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E. w. L;.no.‘ Rcionrchsnnginnr | SR
‘Subjects 'Digest - _of ‘Report: of cmittwon' the? ma.mniii; s;_(fmsanelé")}‘gi'-qje'dt;
: Ja.nuary h., 11928. o K R el T S

‘ ,l The report. digeated heroirr"' wau'm.e.de by”a camittee a.ppointod by

‘Maj. /P, G. Hu-rington :Ln accordance with instmctions ‘J:Lssued by him. The re-

.port .was sutmitt.od Jmunry I+. 1928.- Ham" detaila of the mejoct wsre ‘laft. pur-

t.ially davolopod, to be: worked out. by the design.ing ngineer ;whoniborings and
detail mapa‘ becme availsble. For?this. '_'.son**aeveral L,subj-ct.s “i.n the raport
are: leftfopen, tho report conailting&of a compilat.ion of atudi.es mdkopinions

on. va.rious pha.ses of t.he project » forsuse :Ln tha‘f:lnn.l :daaign ofﬁi: ho projoct..

| "2 As ralultﬂof ita studioa, ’the cmitt.oe ..decided ;(l) ‘that. the
.raaawoir ahould be. hold to a normal opera;ting almml at elova.tion 2&-0 (2)
that storage ‘space: was neceeury to reduco*floﬂ‘ pnks lnd rocmunded a max-'
imum flood" 1ove1 of: 255 to 260 ‘tho mct slavel kto be "'docided by the "‘deaigning
ongineer when furthcr dataubecame a.vailabia, .md (3) kthat %thehﬁml design
':ahoald provide for (B dischn.rge oi‘ not *leas*thm 50 000 second—!eet _t.‘tgthe nop-

;mal"elevation-_or;aho. 'I'hue donisioﬁs Lmr«a buod upo’;'@tho following *facta- E

so.No. 1. .Spillway Capac ‘*uust”“‘nfc-eda?o OO*Second-Feut- _
iIf no: storago to- roduce puks is provided, 170 000 aecond-foot. dis—-
charge must ' be provided Lor, The dry amon atarts frcm tha 5th t.o the .

Sth..of~Deccnber. iIn: order to-enter: t.he dry: sea.eon jwith 8: mximm .

-#0nly portions -of .report pertinent to design ;6!1 dam .digo.a-f.o-d.
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_’.water supply 1t will be noccsnry to have tho rosorvo:l.r full at. .‘thi ‘
“time. Evory mjor flood&of rocond occurrod in Novnmbor or Documb

and: t.hcrotcre at: a t.ime when the resemxr would be:ii'ull or naai;ly qully.
Therefore oapacity either f.‘or the discharge f‘or the .torage of those e
floods muat ‘be: provided 'l'he Gatun spillway ua.s designad Jor MZI.-hour -
flow: of 137, 500 second rest and the designing angimer belioved the
maximum. peak rateiof” 1nflow into! Gntun Laka wuuld .A17a.0003econd reot.viiﬁ
‘In the past .16’ years the discharge excuded 100 OOO ﬁecond faqt thrce

‘times, and once: roached 5’* 000 (POWiblY 170 000) >'1'h0_t'o ‘ia no site

available i'or a 170 000 seoond foot gpj_']_lway e o |
C '=' ods .. "‘f .lﬂIIUal muimum i'looda ln -
the Chngres Hivar at. Alhnjuola ainco ,19051“ ,ho,m in tho follo Wing\ .able:.f

Max. Alhajuala Ht. ¥ *4 , f“j"t:f* f‘ .fzh-hourF¢
.'Iear ‘Ft. above: Soa Lovel D : ileifep) - i(es

21906 930
1907 - ‘104430 -
1908 1014550
11909 o 1210009 ¢ ¥
1910 '108.70

1911 1105450

‘1912 /108.40

1913 - :103.78 - i~
1914 "103:10

1915 10432

11916 “101.55

1915 '107.95

1918 '110.00

1919 101,30

1920 103.20
1921 102.10

1922 :104.80




. Annual Haximum Floods (Continued)
Max. ‘Alhajuela’ Ht. . ] ary

Year Fi. above Sea Level TS 28 1-L0}
1923 u7.42 108,300 \_‘;:‘7]7:,73,1;00 :
192, 102.95 .. 32,800 _;_-f;"‘ﬂl? 100
1925 00,15 . o R2LAsc o iR, (Y00 o
1926 101.96 - "f-‘ ,:354142 o TN ;gg;glg,m,;;
Average 106.35 48600 127,000

*#0n account of this flood: destvoying the statlon» and no actual » o

gagings being taken, it is beélieved :(in:view:.of 1909 and. 1923 S e

measurements) the 1906 astimates Hura much too low. ' :' i
It shows peak. rates of from 2l ASO to 15& OOD second feet averaging
48,600 second feat and maximum Ry hour diacharges of 8 IPO to 100 ]DO
second feel, averaging-z OOO aacond feat. The ratio of the 2h-hour
rate to the poak rate ia therafore 5)% In freshets uhiuh ”ise and
fall rapidly, such as uaually nccurs at the beginning of the rainy R
~ 3sason, the ratio is- nearer 30% but for large floods 1t is7 nearer
© 65%, giving a: ratio of . peak floods to 2h-hour floods. nf 1 53., The 197
floods which occurred between’ Nmramber, 1904, and July, 1927,31?3
ratios of 27 to. 86% with an avarage of 505, aa cumpared uith 55%»&5 ,
.obt.ained from the annual ma.z:lmmn floods. = S

"The ‘Fuller formula (maximum 2h—hour discharge - average annual

maximum 2,~hour: discharge X (1+O 8 105 T) uhare T 13 the average .nter- :
val between floods of ‘that siza) cannot ‘ba: apolied dir-ctly to the _
Chagres River. .From the data on-this river, a formula of the;aame

form would be:':Hax,izh-hour--,dve{ anrual max. 2h+hourl(l+l;833163'T).




Applying this rormula, assuming»the ratio of peak_to 2&—hourxflow at a _

1.53, a8’ determined above, gives the follouing:.v;the nrobability of i:

floods at ‘Alhajuela e S | .,“‘ s |

e L 'fﬁffﬂsximum Dischnrge of Floodigﬂ S

Time = IR U to'he: Exnectad cieefiig.
o '-quHomnnta:yf?‘, ;. w2h7hpgr:;q:;:;-

lysar Ziijvwhl.BOO oo L RRT0000
5 years  tsaaa . QL2000 00 6600 o
10 ‘years o 7,000 0 S SP64500 s
25 years . - - ULY7;200 96,2000
50 years - o 170,000 f=¢. 711, sA00 o L
100 years : L 192, BOOLHj T TIR63000 o
400 years . 240, OOO'L 7 156 000.‘*

The one-and  five-year floods of ‘this; ‘table ‘seam too! high, but. the T

50 -and loo-yaar frequoncios are not unroaaonnble.;a-'

‘A study- of ‘the. rocords or the aa yaars bsginning 1879 indih LTS

cates- alternaue neriodu of high and low floods, beginning with 12 yearsini"ff

of "high: floods, then A5 yeara of IOW?flooda, followud by 5 years of
~ high, then 12 yuars of low and ending Hith h years (or more) of high o
floods, - o ' ' o ' :

_FromfnumolNo.;B. "Ratention’ Volume Neces_g;g The purposaa of tha

Msdden Dam (Alhajuela) project in order of importanca ara:'f ﬁ‘fD5  fﬁ
;(a) Increased water: stortge for dry aoason lockages, ;;;:?:
incidental uowar production a@'Gatun, if practlcable. i
.(b)‘ Flood control to obviate the nscessiﬁy of excessive ‘use- of
‘Gatun Spillle to regulate the- hoight of Gatun Laka._:' |
(c) Power prouuction at Alhajuela.
(d) ‘Prevention of axcessivu~currentaEin?the canél'éhahnel at"

Gamboa. (This is of minor importance).




, s e g iﬁ5£$ ?Ja’_ _
It is: balieved & proper retantion space will aolve both.the flnod
control problem (b) and excessive currentsi ff roposed to

build the dam to hold watur to alevationu260 with¢e1evation 2L0 aa

‘the ordinary high watar storageklevel and 50 OOO chond—fuet (at el—_;; ‘

evation 240): capacity sluiceunys (including pouurfplnnt discharge)
That additional - spinway capa.city be provided (preambly at a lnddle
or saddles) for a aupar flood.;r‘ | 1: i e
‘The storage in ‘the raservoir is surficiont to hold 126 OOD
sacond—feet for I houra (the lOO—yuar flood} without outflow betwue
elevations ZLO and . 260, If ‘@ 50 OOO second-foot outflow is allowad, o
the ordinary high utoragu level could ‘be - 2&7 6 instead of 2&0. ﬁ:'
floods of the Chagres. usu.ally laat.*over 2a houra. : Using the: 2909
Tflood, greatest observed - flood (poak rlow lSh DOO aecondafeet max—=t. ‘

imum 2~hour flow 100,100 second-feet) auauming the reservoir at el"-'L*f )

evation 240 at - the boginning -of the flood and a SO OOD seccnd-foot

discharge baginning at: the start of thu flood tha maximum lovel 1n

the reservoir. Wbuld be; 2h8 6 The asaumptiona fféfinpractiéglifnﬁ ‘tf?”

it will not .be known: until several hoursrattar the flood Btarts that
it 18 g great flocd, and therefcre ‘the - 50 OOO second-foat dischargo
cannot begin .at tho start of tha flood,‘since the gates,would not
be opened - then.v Horaover, in the casa of g maximum flood,ﬁthe ca--”‘”
‘pacity of the: Gatun gates ‘may ‘be-: raquirud to discharge the :runoff

below Alhajuela, and- it ‘may ba ‘neacessary ‘to atore the entireﬂflood




runorr ‘above Alhajuel; fow ZL hours'beforo tho 50 DOO sacond.root ;f,f{ﬁ'

»1

discharge Anto the Gatun Lukn uould bo'aurh.b With thaae;naaunptiona,f;,f::_if

the 1909 flood would have reachod elevation 256 55. #A lator'atudy

showu that the 1909 flood uuuld reach 2&9 S:Hith:50 OOO aocond—root. f.’-

fluices, ‘and 1f all. gatos unre kept closad wo d ruach alevu :

is: cmpty, or that ‘some . time ln or 1avation;2h5 mayQﬁé?takiawiifghe

ordinary atorageilavul.l It 15 therofore dehirablezto provide addi—

tional diacharge fucilitiss, which can probably ba dona nt the uad—f S

dles (elavationa 219 to 256) by mgans of overtlow apillwnys, flash-;ﬁT"”"

. boards, Tainter gltes or . sipnonﬁSpillwnys'y}Tho Unitedetatcs has

no lands above elevation 260 and no topogrcphy has been\takun of ﬁgﬂi;;

ihighar lands.‘ i*h a high atnrago lefel at‘ulevation Eh‘.
SR :

ply uould be . suffictanr*for thu canal tor AB lock&gen perzday, tha uqf

¥,

capacity:of-the. px‘oaent locka. : The raaulta ,__btainad :I.n thu nn“
opernfionbfor var;cus numbors of lockagea in uut nnd dry yoars arn"v

:8shown on:the follouing tablex'




= ;::;-,"", S, .‘ :
i With Alhnjuola

dry ssason m
Power load . carried

Wasted at- Gatun spillway i
.(1,000,000,000 "cubic feet) .
Storage in: Alhajuela at - clcse

of dry season
(1,000, ooo 000 eubic: feet)

»e

o

2 loc a er d
Gatun Lake : elevation, close of
dry season - : ( _ 80 -
533:. xAll at
: HirnfloresxGaLvn

.Pover’ load carried

?{
o
i
8-
.="‘
35
+vAYY
:
e
e

.'l’ }

l

: Hhated at Gatun upilluny, ‘B.C. EF "5é;ﬁéi

‘ﬁtcr&Se 1n Alhajuela a‘:cloae‘J S
nf dry ‘season, :B. C, 'F.

B T TR SN W
u e e ws ea -.,- -

Gatun ‘Lake - olevation, closo of : :No data givun IELRE S
dry .season H ::Frobably'impcasiblo } .€ ¢ ‘ |
: = . .:_ i 7 \ ! o
S e 'F:el/SGatun LAll at Alh
. al/5K1hiMdni and‘uir.aj
ALY At S
“f:xAlh &Hir. 2

..

*Pqunrklond cqrriqdf

Y
e  we:

FPSNE T X%

B TSR
o fe Fe 50 44 e ee.

Hasted at Getun apilluay,B C F.
Storage in Alhajuelu at closa 0
. or dry aoason

e tu 43 54 we e ar e




(uaing water—saving methods in dry perioda‘), 1 igée

I A :tr'* ‘

RO = et B R o on

- - capacity of: Alhajuala power plant qtskins i
: -
s B
Yo i
o knoulgdge of discharga which uould not be availabla to the oper— ‘Aéjf
f;f‘\m;i ator at the time decisiona ‘on’ methods of operation were neceasary '.” :é |
3 The dry season .atarts- with Maddun‘Lake at 2HD:and’Gatun aﬁ B7fé‘ R -
- nost. of the nouer ‘being’ dQVeloned at Hndden dam-:tThOPB*ieﬂ,'mi“ﬁm“m
‘f> of 1500 second—feet available at Hadden dlm,‘but in Very dry yeare fif?ifl. :
¥ A 1
I aﬁ-it is. necessary to draw morn th;n 1500 second reet to maintain the I

.:;: iTGatun Lake lovel. In o case Hnafit necesaary to draw Hadden Lake

The uut seaaon pouur'load

2below olevation 180 or Gatun below 81 5.L

;}if' ‘can be cnrried either at Gatun or: Alhajuola but in~very dry seasons the  f..r1{

NPT o SRR Y e 1 Tl v = T e et et e iy

,Hirerloras plant has to: car'y Dart of the lond. {gﬂ ?'"'

‘The: Hater damand for lockages assumea 3900 secnnd_iegt 1n wut j,
saason snd 3&20 second-faet during dry periods, tha latter figure - ?
; - ‘baing less’ dugkto the use - of uatar—saving methods.; These mothodg,uill fat | | ? 
i};z ' only be: n?;eaaary“ in- very" dry*periods. The LB lockages is baSed on fullf :yy__:,..
B

JUSE of wuter, the restricted use- decreases aamouhat the number or

nlOCk&SGS:pQBJiblO-



.].0.;-_ ‘ ‘“

The Hirnflorea ‘power: plant will ‘ba required to carry peak
e

loads and ror amargsncies._rkt rare intervals it uill be neceasary fDr‘é_ o

it to carry: the entire 1oad from June to September.EQ he e Tt
available sin:d_ry;:pau@_gf,:rrg&}f_m_cign Lake "_}j__s_‘_l__;["‘s.o

o
H'

" fg‘
i

eventually. the damand for pouar will exceed this

fl

load can’ be carriei either at Gatun orﬁundden;fﬁn_;:'

The construction of the H&dden dam»uill_increaser‘he uastage .

at. Gatun, since powar uill be generated thet uhich will ruplac ﬁpauar Q7ﬂu3f  ;

‘from’ Gatun and thua the wnter uhich uould goner&te this pouur Jt’Gatun !fﬁi'gg

.muat be: wasted. Howav;r, aa tho uae of tha canal incronaes, tha; aate” 1_;

will decraase,“bub with: maximum traffic in unt yoars it may diucharge l”Tiﬂf;;

'-continuously eight montha in dry years nne"or two months.’ In;mosa
 ysars there: uill ba same Hnste at Alhajuala, but only at rare inuer-
vals will ‘it .reach ‘50, OOO aeccnd-feet.‘fThe chagrsa River above*tha ;
dam furnishes LO% of the runoff ‘at Gntun and 60% in dry soaaons.

SN

Memo. No. 5. .Possiblo‘See a) es thrcui ?Riﬁb“of Hadden Laka. ﬁf.f\fL°ﬂ

There are known ‘to be- caves and crovicea along the Puente, Azota, Cae';‘ﬁl.ff‘

ballo and: Hhrcalito.b_A fairly camplete set of tests have bcen made e
to ‘determine the pﬁasibility of loak&ges.ﬁ The anly thing uhich could
have been: overlooked are. additional cavnrns in the Rio Puonte, but thia‘i:
‘river watershed. lies. almost entirely in Alhajuela Lake. The Queb.: _
Marcelito is a disappaaring stream, its outlet Sa unknown;_it may drainE;
into the Azota Caballo: or- the Chagrea but ih either svent it uill%be :
in Madden Lsake. The only poirt ?f danger is :at ‘the headwators of . tha

ﬂﬁzota Caballo, ‘which is near: the wntershad of ths Rio Chillibrilla,‘ :
and tha.gaddlea‘in the-ridgg‘noar'the damsite. In»qither.casa"the




af the Azota"'

disanpearing:atreams. A study of ths wntershed betwaon saddlasfsland

'\

T 6 falled ‘to show holaa or disanpearingustraams

1 permitted to do axploratcry work, but suggestod careful study_whe",tho\_f:~f

‘8 ites of :the aaddla dams are uncoverad.¥ f ;

CMamo b, 6A and 8B, . Powur Installation. &The power houae*should be

a part of the. west end of the main dam,'on account of more‘rraedom rrqm L o

1

Do

- ‘trash and flood intarrerance with tailwater 13?513.‘ Tha powor s

houase Hnuld be llO'xLO'? with floor probably P elevation 125 iﬁml”'

]

‘#3100 long:with three units 25'cc.: BQI§wiqejframﬁqungtzegm;fg¢g;ofv=f'__ E
dam at elevation :115. o K e ”“',_ j'j- L

» / (but. possibly as high as - elevati.on ].35 using longar‘ tur‘bine Bh&f‘b a.nd;z, Eoh
:fff intermediate: steady bearings) Thare wuuld be threa vortical aingle - zl_hﬁ‘ll

runner units 30'ce (tbe runner at elavation 115 or not too highifor

.:‘

tailwater at elevation 95) uith concrete draft tubes"and penstockulfﬁ:

not over 9t in: dlamote“; probably staelwliﬁed to pro?xdd housingffor ; _il;;
penstock valves and connection to turbines. The maximum penatock

it 3’

pressure.at elevation llS, tdth a. 2~second gnvernor atroke and

it e: lake

Auxiliary ap—‘

at elevation 260, would be 72 pounds per aquare inch.:

‘Daratus, awitch gear, and step—up transformsrq houSed at slevntions

-r.

-atove 115, the transform@rs possibly outsida.' ”he penstock sntrances

can be any‘elgvatlon>not=excegding 165 In deciding the elevaticn,

consideration ‘should be giveh*tol(lf“frcadum'fram;drift.'fk“Stonoy



P}

gate about 12,500 second—foct capacity, Hith sill at slevntion 130 nnd
top at . -elevation. 150 ‘Was suggcsted to peua drift, (2) freadom frum
clogging uith silt depoait (3) fncilitiea for cleaning’racka and

bulkheading tho entruncea. f S ;j“' e

fest -at no- particular hend The lake level uill vary'frum elevationﬁzho
to elevation 180, :which, uith bailwater at eleva»ion 95 givea heads -kfiYV;;;ﬁ

from 145 to'85. e turbinea should develop*their baat rull!load ef~ ']j‘f o

ficlency at 110. feet, And Hill be aubjoct to 30% greater ann 23%

leas head. The: turbine discharges will be 2 folloue;f“;‘;r-~-,

Lakg,at i8 Lake at Laxe at
e Hend th ft.: Head llO ft Head 85 rt‘”i;f
o - ;]ﬁ'_’rw T ‘.n_ filj
Normal load 0.35 gate = - _,;x ;*f}lﬁ?l@fg;, _ 07t ,315
Max. 1losd 1.00 gate - 4 2 OZO.;&:”‘fJ1;765f19:" 1, 550
o ' V . T Y 3 S
Power -at . full: gate :80%. efficiency 17 ODOkw.: ST ,QDOku;*j‘
(Not including 5% trnnamission vzz“ S (3 =y RO
loss) S RN T ,i'f- o | B S

To average 1500 second—feut diacharge, the discharge rates Hill be aev—;_;'jT
eral’ huna red second—feet above these figures With operation at part -
gate on: higher heada and full gata on’ low heads, erficiencies uithin

6~T7% of the mnximum uill be maintained._ Tha pouﬁr at elevation 180 is -
Just sufficlent :for. prasant (Septamaer, 102%) monnal loads._ Diesel 5‘g;f\:f
engine power: will be requirod on. po&ka uhen the lake falls below elsva-i
tion 210, unless the Gatun plant is operating. ‘Since the- dlm ccnstruc-‘

“tion will involve construction of: the penatocks and drurt tuhes, 1t




o et fomer& ‘at 825 OOO ench._ Sinca ’c.he const”uction load is o!ly 000' "
kw1t Ery suggested ths.t *the ccnst.ruct.ion epu::m«ar be obts.in

| o ' a 2300-4;1; OGO—volt 2667—-k\ra. transfomer borﬂowed from n.ni ,»_." 1

S
B | 5 to the !{irafloras aubst.ation. 7 The cn."gr other eqni;ment rejquiz'ad‘ \muld o
. be oil: ci}rcuit breakar and lightning amster, coating 35 C)OO | |
dmnnitol(ﬂt“mpomry 2200—volt ovarhsad const.ructian will ba1 raquired .
} f ’ ‘with diatri.bution tra.nsfomera .for low-voltage equi;xnent.g B o

In onder to: build the necaass,ry portionsi'of- ‘t.he

the seme t‘m‘ as the d"“' it iﬂ “ﬂceum to work out _thaa.'

-'c:-

-7500-kva.. H0°- C. rise transromers situa’c.ed nu«.side. Synch *onizing

amd transfer facilrt.ies obt.ained with a single 66{)&-1701" bw and a

single 44,000-volt bum. Duplicate trmmfomar capacity mnloca.l

lignt nnd power ‘is provic‘.ed a.lao a- at.orage battary f.'or e.mer{'ency acon—' ‘,

‘trol purposes. Thc' awitchhoard panals and controlling devicﬂ t be;_- T

situatod on the ganarm‘.or floor, .for one-man - operation.f'



The cocb estimata ‘is:as follcccx
3 - 800G=hp.turbines ‘at $75, 020 - j" e
3 - 7500-kva. generators &fexnjters at! 575 000 :,£’ :‘k
3 - 7500-kva. tran"formsrs at 326 660 -.fc S
3 - 300—amp., &, ,000-volt - circuit breakers)

_ ‘ o T)at 32 500 R

2 - 4C0-amp., " "o j" _‘f‘~593f-;)__ G ;ﬁljiljxitﬁ
1 -~ 50-ten overhead:crcce —"f | B B R
Hiscellaneous’cquipment-r ‘;.'.

Building and structures -

TOt&l -..‘. e ..." $l 086 OOO "

Memo. No. 7. Devices for Rezulating, ajuela 8. In order to con— -

Torm to the requiraments of flood ;evel elevatcon 455-260 nonmgl Oper—:L : ;
ating Level. 240, and. discharge caparity of 50 ooo second~feet at alava-;ﬁ '."
tlon 2.0, four ‘1353% ol "atf'r paasages ar t.he dam mll be requlred.

(1) penstock for pcwﬂr, (=) slu;cing gates for removing depcsi*'hnd

draining lake, ' (3} regulating culvarts for supplying watar to uhe canal

(4) flocd wasuewavr and possibly gate to pasq drift

The perstock q1bchurga should not be included in the 50 000

second-feet,, but might be valuable if any of the gates stuck. For slulce-'7 .

ways for graval anu lake: drainage, A -“6‘f00u diameter culverts at river
ted level (centar at. elevation 1) with- S‘xﬁ' conventional gate valves
are suggested ‘which would dLscharge 7,700 aecond-foet with lake BlBVa~

tion 2,0. For regulating culverts to aupply ‘wator for the canal there B




are’ suggosted 2 --6‘ culverta high enough tc be clear ofﬁgravel and._

drift (elevation: 150) These wbuld diacharge 3 280 Jocond~reet»with
: lake at elevation 240. For flood wnsteways. two slulcesgatos 501 hlgh;;i .ﬁ 
S 37 fest.:wide, with bottom at 210’ (aimilar to thoss at. Guarnsey daz). 34‘5 B
These would. diacharge 39,220 secoud—feet uith 1aku at alovation 2&0,3?  ¥,7 g

making, with. the alulco and rogulatlng gates ccmbined discharges as
follows: | _.‘ '  ” L :_; , . ':i::  : |

At lake elavation 2&0 = 5u 160 aecond-feet

250, = 72 930 - " :';flf-

J"i”ézéo ey 96 920 B  ffﬁjf.“

iThe two. regulating valv;s will discharge 1900 aecond-fuat hj?; ;

with the lake at - elavataon 180 and the four sluicing gates will dis—,:‘?ﬁ

i

sharge 1900 second—feet at elevabion 102 thua practlcally all water in ﬂf‘::uf

the Zake can be drawn out a8 fast as thamcanal requlres.‘j}:; L
The lake can-be. draincd from elovat;on 180 1n 9 days wlth an in- lﬁv;
flow of 1, OOO second- feet, and 43 dnys with an: 1nzlow oi 2 OOU aecond—$“3¢ :
feat, using the sluice and. regulating gates.J Ihe average dry seasonr
inflow is 1,248 sacond—feeu, in 8 very dry sagaon it avaf;ged 300 uec—¥f‘
-ond-feet Tor 1-1/2 monnhs, and | in a very wot saaaon it averased 2 000 5. ‘ L
second-{eat for-armonth. D*&ining should "be. done at tne und of{fhe
dry season, and will . require heaviar apiiling.than ardlnary inbo Gatun‘
3 Lake, o | ' : 7
It does‘notnappeir,praéticalrto-rec&ﬁmuﬁd‘lochﬁidn;for.surface
spillways. If constructed on top of ‘the - dam, -an: exponaive apron: will

_ﬁf : .be required, and if at a saddle, the apron would probably be less




expensive. ‘Both- uind nnd currant would Lend to curry drift to aaddlafiz-‘_

‘No. 3, which. apnoars moat prqmiaxng Lo diacnargo dvi’t ¢f dLuchqrgeﬁgf"?

\_,

from- saddle raachoa the river Lou abruptly it may cruate a dam of de-_“'v-'w

‘bris which- would uauuo backuater at Lh- powar plantf *'*Tide flat !‘: \:?n3

aoproach to- the : river«would dlesipata the energy, and wuu¢d be pnasi— fﬂi_fx

"ble from’ anddlea 3 ‘and L but not 8.‘:.%g{ 55:;5]5!%‘3¥V‘¢= ,_ 3f¥ -3 J'L"”‘ik‘

Each valve - should hava bulkhead guidea on the upstroam facu - Rt

of the wall. .The ragulat;ng gatea should have & fina trash rack and the-ffff

‘8luicing gatus ‘coarse ones to keep a.t logs.‘shn operating tunnel ahuuld 5

run over all valves: to parndt rumOVal or the parta. Exther hydraulic vl'

or electric operation should be provided.

Memo. No, 8. Propram for Conatruwtion Pertod The coffordams are de~

slgnad:f&r-a lood of 50 dOO sacond-feeu. 4t is proposad to build tHU
20'x20' sluicewayd bhrough thu dam to handle tha»wabur during conatruc-;f
tion. If aufficienv graVal can be obtainod adJaLsnt to the dam to con- |
struct these aluiceuays a: coffordam (Fig. l) uHIJ will be constrhcted

around the site of the sluiceways. If gravel musL be Obtalned rum the 7 ‘

river bed above the danm, . uoffardam ACB must be constructad (to fonm ‘a »_ﬂ,;~w‘

:poul above the dam for tho éP&VGl dredges) wlth channel nLN and tempo—
rary sluice gates to control the nool level. wnen tne s;u;cewavs and
dam within cofferdan. GH¢J are uompleted, the Ondbﬂﬂf tne cofferuam udIJ
can’'be .removed, the ‘channel ‘LN - -closed. and the. cofferdam IF; bullt, This
will divert the river flow Lhruu5n the . BlulCEWuyS ‘and -allow - the rlver
‘bed to be laid dry for the construct;on of the dam. It will probably

be desirable to keep the sluiceways opsn nearly tc the completion of




axpensiva. Both wind and currqnt uould Lend to carry drirt to saddlei,-t
No. 3, whlch apnaars mout pramising Lo dlscnarga dri’t._ Ir d¢schargef‘%
fram saddla Peachos the river boo ahruptly it muy uruate a dam of de-::f*

:bris which . wnuld uause backwater“ ' ha nowar plant. A wide,‘flat

B l.'

&oproach to: the riVar would diaaipata the energy, and uuuld be ponsi-E

ble from anddles 3*and h but not 8.;_ :_T“'“

Ench Valve should hAVu bulkhead guidcs oni the upatream facof;

of the wall “The. rogulat;ng gates shoqld have oy finu trash rack and the iﬂwﬂf

sluicing gatos coarae ones to keep out logs. An operating tunnel uhculdAf‘in

run over all. valveu to: parmit rcmoval of the parts._ Either hydraulic
or electric oparation should be provided ‘ | SRR

Memo, No.. 8. Propram for Conetruction Partod Tha cofferdama are da- s

signed for ‘& ‘flood of 50 OOO sa;ond-feet.‘ ;b is proposed to build two
20'x20" sluicewnyb through uhe dam Yo handlu the water during conatruc- l
tion. 1If. aufficient ‘graval - uan be obtainod auJacent to the/dam to con—
struct these sluiceways a- coffendam (Fig. 1) GHIJ wlll be :ggstructed
around the site of the sluiceways.; ;r gravel must he obtalned frum the?‘“

river bed above tihe dam, ¢ ofrardam ACB must be constructad (to fanm a.;

‘poul abiove the dam . ;or tha gvevol dredgea) w1th channel nLh and tempo— LR ‘

‘rary sluice gatao to control the poal level._vﬁhen tne slu;coways and

dam within cofferdam GHIJ - are uompleted sthe ends of tne noffonlam bJIJfZT S

can be removed the channel IN. closed and the cofferdam AF - bullt.;thia;:"'”'
will divert the .river flow Lhrough the . BlUlCEWuyB and a*low the rlrer |
‘bed to be laid dry for the. conatruction of the dam. ~It;will probably

be deairable to keep the sluiceways opsn nearly to "the-cémpletionbf




the- dam, af l&ast until the other SlUlPBNayB through the dam are cqm—;;f; o
vlated. Thls wilJ pennit uh% usn or the araa dbOVu the dum for con—jjt
atructlon. nurnoses.‘ The CUffGﬁlNMu wl*] urobnb;y ba f100dcd‘od£ athjﬁ£; ,.@
‘aral f.imes, even thh tha Zovxﬁn! SlUL‘OW&yu opan._ If raval from the  ;i2;'

uppar Chagres Rlvnz *s uaaa, Lharu wnuld be some advanuara ln mov*ng

the concrete. ulant along near to tha p01nt uhere tha concretu ia placf'*”

but the :frequent flooding would;, bly make it more deslrable to lo- :i;}

cate it at an elavatlon 'ree from floods.~
~ The quant1ties of convrnfp jn the dam are- as rollows.;‘r

Total tn Upper
<Edevation .

. 62 o-to n.l._ uo 5 & 92 300 ou. yda. T 92’300
110 5 " 159 0 - 94 000 186,300 |
207.5  ‘"| 256.0 - - 30, 300‘ T ':'7‘ | Fee 279 ooo_f.:f e

Memo. No. ll Additlona* Investlgatiens Neadad. Fleld inveatigationa i
are needed for. 7 | S | |
(1) Sanitation of area.adjaéentutﬁrdnmsitéé
(2) Conatruction”camp; i) .0':
(3) Construction camp vs.: quajmuring men . An towna and transpcrting them S
to dam in trucks.
(L)} Water purificatlon:plaﬁt.
(5) Storagecf.ccment,in.lafge_sh;ds'#t:damsite:§a.:Q£6§;é§'infbﬁi;éara

at Summit and-hauling.

!




' Deturmine whnther prunant ahop_and mjl¢ favjxiﬁigsichﬁ1h§nqi¢ﬁﬁulk}j '

“of this: work PUQUIPHh-

Careful aLudy 01 tvpeh o;ﬂequjpmenf Lo le uqed._i_:j;

‘Frac t*c&b1¢1ty of Lhreu eight~honr shi“ts.,mf€;}?jf“

Force acccbnt vs. contrdcﬁ.‘”'” ’ ‘l

survey of dumnute wﬁth ddluvant a:aas; also saddles;

-Croes - sectucnw up and down—atraam rrom dam and saddles. 2f;'H

Determine . gecdat:r uoord:natﬁb.ﬁ‘ | | S

-Photugranhs faken at anhn Joca+inn5 bofh frcm g"ound nnd air with
+<other: n01nta of knoun ;ouatjon uhowing.ﬁ

Survey of - channul helow aaddlas l 2 3 L and 8

’Datﬂrmine how muuh o- &ﬂkP avea Bhould be cleargdrofgtpa;g;[;§d£-~.’"

‘whether *ha -area: can hn hurned

Core bor;ngﬂ on dam lt“ and sa”d105._;
uorings.on‘ ter: llnu o-.ddm lUO' apurt Wil
‘Boring= 100 dnd nu Tast, ahOVe and bnluw Peﬁtﬁr ;ine.°OU' anart.:ui
quinga ou - cevteA llﬂL of Saddle. dnms 100 Lo °00' apart. oS
Borings,lOD feat abOVe 4nd be;ow aLJS o; sadd+e dw 2 OJ—BOQ' apart. |
ach bor*ngs may supplement core drllllh&b Lf dealrahle.‘a “
Cores should ba. flaaalflcl geologxuuhlv and Leqted Lor crush]ng

strangth.

Porosity of rock forwalion should be detemmined.




(20) Bearing pras g:.ur'n Lu,l‘,ﬁ uhoul_xl ha made on .['O'U.ddﬂt.Lon.-

. (1) uo:&la, ﬂhndﬂﬁh" JHIL%EQ und Lest dll grﬂve; bnds JVB1;ﬂblm ﬁdrf
d!{gr'i "HUFJ- . o *
q

-

'ﬁ f°” COUb&e rOﬁk For use Ln con— Sl

(22) Locats wnd leat WALBlldJ su¢t“1

arale of danh«
(23)  Tos

‘matdl fur Puadh 1o uaddleu.V-*

jMiﬁcellahadua‘Infonmatlon frum Hinutes of

,Cammzt

ae Hautln B Not Given 1n .?_S3“;

Humoranda Submittud.,

Meeting orf OCuObGT 27, 1927..

;Gravel:for,Concrete.

in the,vibininy.

Thatt+here ‘was. plen y along the rlvar up £o Vigi ‘L5
Estimates were based - upon gravel aboveawater‘le: |
was believed to lie below that lavel.fé
be brought down;1n¢nargeSg

the river.

- AERY




