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~.Denver, ~' Cblorado, ~ F e b r u a r y . ~ l ~ ,  ~.1930 ,~ 

M----~.--.ra~.,~-~to ~.the ~ C . h i e f  .: D e s  tllI~+'Engin + . 
( E .  :~W. + ~ L a n e ,  ! R e s e a r c h + : : E n s i n e e r )  + . ~,~ ,, + '- ..!'~ , 

Subject: ~ Digest ~'~f++:]~port + of ~Committee ~:on ~ the ~Madden ~Dam +i(~Juel~)!iproJ oct , 
.,+,Jm, m a r y , + . / + ,  ~ 1 9 2 8  • ' ~,~ ~.i ~ - + 

;I. iThe + report,'.digested ++ hereir~ r'wa~u~de +by:'a +commlttee~appointed +by 

MaJ.- F., C. ~ Harrington : in ~ accordance ~:with ~inst ruc tion~ +is~uedrby ~ him. The ++ re- 

port was submitted~:J~nuar~ "~ ~, ~1928. : ;~Many :tiers/is ~!of tthe ~proJect ~were ~!left ;par- 

tially developed, ~ to be ~, worked :out by !the::desiEning +~,en~ineer ~when !borings ~and 

detail+'+ . m a p s  ~ b e c a m e  ~ a v a i l a b l e .  :~For ~ t h i s  ~ r e ~ e n ~ ; s e v e r A l  ~ s u b J e c t s  ~ i n  ~ther ~ r e p o r t  

are !,loft ~open, t h e  report '+consisting~of +~a :compilations:of ~studies i and(opinions 

on + , v a r i o u s  phases ~Of~the/project, : ; f o r  ~ use ~in +~the ~ fin~'+:design ~ of ithe ~proJect. 

:Hydraulic s +:of '. the ~ P r o . l e c t :  :~ i + 

2. )As +a +result ~ of ~its ~studies, ++,the ~C~tt, ee :-'deCided {(i +) +~that ~the 

• +'tea normal +o rating Glevel ++at!/+alevation+;:2~O, +(2) reservoir: should be held ,- ++..~ +.+. p e  . . . .  +~ . . ~ . 

that storage ~r'S~Ce ,?~as .necessary ~:to :reduce ~flo~ +++;peaks + and ~:recomme+~ded ~ia max- 

i~ma flood ~level ~of ~255 ~to ~;~0, ~the ~ct iilevel ~to~be ~dec£ded ~y ~:the i!designing 

engineer when ~u~ther :+data ~+became ~ available, ~ and ~(~3 ) ithat !the~'final <design 

should provide !for +:,a ~discharge ~ of ~not ~less ~than ~i50,000 +:second-feet !at ~the -nor- 

mal relevation, of ~;2AO. ~ These~ decisions ~were ~,based~ upontthe ~followlng ~facts: 

F.rmn +Msmo. ~No. +i.. ~++Spttlway ~+ Oapac±ty +,Must +;~ eed  170 00 _+.Secon~ + Feet + + 

If+ no :storage to ++reduce ;peaks ~is provlded, +i170.000 ~ second.feet +;dis- ~+ + 

charge+must !be provided ;for. +iThe +dry.season starts :+from ++the 15th ++to :the 

15th ~ of ~December. ~In~ 0rder 'to +:enter*+the dry., seamen +with ;a :maximma 

+++ 

• ~ l y  p o r t i o n s  r o f  r e p o r t  ~ p e r t i n e n t  t o  d e s i g n  ; o f  d a m , d i g e s t e d .  

el 
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water' supply :it -,@LI.I be necessary reservolr~ ,.-,~ 

time. ~ery, maJor?flo~Of~r~cordoccurrediin~M°vember~°r;'Dece~ber'i~:i i 

and ~ therefore :at :-'-a time" when the rreserv6ir ~would ~ be !fitU or ~ea~ly ~I'~ulI, 

Therefore capacity,~either ',fo r the discharge ~or ttha ::storage>0f. ' . t h e s e  .. 

floods must !be provided. The ;Oatun~ spillway was ~idesigned~T0 r :a~2&-hour 

f low'  Of D 7  ,:500 :e.cond : f e e t  :.and ~ t h e , , d e s ~  i:engineer [ , b ~ I i ~ d  ~.the ' 

maximum: peak ~rate ~:of ~irLflow !into <;Oatum '-,Lake ~,woiil'd ~ be i17~ 000second :! feet. 

k : .  i ~ .  " , : .  : i i  . . . . . . .  . . .  ' - ;  " . ' ~  

available:for.a'lTO;000:secondifoot ~spil lway.  " ; ~ " : ' ; : " 
, , [ _ ~  

From: M@mo No. :2. :Chagree :,Eiver~Floods. ilTlleiannual~maxim~fflo 0ds~}in 

the Chagres "~ River: ate' Al~Juela ,:sznce' ~' .~1905~ :are ~,shown ~in ~,the ~,Yollowing ~ta is: 
i i:ii - ii ' i :: :, < 

Max.  AlhaJu~a~ Hr. :~.Max. :~M~ment. a r y ,  ~ : M a x ;  ~2&-hour ;i ~'!: ,:, 
Year :~Ft. above !Sea ~Level :Discharge:({c.'f~s,!) JDiechar~e ~(c.f~s.i) : 

1906 !i19.30 
1907 'lO&;30 
1908 101.50 
1909 1121. CO :> 
1910 I08.7.0 
1911 ,105.50 
1912 i 108;&O 
1913 103 ~ 78 
1914 ~ I03.10 
1915 i0&~32 
~ 1916 ~ I01 , 55 
1915 107.95 
1918 ]I0.00 
1919 I01.~30 
1920 103.20 
1921 i02.10 
1922 lOA,80 

I 
// 
[ 

/,: 

~63,400 

~52;550 

3 Z ; - 2 o 0  
: 3 8 , 4 5 o  
: 2 4 ; 8 5 0  
!&9;200 : 
6!, 000 
2 4 ; 2 0 0  .'i. 

: 2 8 ; 9 5 0  
~24; 750.:~; 
33,050 

91,9501 

!15,200 "-,: ~. , . . . . .  
: ~19 ,000  

~ 8 , 9 0 0  - 
: :2Z ; .300  
~30, I00 " 

: 8 , 1 0 C  
i3,000 
16,850 
21,750 
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Annual: Maximum ~:Floods i (Continued) .. - 

Max. AlhaJuela ~ Hr. ~Max. ~Momentary ~ Max~ 'i:2A-hour : 
Ft.. above Sea Leve.l !D!schar~e ;(c.f.s.) ,. Z D.isdharKe~(cJf,.s:.~.. 

1923 117.&2 ~i08,300 " - 7 3 , A 0 0  " 

192~ 102.95 32,800 17.,~i00 
1925 i00 • 15 21, I~ 50 ::12,037 
1926 101.96 ,.25 .3~5 i : ~  ':::: 

Average 106.35 AS ,600 1.27.,~ 000 
*On account of*this flood destro~dng i.the stations ~and'no~actual 
gagings being taken,, it ~is believed ~(:in :views, of 1909 and :1923 
measurements) the 1906 estimates were much toolow. 

It shows peak rates of from:21,~50 to;15A,O00 second.~feet,averaging 

~8,600 second feet and ,maximum ~.2i~ hour discharges i*df.:8 i:ICO'~to I00,i00 

second feet, averaging :27,000 second ~feet. The~rahio.~of~the :~-hour 

rate to the peak rate is •therefore 55%. ;In .freshets-which ,,rise;and ' " 

fall rapidly, -. such as usually.occurs :at; the ',beginning ~of the xraifiy 

season, the ratio;is nearer 30%, but ~for large".floods lit is .:: nearer ' ' 

65%, giving a ::ratio of ,.peak :floods/,.to :2~-hour .: floods .Of'~i.~53 • ,The ;:L97 

floods which occurred between l November, .-1906, and JJuly, "1927, ~give 

ratios of 27 to 86%, ~with an average Of i ~50%, ias compared,with 55%~as 

obtained from the annual maximum floods. 

The Fuller formula : (maxim~la :'2A'hour discharge --~ average anr~al 

maximum 2A-hour discharge x/(l+0,81og T), :where :I!T/is the~:average inter- 

val between floods of that size)cannot~ be~applied~directl.y~to :the 

Chagres River. From the. data one':this river, a formula of the same 

form would bo, Max. 2A-hour- ave. annual max. 2A-hour '(1+1.83 log T). 
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Applying this formula, ~as eumlng ~the ~ratio ~6f~ peak <to ;~-hour ~flow ~at 

1.53, as ; det ermined iabove, ~ ~ives ~the ~foilowing ~as t he ~ prcbAbiZity ~ Of 

~Maximum ~Discharge <0f i;~Flood " ~- ~~ 
Time ~ t_o ~be ~ExDecte~, ~, .~cJf-,s- I ~ " , 

~!M~aentary :2~-hour 

1 year 
5 years 

lO,years 
25 years 
'50years 
i00 years 
A00 years 

• ,:jj, 
~9~;200 . . . . . . . . . .  

-~ ",~-~...~ 1 1 7 , 0 0 0  76- ;500  - 
1~7 ;200 ;:96 ;200 
170,000 Iii;I00 
' 192 ,800 !1126 ~000 
;, P40,000 ~,i~156 ,OOO 

- : . ~  . . . 

The one and, five-~year floods :.of :.this.~t&ble ~:seem"~:too !high, !but<the . •_ . 

50 and 100-year f~e~aencies ,:are ~not unreasonable. • ' : 

A study:of :the :'records of:the ~; 48 :?;years ~:beginnlng ~1829 :iindi. 

cares alternate perioda .of;high ' and  low;floods; ;:beginning ~Lth ~12;years 

of high :floods,- then :15 ~years .:of :'lowJfloods; :.followed' tby>5 ~years ~of 

h i g h ,  t h e n  .12 y e a r s  Of~,low~:Lnd ~end~ng.~with.~k.,,ye~rs .( r~more)~,:of, :high ~ 

floods. " : ,: 

From,Memo :No. 3 .  / .Ratent ion.~Volume ? N e c e s s a r y .  ~The  p u r p o s e s  :of : i t h e  ' : ~ .  

Kadden Dam (AlhaJuela) project ;in order -of ~importance ,are: .... 

.(a) I n c r e a s e d  w a t e r  s t o r a g e  ",for d r y  ~,. s e a s o n  ~ i lockages , . ; and  ~ 

-incidental power ;-production -a~Gattu~-, -!if practicable' ; '" 

(b) Flood control~to obviate ~the necesslty-.of ~excessive ~use of 

(c) 

(d) 

Gatun spillway~,to~regulate theheight~of~GatuniLake. 

Power prouuction at AlhaJuela. 

Prevention of excessive currents!inthecanal Channel at 

Gamboa. (This is o f  minor importance). 
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It is:believed ,a ~proper .retention space'.w~l ~solve~both ~.the "flood ~I ' " ~:' 

control ~probiem .(b)~an'd exc.esslve:cu~ent e ((d).: !It ::is::proposed ~to / 

build 'the dam to i hold ~water ~:to ~elevati6-n:.~:~O, :-~th ~elevation ;.240 : a s  

the ordinary.high ,-water :storage ~evel ~and250;oo0 isecon~-feet/,(at.el-' :~ 

evation 2AO )' capacity ;sluic ewa~-t(:inaludlng :power ~plant ,:,d}rscharge~). li 

That additional .spillway , ~. . . . . . . . . .  ,~ . . . . .  ! capacity be -,provided ..(presumably.~at ~a ::saddle ' 

or saddles) for a-super i!flood. 

elevations 240 and :260. ill ~:a ~50, O00:second~foot .:outflow ~'isr,ialLlowed, 
,\\ 

• . " . ,/.. ' : ., . 

the ordinary high .-storage ilevel c o u l d  ~be .~7~6 instead ,.of ,/-240. ~lhe • ~'~ 

floods of the Chagres usually"last-'over " " . ~ : , " : 24 ~hours. ~Uslng the !~1909 

flood, greatest observed flood, (peak.;flow.'l~,OOOsecond.feet, max- 

imum 24-hour flow i00,i00 second,feet ~) :assuming ~.the :reservoir .: at ~el' 

evation 240 at the beglnning:of '.theflood,:and~a ~!SQ,O00 second=foot 

discharge beginning at the. start :of ~!the ~flood, ithe . ~ ~  .level ~iin 

the reservoir would ~be ~,~8.6. " .... : 
'The~assumptione :are.~impractical, .'as 

it will not be ~ k n o w n  . . . u n t i l .  " - ' ;  : - : " :  ~": ' 
:several i.hours ~a~ter !the .~flood~:starte ~that 

it is a great flood, and ~therefore:~the !50,,O00~second,foot i~discharge . i ' a. :~ 

cannot begin :at the start ~of ~the~flood, ~since:,.the :gateS~ ~not ~ - ~  " : i"i '~ 

be opened then, Moreover, in .th e case-of a.maximum !flood, :~the :ca-. 

i pacity of:the 'Gatun ~Eates may :be required to :dlscharge ~:the.~runoff 

below AlhaJuela, and it :may.be necessary!to.store .the entire flood 
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dimcharge i n t o  the ~:Gatun .'~Lake 'these ~assulp~ions,-. 

tl~e 1909flood would-have reached ~elev&~ion~~2~6J55. ~A.i~later i'study 

shows that the 1909 i flood ~.would :~ reach ~,2~9 ;5 ~with ,50,000 :second-'~eet 
• .- ~-. ~,. \i . . . .  !. : , . .  " 

 iuice , and  alZ, gates' Were ;ke t ',  ai:reac  elevat io. 

• ' " ' / " ~ " ~ ~ ~of,flood'). 266 about:mldnlght ' o f  ~ ' ..... " • t h e , s e c o n d  d a y . . ( ~ l . h o u r s ~ a f t e r ~ s t a r t  ' ~ ~" " 

There ,is, al~a~s • a : possibility ~:Of 

is empty, or ~that some itime:~late: 

ord~m~ry storage )level. .~It 
• . H :  

r e s e m r o i r .  " 
E - 

ti0nal discharge :facilitles, ~ichl.can~pr~ba~Iy!.be(Qone ~at ~ he :sa~,. . . . . .  

dles (elevations 219 ' t o  !256)i.~,by~means ~of ~ioverfiow.~spillwa~, :~flash- : : 

boards, .Tainter gates or .siphon::~spi~lways ~. : i~i,~e iUrLited~States ~-has : " . 

no lands above elevatlon;260:and .:no '~topographyhaS Ibeen}l,taken (Of. . . . .  

h i g h e r  i~,'~ls.  With ~.a ;high ~storage . i l eve l ,  a t  i e l e v a t i o n  :2//0., :,:the ~su l~ . . . :  L. 

ply -would , be sufficient :~for ..the ~ canal ~Tor:. % "the ~: 

. ~The _:results <obtained ;in !.the ~@anA! " 
,. ,, . ,~ ":! -.., :.. ,: ,,..../:. -, 

o p e r a t i o n  ~for "~var~cus ,numbers rof ~ lockages  :~in .wet :and ,.dry i y e a r s  ;are 

shown on ~the ..~ollowing ~.tablet" . . ~ ~i.... ~-- .- • . .... • -. 

. , , . ,  . . . ~i ~ . ' 
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| .Use  ,:of ',Wars 
, + 

: 8  

? ": ........ :.+ 

20 loc..ka~es~~er:d~Y~in"1930 ,~..= // :: .... "i 
Gatun.-Lake elevat£on, Close +of. ~: : " ~" ::..:. '" 

d r y m e & s o n  > ~ :  : . : 8 0  : -  ~80  . ::: i .: : 8 2 . & . + :  ~ = "  ,~ 

Power load carried - ::i/2-Ga~un~s+All ~++a~ ::~All+at '; ~:All+.at 
i: ~ , ! / 2  ! M i r a -  . : =@atun  .-: ; = O a t u n :  : , : O a t u h  " 

' : ' f l o ~ s  ~ : '  : : + ,  ' ~ :  ~1" 

W a s t e d  a t  Gatun'sp .'illw~ ; :  - ~ :  : - , ,  m ~ r * 

.(l,000,000~O00:cubic .-feet ~) ": none ,,;..:: ' '.27,~ .;: .:none ~= :, ..3.6 
Storage In AlhaJuela,a~close " . =  | : : ' : :  *" L q. :~ : +~ 

o f  d r y ,  e e a a o n  ': :-'- ~ ; .  ::: 
(i,000,000,000 cubic :'fee~) ,=  - - -  : : , " |  - "-|+. . , : n o n e : : :  +: /i 

: r r  . . . .  j +  

r+ = " ' ~ ' . +.="+ . i : ( 2 3 . 8 )  
! 

32 locka~gs per+da~ in:lgAl;~2 : : :~= :' ' i 

C,~tun LaMe :.elevation, .close.,::of ~: - :=.. . , ~: . . +. :: +. +,~ 
d r y  s e a s o n  *: '-:80 , , . + | , " .  ' ~ : +  ++ "~- " . . . .  +, • . +80 , ~ A . . 8 ~ . . 5  ...... ~" C + : ~  ++5 ' -~+ ' 

::  ." | " :+ :! ' M i r a f l o ~ s :  ~. : ~ f l o r e s ' ! ! I n / /  
+ . . . .  " " ~ " ~  ~ s e l s o ~  

.-j ~= ++ . :.:. :: iOa~un L. :.:,: .(iD~+~If+.at 
+: : . :  ~": :: " . *:. .'/~ + , G a t u n  ..' 

~asted &~ G&~un~spi.~way, !B,C..]~. ~none :: • 9.7...;:A,&+B . :L'':'''. ' 

= +: , -" :~-none .... , , ,.C : ~  ' 

o,  - +:. ,:! .. ::~'| iL~D:+None.: + 
Storage in AlhaJuela &b.:close : .... -: := !i"~i 

o f  d r y .  s e a s o n ,  i B .  ' :C .  ' ! F .  . . : - -  : - - - - -  .- '~.A.&+ ~',B . . . .  + ~: ' ~ C  ~+& ~O 

i n ~ : 1 9 ~ 5 6  ' : -, : n o n e  :: ~ ( ~ 8 )  / ~ ' ~ l o ¢ ~ e e  ~ r  d & v  +_ = :i = r~" ' ; ~ __ : ' " ~' " . 4 ~ = : LL Lq ' ~ . 

Gatun ~Lake elevation,, close ~ o f  ~ :Mo ~data . : .g iven .  :: .+:~:LSO " +: ":.. ~:..~81 
dry .season .:P.~oba~ly :.impossible -~, +f~ ...81~ + ~, .. 

r ~ ; I : .:  I " ~ * "  L + . ~ I 1 P . . . .  . : 

Power .~load carried :: :-. |+ :: el~Oat un alkALI ::at ~:Alh, 

:: : :  . ' , z ~ / S X Z h , K t m  ~==d  , . .Mi ra  
:= : :  ~i:f ; : 4 1 1 + a t  *i: 

" : ~', : | + A l h . & M i r . , . ,  :~: " 

Wembed,at-~un s p i l l u a o r , B i C , + F . . ,  :.= :: + n o n e  . ~: , . n o n e  
Storage : i s  +AlhaJuela :*at "close +~: : .: " +| 

O-  e ,  d r y  8 e & 8 o n  ' *| ~z l ~ n o n e  : |  ...~lo~e 

. ,1 ' |  ! :1 
i • .i~ 
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. Fr~ " M e m o .  ; N o . / ~ i ,  ': No _r~.~,?_]An~ua_] " C y c l e  ~or ' :C_on~rol t in~l lMa~.  ' .d_eniLake,  

A ~ study ~ms ,made .:of ~.the <'o 

built; for :~191A t , to : S e p t e m b e r ,  ~1927., :inc • 
~; . 

(using water-savin~ methc 

capacity.-.of .~ AlhaJuela ~po~ 

assumptions 'are . a  :,bit !fic 

~. as sumln~ ~&8 .~lockagee kper iidaY 

n ~180. iThe.  

;.would ;not- " 

;,/!! 

be A8 ~er~day: as .soon :as _.the . dam iis ',:built ,:and ,(b). it.,is .base~, n ,~ a . . 
r I 

knowledge of/dlscharge:whlch would:mot be iavailib!e~'to i.the ~oper- ... 

ator at the time decls[ons onmeth6ds .of ,'~operation ~.were ~neceseary" ":':~' 

The dry season ;starts with'~Ma~den !l~/<e,~at :~ ~.andTOatun .at/87, 

most of :the--~ower:being developed cat ;Madden,d~..~Therelis : : ' a ; ~ L r L t ~  . 

of 1500 second-feet :. available .'at ! Madden :/dam, ;~.but ~in ~..ver.y "dry '.years " 
. - - • , . 

it is. necessary~t° draw more than 2>~500..second ~feet ~.to 'maintain ,the 

Gatun~Lake. level. 2In .no '.:case :was iit~necessary te ~-drawi~'Madden i LL~ke ,~, ~.~.;., .. .... 

below elevation JlaO :or~iGatun?,below;~81~'.5. ~.The :wet iseason ~power !loKd: 

can be carried .~either at <Gatun :or ,;AihaJueia::bUt ~in '~.~ery ::dr~ iseasons :!the 

Miraflores plant has to ,:car...-y ~.Dart ..Of.~the .~load. " 

The ..water .demand . . fo r  ;lockages ~assumes ~,390( second .-~eet :;in ~wet 

season and; 3~O second=feet :during ..dry ;periods, '.;the .:,latter !.~igure ; " 

beingl les s "due to the us e .:of .water-.sa~Ing_ methods,. : These ~ metgods :~will 
/ ~  . . ~ - - ~  . - "  . , - . • . , ~, 

f f - - - - ~ : > " "  ' 4 " < ' " " "" " . . . .  " only be:n~essary~n:veryd~y ~periods. ,The :~8.:'lockages tie. ~.based ~on::full 

use. of :water, the •restricted-,use.'decreases :samewhat the,.number,.of . 
// ° 

!ocl~ges !possible. 
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The M i r a / ' l o r e ~  ~ power ~;plant ', will ~be • ' " " • ~requlred ~to :ca2ry~peak ~ ~: 

1 

loads and :for. emergencies. ~At/!/rare ~intervAls 'iit Willibe neceesary,,:for 

it to carry .,,the .:entire 51oad :.from ./'June ~'to ,:/September. :l,~er imax.lmum ~' " ' rate " 

available :in.dry':periods .I:m~?Madd~n2~Lake :ii~ l 
". :" ./" " " 

eventually the:demand : for : ;~wer Will.~'exceed tth~s ~:::" <In ;,wet ,'seasons .the .,: 
h 

load . ~. . . . .  " ' "  ' can be carri~l either: a~, aatun, or ;~Madden,,~:givingi great:i:~fl~b"~.~ity. 

The construction ~_of, the,. Madden.. dam ~will ~Increase.~the-wastage 

at LGatun, since:~power w~/be generated'.there;w~ich~willrreplace.-power ,. ,- 
* 

F L % 

from" Oatun. and thus the ,..water Which ~would [generate :.this :~power):&tYOatun 
• ? 

:musg be .wasted. ! However , /as ,~the~,..use ~:of '.the ~ , c a n a l  iincreases, :the ~waste '~ 

will .decrease, ~!but ..with ~ m~dmum traffic ~in wetyears "it ~.may.:cdischarge 

.continuously ..eight :r months, ".in.:.dry~:.years one~.~or '.two ~months..:in ~mosb 

years there ~.will 'be statue waste at?Alha'Juela, but ~:only~ at ,rare i,:inte~ ' 

w ~ l s  w i l l  ' . i t ,  r e a c h  ~50 ,000  : s e c o n d - - f e e t  ."" 2.~ne i . , t l~gres  ~lt iver ~.&bove -!:the -.~/~,~, . 

dam furnishes ,&O%-Of the : runoff ~at < Oatun::and ;,60% ::,in.~y;:seasons" r # " ~: a 

<h " " " 

Memo. No..~. .:Possible~.Seepages ;throu~h}Rlm-'~df.i'M~4/den3La~e. . 

 here are  own  cee Ices,  o   'the Puen e, .*,ora, ::Ca' ' 
' " - v~ 

hallo andMArcsllto. -A fairiy:cmaplete ~:set•,:of,tests :~ " "" ~'/~ " ' " Have ,•been,.~e " 

to determine the : pos~'ibility ::of '~leakages. i:The ~:onl[ :.thing ~,,w~ich :,COitId;,. 
- . {,' .- . . . .  • • 

have been .:overlooked 'are :.:additional .caVerns ~in :the ;~R/o:)Puente, ~but: Lthis 

river watershed .lies : almost ~ entirely :"in ;Alh~Juela iiLake, ~i?.The :Queb. 

Marcelito is .a, disappearing '-stream; its, outlet-i~s Lumknown I ~it ;may ~drain 
']j. 

into the Azota Caballo :or- the; Chagres, :: but .fin .::either )event'..:it ,will!!be 

in MaddenLake. The only:~oint:of dangeris:.~at the headwaters .:of~the 

:lzota.Oaba!lo, ~which is.near the watershed-of :~he Rio .Chilllbrillo, ..~- 

and t h e  s a d d l e s  i n  t h e - r i d g e  n e a r t h e  ~ i t e .  I n  . e i t h e r  c a s e  t h e  
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'¢ the ,bank,col ~the :C~Azota . leakage would go to Oatun~Lake. ;A~etudy of" ~i. " 
h '  • " . , Z " ,  : " - 

Caballo.up to:the Chillibrillo:Divi~em,failed~.to~show.seams,,holes or , ,:. ' 

• wet ershe~i ;between :. saddles,. 5 .,. and. disappearing,streams;' :A.?study,:of ithe " '' " ' " ~ " ' ~ _ 
• ,, -, , .: ~ ,, _ •. ~ ,., , . , 

6 failed to zhow holes ':'or 'disaopearing .~streams, ~The,ccmmitte~~was- not" 

permitted to do exploratory.work, ~,but :.suggested:careful'.!study~when~the " 

.sites Of the sadd!edams .are:.unc0vered. " ' . . i.: .i . . . .  : 

Memo_ 6, 6A .an_d.:6B..~Power :Inst~ation, ~,The :power ~houee ~sho~Id ~,be 
< . .  ~ - ,  , . . " ~ " :  . , .  , , , , ' 

• . : '  . ~ : ' ,  . ~ " -  . 1 : ~ , ,  . ,  ~ . ~  : , .  : . ,  . .  

a .Dart of the wes~ ~ end ,:of .the ~-maln :dam, ,:on ~.account .',oi" more ~freedc~ : rma 

trash and flood interference ,with ?,tailwater"levels. -.The~power, i ~-~ .... 

house would be _ IIO,xAO ~: wit h ,!floor; probably '.at .: eleva_t..!on~125, r " " ~' % "'" " " 

dam at elevation ~II~. ,, " _ .  ; ! : :  

(but possibly as high'as elevatlon,135 usingilonger turbine,shaft. (and 
" I',- , 

intermediate, steady -bearirgs ), :.There would :i be ,~three ::i, VertiCal ~s~e 
"- . • . 

,-unner units 30' cc i(the, runner ~.'at ~ elevation ["~5 ror~ not ~.too i.high::ifor ,i 

t a i l g a t e r  a t  e l e v a t i o n  ,.75), .w i th  . .concrete d ~ a f t  "tubes,,:.~nd ~penstoc~ 

not over 9' in - . . . . . . . . . .  d~ameter, ~probably. steel "~lined ..to :. ] . . for 
: _  " : ,  , . -  , . .  : , . . . , , ~  

penstock valves and ,.,connection ~ to".turSines. '.:.,The' mmxim',~ ~penstock 

pressure, at elevation 115, ~ ~th, a ,2-second ~.governor ~stroke .... ' . . . . .  , ,-and tth~ lake 
i " . . ' . ,~" " ' i , .  

at elevation 260, would be.72 ~pounds i per~..equare .inch. ~,Auxiliary,iap- 
,,:[ . . 

paratus, .switch, gear, and step-up :.transformers ,housed at elevations "',. 

above 115, the transformers lposslbly outside. Thepenstock entrances 

can be any elevation not ,e~eeding 165. In deciding the elevatlcn, 

consideration shouldbe given to (1).freedc~ from:drift..AStoney 
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gate about 12i500 second, foct':'ca~ditg, ~with:;si~l:at .eleva~lon;~30~-a~d~ . , ... 

top a~ elevation 150, was ~ suggested :to :pass .:'drift ,, ~( ) ~freedom~:frcm 

clogging with :silt ~ deposit, : ( 3  ) :; facilities ~for.~:cleanlng ~.~racks : a ~ t  ~ 

b U . L l c n  a n : t r i g  - " "  " e - - - -  the entrance,, o"d ,  ~ : ~ t .  " ~ . . . .  " ' ~  q V ' . ' q ' r  

The-: water, all0wed :for ;~wer.-"development :,is ~assumed at :il500-~secon~- 
. . . ;  ~,!, . 

C) - , , . : 

feet at no particular~head. :Thei;lake :'level'~will~va~.z rfrom ~:elevationi:~AO 

to elevation 180, : which, with ~ tailwater ;::at ::dleva~[on :;95 ~givee ! heads ,, 

from 1/~5 to ~85. %The turbines  :.sho~d,~develop!.the i r  ',best ~ :!1o~1 ',ef-, 
. . . .  ,7 ' • ~ 

£iciency at llO feet, .and will ::be,!subJected '~.to :30% sgreater ~ana ::23% 

The turbine discharges -----:'~b~ . . . . . .  . ~  

r~ 

' " - ::, J~ake:i:~at~. ;: :__ ___"La~e .at ~,i iLake ~°at "- 
: ,EI.<-;~O ~: : ~ ; 1 . : 2 0 5  ::~ .,IEI' ~180 
: : Head I~5 -f.t .:: ! Hea~ :II0 i'ft :, ~ Head i85 .!Zt. 
| "~." ., - ~ |  

: 2,020. :: 11;765 

less head. 

Normal load D. 85 gate 

F~x. load 1.00 gate 

~Z 

, .e  e 

:: | 

I;315 

• "rt, 5 5 0  

Power at full :gate : 80% :efficiency. , :17,,OOOkw.: 9; OOOkw. 
(Not, including :5% ~:transmlssion ~: : 

loss) ~: ~~" "'." ~ " :~ @ 

~| :| ._ - 

To average 1500 secor~feet <discharge' !,the ~discharge -rates:will ibe :sev-- : 

eral hundred second, feet above ".these ~!figures. ~With ;opera~ionrat:;pazt 

gate on higher :heads and "full ::gate .on i~low:~ heads, efficiencies ~ within 

6-7% Of .the' m~tm~-:  w i l l  be c~u|&nteJ:ned. ~;~The ;power ~'at ~elev&%ion :180 i s  

Just sufficient :for present (September, !ia27,) .normal ':loads. 'Diesel 

engine power will be required ~ on peaks when the lake :falls~below:eleva- 

tion 21.0, unless the Gatun plant is ioperatIN. :Since .the ,dam construc- 

tion will involve construction of the penstocks and draft twhes, it 
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v situated:on the generator .flooz, for one-man:0peration, 

• . . . - . 

• , # -.•L % 

will .be advisable to ~build :the !power ~house~ati(the ':same i t'ime ;:% s~;'th~e ~ dam. .!: i 

The ~ construction ~poweri:demand ~i ~ibe~ap. 3ikw. , 

use during, construction is :~,recammended, ~t:It is suggest tt":~the iplant,:, " 

generate at 6600 •v01ts,-~wi~h'!three ,6g00~AA,O00-volt, ~750Or~ ~. i.trans,. !~ ." 

formers ,at -$25;000 -',each. Since ~the c0n~t,,~uction load is ~'ol ly,:?2000 • : : : i 

kw., it is suggested '.~hat !'the ;construction ~power be ~obts~, 

a 2300"&A,OOO-volt, ~667 'kva. -transformeriborrowed :~frcm ~ ~  ;~retur~!e ! 

~The orO~y o th  q~1.pme r~qu~;r~d ' " ~would ~ to the NAraflores ~substatlon. ~: er ~e nt 

be o~l .c~ir~ult breake~.,and ].%ghtr/~ng .a~r, sster, =ost±ng :$5~ 000:. /At - i 

damsite'~iitemporary :2200-volt overhead construction ' ,¢ i l l  :be r : e q ~ , : :  ~.~ 

with dis r n transformers for.~low-volta ~ment.~ - - 

,;~..In order  .t o ! b u i l d  t h e  - n e c e s s a r y  ; p o r t i o n s : o r  t h e ~  p o ~ r ~ h o u s e  ; a t  I 

t h e  same t ~ O .  as t h e - d a m ,  : i t  :!is n e c e s s ~  t o  iwork ~out ~the ! 0ower ,r ant . . . .  

plan. The-plan"Eiven ~is ,on i the :unit principle, each ,unit,, ;onsi~in~ 

of a .7500-kva. ~at .0.80 power ~factor., ~'6600-vo~t ~ r e ~ t  ~con-'~ " ' 

nected exciter, and.:8,0OO-horsepower ~ertical .reaction ~tu~ine,:~with 
• . .  ~"  . ~ . . ,  ~. ,~ --~-~----~ , /  

• ',7500-kva. :AO ° - .C rise transformers ~situated ~outside. Synch..-~niz±ng ' i 

and transfer fac~l.ities .obtained ..with a ..:single 660n-volt~Lb~ ~: land ;a " 

single AA,O00-volt bus. ~Duplicate :transformer .capacity f0r~ L~a~I! :"~'~:~q 

light and power -is iprovlded, i a l s o  ~a 'storage ~battery : for  eme~tmnqy-~con-; - . ~  

~rol purposes. Thc :switchboard :panels and controlling device ~ .to :~.be , " '~ 
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The cost "estimate is -as Tollows : 

3 - 8000". hp.turbines "at. $75,000- 

3 - 7500-kva. generators &'~exciters , a t  i~i$75,O00 ,- 

3 - 7500-l~va. transformers at, $26 ,660 - " ' " !  ' ~  " 

3 - 300-amp., ~,OOG-volt circult ~breakers) 
• ;:) .:at ~$2,~1500 

2 - AG0-amp., " " 

1 - 50-ton overhead crane - 

Miscellaneous equipment-- 

Building ~A structures - 

l !  I t  

"$ ,:~.5,000 

:225 i 000 

,- 

~20,000 

M. emo. No. 7. 

~12;500 

~ 23,"500 

• "   oo,',ooo : : "  

:Tot al . . . . . . . .  $i ~ 086; 000 ~; 

Devices " for Regulatlng Alha']uela~Lake. [In ~order,~to con- 

form to the requirements of flood ~ .... " " : ~;~ ~ e v e l . ~  e l e v a t i o n  . . 2 5 5 - 2 6 0 ,  n o r m a l - o p e r -  

a t i n g  level.2~0, and.'dlscharge capacity of 50,000 second, feet at~eieva' " 

tion 2&O, four classes of :,water passages ,;at ~the ~dam ,will be ~required: 

(l) penstock for power, ~'(2):sl,)iC~c~ gates for removing deposit~and : -- 

draining lake, ~ (3) :regulating c~ulverts 'ifor ~supplying ~water %0 :the canal, 

(&) flood• wastewavs:,, and •possibly.gate ..to_pass drift • -. :~ 

The p e n s t o c k ~ - : ~ i s c h o ~ g e  s h o u l d  n o t  be  i n c l u d e d  ":~m t h e  5 0 , 0 0 0  

second-feet, but might be .valuable ~if..Any~of the gates :..stuck. For slulce- 

wa)m for gravel and la~:e dralnAge,iA-:6-foot.dlameter culverts; at river 

bed level (center. at. elevation •93) • with :"6 :~6t conventional .gate ,~valves 

are suggested, which would discharge 7,700 second-feet ~with :lake elev&- 

bion 240. For reg~Ilating culverts ~to supply water for the canal, %here 
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are suggested:2 -+6,~culverts high,enough ~tCii~be~clear:~ofiErav41:ian d ~ , 
+ 

drift (elevation +150). These 'woUl~dischlrge 13,280 +,second~"feet +with 

lake at elevation 2~0. ~For ~flood ~,wasteways, +two ~sluice ~gates~50, ~high, 

37 feet:wide, with bottom at ~210ir(similar-tothose.~at;i:Guernsey:dam), ' , 

? These w o u l d  discharge 3 9 , 2 2 0 . s e c o n d - f e e t  .with lake :at+:alevation::~240, - ! 

++: /? i 
making, with the sluice and+reNuiating~gates,:ccmbined::discharges,:as ]: 

follows: + + . ~'i 

--A~ - - -  - -  la~e elevation_+___._ ' : :  " ' " ' + ,+- ~+<'~-. +21+0, - - ...50,160 :, second,feet . +,++-+ 

+.2~0,..-7~o~n___ _ --,-~ ~+" .'~',, : '"- 

+ ., + 

+,, ., , ,  + > , i  

T h e  t w o  re-Amlating',valves:wi~l+dlscharge "+ . . . .  
- +:1900 +second-feet :+ + 

with the lake at eievat~ on .+.180,~ an¢!~ the ~:four~.sluiclng:igates .~ wd Ii :dis-,: 
+ 

i 

sharge 1900 second" feet +:at elevation ~i02, ~thus practicaliy.:a2_l ~+water:iin~ 

the lake can be drawn out'~as ~fast as ~the+:canal~+requires , i ~- 

The lake • • ' • .can. be. drained !fram-~elevation ~180 iin 9-da~s with an in 

flow of i, 000 ..~econd-feet ,.. and ..A3 +~days .. with ."an _.inflow!of :2;000 :second- 

feet, using the sluice .and : regulating :..gates. +++:The ..average +~ry ~.season " " 

inflow is 1,23+8 second-feet; in a ~veryl;~ry~season !it averaged 300-~sec- 
3 

ond-fe~t for I-i/2 months, a,~/..in a-ver,j.+.wet •:season+ + .it ,:a~eraged~ ~2,000 

second-feet for a m o n t h .  :!Draining ..should'.be ;don,~a-t :.the:~end.Of Ithe 

dry ~eason, and will requiru heavler:spilling i~han,ordinazy~into~Gatu n 

Lake. 

It doe~ not appear practical to :recammend location ~for:surface 

spillways, if constructed on top ofthedam, :an expensive apron,will 

be required, and if at a saddle, the apron would probably be less 
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expensive. Both wind ~and currant :would tend ~to carry~drITt to,saddle 

~No. 3, which aonears~mos~ prcmi~ing ~o ~iscnargedr£4t. f,dAscharge /~, 

from 'saddle .reaches the river too abruptly it may create ~adam~of :de- 

h a  w e t  . . . . .  "" -bris which-would cause~backwater~at_, t ~o .pl~,t. /Ai~ide, iflat ; ~ : ~' 

approach to .the river ~would odlssipate ~the ener~, : ' a . ~ / ~ ; w o u l d  i'be ~posei- ~ ~ 

ble from saddles 3 ;and ~ ~but .not~8. " ! 

~Each valve should have~bulkhead.'/Euldes ~on~the;,upstream f&~e 

of the ~wall The reEulating.~gates " " .... 
• . ~sho~d.~hava .:a fin. t rash ::,rack ¢and r!tha 

sluicing gates coarse~ones~!i'to keeo.e,,t.:logs. ;An.operating :tunnel.shc~Id 

run overall valves ~.to-l.pgrml t ramoval;of-the Darts. ~F~'ther-hydrauiic " 

or electric operation ~ should ~be provided. 

Memo. No. 8t Program if of ;Const,-uction!iPer[~. iThe cofgerdaras Jars ;d~- 

signed for a flood •of "50,O00 second-feet. ~it is •pr0posed ~to:build ~two 

th ou  d= to • th.    wa er,durA  

tion. If sufficient Eravul can be obt,~ined:adjacent ~tO!the dam"ito ~co~, 

struct these sluiceways .a..cofferdam .(FIE . .~I.) " "" • ' 
• G}LIj ;wI_ll.. be .~ c onstructed i. ~ .... 

a r o u n d  the sito~.of the.sluiceways. ~ I f  ;gravei must~be~•obtainod~frcm,th~e - 

r i v e  r bed above the dam, cofferdam ACB must!be constructed ~'~i(to ;form a 

pool above the dam for the ;g:'aval~ dredges) with hannel ~N~and ,~emD~ 

rary sluice gates to control~the ~ooi •level. ~hen the ~8iuicewa,vs~and • 

dam within cofferdam~GHIJ are completed', .the ;ends - ' 
of, the cofferdam~G:4YU 

can be :rem0ved, the channel .I~N. closed and .the ~.cofferdam -iF ~built, '~This 

will divert the river flow through the-sluiceways ;and allow the ~,~iver 

",-bed to be laid dry for the cor~truction of the dam. it will probably 

be desArable to keep the slulceways open nearly to the completion of 



- i~ ,̧  t ex~&nslve. Both wind and current ~would :, end to,carry drill to:~saddle 

No. 3, ~Ich aooears mos~ promising ~ ' , . ~.Lo, ~iscnarge,dril, t. i, If ~discharge 

from saddle reaches the :river too abrup~,ly..,it,may.!,cr~ate ~adam ~of,de- 

bris which ~ would Cause::.backwateri, iat:~the Dower~pls~t, .:A':wide, ~,flat " 

a . o p r o a c h  to~.the r i v e r w o u l d . ~ i s ~ i p a t e : i l t h  e energy,'.andi..~wuuid~be~poosi. 

ble ~frmm saddles 3::~and : ~ :  but ~not 8. '~' ' 

of the wall. The,regulating:gates should !have,:a !finu itrash.~rack;and;the " ~ ~'~ 
}"" . ,z 

sluicing gates coarse ~ ones, to ! keep~ out ~ioge. " ,-An ~operating :rtIAPJ1%l should 

run over all valves ~o :vermit'i removal;~of~ the ~parts. iEither ~hydr~ulic 

or electr~ic operation should " b e  provided. " 

Memo. No. 8. i Pcogram/for Con struction~Psr[od.. The cofferdam8 arede- 

signed for-a floo~ of 50,000 second-feeL. :I~ ,is proposed to build two 
.) 

~O'x~O' sluiceways through :the :dam~:to .handle ;:the water :during construc- 

tion. If sufficient :gravel ~can : be~ obtained ~adjacent ~to the ~dam ~t~ :con- 

struct the~e sluiceways a cofferdam ~(Fig. :I ~) ~G~LTJ ~will ~ be : constz~cted 

around the site of the .ways. ~ ii~f gravel musL ~be obtained fram'the sl~ic- 

river bed above the dam, cofferdam ;ACB:muSt~be constructed i(to:form a 

poul above the dam for the:gL'avel dredges)with channel i~LN and T~empo-- 
T 

rare- sluice gates to control the oool~ievel. ~nen :the.,siuiceways~and 

dam within cofferdam: GKIJ -are completed, ~ th~ ~,ends ,: of !.the cofferdam G~LIJ • , ~w . 

can be removed, the channel LN~closed and:ithe,co£ferdam IF ~built. :This 

will divert the river flow through the sluiceways and ~allow .the ,river 

bed to be laid dry for the construction of the dam. it will probably 

be desArable to keep the slulceways open nearly to the cmmpletion of 
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the dam, : at -least ,unlll ~the olher -sluiceways ! t.hrough ~the: dam :are.com- 

plet~d. This will permit the'use ~,of.the .area,abov~"~the dam for:col~- 

st.ruct, lon our~oses. ,The coffezxlams~wil]. '" ' ~ " orobab~y ~be ,f, lor~led out sev- 

,, eral t trees, even Wi t,h the, 20'.x201 . slui..:eways.:open. ,;If ~;gravel from ,the 

upper Chagres ; R i v e r  i s  used., : there:would bu .s~ae .~advan~ge Jin:moving 

the. concrete plant ~ along . n~ar 'to .the " " " . . . . .  " ~po~nt ,where ~ t he ~conc re~e is ~plac ed, :: 

but the ..freauent " . . . .  ~ ° . . . . .  " . . . . . . . .  " . . . .  flooding .would,~.-cbably?mAke :.:It :more ~ desirable ~to ~lo- ,.. : 

cats it at an,elevation.free ifrom~!~.floods. . .  , , .  - 

The q an~.l ties ,of, concrete, J n "the dam are ,as ;follows: 

Total ~to ~Upper 
~Eievat~ion 

E1.;62,0to El.  i10,5" 92,300:cu. yds. 

ii0.5 ~'' " 159'O .~- 9~,000 

159.0 i,, ,, ~207.5 - i~62,A00 

.207.5 ~'' " 256.0-- ~0,300 

Memo. No. 11. Additional Investigations Needed. 

are needed for: 

• (1) 

( 2 )  

(3) 

92,300 

186j300 

279,000 

~Fieldlnvestigations -. 

Sanitation of area adjacent todamsite. 

Construction camp. 

Construction campvs.~qua~ringmenin~townsand!transnorting~them 

to dam in trmcks. 

(&) Water purificatlon:plant. 

(5) Storage of cement in large sheds at ;damsite vs. 

at Summit and hauling. 
J 

s t o r a g e  i n  b o x , c a r s  
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(6) ,Detenn~ nB ~mther present :,shop, an d "m~Jll ,Tacillt:ies ~can~handl'e :bulk 

"of l.h~.~ work required. " -,, ! 

(7) Careful ,'d, udy:oft~Gje,s of eguJ.pmer~t :,to !l-e .u:led. 

(8) F'ract~cabilit ~o , . , i ,," :,~ - " .... - Y. £ three eight-hou2 :uhi, ts. ..:. 

t : 

( Survey Of damnj.t.e'~]th ~d:lat:ent~ • ' , • ., . ! . .... " . / • d ,~ .: 

al eas, also saddles. 

(ll,) Cress section,~ up and down-stream from dam.and :saddles: " " ; 

(12) Determine ::gecdefJc coordinates. ,. • . - 

(lJ) Photo.graohs taken at kno-.~ ].ocations, beth from!ground :and i.air with 

other noint8 -of i~known 'location:showlng. " , . : ,., , 

~,h 

(15) Determine :how mu,;h .of ~k~.ar~a "shoUld ::be clear"d i,cf ;trees: 
i 

, ,ar~ 

,whether the area~ean l,o?burr.ed.: " " ~ 

(16) Fuz'the-"-:considerabion of~eepage:atlhead of, :~zcta-Caba110Pdv~r. . . 

(17) Core boringz on damsite .a;~ .~addl.os, " ,. 

Borlngs- on centec ]:in,,, o;; d,amlO0, apart, .- ., , " ,, . - 

/; 

Borinzs i00 ar~l ,2nO " ~ 
- ae.t above and b~low cente~ :~Ine;200~ apart,. 

Borings .on ,center :line Of :saddle ,dams '.!00 ~ to:"200 ~ apart. 

..ee~ abov~ :a;~d below-a~ ,of_ saddle ,d~ns... ,"200-,,30,9 ~ :apart.' 

Wash boring~ may,supplemen5 core driiliags ~f des iralile, 

(18) Cores should be ':la~uifie,! .geologically and'besged :l'or crushing " 

s brength .  

(19) Porosiby of rcck fon,atien s?iouldbe detenmined. 
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( 2 o )  ' . " ' ' . . . .  " " 

(21) Lo,:al.,n, ,,:.d:b~m,,~. ya~':lage a~nd ~b-esb .all gravei~beds ~avgi-',_able {for, 

a £ g r , ~ a L e .  - : . . . .  , . ,  . . . . . . .  

(')o) Lo(:a~.e :~nd Lest - ,'. ", '-'" . "~: "~ m~,,~t ~a~. ;su±tal)a.~ .:fo r ' cobble !i:rcck 'for. ;use in'.con- 

crel,e OC tl~nL. - . . . .  " : . . "  , , .  , 

.. , v . .: .'.: 

(~3) Lo~a),e and ~s), ~mt..:¢ia]. '~a ,quarries ava;iiable ,fo;' fUn~Shing :road ,_ 

m e t a l  f o r  r o a d s  t o  saddles, l~" ' ' ' '  '1 l'l : 

~isceJLl~neous  .~info _~m~tion .from Minu~es  ,~of 

o m m ~ e e  M e e t i n g s  ~ N o t  :<Given  ~:in ; )  " " : 

Meeting ofiOctober27, i927. 

GravelTor Concrete. 

e t :ed. o :-be 200.000 / 

in the v ih in i ty .  .That.~there ,was iptenty ,along "the >~iver up ~to:~.Vi~La, 
) • ~ " , . .  , - . 

Est~matee were based upon gravel ,!above lwa~er level, altho~h :much 

was believed to lie belowthat level. :::It was ibei±eVed ~th&t it could 

be brought down in,barges. !No .suitable :roc k ,was known ~adjac:e~t ~to 

the river. " 
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