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~D ~,~ enver, ~,Colorado, y~February:~9,-.:i.1930 

M orandum~to,Chlef ~Desl ~ n ,~En ineer • " ' ' -z 

A 

SubJeot: OmZsT OZ HYDRAULIC :DATA COL ZTm 

Abstract of '-Tabulation. of -Floods .~in ~%he Cha res ~River In!Excess 

of 5,000, Sec. AFt. . . . . . .  

• _ : • . 

The flood records at~Panama cover two periods, ~ the !French 

Period, 1882-19OA, :in which .the ;records ~of "Chagres ;River ~flow,was , ,.. 

taken at Gamboa, and the-.Amerlcan~Period, '~1899"1929, ~with.~records 

taken at AlhaJuela. The ~. records i.at ~-.Gamboa ~'are ~glven In !feet :,Of 

stage, the number of floods ~above~,lO-foot ~stage.in~eachlmonth:belng ~- 

recorded, and the maximum etage.£o~ ,,the month. ~A ~,lO~foot~stage .at 

Gamboa corresponds to a .15-20.000/sec. .ft .  discharge ~ at ~AlhaJuela. . . -  

The peak and 2/~'hour discharges .of,~all theifloods :In i~excess Of~.5,000 

sec.-ft, at AlhaJuela al-e recorded. The following ~table g~ives a 

condensed summary of~the data: 

a 
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~Abmtract., ..of R e p o r t  ~on • - ~ • 

.Flood ~ Frequ_ enoy ~ of  ~ Cha~res ~.~tver ~ a t  ~'Alha,lueta~iGa~in~ ~st .at ~ion 

The~best~method ~of 'de te rmin ing  the  ~size o f  t l o ~ i % ~ o ~ e o n _  ~ 

e i d e r  i n , s e l e c t i n g ~ t h e  ~ e p i l l w a y c a p a c i t y ' ~ o f  ~the i ~ d ~ n ~ d m m  ~ie ~by ~ ,, ' ~!i~ ~ 

means o f  f r e q u e n c y ~ c u r v e s  o f  ~f loods ~base~ ~on~the a v a i l a b l e  d i s c h a r g e  ')'ii:~? 

records. The records at ~Alh&Juela~from~iS79~to 1899 are approximate, ~ ~' 

being largely estimates based ~on records iof discharge observed/at ~ 

- other points, but good~rec~Ads are available ~ at ~AlhaJuela ~since 1899. i/ 

Frequenoy c~es ~ve been plotte~ Zor ~the e~tire P.~i~ ~(~l lyon, s ~) 

and for the period~of good records (31 years~). ~ The period of good 

records indicates higher discharges. ~For the l,OOO-year~flood*~it ~ • ~~ 

indicates a pea~ of 12~0,000 sec.-ft. (655 sec._ft, !per ~q. In.~)~whi!e ~ 

the longer period gives ~240,000 sec .,ft. ~ ( ~63 ~ sec .-ft. ~psr ~eq. fin. ~) , 

Since the~former is the more conservative value, ~and l~IS ~based on .the 

most reliable records, it should be used. ~Since ~ccmparatively ~it~le 

increase in discharge ~results from considering floods ~of ~much ~gre~er 

peril., It is benev~ t~t the I , ~ ~  ~lood should~be ~s~ as 

the Basis of design. Since the construction and~storage~of~waterln 

the reservoir ~elimlnates storage capaoity~which the flood ~inithe ~un- 

reservoired condition would actually~ occupy, and ~slnce the 280,000 

sec.-ft, flood !is derived from data with unreservolred conditions, 

it is recommended that the storage ~capacity In ithe .reservoir above 

elevation ~40 be considered as off Miring the storage available in .... 



" - . • ; 7  -• . 

~t,e ~ r e s e ~ o l r e d  .:conditlo. and ,~ t,~at ~:c.p~clty ~,,~t ,£,s ; 'd~be  ~.p~vi'ded . . . .  • 

t o  p a s s  2 8 0 , 0 ( 3 0  s e e . - - f t .  '." " ' " - - : 

,~ABSTRACT~ O F  Z D A T A - / O N  :,;CKAGRES I ~ R I V E R  ;I, R U N ~ O F F  . . . . . . .  i.. : .-, , . 

The records:of l-the:,Chagres iRiver :discharge ,of Lthe :} French " " ' . - ;  

pe iod cover the years 1879~190~, ~.and:the~,,Americaniperiod~covers 

frmm the latter~ date to ~ the i~,present :time. ~$he~records~of: :.the !French 

period are stmmmrised ~ in C~n,: Abbot v s ! ,Problems ,~ Of ~ the ~Panama ~Danal". 

Th s ii AlhaJuela star ion ~was ~established:,;'Aprll ~: 15, !1899.: 

Since January, i908, ~ . . . .  .... ~the~di~chargemeasurements~were~made:~at~;O~e : :; ,~ 

Larga, i~ miles above Alh~Juela. :Float~and,~ current>meter,Eagings 

were made in 1899 and~1900. Previous to~1907, i discharges~were~mea- " 
• ' .  • ,' , i "  • ~ i ' . ,  : ' ~  / - '  ~ ;  " ' . - -  ' . . . . . .  

sured by the float method. In 1907both,floats :and current~meters~:: , " ~ c ~ c ~  ::.'~ 

were used, and since thencurrent meters were used, iunlessccondi. ! • ' 

tlons rendered it impossible. ~Autcmatlc .ga%es '~ere ~used,~at ~both 

AlhaJuela and Vigia. and ~ automatic • ga~es ~were irecently ~ina:talled 

at Salamanca ,. and ~Indio. 

The period covered ~ by the ,/records ,•at : the :~-va~ious ~ stations 

is as follows: ~ 



• " ,'MiSSing 
~St ation Period . ,year.s 

AlhaJuela 1899 " t o  :date !None 
! ;  • - . ~ .  

;Boqueron (headwaters) 1921-~192& ~ :None 

Boqueron (mouth) ~1919 :.to Cdate ~ ~None 

Camgandi .(-san .~Blas ) '1920 ~,to i date i'~ : ,None 

Chilibrillo 

Colon 

Culebra ~(Pequeni,) 

Gamboa 

I:, 

/J 

' 912 ~to ~date, :~None:. ,, • 1912 ' ~, ~,, . " 

1862!to ..dat e i!1875, .76, . . . . .  ~ . . . . . . . . . . . . . .  ' 

' 7 8 ,  ; 7 %  : 8 o  ~, .~; " . 
: & , ! 8 9  ~! - 

Juan Mina 

Las Minas (Pequeni) ~1900 

Nonbre de Dios 1905-1911 

.Porto Bel~o 1905 to date 

Rio Fea '(Chagres,) 1899,1900 

Rio .Indio .(Chagres) 1912 to: date 

Rio Puente 1899-1900 

Salamanca (Feq~eni) 189,9-1900 

. . . . . . . .  S a n t a  B a r b a r a  . . . . . .  

" ( C h a g r e s )  

,1912 .to,date . None, ~. :', i:19~2 : 

1881-to .date !None - • ."1881, ;82, ~83 ~& 95 

1910 "to date .... ?None :1910 .. ",. " 

i N o n e  - ~ !~None - " : : _ ,- ,.~ 

19 , o7. -o  1905, 1o 

1907,  15, 16, .i905, 
'.17, 18 

2None . Z899 & 1900 

'NOne 

N o n e  

19~ 

,!'3899 '& "1900 

.;1899 • None 

Vigia 1 9 0 8  " t o  date •None 
1 9 0 8  

.'k 



. ! .  ' °% } :  

, . 1~/" - ; , ~  ' ! I  . ~ -  ' , , ~ " ~ ' "  

Total :,Run-0ff.at ;AlhaJuela " " ~i 
. . "  . - . If-." : i ' .  . " . . . .  

r~ 

- T h e  , . 1 a c t u a l  r e c o r d s  ~ : ~ 1 9 0 0 ! : . t o - . d a t e ,  ' . .but  ~ . i n . : r o u -  

tlne. work the period ~•of • 'y.:.interpolation./f~mn C~ i i 

G a m b o a ,  G e n .  Abbotb " f u r n i s h e d  : ' r e c o r ~ s " b e g i n n i n ~ "  : : . i n . ~ I 8 9 0  . . . . .  A . - : taB le  " : ' ]y " 

of annual runoffs :is .given showin~ giprincipal: data:.~for ii 

annual runoff: ~ . . . .  

. ¢ /  . ' ,  . . . . .  f /  

- MilLion se~ ; . : :Sec. : T t .  " • ~Inc~|ee' ' ' 
• . . tJ 

Cu. iFt. / :E%.~ ~:,per : S q .  ~ M i .  ,! Depth - 

'i ' "  " . . . . .  ~ . . . . .  ' I! 8"6 ~ Maximum year i~8,379 '" 9 /i! 5,022 " ~ii.76 .15 " 

M i n i m u m  year ~ 7 , 8 5 9 1  ' : . " 1 ,518  : 1 : 3 : 5 6 -  

Av. 1890-1928 -79,585 !!2,522 5 ; 9 1 .  i : ~  ;23 

Av. 1902-1928 . " ,.562 . . . .  6;00 . . . .  " " l ;50 

Max. 12 months 177,797 ~,,'J!;:!:5;638 ~ " " . .iN, " )v", :L1909" 
k 

/./ " . ' -~ : . • " ,"~ ~i0 

MAn. 12 months A5,105// l;~A30 " ! i  .. ~'Apr..i;lg05 .: 

i,i  i , ,  !i 
T h e  a v e r a g e ,  r a i n f ' . ' a l l  ~ a b o v e  , : A l ~ j u e l ~ a , . :  1 9 0 8 . 1 9 2 8 ,  ;/,was ~' 1122;88:v. . .: r.~ 

inches, and the::,average runloff!for~:the same ~..or " 

a ratio of ~runoff to~rainf-/Lll:of 68.&%. 

A table is ~given showing the ~.data on .dry~seasonflow, ~ of.~i 
.% 

which the 'following is ~a, s~mmmry. ~ 

L, 



Dry season length (da)-j), ~<lnaxim,ml."212i.-minim,~".~l..,)Average 12A *. . 

Dry season • runoff ', volume ;:~.maximum .~ 17.621~.'miliion :cu. ~-et .. 
~:~~-~~ ~-, 2852 "" " ' " .' - 

Dry season:runoff~.rate,':maximum :/l~652-ssec. <'ft. " -"; ' '~ ' ': 
~minimum i" 6~2 -" " " 
-average• ."~:987 ". <"" ' 
%,;!,, .... o ' , . . .... " ' . : , ~ ,,' 

iThe. durationoof,., he. dry:season, ~however, is the'most--im-. .- 
~;'~ . . . . . .  

po~ant factor :in the water :.:supply :of:the -canal. The turnOff,rate '~ " ' " 

for the (1906)-dry season, whic.hi"had'thegreatest.length((212:/da~),.!...•.i: - • 

.averaged 883 sec. ft., a~,j*ccmpared With?6~2::sec.":ft..i'for'-.ths.'.seaion :.:,~. 

in 1906 , and theyear. 1906~ is -therefore Lthe .:critical .year. 

- $ -"- i:<:. ' 

We.,-:Season;Runoff 

The following ie~,.a summary~:of ;.the,:data ::on. wet iseaeon~mmoff: 

Wet season ien~h : ("days); maximum ,29 ; ~'mnimum.~laA..~Mean-:~! i "  • " 

!i',:: May:6  ,." .'Jan. U~l "..: 

Dry season.runoff volume , .maximum~152,05A-:.million .:cU..:'ft. " */.', 

minimum 36, 099 ' " " 7:,, :"" ';.i: /;/ 

Dry season runoffi:rate,:maximum. !6,027~:,sec,:~Lt.. i : /,. 

minimum :1;952 L, :'" :,/:.i..,"- " ' i L " " " " " '~ 
: a v e  rage • ~" *:- I t  --~.-. 

I/ 



. • ,++ - . 

7 ~t 
' ~ 7  I " + !  : , ~  

/] , • 

//:/ : ,;", . :! 
r., ]~JqO~ f t~ . " : . .- ~" .. ~> .. 

+ V ~ ;  : :7 ' +  : ' 

// . . . .  <+ .,: . , ..... 

:.~ :The/;'follow~n~;.-l/m~a +stm~0ary,:of 'the ,monthld~run6ff..+,Gen. : ,' : (:/ 

Abbo~' v~Tues +for bhs e'ArZy:p6riod'.+_ts.>incl-udedi'~#bUff+:f0r;routine :,?:, : :,/, 

/ /  ' " . . . .  " . . . .  " : "  " . . . . . .  / ' . ,  >i"' h~rogbaphic work thel 'to,.1929::iu,~,used. " " :i/ , ,~ 

Periq~ 1902-1929 ,.+ i'Discharse:in::Second-.Pest ::[ :" 

• : Jan. : Feb .+: Mar. :Apr ,:May ~+: June fJuly: Aug: : Sept ~;: Oct ~ : Nov. : Z Dec. 
/ /  . :  ! : : : : • : + ~ ,  ; : ,  I/ : :, / 

M m . x b ~ u m  : 5 0 5 0 : 3 3 1 5  - _ ~ .+ " - - ' ~ +  . . . .  • ,1 : : "  : /  :1625 ~ 31~0 :+522J: &870 z 6},~7": I~724 f5022 :: 8126 illSO0:17300 
++ | +: , .  

, .  = -+ ~ : l +t 

Mii~imtva : 682: 516: 382: 281: :~91:13, :1722:i20] +:1265 

Av:erage :1970:1237:7351 g87:2088:252+O:280&tSO38;.3215:jS! , 3 7 9 2 ' :  

' ! : ' ~l ~ I  " ' . . . . .  • 

++ • 

i 

, The, maximum +and minim~m-.ValUeS :+~or :the +Period #:I: 

'at" t h ' = =o a ~ : r for Z90~:z~29 ' ~C ept .tP~kt : in :: S,pt~b~ Lii~ . j" ' 

~ * '  " - S t  : / 

+he 1890-1929 period is :5191"sec. :ft. :", + :  +'~ ++ ' /: _ , :7 " " • 

+ ,:1 :I O 

I 

• :Floods.:of 30,OO0~Sec.:Ft. and;Over "~/ - " 
i/?// " + :+  

As no flood : damage +is ::rep0rted +:on ,the +Panama+L:~ilro~d =fr~ 

1850 to 1879,,it is probable ~ that ,:no :flood ::of +~!over ::8/~,C00 .:sec.~ft;. at 

AlhaJuela occurred in :that interval. ::Recor/s ,of !appr~te.. discharge . :... 

are available for ;1879"1899 .and.good records'~since~21899. , iThe ,r~cords ..... 
&: I~: 

• for the A7 years ~ fram :1882 to :1928 ,:show ~the ;f6!lowln~ :,,totuLl ":duration 

in: hours ~f discharges .of 30,OOO: eec..ft. :and over:;' 

Jan. :Feb. "Mar. :Apr,:May: :June ,:July, Aug, :Sept "1 : iO c t D :.Nov.. :Dec. '; TotalS) 
. :  . |  ~ I  1 

66 ::17 : O : 35 :'77 
- -  . .  , ,  , , 

:':83::-76:155 ,'56 
: I  ! : I 

: +92 :, ':336, 1'524, :i~17 



o 

:I[ 

This shows:conclus:ivelythat "theor cal per ,-as!. .s:, Zoods. ~....:,~ , 

is November and):Dece~ber • . ! . " 

The floods tof 11879 ~:and"? 1888 ::!appear ~.to :ibe ithe',)max-imt~ !:~in ,., i, ... .... ; 

80 years. The records :for 1879 ~:;ar, :. too~imeager,i to~:.pe~t -~ an i:.estimate 

to be made- Of 'the •..volume (A ;p~-~k'i, fil ' • 
• . , - 

hour maximum: ofilAi,300 sec.-ft, is :given :elsewhere) : .... .., 

orobable maximum.24"hour discharge • ~ras: !0 %ilLton :sec .-ft..and', :~for 

~8 hours rand 7 days:was 18:bil!ion 'and 32ibil!ion"sec.2ft. :respeCt- ' 

ively. In December, 1888, there were:about <205 hours ~wnen, ~ne,:azs- . 

charge at A]_haJi\ela:exceeded 30,O00:sec.,ft. ~ 

Data oni-Ten Lar~estiFlcdds -, " " ' " ~:.. : 

The hydrograph's of :th~ te~'i~gest .2 floods ~,were ~drawn,:up ~to 

the same scale, ~as far as the idata~available'~ '~would ~:permit ~ : ,~a.nd'~mass ' " 

curves of volume constructed. :The data on:the ~.earller:~fl°°dsi~Is'very~" - ~ ~ - 

rough and estimates ':of..pe~.k rate .and :-volume:ima~e~bY:"vari °us~ pers°ne " : 

~C 

r~ 

differ widely. 

very low. 

_ _ .  - - - - - - - - - - ~ h A ~ ' ~ - q t ~ m a t e s  o f  Gon.  , A b b o t a r e ~ r m c o g  niz~d:~as~:ibeingij:  - . . . . . .  " 

: 

Flood of Norther .20-25, 71879. ~The data :: available :indicate 

that this was the 'largest flood:on:record. According:to'newspaper 

reports it began :on ~;the: night, of ~ }lovember ~ 19: and ~the ~raln~pr~b~.bly 

ceased about i P.M. onNovember 25. >The~crest~reachedMamei~a~!8 
7 • / 

P.M., November 22,. Gen.. Abbot calculated : a peakJdischarEe of 78,000 

. : ~ "  ° 

l@ 
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. . . . .  : . . .  . . • :. • . . . •I ~, . . . .  

s e c . ' f t .  A .  ; P .  D a v i s  :thought ~ t  • . . a b o u t  l a g , 0 O 0 • ( ( : E s ~ d ~ e s  : : . e l s e w h l e r e  . . ! i  " 

in data, indicate 176,000 :as acceptedidischarge it6r~:~.t~is e , , li 

rose to a+.peak+in 36 hours,-subside'd~.to :a }iO-Toot+:stage ifo•r+ out ~.5 ~ ::.~ ' 

days ,and was then followed :by. a ~secondary ~ ~ e r  :fl0od+ :'Gen~,L+lbbot ~: 

gives the dischargo of~this.:flood as/6~;~88~:sec.-ft' :~i( " ..... ~ " T h e  :~lotted . . . . . .  :. , 

graphs indicate that ~,the present :accepted ~value x~s :124,0.~ 

:Flood of'December !i~!7. !E.88. Th~s +flood ~:came:.from,}:,the , 

upper river. The rise at Gmr~oa started,+oniDecsmber';ll, it reached 
• :L.~ 

a peak of 2~feet, subsided slig~t].y :and ;then :ross ~:to 31.A feet ,at : 

9, P.M. on the 13th, sub=iding gradually. :Gen: Abbot :glve:s the~peak .... ,~.;,,~.++:+~!~!~, 

d i s c h a r g e  a s  5 8 , 1 3 2  . • s e c . - f t .  (but  t h e  +graphs use :]//~iO00 . s e e . - f t .  ).. 

Flood of Dec~nber 2A~25, +,1888. This ,flood follows closely 

on the December 11-17 one. The ~records show A24 i hours •above ~the 10- 
q. 

foot stage at Gamboa for the month , ..more :.'than double :any ~in the first 

20 years of reco,-ds. (The pes~ks on the graph ~indicat~lOS;000(seC.ift. + + ++. 

discharge). : ......... • " ~..:,:~ 

Flood of .; Dec ember 1-2, +18~0.~ :The !flood~iibegan ,' to ~irise i~ On ~ ....... 

December i, :oeaked. on. December 1,2 ~ ~ . . ~ a n d  f e A l  ~ r a p i d l ~ r  ' ! t h e  ~ n e x t  ~ d a y . : :  ~ G e n .  

Abbot gives a peak discharge of(6.5,,,371,sec '+~+ ..... " + . - ~ f t .  ~ ~ . ( :The  ~ g r a p h  ~ s h o w s  . . . .  . . .+ 

O ' ~ ~ + ' ' ! " - - 

1 2 3 , 0 0 0  ) .  + "~ ,:-' °+ 

Flood of~December:lg-22, 1893. !his ~flood was.in d he":lower + 

river. It consisted:of three waves. .Oen.. Abbot : esbimated ;the, dls- 

charge as ~3,086sec.-ft. ~(Thegraph, gi~e80;000). 

•/I 
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D i , " 

:Flood of Dece~.~er 3-A~ ]306. "~ho rxse at.AlhaJuela be_ ~: 

gan 2 P.M., December.2i :reachi'ng a~pea.k ;in ~20 ~'hours ~of : :26  J89 :Teet. 

T h e  d i s c h a r g e  f r c m : ~ G e n .  Abbo~,s:raging:tab2e~.iwaS~:92,100:~ec._ft. 

( T h e  graphs use I~0£000)i . . . .  

Flood. of:Novambe,- :. -" " "" ' ~ /" :~:'::i %: : .'~ ',: • ::, '. ::. . io-20. -lgO~.:~Tn,,_s ~W~ :a:~small 2.1!10od ,with" i,i',":" ~' ~ ::. 

peak ~ ~ - ~--,~sc~ap&~e:o~, ~ . .... . . . . . .  , • 

Flood of D~cember i0~!3. 1909,~ i.~ot~ier ~ ' 
, smal!:Jflood. : peak 

discharge 73,000 sec.~ft ..... .~:: ~,:::~.._ . '~- 

Flood of • Dec. ~nber 26-31, ~190~. ' ",This ,!is: the gr~a. ost:4fiO~d 

V 

the ISS8 flood. .No gaglngs i~wer,~m~e but ,:~he ~ischarge ~was e~- ~ ~'<:~ : .... 

timated at 170,000, but, this w~s :qu~st;ioned and :qalue.of i:lSA,O00 ~' 

(a .mean of the results of_ight flow formulas)is now used. ,Gen¢ • 

Abbot's formula gives lll,200/sec.4f~. 

Flood of October 22-25, I~2~. ~iiZ flood ~was~,greai~er in 

the lower path' of the vaile3<. !lit :reached a~stage of2AJA feetion 

October 22. There was a secondsmaller riee:.on thei~th. ;A,:cur~rem~ : ,~b 

meter gaging of 'this :~f!ood "..taken under difficult ties-indicated ~a" '~" 

crest discharge of 108,3OO~:.-ec.-ft., which is believ@dito ~be ~too ~ : 

low (but is used:on the hydrographs). :" " ~ 

b 



Sourc~ an.d~ Disposal ~of~iWater ::Supplied : , to i-Gatun 

• Lake ~for Fiscal ~.Year,1929. 

yield of ~ the.:,. Gatun :Lake,: :,wat ei shed.i..:.for 'the :fiscal 
The total. ' ' , ' : . .  : .... ~,~sl.,:.~ :~ f o : d  as: 

year 1929- amounted to'209.'39 ::billion .:cubic ~:feet, \:iccounte : r -- 

f o l l o w s :  

.Billion ~ : . 
. : Cubic ~Feet 

Runoff above AlhaJuela .~B;3% 80.28 

Yield frc~land area below~'AlhaJuela 

Direct rainfall o n  lake surface 

Al ;6% - 87,,o5 

T o t a l  - lOOAO% 2 0 9 . 3 9  " 

Evaporation from lake;surface 

Gatun Lake lockages 

Hyd ro-elect tic power 

Spillwaywaste 

Imaka~e, ,municipal and :other.minor-.uses 

~i0.'3% 

!20,2% 

~21,0% ~3;87. 

1:5o,6% ~io6; o4 

.8% . . . .  t . 7 3  

. : :Z l ,60 

.Decrease in storage • - 2 . 9% -6.11 ~ " 
m 

Total 100.0% :209.39 



. ~ne volume .,. of ~Tlood :~ flows~.were~, given !~f rom i1906 !,to~dat •, 

those~ prior to ,1906 being ~too ~a~proximate r, ~iThe volumes ~given ~are 

for flows of over 30,000 sec.-ft., ~the~ floods ~beingr~assumed ~toi~be- 

gin when the river discharge rose,to 3,000sec.-ft, and to end 

when they dropped to that~amount. ~The~volumes ~ranged ifrc~256~mil- 

lion cu. ft. to 9,365million cu.~ft.~ (Dec. 26-27, 1909). In~sev -~' 

oral cases, however, the floodsrwe~e~so closetogether~that for 

some purposes two ormore~floodsmight!haveto be considered~as 

one f l o o d .  

r 



=Denver, Colorado, ~February ~i~, ~1930 - ' 

!Memor~ndu~toCCh~f~Dee~in~i:EnRineer 
(D.C.~CC@naushy) 

:.Subject: Hydrographlc:.S~udiee. 

a-  f l o o d ,  ~ i t  i s .  n e c e s s a r y ~ t o i k n o w 0  ~ o r~ . to .~ .assume,  ' . a l l  •details ~:concerning ~ithe ~ • ; 

given :flood. ~Thei peak~:discharge~:~as ~assumed ~ by~ the ~ engineers ioT !.the "Cana l  ~ 

Zone,':280,OOO~second~:feet,Jhas~:been accepted. i~This is~ccmputed?byithem~to 

be the~rate of discharge .. reached :once i~in ~a lthousand ~years. !In~'order~to 

arrive at an estimate of the volume:of this flood, it has~been:assumed~that 

the voltnae will be, also, ~ that: which ~ occurs once ~ina ~thousand.~years, 

There..are available~ eleveni~ hydrographs (drawings 15058-20~to " 

5058-29 and !~.5058"22A) ~. showing the ~ largest ~flo0ds ; : two. of ~ these, November 

20, 1877 and~December~lg_22, ~1893,~show:onlythe peak and~a few~notes of 

other stages. 

The~e.ie a l so  a l i s t  o f ' f l oods ! fo r ,wh ich  t h e  r a t e , o f  discharge 

exceeded 30,000 eec. ft. with peakdischarge, and duration, ~:contained in " . . . .  

a memorandum of George.E. Matthew, ~ Principal ! Hydrographer, :: to ~the, Chief 

of Surveys, ~ dated~ October 22,• 1929, ~with a ~supplemental llst ~:giving 

volume ~ cf discharge, ~ contained i in ~ radiogram ~of ~February 6, 1930. i:In ~ the 

present study, some of the floods~ shown'separately on the above mentioned 

lists have been ~ combined; ~ notably ~in :~ the ~icase .:of~the flood of i Decmaber 

10-12, 1909 and October 22_25, 1923. !'Frcm~the appearance~0f~thelhydro- 

graphs it seems probable that the •floods as assumed herein'were produced 

by a single storm. 
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The suppemental., li st . of • flood ~ discharges, !i, previously:men- 

tioned, gives dlscharges ~for : 56 ~ "floods" :'over ~. the.~peried J1906 ito ~i1927; " 

it is stated that "data ,prior: to ~1906 iis ,. approximate ;;a~d".:therefore ~; not 

furnished". With~ the :exception ::0flthe years Til909 ::~and )1923, ~::~there);.were .... : ~ ' 

.o rloods.o   o   aeraUle vol s  durin  i pe iod: 

r a i ned :  f r o m  the peak  discharge:. :and d d u r a t i o n :  o f  : d i scha rge  s ,,:of,'~30 ;000 ;,sec. , 
Q 

ft •, contained in M~.; Matthewt s: memorandum, ::by'assuming ::the i • hydrographs i 

o f  these f l o o d s  t o  be r e p r e s e n t e d  b y , a ! t r i a r ~ l e  s u p e r ~ p o s e d ) : o n ; a . r e c .  

tangle; the larger floods, .as :,arrived at :by .this ~ rough~:meth~, .'<are~as ,~ 

f o l l o w s :  : . . 

Table I.--Estimated Ma~tude of Large !.Floods ~of: Unknqwn ~Vol,,-e :1882 'toj~lgO~,. 

Max ! • :Q. ~ : !. Duration : : !.:Volume 
. Date : Sec. ~ft.: (hours) ::"((m~!llon, cu;ft.~) 

_ • : .,:,| 

1882, Nov. 4-7 
1885, Dec. 3-5 
1887, June IA-I 5 

" Sep. !6-7 
" Nov. 1-3 

1888, Dec. 7-8 
1889, N o v .  22"23 
1891, Nov. 19-20 
1892, Nov. 12-13 
189~, Dec. 21>-27 
1897, May 16-19 
1902, Jan. 1-3 

: 45,AOO:, ~16.33 . : ..... 
: 75;2OO~: ::39.16 ~: ~7~OO 
: 75,2OO ~: ~16.16 ~: • ~:i3OO0 

• : 70,2OO~: .16.67 ~,.: .~3000 
: ~6,800 ~. z :21.50 : : "~3OOO 
: ~5~,5OO:: 21.00 : i 3 2 0 0  .~ 

These are additlonal to the 12 largest floods-zhown:b~r the/:hydrographs; "~ 

so that Lh the ~9-year period from 1879 :to 1927 .it is probable ~ that there 

occurred at least 2~ floods with a run-off exceeding two billion cu.ft. 

: 55,&OO : ~19.83 : :.'..3000 
: .51,6OO :: :26.00 ~: 3800 
: 66,300 : :17.50 : :13000 
: ~7~9OO : | 1z)3OeOO -: " ~ 0 0  • 

, 6 8 , 9 0 0  ~ : ~ i 9 , 5 0  ~ z ; 3 g O 0  ~ :~" 
: ~:52;2oo~, ~:5o : ~6600 

=================================== . . . . . . . .  _"__ 



In the 22-year iperiod : from 1906 :to :/~1927 :~there i~were • only :6 ;91sods With 

a run-off, exceeding ~two billion cu. ~:ft., and ..,only 1.13 exceeding one 

billion cu. ft. Of ;.the twelve largest ;floods :of !known volume, ~only;6 • 

occurred in the period ,1906 to.1927., ;anti,four.for these were am0ng;the "i 

five smallest floods 'of the'twelve. It;is i thereTore concluded'that, 
. . ' 

even'though the record prior t ° ,1906 mayibe ~'open !to some :quest£on, ;it 

is not desirable to confinethe present ~study ~t0 the years~'1906 it0 1927,. 

This study !has :ZhereFore ~been based ~:on <,the twelve floodsi:shown 

by the availa'vle hydrographs. ~The ihydrograph/for the flood ~of;rNovamber ~ !~ 

2 0 - 2 5 ,  1679 ,  .shows .. o n l y : . t h e  p e a k .  discharge : o f  ~ ! 7 6 / 6 ~  o c c U r r i n g  ~.at ~noon 

November 2/~, with a notation !that "-"the ~big :rise ....... ::: ~probably.!began ~during . - . . . . .  

early morning of November. 23":and '"evsning ,.of ~Novemberi:25 p2~bably ......... - 

~,000 sec. ft. discharge',. It is :assumed that 'the ~ri~ing ~'tage ~reached 

30;000 sec. ft. ~at 3 ~A.M., ~November 23, :and :that the discharge !had 

fallen to~30,O00 sec. ft. :at ;8 !:P.M., November ;25. From :these:assump- 

tions the run-off is ~estimated at ~22.2 :billion cu. !ft. .The ;hydrograph 
,A 

for the flood of December 18-22, ~I893, :shows ~ _ a crest oF ~',probably about 
b 

~0,000 sec • rft~l| at 1 ~P.M., i'December 19; a ssc0nd :crest ~of ~80,<500 at 

& A.M., December/21, ~and ~a ~note ~'!proba~ly discharging about 30;000 ~sec. 

ft." at 1 R,M., December~22. ;Fromthese~notes the run-off is ~estimated 

at 11.5 billion cu. :ft., ~of which 8 ibillion~was produced'~bya •discharge 

of 30,000 sec. ft. Other volumes have been taken frmm the curves of 

cumulative run-off shown on the hyd~graphs. .The duration of the "flood" 
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has not been:determined ~ by, a ~flxe~ :rdle;:,except ~that iit ibegins ~and ends 

w i t h  d i s c l ~ r g e ~  .:of i!30; 000 ..sec , . : f t .  ; ; i n  '..the: e a s e  .df~. the / f l o ~ l  ~:01' .~October 

22-25, 1923, the,:discharge :after : the ~first :weak, dropped ~,to ;174000 ,SeCe 

ft. and was'below 30~O00~sec. ~ft. ~for 17:hours, :so that :there may':be ........ 

some q~estion;as ':to @lether this : shotild !be considered one flo~ :or ~two. 

!It has~been classed as a slngle flood. This :ds;~the <ol~ly caseiwhi,:h Seems 

doubtful. The following:table shows ~the "floods ;used ,aa :a , : ,baszs.~ for ,~he~ ' ° 

p r o b a b i l i t y  s t u d y .  := 

"Table !II .--CalculAtions :for 'Probability ~ Piot~in~ 

iDate 
: : ~: i Runioff.: !: ~ : ~ /  
::: Duration ~ :. (million ~,: No. Ltimes ~,: :~ Per, cent~: Time 
?: (houra) ~ : ~cu~ ft. ).~x eq-.l Ied x 1882~1929:1879~1929:1850~1929 

Dec. 30, 1909 : 
Dec. 3, 1906 : 
Dec. i'2,1890 : 
Dec. 26"27,1909~: 
Dec. IO-12,1909 : 
Nov. 25"27,1885 : 
Nov. 17-20,1909:: 
Dec. 19-22,1893 : 
Oct. 22"25,1923 : 
Dec. 22"2A;1888 : 
Nov. 23-25,1879: 
Dec. ~a16,1888 : 

t 2  ~:  2 , , 7 0 0  ;: * 2 5  .: 
'22 : 6;800 : ll :: 
2 4  ;: _6,900 -: !0 ~: 
121 ox 8 ,AO0 ~ :  9 ~x 
~!58 ~: 9;600 : ~8 : 

21.9 :: 20.-6 .: 13.1 
19.8 .: )18.6 :: ii.8 
17,,7 : 1i6.6 ~: ~i0~6 
:15 ,:6 ,: i.'lA ;'7 •: " 9 ;35  

.~AO • ~i0,600 : , :: . i~13~6 : '~12.7 ": :8,'L2 
' ' 62  ~: ~ '  5 0 0  ~ " ~" 6 ~r : ~11:2 : 1 0 : 5  ' . . . .  ' 6 ' ' 6 8  
76 ~: 1 1 , 6 0 0  : 15 :: 9 . 3 7  : 8 . 8 2 ~ :  ! 5 , 6 2  
63 ~: :12,100 : ~ : 7.30 : :6-87 ~: iA.38 
'68 " iA,lO0 :: ~" : :  • ,w  5,21 : .&~89  ~: 3.12 
65 :~22 . ;200  ~: 1:2 : 3.12 : 2 . ;95  ~: 1.88 
97 : :29,000 : I : 1.03:: 0,98:: 0,62 

*Estimated 

10o 
The last three columns :are :computed fr~m~the formula ~P - ;Y • 

~lere P is percent- of years. • 

N is number of times the floodwas ~equalled or exceeded 
in the time period. 

Y is number of years in itime period. 

Probability has been computed on ~the bases of three time periods 

as  f o l l o w s : ,  
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First, Tot'S%he oeriod ~,1882"1929,~ 'rl ~8~--years, .since th,; floods 
actually ~occurred ~during ~that ~period L~with L the~excep-- : 
tion of .that ~of 'rI~79. " ~ . '  . 

r I ~  r 

the flo~s :actually ;occurred. ~, .~ 
i 

Third, for the ~perlod':1850-1929'; .r~80 . . . . .  ~ r • ~iyears, on :the 'assumption 
made in Mr. ~'~i%tthew t s ~m~nor~a':d~m .of OCL 0b~r 2P, ~I729,, 
that ~there were ~no i!:large/floods ~frcm ~1850 :to,i.1879. 

The resulting curves :are ..shown i:on "drawing I:213-D-2 'from 'wHich .it 'is .~,.. 

seen that the volume ~occurring .once ':in ,one thousand ;years• is ~about ~56 

billion cu. ft. 

Three different hydrographs have been ,assumed for the/flood, 

all based on the assumption tha b the ~peak discharge !is 280,000 ~sec. lit., 

the total volume 56 b.~llion cu. It. and ~the pear ~tlme~i3 .hours. These ~ 

hydrographs with the resulting ~reservoir ~action late shown ~on drawing 

213-D,I, which is believed "self-explanatory. ~The •rate of rise/for 

floods I and 2 on thedrawing is lO,O00~sec, ft. per hour,-assumed frmm 

a study of the hydrographs of known floods ;~ -this rate has varied ~frcm 

20 minutes to 3½ hours. In computing the action ~iof the reservoir, it 

has been assumed that the app:'oach ~.of :a :flood ~of:this magnitude ~wilLl be ~. 

known in advanc~ and that the drum gates ~wil/be comDietely 1owered~and ~. 

the gates and valves opened when the discharge ~reaches 30,000 sec. Tt," r ~ 

The volume corresponds ~to a ~run-off •about 56 inches ~over 

the watershed. The average annual run-off ;for ~the years 1908-1928, as 

shown by tabulation in memorandum ,of ~Oeorge I~E. Matthew, !Principal ~Hydro- 

grapher, to Chief of 'Surveys, dated September 7, 1929, iis 8& ~inches, or 



:!. , t .• • 

68 ;&%' Of hh.~ ~ averago samual, raiffrall ~]i22 :'88: ~in=he-s ~) ~:ifor ~::the same " 

ooriod. If, for such ai:largefflood, a~cun_off oT~80:nercent:be 

assumed, the rainf~2ul wottld, be':70 :ij.nch,~s :,in f~ve r, n d. one-hail. "da~. : 

Considering..that t * " .. ':.. i. ~ . . - . . ' : .... .... .: his s~ozm~ ~s supposed "to 'occur~only. oni.:e iin'~l,G00. ~./. 

years, ' thi~ rate is ~ believed ngb .: at i.~ a.ll .unreason~blo ~:for: t!m trop.[us. 

For 'deten~irulng. ~he depth ~:of :water: below~th= ~ . a . ' ~ ,  "thore ~,are .... 

George "E.J-Matthew," ..... i. ' - • 

Princ ipal!Hydrograoher, to'Ohief:cf iSurve3: s .... " " " " ' " • - dated :oepte~r, ber'.~, IQ~9, 

.and October:22, 1929, and ~ ~.he following ~rawJa~gs, 

S'5058-1R Chagro.~ ~River ~D'.sc.hargn ._ ~'Madden~ D&~.oite #1. 

8"5058"19 Chagres Pdver:A~ea~ Curve  (Ca!le,L~rga~,Valueg) 

.-Madden' Damsite: #I. " : . 

:U 

5i32- 1 High ~ Water [ Marks and i F!ood : Profiles :ofthe 

Chagres .i-.Rive r ::and ~,Tributaries. 

From t he memorandum -o f .: 5e~t ember ~ 7 ~ i t :-appeazs :!t-hat - previcus 

to !908, gagfn..gs were:made., at :AlhaJuela ,  which ;is ~.shown iby.dra~ing ~5132~I 

a~ on~-ha!f m~le"belo~ the dam.,ite and .subsequent to..tha~.date~at~C~e ::~: 

Larg=%. shown by~the.same-.drawing as one~ mile :abov~ the :damsite. ,These " " ~ . 

two stations, in, the memorandum -of.:September ~7., are both ~ referred ..%o 

as "AlhaJuela,. The me~zorandum:.of October:22 ~g~v~.s crest;:elevatiOns.:and 

maxlm1~ rates at :"AlhaJuela"; :if'the dischrages andlel~va~ion s .:are " 

plotted the~points prior.and subsequent to 1908 ~lie on : , t h e ; s a m e  curve, " 

from which it may besupposed that ifthe original data ~we~e .taken at 

different points a correction has been applied ~to reduce .:them :to :a 

Calmton, basis. 



This curve lies four to-five~feet:be10w'<that~shown~'on:drawing:}S~5058-i8; "" 
• '', , .. " : . .  - 

which corresponds ~ to the. difference.!in elevation ~:between..-~AlhaJuela~-iand: t - .  

the dam~ite as shown by :the, flood ..profiles- of ":'d rawing ~:5132-i :.so ~that ~i~ 

maybe concluded that ~the,data~ ~ " ' ~ " " " " ~  :~ " : "  ~ inmemorAndum<of October.~22 ~are.:for ~ 

Alh&Juel& px'oper (one-hA~f"mi~,e"below ~;.the ;dam)•ia~.-.tth&t~.the.:CdischaPge ~... 

curve, of drawing. S-5058-1B : is ;ToP ,the./damsite, :~although tthe i note~the~e- 

on "See drawing S-5058"19 for area,,curve"~.which~:area.°curve :~is~istated 

in the title to be for iCaile:Larga,.~might.~iindicate !~that the~i'curveiis 

for Calle Larga. - . . . ,, 

"The ::discharge. curve :'ends ~ at :aJdischarge ~.of i!150,000 !~sec, .~.ft. '~ 

so that it has been necessary .to .~extend :'it; ~.:this ,curve ~..with ~.the~:exten-,:i-! 
• j " , . ". , . . . 

sion, is shown~on drawing 2Z3LD~I8, :-:Areas!fori:i.theiarea-velocity~method r 

of extension were : obtained fr~n~ a cross'section ~plotted :~rfr~n:~..:the~%opogL 

dividing the discharge as obtained :iron ~ithe ..cur~e-~ by !:the :: corresponding i - 

area from the cross-section. The~areas :laS,'obtainedifrom:the~:~iotted 
section are about 20%-less ' than~ those shown ~:on~:the •:'area' curve~drawing 

S-5058-19. While~'this method ~is ~ generally~:considered as':the most • ' 

satlsfactOryr<One fo1~.:e~.-~e~din~ dlscharge:curve~:. i!itiisii~in :.this~ca" " 

at tended by some ~. =certainty :.and •-the "results ..:: Of ,its :! application "pro~ ' 

ably-should "be .~-regarded ~..as : no ~..more ~:than .= a ~satisfac£0ry-~:checki~on :.the ~:' " ..... " /  .... 

other methods. ~The .highest:.curve ~is.recommended ~for use. ~ : .... . :~ 

There is an unaccountable discrepancy:between:the elevations ~!~!~ 

of the 1000-yearflood.-.as~...shown by drawing 5132,1 and:as:obtalned from 

the extension.of the rating, curve. "Comparative elevations as'taken 
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from different "sources:~are given !in :the ;,following .table : . - . ' " : : ,  
. . . .  . - .  . , - • , "  . . : % . .  : ' .  . . . 

::FloodJ:Eleyatlons -.at ,Various Points 

"?] . _ . , " , . 

: ~':Discharge : :  .~AlhaJuela - : :  - - i Dam ~Site . . . .  

Date ~ :from'memo ~: ,IMemo :: ~:Drawing '.: ~Discharge ' ,:'~!Drawing 
. o f  : . ' O c t  . !' 2 2  ' ~: 0 c t ' . : , . . 2 2 " :  :: ..i:i~132~I . . .  : : i ,  ' : C u r v e  . . : . :  : :  ~ ' 1 5 1 - 3 2 ~ i - . .  

1879 :: 176,000 : .:123.6& :" 
1909" ~lS&.O00 ;: 
1889 :: :1~9,300 :: 
1923 : ~108,300 : 
1903 "- 62,:300 : 
I000 • 

yr. : 280,000 

" : r123 " : .  

:121.O0 :: . 1 2 1 . : 5  ~: 
~ 1 2 0 . ~ I  : . 1 2 0  ~: 
i17.&2 : ,ii6 ~"5 : : 

108,73 , : 109 :. : 
el ..e ,e 

. e  • . . e  

• ' - -  - :  ~ i 2 5  . " '  

!'129 ~: ~127 .':5: 
127 • : ~125.5 

126 .:. :I~' ~ 
: 1 2 . 0  " :' " : "  • 5 ~. ' . : 121  

.~113 ~: : ~Ii'3 
, e  , 

"139 .... .,129.5 

*As extended ~by~area-velocity,:curves .. .ii i :..: 

It is :seen:that',whiletthe eievations.:at AlhaJuela, ..'-_as ~shown, : 

by drawing ~5132"1 ag ree  -very w~ill ~-with t h o s e  •.:given ':in ' t he ,  m~o~ of  

October 22, the.~ agreement, between :.the ::elevations ,at ,!the Dare, Site :~.is . i" . 
. . . .  . . . . .... . .. 

not  so good, t h e  d i f f e r e n c e  i n  : the0"case :of  ~ t he  ~1000 y e a r : f l o o d  . r~oun t -  • i  

ing to 9.5 feet : even ': though :, the ,.ext ension,:!of ::the rating ~_curve i ii-glving 

the lowest elevations is,used. : ':Discharges,arernot~given,.~on::drawing 

5132-1; but  i n  theletterof.tranamlttal~:,~he~.discharge f o r , t h e ] l O 0 0  ~;. . 

year flood is said .to~be::280,O00 sec. ft. :Itseems:~improbable~that : 

the increase of ~? i00,000, sec. ~ ft. -;from ::.the 1879 ::flood ito ~.the 2~lOO0~year 

flood would result in. a rise., of :only~.two ;feet; possibly the :rate,of ,. 

discharge has -been reduced~ by., taking ,.account : of :. temporary :: flood 

storage. 

NOTE: Revised drawing 5132"i showing elevation 139 for.the i000 
year flood received March :i, too late~for inclusion. 
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While ~it ~ds" thought ~!ultra-conservative i, to ~'ias ~ume :no,~benefit. 

from~the :~large expendl.ture contemplated ;~or i;vi~ves, ,:.the:.{~,r~se~ir :::action 

for. the .'flood g iv ing  " " " • < ~ • • .the~most :.severe ;conditfons has ~ beeni: studi6d ::assuming 

discharge/from.:the .:reservoir ~i through ~:~.the:: soliiway~ofily': . :,The.~ results ~'are 

.shown on Jdrawlng..i213~D~19. . . . . .  

: I n , c O n d  lus ion,  ~att ention iisho~d ~ bei::!dr,a~:i.totthei:fact-ithAfi?~he ' 

peak. •discharge .i/was './det srmlned ::~f 

the~..errect •or:the~ natural :rlood..:cha~el~isto~age~in:;the~:r,se~oir,:Sasin. ~ : i  , 

Data: for :det ermining-~the n ~ t u d e - : o f  ~, the- correction :'•iare inot"•~ a V ~ A b l e ;  

'it probably:is .:'of ~ no ,.great ;importance, -but ~.the ~ subject ..;shoui~d •!..be i~:given - " 

~'S ' '~ :' ' " " ' " " ~ " ~ " • at • least ~ ufficient •~ study~ to determine~,.whether.~this is ~ the :,fact, ~ . 

" " • " ~ -  • -i.- 

• ~ ~ ~, ~ ' ~.~ - ~ i ~ 

'i • ~ : .i 
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