, according to our hypothesis, we substitute a flood of
uniform average discharge for the real flood of varying discharge, it will suffice to order Alha-
juela to allow to pass through its waste weir all that comes along up to 700 cubic meters per
second, d when the contribution exceeds this VOlumi, to hold back all the excess, storing it in
the space reserved for that l-1prpOse. It would sullice, then, to draw a reouhlition defining the
nunbet of sluices to be gradually closed in proportion as the level of the lake should rise.

The solution of the probleni would become much more complicated if i irigorous solution
be sought for the case of a real flood with its varving discharges instead of an equivalent averaged
flood. This would require a precise knowledge of tl' curve of discharge in the former, but for
practical purposes it will be sufficient to proceed approximliately., as follows:

Suppose A B C D . . . (fig. 4) to be the curve of the flood at Ilohio during the period when,
from a discharge of 1,200 cubic meters it rises to 3,170 cubic meters and declines back to 1,200
cubic meters, the area between the horizontal A N corresponlding to the discharge of 1 200 cubic
meters, and the curve A B C D . represents the 250 millions of cubic meters to be held back.
Suppose B'b =2'5 B'B, C'c= 2 5 C'C, and let us draw the curve A b c d; the area between the
horizontal A N and this curve will represent 100 millions of cubic meters, which is the part to be
held back at Alhajuela.

This done, let us draw the curve (fig. 5) of the flood at Alhajuela during the same period.
For this, let us assume, according to the special paper on the regimen of the Chagres, that the
discharge at Alhajuela during the forty-eight hours of the Maxinmuin flow of a great flood is
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uniformly half of the discharge at BohiO. To obtain the CIVe. rehdUce by half all the ordi-
nates of the curve (fig. 4). At H'C')' let us draw or1dinates equal to 1'1, ("c, D'd, of figure 4;
the shaded area of figure 5 will represent the total volume to be bhll hack at Alhuajoela, and the

_D, 5charge3/ _'"' D

b

C/ D'

area lying between the two curves will represent the volume that should be allowed to pass
there. Now, it is easy to see that the differential ordlinates b/i, Cy, (16 . . ., differ very little
one from another. For instance, take the ordinate of the culhninatjag point d6, we have:

d6= D'6-D'd

170 2 2
Now, D'6= =1,585, D'd=' D'D- (",170-1,200)=788, hence d1=1,5S5-7S8=707,

say 800.

D/.5 Cha~rge600'_

A0o -3 C- - - ---

-- - - 48 h7ours5-

Fiu. 5.

The varying discharge which should be allowed to pass at Alhajuela during the forty-eight
hours considered should increase from 000 cubic meters to 800 Cubic meters and then decline
back to 600 cubic meters. It would not be practical to attempt to regulate the discharge of the
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waste weir so as to make it vary from the time when till flOod brilgs 600 cubic meters to the
time when it declines back to this volume; bit, oii the other liaind, it Is simple to regulate the flow
to a uniform discharge all the while the conltribition would be superior to this volume.

Thoreticall y, tle en tirye flow should be allowed to pass it Aliajilela tpt) to the moment when
the discharge has reached 600 cub ic lueterIs, the allow a flow iacrea sing from G00 to 800 cubic
meters and decreasing- afterwards from 800 to 600 cilbic1 meters, according0o to a law which could
only be approximately definied,,and finally allow all to pass after the flood has retUrned to a
discharge of 600 cobic meters. Instead of this, another rule iiiight he given, to let all pass up to
a volume of 700 cubic meters, tle average betweell GOO aud 600 tub l itieters, a11(1 to limit to this
uniform volume the discharge through the waste we ir un1itil ti flood declintes to 700 cubie meters,
then to let pass again the entire flow. Ill this way a little too iiiuch will be let pass at the two
extreme moments of tht period (which will, however, he Somewhat cut short) andt a little too
much will be held back toward the middle of the time. There will thus be a compensation, and
the method will prove quite sutfeieit ill practice.

It will be seen readily that a like 111110d call be applied ill case tile volume to be stored at
Alhajuela were. 1,5o millions of cubic meters, :nd that at lOhio 100 millions-that is to say, ill the
project where Lake Bohio constitutes the sumim it level. In this case, if we refer to figures 4 and

3

5 above, D'd is etqual to of D'D, or 1,182, and d6 becomes 1,585--1,t82=40i, say 400. The

volume which would be left at Alhajuela d(urinlg the time referred to should then decrease first
from 600 to 400 cubic meters, and then increase from 400 to 000 cubic nieters. Instead of this,
th0 avrage, Or 500 cubic meters, might be taken as the uiiifori discharg , and all tile xcess be
stopped.

For the sake of simplicity, ill what precedes the development of the imaxinium flows of tile
flood has been considered as similitaneouls at the two stations of Alhajiela and of Bloio, which
are about 45 kilometers apart, accord i I Ig to the course of the river. Evidently this tan not
happen, and the flood wave arrives at Bohio with a iliaterial delay after it passed Alhajuela; but
this does not affect the basis of tile reasoniig or the deductions to lie (drawn. Tile operations
required at Alhajuela will remain the sale; and it is easy to see that their results will also
remain the same, and will be transferred to Bohio siiiply with a delay (lie to the passage of the
flood between the two points, without otherwise chainginig the phenomena at this poilit under
the hypothesis adopted.

MECHANICAL ARlANO EMEuNTs PROVIDlA) FOR INSUIIINO THE OPERATIONS.

The mechanical arrangements for realizing the operations just indicated are simple. hlleyN
consist in providing the waste weir at Alliauela \with a system of sluices, which, when opened
more or less, regulate the discharge actordinlg to the volume desired. Tih1 directions for closing
or opening the slilices will be drawn lip radilv, so as to discharoe a given volume, according to
the different successive levels of the lake during the flood. Consideriiig the projects where the
reservoir of Alhajtiela imst withhold only 100 millions of ctbic meters front the floods, the
sluices are provided with 48 meters of free Outlet; the slices are each G meters wide and11 4
meters high; when lowered, their top is at the elevatioll of G5 miieters, which is the starting point
for storing the floods, and their sill is at 1 meters (levatiol. Ill case a t flood occurs near the end
of the year (which is always supposed to call for the working1l of the storing arrallgemlents), tile
lake may be already filled to the altitude of 65 from the storage of the so-callod usefill reserves.
If it be not entirely filled, the first. contribution of the flood will be 11made use of to fill it to that
level. This done, a certain number of sluices will he 1CCeS11si\ I ,y opilened, so as to let pass the
entire flow, without low rig the stand of the lake below till 6.1-m1tel level, 1llitil the discharge
has reached 7oo cubic meters per second. When this lilit, has becIl reached l11 the sluices will
have been raised 4 meters. Indeed, it will easily ie Verified by the waste-weir formula, that a

passageway 48 inecers long with 4 hieters ]lead oil the crst will disharge about 700 cubic meters
per second. At this moment, if the flood continues to increase, the storage s11111k b(hegi . Ill
order to attain this object systematically, the sluice must be closed successively, so as to mailltailI
the discharge at 700 cubic iters-followinhg the ( directions drawn upi) in adlvalice, indicatillg tile
successive levels assumed by the lak ill proportion is it fills up. Wheii 10) millions of cubic
meters have been stored, the lake will have reached its ill 0lVationl Of IN llters Thell thlr0
will be entirely lowered a crtain number of sliice gates oVer which a flow ) meters deep will
pass; there will be also a certai number of opell sltuis with a fill 0lpeInin1g ail(i a lead 7 mlliters
high; the total of both discharges will be 700 cilbic Illeters pr second. If and y represent the
aforesaid two linear outlets, respectively, aggregating 48 meters in length, it llay, readikl be
computed that a=30 meters and y=18 imeters.

All the necessary calculacions ire Simple, and will be ilade b)tforhand, ill order to frame a

precise and simple rule which the engineer iin charge will merely have to follow, aitd on which
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the successive levels of the lake read on the gauge will indicate exactly the number of sluices
wiich are to be iaised entirely or lowered entirely while the lake oscillates between elevations o5
meters and 68 ieterns. As to the fluctuations below 65, they will be duiie to the consmliptioni
reqjuireiiieniits of the opelat ion of the canal; the operations of the sluices which Yefer to their will
be regulated by special instructions 1 based on these requirements as experience reveals theni.
The system of sluices thius far projected is that of the ('toey counterpoised weir, in 1s1e oil the
'Mantchester Canal. They are thooiighly pioof against eakage and thev work well. Still it is
possible that at the date of coistruetion there may he a iore advantageous system.

The problem of regulating the discharge at the lkolio waste weirs is solved in the same way,
as has been said above; the system of sluices provided is the same, but the gates are each only
3 meters high, and the lengtl of the two free outlets together is limited to 130 iiieters, in view
to a maxinmum disharge of 1,20) cubic nieters per second.

We have just seen that the solution adopted for regulating the floods of the Chagires pro-
videh, in ease Of the largest flood anticipated, for withholding momentarily 20 millions of cubic
meters, either 100 millions or 150 millions of which will be the share of the upper reservoir,
according to the project adopted. The primary condition is that the contributions o' the flood at
that point, as soon as storing is resorted to, shall he at least eqnal to the vohie assigned to this
upper reservoir. From the study of the regimen of the floods of the Cliagres we know that, in
large floods, the discharge at Alhajuela is about half of that passing at Bohio. The total volume
flowig past Bohio in a flood like that of 1879, from the monient when its discharge reaches 1,200
cubic meters, is, as we know, about 457 millions of cubic meters; in this total the contribution of
the basin above Aliajuela is about 230 millions of cubic nwters; far superior, therefore, to the
reserve volunie attributed to the upper resei-voir.

CASE OF A FLOOD EXCEEDIN THE ESTIMATE ON WHICH THE PROJECT IS BASED.

The arrangements adopted are based on the idea that the volume of 457 millions of cubic
meters is the iiaximum nood contribation at Boh1o during the time when the discharge exceeds
1,200 culic nieters per second. The data and the dednetions used in establishing Ais volume
authorize us to believe that it vas not exceeded or even reached in the flood of 1879, the largest
of which we have knowledge; but it iiay always be objected that a greater flood may occur at
some time. What, then. vill take place with the arrangements adopted? The only thing to
happen is that, when the Bohio reservoir is filled to the limit provided-that is, to the elevation of
20 meters-the contribution of the flood, instead of falling to 1,200 cubic meters per second at
that moment, as has been expected, would remain iiore or less superior to that volume. To keep
the level of Mle lake from being superelevated would then require opening more or less the sluice
gates of the waste weirs, thus maintaining this level by increasing the discharge of the outlet.
The only possible comseqien'e to be guarded against would be the increase of the discharge in
the diversion channels of the lower river beyond 1,200 culic ieters, which might result in
danger to them and to the canal. It is understood that the 1,200 cubic meters in question are
divided into 500 cubic nieters in the diversion to the left of tbe canal, and 700 cubic meters if)
the diversion to the right. The left diversion, for almost its entire length, is an artificial canal
dug through grounds generally quite unstale and skirting the -ailroad for a long distance. It
enters the'sea in the vicinity of Colon. The greater part has already been excaVated by the Old
company, and it is only necessary to widen it in orler to enable it to carry ofl M) cubic meters
per second.

It would not be prudent to increase its discharge materially beyond this already quite large
volume. It would le imprudent above all to expose it to the hazards of an undetermined dis-
(harge and of a blood. In any event, I think it is essential to be sure that its contemplated maxi-
mum discharge shall not he exceeded, and this result can always be obtained by means of the
regulating sluices with which its waste weir would be provided, no matter to what level the lake
might rise. As to the right diversion, the conditions are verv different. There the outlet of the
lake is very distant from the canal; its flow will first enter a wide swvamp (the Pefia Blanca
swamp), thence it will pass to another much larger (the Agna Clara swamp), crossing an inter-
vening ridge. Thereafter, the tlow will follow the bed of the Chagres, which will be its natural
outlet, except for a short distance near Gatun. Under such conditions there is no reason to
apprehend danger even from a considerable increase of discharge in that diversion over the 700
cubie meters, which is the maximum volume assigned to it. It will suffice to protect the canal
against a possible H0ood in this version by means of a lateral embankment a few meters high
wherever necessary, and this has been projected. Therefore I think no difficulty will arise if
the right diversion from Lake Bohio should ever carry from 500 to (000) cubic meters'bevond
its maximum, and this would enable us to face the improbable circumstance of a flood exceeding
that of 1879.
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DISCUSO't'iN OF TIIE IiYT'ESIS OF WASTE WEIRS WIlTOiUT SLUICES.

III reference to t'hI discharges through the outlets of Lake LiOklh ant into the diversion
channels prolonging I hemi, a qtlestion arines whh Wis (d Vvr cN)siderable interest. In the arranlge-
ments projected, t-hI waLt4 WVeirs govlrniu the xwo outlets are provided with sittices which reogi-
late the dis'chargwe of each of themi to a limit;'d volume. which (.:il remiainl invariable inl spite of
tltietuations iW the level of the lake. This arhtiemenit Will regulate, at 1.200 cubic meters per
second, the total discharge of the waste weils so soon as the contribution of the tlood has reached
this volume, and will Mo1n 1ld0 it at that dlume until the lake has eichNi its maximum level.
In such a rvguhating apparatus there are evidetly several adlit ages, but it may be objected
that at ally llollent it maiy fail to work wxell, r ay he wrly iiix opeTated, like any other iiiechaii-
ical installation in tie hawds of me It Illy Ie asked, then, whlther eiuivalentt results could
not he obtained with waste we irs without sluies. throiliugh which the flow would be governed
merely by tHie action of natural laws . F01e reaSons allove stated it seems to me indispensable to

provide the left waste weir with slices, s in tillhe project, since it regllIlates a diversion where it
is necessary to contrl the dischrg. As the right waste weir, it might Ie oinstruiaedl with-
out sluices, regulating its silt at 17 meters elevation, which is the regular level of the lake. It
is elisy to Ie seen, a priori, tnat 1 giving this waste weir a proper length the result may he
obtained that ais the lake rises to 20 meters elevation, in proportion as the 1ood develops, part of
its contribution will be stored, while iall tile rest is diseihar'ed, and this without this level being
0 Xc001edd. But the essential difference between this system and that of i waste weir with reg'u-
latiig sluiees is: First, That the discharge of the waste weir will j(o ol ilaiay ( nireasingromii zeio

up to a lflainltitxy likely to exceed 700 cubic mlieters per secolid, ist'tead of remaining tillifornly at
700t euicl meters; secolci, -haP tl Ii I of fh- lake heyond tlL 1-eter iI ltiin, tile starting point
for store, will begili before tie contribution of- the flood has reached a diseharge of 1,200 cubic
ieters, iin ti iat coneijllently pa rt of t-le reserved spice wil ile filled pirenatiiirely wit I a olmiilie

whiei escaped in the other system.
It is possible to recte( to figures tIle conditions of discharge just indicated ill order to find

Hie required length of siih a waste weir. TIle forila are kiiown. mul. althoughcomiplicated,
admit of a scit ilie soliitim. tunler the admitted conditions in regard to the icreise of the
flood, under which a volume of It iilliOns of cubic meters should Ie held hack in the tlpper1
reservoir, Such a waste weir must have a length of tree outlet of 147 mieters. Its length ill the
systeil with sllices is only W meters. The widths of the discharging channel beow the waste weir
would ie, of course, iegutlated in pro rti. The '1110 maxinuu discllallre, thrownI' into tile diver-

sion channel, Illight reach t,3 cubic tilters per secolld instead of 700 culie lters, as it) thle
lust system. 'Th total cost of tie xorkH in the two) systems woul In, biit tie same, owing to
the 'a't that near the Ndye of the projectId hike, in the vi'iitv of the Waste weir. the level of
the natural ground is higher tiaii tile elevation to which tle Wast- Weir mist he cut ill 'ithi
system. A elanie] leading to the wst' wIr IIiiiist ti'i he Opened for tile Wat'rs Within lHi
hike. Ill the first system this channel must lIn low'rld to) 'llatiii 14 iiUters, whereas in tll,

it) cost restlting front lengthening the waste weir and hrum widening the( channel which extends
it. Tihe second system has the ad'antage lt lot iH'rihing the installation of tilechallical appailI-
tis at a waste weir situated far from the canal and froim the Bohio station. where will In 'oil-
centrated the working stafR for that point. This advantage seems to) me importat engh h)
cause the adoption of this systemi, despite the material increase of the discharge ill the diversion
channel on this bank of the canal. The topography of tile regiOln does not pr'eseiItf any set'iOus
difficulties.

NOTrE A.--A-lonn-cxld to Aodc 1/1.

Elni incton of pW(uI , /e 1Ypote/i/ s to 1,c ln frh 'o /m crw (WO" I cf /c /1(10 If A I/ic
prole c(u'?e( if tiw flood of 187v, durwie th Icimc w/w, t/ cic/u,/c 'xis 'fc0cc1 /,IJ)0 calcA

From the iiotnii when the discharge reached 1,200 ctibic Illeters per second iii tio the time
when it returned to this volumie, the 1o11d of 1M3 imy le illustrated Ve'y']' bv a segmntit Of

trapezoid, as in figure , the stand Cerming a period of Pight hours. with I discharge of,417
cubic meters.

It is import t to understand the problil' trailsformation of tie IlIe a b i d. xxN the maxi-
nun volume of t,430 cibic meters incrlasfs to ,170 Ichi mit'Is with ai elevation ut 12 mitrs
instead of 8.6.5 iieters. There is no reason for being concerned N ilh what happens before the
discharge has eacled 1,200 cubic meters or after it has r'etmiiidi o that volume. sini the ily
thing f) do then is to allow it to pass Ire'ly.
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Several more or less plausible hypotheses imav be made in order to arrive at a logical solu-
tion of the transformation of the line. and we should seek to arrive at a result CertaiilV larger than
the real volhiiie, so far as total disCIaIrge is COCerIned, but without falling into a manifest exag-
geratioli which would complicnta the problem ulnecessarily.

T. I'e list plausible hypothesis that may he made, is that, if the
total time of the auigmented flow (1).y wiicl I ineann a discharge constantly exceeding 1,200 cubic

/+A3O'm /9 c

e V. (5
5 c m60)

(E/e/ 8 7O

qi)

- TI~F~ m -171

m e tors), is ass IIn ed to rel utain 1 tnch Ia Iged, the Iin h1 e 1)cr(preso nIt ingil- thIie perviod o f m a x Inmm flo w rises
paral lel to itse If f rom I ,430 uc 1 m)i eter to 3 171 11) eni cmIet eriS. Th~e flne repr-esenlting tile change
ill augmented flow is shown oil tigjtre 7.

The total dischargYe of' the segm11ent roprosentfing the par't Of the mlaximumLI flOw to be stored
is readily computed. Thus:

Clibi(, meters.
F irst ph ase (in creasing).-- ---.- ----. - -.--.-.-.---- .-.--- .------- - .------- .- 39, 000, 000
Second phase (constant). . . . .---- -.-- -.---.--.--.-- ---- --- -.-- --.---- - .-- -- .---- 56, 736, 000
T hird phase (decreasing ). . . . -- - - - - - - - - - - - - - - - ------. -. -. -. -. -----. -. 28,'168, 000

T o ta l .-- .-.-.-. . . . . . ---. . . . . . .-- ---- .-- --- ------- ------ -------. . 124 , 110 , 0 0 0

0

meters),aisvnlumeed to remain nnclianged. thes lie, wotrpiitn tie 24 eriod,)0 oubi mea~trst. wrie
~toes tot seffrm 101,4 eth-e meterso tol'(l 81-a1 iihlletei 11a ili ihrc (3, rep0eseilingte emes

lobcoe toalg cI isv I tha of tilhe iieiit c e ieseitr il tle floit of 1893; i tis twol lie toe-
tsrady oteoC~oipnte Thus: ell l oreta iesfd yacmaaiey otatdhs
lasith case of the i D)------------------t-------------------ax-m-m---lo---ec-----------------lyrather

.3IOh . /9 (

Fm. 7.

The total volume discharged dur ing thmis t imoe would beI i4l .'750,001 eulbie meters.
It does niot seem logical to suppose the tinratiom of miaxi mm d isehatrge (8, 170 eubie imiter's)

to become longer than that of the 1,481) eubie met ers in the flood of 1898; this would be con-
trary to the customary phenomenon in torreiltil rivers fed by a comparatively contracted basin,
as in the CaIs of the Chag'res itself; the ditration of mmaximtut flow decreases generally rather
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than increases when the vohime increases. This fact is explained readily: In a large flood let us
consider the period of its maxinmt flow wen at a staid. The intensity of its unit OF discharge
is then proportionate to that of the hourly rainfall causing it, and its duratioin is proportionate
to the duration of this hourly raiRfa I. Should the intensity of the hourly rainfall double, it is
not probable, but rallier conutray to events generally observed. that the. duration of this excep-
tional dowNv'pour should iterease at the same tinie; in fact, it is rather die reverse which is noted.
The unit of discharge of the flood, during the tine corresponding to the contribution of this down-
pour, sUpposed to Ink doubled in intensity, may double, but its duration will probably decrease
rather than increase. In makng die hypohsis that its duration would increase in proportion
to its intensity of discharge, a very improbable supposition is ventured. Nevertheless, I will
exaiine later the consequences of such a hypothesis. Oit the contrary, it is logical to suppose
that the duration of the increasing ph ase and that of the decreasing phase increase iii proportion
as the absolute naximumni discharge increases. The law of this progression can be inferred in
several ways.

condo d /yj)othe.s/s. -Figure M. For example, let us suppose that the duration of these phases
in the two floods to be compared are proportional to the maxi mum discharge they may attain
under this hypothesis, the transformed Iine would be as shown in figure S (tile coefficient of

3 170
increase to be applied being ' ' - -2.20).

1,430

O17 3E 'hO 50h

FIm. s.

The total discharge of the segment of the trapezoid representing the vonine to Ik stored
would be:

Chbic meters.

First phase--. . .- . .- - . . . .--------------------------- ------------------------------------- 86, 522, 00
Second phase .-.-.- .---------------------. .------.---------------- ---------------------- 50, 73,000
Third phase -.-- .- .- .-------- . -------------.---------------------- ------------------------- 2, 410, 000

Total -- .--- .-.----- ----------------------------------------------------------- 205,668,000

Total volume discharged during the period, 422,000,000 cubic meters.
Thid hyjot/e's.-Figure 9. Another logical hypothesis would be that the duration of the

two phases, increasing and decreasing, for the two floods, are proportional to the maximm
elevations which the floods may reach, 8.65 meters for the one and 12 meters for the other.
The coetHeient of increase for this duration in the flood of IS79 compared to that of 193 vould

be ' _ 1.38. The transformed line would then be that shown in figure 9.
8.65

The total discharge to be stored would he-- Cubic.

First phase.------ .-- .-.----.-------- ------------- ------ -------------------------------- 53,828,000
Second phase.----------------. . . . --. . - --------------------- --------- ----------------------- 5,73 ,000
Third phase --------------. . . --- . . .-.------------------------------------------------------ 39, S 000

Total .-. -. --------------------. ----------------- - -------------------------- 149,712,000

Total volume discharged during the period, 298,000,000 cubic meters.
FAMrth 'ypothesis.-Finally, in the transformation method applied above, suppose, however

unlikely may be this hypothesis, that the phase when at a stand itself inierense in the sane

129,--05-7
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proportion as the two otIhers; ill such C11s5( its ttirationl would be either 15" 40 or 9" 70,
accorldinlg" to the mel(tlo(I ol prog.re,sioli d01oted, an1d the dischlarges to be stored would become:

Iv the lirst ietiod (coefI ient 2.2 )-

Total (luratimn of thie perio(I (59 o6 ): C i metcrs.
F irst p h a se . .- . .-- - .---- .-.-. .----- --.--- -.-.-.--.- .--- .- - .-- .-.------ . 86 , 5 22 , 000
S eco ln p h ase .---- - .--- .--- .-- .------ .- .-- --- .- .- .-- .-- .- .- .--- .- . 124 ,8 19,000
T h ird p h ase . .- .- . .--- . .- . . . .- .- .- . .- .- . .- .- ---- .- . .-- . 0 2 , 4 10 , 000

T o ta l . . . . . . . . . . -. -. . . . . . . . --. . . . . . -. . . -. . . . . . . . . . -. . . -. . . . -. . . . . -. . . . . . . . . . . . . . -. . -. . . . 2 7 3 , 75 1 , 0 0 0

By the second method (coeflicient 1 38):

Total lduration of the period (37' 30): Cubik me r
First phias. . . . . . . . .--------------------------------------------------------------------------- 53,828,000
Second phase. . .------------------------------------------ --------------------------------- 78,296,000
T h irr p h ase .-.- .---. -- ---. -.-.- -.--.-.-.- .- .- . .39 148,000

Total ------------------------------------------- ----------------------------------- 171,272,000

370

o' /5" /a .3/ 31 2

F1. 9.

/ /ypot/es/i. -F figure 11. lv the method just used, the two hypotheses, each leading to
the maximum result, are those where each of the three p)haLses is increased in duration propor-
tionally either to the increase of Maximum discharge or to the increase of the maximum

_ /?33/ 73 h

FI. 10.

elevation. In the first ease the coefficient of increase is 2.20, in the other 1.38. Common sense
and experience indicate that it is more rational to suppose that the duration of the maximum flow
increases proportionally to the maximum elevation rather than to the maximum discharge which
may be attained. Therefore it would be nearer to reality, still keeping above it, to take as a
coefficient of increase the mean between the two above-that is to 1say, the coefficient 1.79; then
the total period would become 2 7hx 1.79 4 8 ' 30, say 48 hours, distributAd in three phases,
giving the transformed line shown in figure 10.
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The total distharoe to be stored would Ie:
Cubie meters

F irst p h ase . . . . . . . .---------------- -----. ..- -. .- -- ----- ---- --- --------.--.---- -------.-. ..6 9 ,14 7 , 00 0
Second pias.c . . 1--,--061,000
T h ird p h a m .--- -.-. ---- ----- --.- --.-- ------------ -------------------.-.--.- .. .-50, 530 , 000

T o ta l ----.- . .- . .---- .- - - - - -.-.-.-.-.- - --.- ------ 220 , 738,000

Total volume discharged d. rr i lng the period, 448,000,000 cubic meters.
II the foregoing analysis I have enideavoreld to establish upon a platusible and rational basis

the proportion of increase in the period while the Hood is discharging more than 1,200 cubic
meters, and its maximotm volume tiseso f iom4 14 til cubie meters, reached ini 1893, to 3,170 iulic
meters, reached in 18-9; the most logical conclusion to be drawn seems to be that the period
increases in the ratio of 1.79 to 1, and that the do ation augneints from twentyx-seven hours to
fortv-eioht hours. It was necessary also to define the line iourino the flood beginning at the
dischar-e of 1,2,) cubic meters. i have deducd it froit that of 1893, by supposing that the
shape remains similar and that both maximum odi nates ise from 1.430 to 3,17.

A more general hypothesis may be made, whiCh t pears perhaps more rational, and which
dispenses with searching for the problhmatiC for m o I tf it itnknIIo curre. Thus it may be
supposed that, durin'o those fort y-eight hours, whicI correspond itt the flood of la79 to the
twenty-seven hours of the flood of 1893, the average volnite of the flow, in comparison to the
aveaoe disclarge itn the correspondio flood of L1 93, holds at corresponding epochs the same pro-
portion, as the itmaxin mu1m discharges reached by the two floods. It would follow that the average
discharge for 1879 is obtained by iultiplyino by 2.20. the average discharge in 1893 for the forty-
eight hours of its lmaxium loW. This iaVerage dischiaroe is about 1.260 cobie meters per second;
consequently the average discharge fot the forty-ight-hour period while the discharge of time
flood of 1879 xxas greater tIan 1,200 cutie meters, would be 1.260 times 2.20=2,640.

The total volume discharged during the period would be: 2,640 X 48 X 3,6)0) = 456,192,000,
say, 457 millions, and the total -voluine discharged in addition to the constant discharge of 1,200
enbic meters -that is, the total Volutme to be stored-WoUld be 1,440 X 48 x 3,000 = 248,832,000,
or, say, 250 millions.

Among the rational and plausible hypotheses to be applied to the phenomena of the flood of
1803 and the phenomena of the flood of 1879. this latter is the one which is based ott the broadest
hypotheses and which leads to the largest estimates without exceeditig reasonable bounds; it has
been adopted definitely for the practical stidx Of the problem of regolating and of storing the
large floods of the Chagres.

NoTE IV.-- (',nei/ ])i'Op!iwOO (cfoi t/ <odtiwetoon of th/ /c o/io i n'oik.' - Prolel~b dbridion of

The most important glrOUp of works oil the canal or its annexes consists of those to
be constructed in the Bohio region, il order to realize the lock-canal project adopted by the
company. These works are identical, except for a few details, whatever be the elevation finally
assignied to the sutnmit level. From every standpoint titer- constitute the maii factor of tile
lock-canal problem. The object of this o'roup of works is to transform the most important level
of the canal into a central lake by dat ifnitog the Chigires Vale y at this point. This lake will le
the suimiiit level itself if it is possible to realize the project where the bottomti is lowered to
9.75 meters. Furthermore, the formation of the iitmtme tst lake by the priopo)se(d dami will
furnish a radical means for regtulatitg the floods of the Chag-res and for so controllitig it as
to make it an i notfetnsive nteighbor of the canal and ati itldispetisable auxiliary in its operation.
Finally, on account of the special problems of construction involved in snecessfullxy ex citing
this group of works, the latter will regulate the entire title required for tile completion of
the canal. For these various reasons the complex groiip of the Bohio works forms the dominant
factor of the canal; therefore it will be very interestintg to stUdy, i-' thoroughly as possible, the
prograne of construction to be followed and the probable tmie required to complete the work.
This I propose to do now. First, I shall ettnmerate the works projected at this point.

MIEF STATEMENT OF WORKs iro.jECTE).

As is known the valley of the Chagres at this poitint presents a very pronounced contraction,
reducing its xidth at the low-water stage to about fIt meters and its width at 20 nieters above
this level to about 380 meters. Generally this condition is very favorable to the construction
of a dam. On the left bank of the Chagres is a ltiff called Bohio Butte, cotisisting partly of
rock and partly of a volcanic congloierate as hard as rock, composed of gravel and bowlders of
various sizes cemented by eruptive material. On the right hank, facing the bluff, is the slope
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of a rocky hill forming a heiglht kiowxii as Celetery Butte. Against these two opposing heights
will he abltted the proposed (lain across the Chagres Vallev. The slopes of these heights
presetit quite a Marked steep incline: tHey pinige rapidly under the thahveg of the valley, which
for a considerable depth consists of a thick deposit of 'aitecitt dilllviii., very compact clay or
sandv lay, as showii bv tile gleologicld section (atlas plate No. 0) draw ftromt 1lltmil(roUs horings.
This composition of the soil ill the lower part of tile valley wolild not admit of the conistructioi
of a secure miaisonrv daim of sufflicient height. owilo" to settlill always to be feared, but it adinits
readily of the col structioin of an earth daiit. This latter type ls been adopted for the (lidai
projected it this poiit. liY reasoii of its functions anid of its importance, it is the principal
work of the groip iii question. The geierai cowlitiois for coiistructiio' this damii are stated ill
the report of tle technical commiittee, and they are shown oil atlas plate No. (". The greatest depth
of water will be 20 meters aiove tie bed, ttid the crest of tihe (lani is set at 8 meters higher.
Its total elevation above the lowest level of th foudtiatioi is 21i meters. Its length is 28l
meters at low-water level and 392 meters at top.

Bolio Blitte, oii the left hank of the Chagres. is crossed iii its eotire length by the canal
line, and in this blutf will he constrtteted tile flight of two locks, which will coiidiict to the
second canal level. This so-called Bolhio level. by reason of the dnin transversal to the valley,
will form an inuiniieiise lake extending about 21 kiloietes alogW the direction Of the eaiial antd
Covering an area of aioit 0.000 hectares at its maximumn level. This fliglt of two locks is the
second il importance of the works of the group, and together with the daill will close the valley
entirely. The cut to it' opeetd in tite blff to receive these locks hais been hiu already to A
considerable extent tI old coipanly ith avie w to 1 sea level canal its actual imtean depth oil
the axis reaches about the elevatioii of 13 ilmeters. The original election of the highest point
of the b1lnff was 5 ieters. The excavations most he carried to -8. meters kiir the upper lock
and to -12 meters for the lower lock of the tliglit. The Boiio Lake, iin time of large floods of
the Chiagres, is likely to receive art iniportanit voltitie Of water, as the loregotiIg discussion has
shown; it must hold iack a larie portion of it at the tiie of the rise, and this volumiie will raise
its water level from the original elevation of 17 meters to a level dependinti upon the inmpor-
tanee of the flood, which iimay reach the maximum elevation of 2,0 nieters. At the same. time there
must pass continuously a volume which may attain a discharge of 1,200 eubic meters or 1,900 ciubie
meters per second. according to the type of waste weir finally decided upon. This discharge will
be selected through two outlets. one oti the left of the aiil capable of discharing a maximum
of 500 cubic meters per second, the other oit the riglit of tlt canal capable of discharging 700 cubic
meters or 14It cubic meters a second. according to tih system of waste weir adopted. The
works constitution these outlets make Up the third group iif works at Bohio. I shall assume
here that waste weirs provided with slices for a total discharge of 1,200 cubic meters per
second, to e distribted between the two, will le finally adopted. The question of the system
of the waste weirs is not material from the standpoint of the present note.

The site for the left waste weir is a hollow iin Cemetery lButt against which the dam abuts on
the right hank of the Chagres. Its fixed miasoniry sill is at 14 lieters elevation; the sliice gates
which close it are 3 imtters high, and their tops therefore are at 17 ii ters elevation (iiornimal level
of the lake) when they are lowered. The foundation exicavation for the miiasoutry sill iiiiist go
(owNi to 10 lieters elevation at the lowest point ill order to reach soliii grouind everyvwhere; the
length of tIh e sill, and consequiently of the foundatioll excavatiolts, is about 700 iteters.

The site for the right waste weir is ill a depression lyiig near the top of the divide sepa-
vating the little valley of ti' Rio Gigantt from another small bhasii contaiining the Pela Blanca
Swamnp. This depression forms a loitg hollow whose level is at 20.75 meters elevation. The
proposed waste wiir at this site will have, like the other, a fixed mitason rv sill it 14 meters eleva-
tion, with sluice g'ates ' imeters highb. The length of the masonry sill is 96 meters; the founda-
tion excavations iutust go down to 9 meters elevation in order to reach solid groUnd. Since for
quite a long distance in the vici nity of the divide the natural land within the future lake is at a
higher level than the elevation of tlii fixed sill of the waste weir (14 meters elevation). it will le
necessary to make a cut down to that elevation in order to open to tile waste weir a channel
capable of carrying the discharge whieh is to flow through it.

Such is the Bohio g rotip of works. I will now indicate what seems to mi to be the rational
Metliod which sliotrd be adopted ill their conilstructioin.

(IENERiAL sTATEMENT OF THE MET1iOI) OF CONS'fTRUCTION.

It is evident that the topograiphy of the bluff bordering tire left bank of the Chagres, and
across xvhilch tire canral pass'. admits of tie construction of the flight of locks in connection with
that of the dai, thanks to the nature of this lutt. This determines conditions very favorable
to tire exeCUtion of the general plan for constructing the works and justifies the choice of this
loCality to the exclnsiot of any other for closing the lower xalley Of the river. It is evident also
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that the simiultaneous construction of the dam and of the locks muist not be contemplated; that
work will be simplibed by ividing it, taking advantage of the natural facilities offered by the
location to divert the Chagres through the cut which must be opened through the ridge in any
event, so as to be able to bIld the dam without interference from tile river. Therefore, the
construction of the dam and of the lowks mst advance successively, since the site of the locks
must fori a time be tile bed for the discharge of the (hagres while the dam is building. Two

goeral methods of construction are possible; Olle, in which the somnevlat advanced stage of
construction of the locks would precede that of the damll, the other in which the construction of
the dam would precede that of the locks (except their excavations, which must he lade first in
any case). Ile fatter method seems to me preferale for several reasons, Iaticularly for two
general reasons which alone see to me decisive. In the first place, it is very sable to build
the dam at Mhe Wariest moment, in order to enable it to stand the Wcton of time as long as powsile
before operating the canal. Secondly, it will not lie weeessary to wait for the comlpletim of the
dam before proceeding With the coustrllCtiol Of the locks; it will be soufficient if it has reached ia
height enabling the ChagreTs to discharge its waters through the cuts at the waste weirs, which
will have been opened previously to their full depth. From that imonent the site of the locks
will become free again, and it will be pdssible to construct these works and to complete the dan
simultaneously, thereby saving time apprecably as compared with the other method.

METHOD OF APPLICATION.

li! p/ues' chl is tile general method which I prefer. The following is its proposed
application: The tirst operation is the cut at Bohio Butte which is to serve az the exca-at i for thie
locks at this site and as a temporary diversion of the (hagres. Ilis (lt Imist be 78 mileters wide
for locks with two ciambers each 25 meters wide. The bottom must le lowered to elevation
-- 12 meters for the lower lock and to elevation -,8.50 meters for the upper lock. The excavations
need not be lowered to these elevations at the outset; it will sLlfice to Iotwer theil temporarily
to the mean elevation +J meter, and to give them a ('rtai longitudinal slope. ThIs is the level
which seems convenient and sufficient for the bottoin of the temporariy verWsio of the (hagres
during the construction of the dam. At the same time should le nudlt the masonry wo(rk at the
upper end of the upper lock for a sufficient distance to enable later the floatillg' guard gates to
take their place under the pressure of the hake, thus baring the waters of the Ciagres flom the
excavations and acting as a cofetrdai to penmit the resumption of work on the locks when the time
shall have come. The approach basin of the canal above the locks in the Bohio level should have
its normal bottom at 7 meters elevation, tie same as in the entire level. In older to allow the
temporary diversion of the Chagres by means of the lock clt. it will be necessary to dig this
basin at once, at the same timte as the cutting of the butte, and to lower its bottom to that of the
cut, that is elevation 1 meter, between the site of the locks and the point wilere the canal line
encounters the bed of the Chagres, opposite Buena Vista: tiat is, for a distance of aliout 40
nieters. This done, by building on the site indicated on the general mlalp (plate No. 4) a temporary
dam, the crest of whiclh should le at elevation 7 meters, th' Chagnres will be diverted into the ope
cut through the butte. thus leaving fiee th' site Of the diiniti ve dam. Ths comilluafion of w rks
represents what I sAll terml "The birst phase of the priogaminne of colstrtio." its comillitioll
will rulire not less than two years, including the time for prparatioll ad for organitionl. The
estimate of the excanations in the cut at the buitte wvidhin the-provisionazl limits staied above, is
about 700,000 cubic meters. During this phase tile foundation of tile definllitive da1 will have
been prepared oil the sides of the ilChagres Valley and the Hist steps lncssary to constrwt this
work taken, so that its constit ion proper, on a large scale., maly follow immediately tile
completion of the works of the lst phase. In illy opinion nothing will pr'vl't starting at about
the sanle period, the enrockment of large blocks below the dam, at least up to the low-water l'vl
of the Chag'res, and also the cofferdamn to le filled with concrete to form a protectilig wall above
the dam. These last works may be constructed in great part without requiring the dimsiln of
die river; they may thwn be considered to he in a very advanced stage at the end of the first phave
above defined, and that at that moment it will soom he possible to attack the heavy work of the
dami itself. Then begins the so-called "second phase of the prograllinlle, well ti Chlagres,
diverted by means of the templma'y dam at 1HUiMa Vista, will discharg its waters though the
opening of the locks. With this opening, and the height of 7 imlters above the bottoim of the
bed, adopted for the diversion dam, tis division will suffice for the discliarge of the river up
to the volune of about 050 cubic mete's per second without overflowing tile provisional dan1.
Therefore, only during serious loods and consequlntly only for short periods during the year
will the diversion dam be exposed to le overflowed and the yards of the definitive dam be invaded.
The arrangements for constructing this work have been studied in view of these collditionl. li, iad,
while under construction, it might be submerged by a flood without danger. We will soon see
that this event can not happen when the heig'lt of the dam rises above 13 meters. Even consid-
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ring such an extreme accident, which is the most anfavorable case fromii the standpoint ot a
submeirgece ol the dha by a large flood, it will be recognized that even then the overilow frioii
above would be rather weak. Indeed, the level of the water in the ilullediate vicinlity below the
dam xwoidd rise naturally abott to meters or so, as happeiis without a dam; the dischar"e over
and above the daim would take place with a fall of ol v a few meters. It is mainly il order to
p'ot'Ct the work while undlei' construction against the effects of a slbmner"eace that has beien
provided the important mass of large rocks placed along its diowiiitremli slope, which Iliass will
be deposited graduially, so as to le always in advance of th mass of earth.

e'SonIdp])/iaue. -- SimltanieonslV with the iiiain hodV of ti dam, OVli withoUt waiti ng' SO loio,
work will be started oil excavations for the waste we's which will become attr the outlets of the
lake-one in the hollow of Cemetery Butte, the other at dhe Gigailt( divide. These excavations
will form two openings having' a total width of I;(; meters, to be lowered, the left one 70 meters
ini width to elevation 10i meters. the riglt oiie !W ilieters ill width to meevatioil 9 meters. Thus
prepared fOr bUil[dinlg' the IMIasoir'y work of the fixed sills of the waste weirs, these cuts will be
left open i untit the damn is completed, and even during the greater part of the iamsonir y work of
the locks. They will serve as effective outlets, through which, cocurreitly with the opening of
the locks, the Chagres can discharge its waters as soon as its level, raised bv the gradual construe-
tion of .the daiii, has reached the bottom of the said excavations. BY the ordi iarY forimihl of
hydraulics applied to the conditions just stated. it will he found that, taking elevat ioi I3 meters'
as the 1ike level above the dam under construetiom, the discharge which Iould pass through the
wide openings of the waste weirs and through the opening of the locks. miligh t attain aboiit 3,000
cubic meters per second: that is to say, the MaxiIIininn disChlarge to ie anticipated. It, follows that
the dan would no longer le liable to act as a waste weir. anid that aioVe that ileVatiOi it xwoalId be
proteotod against any sublmiergence. Under these conditioiis there would be in 1(1ed Of comntitiig'
the enrockment on the downstreamn side above elevation 13 meters, or, for greater security, above
elevation 14 meters.

Assumimg elevation 14.5 meters as the lake level at the dam, the discharg-e through the
openings at the waste weirs alone, wit hout the cooperation of tie openiiig' of the locks, would
reach 3,000 cubic meters per second, which is the maxiuminn to be anticipated. At that ioment
it would be possible to exclude the waters from the cut for the locks by installing the floating
guard gates, pl'epalration for which had been made during the first phase, and to resume and
complete the construction of the locks. This will be the end of the second phase of the prograummie
and the beg'iiining of the third phase. 1 believe an estimate of not less than foui years is necessary
for the completion of the seciOid phase, taking into consideration the natural delays inherent to
works on the Isthmus, and uiiexpected incidents which imiay cause sonim loss of time. The first
two phases might then he completed iin six years.

T7l/rd ph/ase.- The third phase includes the completion of excavations for the locks which
have been lowered temporarily only to the average elevation of lletelr; the filial constiuCtion of
the masonry work of the locks anid of all mechanical xorks, such as apparatus for filling' and
eiptying the chambers, the installation of gates (prepared essentially ill adVanCO) and Othe
iiiachimery, etc. ; the completion of the ta;finally, the construction of the masonry work of the
waste weirs and of their metallic parts. These last works will lie executed readily di rin g periods
of loxw' or of iiediuii stages of the (hagres, w'ich vill le discharged again th rough the locks
as soon as work is suflicientlv advanced. All the works just enumerated comstititi n the tii'd
phase of the programme will occupy a total period which it seems to mile should not be estimated
at less than four years. The completion of the ptroigram xx'e would therefore require teii years.
This period, tell years, I consider as the regilatinig' termuii for delays of execution for all the works
of the calial and its annexes. silne, whatever ie the project adopted, tie Bolio group iiremai ns
the same and will require the same time in all cases.

MATERIALS AND MEANS OF TiRANSPORTATION.

The iatei'ials required in the construction of all these works are found iin their viciiit*', and
the organizations of the means of transportation will le effected readily. The so-called Bohio
quarry, now for a long time operated by the railroad company, xxill supply the materials for all
the masonry work and for the enrocknieit of the dam. This quarry, of which the capacity' for
production is considerable, is situated to the left of the line of the railroad at about 5110 ieters
from the daiii. The earth required iii the const ruetioii of the da itself will be found on the
banks of the Chagres in the vicinity. These banks toisist of a thick laver of argillaccous saiid'
deposits, which are very suitable for tine works iii question; their working and their transporta-
tioii to the points where needed will be affected readily by the ordinary means of small railroad
tracks. It ('oes without saving that the operations will require the fullest use of mechanical
means. The works only at the waste weir of the Gigante, situated at about 5 kilometers from
the locks, which will also require the use of materials from the Bohio quarry, will call for the
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Iaviiig of special tracks over quite uneven land. These tracks itiav be narrow, if it be considered
too expensive to lay wide tracks for heavy rolling stock. Important earthworks will have to be
executed at this point, and hoavy rolling Stock for that use would be more advantageous if the
preliminary works for its use should not entail too miuch eXpense,

PARTIAL DEVIATION OF TIE PANAMA RAILROAD.

The programimie of construction of the Blohio group involves necessarily the construction at
the outset of a work not connected directly therewith. and helongig to another class of works,
yet indispensable at least partiall 'it once. I am referring to the Panama Railroad deviation.
Indeed the railroad from Colon to Panaia cuts the canal line twice, first near P. K. 36 crossing
from the left to the right of the canal, then again near P. K. 56 crossing from the right to the left.
As these crossings are not admissible on so important a navigable way, the railroad must be
deviated, so as to remain entirely on the left bank of the canal where lie both its terminals.
Moreover, for quite a long distance, beginning at Bohio. this railroad is at a lower level than the
probable level of the future lake, -consequently it is necessary to extend the deviation over the
entire distance which is I iable to ]he submerged. These various reasons lead finally to a deviation
of the actual line on the entire distance lying between a point about 500 meters above the Bohio
station and NIiratlores; that is, for about 42 kilometers.

The actual station at Bohio, in the vicinity of the site of the dam, is at elevation 12.20
meters. Froni that point the railroad remains in the Chagres Valley, as far as the neighborhood
of San Pablo, at a level low eno)igh to be exposed to be submerged by ordinary floods, so soon
as the temporary dam for diverting the Chagres through the opening of the locks during the
construction of the final dam is built. It is therefore essential that at that moment the part of
the railroad deviation lving between its origin near Bohio and the vicinity of San I Pablo shall
have been built, possibly connecing temporarily this part of the new line with the existing line,
which is not distant at a point a little above the Barbacoas bridge, by which the Panama Railroad
crosses the Chagres. The rails on that bridge being at elevation 18.00 meters; that point is
indicated as the temporary link.

The construction of the works of this partial deviation relates therefore to the first phase of
the programine of construction of the Blohio group, and must be carried out simultaneously. This
seems to me possible; the length of the part of the new line to be built will be about 13 to 14
kilometers. From San Pablo on, the actual line escapes the field of submergence of the future
lake, which can he kept down a few meters until the final construction of the waste weirs. This
partial line can therefore be used until the end of the canal works,. and there will be ample time
for completing the final railroad deviation between San Pablo and Miratlores.

MISCELLANEOUS REMARKS.

In the foregoing analysis of the successive phases of the programme of construction of tile
works of the 11hio group, I have assumed that the waste weir at the Gigante divide would he
built with regulating sluices. It is apparent that neither the program nor the successive works
involved in carrying it out will be modified if a waste weir without sluices be adopted. Only
the arrangements of this waste weir would le altered, as well as the earthworks relative to it,
and this is a detail of construction not material to the general program.

I will close this note with a remark applicable to the two systems to be considered in refer-
ence to the Gigante waste weir. I have remarked before that, on account of the elevation of the
land within the lake in the vicinity of this waste weir, it will be necessary to dig within the lake
a channel for quite a long distance, in order to carry the volume to be discharged. As we have
seen, the final construction of the dam would require the opening of the waste wveir down to
elevation 0 meters, which is the elevation of its masonry foundation on rock. Temporarily this
cut must remain open to that depth, in order to allow the discharge of the floods of the Chagres
while the dam is building. It is evident that this will require the digging of the channel leading
to the waste weir, so as to enal I it to feed the outlet temporarily lowered to elevation 1 meters.
This channel must be provided therefore with a sloping bottom ending teinporarily at that
elevation, which will require important excavations in addition to the amount strictly deianded
for the final construction of the waste weir.

NOTE V.-PROGRAM OF OPERATIONS AT THE CENTRAL CUT.

Various sections of the cut and estinates of excvatimos.

The central cut through the range constituting the divide between the slopes of the two
oceans begins at P. K. 46.400 beyond the Obispo locks and ends at P. K. 56.600 above the Paraiso
lock. It forms the entire summit level in the 20.75-meter proJect and only part of the summit
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level ill the 9.7 5-m1ieter project. This clit consists of two sections iiaracterized by vory different
topographic conditions. The first section oxteiids as far is P. K. 5",600, and colisists of the
so-called Eiperador ange; its elevatiolis are comparatively low and its excavations imioderately
deep. The total exCaVatiolns required for a total distancce of 7 kiloneter is 12.400,000 cubic
Meters in the 20.75-meter project and jS,700,000 cubic mi(tors in the 9.75-leter project. The
second section extends from 1). K. ) .i I to P. K. ;5,80,, aid coists ot the Culhbr dividl; it will
require far deeper excavatimi. Trhe total excavatins required for a total distance of .3 kilo-
nieters are 10,400.000 cubic i1iete's for the 2o.75-meter project, and 12 700,000 cubic meters for
the 9. 75-iteter project. Those ostilmites would become 11,7100,001) Cbp ic Mtors and 14,500,000
cubic meters, respectively, in the 20.75-ieter and 0-ineter projects with enlarged profiles. In
this section special imeiit ion should be made because of the depth of the excavation of the
portioii lving between P. K. '53,00 and 55,5), consisting of the so-called CUIlebra divide, and
which alone for a distance of 1000 meters requires 8.900,000 cubic meters to te excavated in
the 20.7.5-mieter project and 10,900,000 clbic mctcrs in the 9.75-meter project. These estimates
woUld become 10,)010,000 cubic iieters tiid 12,100,000 cibic meters, respectively, in the 20.75-
meter and 9-meter projects w ith enlarged profiles.

As I stated in Note I, all these estimniates are made without taking into consideration the
excavation already made by the New Coipany in constructing the so-called preparatorY cunette,
this excavation Iiing considered an elastic mari'in to meet contingent expenses in the remaining
excavations.

This oUtlilIe of general conditions in the vork projected in the oentral cut shows at, once that
in an v ease from the standpoint of duration of construction, and therefore front the standpoint
of the organization required for the work, the gist of the problem centers in the portion of the
range lying between P. K. 58,00 and 55,5.0Q, which alone in either project constitutes two-
fifths of the excavation of the entire cut. A prior it is evident that if the work be prosecuted
with equal activity, far less time will be required to complete all the other parts, or, what comes
to the same thing, for the samle duration far less activity eIsewhere will be required. This remark
leads to the following conclusion, which is undeniable, logically and economically. It is of real
importance to distribute the total work is uniformly as possible according to the longest teiri
required for each class of works, with a view to reaching as closely as possible the average of the
total number of laborers to be employed. But it is in the first phases of construction that the
excavation of the Culebra range proper can be prosecuted most actively, and will call for the
largest number of laborers. Necessarily the active prosecution, as well as the number of laborers
to be employed, must decrease when great depths have been reached. Therefore, in order to
maintain a certain uniformilty in general activity and in the number of laborers distributed over
the total works of the central cut, it will be rational to force work on the Emperador range and
the lower portions of the Culebra excavation between P. K. 55,500 andt 56,600 only after very
considerable work has been done on the deep cut of the Culebra; that is, only after an interval of
several years. I think a start of at least, three or four years may well lie taken oii the latter
1ifore attacking the other parts of the centraI cut. This method, which is very judicious when
we consider the tadvatntageotts distribution of labor ais a problem by itself, will have a decided
advantage front another standpoiiit, as has beien shown in Note 1. It will avoid resuming work
oi exCavations already made if, after three or foUr' years of active experience in the deeper part
of the Culebra Cut, the 9.75 meter instead of the 20.75-meter project is adopted. As regards
this local section of the central etit, it is known that the upper parts of the profiles coincide in
the two projects, and that work done in the first three or four years is therefore applicable to
both, whereas this is not the case as to the remainder of the cut. Therefore it will -1e advan-
tageous if nothing or hardly anything has been done there when a finial decision is reached.

GENERAL DIVISIONS OF THE PROGRAM OF THE'WORKS.

In Y opinion, this is the first principle to reg1'ul'ate the organization of works in the central
cut, namely: Imnmediate forcing with the greatest activity the work on the portion lying
between P. K. 53,600 and 55,500: some three or four years later, o on with the rest. I propose
now to consider not the actual details of construction, which would be beyond my purpose, but
the general conditions of organization for a practical plan of construction which can be applied
ad\-vanta(geonsly to these works iii a manner to throw light upon their total duration and the
average numlbel' Of laborers necessary. This does not require the consideration of those parts
of the Ct on which work iay be delayed for several years; evidently the period of construction
will depend especially on the part lviig between P. K. 53,600 and 55,500., consisting of the deep
Culebra Cut. As to the number of laborers necessary, it can only be approximated by adopting
as close an estimate as possible as to the production of each l'borer; after that the kitowledge we
possess of the volumes to be excavated will suffice.
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'Ihe refore I have considered only the org'anizatioi which should be adopted ill coiistructiio
the part of tihe cut ivilg betweeil till' points stated above. I hasteni to sax that this study does
not preteltd to afford the olnly solution of the problmil;i it olY indicates a soliitioii WhiCil seels
logical anid piactiCal and viili forms a plalsible iasis for appreciating' the qlestimis raised.

M11ET110D OF CONsTRUrL'C N APPIACABIE TO THE DEEP CSIT OF THlE CULEBRA.

GENERAL 0IN;ANIZATION.

The Culebra Cut proper, as detiiied above, is 1,900 ilmeters long, of wiich onlxy the portion
lvin" between P. K. 54,100 aild .5,-100, approximatelv, (ani be the object of a g'eiieral or"anliza-
tioi, as it forms a lolog'eieolls whole froni the standpoint of operating, ways and means of
trallnspoationl, aIn([ sites to be used for dmiliping. This portili. about 1,200 meters lono, can
coiistitute a collection of yards operated accord ng to the same iimethod, prog'ressiln-g. siimuilhaile-
ouslv, necessarily using the samle duips and which ought to be uder one local inanageineilt.
Tihe other two portions extending the cut at its 1\wo ends mUst IleCessarily be subject to differ'n t
methods of operation; they will have their own (lumps and special miails to gain access thereto.
They' should be worked siimultaieously v with the portion just referred to, bnt without direct and
intimate coniectioii with it in referene to the organization and to the means to be Used.

For al estimate of tile time required to coustruet the entire (ICilebra Cut, it will suflice to find
the timle necessary yv to cols truct the portion ling. betweeli P. K. 54,100 and 55,3 M.

The iiiethod of cOiistrUCtiOn stiidied is based oii tle Ist' of excavators and of large dirt cars
for trainsportatiii. Tle geiieral plaii consists il operating si1xitaieoisly V as iiiaiN fronts Of
attack, similar ill composition anld ill xvork, as cal be installed, taking into accoulnt the facilities
for dum ping, whii icli will vary with the vidtlis of the cut at tii'(h different levels.

Tie pais ai profiles amiexed to the present note (plates Nos. 15 aiid W) show the general
orgallzation of the froiits of attack aid the successive phases of the progress of the xvork. The
duniips where excavatioiis are delivered are the Lirio dumips toward Colon, and those in the valle'
of Mallejon toward Panaia. Tvo filldaimeotal principles govern the orgaiiie stuidy', vhiich iiav
thus be explained: The first consists in iiideplitdetlce as to outlet for each front, of attack, per-
miitting loaded trains to leave indt empty trains to take tilir places. On each front the fraiii
loading has a track Ceoiiiitcted directly and iniiiiediatel y with a 'cncral line of tracks enldilng at
the dumps, without horrowillg other working, tracks at aixy poiit. The second pri ciple collsists
in establishing, bef >ve arrivig at the duips tieiislves, a permtantent transfer statioii where will
iieet, ol the one hand, tll loaded traiLi s approacling the duimps whose previous rontes chauige
ieCessaril, and, on the other iad, all emiptx trais returill in froi the diiiips. Illis station

oiiee establislied will work without l'yllalge fromi beieililnilo to eidit it coiisfitilftes all excliallge
station where the train engiiies m ay shift from front to rea-, or rather were full trails and
eimiptv trains liay exchange engines, so that the traiiis call always leave the loading point I'ilg'il1
ill front all( return) with ('1g1i11 in relar, and, oil the other hland, travel oil thew route I'henlce to
te (dtiiip with the elgile ill rear auid Coie bark with en'igilie ill front.

Thle plate shioxws by illeauls of elevations that the exclhange station oli the Li'io dumlip olite
must be placed ait 70 meter elevation, anld thlat thlis station call only be approval bY trails
coiimilg from tie utit unless excessive grades be admitted, wIien the traCks at fit', loading point (do
lnot attain ao eltvation less liaii 59 meters. Aiilitti&l an excavation 4 mters loWer, xxwe see that

elevation '5.5 meters is tile extreme hlmit whlichi cani bw subservedt by tile Lirio doumps. Theice
forward tlfe excavations iuLst be tllill)ed at te Mallejo. The exchange XC statioll O the lolute to
tile Mallejoll dumilps munst he placed ait elevating 4;.)0 meters ill order to be able to cros-; oil ai
higlier grade tie Paiiiama railroad, whose rails iear this point ae tt elvatioii 4-2 meters. Til
plate siiows tile possibility of reaching frot the cut the statioti placed at elevatiti 46.50 iiefrs
witilout excessive grades so lolg as tle track platformt at tH startii' llact is not lwx' tlall
elevatiti 21) iieters, or the excavatioil bottolmi is not lower thiin tlevatili 21 iit'rs. This is flit
extremile limit which call he attained without resorting'O t~o special me1anlS, Slneh :1,1 iin thW
material before loading it Oni the cars, or raisiilng the Cars after leavingm received these loads before
starting toward the exchange station.

Nattirally, it is possible to think of other methods of execution and of other eiral Sys-
tems of organization liy which similar results may be reached, but as regards prtidnetion. I (o
believe that practical results can be reached materially different from those obtained by applyig
the method briefly outlined above aid the successive phaIs s of which are now to be COnisidereld.

The portion of the cut referred to is divided into foUr seCtiontS, ach about "300 meters long.,
operated under identical conditions and progressing simulta meously, so as to iiiaintain alOang
them the same conditions relative to level. It vill sutlice therefore to consider the progressive
advancement of work in one of these sections.
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The total prlvognali is divided into p 1s, ezich'oiie5pondilg to the construcioll Of
iwenies4 i4lieters high ainl vai'\ iio in wiil( . I)V llieills Of a illi i d iir of iX'llvatilors. whili

numb11er will vary frl,01 (mI pha, to thc Oth('I. The phatse is delwnd b)y the cmidition 01:11 Che
excavatois (to hot have to live vei'tiialv, dilo' its etiire (unitiol. The t1ilisitIon tili one
phase to tlie other takes place when it is possible to leojin Nvoik On tile liench helow.

s11 EXCESSIVE o Ni0\ iNS - TIll i ll \ NI I Il\T NS M' THE' E \lIUMS 1' 5.SHS.

P/rs! p/00.--The first phase corresponds to the gvaal organizations Of froits Of attack
anld to the removal of tle iireoulair mass of iminterial lving' above the 'levation T7 imetelrs. This
mass Will proabl v have to be reioved yI Of l hliS ot han1 lOr, an(d tie' phase wvil l lbsor about
oiW year. Ate the tii the condition will he found 1 - as illustrated onl diatlraimii 2 on )pl. 16; work
cali he started at thit' sailing tile on tiree levels, howeii the hencihes to elevations s8. 79, and 75
meters.

,\1d p/oi.se.--The installation elected at the begiii of tlis phase is illistrated, as
above, 1)y pl. I. Ihie hulk to he removed is shOwn 1) hV the fellow shade. Three excavators
vork forward, and widen their plattfrm1 at- the same time, aindl whien the three benclies shown
by the Yellow shade are Cut iwayli there 1eilaiis :1 platform at clevatioi T,5 meters where cam he
put another installation cutting o tO levatiol 71 nieters: heoi'iis the third phase.

Tie cubic quantity to le removed in the second phase for One section is 63.000 elii' Ineteis,
ac-cording to the regular pr-Ofile, after deductimng tiw t('t alreOadyo Cxcavated. Hoeetak-
i rig into accOllnt ile additional li u l llitity to he ieioived resulting frolli unexpected evelits,
stich as caving( in and videliilng' ol accOuniit Of tlie raldilis of the curves et. it is prOper to
incr1se y 15 pi. cent the estimates based strictly on tin thoreti'al profiles. I estimate, there-
fore, thw quantitY to bw rcemovvd in this phase ;it T2,000 citbic meters.

I'h Capacity of one excavato' (excavatioll :111( remlliV:l) for a daiv's w ork of ten honi's call
not be placed at more thaln 400 cilic lileters Illidel' illost fivoialIli coilditions. Illis figure is
Obtained as follows:

A loaded train will colsist of a il~nNimIoIn of 20 cars. which, hIOldinig each -. SO meters
ieasured in place. repieseits T eutboic meter's. One hour (three Illintites per ear) is required to
fully load the train; twenty mililIt(s for ming1061 the train Out of, the cut. including preparations
and accidental delays, and as much for 1ii aln'11 emlillpty trail into its place; therefore one hour
and forty minutes aire required for each train loaded and cleared. Thus six trais eay be run
per day for each exCavator working g at the maxiiuni, no stops or dielays takin.lg' place, which
gives an output of 7 x 6 =456 cubic mlieteis. However. iiievitable stops of excavators, daimges
to tracks or to cars, delavs in the circulation oi account of m1anv trains usiniig' the smne tracks,
etc., lust be taken into account. Redcit'gll' bv one-tenthli fOr these ci'lses. tHIe tlieir;tical manxi-
111L111 oUtplit Will bicOmiie i'atthi'i lIod(eraIte; that is tO say, all output of 400 cubi iieters for one
extavator and1 one full working iav Of ten hours.

But full working days of ten hours are possible only during. tlii' drv season, a11d the expe-li-
Once of those who have directed excavations oil the lstliins has shown tiliat a reduiction of 25 per
cent is to be anticipated di'iiig the rainiinv moilths as compai'ed with the woik of the dry imoiths.
The yeai' illy ibe divided on tii' aVxioe into sevell strictlv nilly mniontlis and live ilrv months.
Conseq gently, the daily output ill ite whole year will lie 4m eubic ineteus for live iniitlis and 300
cubic meters for seven montilths, or an avi'i';ige Ot ;,-P- c ilieters. This is the ithilY piacticaIl
vield of oii eXCavaatO to b(' lised ill estiliatillg the period Of operatilig each pliise.

The second phase, comprismg4 72,00) iul ineleters. Will vi reijuile on this hasis, with thi'ee exca-
vators, a total duiation of seventv eflectivi wiOrkinig' Lavs. a iiiiiiitih cmlsistilg (l tie average of
twentv-three workinig davs (deductinig' Siudavs aid lhlidihvs). ( )ut of these twenty-three dItys
must le deducted tle time aisorbed V track injuries and usual incidents, Or a mi1ilnitlili of thicee
days pi' r imi0i1th, redu'Cing to twe1lto' days the real iontli's work so far as effective work is con-
t(riled. The seventy working" diavs stated albve are therefore equivalent to tiee and olle-hillf
months. In addition. sole timlil is required at- the ind Of the jhllase to remiovi the tracks and the
excavators. and effect the iist illiation for tHe Oeiiiig if the third phase. ts illustrated ly dia-
gram i 3 on pl. 16. Allowing ten days for this purpose, all([ cOnisidering the four sections which
work at the same time, four months Will ble req l ire(d to coiiiplete this phase ad to start on the
next.

Y/? ud p1 ws.-The time required for the third phase is filired readily lvy the smile method
and on the same fundamental basis. Its cubic estimate, as exeiplified liv the pink shade in the
diagram, is 87,000 culbic meters theoretically, and 100000 cuic rieters to all practical purposes.
This excavation Will be made simultaneous at four worki ng points. Taking '40 cubic meters
per day, or 27,000 cubie meters per ionth of twenty real working days, the timit required will
be about four and one-half months, including ten days to start on the fourth phase.
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]AnW/, p/wn.--This ph)1 ase is identical to th' one pr0eeiig, therefore it will require four
and one-half oiloniths.

IKFt'i Yp/,a.\, .- Tie fifth piase will require also four and one-half months.
N,!/A p/us. -- The same conditions, requiring Four and one-half iioiths.

Are/hp/s--The samle conditions, reqiuiriig Four and onle-half months.
Eiqd/ p The instalhtion here is different; a fifth excavator is working and a

iiiiii'tte is dig b('Iowv i'liatiOin at meters, while emh of the others dispose of a qiiantity colic-
spoling to the saulie in previous phases. This ceiiitti' has a far smaller voliniie, but by reason
of initeirlun in its constrtion it will ie~uire the sanle tie to widei it as for the higher por-
tioiis. Finally, the saimle tiiiie as for the last, or foui aind one-half iiontli, will he required to
complete this phase.

o/// p/w.- -This phase is (ixided into two periods. Ill the first, Four excavators work-
ing to('ether clear the portions illustrate by the lighf-ray slide ill diaginin 9 on pl. lW.
When this work is finished. there is at, elevation i7 metis a pAttorm wide eniogh to istall
another excavator and the traks in ream, whereby work may be started on a cunette at elexatiol
43 meters. While this cmltte is digingh, the other ior excavators continue to widen the dark-
gray shaded portions; this is the second period. The 111timl rlquilred to finish the total phase
is that required by the four excavators to clear al widen the portions shaded in lightgray and.
dark gray. The ( nation of the lower cunette, beig miadi in connection with the preceding
work, does not eitai I extra tiie. The tidal estimate of the portions aiove stated is 129,0h) eubic
mit(rs gjmioicl't ly, whi h amounts to 140,000 clbi miti practically. On the above estab-
lished basis of 27,000 cubic eters per molith, wxith four wvorkinli heads, the time required to
eminplete this phase, including ten dys for tin iistalahtios of the next phase, will be six months.

Anh p/wsn. This pluse is SiWd 1lso into) two peiods. In the irst, tour excavators
clear the portions shaded ill liglt y* llow in diing'raiii 10, pl. 16, but the upper excavator
having less to do, finishes ea rlier, and is not, used further. It is necessary, therefore, from the
stardlpoint of the timile roplird ti consider oly the work of the other three excavators. In the
second period. these three excavators contain e to clear the portions in dark yellow, while another
opeis a tmiletti at elevation 39 meter. Th ttl titwa 1e rNqIr1Id to complete this phase is that
consumed b y the thrie excavators at elivitii"N 47 and 51 meters in completing theii portions.
The total estimate for these three portions is l20,00i eubic meters geomlletrically, which ailounts
to 140,000 clhic ieters practically. The ilonth's estimated vith three excavators is 20,000 cubic
meters. The total tili, including tell bys for preparing the next phase, will be seven and one-
half nionths.

E/e-en/, p/wi . -This phase is identical With the Foregoing as to the timle required, which
will be also sevell and one-half nliliths.

TM/p/h /w.--Siie voiiditiiis as for the pilceding. Time, sevin ad one-half months.
7/i0nI' /, phow.- The total estimate For excavat ions is illustrated by the portions ill ligllt

gray and hink gray of the two upper x'iches, as shown in diagnul 13, pl. 16. The
voluille is 67,0)o elibic ietois theoreticaliv, which aioints to 7,04) iic meters praitieally,
with two ixiavators working together. The imlth's ist 1111e will he 1MOW iubic mters aiid
the twt time, including( the tell days, will he six months.

Ioir!(nd/ /w'.-Samne conditions as ahove. Time, six lloliths.
lIff--e/ / '.--The total tinle here is that required to clear with oiie excavator tle portion

between elevations 27 mtir5 and 23 letlrs, AM& in pink in diag'raIn 15, pl. 16. Meanwhile
the upper excavator clears its portion, and ])repar-tions are made For the sixteenth phase. Trhe
estimate for this portioll is 2-1,00o) eubie meters gioietrically, counting as 27,000 eiihic meters
practically. The volume possible with lne eevator per nmt would be 7,M10 eiiie mleters
upon the basis previously admitted, hut as certaii means m1s ie risorii ti, in order to rinove
excavatills fromi henclies at low ele'ations, a irledtion slmhold he made, and G,0) elibic mieters,.
instead of 7,000 eubie letters., is taken as the basis. The total timle to complete this phase will
thell he about five 1ont1h is.

8/,1"i0/1 p/wts.-The sixteenth phase. and. the last, colisists of: I1irst. The excavation of the
remaining portion litween relations 27 meters and 23 ineters =r a voiune of 25,JHM eibi ieters,
requiring about four ilonlthis, during which the digging of the iunmette of the last layer will he
completed. Second. The excavation of this last ayir bixond the eliitte. The istiiate for this
lst portion is 23H,05I hie nitns, its thickness liong taken as ; itieters; it call he removed with
Mle exCaVator ill four 1lmonths, at 6.000 cubic mietels per illonth. This phase will require, there-
fore, eight months.
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Il ECAP ITU LATTON.

III addinwg lit [t(,' partial intiervals stated above for eachl pIlmse, the( CotaIl tiice required to
complete tile sectioll referred to is as folows:

Mialth .

First ha . . . . . . . .-. . . . . . . . .------------------------------------------------------------------------------ 12
'Scomll' 1Ilws------------------------------------------------------------------- ------------------------------------- 4

S iirtti ----Se.- . . .-.-- 4.5
ifth pls- . .----------------- --------------------------------------------------------------------------- 4.5

S ix t 'h I w s --- - -- - -- -- - -- -- - -- -- - -- -- - -- -- - -- -------------I1S e v e ith p l seu . . . . - .-- - .- . .-.- -.-- - - -.-.-- - - - - - - - - - -. .-- - -. .-- -.- -.-. . . . .- - - - - .- .- .- --.- ----4 .5
F ig h t h p h n s ( --- ------------ .- - -- -- .- - -- .- . . . . . .- -.- - -- -- - -- -- - -- - . - - . -- - -- - . . -- -. --. ...--. ------. --------. 4 .
N inth pllse .-. .- .-. : -. . . 6

T t h p h a s e ..- - -- .- -.- . .- -- - -- .- - . .- . .- - -- . .- .- . .- .- .- - . . . . . .- .- - -- .- -.- .- .- . .- . .- - -....-. .-------. .7 .5
E eIt v e nl th p h am . . . . . . _ -- -- -- - -- -- - -- -- - -- -- - -- -- - - . .-- - .-- -- .-- - -- - -- -- - .- --------. .-. ------. --. ------. ----. .--. .

T h irtr h n t h p h11 . . . . . . . .-- --------_ -----------------.- -------.-- -------_ .-------------. ..--- ------. -. --. --.---. -. ...G
FF o r tte n t h 1 >h p e ....- -..-.-.-- -----. .-.-- -.-- -_-- ------.- -_- ------. -----. .......-----. --. ..---.-. --------. ....G
F ifte e nith p h zls e - . . . .- .- - - - - - - - - - - - - - - - - - --. - - - - - --. - - - - - - --. - -. - - - - - - --. - - - - - - ----------------. .-.- ---. .--. -. ------. .5
sixteenth pha .--.---------------------------------------------------------------- ---------------

T'o ta l (S y ca rs ) . .- . .- . .- . . .-.- -. -- -- - -- -- . .-- -- - -- -.-- -- --- .- - - .- -- -. --. . . . ---------. ..------. ..6 5
During the sale time it will he a'sy*v to excavilte tilh' two portionls of the cot which incloso

the Sllectiol ]List CotIsideted. aid which co1p[et0 th (oh ra Cut plop('r. II !dditionl to the tille
stated a veIr will Ile take to complete the walling of the wetted sides of the canal and to give
the finishing touches to the work, so that line y r oWill he Tequired 1for till excavations in the

IojeOCt with a hottoimi alt elevation 20. 15 imieters. providing no serioils compliicIatiolns, arise, whieh is
hardly probable.

Tihllis study, v is 1sed Inot ipoll slippositions as to possible yeartyXoutpul, hut upol (1:1ivY resllits
which call be coiuiited upoil from a deli ite oorgalliztionI actingI IIider real collditions. Its collch-

sion is that till' eitia eat inl the 20. t-ileter project s(eellls to require ahout tile sille tim' as
the Bollio orroulp of NNorks. This conlchision I~duccd That adopted by till technlical 'omill',ionl ill

its report of Nove 1er t 1 . it Illy evidiitly b hoped, il Is i1imch to he dc'sired, 1hI: n
greater degree of IrIpidlity NTll lIe ttained; ill that case the realization of the 9.75-lleter proj*1

mlay. be brottghrit ab~out. I have niot be((,n aIble yevt, to imike a1 "imihar mllalysis for the other projects.
Before closi g this note I wXish to call attention to till' fact. well evidenced l)X the for-

gOilg stdv, of liot llnirmillS difference etweel t ih Theoretical olltput of nyil excavating appa-
ratls (Ml ' xtl't5Or il this cae) and th( real prlltical outpX, lkiig Into account ttill inev itatle

collditions of place and of cimate. I hmve b(en led to estimate nt )4( cibic meters the lhtily
practical lield of exnvator. At Cirst blish this ligre ( mUy j eem vlry sl , cosidoring/ th

Ido po ible ioel1ency of such fiinto ,s to-d y. AMier ni dei Xa llyz 11 ,Ill the conditions, however,
it will calls tll' 1sstrpriise whell it is collsidered fant This or yViltield of 340 cubic tners lper ]dy
duri the oential yIm' :tssuilus ai (ilty of 1.200 c'aic imetes o loose ri to te loaded byI\n
thl excavator il te ll hours ol continuous work, whih is very e hi l.

A volume of 1,200 cubic mtrs or loose dbris equals T01 cli mIters il hillk. Thereflore
it is oly~ tis bulk which would he loatdcd colltinMOUSIy by thI OxcaLV:1or WOrking( for' t('1 110111S.
For NWah1 IOadedl trail. Which r-OqulireS anl hotur's wvork. !,orty millutes are spent ill di'selmnj1y.
That, is, forty ,mvinuIItes art. lost ill onle hundredd, hence a firsi redhictioni of 40 per (-(,nt, from The
excavator's working- timle, which redutces Clio estimlatlo front 70) to 4,51; cubI meters. Then (,()mi(
redhuctionls from the( redalitnumber of working da(Iys ill at month, oilccun of unavoidatble accidents
ill the g elnra1 operations of complicated yards: linlly1, r('dIuCtionS' Owing( to 4-ompi)nIoN1 during
the rainly eanWhich redlice still further this estimate of daily" output from 450 to UO ctibic

meters ill ml averlage including) the( clitire year.
The question of' hib)orers will formI tht( SHIbjOCt of at spe)(ci:I note conisidoring() This subject, for

till entire Project,.

Nor VIT.-Pora fir 8/w et ewrllorork an fo //w e mns11wc1;oms '1niy //w canad.

I do not interid, nor is it my funlCtionl, to stuldy ill detail whall local organizations should be
adop1Atd ill the COn)StruLCtionl of the(' various an works or what, methods shotild he applied.

These are special questions, which canl Ito prof-iitbly, examined oily:\ at the Time of construction anld
with The cooperation of specialists. Ny , ,;imI is to state ovnernl ideas relative to the distribution
inaturally, to Ito anlticipated, Ohw order. In which the several classes of, works ill the generall phml
of filhe anal Shoul1d Ito built, and Clio time and thio' numllber of operatives dowemed necessary for
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executing ee ot th(en. Iln my 1op)1i0l, the fiiidaniental idea governing these studies, outside
of the a priori necessity of conipleting the lndertaking wvithin tile timle proposed, is the iliost
eColtilllieal distribution of expenses, including the indirect costs as well (Ias the actual outlay for
tile works, and, above all, sueh a distlibition Of hllmr as will facilitate its eihi recruited as
readily is possihie. A prior, it is evident that the best conditions are those teding to equalize
the Yeally averages.

GENEIZAI, DISTRIBUTION ()F THEl EAUHiwONKs.

Tlle eartlworks of tile canal aill be grouped into for n1;i CatgOriS, characterized bY tih'
special conditions which they offer, and ly'l greater or ll'ss('lr urgency For undertaking them.
These are (1) the arthworks of the large central eut; (2) the eartihworks of the two Iaritlime
levels: (8) the other earthworks of the canal prol (r: 4) the eartiworks of diversions lateral to the
canal letweenl Boliio and the sea. Iroi a nere consideration of the quantities and of the length
of eaich group and of the modes of application of hihor, it I evident, a priori, that he intervals
of time stietly necessary to complete these varliOWLs g1iu are very ditleNlt, sUppiOsiing they
are worked with the smle activity, and this implies that fluh ned not he worked with the same
activity in order to ctmileto themi in the desired time. Th(rforio, fo the reasons stated ahove,
it is of the utmnsL interst to aopt for cach group it successive order of working so as to obtain
the greatest niiriinitv in the total anntil progress. It goes witilit saving tht the first two
years, divotid ti) oranizition and to attaining graduilly i liorilIal o rder of progress, will be
exceptiOns and will produce smaller results.

The group Of earthworks of the central cut is the nst important, and doilbtless Unnst be
undertaken without delay. Work oil it will continue throughout the entire period. excepting the
last year. which nutst he reserved for revetting the ialiks telov water and for the finishing)
touches. We have seen (Note V) tit simulltan(is wirk is not rlgiirl on the Pntire length
of this (ltual mit: on the onilitlrav works should hmve progressed oil tHle Iain Culebra cut
proper for three or foul Years leftioe stAitillg oil the remainder. Alliong other idvalltlges this
CaliiCs conditions as constant as possible as t the elphoyielnt of lltir over the tntirt works of
this cut during-, the whole timue.

The second group i)I earthworks, that of the two llaritiie levels. consists in great part o
dredgeable materials, and conseqiently call he executed Imiich faster thall earth cuttig tin dry
Imid. Tihe total vOlmie (istribited letwvei the two lvi-ls and covering iog distiACes is only
.1(,ol,0ol ebic meters. There is no doiit that it will be easy to exectite it in iHve or s" as
at most, and there is t double advantage ill deferrilg it until near the end. In the first ilace,
there will tius he avoided any exagge rated delliandis for labor, which will lie exeessiv at first,
not onilyx for the hail) line, but also for iiportait excavations rqired hy the constructive works.
Secondliv., these Illa1ritimle levels. esp cialy that O the Atlantie, will remaiin exposed to deposits
fmml etixtirinal contributions as long s those hiav( not been excluded; :uiid l illllertaking their
excavations too soo thire winld e dneer ofi partial letilliltg. These various rtasOns Make me
think that ti drtdging of the two Ilritrime tvels sl1(Id not figure as a pait of the g ntlitd pro-
grlallllie until till, last five or six vears it btilig understood that work should be carried oil so as
to he distributed uniformly ill respect to timlu.

The Mhird (rroup consisting of the othr h-vels (Qxcluding!- the large contnal ('11 which alone
constitutes the first group) should be undertaken at tile outset, to balance the works leferrod to
the vind adll1 thus to maintain the distrilition of labor. Moreover, there is a special realsoll
coniirning thehdiio lxel, xhieh eahls for the 11ost imlxotant excavations in this group, since
the lake which wil dvveltp grdmily as the kho dam risiS, might Oithwxisl liNir seriolyx
the progress of the cxc:1vations;. It, will be opportunle in this connection to wviden cortainl parts
of this tul tltside of thil norinal section of the tmal in order to Facilitate thi discharge in
large Iloods. All th ealtinxxorks of this group an ie oilpltteil readily during tit' first four ol.
Iive ears.

The fourth ",r()up. compr-ising 1latvral diversions to he opened or comiploted betweenl Bohio
and thi sci for dischargilng the xvers froil the outlets of the ]'o)hio Lake or front secondary
triltltares, represents l, oluie Comparatively ullililportant, part of which tall hI ldrdged.
There is no objeotin to undertaking this work in the last four years.

The gIliral p rograillmile just stated for distributillg tht ear'thw'orks of the callal an(1 the
successive order ill which to undertake theim1, leads to the emphlyment of a murlil, nearly
constant of oppratives throughout, oxcepting in the first "w years Of preparation, ad in the
last year, whii is reserved in part fol special works. Suhll Shotlld be, in miy jludglln]it, tltl'
primary aim in xitw f which shonid he pra tirally dWidld tie question of ways and means.
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GENERAL DIsTRIiUTION OF WORK OF CONSTRUCTION.

The construction works projected along the canal proper are the lOcks and the dains con-
neeted with them. I have already discussed the Boh io works in detail in Note V. I showed
that the groups there would absorb the total period of the construction of the canal or, rather,
that it Would be the hietor regulating that period. mid I indicted also the reasons for the distri-
bution and the order of succession of the various works of this group. 1 511111 not refer to them
here.

In order to determine the favoratble tiume of coiistricting the other locks, I considers' as a
primary hasis of this studv that the completion of a group of locks will require live years, inclid-
ing excavations. masonry, and mechanical pirts. In view o a jildicious emplovneit of the special
labor req uired for this class of works and also from an economical stmdpoint, it would he logicl
to divide the entire niimbiher of locks to he constructed into two series, each colllprising equal
phases and a nearly equal amount of work. I lowever, iiasimnuch as the cost ructioti of the Ohispo
and of the Paraiso loCks is sUbordinate to the Iinal decision as to what shall be the elevation of
the summit level, it will be impossible to ulnd(ertake it until the experience gained in the works
of the Central cut hits made such a decision possible. This leads to a somewhat unequal classi i-
cation of the work of the locks, the second phase calling N for six years instead of live and
begi nning one year before the first ends.

Thmus the Iirst series would comprise:
(1) The excavations of the IBohio locks, of the Pedro M igziiel locks, and of the M iratlores

lock.
(2) The masonry and accessory works in the last two groups.
The second series would Comprise:
(1) The excavations of time Obispo and Para iso locks.
(2) The masonry and aeessory works regarding the Bohio locks. the Obispo locks, and the

Paraiso lock. in case the 9.75-mieter project should be adopted instead of the 20.75-meter proj-
ect, on which is hased MV study, all that relates to the Obispo and Paraiso loeks vouid disappear.

As to the dais little nied he said. except as regards the Bohao daim, which has been dis-
cussed in the foregoing not'. The others perttining to the canil proper, the most, important of
which would 1e suppressed in the 9.75-meter project, can he huilt readily in the last two yearIs,
including earthworks and masonrY.

RECAPITU LA'TION.

The geiieral prooaillulie of th chroilological (rdm'0 of sucCession Of all tile canal works, other
than those comprising the Bohio gil)0i1p, which have heen specially considered in the preceding
note, iay bl shiunimeld up as follows:

GENKuA LI EARTIMOINS.

Fist (/iO;pi( (crn'duw ('tlt).-Work to he odistri buted over the elti ire time, starting on the Culehbra
cnt proper at the very outset and four ears later iilld(ertakinlg the other parts of the cut.

SI' Md /rouip (Mn (ib/'Me /,e/.).-W01k to he distributed over the last ive or six years.
Tltrd (Ou) (;,t(?/II;A l/ceN, e'e/w/ ng'( //hc ('cvn// cIl).-Work to be distributed ove i the

first four or five vears.
F"ouryth. frmupdvrin han/ >tw Rle?*o andl t X",). -Wor k to be distributed over

tile last four years.
MW1KS OF CoNsTUeTION (EXIAIoI MNG THEI k/Ill mreuP).

Pdr y iu1 e/ did Il/'ofrNw /orNk. -- Work to be (list ributed over the first five year s.
/biispo and PoIxaro /orlx.-(If r(eqlUired) work to be distriltited over the last six years.
Dams connected v/iti 1/w locks.-Work to be distributed over the last two years.

NOrE VI L-enere/ pioqrom it tie evils of onsIruc/iin iH. ee//of the nppw Chaqres.

The works in the valley of the upper ( 1hagr(es peciiliar to tile project, vitli tile bottomi at ele-
vation 20.75 nieters, favored by the technical commission, conist of--

The construction of the Alhajuila (an.
The construction of the feeder between this dam and the su1mit level.
The construction of i railroad b(tven a bride situated near Gamboa and Al hajuela, as a

ready means of access and Of transportationl to the iibove-mentioned vards.
It is understood that if the 9.75-meter project is finally lldopted, tile feeder will not be

required and the works on the upper ClIagres will only Consist in the construction of the dam
and of the railroad intended to afford ready access to it.
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,Ihe general progrmn IIrOmOsed for the cmistriition of all tiese works is subordinate to
the object of each of theim, to their resleitive urgency. and to the time eIuItred for construction.

It is evideit that the building of the railroad mist precede everything else, is it is intended
to supply their needful facilities for bluildiior the other works. This railroad, about 16 kiloneters
long, does not involve any serious techical diliculty. The project for hlding it shows that it
calls Pit only 110WU)) cunbli meters of (amtiworks and ordilliary works of cottstruitiotl requiring in
all cu00) cbie Ineters of liiasoilry. I'ider these cotidit ions it linty probably be built ill about two
years, aid only after that can the dali he eteetivelv undertaken. Only preparatory works call
be ulldertaket previouslY.

ALiIAtiUELA DAM.

It will be advan tageons to build the (lain as rapidly as possiIde in order to make use of the
power afforded by the fall; it should be undertaken fron the third Year. In order to facilitate
its building it will he necessary to divert the waters oq the Chagres by opening a tunnel about
30o meters long and having a cross section of 50 squai neters at the low-water level of the river,
through the rocky prmmutlOry of the left bank against which the dain is to abut. By building
at a short distance below the head of this gaIlery a temporary dant, with a crest about 6.50 meters
above the-low-water stage of the river, the water will le diverted into it. The discharging
capacity of the tmnel will he about 400 culii mters per seoidl when ie water level rises to the
crest of the teprary datmi. It will be only larger disnharges than ftis that the dam can be
flooded and the construction yards of the maiti dtmii he invaded.

This diversion of the CImagres imiist be completed before starting, except partially, ott the
foundations of the da t. it would he well, therefore, to luidertake it without waititig till tie
l-ilroad is liished. Abtomt a year will be required to complete it.

I stafed at the ninety-fifth session of ft technical tonitSsion how I would proceed with the
construction of the dami, natiely, by successive sect ions in height and lV sUecessive half sections
in length. I shall not repeat thiat statemuent xii) Ii wxas approved by the con)lilission. I shall
recall merely that, after the preliminay works have been cotildeted during the first two years,
the complete construction of the peiaiett works will require live years, making about seven
years in all. During the sane interval the wasti weir connected with the dam will have been
built.

METHOD OF CONsTRiUCTION.

Here is presented a vey interesting question connected directly vith the progranne of
construction, niamtuely, the method of construction of this dain. Generally speaking, it is to be
built, of concrete, as ordinary miasoitry ill larg-e masses is too difficult to be undertaken on the

Wa//7

/T 0 C /f

F~m 11.

IsthaIms. How a-re we to proceed with the construction of this mass ? Two general methods may
be considered. y one, concrete bltcks ianufactured on selected sites would le transported,
when suIliciently set, to the dam and methodically placed in position.

These blocks would he disposed in regular courses leaving quite large intervals between
them, to he filled later with concrete made on the spot, so as to form a perfect bond. Figure It
illustrates the idea.

In the other method the concrete vould be deposited in place in successive horizontal layers,
about 1 meter high, developing into transversal blocks, which would unite naturally by the
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ullallller of formllatiol till([ thus would form a sort of moliolithi 1mls:s constitution the dull.
Figure 12 illstlates tihe progress of' the vork ii a -iveil horizoital section.

Ill veach of these methods it would ho useful to bilid tol'ether all the horizolihil LIyers, it least
for a certainly distanlco, startling tit the upstroziml sidc, by meansl, or strongo iroll vnUH)pS Zlw\ays'
aiciored ill tvo sperposed lyr-. Tlius would be coulitenicted pllrfectly ayl underpressures
liale to occult should two horizolnItal SC(10115 lose thil'ir liatilral ('0ilISioll for winllt of zilesioll of
the concrete.

Each of thes' mthod s seelils to MC tohae ldVtllttlges id diSad\IalttlgeS wiich 1el1del ii
dillicult to forml til absolut opinlionl. Tho former would socim to promise, :1 bwter m11,11111,t0ure
Of (onlCrete' \ViWhieb C01ibd il Su1eTVise(d mloe readily ill tile case of blockS ftlbuieated It iaIWiiiI
sits. It has. I))ovor, thw disad\-lotage- of requir-ing~ the tnmlsportaitioln of ;111 uitarialls to the
block yards. which would lecessarily be scattered. as they could not he loclti(id either ill the
vicinlitv of the places of delivery of iiateriails o ill the vicillity of the places for tIll ki 1gh use of

the nn1011ufactled blocks. Thus it would be liecessair V to trlauspolt these bloCks V nailload to the
vicillity of the places imakiig use of theml, where they, would have to he unillwded anld ag11ainl r-0laded

ofth

R9ockft

before being takeii to their filIal diestillatIoll. It is to ib feared alsO that the itlhlifacttiI- as
described above wol not, produce perfectly homlogoeneous limterial, and that, initernaul oracks litighlt
forn after the openatioll. The. secoild llethod is illore simple as regilrds ilstalbitOnls an1(d opera-
tiolls. All immllllse yard should be organlized for supplies an1d fol r unlum facturino lllcnCIrte att a
sit(, ill thet victinity of tho damll. A site well suited for the Ipuspose is fomid Ott thepneawhr
the proposed railr-oad torminattes :mid where till olovationl is onlk, a few mieters abovo the crest of
the (bul. It would lead dothtle'ss to great11r economy prClbi'C MCter momflaclrturle-'d il Nd Otld

la\e th tldalItage Of COmpl)rle.ssillg til hulk gradaiualily d igilriy as the tllI rises. The
dliSadVanltage- w\Otld 1W thW IMINufacIturC Of great masses Of concrete oil a 1:11--o scale, ther-chv
niltking, stpervisionl difficult anld tincertailn, anid tH10 tranSporftationl Of the( Mat'lrial '0\('I a (o-()
sidlerable distalct from till it)at u f!actur 1in110 yar&S to the Iminlt for [[sill- it. This, disakdvalmtwee

1ighit poerImps dsp m-by tralPSferring the Mixingo of mlttatials to the( diun itself, the 11uahrial,
boing brought as nleded bI y ilalls of aerial covevyatices h(lg arosS 011nd abo' til \ally.

It is dificult to weigh jltstiv the adVatage5 ald dlisadvalntages of the two methodswi without
takinl' into accoillit local conlditillts likely to affect their applications. TIies' cOItions tal il
exactly koliwil ollyc after a thoroullgh sttldv o1 the ground, at the time aId ill viewof inlnldiite
opelratiolls. Jud'ilng frolm my gnral knowledge of the groundd id from a theoretical
apprecilatioll of the two methods, I t1l1 itclined to think that the second method is the better alnld
the illore practical, if Carried out with g(ood judgmenlt.

FEDER.

Tlhe WIorks of tile feeder call b 1 started oly N after the completion of the railroad, anld
consequently not before the third Year. It would be logical alnd advisable to defer them as long
aS possible, oly re'servinig sUitheielt time to complete them. Il the next note, where I treat otf
labor and of its distribution, I s1all show that six years are amply sutlienet to complete this
feeder. It would then sudice, arguinig 011 the general basis of ten years, to begill work oIn the
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feeder after the fourth year; and this date is in accord with the idea of reaching, only after four
years- experience in the Culebra works, a final decision between the two projects at elevations
o n75 meters and 0.75 meters, the former, but not the latter, re(Juiring a feeder. A certain
iiaroi a for aitnexpected events should be allowed, and in any case work miight be started after the

third year at the risk of begining1111 works whieh would become useless should a decision be taken
later iride rin thllie feeder needless. In the next note, treating of lbhor, I reason oi' the
supposition that the feeder will e agun :s ;o0)It as practically possible, namely. after the third
yea. l1owever, this is not material to the discussion of the programnie of distributing these
feeder works, since they may be transferred in block one year or two, according to convenience,
when the time has come for undertaking them.

As to the prograinie of distributing the works of various kinds of this feeder over six
ears, which time will be ample to complete them, it should depend, in my opinion, on the
considerationsn of retducino'g to a minitin the nm111ber of operatives to assign to it annually, and

for that lirposo' to arrive at a yearly average as nearly constaint as possible. Therefore I refer
to the next note, which treats of labor, for settling this progiraminne by determining the nuiher
of working days required for every class of works. Here I will state merely the results in
anticipation1. it adopting six years for completing this special work, the various classes of
works should be distributed as follows:

The general earthworks, consisting of 620,000 ubic meters of earth or rock-dver six years;
The fourteen tunnels, having a total length of t,555 iimeters-over the first five years;
Te various danis and masonry dikes across the secondary depressions which cut the feeder

line, and which together amount to 29,000 cubic meters of masonry-during the fourth and fifth
years;

The supports of the large siphons across the valley of the Chilibre-during the first and the
second years;

The foundations of the other works of construction and their masonry parts-during the first
four years.

As to the iron works proper, they will be prepared outside of the Isthmus, where the
mounting only will be done. These works will require a small number of skilled mechanics who
are not included in the studies I made concerning labor; the works will be completed readily in
the last two years.

NoT VIII.---Studbes cotce'ning the total n umb1wes of lalJove, aNt tasons nccssary pei yeaO for,
con-tructhing tie] v'oi'ks incltlded i the 20.75 mete, pJect, ad general distiibution of yeaoly
Cases.

In the preceding notes I sought to elaborate a judicious programme for the distribution of the
several classes of work embodied in the canal project adopted by the technical committee. The
fundamental idea of these studies, outside of the technical requirements which a priori iiposod
oi certain works appropriate periods of construction, was to arrive at a distribution as constant
as possible of the labor necessary, thereby avoiding too marked variations which might result iin
calling for excessive numbers in certain years and thus mike recruiting difficult. Moreover, it
should be admitted a priori that the first two years will be a time for preparation and for
organization, when far less than the general average number of operatives can be profitably
employed. This fact accords with recruiting possibilities, which can be developed only gradually.
It will be understood readily that the last year, during which finishing touches will be given and
the yards gradually cleared, must also fall below the average.

It is advantageous to form at least an approximate idea of the practical results to be obtained
in applying the resulting working prog'rainnues as to labor required. This study is the object
sought in this note, which deals only with laborers and masons. The special mechanics to be
employed tit certain places will only play a very secondary part as to number, and their recruiting-
can not cause any trouble.

I need hardly say that the studies 1 have made can not lay claim to absolute certainty. They
have an element of uncertainty which inay always be argued pro and con-namnely, the output of
the operatives, taking into account their combination with machinery. Only experience in the
future can give positive information on this matter. The experience of the past, together with
the experience on other actual works, can furnish only approximate data, which may be considered
as obtained under unfavorable conditions and thereby leading to maximum estimates. On the
other hand, results obtained on somewhat similar works, but conducted in regions absolutely
different as regards general conditions, can lead only to erroneous ideas which connion sense
should rectify. Nevertheless, with the help of all these data, and by adapting them to actual
conditions, it is possible to reach a solution of the question approximately correct. The following
study has this in view.

129A-05-9
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The total period of construction is assumed to be ten years, as explained in Note IV. The
works will be distributed over these ten years, according to the following statement, which is a
summary of the programmes of construction outlined in the preceding notes.

GENERAL EXCAVATIONS OF TlE CANAL.

The general excavations of the canal are estimated at about 49,000,000 cubic meters, cow-
sisting of-

Cubie meters.
Dredgahle excavation --------------------------------------------------------------------- ,000, 000
Excavations in the dry . . . . . .-------------------------------------------------------------------- 8, 000, 000

Adding about one-tenth for contingencies, we have-
Cubic mters.

Dredgable excavations--------------------------------.---------------------------------- -14,000,000
Excavations in the dry ------------------------------------------------------------------- 40, 000, 000

The dredgable excavations will be made almost exclusively in the two maritime levels, and I
have considered them as distributed over the last six years; as to the other excavations, they must
be distributed over the total time as uniformly as possible. Ilowever, during the first year only a
small estimate is made on account of the delays of organization, the output being assunhed
to be onl] v one-fourth that of a normal year. For the second Year the output will be about half
that of a normal year. Finally, in the last year very little excavating will be left over, so much
labor being devoted to revetmuient; hence only one-half of the output of a normal year is estimated.

From these data the output of a normal year in dry excavations would be 4.850,000 cubic
meters, that of the first vear beino 1250,000 cubic meters, that of the second and tenth years.
respectively, being' 2,500,000 ,ubic meters.

The yearly outputs to be anticipated are stated in the following table:

Estimate of excavations. Effective Estimate of excavations. Effective
nmber of number ofYears. laborers Years. l aborers

With In the dry. required With drv requireddredge. each d11Y. r e0 dg2 c s. , 50 e0 da.

fist year . 000.- e------------- 1250,000 ,30 xth year. . 2,350,000 4, 850, 000 9 7201"v(, nd Yenr v . -. . . - -- 2, 500, 006 t 4 ,o venith yea r .--. 2, 350,000 ' 5 ,0 2
Third year . . . 1,8;0, 011 5,70 Eighth vear . 2,350,000 4, o,)00 720Fourth year---- .---. -. . .. 4,850,000 8,670 Ninth year. --- -. .2.350000 4,50,00 , 72o
Fifth year . 2,350,000 1,850,000 9,720 Tenth year . . 2,250,000 2,500, o0) 5, 4(;0

In order to figure the number of working-days required, I w-ill take as a basis of output
for a working-day, taking into account the total number of laborers, 2 cubic meters in the dry
and 8 cubic meters for dredgable excavations. Further, I assume two hundred and eighty real
working-days in a year. The yearly production of each daily laborer will be-

uebic iteters.
For output in the dry -------------------------------------------- -------------------------------- 560For dredgable excavations- ------------------------------------------------------------------. . - 2,240

The total number.of daily laborers required will be found readily. It is stated in the fourth
column of the preceding table.

As regards the 2 cubic meter basis for each laborer, as stated above, I will remark that in
the extensive Chicago canal works, where machinery was used to a considerable extent, a pro-
duction of 4 to 5 cubic meters for each working-day was reached in soils similar to those in ques-
tion, but there was hardly any longitudinal transportation. During the recent excavations for a
large reservoir in New York City the monthly production was 75,000 cubic meters with 800 men
per day, ill included, which makes 3.75 cubic meters for a working-day with an extensive use of
inachinery. On the Isthmus, all things being equal, I think these outputs should be reduced by
half, considering the climate and the quality of labor.

WORK OF TME LOCKS.

The work for the locks, as far as excavations and masonry go, must be completed within the
first nine years, the last being devoted to final installations of machinery. They will be distrib-
uted into two phases of five years each, the former from the first to the fifth, inclusive, the latter
froni the fifth to the tenth, exclusive. There will be simultaneous operations in two phases
during the fifth year, its masoni being completed in the former, while excavations will be
continued in the latter. Two years will be required in each phase for completing excavations.
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The total estimate of these excavations is about 4,000,000 cubic meters distributed in the two
phases about as follows:

Gui imteters.

First phase- . ----.--.---. 2,500,000
Second phase. . . . . . . .----------------------------------.-------------------------------------------- 1,500,000

Not over 1.50 cubic meters should be figured as the output of a working-day, or 420 cubic
meters per year for each daily laborer. Accordingly, these excavations will require during the-

Daily laborers.
First year -----------------------.-.-.-.--.--.------------. ---------------------------------------------------. 000
Second vear- .--------------------------------------------------------------------------------------------- -- 3,000
Third year -----------------.-. . ------------------------------------------------------------------ 1, 720
Sixth yea-r .---------------------------------------------- --------------------------------. . . 1, 720

The masonry for all the locks amounts to 1.735,000 cubic meters. Their construction can be
distributed very approximately over the seven years from the third to the ninth, inclusive, the
output of the ninth being only half of a normal year. The yearly cubic estimates will be:

Cubic meters.
Third year . . . . . .---------------------------------------------------------------------------------- 267, 000
Fourth year. . . . . . . . .--------------------------------------------------------------------------------- 207, 000
Fifth year-----. . . . . .----------------------------------------------------------------------------- 267, 000
Sixth year . . . . .---------------------------------------------------------------------------------- 267, 000
Seventh year------------------------------------------------------------------------------------ 267, 000
Eighth year -------------------------------------------------------------------------------. 267, 000
Ninth year . .- - .-- .-- .-- .- .-.--.--.-.------------------------- 133,000

Four operatives per day, of whom 1, a mason, and 3 ordinary laborers are required for 4
cubic meters of masonry, mainly concrete, it being understood that these 4 operatives take
part in all the works, direct or indirect, such as supplying and breaking stones, supplying sand,
mixing mortar, etc. The output of such a group of 1 mason and 3 ordinary laborers per day
amonnts to 1,120 cubic meters per year. On this basis is prepared the following table, showing
the requirements as to, labor foi this masonry:

Daily require- Daily require-
ments. tients.

Year. Year.

Masons. Laborers. Masons. Laborers.

Tiirdi yea .4.----- -------- -- -- -- -24101 720 Seventh year . . . 240 720
Fourth year .24.240 720 Eighth year. 240 720
Fifth year . . . . 240 720 Ninth year. . 120 360
Sixth year . 240 720

The following table sunis up the number of operatives necessary for the work of the locks:

Daily number of Daily number of
operatives. operatives.

Year. Year.

Masons. Laborers. Masons. Laborers.

First year. 3,000 Sixth year . 240 , 2-10
Second year. . 3,000 Seventh year. 240 720
Third year . . 240 720 Eighth year. 240 720
Foartl year. 240 720 Ninth year. 120 320
Fifth year. . . 240 2,240 Tenth year. . . _-- .120 360

The preceding figures are based on the projected twin locks with chambers 25 and IS meters
wide. The company having decided to adopt equal chambers 25 meters wide, the foregoing
figures must be altered, but not materially.

VARIOUS DAMS.

Separate consideration will be given to the Alhajuela dam, the Bohio dam and its waste
weirs, and the remaining dams.

ALHAJUELA DAM.

The AlIhajuela dam will be begun only at the third year and terminated at the seventh.
Together with its accessory works, it requires about 220,000 cubic meters of excavations, 10,000
cubic meters of concrete masonry, and a tunnel 300 meters long through rock. The tU10nel slhoultd
be constructed in the second and third years; the excavations in the third and fourth years, and
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the masonry during the third, fourth, lifth, sixth, and seventh years. Taking the same basis as
for the locks, namely, 1.50 meters per working day for excavations., 4 cubic meters of iasoliry
per day for one group Of I mason and 3 laborers; and, finally, supposing the tunnel work to pr-
gress at 0.50 of a linear meter on a full section at each heading with a gang of 60 Ien per day-
that is to say, 120 men will be required for a progress of 1 meter a day-the following results
are reached:

Tf'nnc.-Onc hundred and twenty operatives per day for three hundred days, half in the
second and half in the third year, oi an average of Go per day for the cutire two veals, of whom
10 will be masons and 50 ordinary laborers.

ECcavato.----One undred and ten thousand cubic meters per year, at the rate of' 420 cubic
meters for each daily laborer, which makes 260 daily laborers in the third and fourth years.

J/eton ,'y.-Thirty-two thousand cubic meters per Year, at the late of 1.120 ml ibic meters f'or
1 daily mason and 3 daily ordinary laborers, which makes 30 daily masons and 90 doily ordinary
laborers in the third, fourth, fifth, sixth, and seventh years.

These results are summed up as follows:

Daily operatives. Daily operativ,-s.
Year. Year.

Mlasoin1, Laborers MaN. Laborers.

T .hi .year. . . 40 400 Sixth year -. ---------- -----3o 00
Fourth year. . -10 -1100 S 'el ve nr ~ -e. . 0 0
ith year . .

1301110 DAM.

The darn and waste weirs at Bohio, together with the accessory works, will be executed
in the second, third, fourth, fifth, sixth, and seventh years.

The concrete guard wall, amounting to 30,000 cubic meters, will be 'one in the third Year,
requiring 25 masons and 75 ordinary laborers per day. The cofferdai, consisting of piles and
sheet piling, will have been finished the year before.

The body of the dam, to be almost completed in the next four years, consists of
First. About 160,000 cubic meters of enrockments or dry masonry, or 40,000 cubic meters

per year, in respect to which an output of not over 1 cubic meter per working day should be
expected with 4 ien (including all the men engaged in permanent or preparatoi'y w'ork), or 280
cubic meters per year with 4 men per day, or 70 cubic meters for each daily laborer. it follows
that 570 men per day will be required[ for four years for this underta-ing

Second. An argillaceous embankment of about 350,000 cubic meters. to be completed during
the same number of years, or 87,500 cubic meters per year, on which I figure oiily on an output
of 1 cubic meter per day per man, including all the laborers emnraged in the various duties
required for this work, or 280 cubic meters per year for each daily laborer; which makes a total
of 310 daily laborers during the four years in question.

As to the excavations for the dam and the waste weirs, amountig to 1,150,000 cubic Meters,
they will be distributed over the second, third, and fourth years-that is, 383,000 cubic meters
per year-on which may be estimated an output of 2.50 meters per day and per laborer, or 7o)4
cubic meters per year for a daily laborer, which calls for 550 daily operatives in the second,
third, and fourth years.

These various results are summed up as follows:

Daily operatives Daily operatives
necessary. neeessary.

Year. Year.

Masons. Laborers.1 AMasron. Liaborers.

Second year. . . F er . . 2 90
[hird year . . 20 020 Sixth year. 25 980
Fourth year. . 25 1,430 Seventh year .20. . . . 25 980

IEMAINING DAMS.

The remaining dams, including their waste weirs and outlets, comprise together 670,000
cubie meters of earthworks (excavations or embankments) and 24,000 cubic mecters of iasonry.
They may be built in two years-in the eighth and ninth years. Figuring on the basis adopted
before, we find that It masons and 620 ordinary laborers per day will be required during these
two years.
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All the above-stated results for the dams are sunned up ill the following table:

Daily operatives Daily operatives
neI.essary necessary.

Year. __Year.

Masons. Laborers. Masons. Laborers.

Third year . . . . . 1,027 Eighth year. .------------ -10 1 20
Fli h y e a r - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - 0 6 1 0 2 0 'J'eitli te a r . . . . _ . . . . . . . . . . . . ......1 2Fourthi year - -. . . . . . . . . 410 1,830 N inthi year. -- -- -- -- --- --- --

Fift . . year -----_ _ - -. ----. --.-. -------. 0.;.1h.

JsAILROADS.

They consist of: (1) The Panama Railroad diversion; (2) the railroad of the upper Chagres.
Pol'O( Radroud (IH(rlOn. -TIs railroad, 51) kilometers in length, is estimated at 250,000

francs per kiloieter, including about 150,000 francs per kilometer for works requiring ordinary
laborers. As a basis- for the number of laborers necessary (excluding specialized artisans), a
daily laborer can be figured for every 1,000 francs of yearly expense. The ordinary works will
be distributed over the second, third, fourth, fifth, sixth, seventh, and eighth years. Therefore
the yearly expense will be about 21,400 francs a kilometer, or 1,070,000 francs in all, requiring
on the foregoing basis 1,070 daily laborers, excluding the specialized men. Out of the 1,071
ordinary operatives there will be one-fifteenth of masons, or 70.

R(//oad of the eppr- 'cagres.--This railroad must be completed in two years; in the second
year tracks will be laid and special works completed, while in the first the entire substructure
will be finished. This work comprises about 1.75,000 cubic meters of various excavations for
foundations or tills and 9,000 cubic meters of masonry for construction works. On account of
the yards being scattered, it is proper to take a rather smaller basis than before in respect of the
output of daily operatives. I shall adopt 2 meters for the earthworks and 2 cubic meters of
masonry for 4 men, of which I is a mason. The number of days necessary to complete the
fore going works will then be:

For the earthworks, 87,000 days' work.
For the masonry, 4,500 days' work of masons, 13,500 days' work of ordinary laborers, and
Figuring on two hundred and eighty working days per year, we obtain:
For the earthworks, 310 laborers per day.
For the masonry, 16 masons per day and 54 laborers per day.
Finally, to complete the railroads, the following numbers of daily laborers are deemed

necessary:

Year. Laborers. Masons. Year. Laborers. Masons.

First year . 370 20 Sixth year . 1,000 70
Second year. 1,00 70 Seventh year . 1,000 70
Third year . 1,000 70 Eighth year. 1,000 70
Fourth year. 1,000 70 Ninth year.
Fifth yeltr. 1,000 70 Tenth year. . . .

FEEDER.

The principal works for the feeder, which require only ordinary laborers, are as follows:
First. General earthworks, with levees and dikes of earth.
Second. Tunnels.
Third. Dams and dikes of masonry.
Fourth. Foundation excavations and masonry for various works of construction, including

large syphons.
I shall examine each in turn. Moreover, I assume that the feeder call be begun only after

the railroad has been completed, and that it will take a maximum of six years after the
completion of the railroad.

GENERAL EArTIWORKS.

The general earthworks comprise 619,000 cubic meters of excav-ations, which I increase to
700,000 cubic meters in consideration of contingencies. Admitting only two hundred and fifty
working days per year, the yearly volume required being 117,000 cubic meters, the average
output for a working day will be 470 cubic meters, and, figuring only on an output of 1.50 cubic
meters per day for men employed at the yards, the number of men necessary will be 310.
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The levees and earthen dikes, including the embankmient in the Chilibre Valley, call for a
total volume of 77,000 cubic meters, part of which will be derived from the excavations of the
feeder. By distributing the execution of these works over a period of six vearls, the Veai'ly
volume required would be 13,000 cubic meters, and, figuring oil two hundred and fifty working
days per year and on only t eubic meter of output per man for one working day, the number of
men necessary will be 50 per day.

TU'1NNEL5.

The tunnels aggregate a length of 1,155 meters. In ordinary regions and under like
conditions of execution, we may tigunre on an average progress in tunnels of I running meter
per effective working day, with a gang of from 80 to 100 men at each heading. Only half of this
output can be depended on here. Supposing, then, that work is begun at both ends only of a
tunnel, and that one tunnel after another is worked--that is, only two points being attacked
at the same time-the output would be 1 meter per day with from IO to 200 men. We ma'
admit here three hundred working days per year; hence an output of 300 meters p1e40 year,
whereby the tun nels would be completed in five years and two months, under the most unfavorable
conditions. The tunnels will require, therefore, a maximum of 200 men during five vears.

DAMS AND MASONRY DIKES.

The total volume of masonry for all these works is about 30,000 cubic meters. I assume that
their completion should be attempted within two years only. The yearly volume required will
then be 15.000 cubic meters per year during two hundred and fifty working days, or C0 cubic
meters per day. Figuriug on an output of only 0.50 cubic meter per working day (including
all the men engaged in these works), the number required will be 120 men per day.

FOUNDATION EXCAVATIONS AND MASONRY FOR VARIOUS WORKS OF CONSTICTION.

I shall examine separately the supports of siphons and the totality of the remaining works
of construction.

The supports of syphmons comprise about 50,000 cubic meters of excavations and 10.000 cubic
meters of concrete for the supporting colunins. Allowing two years only for preparin'g them-
a year consisting of two hundred and fifty working days-and figuring only on an output of 2
cubic meters per working day for excavations and 0.50 cubic meter for concrete, the number
required will be 100 men per day.

The whole of the remaining works of construction comprise 4,000 cubic meters of foundation
excavations and 7,500 cubic meters of nasonry. Their completion may be expected within four
years, of two hundred and fifty working days each. Figuring on an output of 1 cubic meter per
working day for excavations, and 0.50 cubic meter for masonry, the number required will be 20
men per day.

RECAPITULATION.

If the above works are constructed during the following intervals of time-
General earthwork in six years;
Tunnels in the first five years;
Dams and masonry dikes in the fourth and fifth years;
The supports of siphons in the first and second years;
The foundations of the remaining works of construction in the first four years- the maximum

number of daily operatives required (exclusive of specialized laborers) will be as follows:

Year. Masons. Laborers. Year. Masons. Laborers.

First year (of the entire period) . . . . . Sixth year - 30 (70
Second year. . . ._ Seventh year . . . . .30 _ .0
Third year . _. . . 6 R0 Eighth year . . . . . .
Fourth year.*. . 680 Ninth year.
Fifth year . . 580 Tenth year.

DIVERSIONS AND WIDENING OF THE CHAGRES.

These works comprise about 5,50(,00 cubic meters of excavations, to be distributed over the
last four years, or 1,375,000 cubic meters per year. About half may be dredged, and an average
output of 5 cubic meters per man per working day can be figured on, or 1,400 cubic meters per
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year for each daily laborer. It follows that for 1,375,000 cubic Imeters per year 1,000 laborers

per day are required. Therefore, the requirements are figured as follows:

Lawyers L t--r.Laborers
per day. per day.

First year . - -. ------- -----. - -- - ------ .-. . . sixth ear _ .
Second d year . .- .- .---- . ------. -. . .---_ --e vvi th yea r .-.-.--.-.-.-.-. 1,00
Third yCar . . . . . .- ----- ------------ Eighth yeaa . 1(000
Fourth year .- .--. - --- --- -------- - . ---------- N inth yeaa . . . 1,0(0
Fifth year .e-------_ -----------.-. -- ----------- ---------- --------- Tunth ye r . _. _ l. . . 1,000

WORKS NOT CONSIDERED.

The works not considered represent in the estimates about 0.08 of the cost of those consid-
ered. It may be asstumed that part of these works, a third, for instance, need not be constructed
until after the expiration of the time adopted to complete the canal. The remaining two-thirds,
or 0.05, of the works considered, may be undertaken during the last four years. The only
log-ical way to estimate the number of daily laborers required for these objects is to assume the
total number of working days required to be 0.05 of the total of the works considered, and
then to distribute it over four years, which makes, per year, 0.0125 of the whole of the works
considered. Determined in this way, the number of operatives required is found to be 1,300
laborers and 30 masons during the last four years, as is exemplified in the following table:

Year. Masons. Laborers., Year. Masons. Laborers.

First year------ . _ . . Sixth year . . . . .
Second year. . . s.5e euth year- . - -. . 30 1,300
Third year .--- .----- -- -. . . - Eighth year.----- ---------------------.-.- 30 1,300
Fourth year.--.-.---------- - Ninth year. 30 1, 300
Fifth year- -.-. .-----------. . .---------- - Tenth year. .-.-. 30 1,300

The annexed table SUIS up the aggregate results reached. They are illustrated clearly to
the eye on the graphical chart in the atlas accompanying this note (plate 17).

DISTuIIBUTION 01" ANNUAL EXPENSES.

The analysis of' the distribution to be made of the totality of the works over the ten years of
Construction, contained in the preceding notes and the present note, renders it easy to establish
logically the annual expenses which will result from an application of the programme, as well as
the direct expenses of the works proper themselves. I shall not enter into any new details on
this subject, and lvill limit myself to indicating, under the form of a summary table appended
to this note, the results that have been reached. They are also shown in a clearer manner on
the accompanying atlas (plate 17).

Paris, October 1, 1899.
CHORON,

The Director of Studieo and j'orks.
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Tible Slimming op the nm bers of dmil3 0 rontives n ecessiry to con ot Lib plw cjc 1 with n botton ewi4erotlio of ?.'.75 lpetee
within ten yei 4.

Chisses of works.
firs4 Sec id Tuiri Firth Fi fth Sixth Si\et) h Eight h Ninth Tnth
yea. year, y:ar. Yer yer ear. ycar. ycar. yenr. Year.

e erale rthw. . .
W ks for lks . . . 240 240 210 20 210 240 120 .
W 'orks for a's . . . . . 5 40 0 0 0 10 1
MIilrosld. . . 20 70 70 70 70 7o 7o 7.
Feeder -. --. -. . -. . . . . 30 30
D4 versions will widening of the Chagres . .
Works not considered . -----. .... . 0 30 30 30

Total . ot.a. --.-. 20 70 375 3,50 340 270 400 1)50 14;o 30

Daily averages in the total period, 246.

Laborers.

Classes of works. F
First S01('d Thi Fourth Fifth Sixth Seven (h Eigh th Ninth Tenth
year. year. year. year. year. year. year. year. year. yeiir.

(tomrat earth orks.2,230 1,460 8,670 8, 670 9,720 9, 720 9, 720 9,720 9720 0,460
Works for locks . . 2, 380 2,380 720 720 3, 40 1,100 720 720 360.
Works for dais . . 550 1,02. 1,830 1,070 1,070 1,070 620 620
Railroads . _370 -1,000 1,000 1,000 1,000 1,0)) 1,000 1,000.
Feeder . . . 680 680 560 670 650 480t -.
Diversions and widening of the Chagres. . . . .1,00) 4,000 1,400 1,000
W orks not considered . . . . . . 1.300 1,30 1,300 1,30

Total. 4,0980 8,390 12, 095 12,900 15,470 15,560 15,460 14.840 13,000 7,760

Daily averages in the total period, 12,045.



APPE-NDIX B.

A DISCUSSION OF THE HYDRAULICS OF THE CHAGRES RIVER IN ITS RELATION TO
THE PANAMA CANAL.

By Brig. Gen. H. L. Anno, U. &, Army.

Nature has interposed only two formidable engineering dificulties on the line of the canal-
the cut at the Continental Divide and the regulation of the Cliagres River. The latter has
demanded investigations of the most elaborate character. Indeed it is by far the most important
element to be considered, for upon the plan adopted will depend whether we are to have a good
or a bad canal. The canal must follow the valley of the stream from Mhidi to near Gainboa, a
total distance of about 25 miles. Below Bohio it will have a different channel, but at so short a
distance as to require protection in times of flood. Above Bohio the two form a single water
route. Furthermore, as the Chagres must supply the water required to operate a canal with
locks, it was necessary to determine with certainty whether it could be made to furnish the
volume needful for the largest prospective traffic.

The records of the old company and of the liquidation period had contributed many valu-
able data as to the hydrography of the river during those years; but the New Company
inaugurated a series of observations without precedent on any tropical river. They included
continuous records of water level by self- registering g tide gauges, frequent measurement of the
discharge at all stages, daily rain records, and a collation of all known facts bearing on previous
floods. Brings were multiplied at all sites favorable for the construction of dams and locks.
Accurate level lines were run for scores of miles through the tangled forest to determine with
precision the contours of projected reservoir lakes. In a word, nothing was omitted to permit
the application of engineering science to every possible solution of the two hydraulic problems.
Observations of this character have been in progress ever since the New Company undertook the
work. Even to the date of transfer it continued to determine accurately the volume carried by
the river at by-hourly intervals at the three governing Stations and thus to verify its conclusions.
In fine, the knowledge acquired respecting the Chagres River is probably more definite and exact
than that respecting any river of its size in the United States, a fact which for students of river
hydraulics adds technical interest to its study.

The river heads in the Cordillera de San Blas, which here forms the Continental Divide and
separates its waters from the Pacific. Two principal bran ches constitite the stream; one, known
as the Pequeni, heads only about 5 miles from the Atlantic coast near Porto Bello; the other,
which takes the name Chagres, although contribution less water than the Pequeni, heads in a
direction a little south of east from this point and at an approximate distance of about 20 miles.
The branches unite about 8 miles b the channel (8 as the crow flies) above Alhajuela, where is
located one of the gauging stations of the New Company, just below the projected dam site.

This upper basin of the Chagres, about 320 square miles in area, has beei little explored, and
the boundaries of its northern and eastern watersheds have never been traced. The region is
covered with a dense forest of tropical vegetation, and the stream winds among low ridges
believed not to exceed a thousand or fifteen hundred feet in height. For a few miles above
Alhajuela the channel is bordered by limestone bluffs, passing below the stratified calcareous
sandstone of the lower river, and often deeply undercut by the freshets of the torrential stream.
The rock at a few localities is nearly white, and is som(etiies worn into fantastic forms and
draped by overhanging vegetation characteristic of the Tropics. Rapids are here much more
frequent than in tie lower river. Taken as a whole, few regions offer greater natural beauties.

The middle subbasin has an area of 130 square miles, and lies between Alhajuela and Gamnboa
where the river joins the route of the canal. The streani was traversed by the writer in a canoe
in March, 1898, the water being about a foot above low-water stage. The total distance was
about 11 miles, the width of the waterway being 100 to 300 feet, the channel depth about 3 feet,
and the current ranging from 3 to 6 feet per second, giving a discharge of about 800 cubic feet.
Eighteen rapids were counted, several of them requiring hard poling to surmount. The bed
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presented one marked pectiliality not seen in rivers h aving a r-i'egime less torrenitial--the bars
differed widely in composition. Soimie were of pure s:111d, others Of Pebbles. Others of rounded
stones 3 inches or more in diailter; tlere was little m. no intermixing of materials. Evidently
this peculiarity is due to the frequent freshets of the rainy season, whith differ Imiateriallv in
volume and velocity and hence in traisporti ng pOwe(,,l. The wa ter was beautifilly clear; but the
banks, although often of rock or protected by \egtable growth, were occasionally of clav
showing evidence of nioderate caving in timtoes of Iliih water.

In the lower sUbbasin betweeii Gamboa and Bohio (aira, 250 square miles) the channel
enlarges and the rapids in great part disappear. The ca\ig hanks increase in inber, but, as
the entire region will he flooded bV the proejeCtCd lake and thns le protected ag'ai nst erosion,
this fetire has no practical importance.

E1GIMEN OF TilE 'ilAiiEs.

The fact that the Chagres above Gamboa is essentially a hloar-vater stream was so well
understood by the engineers of the New Company that itn) obsrlviations to determiine the amtouint
of earthy ' matter carried in stispension were deemed necessary. Fortitunately, in view of the
reckless inisstatenents that have been made respecting this itent of the problem, the Isthomian
Canal Commission of 1899-1901 investigated the volutine of sedimentary matter quantitatively
both for the Chagres and for the San J an River' at Sabalos Station, near where it issues froni
Lake Nicaragna, and where naturally the water mst be exceptionally pue. The results are
presented for comparison in the first half of Table 1, the second half heing added to show the
corresponding total discharges of the rivets as indicated by the gaugings of the Coimmission.

AlthotiglI these data are not reported in a unit perfittinlg a cotiparisot with similar obser-
vations oii other streams, they make it evident that tIle xolumiie of sediIlltontary matter, which
will be carried in suspension to Lake Bohio. will have ito practical iniportatee. Whatever cotmles
down will be deposited near the entrance. where it can easily be removed by\' dredgi 11g.

The method of measurement was the following:
The sample taken was allowed to settle for tent y-four houir. S the olear water pomred off, ad another sample

added to the remainder. The 'lear water was decanted; the next day another sample added, and so on, accumulating
any sediment that remained, until it became a measurable c nantity, whon its < epth was read (it the grluated glass
in which the settlement was made. This reading gives, of course, oilk' the bulk of the loose 1uld, anl not the dry
solid matter. The relation between the inud and the (rd iiatter, as detIrmined he a series of ex periImlits for it
similar purpose, made oil the Gila River, Arizona, was ti've parts of mud to one of* drv material. This factor has
therefore been tnsed ill reducinlg the results.

Assuninig that the specific gravity of the "drv material " was that of the deposits made by
the Chag-res River, a little computation will show tltat the mean for the five rainy months iidi-
cates at Alhajuela 0.015 of I per ceit of the vtohliile of watei, at Bohio 0.018 of I per cecit, and
at Sabalos Station 0.008 of 1 peir cent. That of the Mississippi in floods is 0.088 and of the
Ganges 0.098 of I per cent.

Tm it -Sed;men/ory maoe'.

Olid matter ill li1bi yards at- Total di tclrgc ill m're-et.

A lhajlle al . Bohio. A',hatJ10)1a. Bold(i . hiatiol .

1900.
J . . . . _ _. . . .51 0 30, 5 10 14 12 80 115, 080 1 0, 520 741,117Ju y . . . . . 152,7 0 207 762 ------- - 171 1,073,149

A gcs .81,20 11;,0x 1,0 217 251,730 3(1,330 1,28, 735september .r------------------------. .- 41,0 7, 122, 595 184, 520 308,3 1,266,473
O cbeir- - - - - - - - - - - - - - - --. 9,0 .------- ----- 7-. 1], 203 300,610 . 1, 72,337

It is true that, in addition, some sand and gravel will be roiled along the bottom, but the
volume will be unimportant, and the sediientary matter, also, will le largely reduced if the pre-
caution be taken to regulate the freshets as well as the floods by tn upper lake at Alhajuela.

The tribUtary streams below Alhajiela, attltotgh itsl' igitcait ill the drV seasoli carrV ton-
siderable volumes at ties during the rainy months, and are not without importance in the pr.oblent
of regulation. Fifteeni of them enter between Alhajuela and Ganbtoa and 17 thence to Bchio;and there arc about ,80 below. Several of them were gao ed both by the company imd by the
Commission, but, as will appear below, the restilts need not be considered here in detail.

Not otly have the level surveys of the two companies given precise information as to the
slopes and more important contouis of the x'allev above Bohio, blit fluviographs established
at Gamboa in 1882, at Bohio before 1890, and at Aihajuela in 1899 have furnished a nearly con-
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tinous autoiiatic record of river stag-es coveril lbout t wety years. That at Gamiboa, where
the Chag-res first joins the calan, was iiattiralky regarded as the iost impiortant, and is.the most

Trhe m)e an tidal osCillationi at Colon. based on sixhy miioniths of daily observations between
1882 and 1887, is 1.43 feet, rainig froimi a mnaximiun of 2.17 feet to a niiniiun of 0.02 foot. In
extreme low vatierv of the river the tidal level exteils sensibly to Bohio, where a slight tidal
oscillation of a few inches then appears. Ascending the river from this point the slope of the
bed rises rapidyI; and, as already state(L many rapids appear above Gamn1boa at low stages. They
play ani important part ill the region of the stream, siice the y v hold in reserve Certain differences
of level which, when the river rises, furnish an effective motive power to carry forward the
increased volume, alid thus reduce the oscillation between high and low water level. For exam-
ple, the maxiumuiM variation noted during the past half century at Bohio was 39.4 feet. becominig
at Ganiboa about 37.7 feet, while at Alhajiefa. although o authentic records are available. it
could hardly have exceeded 18 feet. Relations like these can he better presented graphically than
by tables, and attention is invited to Figure VI for details.
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27 47 58 miles
FiMi. vi-Clhaigrcs River, vertical longitudinal section.

As in all the rivers, there are considerable variations in the diiensions of the waterway at
different localities near each other; but Table 2. giving those at the three gfaLging stations, may
be considered to represent thn channel fairly under normal conditions in the neighboring parts
of the valle. In it he ght" refers to elevation above i mean tide level, and "velocity " to the
mnaximutm rate of flow as Ieastired by surface floats following the thread of the current at the
stages indicated.

The lowest water level (of record occulred in April., 1901.l being at Alhajuela 28 meters (91.86
feet), at Garntmoa 13.72 nieters (45 feet), and at Bohio 0.14 me ter (0.40 foot) above miean tide.
For convenience, the low stage at these three posts has heen assumed as 28 meters, 14 meters,
and 0 tmeter, respectively, the superior linit of usual stages heig 30 mneters,. 17 meters., and 4
meters. It may be remarked here that as aIl the records and coimputations have been made in
metric units some slight discrepalcies may be noted in this paper, due to the transformation into
English units involving the neglect of small fractions.
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TABLE 2.-(rosx sectiois.

Alihajuela, sea 58 miles. Gaimboa, sea 47 miles. Bolio, sea 27 miles.

River stage.

Height. Width. Area. Velocity. Height. Width Area. Velocity. Height. Width I Area. Veloeilv

Feet. 'Fect. S',are'ft. Iot-b sec. 1Fe F.2 t. Sqpa rr ft. Ist-cc. It I. P t. Squarc ft. Iolt-Sc.
Low wtter. 92 232 619 1.0 46 170 1,250 1. 1 189 11 2.1
Usual stige. 99 248 2,239 10.8 06 15 3l.011 6. 9 13 230 3. 07 t 9
High freshet . 107 284 4,661 12.1 71 (a) (a 1 21 ,362 7.9
Flood limit . 110 381 5,834 (?) 52 (a) (a) (?) 39 (a) (") (7)

a Over bank.

The river year on the Isthmus is sharply divided, this being due to the marked variation in
rainfall, which, inconsiderable in February, March, and April, increases in Januarv and May,
and is heavy in the seven other months. The great floods have always occurred in November or
December. It is by a study of the very Compicte registers Of the fluviograph at Gamboa that
the regimen of the Chagres is best understood. The instrument was established there in 1882,
and a nearly coilete record has been kept since that date. It is lacking for the year 1889,
when the old canal company ceased operations, and for some months ill 18m( and 1897, for which
the sheets were, unfortunately, lost. Thus near].y twenty years are available, and the chief
difficulty is to arrange the important elements in the most compact form for examination. This
is attempted in Table 3, which gives the nulmiber of times ill each month that the river rose above
17 meters (the beginning of freslhets, 10 feet above dead-low water); the total number of hours
in each month that it remained above this level; the highest level attained in each month above
dead-low water (11 meters); and, finally, for rough comparison. the local rainfall in inches. For
a few months exact figures showing the greatest height attained above low water are not at hand,
although the fact is of record that it did not reach the 17-meter stage; in such cases the word

less" will be found in the table. In computing means this word is given the average value for
the years without rises.

TABLE 3.-iaeo at Gfttbot exceeding 0 feet ab0r0 loi-irater qt/te, greatest /t nt ;B(C8t ttboto low itler, titr 1o0(0 iftll
ill inchecs.

January. February tartl. April.

Year.

Rises. Hours. Feet. lRain. Rises. Hours. Feet. Rain. Rises. Hours. Feet. Rain. Rises. Hours. Feet. Rain.

1882. . . . . . . . . . 0.5. . 1,
1 . 0 0 7. . 0 2.3 . 0 0 2.0 0 0 2.1 2.6
1881 0 0 5.7 . 0 0 3.3 0.7 0 1 2.4 0.2 2 11 12.6 6.5
108. 0 0 3.2 (.2 0 0 2.1 0.2 0 0 2.9 0.0 0 o .9 1.1
188 . 0 0 7.3 0.5 0 0 1.8 1.1 1 9 12.8 0.7 t ) 8.2 2,8
187 . 0 0 8.2 2.2 0 0 1.9 0.1 0 o 3.9 0.3 0 0 3.6 6.
1888 0 0 5.1 0. 1 0 . 0.6 0 0 . 0.4 1 1o 13.1 1.3
1890 0 0 9.1 .1 t0 Less. 0.3 0 4 0 0
1591.-.-. 0 e LS. 0.6 0 0 Less. 0.0 0 0 Less. 0.3 0 Les '1
1802 0 0 Less1.1 0 0 Less. 0.7 0 Less. 2. 0 t Les li

---. 0 0 3.0 0.7 0 1 0 3. 11 0 0 6.2 0.7 2 -7 16.3 7.4
1894 2. 25 17.9 15 0 0 . 0.2 0 0 1.0 0.1 0 0 t4 13
1895 1 2 10.3 . 2.4 . 0 0 2.3 . I 1 10.0
1896. 0 0 4.9 |. 0 '0 Less. 0 0 Less. . I 0 5
1897 0 1 7,2. 0 0 Less. 0.2 0 0 Less. 0.3 1 3 10.2 .
1818 2 22 17.0 2.S 0 0 2.0 0.1 0 1. 0.0 1 16 17.7 114
1899. 2 29 14.2 5.0 0 0 Less. 1.7 0 0 Less. 1.3 0 0 i.3 1.4
1900. 0 0 8.9 1.0 0 0 1.4 0.2 0 0 0.2 0.1 0 0 i.3 3.2
1901. 0 0 3.2 0.4 0 0 2.4 0.2 0 0 1. 0.2 0 0 2.3 0.8
1902. 3 17 16.4 .4 0 0 2.2 0.2 0 0 0.9 4. 1 , 11.2 9.5
1903 . 0 0 2.4 0.7 0 0 4.11 0.1 11 0 .6 0. 0 0 0.4
1904.-. 1 7 14.0 4 0 0 5.5 0.2 0 0 2.3 1.9 2 6 1. 120

Mean. 1 7 8.4 2.4 0 0 . 6 0.4 0 0 2.5 8.8 1 4 7.7 3.7
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TABLE 3--Rises at (uGboa Ceceeding 10 fect above low-waler stage, greatest height in feet abo e /10 water, and local rainat
in inrhes-Continmed.

May. Jllne. Jily. Angust.

Year.
R ses. Ifollis. Feet Rai n. Rises. Hours. Feet. Rain. Rises. Hours. Feet. Rain. Rises. I fours. Feet. Rain.

188-- 15.5 . . 6.3 . . . 10.1 . 1 .9
18831 10 1. 9.7 2 14 14.1 11.0 4 37 16.7 6.5 5 4 1. 18.9
1884. 3 137 1G1 6.2 5 29 1 .7 13.4 4 49 17.7 9. 6 3 25 -15.1 16.
1885 5.9 11.1 2 10.2 10.4 41 16.4 9.1 8 66 18.0 15.5
1886 0 0 9, , 15.7 1 5 31 1 5.1 11.7 5 128 11.8 16.4
1887 . I 110 11 109 24.0 | 1 3 2 U).4 14.0 11 130 16.4 10.2
1888. - 0 8.2 20.5 6 43 14.5 11. 0 0 Less. 3 1 7 12.2 10.2
1890. 5 A4 13.8 13.3 4 26 13.1 11.7 4 34 1.8 10.4 7 45 13.1 15.4
1891 15 14.1 7.5 1 10 14.8 9.3 2 18 16.1 6.1 0 0 Less. 8.5
1892 7 49 17.4 16.8 1 8 12.1 8.) 8 65 1 .7 14.0 3 28 1.1: 14.3
1893. 231 16.4 11.0 0 0 5.9 10.7 1 5 11.8 15.0 2 13 13.9 8.0
1894 1 5 10.9 10.) 0 0 6.9 8.8 4 26 13.8 10.1 2 9 11.8 8.4
1895.-. 0 0 2.3 . 1 12 15.9 1 13 13.7 . 2 6 12.9 .
1896. ----- ------ ------ -. . 5.8
1897 96 23.0 17.4 0 0 8.9 12.6 0 0 9,7 17.2
1898 0 .0 0 8.6 4.7 1 7 12.6 18.4 2 G 10.3 20.1
1899 2 15 13.5 8. 1 2 10.1 S.8 1 1 10.1 9.5 2 23 16.2 11.0
1910. ) I .1 6.8 0 0 7.5 12.2 2 12 11.6 13.4 16 13.5 8.9
1901. 1 5 1,.4 10.9 1 1 10.1 7.7 ( 0 8.2 9. 2 .5 10.3 13.19
1902. . . . .---- 0 0 6.4 6.3 1 1 10.1 6.3 1 10 15.1 8.3
1903. 0 0 5.7 11.1 1 2 10.1 11.1 1 14 18.7 13.5 1 7 1)11 12.9

Mean 2 25 12.2 11.2 2! 14 11.2 10.1 3 20 13.i1 11.3 3 26 13.6 13.2

September. October. November, December.

Year. --- ---- - _-_-_-

Rises. Hours. Feet. Rain. Rises. Hours. Feet. Rain. Rises. Hours. Feet. Rain. R ises. Hours. Feet. Rain.

1582. .11.8 . 8. .2 S 101 19.4 11.8 0 0 Les. 1.1
1883. 4 53 14.1 4.1 1 2 10.2 15.0 1 10 11.8 7.0 3 32 15.4 1.3
1884. 3 21 13.8 10.5 5 42 15.4 22.4 2 31 11).0 61.2 0 . 6.9 2.2
1885. 7 67 18.0 1.1! 6 14 11.8 9.3 2 52 31.5 13.2 7 155 23.9 11.0
1,886. 5 1 15.1 9.1 9 92 15.1 13.61 13 156 17.1 16.1 4 72 15.8 4.6
1887. 2 .5 23.3 11.5 . . . . . 14.9 4 154 10.7 24.1 2 127 15.4 12.7
1888. 10 78 15.4 12.3 5 27 12.5 9.6 3 20 10.5 16.2 4 424 31.4 1V.3
1890. 3 27 1i.1 8.9 5 49 17.4 21.4 3 30 16.1 9.9 3 53 31.8 4.3
1891 . 0 0 Less. 10.5 1 1 10.2 15.7 2 54 1A.7 10.7 2 18 12.5 6.4
192. 0 0 6.19 13.7 2 17 13.1 11.1 1 30 22.8 10.2 2 74 15.8 (i.11
1893. 0 0 9.2 1 0.2 0 5.1 1 1.5 1 9 13.1 13.9 6 170 25.3 20.9
1894 3 20 13.9 15.2 3 19 12.5 15.3 5 35 14.1 10.7 7 149 19.0 8.3

9 .0 1) s.9 . 2 22 17.1 . 0 ! 8.5 . 1 K10.0 . .:.
189 -. -. . . . . . . . . . . . . . . . . . . . . . . . . ......1, 15 13.3 ....

-17. . . . 1 .8 1 2 10.2 12.8 3 16! 12.7 5.9 4 37 33.2 8.6
1898 8 1 5.1 4.1 21 13 13.7 5.7 3 25! 11.9 14. 0 0 1.5 2.4
1099 0 0 f .1 13.5 6 0 9.8 8.0 2 16 1 14.8 S.7 0 0 9.4 2.7
1900. 1 4 11.2 9.3 3 24 15.1 12.1 2 14 11.9 10.7 11 14.1 1 0.8
1901 1 6 11.7 5.-I 0 9 9.5 11.1 7 73 20.9 19.1 1 14 15.4 6.7
1902. 0 0 7.3 8.9 2 15 16.4 12.9 1 7 11.8 14.4 0 0 6.1 2.2
1903. 0 0 8.3 9.3 0 0 9.0 1.1.2 3 48 20.3 11.) 9 23 13.0 13,9

Mean. 2 21 12.0 10.5 3 21 12.7 13.2 3 44 16.5 12.- 3 66 15.2 7.3

This tabular exhibit warrants important conclusions which will be confirmed by the tables
of discharge. February and March are the extreme low-water months, the river then rarely
rising more than 3 feet above the lowest stage. January and April are similar, although small
freshets sometimes occur, especially in January. The other imonths show slight differences
among themselves, but are all characterized by freshets, averaging about three per month, but
sometimes exceeding ten. They are of very short duration, the river rarely remaining above
the 17-meter stage for four days in ain entire month, and rising and falling rapidly. Neverthe-
less, these freshets deliver considerable volumes of water, moving with high velocity and
sweeping down the channel like great waves. The fluviograph records have enabled the
rate of movement of their crests to be accurately noted; they traverse the 11 miles from
Alhajuela to Gamboa in about four hours, and the 20 miles thence to Bohio in about six and one-
half hours-indicating a rate of movement of about 4.5 feet per second, which of course is much
less than that of the water itself. As will appear further on, investigations have shown that the
interval of time which elapses between the heavy downpour of rain that causes a freshet and the
arrival of its crest at Bohio varies from twenty-four to forty-eight hours, according to the locus
of the storm. These facts make it evident that, with the system of telegraphic commnunica-
tion which will be demanded to operate the canal, an agent at adjustable waste weirs on Lake
Bohio would have ample warning, and could judiciously regulate the level of that lake from what
he could see before him.

It should be understood that these freshets, notwithstanding their short duration, are the
controlling feature in the monthly discharge, the volume carried sometimes increasing ten and
even twenty times as they pass. Bearing this in inid, the following annual summary, covering
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the ei-ht raiIy III oiltIs iI T I I Le 3 esta hishes the Ifact t hat t Ie re are coItisiderable an 11d progressive
variations from year to year in the discha rge; that duing the operations of the old comlpai the
vohl une was excessive, cliiiiiiating, in 1886 and *857: and thatsince that maxinui it has (hiinished,
apparently reaching a minimum in 1S9S and 18109. Data for accurate estimates of discharge (10
not exist prior to 189K and therefore this evidence of animal variation covering several years is
presently here in the form of a summary of freshets at Ganmboa. That the same condition
affects Lake Nicaragua has been conclisively sdowii by the Istluninii Canal Commission of 1899-
19)1; and a study of the rain record at Cl10n, nearly complete since t8tW. leads to the same
conclusion.

Nuthileri ,ve17' N r A 17 Loal

freshets, Ietes. rainfall. fre e te a f

Hurs. I W".ef -wur . Inches.
18 . --. . -. 21 201 70.5 1 97.- -. . . . . 7
III. . 2 271 S7.1 172,7------4+--------------------------+ 151 102.71885 --. -. -. .. 37 1 7 95. 7 1 98 . 51 78.3
18 ----------------------------------. . 43 -137 97.8 1899.-------------------------------.- 57 70.

1 7.------------------------------------- :1(2 64 12.0 1900 -------------------------------------. 2 7-1.7
1(77. . . 29 6- 10- 190 - -. . . -------------------- 2 9 1
18 -. . . 21 51 1 .2 19021 . . 1 1. 3 +
1 1-. . . it4 116 71. 1 2--------------------------------- - 12 9 97.)
1 .8------ --- ------------- - 269 95. 3 --- -
1"93. . 12 220 1 (7. 9 Ala n . . . 209.5
1891 . . ,. . 25 263 87.6

The fact that the C'hagres is IOW passing throutgi a low-water epoch is so important in oi-
nection with the water supply of the cintI that it becomes a matter of interest to push the
inquiry further. This may be done 1y o nsidering the data of Tal e X in six-year epocs, as is
done in Ttble 4, taking into account the different moths. These si x-ear epoc1s are l Comi-
piete, except for the river data in Oetoher, 1887. an d Ila . 1902: And for local rainfall for the
year 1895, for Ja niary, February, and March, 1883., for Jani r, 1884. and for Miay, 1902. The
sign + following a ligaire in the table indicates that oii month is missing. aMd, hence, that
approxiately one-tifth part should be added when comparing it w-ith other months. This
correction has been Made in the averages.

T ABL. 4.- Vionber l , d d(/ fitlio Oi.') - lte, . ts (blm/ (, with otoi espood17l1/i} hooft 7wi01/0 .

Total ill 177:-187. To t al, ill 1890 -1895. T11 t hl 1797-1918. Average
Month. frcsleI

ihmla 10i
Freshets. Hours. ltaiifall. Frehlits. Hours. infall. Frl-lewts. Hours. Rainfll. six years.

l ary-. 0 ;i.0+ 2 7 S.)) 7 108 23.1 45
Febr1l ary.- . . .----------------. 0 0 2.7- 0 0 0 . o) 2-5 0
M rh .-----------. 1 9 1.7- 0 0 GI. I 0 G.3 3
Apri1- ---.- - --. . : 19 21.-1 3 27 18. 1 6. 7 23
M ay .-. . 10 21H 74. 2 17 136 60. + -1: 23 -12. 6+1 122
J -- - --. ------------- 27 71 No 7 49. 0 - 3 5 -50.8 88

-.-------- ------------. 22 M72 54.2 20 1W 56.5+ 1235 \70.3 125
A2gst . 33 299 913.7 1 101 54. + 1 37 G 75.1 1156
septeml-ber--.-.-. 31 322 67.116 G 17 58.5+ 2 10 1.- ' 126
October .7. 26+ 217+ 719.I 13 107 21.)+ 7 5 70.0 126
Novemiber-----------.-.--. 25 423 82.8 12 158 5-5. 1 18 113 7).4 255
December.-.-------------.-. 20 810 53.1 21 465 42.7+ 7 71 5 .7 442

Total. --.-. 203 2,728 608 5 s 1,285 595.0 5O 527.17 7 1,811
A llnuial.-. 34 45 101.G 20 211 199.2 11 93 880 202

It should not be forgotten in comparing these tree groups that the first includes two flood
years (1885 and 1888) and the second two flood years (1890 and 1893), while the third i has none;
but as these floods affect only the months of Novemnber and December, the evidence Is still Con-
clusive that the third is a period of exceptionally low water, caused by a rainfall below the general
average. The investigations of the Isthmian Canal Commission of 1899-1901 have demonstrated
that similar variations covering several yitrs have occurred in Nicaragua, but there seems to be
no annual correlation between the two districts.

As curreits, and especially cross currents from trilbutaries, are a very serious annoyance to
a large vessel transversing a contracted channel, these freshets are worthy of careful study.
This will he given below und1(er a separate heading, after considering the mode of deterniig
the volume carried 1 y the river. The necessity of regulating the freshets, as well as the great
floods, has been too Much underrated.
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It51ARWIE OF THE CARES.

A trustworthy and safe valuation of the discharge of the river is natural v a matter of first
importane in study i ng the project for a canal, and ineasu relents were by no means neglected by
the engineers of the ol conany; hut when the work came under the control of the liquidator,
and later under the New (onpay, a more systematic phn was put into operation. Detailed
instrtlctions were issued' in Septembter, 1889, defining the method to be followed, and it continued
in force up to the end.

The location was carefulky covered by seven transverse lines of soundings in parallel planes
about 10 meters apart, whih l wiro freqtely repeated to detect possible changes in the bed.
Surface floats offering little resistance to the air, like bottles ballasted with water, were used to
determine the velocity. They were started from a boat far enough above the base, from 60 to
8O meters long, according to locality, to attain it with the full velocity of the water. The
times of transit were noted to quarter seconds by the observer with the watch, the instants of
passing the ranges being called out by the other observer who precede the floats. Six transits
were usually notd, two it the middle of the stream and the others about half way to the banks.
Full reports, including water level at the fluviograph and every detail, were submitted. The
discharge was estimated by taking eight-tenths of the product of the meian velocity, as measured,
by the area of cross section Since 1889. with but few intermissions, the discharge has been thus
measured at three-day intervals, and moe ftirquently in times of freshets, at Grainboa and Bohio.
Daily measurements were made at AThajt a in 1895 and 1196, and since April, 1899, when they
were resumed. During the last few years occasional night observations were attempted to
secu additional doterinnations of the ielocity in large freshets.

In considering this method of gaintng, the problem before the engineers of the company
should be borne in mind. The vital question was to determine whether the Chagres will supply
all the needs of the canal in the season of low water. Any reasonable doubt here would be fatal
to the project of a canal with locks, and no overestimate of discharge could te tolerated. Hence
the adoption of the coeflieient eghlt-tenths, when nine-tenths would probably accord more nearly
with the fact. The value was certainly safe al. conservative, and in the plans for flood regula-
tion due allowance for its p0irAble insufhiciency was made.

It remains to consider how from these numerous gaugings to determine the volume carried
by the river in stated periods-the monthly and yearly discharges, for example. The most
obvious manner is to adopt the mean of all the daily measurements as the true nean for the
period in question. The objections to this plan for a river so variable as the Chagres are
apparent. Ten days per month are too few for a correct average, especially as freshets by
night escape measurement, thus unduly reduniBg the numerical mean. On the other hand, the
comparatively few gangings during a fteshet, when the discharge is undergoing almost inoinen-
tary variation, are likely to furnish too large a volume, from the natural tendency to multiply
observations at the higher levels, thus unduly increasing the nunericat mean. Furthermore, as
direct gaugings were not made in the great flood of 1879, the greatest of record and therefore
the true standard for estimating the provisions needful for regulation, it becomes necessary to
infer logically the true discharge at stages considerably above any actually measured. It is
evident from these considerations that the problem can be solved in a satisfactory manner only
by applying to the hourly stages, known from the fluviograph sheets, a rating table derived
fronm the very numerous gaugings made between lowest and highest river stages.

The construction of a trustworthy rating table for a torrential liver like the Chagres is by
no means a simple problem. Inl all rivers the discharge at a given stage is always greater when
the water is rising than when failing. owing to the greater local slope attecting the flow. To
represent the river truly, the rating table must take accoutlt of this law by indicating the mean
between the rising and falling bI ranches of the curve, and this the mean of so many meastremiets
will correctly represent. Sunch tables are often constructed by drawing an arbitrary line to repro-
duce as acturatety as possible the average of the planted observations; but when it is needful, as
in the present case, to extend the curve beyond the limit of the observations, the general law of
its curvature should be studied and represented by a formula. thus extending this law to the
unknown portion and eliminating arbitrary assumptions. As this unknown portion was less than
10 per cent of the whole curve at (aitboa and less than 20 per cent at Bohio, it is safe to assume
that the predicted maximum discharge can involve no serious error. In framing the formula
either the method of least squares or the method of algebraically cotpetling the curve to pass
through the largest possible number of the best determined points may be employed, but as the
relative weight to be accorded to the higher observations was not easily estimated the latter
usually was preferred. The following formula finally resulted from the study, hased for Gamboa
on 2,147 gaugings, for Bohio on 1,854 gaugins, ani for Alhaiuela on 1,599 gaugings. In then
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Q denotes the discharge in cubic nieters per second and C the height of the water level above
mean sea level in meters.

(1) Alhajuela:
Q = - 6 + 52(C- 27.5)- 1.6(C- 27.5)"

(2) Gamiboaa
Q= - 24+24(0-13) + 18(-3)2 - 0.5(0-13)"

(3) Bohio:
Q= 17 C+5C+ 0
The accordance between these formula and the observations from which they were derived

left nothing to be desired for the general case, but to estimate the hourly discharge during the
rapid oscillations of the river some further refinement was found to be necessary.

For a great river like the Mississippi, where the general water level changes from month to
month, and where consequently the rises start from very different levels at different seasons, the
problem becomes complex; but for a river like the Chagres, which between freshets always
subsides to a comparatively low and little varying level, advantage may be taken of the fact by
grouping the freshets for separate study, and thus investigating the influence on the discharge
exerted by the rapidly varying local slopes, then so different from the condition in the great
floods, when, the whole channel being surcharged, the slope from hour to hour usually remains
comparatively constant. This study was carefully made, the ample data permitting the selection
of ga ugings taken only at periods of rapid ehanoes of water level, when the object sought, the
mean line between the rising and falling branches, could Ibe accurately recognized. Very many
such freshets were studied; and not only was it found that accordant values resulted at each
separate locality, but that they could be well represented at Gaimboa and Bohio by simply
increasing in a nearly equal proportion the coefficients of the first power of the water-level term
in the respective general formulte. These special freshet formuhe, thus deduced, are the follow-
ino, the variables having the same signification as before:

(4) Alhajuela:
Q= -7+110(C-28)+40(- 28)-1.8(C-28)

(5) Gamboa:
Q= -26+40(C -13)+18(C-13)" -O.,(C-1.3):

(6) Bohio:
Q= 62C+502+ C

In fine, the method adopted to determine the continuous discharge of the Chagres since Jan-
uary, 1898, and for previous dates when the bihourly fluviograph readings are at hand, has been
the following:

When the river is at a stand, or changes its level gradually, the above general forinula are
used, or rather the rating tables derived from them. Wlhen a freshet occurs and the stream
begins to rise rapidly, the special formula table takes its place until the original level is approxi-
mateliv regained reference being made to any actual gauging available in case of uncertainty
as to which formula should be used, an uncertainty which in practice hardly occurs, so pronounced
are the changes of level in the Chagres. If space permitted the reproduction of the very numner-
ous tables of bihourly discharge at the three most important localities in the valley, each value
based on wholly independent data, their uniform conformity to the known conditions would leave
no doubt as to their accuracy. Indeed, on one occasion a small clerical error in the tabulated
bihourly fluviograph readings at Gamnboa, received from the Isthmus, was detected from the
resulting discrepancies in discharge as compared with thit at Alhajuela and Bohio. The daily
average values at the three posts are thus shown by internal evidence to be relatively correct, and
any absolute uncertainty, due to the use of the coefficieut eight-tenths in reducing the original
gauging gs, must affect them equally. As such error, if any exist, lies on the side of safety, the
figures may certainly be accepted for purposes of canal regulation. Few hydraulic data are
better established.

As will appear in the discussion of the water-supply problem, a knowledge of the average
monthly flow of the river at Albajuela, Gamboa, and Bohio is of capital importance. At Gamboa
direct observations have made the monthly volumes known with precision ever since the date of
the collapse of the old company, and the same is true at Bohio, since May, 1893. Unfortunately
observations at Alhajuela were deferred to a later date, and it therefore became important to
make a systematic study of the ratios between the corresponding discharges actually measured
at the three stations in order to be able to supply missing months by transferring the volume
measured at Gamboa. In the earlier studies this was done to a limited extent by makig use ot

(From gaugings at dead low water the discharge at 13.7, 13.8, 13.9, and 14 meters is estimated at slItly
increased figures; that is, at 10, 12, 15, and 19 cubic meters per second, respectively.



THE PANAMA CANAL--PART i. 1 G

Provisional ratios, hunt since the Work terminated the Nvriter has submitted all Cxisting (lata to
analysis, With r'sUlts, it Iay 1)0 add((1, Which differ but silitly from those provisionally adopted
lon- aoo bV the engineers of tile Nev Conipaly. There were availab le for comparison 79
measulled monthly disclarges at Alhajuela, 169 at Ganiboa, and 17 at Bohio. The percentages
resulting from the analysis, with their probable errors, the latter in this case representing the
effect of variations in the location of rainfall at the (ifeCrent latest , mayN, be stated as follows:

The volume passing Alhajuela is 82 L 2.1 per cent of that passing Gamboa in the dry season,
76 1.4 per cent in the rainy season, and 79 -1 per cent annually.

The volumle passing Alhajuela is 71 : 2.7 per cent of that passing Bohio in the dry season,
51+ 1.5 per cent in the rainy season, and 55 = 1.4- per cent annually.

The volume passing Gamboa is 86 2 per cent of that passing Bohio in the dry season, 65=i=
1.6 per cent in the rainy seasoli, and 68 1.4 per cent annually.

It is by the aid of these ratios that have ieen supplied the missing months in the following
table showing the mean monthly discharge, in cubic feet per second, for Over fourteen consecu-
tive years at the three gauging stations. Such months are indicated by italic type. The values
for January, 1890, and May, 1902, are interpolations, being the means of all months of same name
at the stations. The other values are deterniined in the manner explained above, except when
for a few of the earlier months iluviograph records arC lacking. In such cases the figures have
been found hy averaging the actual gangings. It may be added that a comparison of the two
methods covering many months has denionstrated that the causes of error in the latter largely
balance each other inl practice, and that important discrepancies are rare.

T iABLE i.-1l, monthlly dSC,ciarJe inii fet per second.
AT ALHAJUELA.

Month 1890. 1891. 1S92. 1893. 1891. 1895. 1896. 1897. 1898. 1999. 1900. 1901. 1902. 1903. 1q04. Mean.

January. 2190 1, 56! 1. 165 0,1 2, 25 2 084 2,417 1,.42 .,281 2,084 1,589 99 4. 28 1,-120 :4,002 2,190

February. 1,095 77 918 1,60 1,112 1,2 1,029 9 1,2 7 1 12 671 1271 84I 1 589 1, 081
March . 91 9 1 1,02 77 71 00 2 00 7,7 ,:0 2 1)4 1 V11
April 1. 1,08 2,102 000 91 1,271 5'3 1,109 883 565 4:59 1,690 90G 2,190 1,118
May. 29 2,9 ,2 2, 1,09 1,483 2,543 2,07 1,72 1,58 1,342 1, 2,119 1,377 . 2,134
June . ,0i1 ,801 2,9| ,- 1,695 2,018 2,222 1,991 2,1) 2,154 1, 1, 73 11 2,190 1,912 . 2,177
July097 2,861 5,11 2,719 .1),0 1,801 2,225 2,SG1 s ,1. 2,2251 2,1190 1,978 2,11 3,108 . 2, 881
August. . /,J0 .2, 119 Y , 32 , ;o2 2,917 2,511 2,142 1 08 1 ,11,, 3,281 2,825 2,137 2,331 3,178 . 3,041
September. , 191 -2, 96 J,1'0 9,I7 :1,290 1,007 2,151 2,1.1 1,907 2,402 2,151 2 931 1366 2,790 2. 2,76

October .0. ,) .,.10 .,521 2,091 2,507 1,1182, 41 2,911 2,119 2,1(19 3,214 27 7 21 2,711
November 1,112 1,081 5,511 . ., 11 4, 811 2,54: 2,472 ,911 . 3,882,1 2,9967 1 768 3,143 4,1009 . 3,832
December . 8: 6;?,8 6,27 I, 110 8, ,8 3,920 .1,0. 1,2 1,711 2,260 2,0296 3 017 1,93 5,474 . 3, 0

Year. 3, 211 2,328 3,309 2,778 2.890 2,122 2,089 2,192 2,263 2,01 1,7 1,'I 2 278 2,381 .-. 2,424
Threedr. 1,012 965 1,142 1,695 906 96" 977 13. 1,118 912 0 86 51: 1 2 66 1,78 965
Rainy. 3,44 2,917 1,030 3,131 3,551 2,507 2,459 2,711 2,645 2,464 237 45, 2,617 2, 963 . 2, 910

AT GAMBOA.

January . 2,755 2,018 1,519 2,296 3, 708 ,5 ,225 1, 766 4, 309 3, 48( 1, 65 1,024 5 227 1 625 4, 132 2, 757
February. 1,312 954 1,095 2,013 1,625 1,183 1,1:30 1,130 1 ,43 951 812 671 1,589 91I 2,402 1,307
March. 1 015 600 989 1,236 951 1 095 636 49 1 , ol 91 5:10 15 1,021 706 1,6T) 896
April .-. ,05) | 530 2,048 2,9W1 712 1,130 1,312 G71 1,8861 1,059 966 419 1,19i2 706 2, 861 1 ,325
May . 4,273 3, 461 5,(509 3,037 1, 377 3, 1 4,450 3,8 1 2, 472 1, 907 1 312 1, 766 2, 8961 1, 519 . . 2,901
J--1 . 3:1 2, 3,491 3,214 2,225 :1,178 1,132 2,366 2, 861 2,472 942 2, 04 2, 896 2,151 . 2, 906
July.40 3, 779 7,411 1,117 1,450 13,073 2,931 3, 779 1,2,8 2,S215 3,35 2,1190 1. 002 3,320 .--. 3, 809
August .|o,086 2, 700 6, 075 4,732 1, 885 1,061 2,331 4,097 4 132 4 238 ,57 2,1861 2790 1,314 . 3,971

September. . I ,81; 3, 0(37 4,379 3,885 4,150 3,390 2,719 3,850 253 3,178 3,7 , 8 2,11:11 1, 697 -. 3,756
October . . ,48 .40 5, 3 4 9, , 7 4, 697 4 (41 2, 684 ,850 :3, 1 19 It 520 3,702 4.115 3,9-6 . . 303
November . . 3, 9 756 87 7, 24I 1 1( (, 934 53, 532 -1 21 .45 5, 1 '3. 74 , 0-1 0, 74( 4,,7:2 5, 721 . . ,
December. .118 5,121 --,-175 ,2 11,(1 1,779 5121 1,W26 2,296 2,1649 2,6104 3,11 2,190 7,028 . .1,919

Year. 1,172 3,052 4,314 3, 605 3,773 3,055 2,750 2,9864 2,987 2,572 2,315 2,39! 2,969 3, . 3,11611
Three dry . 1, 149 695 1,377 2, 060 1,107 1, 231 1 (036 765 1,148 989 16 1 3 1, 51.8 777 2, 311) 1, 176
Rany. . 5,180 3,838 5,291 - 120 4,662 3, 661 ,1317 :i, 511 3.9700 :10 2,915 3,013 3,41 3,818 . ,827

AT 1301410.

Jemary--. 112 2,3 , 31 3,1.12 7 1,590 4, 732 2,018 5. 651 3, 850 2,119 1, 1831 I, 2131 1,1129 4, 941 4, 132
February . 1 ,551, 1, 377 1,271 2, 1 1,801 1 377 1, 5t 1,589 1, 695 1,731 1, 059 989 2,081 1,02l 2,:331 1,185
March------.1. 2 1 000 1, 165 1,139 1 095 1. 059 1, 69 706 1, 095 989 742 706 11,271 636 1, 113 1,009
April . .-. 1 236 600 2,36r .3 ,2 777 1, 059 1, 695 883 2. 013 1, 095 706 565 2,154 565 :, (;38 1, 91

Ay -. - --. . 1 6 569 5, 333 8, 47 1,1G2 3, 35 4, 167 4,944 7,982 2 684 2,1148 1, 25 2.296 4, 273 1. 519 . 4,281
un 6- - . , 193 3,211 1,139 4, 944 1,27:1 -,109 -1,201 1,201 1. 35 3,.113 2, 61 2,790 3 178 ,541 . 4,011

Jul y -. D, 300 4,803 11,407 7, 628 6, 216 4,591 3, 143 5,121 3, 569 , 956 5, !1 3, 178 13 037 , 026 . , 42
Augu -- . 8 751) 4, 521 9,35,9 10, 772 6, 498 6, 922 3,496 7,275 5,298 2,721 9,2(62 4.209 3, 300 5, 474 4 -- 6, 218
September .-. 10, 45 4: 3.1 6 7161 7, 604 7,452 9, 792 5, :33 6, 887 3,214 4,21M 4, 768 5,792 3, 920 5, (M! .----- 5, 923
October. . 9,9915 6,951 9, 112 8,582 9, 359 11, 922 6, 357 7,487 5,1050 1, 944 6, 993 6, 322 5 933 5,80 . 7, 106

ovember 6,075 11,1 2 1 ,125 11,443 12,71 I 6,075 7,591 6,957 7,8 0 5,296 6,605 1 13,211 1 :, 17 , .1 . . . (,78
December - .9, 076 7,876 9,359 18, 541 12, 573 6, 957 (,009 6, 816 2,481 1,602 1,74 4,5911 3, 002 10 18

Yea ---- -- 4 60 4 8 ,21 ,80 4 3S4 3, 509 3, &i5 I 4,i :79 3, 95A ..4, 798Year 0. -1 4476 6, 51:3 17,1(51 6i 098 1, 482 4,216 4,810 1,944 311 159 181 4 1 , 8
Three dry . 1435A 859 1,601 2,402 1,224 1,105 1,377 1, 059 1, 601 1,272 836 753 1, 816 712 2, 461 1, 371Rainy-- 954 5,082 8,150 8,6641 7,73 5,588 5,160 6,06 4,725 4,089 4,400 4,889 4,968 5,031 . 5,940

129A-05 11
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It is believed that this table presents a trustworthy estimate of the volume delivered by the
Chagres duing this log period: but it should be renienibered that evidence has been offered
above tending to show that the river ieeenitlV has been passing through a period of miinitimm
flow, and that the ainnial volume would probably he increased if it had been possible to inehide
all the years since work on the canal began.

TiE FLOODS OF THE CIlAGRES.

Gnlv five oreat floods have occurred since the calnal Operations were inaugurated, and the
records of tite Panama Railroad show that no damages to the road occurred prior to the first of
these floods, in 189. These records cover half a ceiitr v. The exceptional Character of these
ocCUirrences and the little probability of their frequenti interference with canal traftiC are there-
fore demotistrated. When floods do occur, however, theyv aie suflicieitly formidable to dleiimand
well-considered measures of regulation, and accordiiiglv all the existing records have received
elaborate study.

It is to Ganmboa that attention is chiefly attracted, not onily because the river first attains the
canal at that point, but also because iore data have beeii collected there than at any other single
poi ut. The bihourly discharges there are show'vi in Fig,. VII. The different floods will be
treated in turn, beginning with the last and following back in order of date.

Flood of 1893, December 18 22
60,000 - - - - Flood of 1890, December 1-3

009- -- - - Flood of 1888, December 12-16
1--90- Flood of 1885, Nooember 25-28 --

Flood of 1885, December 2-5 - - ---

50,000 1-888-

40,000 - - -- - - - - - -0- - e 1-85 - -893 - - --

- maximum cohime which - a hold be admitted lo - Lake Boii -

30,000 - -r-- - - - - - -I -r

40,000 - - --

maximu l ume w tche ,shl gb~

30,000

000000 .0 coon* 0
first day second day third day fourth day fifth day

F1;. VII.-BiholirlY dischargusrOf the Chingres in its greaLfloods.

Flood (f1893.-This flood was carefully measured, and although it was the least formidable
of any it merits special attention. After moderate showers oii the 14th, 15th, and 16th of
Deceinber. a, heavy rainfall began on the evening of the 17th and continued until the 24th.
During these seven days 13.9 inches of rain fell at Gainboa, and 13.2 inches at Panama. The
daily record at Colon was 1.02, 3.35, 4.04, 4.36, 3.47, 2.44, and 1.06 inches, making a total of
20.34 inches. The wind, shifting from south to west and northwest, blew in squalls and heavy
gusts, forcing the stori clouds over the entire Isthmus. The inundation caused but little damage.
The current attained a velocity of from 8 to 10 feet per second, and bronoht clown a few drift
logs and deposited some fine sand a short distance above Buena Vista.

rhe curve marked "1893" on Fig. VII exhibits the discharges deduced from the bihourly
water levels and rating table at Gamnboa during this flood. Fifteen actual measurements were
niade, and the following figures are added to illustrate how accurately the estimate by rating
table and fluviograph represents the river. The discrepancy is only about 3 per cent, and that
on the safe side.
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Discharge in reet-seconids.
IhightDcti. Ho-r. HANGl ir-

1991 Ta.ular.

Dl com ber 19. . . . 8.15 a. i . . 17.32 12,714 13,17 - 159
Do. . . . . 9.00a. m . 17.52 1 ,420 14 -- 717
Io. --. ------------. -. -. 10.30 a. n . 17.94 11.37 1)1,77) -1,9:12
Do. . . . . 4.40 p m . . 18.94 27,771 9 2 0 - "7)

Decem ber 20 --- _. 8.4o .9m 17.7 116
Ih Am e Mr 21. . . . . 9.50 a. I. 21.52 77

o 2.0 -- -.-. -.- . ...04 -,4 iv r falling rap .
Decomibe r 2211 . . m- . . 17.71 10,77, 1), 47, + 212

Di . . . . . . . . . . . . . . . . . . . . . . . . 3 2 p m . . . 17.97 1),40) 11, 6 --l 479
Decem ber 23. . . 7---------7.35 a.m . . . 1 7 ,, 14.1

D - -.-.-.-.-.------- 3.501 . .1,7 1 +7 07
December 2. . . . . .------. . .------ . 10. W n -. 17.7 5, 1, ON9 .. . .. .... .. 2.1 1.m . . 653 ,0 , 9
Decem ber 25 . . ._ _ . . 8.10 a m . . . 1 . 9 ,4 2 , 92 + , 6

Do . .---.2.45 1 .m .1o. 1i7)3 6 07 8

M all.-.-. . . .-- .--------- ------- 15,44 15,899 - 453

It is slown by Fig. VII that the flood presented itself in three wa\v- e-s, of which the first
and last were Ordinary freshets, but that the intermediate rise attained at Gamnboa at 9 a. In. on
Devember 21 a level of 25.33 feet above low water, with a maximum volume of 43,086 cubic feet
per second. The largest discharge in forty-eight hours occurred between 10 p. in. of Deimber
20 and 10 p. iL of Iecember 22, being 27,971 enic feet per second, or 35 per cent of the miaxinmum.
This percentage has an important bearing upon the problem of regulation, as will appear later.

The river in floods receives considerable contributions from the tributaries internlediate
between Ganboa and Bohio, 20 iles below. Moreover, the lowlands of Tavernilla, between
Bohio and Win Pabl), are always inundated at such times, and thiS exerts an important regulating
efleot I the wave which reaches Bohio, reducing its height ad prolonging is flow. These
modifying influences in the flood of 1893 nearly masked the three waves and ited theni in one.
The highest level attained at Bohio was reached at midnight on December 21, being 28.54 feet
above low water, with a naximiumi discharge of 51,100 cubic feet per second. The largest volume
in forty-eight hours passed at the same tne as at Giamboa, and was 43,590 cubic feet per second,
or 85 per cent of the maxnum. To avoid confusion, the curves at Bohio are not Shown on
Fig. VII.

10od ( of 1890. -This flood was of a quite different type from that of 1893. The river at
Galnloa rose with unexampled rapidity about 25 feet in seventeen hours, and innediately
suRsde about 21 feet in twenty-three hours. These figures at Bohio were 19 feet in thirty-one
hors and 11 feet in fourteen hours. This is the mnost sudden and violent oscillation of the
Chagres of which there ar1 records. and it places in a strong light the exaggerations whieh have
ben current. The Sente Comittee on Interoceanic Canals \vas informed inder oath in
Feliruary, 192, that a rise " as high as 52 feet il two hours " wms reported.

This Hood was naturally Inore destructive than that of 1893. In the 1011ing of I)ece er I
the river began to rise rapidly, carrying huge drift logs and waifs of every description. At 9
p. In. it reached the 10) ihg and swept away part of the bridge near Gorgona, wrecked a dredge,
and did other damage. Railroad communication had already been interrupted between Alatachin
and Gorg1ona by 5 feet of water on the rails; it Soon stood about 1.5 feet deep Ol tile line between
Bohio and Barbacoas and etveeii Lion Hilt and G atun; mid by 2 a. 1m. of D ecember 2 it had
invaded the line between Frijoles and Tavernilla. Traffic was restored on December 3 by the
rapid 1al of the river.

The highest level w\as reached it Gam1bOa at 8 p. In. on December 1, 1ein1g 81.82 feet above
low water; at Bohio it was reached at 1 p. n. of )eeein1r 2 and remained unchanged t1r thIre
hours, bWIng 32.15 above low water. The corresponding discharges were 65,371and 71,660 cubie
feet per second. The largest average discharge in forty-eight hours at Gam1(1 oveurne between
2 a. m. of December 1 and 2 a. 1. of Decembler 8, and was 34,752 cubie feet per second, or 54
per cent of the iaxinuni; at Bohio it occurred between noon of Iecenber 1 and noon of
December 3, and was 51,068 cubic feet per second, or 71 per cent (>f the imaxinuni. Bihourly
details are shown on Fignre VII.

Only one actual gauging was nade at Gaiboa during this flood, at about 4 p. im. on Deceim-
her 2, indatilng a discharge of 14,80 :1 (lbic feet per second, the river 1cing 13 feet above ow
water By thviograph and rating ttble the voltie was 19,66 cnbie fet, the difference bhing
explained by the fact that the river was falling rapidly. At Bohio two galgings were mlade, at
7 a. im. and at [ p. 1m. December 2 the river being 30.8 feet mid 32.15 feet above low water. The
corresponding discharges were 64,877 and 75,048 culie feet per second. The volumes by the
fluviograph and rating tale were 65,512 and 71,657 cubic feet.
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Flood of 1888.-This flood, although it attained a less height by about 0 inches than that of
1890, was more formidable by reason of its long (diration. The rise at Gaminboa began on
December 11 fromi a level only abott 2 feet above low water, mounted dapidl v about 22 feet, subsided
slightly only to resme its upward movement, attained its highest point 31.37 feet above low
water at 9 p. mi. on December 13. subsided gradually v for about forty-eight hours, and then after
developing into a large freshet finally fell on December 17 below the to-foot stage. which marks
the lower Ilmit of ordinary rises. It had remained above this stage for one Iiundred and tweiity-
eight hours. There were other freshets of moderate height but Or f uiiusual duration in this month,
gi ving a record of four hundred and twenty-four hois above the 10-foot stage, or more than
double that of any other month in the twenty years of which we have records. December, 1888,
would doubless have tested any system of river regulation more severely that] any other in the
last half centUry except November, 1879. U nforttniately no flilviograph record is available at
Bohio. The extreme heioht there was about 34.68 feet above low water, indicating a discharge of
79,000 cubic feet per second.

At Gamboa the maximum discharge was 58,132 etbic feet per second; ti largest in forty-
eight hours, occurring between noon of the 12th and noon of the 14th. was 48,278 cubic feet, or
83 per cent of the maximmul, the largest percentage noted. Bihourly details of the flood will be
found on Figure VII, including those of the freshet which followed so closely oi1 DeCember 15-16
as to be not without importance in connection with the problem of regulation.

It may be remarked here that the distinction between the so-called freshets of the Chagres
and its great floods is based not only on the extreme height attained, but also oil the duration.
The floods result from heavy rainfalls in the iasin, lasting for several days, while freshets follow
much shorter downpours. In the latter the high stage of the river seldom contines for more
than twenty-four hours, and the average discharge in that period has been adopted as the standard
for comparing them. This freshet of December 15-W was one of the largest of them. giving the
average discharge at Gamboa of 28,289 cubic feet per second for twenty-four hours. That of
May 16-17, 1897, gave 30,549 cubic feet; that of November 27-28, 1901, gave 25,357 cubic feet.
They are liable to occur in any month except Fiebruary and March. Two of them occurred even
in January, in 1902, giving discharges for twenty-four hours of 22,532 and 16,81 L cubic feet per
second. Such volumes, as will appear further on, are considered too large to be permitted to
enter a route traversed by ocean steamers.

The inundation caused by the flood of 1888 was extensive. Communication by rail was
interrupted for twenty-four hours or more between Matachin and Gorgona, between Frijoles
and Tavernilla, between Bohio and Barbacoas, and between Lion Hill and Gatun. A dredge was
swept away and one of the crew was drowned. Injuries were done to the canal between 16 and
22 kilometers from Colon, and other damages were reported.

Flood of188.-This flood also presented peculiar features. The rise at Gamnboa began on
November 25 from a level about 6.5 feet above low water, mounted steadily for thirty-six hours
to the maxim um height, 31.50 feet above low water, then "after a few moments" subsided
rapidly nearly to the 10-foot level, there oscillated for five days, and finally on December 3-5
developed into a second flood smaller than the first, but quite coimiparable at Gainboa with that
of 1898. This was the first flood to occur after work had begni on the caial, and some attempts
at ieasuring the discharge were made, buti a diligent search aionog the old documents has failed
to discover details as to methods of gauging or of reduction. Ai approximate rating table was
found which at some levels coil)pares well with later studies. The Iinviograph register has
enabled the flood at Gamnboa to be analyzed with precision, but unfortunately no records at
Bohio are available.

The highest point was reached at Gamboa at 8 p. i. oni November 26, with a discharge of
64,488 eubic feet pcr second. The greatest average for forteight hours, between 8 p. i. of
November 25 and 8 p. i. of November 27, was 43,404 cubic feet, giving a ratio of 67 per cent
of the maximum. The second flood reached its highest level, 24.11 feet above low water, at
from 4 to 6 p. i. oii December 3, with a discharge of 44,923 cubic feet per second. The greatest
average for forty-eight hours, between 5 a. i. of December 3 and 5 a. mn. of December 5, was
32,421 cubic feet per second, giving a ratio of 72 per cent. The greatest heights attained at
Bohio in these two rises were approximately 33.79 feet and 26.41 feet above low water, indicating
discharges of 74,800 and 47,466 cubic feet per second.

Food of 187.-Abund-ant evidence exists to establish that this flood considerably exceeded
ait one of later (late, and hence that any safe plan of regulation must take it into account. It
occurred in November, when a violent rain stormn with strong northerlv winds prevailed for six
days over the entire Isthmilus. The only rain record was kept at Panania, where 12.6 inches fell;
but this fact warrants no conclusion as to what fell in the valley of the Chagres. where precipitation
is always mitch larger and is often double the volume at Paniina. The river data are also mleager.
The water level at Gatun attained a height of 23 feet above mean tide, exceeded at Bohio 39 feet,
and at Barbacoas reached 62.3 feet. These facts were officially reported on April 29, 1884, by
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M. Clavenad, chief engineer of the first and second divisions, which included this district. An
investig-atioln of water levels was confided, shortly after the occurrence of the flood of 188S, to
M. Sosa, a Colombian engineer of high repute who had been educated in the United States, and
who subsequently'1 became a member of the comit6 technique. le assured me personally that the
evidence cotlected left no doubt that the voltuie carried in 1879 must have been much larger
than in any later flood. The following figures exhibit his determinations of relative level in what
are unquestionably the two greatest known floods of the river, they give the height, in feet
above mean tide, of the highest water levels:

Ftii1 iiri ~ Di tierewe.
1879. l188.

At Buena Vista . . . . 3.96 39.9(0 4.00
At Bohio. . 39.37 34. 68 4.69

Difference . . . . 59 5.28 .69

Another examination mate shortly after the flood of 1888 near San Pablo, where the railroad
bridge at Barbacoas afforded a trustworthy point of reference, went to prove that there, too, the
flood of 1879 reach a point higher than in 1888, but not very much higher.

It has been suggested, in the desire to reduce the cost of the regulating works, that the
extensive excavations made by the old (anal company between 1S79 and 1888 may have lowered
the water level in the latter flood, and thus have suggested an exaggerated idea as to the relative
volume carried in the former. The facts do not warrant this claim. The excavations near and
above Bohio did not sensibly increase the direct channel way in that region, being oblique to and
at a considerable distance from the direct route of flow. Near the site of the dam the natural
channel of the river is contracted and sweeps round a sharp bend of more than 90 degrees,
creating an obstruction that in floods must 01)pose much resistance and be the dominating
obstacle to the flow. This olbstacle was the same in both floods. Below Bohio considerable
excavations had been made, and if they had tended to lower the water level their effect should
have been much more apparent at Bohio, below the gorge, than at Buena Vista, a mile and a half
above. But the records just quoted indicate that the fall in water surface between Buena Vista
and Bohio in the two floods was so nearly identical as to render the large difference in absolute
level between them inexplicable upon any other supposition than that of a much larger volume
passing in 1879 than in 1888. Moreover, as a matter of fact, in both floods the whole region
below lohio was deep]y inundated, and in so enormous a waterway an increase of 2,500 square
feet, largely estimated, could not have materially lowered the general level. On the contrary,
the cuttings across the natural bends in the lower river may have ause(l in 1888 whirls and
cross currents tending even to raise it. It is clear that the only conservative estimate to hle
formed of the maximum momentary discharge at Bohio in the flood of 1879, is that to be derived
from the recorded water level 39.37 feet above zero; and this by the rating table is shown to he
112,730 cubic feet per second.

Tn fortuinately no water levels in this flood were secured at Gamboa, but the fact that the
oscillations in this lower part of the basin are quite similar justifies the following computation,
based on the comparative levels attained in the other four floods. The table gives the extreme
heights above mean sea level in meters, and the figures below indicate the calculations to deduce
the probable height at Gamboa. The probable levels at Bohio in the flood of 1885 are deduced
in a simiilar manner.

Gtin b(a . -- . . . 25.17 2.0 21. t 23.56 23.70 21.72
B etit vista. .--- 12.18.
Bohio . 12.00 W. 30t ? S.tti' 10.57 9. SO x.70

23. 56 1 (12. 00 -10. 57) 24. 99
23.50.1(13.40--12. 18) =24. 78
23. 70 (12. 00- 9. 80)=25. 90
21. 72 (12. 00 8. 70) =25. 02

Resulting height ---- 25:170. 17 meter.

In other words, the extreme height of the flood of 4879 at Gamboa was 36.65 feet above low
water, with a probable error of about G inches. This would indicate a maximum momentary
discharge of 78,614 cubic feet per second.
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THE FRESHET PROBLEM.

But the great floods are by means the only elements to be considered in forming plans for
regulatino so variable a stream. During- the dy months the 110w of the -hagres is gentle and
nearly uniform, but during the rainy months freshets are always to be expected. They are
caused by local downpours of rain which often last two or three days. The resulting rises of
the stream are short lived but violent, as may be seen from the example, by no means extreme,
shown in Table 6.

48000-

46000 - - - - - -FRCSHET OF THE CHAGRES,
44000- JULY 20-21 1903.

42000- RAINFALL IN 72 HOURS.

40 000- PPER BASIN. MIDDLE BASIN. LOWER BA~m
38.002.1 INCHES 2.1 INCHES 2.0 INCHES

32 000 -- 
-

30 000 AUHAJUELA -

28 000 - , --

2600 Go g

24000 ---

22000-

20 M 8 4 --

48 oo ii

NON0000-OO 81

6oco -- -
4000 ----

UT 20 Nl 2
2AM. 4 6 3 10 2 4 6 8 10 2AM. 4 6 8 10 4 1

I . VIII.-Typival freshot of the Chagres.

T A il m 6.-Fre1,e/ uf Joly 20-21, 1!03.

A LI-IAJ UELA.

Height above sea. Discharge, in vub e,
in meters. fuut per second.

.lily 20. July 21. July 20. J1ly 2l

2 a. m2 . 28. 29.20 ,2 119 6, 37
4 . mn . __ . .- . . 8. 29.11 2,2256 1. m . . . 29.6 29.10 2,225 5, 6518 . . . . . .22.90 29.07 2, 084 5,43910 a. m. . -.---. . 9.70 29.03 10 ( 1 5,191
Noo . -. -. -. . . . .32.80 29,.7 43, 9 4 9,810

.p.m. . .------- ------ -. . . . . . 33.15 29.45 48,560 ,193
4pin .-- .-.- -. ----. ------. --. -----------. . 32.40 29.17 132778 7,5936p. --i-. -.-.--.-. 31.0 2 9.42 29,066 7,916
2p.m . .-. 30.40 29.17 161352 6, 14
4lmp. . . .-- -- - .- ---. 14 2910 .193 0, 61

.3111 . . . . . .1-9.4; 210 81 39,

Midnight. . . . .------- ---------- --------- ------ . . . . 29.328 V.01 6,022 5,050

GAAMBOA.

2 a.i .---------------------. . . . . 11.0 17.00 2,M3 13, 844

4Na. n. _ ._ . . . 173 149 M. 00 120031 8,3617
4a.m .1 . - - - - ------------------.-.--.-.----. 14.88 15.00 ,31 6,917
8n. in1. . . .1. -15. 2-1' 1,9
10t.m . . -. . 14.48 15.S 2,5 3 ,281;N oon . . . . . . .-. - - - -. -----. ----. -----. -. --. ------. ---. -. . . . . . . . .- .17.10 1- .12 12,009 G, 004

1p.m . . . ._7 1.4o 13.904,
slid1lig. . . .133.08,15810 p. m . . -. . . . .--- .-.-.-.-.--- . .--.--- . . . 08 1,5.70 127.264 7, 2,04M idnight--------. ----.-. -- .--- .- ----.-.---.-.--- _--.-. - . -. . .- . . . . 1 .2 15.56 21, 2 25 6,604
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TAI ,. 6-Frebhct of Juol6 20-21, 190.J-Continuwd.

10111o.

Height above sea, Discharge, in cubic
in meters. feet per Second.

Hour.

July 20. July 21. July 20. July 21.

2 m. . . . --. . L331 5.10 2, 5'3 20, 448
4 a. ime . . . 32 5.2o 2,578 21 119

m---- ---- --- . . . 3 .2 2, 9 1 48cm 3. .27 2,769 21, 118 . m . . 1.42 5.27 2,7i9l 21, M A10 . il . . . . 3 7 1.03 | 2,931 1 10,130
N 00n . . . . :. -. .-. . . . . .. . 1.47 4.70 2,931 17,835
2 p .m . |- -- 2,790 12,820
4 11. mn . . . . . .- - . . . . 2.40 ,. 20 | i ,74It 9, 9759
6 p. m i .----. ..- .. . .- .. . . 3. 40 3.00 9,078 9,11 1
8 P. p . . . .m.-. . . . . .-. . . . . 401f 1.0 1 14,1G2 9, 359
10p. 1m. --.-. . . . . . . . .55 3. 10 1, 952 9,53;
M idIlight. . 3.08 19,071 9,465

FiO. V111 is added to present it more Clearly to the eve. The frequencv of these freshets
and the rate of movement of thoir crests have been considered above; here it only remains to
reCord their volumes.

To form an intelligent idea of the provisions to he adopted for controlling the flow of such
a streamn it is needful to study the volumes that, without regulation by a lake above, may be
expected to strike the canal route near Gamboa, carrying more or less matter in suspension and
rolling s gd and gravel on the bottom, and to traverse the artificial lake extending from that
point to Bohio. Table b has been prepared to give this information. High rises of the Chagres
rare]\y continue more tha ) about twenty-four hours, and that period 1as be adopted as the
standard of d ration, selecting the hours so as to show the maximum daily flow. The list has
beeil chosen from a wealth of examples to illustrate three characteristic types, determined by the
locality ill the basin which received the larger part of the rainfall.

Table 7 gives both the average and the maximum volume at each locality, as well as the
rainfall in each subbasin to which it was due, as iearlyV as this latter can be estimated from the
daily records. In comparing different freshets anid eorrespondiig rainfall it must not be forgotten
that the average volume is largely dependent upon the stage of the stream when it received the
addition, and hence that maximum volumes furnish a better criterion. The average volumes are
added to afford data for estimating the total contributions during the twenty-four hours, under
the actual conditions then existing.

TAMLE 7.-Tpical fmelItcs an dflow8, Cts1Cc d by! /uCu1 of 1onlfiUl.

RAINFALL CHIEFLY (N PIER BASIN.

Rainmll inl eubbasin, ischarge, in cubic feet per second, for 21 hours.iil,1ls, fin 72 hours.

.Aljula. iamboa. Bollio.

Upper. Middle. Lower.

Average. Meximmum. Average. M aximuixm. Average. 2Maximunm.

May, 1899. 6.0 0.3 1.8 10,348 20,725 91,411 20,184 1 0,807 17,588
Augest, 1900. 3.9 1.7 1.3 10,383 22, 830 10, 7:6 21,0625 1 11,371 18,612
August, 1903. -. 7 3.2 1.3 11 760 30,821 17,270 25,922 21,102 27,547
November, 1902. .4 1.3 1.9 24,:631 44, 232 )4, 192 35,348 .0, 891 36,305

locale . 4.5 6 1. 14,268 32,173 1,460 23,,7 1,3 25,004

RAINFALL CHIEFLY IN LOWER BASIN.

december, 1900 . . 1.1 0.8 2.6 14, 762 23,486 14, 974 21, 932 18,259 22,885
January, 1902. . 1.2 4.1 7.7 10, 389 23,:945 22,532 26,629 37,153 38,107
December, 1903. 16 3.0 3.4 5,898 9,922 9,641 14, 29 2,207 22,391

Means . . 1. 3 2.6 4.6 13,350 18,117 15, 716 20, 978 25,251 27, 974
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T Amns 7.- Tqpio/ a/ lrset <1u3 o1., '/54e~ 1>y oou <f iotiofo//-C continue .

lo~~lII ll o~I~8111, 1isIbanr , .ill i lI ot Ilet leolil. fol 2-1h u11
inAches N iN 72 II 1)TRT.

Aehjn Gamboa. Bol io.

Fpper. M idd le. Lower.- - - - -

Avnigt-a x lixi10ni1 Avernge. Mlxi mum. Arago. axim .

A- -go-. 1)L. . . 1. 1 15, 080 29771 1G,; 1 26,205 19,919 25,887
Novemlr,1 . 2.5 9 .1 11,160 30,97 12,855 2;3, ' 18 859 24, 333
Oclober.190 . . .1- -0 - G 1.9 11,519 26,805 1 -1,621 2;521 16,528 20, 37
November, 1901.1 11,- 1 19,071 1,917 2',,7- 28995 :,,231

. . 1 ;,7 8 22. 197 15, 11',71 2G,192
DO . 1.8 2. 9 .G 21.119 42,I 81 25,3,7 3(,,71 83,727 10,508

August, 1902 .-. 1.3 1.6 2.3 ,7 105 5 23 1 4 ,5 2 1,S03 11, 586 19,777
Octobor,102. 2.- 2.0 2.2 11,725 26,805 15,9 28 6.(29 18, 683 24, 2(2
JuIy, 1903 . 2.1 2.1 2.0 1,788 19,2o1 17,411 w1 ) 17,05 21,6841
Dc3mb _r, 1 . . 3 :i. 2 14. 55o 19, ],725 14,119 17,870 19, 623

Do . . 2.8 3. . . 9. 717 10,917 12,679 19,151 19,777 21,826
January , 1901 . . 2. 1. 15 11,90,021 102 , 161 1 83,11) 1w, 881

Sleaits. .S 13, 5260 S17 1,.7 215, 2,:3,s 21,616

TWO OLDER FRESHETS AND THE SIX FLOODS.

December, 1888 . . . . . . . ,s7 'I), 4 .
M ay. 1897 . . . . . . . . .-. 30,549 12,:31
N ovem ber, 1879 .2 7.1. . . . ------------ -- ------- ------------ 7S,61" ---. 112,731
N ovem ber, 1885 .-. .-.--.-. .-.-.-. . 57,001 64,48K . 14,801
Decembiler, 1885 . . ,7'5 41 . . 47, ,111
December, 1885 . . . .|. 79 004
Decem ber, 1890 . . . 15 ( ,18 65, 71 681,317 71,657
D ecem ber, 189". . . . . . . . . . . . . . . . . .-- ------- -----39, 4,9 4;3,157 Is, -90 m1,w6

So7lle inlterestil14 facts 1s to Stream fliow ill this PC-!ion 1111y be 'lealled from this table.
T11s ill freshets resulting fro11I a rainfall wll distribuIted over the basi, the larger maxim1tuli
-lOw OC1Ns at LIpperT statiOllS, and thi s usti river rule is nat1rall , more prOllounced when there
is Ia larger relative downfall ill the mountain district: ill the opposite (use the rule is reversed.
Neveltheless, although ulnfortunlately 1o great Mood data have over beel collected at Alhjuiela,
it is apparent from the m1easurellelts below that at Such times when widespread and long
continued downpours prejaiiI, and the entir regjiOll is sulCIIharged with water, the rule is
reversed. In every recorded histalnw the discharge at the height of the flood was greater at
Bohio than it (G-amboa. Thbis fact is probably ill part due to peculiar Conditions governing the
local slope at such times. At ti' lowest stage the level of the ocean is here nearly attained,
and as the water rises the local sope rapid increases, and is sustained Iby flow froil a large
district just above which is then a1wlay' -, in1111d1ated. Alov, near Gamnboa, there is a considerable
natural slop to the bod, and this fulri 1Shs reserves as the water rises, limiting the height
attained and lience the maximum volmne. The. extreme osCillation at BOhjiO is gOeater than at
any other known point of the valley.

PLANS FOR CONTROLLING THE FLOW.

Such plans must take into account both the floods and the freshets, and IllUst protect the
entire district traversed jointly by the Chagres and the anal from Gamboa to the Atlantic coast.

- 1)mnc to /oad bock at Bol,/1).-This problem resolve s itself into determining what pirt of
the great floods Should be held back temporarily, and where the reservoir lake or lakes should be
located, when resort is had to the familiarl Iethlod of slack-water navigation. The summary of
results already reached given ill Table 8 will be found convenient for reference. It will be
renleibered that low watr at Bohio is taken as () meters, and it Ganmboa as 14 meters above
m1e1an1 sea level.

TAlLE 0.-SOlOWN'jy 5f grel /ood1.

At GaImlbo. At Bohio.

Dischmrg DischargeFloods. Maximum Maximum
height - --- - -- - - - height

8L)V IWtabove low Nbeo Ini 48
water. Maximum. h urs.r Per Cent. water. Maximn m. Iours. Per cent.

'ct. Fool-sre,. Foot-,-e,. Foot-sces. Fed. Foot-8Ccs. Foot-lles. Foot-ses.
1893. . .25.13 4i,11811 27,071 65 28.51 51,100 43,590 85
1890 _ --.- -. . 1.82 65, 371 31,750 4 32.15 71,660 51,068 71
1888. . . . . 3 1.37 58,182 IS 27819. 34'.1 79,000 (?) (
November, 1885. . .1. -1, -43,4 33.79 74,800 () ()
December,1885. . 21.11 44,923 32,421 7 21;.41 47.400 (?) (1)
1879. . . .36.A5 78,614 ?)39.37 112,730 (?) (?)
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Tlie fafs known relative to the great floods warrant the belief that at Gam boa the period
of dang-er Imay safely be estimated at forty-eight hours, ind that the percentage of the itiaxintiutit
volitine which passed in that period in 1879 may safely be taken at that meastired in the similar
lood of t888, which wias 83 peri- cnt. These figures give for the total volume to be dealt with

at Gamhoa. in the greatest of known floods, a discharge of 65,250 cubic feet per second for forty-
eight hours. or a total volume of 206,000 acre-feet.

At Bohio the problem is more complex, by reason of consideratle contributions froti the
interiediate tributaries, and of the reserved volumes held back by the flooded areas, which have
always tended to reduce the Inximi discharoe and to prolong the duration of dangerous flow.
Moreover, fewer muteasured perc(metages are available there than at (amtboa. and those that are
known rule higher, as is natural. Furthermore, the lowest practicable locatioti for a dait is foUntd
at Bollio. attd this introduces the question of what volumle may safely be allowed to pass to tile
region below in these great floods. Foi these reasons a di ferent mode of estimtiatinrtg the duration
of danger at this point seems to be desirable.

As will appear below, observations of present conditions and of the capacity of the channels
to be provided below lltio, satisfied the omit6 technique that about 42,006 cubic feet per secoi(id
could be allowed to leave the artificial lake and pass thence independently to the sea without
Cailsitig' serious overflow or otherwise interfering with the service of the canal. What especially
calls for study, therefore, is the duration of the period in which the river at Bohio delivered a
volume greater than this in each of the unknown floods, by noting what occirred in the two for
which data have been preserved. This estimate ita v lie Made Upon various suppositions, but the
most logical and conervative appears to be that the duration ill question was proportional to the
relative maximum heights reached in the floods to be compared. This sinl)lV assuutiles that
fle hounly curve of rise and fall near the (alngerotus period in the unknown tlood was essentially
parallel to that observed in the known flood.

A pp lying this method to tile floods of I893 and 1890, it will he found fromt the tables of
hourly flow that ill the former the discharge equaled or exceeded 42,000 cubic feet per second
between the hours of D) a. ill. on December 21 ail( 1 p. in. on December 22, a period of twenty-
seven hours, and in the latter, between the hours of 7 p. in. oni December I and 3 a. iii. ott
December 3, a period of thiry-two hours, the interimiediate average discharge ein g 47,4()
and 60,300 eubic feet per second. The extreme heights attained above low water ain( the
corresponding itiaxiimi discharges are oiven in Table 8. It reitiainls to make use of these data
for estiniatintig tie volunes which passed below Bohio in the four inknown floods by comparing
each of theiti in turn with the two known floods as a standard.

N0tomdaod, (1h' food of 181/1 (47,400 fiofl-xum hds fln 27 /eo' e.

1'eooi o 1o 5i.

47,4t)0 :14.7
47,00X79,000= i:,320 foot-seconds for ..X27=32.9 hours.

FLOOD NOVEA iiE, 1885.

47,401 - n.8
() X74,800=69,420 foot-seconds fmr ,8 X27=2.0 hours.

FLOOD DEWEMBE , 1885.

47,400 24 -
',47,466=44,100 foot-Seconlds for 2s5X 7=25,0 hours.

FLOOD OF 18719.

. 47I00 -,29.44740X I 12,730=104,600 foot -secon ds for X). 2/7=;,7.3 hours.

Stnd)a) e, the f/ood of 1890 (00,101 f'oo1-eco ds or U)) 2 bee,).

FLOOo OP 1888.

X79,000=66,460 foot-seconds for X32=:4. hours.

FLOOD NOVEMBER, 1885.

60,300 338.8
71,66_0X74,800=62,900 foot-seconds for X3237 hors.

129A-05-12



IN THE PANAMA CANAL-PART It.

FLOO I. C1)1tim

I~~~ll1 : I' oF S

F 1 E1101E 18 ,1 .

7 1, 1("2

Inl order to compare these results it is nlyi , n'dful to reduce them to a common unit; for
example, the numlilber of acre-tect ol water whiCh Sh i ld b imipomuiidled in the r'eserv)1 oi' or
reservoirs above Bolio in order to protect the Canal and region below against i hundation. This
is done bv deducting 42,000 front (ach of the above discharges, multiplying the remainders by
tiihe corresponding hours reduced to seconds, and dividing the product by 43,560 (the number of
square feet in an acre). Perform i ng' these operations the fol lowinrig valLtes for tire needful
capacity will be found:

Flood of 1893 (actually measurcl-) .----.-.-- .-- .-.-.-.-.-.-----.------------------------- 12,100
Flood of 1890 (actually ill0astl ed) .-------------------------------------------------------------------- 48,400
Flood of 1888 (comparld with 1893) ----------------------------------------------------.------------- 85, 100
Flidl of 1888 (compared with 189W) ---------------------------------------------------------------. . 69, 900
Flood Novetmber, 185 (r1i1pared wilth 189:;).------------------------------------------------------ 72, 60C
Flood Novilmber, 1885 (compared with 1890)--- .-------------------------------------------- --------- 58, 200
Flood Dece oher, 1885 (comparel with 198) ----------- ----------------------------------------------. .4, 3:30
Flood Deceiiber, 1885 (compare w.ilth 1890)------------------------------------- -------------------- NAthing.
Flood( of 1879 (compared with 1893) . .---------------------------------------------------- -------- 198, 200
Flood of 1879 comparedd \01w 1890) ---- --------------- ------------------------------------------ 171,400

These igures corfirimi what ill tire known fats and records tend to establish; to wit, that
the flood of 1679 so much exceededi aity other that it is a safie, and the only safe, standard upon
which to base plans for regulation. In adopting deinite figures, the indications based on tile
flood of 1893 should have. preference, for althoughl that of 1818 much exceeded it in violence, the
exceptional suddenness of its rise and fall and its comparative short duration would make it an
urnsafe dependence. Tire flood Of December, 1885. has never heretfore been submitted to
arnalysis, and the above figures deionstlate that at Bohio it had nuo importance: tle volume, as
will appear further ol, proceeded chiefly front the upper Ch(agres, receiviiirg but siall coritribu-
tions fromr the tributaries below Ganboa. but at t hat point it was stiticientlv formidable to be
worthy of consideration.

The precise reservoir capacity to le provided above Bohio is too important an element to be
lightly treated, or to admit of aL underestimate without iticurrirng risks of serious calamities.
It was the unrra-riimlOurs opinion of tire comrrite technique that tIre flood of 1879, supplemented as to
duration hy the data secured ii 189)3, should forii tie ibasis of the po),t. Furthermore, hearing
il mind that tile utse (of the ratio eight-tentlis in reducing tire gaugi rigs (adopted to avoid any
possible overestimate of low-water supplv) entails a safety coetlicient For flood vohlunes, it was
agreed unanimously to adopt 250,000,000 cubic iicters (about 23),)) al-re-feet) as the total
reservoir capacity demanded above Bohio. Such a reserve will protect the entire ville occupied
jointiv liv the rive and canal agairlst overflow, providing a safe systemri of regulating fll volume
allowed to escape frorir Ilake Boliio is furnished.

wATER SUPPLY OF THE CANAL.

A precise and well-groundedl estirriate of the coritibutiows Of tile rixVer that Cal be made
available to serve the needs Of the canal, either directly Or bv storage in suitabl reservoirs, is
ever iiore imiportait than a knowledge tilh vltrms carried in the great tloods. Any mistake
here rigIo-ht le productive of consequences too serious to be contemplated. e derimaids of the
three dry iv months, February, March, anud April and that for the erltire year need only be con
sidered as durino- the remaniiig' nine lionths till. niatural how of the, river is ample to meet all
possible requirements.

It was to place beyond cavil the estimiates of dirc''t flow that the labor represented iby Table
23. showinio the mean monthly discharge Alt tire three gauging-i stations for iior1ie thail fourteen
years, was undertakerr. It certainly leaves nothirig4 to be desired, since the freshet analysis in
Table 21 demonstrates that the river has recently been lassiIg' througil one of its Imiliilull
epochs.

The following conclusions are based oi Table 5: The im iean trirmonthlV discharge dUring Feb-
ruary, March, and April is shown to be at Alhajuela 96.5 cubic feet 'er second, at Gamboa
1,17; cubic feet, and at Bohio 1,371 cubic feet, the correspondiig absolute mininla being 530,
530, and 753 cubic feet, the latter occurring in tie year 1901. So also in regard to the total
annual volume which the river can supply, an important consideration when the ninual traffic
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shall approach the maximni that can 1w mechanicaHy accommodated (about 23,000,000 tons),
this table Ilrnishes the desired information. The average volume at Alhajuela is 2,424 cuibic
feet per second; at Gabhoa, 8, 164 enu hic feet. and at llohio, 4,708 cithic feet, the corresponding

inma heiNg 1,87 iihic feet, 2,345 cubie feet and 3,384 cubic feet, the hatr notd at Alha-
jnela and Gaihoa in the year 190o ald at Bohio in 1899. These final estimates do not ditler
ilmateriallv from those formed long aglo by the engineers of the New Caiial Coipaiiy.

It remains to fori til estinuate of the vohune of water relgnired for the operation of the calal.
Two eTochs will he considered: First, assmilining the tragic which may le anticipated during the
early years after the opening, say 10.000,000 tonis, requiring the passage daily for three hundred
and twenty days aiiniially of 10 convoys loving in on(,e or the other direction, each having an
average toinage of ',000 tolis: second, when the fill capacitv of ihe calal as projected is attained,
ealliig for 24 such trinsits in oie or th othr direetioii, MOW W yielding a tlafic of ahont 21,000,000
tons.

Until the dimensions of the locks are finally lixed, which can hardly e considered the case
at present, the compliiltations llust remain subject to revision; but, as will appear below, mod-
erate changes in these dimensions will aget the tohi volume of water required in so small a
percentage as to ie negligible in a general study. For this reason it ias appeared better to pre-
sent the definite ligires of the prjcl forunilated by the eoniit6 technique rather than to intro-
duce uncertain modi stations. This po oe w as based on the pralble commercial requirenets
of the canal for the next fifty years, after extensive eorrespondenee with leading shippers and
shipibuilders.

The volume of the lockages fOr a passage through the canal Iia be estiiiated from the
general foinia, applied to each slope, in which ' denotes the largest number of locks in fliIight
and I the corresponding largest water prisl:

(7) Total lockages on slope -- I 1J

The other elements of the problein, all of which are independent of the traffic and nearly
so of the dimensions of the locks, will be considered in tni. Evaporation at all exposed water
surfaces was assumed it a 6 iilimeters (0.24 inch) ier twenty-four iours. Loss by iiilfritioin
was allowed te sa e volume, although, as has been shown above, there is little probability of
any important escape. The lighting of the canal, the maneuvers of lock gates, and the aid to
shipping in the aissae are i all to be effected by taking advantage of the artificial till of about
46 meters (151 fedt) at the dam) at Alliajuela and at tle locks at Bohio. In this nmnner about
4,M0) horsepower will le available, whieh by the agency of turbines and dynanos may be
transferred electrically to the desired points of application with a loss not exceeding 50 per
cent, th us furnishing an ampVe supply for al needs. Table 9 exhIbits the eontinuous water flow
per second rei ed.

T A BiI)9-- sr IuI1de ii t pIiW /WI -co0Id.

Traff'of 10,000,000 Tr f ic of 23,000,000
tons. tolls.

Req uire]m (I ts.
Cobie Cubie Cubic Clubiv
meters. feet. Ill crs feet.

------------------------------------------------ 1( W 25 2.1 S-IS
For Ilakages at gatvs .-- - - - --. - - -. --.-.- -. . . . : 101; 3 106
Ev llorattiol and inlit tion. .----------. . .------------ . 5 177 5 177
FlIse mloinl en-ver . .-. . . . . . .------ . - -- - - ---. 2 71 2 71
Lighting mal Imoujve power. . . . .------------------------.- --------- 7 247 7 2-17
Gienurtal contain eii s . . . . . . ._-- --.---------- --------- ---- --- 1 2813 8 28:1

Tob l. .- - -- 1. --- -,2-7 4- 7M2

Dedncting froni these totals the niininum volume which the river itself certainly will
contribute during the ninety days of minimumi low, say 7M) cubic feet per second at lohio (500
at Alhajuela), the needful storage capacity to be provided in the lake at Alhajuola can readily
he computed. For a tirathi of 1,000,) t tons it is I1,000,000 cubic meters, and for 28,000,00)
tons 232,000,000 cubic meters.

The site at Alhajuela is exceptionally favorable, ** ihe dimensions of the lake
furnish a capacity for low-water reserves of 170,000,000 cubie meters. with a further allow-
ant( of 150,)00,00 culie meters for flood reserves. To make assurance doubly sure the (lain
is planned to adiit of increased height, either at first or at any future time, permitting
increased reserves at the rate of 30,t)0_)0o)) ciibic meters per imeter of rise. In iie, the water
supply furnished by the Claigres is miple to meet all possible demands, and the provisions for
making use of it, projected by the New Company, leave nothing to he desired. Far from being
a menace, the river is made a useful friend and ally of the canial.



A PITNDIX C.

REPORT OF H. F. DOSE, RESIDENT ENGINEER, COVERING INVESTIGATIONS AT BOHIO,
JUNE 1, 1904, TO FEBRUARY 28, 1905."

101110, CANAL ZONE, Ab/a-/A 31, /905.
D n Si: In acCordance vith vour iistrictiois of March 4, 19015, 1 herewith very respect-

fully submit to you a report pertaillitig to the investigations. surveys, and exainiiations at Bohio,
and detail cost and distribution of all expenditures ini-rred under iy charge froi June 1, 1904,
to February 28, 195I, during which time the surveys and investigations relating to the Boliio
Dam and other special xvork assigned to this party were in progress.

Very respectfully,
IL. F. DosE,

Air. JOHN F". WALLACE.

('/if En~inel/r I ("(o( wmil (o'mnlm xou, /'n/,Ua.

LOCATIONS EXAMINED, TRACINUS 108 AND it4.

Four possible locations for the dam in the vicinity of iohio were investigated as follows:
First, line C; second, line F; third, line A Z and Buena Vista line.

The first two locations, line C and line F, contemplate closing the valley of the Chagres
approximately opposite K 24.2 of the present canal.

Line C, the original Fiench lo(atioii. crosses the valley in the narrowest place, and runs into
the hills of) the right side of th( (ha'gres, 1,000 feet ahove the village of Bohio.

Line F practically starts from the salie point near the canal, but makes an angle of 82'-2 82'
with line C, crosses the valley below the C location and connects with the hills on the opposite
side of the valley, 220 feet above the Paiiaiia R]ailroad station, running into the perpendlicolar
bilinlt of the quarry at Boliio.

Line A Z has the anchorage in conmon with the C and F locations adjoining the canal, but
cross abox the first named and closes the valley of the Ciagres and hasin of tie Uio Aojeta,
connecting with the ridge which separates the waters of the Rio Aojeta and Rio Agua Salud
immediately above the settlement of Boena Vista.

h'l Buena Vista line closes the volIey of th Chagres immediately above the settlement of
that name. This nlie crosses the present canal location at K 25.6 and connects with tie high
groId adjoining. Oii the right side of the valley the latter location has an ainchorage in cminno
with line A Z. See tracing' 103.

(/o )p;//,,(y.-The location of the dam on any of these sites does not reduce the value of
the (igante location for a spillway.

The location of a dan either o lines C, F, or AZ contemiplates for the location of locks the
excavation between K 28.9 and 24.5 and no tiuige in the Iresent alignment of the canal. A
daii on the Biena Vista site ntcessitates a ha nge Of location for the locks atd a modifications Of
aligneilint of the present canal line.

On the lines C and F the rock surface has been developed in detail across the entire valley.
On the line AZ, oii account of the unfavorable condition existing there, only one boring

was made, and on the Buena Vista location the lowest elevation of rock has bee' i determined
with consideraile accuracy.

These different projects are taken up in order, and conditions existing there described in
detail.

The i'awiigs that i mniaiy tIIis aemt a in the files of tlie Cominission, wiiere they can be ex m ine.
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AuoMn'gu if oin/S/.-11orings on dtin sites are nt nhered from 200 up, in order not to
conflict with previous o 1ntihering.

LI/I ('I trc uqlSN) and 91.--ine C was the site adopted by the Panama Canal Companty.
It appearss to hen very fitvorale location for i daill. The distance between hundred-foot cOn-
tours is approximately 1,27 ft. ea e m is ntirtt ly 1 epa5f ted frm the lock, which aill

ppldis to the Fl and AZ loations, anil a god. ahovgo exte ts on i tch end (d the s uct re.
Ntilmerou horinti gs hitt\'( ell nde o file sit il fite past, hut in order 'erify the inforts e o -

tion at ]land, and to obtain ad1ditionlI knowledge relating to depth and ehiacter of foilnlidations,
21 horings were made and two trot pits smAi, all going b) rnck and extending into t~whfttcr
SVC1iti feet, With Hie exception or hole 210. NinX'etoen of those 11hos weet approximately oi the
Center line and Ott fOhe il Offsi t ]n", three eing aboe and onil' tlow ( the axis of the itiie.

ns fwotr llllIeof tt /.- In the valley or bottom lmds of the Cmgt'res tllyeriof sndy, yellm
cla extends approximately to snl This matrial is free front holders and uniform in
COulposition with the exception of a small pocket or vein of mud in hole 20.1 t- elevation +2.)t

tInderlyhig the yllow eay :1 blun, stId coy extend"If W s roxlliately to -5it . The latter
formation is not so uniform in compostion as the own nmwh \egetable matter bing embodied
illtitel in til, nttatly Vrmnants of decayed and, in some instanCOs, V0iry Well preserved wood.

Below elev tionl -50 Sand p e d0asf ateS. the material beoes 1.ater-hearil and continues
so t til itle 25d rock is reached, oecoing freely wer-hearing as the depth increases. The
material grndually chanlges front sand to \.erv coarse graveol withl dimensions which will not pass
throu a 2-inch ing

tle alte classification W pl-ies to the greater portion of wt section, but a rdi al diti enc
is noted olN tt right, side of the alleA layer of clay overlies the rock 20 to is) feet it thick-
ttetss from apoxlistely son lee toh the lowest portion of ite gorge as nlit 1ed on the itioln
I irwi ellth submitted (sheet N s 91). This layer is uniform in composition and color, the ol
foreiX' tts'stance fouln therein was a pocket of Xuicksndl at approxi telY -40 and it deposit
ot vegetable 'tttor at -115.

On the right side of wh gorge a sata of so t k was atto located overlying (Ith hard rock,
11e1Vera11 feet in thickness. Large bowkders were not encountered.

From observations and exitminations, it does not appear tat the largest holet of rock
modwddrs in the sand and gravel ex wi a cobble stoie iles tr l ti it dia1tter.

Well-teslrved wod HiY was found at elevation -157.7 in hole 212, and approximately 75
fee blw ho 251. TIs is the lowest elevation where weoll-preserved wood has been located in
this vicinity.

SEEPAGM Ss rRAkCIx~s 19, 20, 2L, AND 21, SlIKES i 'rO 10).

The material below -00 is wattr hevalry, which becomes mnore copious its .the depth
irtetses. tiutiteous mitpgv tosts were made in different holis, and in tlry instance the sand

ait gravel deposit indicated conclusively that they ettr titg. Ia evr r)i ttl 2
and thlosoe holes on shot.(" where the top (d casing was a short distance above the rA=e devationi,
a1 flowing well appeared. This was especially noticeable in holes 209, 24 ') and 244.

The methods employed in nmking svepage tests were neither very refilled nlor comlplicated.
The operation merely' consisted in obtaining the chwationl of the walter in the casing by lowering
a flhat aftor the drill rods had ell removed and obtainling the tgeof the Chagqres River at the
Sam(, thue. Afler these elevations had( been obtained water was pumped into the pipe until filled
and the Onme requiredl fr it h) recede Ko its Arginl level was observed aid recorded. Another
test was nude Iy lowering the suction end of it force pump ito Ow lip, and drawIng the "Waer
out of the latter U) the end of the suvEion. The character of thel( material at the lower end of the
casing was idso recor-ded. In case the water remained in the pipc licar fthe top, or lowered v-ery
slowly ill the first ca'se, or aftor lowering tHie level, in the swcond (asn, thw Plationt refined
stationer'y Or Pose very slowly, the rimterial entered Iy the casing wils pronounced illIpool)eable.
If. however, the watter rall oil very rapidly, or no I ill)ress ion could be mnade on the elevaltionl by
pumiping,,, the material vitered was prnunced permwaleo or watr hearing. During thi,
progress of drilling it mis always evdent, whethw the nmateril wats permwablo or impermeale.
Whenever. the flow wasn entirely lost during drilling --Mat is, if die water pumpwd into the casing
Sod not return to the surface, tHie material penetrated was apparently water bearing. If, however,
Hie returnl flow wis strong, and it appeared that most of the water puMped ONt o "why (&inHdrng
progress of drilling returned, the hole was pronounced tight,. (Sheets 7 to lo, tracings 19 to 22,
illustrate graphically the conditions in holes 204, DO9, 219, and 22L.)

From this it seems obvious that the watter-bearing strata yigb0Ilow the Clay d10pOSits Stand
in direct connection with the water of the Chagrvs. By consulting tracings 15, 59, 91, mid it
this becomes at once apparent.
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duringg normal stages of the river it appears from experiments that the water rises froiil I to
2 feet higher in the casiig than the elevation of thae river. This is probably due to the fact that
the connection between the perimeable strata and the bod of the Chag'res exte ids some distance
above the location of tie sectioni oil whill that paric ular honiug was iiade.

Dari ng saddeni flood's it will be seen from sheets 7 to to that the phmte of the river rises above
the plane of the water ill the Qasi ag, which il hw due, perhaps, to the fact that the sand and
gravel deposits, acting similar to a ilter, do ilot permit free and luiobstriicted passage for tile
water, and the river rec des before the water has beenl forced to the elevation to which it would
rise if the river remained stationarv at flood heigh ts for some time.

From these experiments it appears itiieertain 'ii whether the water eould ha suiieiently controlled
should it be perti ent to reduce the head for soie methods of construction wilicl Ilight be
advocated.

(>%/owij' er, of inc1 and mo .-On line C tin' rock was found to be of the saim1e ChaCter
throug'hoit. It principally consisted of a congilerate oi breccia.

On account of the irreg"uilar composition the percentage of core coitained from the horiig.s
is small, which Can be attributed to tihie noniniformity of the material penetrated. It is a di fiieult
matter to obtain continlous core in this ground. The harder pebbles and rock deposits in the
conglomerate mass grind ti) the sof ter or cementiig material, which is washed to the surface by
the flow, while onily the harder forilatioii cores. The latter is subseqiemmtly brotig'ht to the
surface aild preserved.

SO/p/es.-Samiples of the different, strata penetrated were obtained, placed iml glass bottles
procured for that purpose, properly nuiillbered, labeled, and preserved for fi iture reference.

Three distinctions were made in markiii(g these saliples, as follows:
First. Wet or wash samples.
Second. Dry samples.
Third. Core samples.
A wet or wash sample is bI rovight to the Siiface by the action of the jet front the bottoiii of

the hole and dtoes not accurately represent the character of the material penetrated, the sand,
clay, and gravel when combined being separated, the lighter material coming up first.

Dry samples were obtained by forcing hollow pipe into the material, the latter being wedged
inside of the cylinder and suiblSeq enitiv brought to the surface. In materials 'colntaiilg some
clay excellent resUlts were obtained by this method, but iii clear sand or gravel the method was
less satisfactor v.

Core samples were obtained by drilling into the bed rock either with a dianioid drill or a
shot mach ine. The a umbers aild i locationi of these samples are indicated on the sections submitted,
with an explanatory note. (Sheets 91 and 92.)

On lines C 1.58 earth, including wet and (diy\ samples, and 7.5.2 feet of core were obtained.
All these snimples are stored in boxes made for that purpose and plainly labeled.

Tota(/ d/i.antce.--The total distance between I hund red- foot contours on this line is approxi-
iiiately 1,32' feet, distributed as follows:

Below- +1()() 00. 50. -- 00 -- o Ill(. Feet.

+100 621 111 Io 25W 50 1,327
- 00 191 1-1 250 51) 75- ----------
- 50 Io 225 50 5 75 -------------------- 15

100 25 75 .. . ... .... 375
-141 0 75 120

-140---------------- ------ ---------- ------------------100 75 1 . . . . . . . ..75

1,327 706 5 5 375 125 75

G'eate leph to /'(k.c.-Thie greatest deptih to bed rock suitable for a foundation was found
to be it elevation -165 ill hole No. 254.

WhT letter this is the lowest elevation of bed rock iii tile valley can not be stated with any
deure Of certainty. It is possible that between adjoining g borings depressioils may exist which
fall below this depth. It is not probable, however, that the lowest elevation oui fail sensibly
below the maximum depth reported. The rock walls on each side of the vally approach each
other with til most uniform slope. The lowest elevation was found tiat intersection of lines
projected thrologh the geaeiral profile of tile rock surface, and umn less a chasnm or fissure is present
it is thought the lowest elevation has been reached ill hole 254.

LINE F1, TrAC IN 15 AND 92.

This line starts practically fromli the same locatio iiear tile canal which serves as anichorage
for line C, namiely, the isolated rocky hill whiell separates the danl from the locks near K 24.2
(see tracing 103), but makes ai angle of 82-' 32', crosses tile valley below the C location, and runs
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tt tile perpeiienlar llu on the right side of the Chagres River above the rilroad station at
B3obio.

The prolile of bed ro'k on this line has ais been determined with considerable accuracy.
'Twenty-nine rings were made 1and three test, pits sunk, all goii to rock and extending into

lie latter several feet with the exception of three holes. 222-227-23f, which had to be abandon&[
on account of accident to the Iachiinery.

Twenty-six of these borings are approxiiately oti the center, and three M) feet above the
axis of the dam.

Line F presents more unfavorable conditions than line (C. The distance across the valley is
much greater, elevatioi of beth rock somewhat lower, and the character of foundation less satis-

factory than ott the C location. On this line the yvellow saidv clay extends approximately to sea
level, similar to line C. which is followed by blue sandy Clay With ocCasional pockets of yellow
sand and deposits of vegetable matter to elevation -110.

Below -110 Yellow sand is found, which extends to approximately -120, and below that a
strata of coarse gi avel, which overlies the bed rock.

The material above the gravel is impervious. No noticeable loss of flow during drilling wvas
experienced, but as soon as the gravel strata was entered the flow was entirely lost. ,

This description only applies to that portion of the section near the canal where the gravel
deposits are comparttively unimportant. As the river is approached the extent of the gravel
deposit increases. In tole 253 said and gravel 1110 feet in depth was penetrated. The material
also btecoitit> coarser with increased depth. It appeal's that large bowliders are not tem1ibedded in
the sam ind it( gravel. On several occasions, when the presence of a towlder was suspected, a
dhiaond bit wvas lowered in order to ascertain the dimensions of the bowldler. In no ease has the
size of the obstruction exceeded .5 foit in dinmeter. In oase hIare isolated roeks or a lied of
bowlders existed it is p1babte that with sone of the borings they sWild have ieen encouiterel.

All borings, with the exception of three, have been carried to bed rock, and a smitle of the
latter obtained in every case. The greatest depth of rock suitable for foundation ott this line
was 201 feet, or 168.3 below datum in hole 221. (Ionsiderable ditlerence was found in the char-
acter of the rock from conditions existing on line G, and an effort has been made to illustrate

graphically on sections C and F accompanying this report the variation in its composition.
(Yboiwwchtion bed ~ock.-To illustrate the variations four classifications wvere adopted, as

follows:
(a) Very soft rock.
(t) Soft rock.
(c) Rock of medium hardness.
(d) Hard rock.
Under soft rock the decomiposed or badly disintegrated rock was placed.
The rock which resembled a compact clay or tnfa and can be scratched readily with the ti tiger

tnail Was ClLSiied is soft rock.
Rock of medium haridess ptsCsesSs a degree Of hartIdtess similar to sandstotte.
Rock harder than sandstone Xvas classified as hard rock.
Ott line F no regularity was found in tie strAtification. I Ayes of hard rtwk may be followed

by volcanic tifa or very sAft rock, and in one inshtnce volvanic clay or a very saft ttfa was
enteed after passing through IS feet of rock of medium hairdness.

It is thought that, notwithsta hiding the irregu'iirity ill composition and the apparent
unfavorable character of the rock, a mtitable foundation could he secured at the depth indicated
on the section, but the conditions Oil line C being so tiluch iore favorable it will probably be
uinCcesslary to give this location a serious thoi ght in tite future.

&Smp/e.--Samiples of both eait and rock were obtained from the boring.s. labeled and
preserved similar to those on line C A total of 147 earth samples and 2.75 feet of (ore "as
secured. These satlIes ar p lainly Marked and stored away in boxes, which carry ii index of
their contents. The total distance betweeit 1)00-foot contours on this line is 2, 701 feet, dist it buted
as follows:

Below- -1-100 00 '0 -1to --tit) -. - 5 F0.

100 976 -i '1 14t 105 15 2, 711
00 465 280 t0 195 145- .- .| 1,725
- 0 280 1 195 14-5 . . .-1,260

100 (40 19> 11) ----------- . .-- 900
-- 140 1 55 .t. . -- -- - --. . . . 00
-150 145 . - . 145

2,701 1,725 1, 260 960 310 15
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01 (/'/)//( 1 dpA fwd/On.-The lowest elevation of bed rock suitable for Toundatio was
found ini hole No. 224 at 108.3 feet below sea level, and it is believed that no elevation greatly
in excess of that plane exists. Th1 general profile shows a Olling and irr'ular line, which can
be expected in the geological formation of tile, territory.

LIkE A z. TnAciNO 15 AN1 ) 107.

The profile of the bed-rock surface has not beeii developed ill detail oil account of the appa-
rent Itifavorable coiiditions the lorntion presents. The distaice between points of anchorage is
nmuch great, it being' appriOxiimatelv 4,010 between the 1)-foot contours, and it is probable
that the lowest elevation of bd I'ock suitable for a fonndatioii will not be much higher than on
line C.

Nine horili's have been made on this line by the Isthmnian Canal Coimmission 199 to 1901.
It was [ot intended at that thime to develop the rock in detail and holes were placed some distance
apart. From these investigations it was obvious, however, that depth to bed roek was too great
to soriousdy consider the po-sibility of constructing dam oi this site with foundations exteniding'
to bed rock.

In order to verify previous records and to obtain additional know ledge concerning this
location, one oi ng, hole 208, was made between holes 104 and 105 of the previous Coiiission,
just below the settlement of Buena Vista. led rock was located 142.4 below sea level. (See
tracing lo7.)

With the exception of a bdaii ket of cIay extending approximiately to sea level, tle Im aterial
overlyingto the rock was found to be water-earintg sand and gravel. Extensive seepage tests were
not iade in this hole, but float ieasurenmeiits iade at intervals showed that the water in the hole,
when water-bearing sand and gravel \'Was entered, fluctuated with the elevation of the Chagres
River.

Lile A Z starts from a point common to lines C and F near the canal, but crosses the valley
above the C location. The upper end of the line connects with the ridge separating the waters
of the Rio Aojeta and Rio Ag'uia Salnd inminediately above the settlement of Buena Vista.

-Twenty wash samples and 0.7 feet of core were obhtained from hole 208 which
have been marked ainl preserved sinillar to other samples.

The three different projects Just described, niaiely. lines C, F. and A Z have the principal
points in conion, but in order to maintain the suiiimiiit level accessory st ruICtulres will be i'equi red.

! nte' xp/"w"y, /ocks, d accesso 7 s tt ls.-Tie location of 1a spillway at (iigalnlte, the
lock at K.24.2, and permanent structure approximately 700 feet in length to close ai temporary
riven diversion south of the lock apply to each of these projects.

Iiivestig'atioiis indicate that these additional structures will secirelY impound the waters oi
the F location.

For ine C another dai of Unimportant dimensions will be re q u ired above the village of Bomio.
A coicrete retainiiing wall approximately f F feet in length will probably fultill the reqiuiremints.
This latter structure only applies to fine C.

Il addition to i the irst thrie structures conimon to lines C, F, and A Z, the latter location.
line A Z, necessitates an unimportant structure approximately .()JWO northeast of Bliena Vista iii
the ridge separating the waters of the Rio Aojeta and Agna Salhd ill order to 51p)poi't the sumuniit
level. The eight of the ridge at that point was found to le a)p)proxiniiat0ly I90 feet above sea
level. The length of this dam or wall will not exceed 70 feet.

Brings have not been made for aii of these accessory structures, but front indieatioiis it
appears that rock siuitable foi' foundations will be found very near thu surface.

BliUENA visTA LINE, TI ACiNGS 90 AND 103.

The last of the lin1 examied in the vicinity of Bolio is the Buena Vista location.
This line crosses the Pamaunia RZailroad at milepost 17, just above Buena Vista. intersects the

camialaxis at K 23.0, and counects with the high hills iiiiuinediatelv adjoining on the left side of
the Chagres Valley. Oii the right side the liue inns iinto an a'rlpt bluff, caused by the railroad
cut at imiilepoSt 17.

Ii some respects it is the most favorable location for a darn. The distance between 100-foot
colntours s I less, eli vatioii of bed rock sensibly higher, and the character of the foundation
probably more satisfactory.

WitI the exception of one llnipillortanit structulre approximately 5,000 feet northeast of
Buena Vista, which has been described under line AZ, additional work will not be necessary;
the Gigate spillway and locks, of course, excepted.



THE PANAMA CANAL-PART I. 183

Lowcbo1n of lock.-One condition which probably detracts greatly from the value of this
location is the lock site. It is thought that a suitable location can be found, but in any event a
modificati on in the alignment of the canal will be necessary.

It appears fonm a few borings made within the canal prism above and belov the dai site
that distance to foundation for the locks will not be found at prohibitory figures. Should that
be the case a radical cawe of alionment below the dain will not be necessary.

Oii the other hand, if foundations for locks projected near the present canal prison iniunedi-
atelv adjoining the daii do not prove satisfactory, it is quite certain that proper foundations do
exist in the hills above Buena Vista. The latter location necessitates a change of alignment for
some distance below the dam.

On the 11ena Vista line the profile of bed rock has not been developed in detail across tile
entire valley, but it is thought that the lowest elevation of bI)ed rock lhais been deterlined vith
reasonable accuracy.

Eleven horillgs were made on this section, tilt goilig to rock aund extendilig into the latter
several feet. The lowest elevation of bed rock suitable for foundation was found in hole 20-4 at
-139.6. In the gorge, holes were spaced 33 feet apart, and it is not probable that depressions
between adjoining borings will fall much belov the lowest elevation reported.

LENGTH OF BUENA VISTA LINE.

Line Bueiia Vista is considerably shorter than either of the previous lines. The distance
between 100-foot contours is approxiiately 1,270 feet, which is 57 feet shorter than line C and
1,431 shorter than line F.

The lowest elevation of bed rock was found at -139.6, which is approximately 25 feet above
line C and 28 feet above the lowest plane of bed rock on line F.

With the exception of a well-defined layer of gravel approximately 15 feet in thickness near
sea level, the material penetrated by the boriiigs does not differ very much from conditions
found oil the other line. The greater portion of material in this section is sandy clay; but iiie-
diateiy overlvii) the rock the usual deposit of coarse water-bearing gravel, approxiately il0
feet in tlickiess, was located.

ii hole 210), located in the old canal excavation, a tlowing well appeared when gravel wvas
entered. Sixty-eight saiples and 36.5 feet of core from borings taken on this line have beeii
preserved for future reference similar to samples taken elsewhere.

ARTIFICIAL LAKE.

The area of an artificial lake formed by the Bohio daii has heen estimated to be approximiiately
38.5 square miles. It is assumed that these figures are based on the F location for a daiii. A da
on line C will reduce this area soinevhat, but not suiicient to cause aii' serious alari, but a dam
either on line A Z or Buena Vista xvould reduce the area 1.(; and 2 miles, respectively. This
would, of course, reduce the storage capacity of the reservoirm very perceptibly.

It is believed that all possible locations in the vicinity of Bohio have beei investigated, and
from the information at hand it appears that tilne C Presents tIe most favorable conditions over
all other sites. The advisability of construction a 16aso1l y dam or core wall oii liie A Z, it is
thought, had never been considered. All earth-filled daiii has been advocated by some on that
location, but from the present knowledge of the iiaterial overlying the rock such coiistrctioii, it,
appears, would be fatal. The mteriai overlying the rock is extremIlely perumleable, and within aii
85 head the loss of water caused by leakage xvoild seriously endanger the water supply, and the
probable scouring effect underneath the fill flight result in grave disaster, not only to the daiii
but to the construction below the saine as well.

From the present light on the subject F can not be seriously considered as a proper location.
Its only advantage lies in the increased lake area afforded.

The possible locations are therefore reduced to lines C and Buena Vista. On account of tile
iMpossibilitV of using the pieulatic process in prepariniig a suitable fouidationl at the depths
encountered on both of the above sections, other Imeanis must be resorted to to effectually close
the valley. If the latter can be accomplished at Buena Vista, satisfactory results on the C
location are not excluded. It sees, therefore, that line C presents the more satisfactory
condition of the two.

HISTORY OF CANAL A)ND 110111( D11AM.

The following is a brief history of the work leading to the construction of the Panana Canal,
and more particularly its bearing on the Bohio dam, abstracted from the report of the Isthinian
Canal Commission, 1899-1901, and information obtained elsewhere:

129A-05-13
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The first concession granted, authorizing " the construction of macadamized roads, railroads,
or canals across the Isthmus, with the Pacific terminus at Panama," occurred in 1838, and the
results following this grant were submitted to the French Government through M. M. Salaion,
the leading spirit of the enterprise. In 1843 M. Guizot, minister of foreign affairs, instructed
Napoleon Garella to proceed to Panamna to report on same. The latter disappointed the expecta-
tions held by the projectors, no further steps were taken in the matter, and the concession was
forfeited. During the following years more interest was manifested in the Nicaragua oute. In
1850 Mr. Orville W. Childs was appointed chief engineer and charged with the sure y of that
route. Up to this time very little was known concerning the topography of the route via Panania,
although a partial survey had been made in 1827 by Mir. J. A. Lloyd, who was conmmissioned by
President Bolivar to survey the Isthmus of Panama. More definite knowledge concerning the
topography across the Isthmus of Panama was secured from surveys in connection with the
construction of the Panama Railroad, which was completed and opened to public use in 1855.

After the true nature of the country and obstacles to be overcome on the Nicaragua and
Panama routes became apparent different locations were examined. These were confined pfrinci-
pally to Colombia between Panania and the Atrato River, Tehuantepec in Mexico, and Nicaragua.

The first accurate information obtained concerning the Isthmus of Panama with reference to
the construction of the canal was presented by Capt. Edward P. Lull and Mr. A. G. Menocal in
1875 after a careful instrumental survey. During the time these different routes were under
discussion a provisional company was organized in France, and Lieut. L. N. 11. Wyse visited the
Republic of Colombia. representing the organization, and obtained a cone.ession in 1878.

In 1879 an international congress of engineers, composed of delegates from different Euro-
pean nations, conveed in Paris to consider the question of the best location for an interoceanic
canal, and the Panama route was decided upon.

It was to be a sea-level canal.
This organization was known a, the "Compagnie Universelle du Canal Interoceanique," and

De Lesseps was at its head. The Wyse concession was purchased and operations began in 1883
and continued until 1899, at which date, for reasons which it will not be necessary to state, a
liquidator was appointed, who secured the services of a commission composed of foreign and
French engineers to report on the canal, and plans to be pursued in the future. After deliberate
study and investigation, and a visit to the Isthmus, a report was rendered favoring a canal wifh
locks and two levels, the first of locks on the Atlantic to be located at Bohio, the second at Bas
Chispo, with a dan near Bohio, forming an artificial lake for the lower level, the submit level
to be supplied with water from a reservoir constructed in the valley of the upper Chagres.
Work on these lines was vigorously pursued. The possible objections resulting from a lock canal
were not lost sight of, however, and plans were so laid that if the financial resources at hand and
time allowed for the completion of the enterprise perflitted, the upper level was to be omitted.
This would do away with the upper locks and Bohio Lake would be the summit level.

After investigations vitally important to the design and safety of the structures supporting
this plan were made and locations and conditions carefully considered, it was decided that the
valley of the Chagres near Bohio offered the most favorable conditions for the location of the dam.

PREVIOUS BORINGS.

Numerous borings in the valley of the Chagres above Bohio were made and the site finally
adopted is known and referred to in this report as line C. From records and maps obtained
from the Panama Canal Comnp!anv it does not appear that an accurate knowledge of the material
overlying, character of and depth to proper foundations had ever been obtained. It is reported
that an earth-filled damn was proposed, the base extending 26 feet below sea level. In order to
verify the data secured from the Panama Canal Company, additional borings were made at this
site (line C) by the Isthnian Canal Commission 1899-1901, and it became apparent at once that
the only solution for a dani at that location necessitated a structure founded on rock for its
entire length. The borings developed that the lowest elevation of rock suitable for foundation
was at least 146 feet below sea level, which was deeper than it ever had been attempted to carry
foundations.

Other more favorable locations were sought for. It was thought that line F, although
considerably longer, of Iered iiiore favorable conditions otherwise. From recent borings, however
it appears that the conditions on line F are less satisfactory than those on line C.

. From all previous investigations it seems, therefore, that the most favorable location for a
danm in the vicinity of Bohio is confined to two locations, namely, line C and Buena Vista, the
former, line C, being the more favorable in the light of the present knowledge on the subject;
and it appears from the information obtained concerning the character and conditions of the
problem that if it should be imperative to further seriously consider the necessity of constructing
a dam, the successful completion of one in the vicinity of Bohio has not been eliminated.
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INVESTIGATIONS NOT RELATING TO BOH O ])AM.

The principal and most important duties assigned to the party stationed at Bohio pertained
to borings and investigations of foundation for the Bohio dam, and the greater part of the
expenditures incurred were devoted to that purpose. In addition, however, to these investiga-
tions extensive topographical surveys, discharge measurements of the Chagres, rainfall observa-
tions at Bohio, and a survey of the Panama Railroad from mile 11 to mile 24, approximately,
were made.

The topographical surveys extend from approximately K 19 to K 25. Tracing 104 is a
sketch showing the territory covered. The principal object of this survey was to verify the
accuracy of existing maps, and also to locate machinery and railroad tracks abandoned in the
field. In addition it is also of value in arriving at an approximate estimate of amount of work
accomplished in the past arid present conditions of same.

The original surveys platted on a scale of 1-2,000. Sheet 104 is a free-hand sketch taken
from the original map.

The tangent projected for the Tiger Hill alternative line from Gatan to Bohio was located
on the ground. This work was subsequently assigned to Mr. A. B. Nichols, assistant engineer
at Gatun.

Daily discharge measurements of the Chagres River have been made at Buena Vista, using
surface floats, and during periods of floods gaugings were also taken at Bohio. At the latter
place these measurements were made, using a current meter.

Continuous records obtained by a self-registering gauge located at the Fluviograph Station
immediately above Bohio, showing the fluctuations of the Chagres River, have been taken.

DAILY RAINFALLS.

Daily rainfall observations at this station have been made and recorded.
A tabulated statement pertaining to the daily discharge of the Chagres River at this station,

and rainfall observations at Bohio, including the period covered by this report, is submitted
herewith.

The survey of the Panama Railroad from mile 11 (42.86) to mile 23 (89.8) and an approxi-
mate estimate relating to double tracking that distance have been made and results submitted
at a previous date.

All field books containing original notes and copies of notes have been indexed and a general
index for the books has been prepared. All tracings have been numbered and indexed. During
the period covered by this report, 111 tracings of different descriptions have been made out and
filed away, and blueprints of the latter submitted as the work progressed.

There have been no cases of serious sickness among the members of this party, although most
of them have had more or less severe attacks of malaria.

PERSONNEL OF PARTY.

With the exception of 4 men, who joined the party June 1, 3 of whom resigned, and 1 who
was transferred, the personnel, with some additions as shown hereafter, remains unchanged.



APPENDIX 1).

REPORT OF A. B. NICHOLS, RESIDENT ENGINEER, COVERING INVESTIGATIONS AT GATUN,
JUNE 1, 1904, TO FEBRUARY 28, 1905.

GATUN, 1STIMIAN CANAL ZONE, I)i 19, 1905.
Mr. W. F l)uACy,

Actingy J/<fEgner aa
DEAR SIR: I beg to submit herewith the results of borings made between Gatnn and IBohio,

in connection with Tiger Hill cut-off and Gatun darn site.
The drawings appended hereto, and the samples taken, show the nature of the ground along

Tiger Hill cut-off pretty fully, but it inay be proper to state that the rock found, until near
Bohio, appears to be regular in its character, soft on the top and gradualy gettingg harder until
compact enough to core, although in 401110 cases soft streaks appear in the hard rock.

I also call attention to the sand deposit between stations 262 and 33,5, which may give trouble
in case a canal with locks at Tioer Hill and Bohio shall be adopted. iorigs farther dowii the
valley indicate that this sand deposit is not local.

Test borings to determine the feasibilitv of a darn at or near Gatun have been made (as
shown on map, Appendix A) at various points in the valley from Gatun to above La Bruja.
Wherever rock near the surface has been found, holes have been put down to determine whether
it formed a subterranean ridge either in or across the valley.

The results are shown on the appended sections (Appendix F), except at La Brn ja, where
the high rock takes a circuitous course through holes Nos. 25, 31, 32, 34, 38, 49, 42, 30, 35, 44,
and 2. The Chagres at La lruja appears to have left, the gorge, which here lies in the lagoon,
and flows through a comparatively shallow gap in the rock.

The high rock extends down the right bank of the Chagres from hole No. 25, gradually
decreasing in elevation (see hole No. 46 and No. 20) and dropping into the gorge between No. 20
and No. 9, as shown at No. 47.

The most favorable section is along an irregular line (sheet 2, Appendix F) crossing the
valley a short distance above K. 12, and extending from the Tiger Hills to the ridge west of Rio
Chagres through holes Nos. 49, 16, 48, 75, 12, 13, 14, and 15.

At hole No. 12 it catches the nose of the underground ridge of rock which outcrops above
K. 13 and ends between hole No. 12 and holes No. 73 and No. 75.

The diamond drill was used in holes Nos. 13 and 14. At No. 13 the material in the bottom
is a solid homogeneous volcanic rock showing a clean core. At No. 14 the sand is succeeded
immediately by a hard, compact, basaltic rock.

The line of hills to westward of this section has no saddles less than +77 feet elevation. To
the east, in the Tiger Hills between the French Diversion and the Panama Railroad, the surface
is all above +55 feet except in one short saddle. At the Panama Railroad the 50-foot contours
are less than 200 feet apart, with elevation of surface at lowest part of gap a little under +20 feet.

Another opening, which reaches to the valley of Rio Gatuncillo, occurs to east of stations
160-165 of Tiger Hill line (boring No. 158-25 is at station 158+25) 1,300 feet between 50-foot
contours and surface elevation of +15 feet in the depression; and 4,400 feet northeast of Panama
Railroad mile post 11, about 350 feet between 50-foot contours and elevation of +44 feet; and
another across the swamp which extends from the valley of the Rio Chagres near Ahorea
Lagarto to Rio Gatuncillo, with nearly 2,000 feet between 50-foot contours and surface elevation
in swamp of about +20 feet.

The Tiger Hills (in which term I include the whole assemblage of hills from the French
Diversion to the 2,000-foot swamp mentioned above) are a mass of rock. It outcrops in the beds
of small streams even where the hills are quite low, and everywhere has about the same appear-
ance on the surface. The probable nature of the whole mass is indicated by the borings made
on the Tiger Hill cut-off.
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The rock surface along Rio Chagres drops off below test hole No. 14 to -171.7 at No.
53, -204.7 at No. 59, -204.2 at No. 70, and -201.1 at No. 19-r5. Test bole No. 71 shows the
existence of a, deep rock gorge under the Chagres diversion at Gatun. In the test holes no
bowlders have been encountered.

In the valley the material above the rock is composed of clay, clay mixed with sand in pro
portions varying from almost pure clay to nearly pire sandi, some streaks of shells, and vegetation
in sundry stages of decomposition.

The nature of the rock developed by these test holes appears to be identical with the mass of
rock composing the Tiger Hills. It varies somewhat in hardness in different localities (due
perhaps to the longer or shorter length of exposure before it was covered with silt, but almost
always shows an increase of hardness the more it is penetrated.

The samples obtained have been arranged in trays and boxes. I hold them pending instruc-
tions for their disposal.

The appendices" hereto are:
A.-Map of 1-20,000 scale, I sheet.
B.-Profile and section of borings, Tiger Hill cut-off, 18 sheets.
C.-Tabulated statement of horinos, Tiger Hill cut-off, 5 sheets.
D.-Sections of test holes, 42 sheets.
E.-Tabulated statement of test holes, 4 sheets.
F.-Approximate sections of Chiagres Valley, 10 sheets.

Respectfully,
A. B. NIcmiOUs, AusfIistint Ugir.

(Through the division engineer.)

a These appendices (blue-prints) are on the files of the Commission, where they can be examined.
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