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Subject: DIGEST OF HYDHAULIC DATA COLLECTED FOR DESIGN OF MADDEN DAH. S 5

Abstract of - Tabulation of Flooda in the Ghagroa R1Ver 1n Exceaa
£5, ooo Sec.-rt " '

‘The flood- recorda ‘at ! Panama cover tuo permods, tha French‘f.;'

Period, 1382-1904, in which the reuorda or Chagres River flow waa EARCIN

taken at Gamboa, and the. American Period 1899—1929, uith recordg  ;-: ,1

taken at Alha juela. The racorda at Gamboa ‘are: given in feet cf

stage, the number of floods abOVe lO-foot stage in each month boing

racorded, and the- maximum stage for tha month A lO—foot stage at

Gamboa corraspends to 4 13—20 OOO sec.

The peak and Zh-hour discharges of all the floods in excess of 5 000; 

sec.~ft. at Alhajuela are: zauordea. The follou‘ng table givas a.

condensed summary of- the data.

-rt discharge at Alhajuala._? _;f_Q¢g
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Data from Alhajuela Records, 1899-1929
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No. of Stares-




, Abatract of Raport on f_ L R
Flood Fra ng of Cha rea River at Alha “Bla Gﬂfi'“fk”iw

The best msthod of detenmining the size of flo

sider in- aelecting the apillwny capacity or the Maddqp dam ia'by

~means of . frequency curvae of fluoda baued on the available discharge

reconds. .The racarda at Alhajuola fram 1879 to 1899 are appraxﬁnate, ;:4» |

being largely aatimates basad on records of diacharge observed at :
other points, but good raccnds are: availnble at Alhajuela uince 1899
Frequency curves have been plotted for the entire perlod (51 yeara)
and for the period ‘of - gcod records (31 yaara) The period of good
records indicates highar discharges.. For the 1 000~yuar flnod\it ; |
indicates a peak of 280, OOO sec.-ft..(éss sec.*ft. per sq, in.) uhile

" “the longar period givea 2&0 OOO soc.-ft (563 sac.—ft. par sq. in.).: k'
Since the:former is the more . conaervativo value, and is based ‘on: the
most reliable raconds, it should be uaod. Bince camparatively little

increase in discharge resulta rram conaidaring flooda or much groatsr

'perioda, it is: believed that thu 1 OOO-yBar Ilood should be uaed aa g ffl'

the basis. of deaign. Since the conatruction and storage of uatar in,lzf"

the reservoir -eliminates atoraga capacity which the fluod in tha un- Fjl“', 5

reservoired condition would ‘actually- occupy, and since tha 280 OOO
sec.~ft, flood :is derived Trom: data with unresorvoired conditions,- e
it is recommended that the- atorage capncity in the ruuervoir abovo

elevation 2,0 be considered as- offsetting the storage available in




ithe-unreséerirédrcoﬁdiﬁidﬁkgnqithgﬁ}gﬁﬁhéitj{;;ﬁihéﬁﬁjﬁ?ﬁé}ﬁféﬁi@é@'"
o paas‘EBQ;OOOZSQcﬁfft;j?}if;?gfﬁ; L ' '
ABSTRACT OF DATA DN CHAGRES RIVER: UN-OFF
Sourcea of Chagges River Reccnd

The records. °f th° Ch‘5r°5 Hivef disch&rse of the‘Franch jf%ﬁx};=z*7-:

period cover the yenra 1879~1904. and the American period covgrﬂ e

from the latter date to'the; present time._ The racords of the French  i
period are summarized An. Gen. Abbot‘s*"Problems of the Panama Canal"i
ThalAlhajuela station was ‘established ‘April 15, 1899, o
Since January, 1908 the diacharge measurumentswwnr'“made‘itécalia.
Larga, 13 miles abovevﬂlhﬂjuela._ Float and curfentwmetor gaginga
were made in 1899 and 1900., Previoua to 1907, dischargasf""“”““"‘

sured by the floit method. In 1907 bnth floats and. current matara;i’ |

i

wers used, and since then currunt metera Were used unless ccndi—fi,.;h;yji¥f~*

tions rendered it impossible. Automatic gaheSzwure used at both
Alhajuela and Vigia, and: autamatic gsges wnre recently installed

at Salamlnca and ‘Indio.

“The period covered" by the reconds at the various atations

is as. folloua:




Station
Alhajuela

‘Boqueron (helduaters)

'Boqueran (mouth)

—Cnmsandi (San. Blaa) ‘
| ‘[%1912 to date;f'V

h'11875, 76 77,- Y

‘Chilibrille

Colon

Culebrafffeguuni)

Gamboa

Juan Mina

Las ﬁ;naa’(PequEni)l

Nombre de Dios

‘Porto:Bglld

Rio Fea (Chagres)

Rio‘Indio,(ChAQEQS)

Rio Puente

Salamanca (Pequeni)
_Santa Barbara . ...

(Chagres)
Vigia

'V{fPariod |
=71899 to. date-f"

l921-192h

" ’ : K B -
: ”Ail" TR
- J
v " LSRN

“'?1919 to datef?ﬁ?'”“

11920 to. date:T"f“

-1862 to. datejf

'1‘183i;£oga§£e : 

e 1910 to date“L

l?OO
1905—1911

1905 to. date ,

ileééflqoo;‘

,1912ato,date ;3c
lags-1900°
1899-1900
. 1899-1900-- -

/1908 ‘to date

;None e

Mone -

‘ﬂNone

& 89

Nonajjff1;-=‘

;1Ncné’-ff,}j?{,j
1906, 07 & OF
1907, 15;‘16 |

17, 18

‘ None ‘

J,-

Néne:

“NQne[_‘
ENOne.ffﬂ

"'uone"""" IR

- ‘None

1908

Noue

5, 1920 23 & zs

 } f?1912 i
' '*fg]flsel, 22, ees & 95'3
9

3'151910 f-:”j?'H
fNone : S
’1905, 20 &1
"l~l9Q5v‘06.:08'&141'

- '-1912"4:,3 j'“ o
“‘Frf1899 %1500 ”_gaf‘;"“
, T-;1899 o '
'w‘““139971906ff“f7*f"“

..4.#
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tine work the pariod of 1904 to dato

‘& ratio of ‘runof f to: rainfall of 68 L%
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The actual records extend fram ¢900 to,date, but in rou-z f 1

isfa;ea;~ By 1nturpolation frnm 1

Gamboa, Gen.. Abbotb furnished recordafbaglnning 1n lByO._ A table
,f i

‘of ' annual “unoffs is given showingftho following principal

lb[dat.a for |

annual runoff.

Mil“ion ‘Seg.. Bac.tPt.‘_yr
1Cu. Ft. Ft., ger Sg. Hi'”‘”

¥inimm year 1;75'85'5 : ,318 3 56 *f R

.;5.911‘ -

. i
Av. 1890-1928 , 79 585;;;)*
600

M. 12 months Lok 177'797

Min. 12 months 7”‘A5;10iﬁ '1;héQ. 5

The average rainfnll above Alhajuela, 1908—1928,,was 122 88;]4  
; i

inches, and:the. average runoff for the same: poriod waafah inches,*or T

~{D:y~$a-351 Flcw**“'

.‘Atable .is. givan shouing the data on dry season flow, oi

which the following is a. summary-' B _'_f -‘*j“_' f,‘ e “V;i "-qy:f




b i : LYe Average l@h_
?j(Jan. 2 to Hay“5)

Dry season runoff voluge,amaximum l7 621 million ‘cuL | ft..

Dry season runoff: rate, maximum i 652_sac._rt.:s»;”‘k',l*ifa Bl T
: ‘minimum . _lﬂéuz R L PRI T
seraga 987 1 m

The. duration oﬁﬂtha drv aeason, however, 13 the mcst im—;f Hﬁf-f'xf

por*ant factor: in the water supply of the canal The runoff ratez'_-'v
for the (1906) dry season, which had the graatesb length=(212 dav=)‘--

‘averaged 883 sec. ft., as ccmpareu uith 6&2 sec. ft for the season.“

(1912) having the ‘Llowsst- rate of runoff._ The avarage‘

runcff or 212
days .in 1912 howaver, Mas 994;sec.'ft., or lll sac.

in 1906, and tha year: 1906 ia tharafore the critical year.‘ffﬁl."w

4 Het :%s;eaaoﬁia&un‘dffﬂ e

The. following ia a summary of tha data on wet seaaon runoff
© Wet season.iength (days) maximum 292 mlnimum lshfﬂiﬁean 2&1

ny season- runoff volume maximum 152 OSL milliOn cu. ft.,‘f-:f; '_“~§'f:j‘ EREEY

mlnimum 36”099

Dry season runoff rate maximum 6 027 aec.‘gt
: minlmum o952 o
average 3oL M W

o T AP E B RO 15, ot b ke il < e
. RS - T e e T

S g R A
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¥ / Theﬁfollowing’i a- smmnary of the monthly runoff. Gen.‘fﬁﬂf?‘ﬁm

’f

Abbot' /values for tne early period#

POPLOd 1902-1929

YR Jan..?ab..uar.zapr.:uayQ-June July.lug;’Sept“'bct‘:NOV{H:D?c.' 
Hhx;%um ['50501331511025 Blao s°zu;aezo=6f§7 A?za £5022 ; ;élzéiliﬁéozlgaoo
M{?ﬁmum _f, 683: 51‘:= 382; 281 49i‘136; 1;&6&15\9:17é2(:2031= 2267: 1265 ; :ff
Average 1970:1237: 7353 937:2033 2540:2301.:3038 3215 ,3579 586: 3792

[ ' - H PR H g : '«-- Looigh

Py RO

The maximum and mlnimum valuea for the period
arﬂ the ‘saps as: for 1902-1929 axcept that in Septamber .hemaximu

:the 1890—1929 period s 5191 sac. ft. j,ﬁ?:J

/.
i
'

FlOOuS of 30 OOO Seﬂ.-Ft.‘and Over.?f

As no: flood damage is reported on the*PanamarRailroad frum
1850 to 1879 it is° probable that no floodhcf over 8& COO sec.~ft. at
Alhajuela ochrrad in that interval Records of approximaxe disch&rga!i
_are available for 1879-1899 and good records%ﬂincif1899. The rucorda:f  *J7fT?J
for the’ A? years: fnam 1882 to /1926 ahow the Eollowing tonal duratiOn ff%fi:f,

“in hours of discharges of" 30 000 aec.vrt. and ovér._ -

Jan.‘Feb..Mar..Apr..Hay :JunetJuly:Aug..Sept :Oct :Nov.gn¢c .Totaln"‘v
3 ‘1 it 1 it ' 3
66 1 17 t 0 35‘ 83 : 76 55 g 56 S5 92 1 336: 52&: 17

:
i3 2 - ! : i1 : ! X .3 -t

<




is Novamber and: Deoembor.:;g"“
o The. floods 0f'1879 -and’ 18: ,
5 80 years. The records for 1879 are “t00 meager;oo permit an stimatoijﬁgis"

L8 hours and" 7 days waq 18 billion and 32 billion sec.~ft..rospect—

‘1vely. In Deoamber, 1888, hhero were abouu»205 houra uhen tho dis—

charge at Alhaiuola oxooodod 30 000+ soc.—ft

_;Data%-woﬁ E.Te_n .‘ Llail‘g’est*t Flb&as "_.{ -

‘The. hydrographs of the te“f”orgest rlnods wore draun up to;

the sams’ soale,‘aa far.as tho data available would pormit f rid

curves of volumo constructod._ The data on tho oarlier flood

rough and estimates - of poak rate and volume mado by various porsona

differ widely. Tha ostimatos of Gon. Abbot aro rocognized as being

very low.

The dats available indioato =

tho- this was' tho largost flood on record. According to: newspaper

* reports it began: onithe- nighr of Novambor 19 and the: rain probably

ceased about 1 P.M. on’ Novcmber 25. The croat roachod Hamoi at B B f;“'i}:[

P.Hf,‘Novembor.zh Goﬁ. /Abbot caloulatod a punk dischargo of 78 000



sas.-fi.
in data, indlcate 176 OOO as accepted discharge _M’ s
Flood of Vovambar 25:23, 1885 This fload;cn Novul er_25,5}::

gives the dlscharga of this flocd na 6& ABB aec.ufu.» (The nlotted

graphs indicate’ uhnt the preaent accepted value lS 12& DQO) s
’\\\\‘_\35 \\

Flood of" December ll-l?L 1888. Th:e flood came fram the

upper . river. The riue at Gamboa Stmftud on Decamber ll it rearhed o
'3 peak . of A2 feat subs*dﬂd slﬂght]v and then roae to 31 h faet at ‘
3, P.M. on the 13th, BUDuidan graduallv. Gen Abbot giv“s thp peak
discharge as 58 132 ‘sec,-ft. (but the graphs use. 1A9 OOO aec.—ft )

Flood of Decamber 2&-25 1888. This flood follows closely

on.the December 11-17 one. The zecorda show A2h hours above the lO_  %,f.H‘v

foot stags at Gamboa. for the morth .more than double any in the flr

20 years of recorqs. (The. peaks on the granh indicat@(lOS OOO sec.-ft.;\f?f;gil

discharge). |
Flood of: December 1—2 1890 The flood began toarise”on

‘December 1, .peaked-on. Decenber 2 and fe;l rapidly the next dqy.-w-,,_.
Abbot gives a peak diecharge of 65 371 Sec.~rt. ;eThe;Ergph:ahq

123,000). _ S ‘ "
‘Flood of December 19-22, 1893. yThiS*ledd'w&éain?fﬁé”ioﬁéiiif;lx

river. It -consisted -of three waves. Gen. Abbot estimated the dis-' ? "

charge as h3,086-soc.-f£. (The ‘graphs give 80 000)




TN .
-Lt: '1\"‘

“lood of December 10-13 l?u?. HAnother smal ﬁflood‘ paak Qf}{
discharge 73, 000 sec, mft._igf”. ',7 i ; ' e - B
Flood of . Dedéahar 26- 1, 1009 Thls ig the'g:

‘/“—«.. it 1‘ R :
at Alhajue,a df wﬁzgﬁbiﬁaru 13 an accur3uu rmroni but i was prab—=”‘
i NA . B

Pl ‘\‘;’

ebly axch*‘ed in ratw and Volume hv uhe 1879 flood and “in voluze by;:

the 18E8 flood, No gagiqgs«wern maae but tbo ;scha"ga aas ea-<j5”.

timated ai 170,000, buL this s auestioned and & value oI 15a ooo‘;fo[fffi

(a mean of the resths of eight rlow fon:u.as) is now used., Gen ;'KHJ
Abbo‘b's fomul& gjv@s lll 200 Sec._rt. 3 : : : -

Flood of Octobe » 2-25, l 23 “L‘_ flood Hascgreayqr 1n ff: 

the lower part of the Va¢1~y It reachea a stage of 2& ' feet on ;h A

Octcber 22. There was a scoond smaller r-i.ma on- the 2hth.r,A curreﬁ;;'h 

meter gaging of- th*a flood taken under dlfflrult ties indicated aﬂﬁf

crest discharge. of 108 BC i8sc, —‘t., whlch is: believed to be too:j

low (but 1s used on: the hydroghaphe)




§2!££2_&£Q_E__29 of il ter "‘: - o Gatur
Lake for Fiucal Y"r‘lSZQ.E \ 75 Sl

The total yield of the Gatun Lake wute shed for the fiacal;; 5{
year 1929 amountod to 209 39 billion cubic feet,;nééounted ror IB .
follown: ' ' ’ % e

w:‘Biiiion‘ -
Cubic Fect

Runof? aﬂoVo'AlhaJueia ' ;lf -i  - 38 3%;’Eff&i ,90723-.

Yield from land area below Alhajuela ;_ _fgla6%15_ ;  vé1;65"'_ iy

Direct rainfall on lake surface -__' _:gg;;§7-)-?,,ggg;gg,* ' 5*7">'\
Total - Sl ©100:0% b

Eviporation_from_lakeﬁgﬁrfgée.‘;_:.;{:_}16;3%

Gatun Lake lockages R -?f“ 'jf’iiéo-éx_f ”

Hydro—electric'ﬁéwef _ :'  |  ? ‘ J.3 21 0% 

Spillwny waste : ‘ﬁ  2 | 50 6%H,151H>?

Leakage, mnnicipal and : other minor uaeva‘ j.8%k

Decrease in. storaga o o .W_* e _-;2;

Total . o 100i0%




The volume ot flood flows wore givan frum 1906 to date

those: prior to: 1906 being too appruximate.a The volumes given arc

for flows of" over 30 000 sec.-ft., the floods being aesumed to b°_1;¢;;;

gin when the river discharge rose to 30 000 séc:”ft. and to end

“when they dropped.to that~amaunt. The volumos ranged fvum 256 mil»ff'
g ;.

lion cu. ft. to. 9,365 million cu. ft.-(Dec. 26—27, 1909) In Bev— e

eral cases, howuver, the floods were 50’ close together that for
same purpoaas two or more. floods might have to be considered aa ;

one flood._
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: D. C. HcConaughy

SShbjeét: Hydrogrlphic Studios-'; i‘f~bt5?1-r~-'~*ﬂ‘¥*‘f'

In ordor to propare grapha or the action of ‘Al roaorvoir during

A flood 1t 1a naccaaary to know, or to asuume, all details concerning the: if

given flood. The peak diucharge aa assumad by the enginoers or the Canal

Zone, 280 000 aacund feot hau baen accoptod.l This is camputed b”ithem to ﬂfu”

be the rate of diucharge reached once in a’ thousand years. In ordergto R

{1. P

arrive at an ustimnte of tho volume of thia flood it has been asaumad thati"

the volume vill be, also, that uhich occurs onco in a thausand years. R

"There-are. available elovan hydrographs (drawings 5058—20 to

5058-29 “and 5058-22A) shouing the 1.rgezt rloods- two of those, Novumber;f;,j
20, 1879 and Docember l9~22 1893, show only the peak and»a fow notas of“ j?i

other: atagas.

‘Theve 'is also a: 1151: of flooda t‘or which the: rat.e or diacharge’.';?l‘:‘_"l‘,;'_’ﬁ

axcaaded 30,000 aec.:tt. with penk discharge, and duration, contained in
a memorandum of George E.: Hathhew, Principal Hydrogrnpher, ‘to the’ Chief
of Surveys, dated: October 22, 1929, .with 4 supplemental st giving B
volume: ¢ f- diacharge, contained 1n radlogram of: February 6, 1930. In the
present study, Bame of - the floods ahown soparately on the- above montionod
lists have been: combined; notably :in- the caae of the: rlcod of Dccumber ?"
10-12, 1909 and: October 22—25, 1923 Frqm the appoar&ncetof the hydro—
grapha it seems probable thnt the floods a8 assumud harein ‘Were: produced

by a single storm.

SRR T SRR R T
W T T b T BT RN R e e B RSN B R T T O :




‘The suppqmantal list of flood diacharges previously men-1~f ‘
tioned, gives ‘discharges: for 56 "floods" over the period_l906 £0 1927}ff
it is stated that’ "dnta prior to 1906 ia approximate and.iherorora notA‘if’? g§
furnished™, With the exception cf ths ye&ra 1909 and l923,’there uaraﬁ
no floods of any conaiderable\volume during that period."An idoa,of the
‘order of magnitude of ‘floods or unknown”ﬁolume prior:to_1906 may behob-
tained fram the- poak discharge And duratién of: discharges of 30 OOQV;ec,‘Q_ .
ft., contained in Mr.: Hatthew's memornndnm, by assuming the hydrographa ;f;rf
of these floods to be representsd by a trianglo superimposed on:a: rec- ’f

tangle, the larger floods, LB arrived at by this rough mothod are aa |

follows: - Lo o , I
Table I.-Estimated ggﬁg;tudo of - Large Floods of Unknown Volumo 1882 to 12 .‘

L P =mma =

JEEES ST m ﬂ:!.ﬂ:ﬂ“ ===r:mun=====a m::-_.x-szmmz
1 Max. Q.1 Duration : “Volume - =
Date - :t Sec. fto: (hourg)

(t (million cu fﬁv
- ;39 16 - :-”1-7jf7'7h00f;f’
.3-116.16_] it 0300000
16467 -y 3000
RLS0 e 30000
i S
§
:
3

1882, Nov. 4-7 8 45,4000
1885, Dec. 3-5 t 75,200+
1887, June 14-15 175,200 ::
" Sep. 6~7 70,2001
" Nov. 1=3 46,800 11
1888, Dec. 7-8 54;500:: 21,00 - 153200" e
: 1"3800
3 S nR30000
: 4200,
!

1889, Nov. 22-23 55,4001 219,83 . oz o
1891, Nov. 19-20 51,6001 12600 .
1892, Nov. 12-13 66,3003 217.50 - -3
1894, Dec. 26<27 '473900:2 30:00 ,
11897, May 16-19 (68,900:1 139.50 . 3200 -
11902, .Jan, 1-3 *52,200:: L4501 . S6600

3‘8.3‘.‘.::3&;';—:——3 =====‘-_=.‘.‘===‘:-4==:==‘:=========:ﬂ===:.'=====4.'l====ﬂ== === ===-==

-cu»o.uuunu-c

Thess are addition;l to- the 12 largeat floods :ghown: by the: hydrographa;
8o that fh the 49-year period from 1879 to 1927 .it is probable thet- therse
occurred at ‘least 24 floods with .a run-off exceeding two billion cu.ft,




In the 22—year perlou from 1906 fc 1927 there unre only 6 flooda uith::ff7¥?"l

a run-off- axceoding two billion cu. ft., and only 13 axceeding ona

billien cu. ft. :0f ‘the twnlve largest floods of knoun voluma, only 6f{l51f:;Cl;

cccurred "in the poriod 1906 to 1927 and four of these wure amang thofﬁﬂ?‘vrg
five smallest rlooda of the twelVe It is therefo"e concludud thau, l;;lf'

even though the record prior to 1906 may be open to some queation, itl:.”

is not deairable to confine the present study to the yaars 1906 to 1?27 i:f i

This atudy haﬂ therefore been basad on the twnlve floods ahown?a._““l

by the available’ hydrographs.' zhezhwdrograph for the flood of NOVember F‘f‘f
20-25, 1679, -shows - only the peak discharge of 176 600 OCﬁurrlng‘at noon |

November 24, -with a: notation that "the big rise probablyabogan'during
parly morning of NOVember 21n ;nd "evenlng of Havember 25 probably 7
20,000 sec. ‘L. diacharge“ It i3 assumsd *hat the riulng utage reached{f;?‘
30,000 sec. ft.: at 3 A My Novembur 23, and that the diacharge had
fallen to 30 000 aec. ft at 8: P H., Novqmber 25 Frum theae assump—‘ E
tions the: run-off is eatimated at 2 bllllon cU. | ft. Ths hydrograph
for the lood of Decamber 18-22 1893, show: a creét of "probably about Qi["
40,000 sec., ft." at 1: P-H December 19, T-5 sacond crest of BO 500 at Hl”*
L AM., Decenbe. 21 :and s a rote" "probably dlachazging about 30 000 aec.‘; L
£tV at 1 P.H., Dacember 22. From thaee notas ths run-off ‘im estimated .
at 11.5 billion cu. ft., ‘of " wh;ch g billion was produced by 8 diacharge
.of 30,000 sac..ft. ‘Othervvolumushavevbgen taken‘framuuhe;curvpezof '

cunulative run-off shown on the hydrographs. The duration of the M"fleod"
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"has not been determined bv a rlxad rula, exzept hat it begins and ends :'-‘
with discharges of 30 OOO sec rt.,,in the caae of the lood or October ;_;l]“ s

22:25, 1923, ‘the: discharge a!tar the first Deak dropped to 17 ooo aec.?,g,[‘;f

ft. and was’ below 30 OOO sec. fL for 17: hours, 80, that there may be
‘some . queauion ‘as’to- whether his should be con"idured cnu flooa or twn.{lV s
?If has ‘been claased as &’ sirgle flaod Thlslis the only Laae Hhiuh eeeum

doubtful. The ' following table shows’the floode usad aﬂ a baals for the ,f

probability study.

"mableélx.-ecalbgggtioﬁs*fp£ﬂPrab;bilitstiottigg!,,” AR

Dec. 22-2,,1888 : 68 ;14,100 -
- Nov. 23-25,1879 65 = ;22,200 320
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S b s Runsoff .y "f‘,,' o
Date :°Durat10n (milllon iNo, times 1 Per cant Tima
' 01 (goura) cu.rt ) :agualled 11882-1929318 R ;
Dec. 30, 1909 ;12"::- 2 700”¢:- *25 ::f‘ﬁ51 Oaf{‘jia850~ﬁ:‘fQ30;6f
Dec. 3, 1906 = 22 : £,800 - 11 crre 210G e RCV6 I3V
Dec. 1<2, 1890 1. 2, {:«.6;900,,; o l0 e 201908 S1BY6 1108
Dac. 26-27,1909:¢" .21 i1 ‘8,500 ::. - ‘9. wr 1707 e 2606 o C1006
Dec., 10-12,1909 58 i1 79,600 8y 1506 L TILLT o i9I35
Nov. 25-27,1885 : 40 .::10,60C : 7 . 3.6 i A2u7 a4 Biam
Nov. 17-20,1909:+ 62 ci11y 5000 s b i NE10R o 10465 it 668
Dec. 19-22,1893 : 76 11,600 : = - 5 9.37 5 B.82:1  15:62
Oct. 22-25,1923 : 3 112,100 2t 4 4 7.30:. 6871 438
3 5e2l it 489
2 2:95
1 0,98 ;

Dec. 12-16,1888 ; 97 . 129,000 g;':l 1.03 ::
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**Eetimated

‘The last three columns are compubed from the formnla P -;‘,:
wiere P 1s ‘percent.of years. . - | " o
N is number of: ‘times the flood was : equalled or axcoeded
in the time perfod.
Y is mmber of years in time psricd.-
Probability has been camputedconfthe baéeazof.threpltimeiperiods

28 follows:




'?rirst Tor: uhB ue iod 1882—1029, 48 yaars,i _nra uhe‘ loodB
‘ actually ‘occurred | during that period with thu"excep-
tion of that of 1879 o , e

‘Second, for “he Deriod 1879‘192n: )1 Yﬂurh durlng Hhich thm-"{
thc floo‘ga actual.[y oc.currgd.n,, ‘ o ¥
RS

!Third, fnr ‘the ; poriod 1850—1929, 80 yuaru, ‘on the aaaumption
, -made in:Mr.Matthew's memordndumn 0L Octobar. 22'"1929,
~that' thore were :no’ large floods from 1350 to 1879
The rqaulting curves .are . shoun on drawing 213—D-2*rram which it is
seen that tha volume occurring once in une thouaand yeara is about 56
billien cu. ft. o . 4 ) o | | :‘ _ i
‘Three . diffarant hydrographa have baun aauumed for the flood
all based on the :assumption- that ‘the peak diacharge is. 280 OOO sec.. rt.;?f?f f¢?i
the total volime 56 Qilllon cu._ft. and Lha peak time 3 houra.‘ These ;mf:u”- i
hydrographs .with tha roaulting reservoir action are ahown on dfawing |

213-D-1, wnich is boliuved salf-explanatory The rate -af rise for

floods 1 and 2.on the’ drawing 1s "10, 000 sec, ft. per hour, assumed fram g;‘;;}

a otudy of the. hydrcgraphs of lmown. floods; this rate has varied fram
20 minutes to 33 hours. In. ﬂcmputing the: actiOn of the reservoir, it
has been assumed that the approanh nf 8 flood of this magnitude will be -i i3QH.
known in sdvanca and that the drup gntes will be comnletely lowered and {¥{
the gates and valvee oponed whan the discharge raaches 30 000 aec. Tt. i?t}
The volume cnrreaponda tc & :run-of f aboLt 56 inches ovar
the watershed. The average annual run—off for tha years. 1908-1928 a8
shown by tabulation in. lemerandum of ﬂeorge E. Hatthaw. Principal Hydro-‘

grapher, to Chief of" Surveyn, dated Saptamber 1, 1929, ‘48 8& inchau,




58:4% of thn ‘average annUdl PaJnFall cxzz 88 1n har) for the sama ;Vf%ief:f??7f

period. If for auch a: larbe fload a: run—off of 80 neruent be e

assumed, “the: rainfall woumd be O Jnchas in: “ire xnd oneuhan¢'da3

'Considerinﬂ thgh this starm lS suaposnd to ocvur onlv onuo 1n l uOﬁ

‘yea*a, thia: rata ia bcliaved not at all anraaacnubla for the roptca{flifffl,‘fT
“For datenm;nin" bHe deotn or aLLe‘:belou tna dav thorb are.gffjjfﬁ

3vallab1ﬂ data- vontaireﬁ in memorandum or Mr.fGeorbc JifMatthew, el

:Prlncipal ﬁydPOEPaDhGP to ”hief cf SurVeys dated oeptnmber 7 1oﬁ7,‘  j i

and Owtober 22 TLG 2, anﬁ the following draminbs.4 ;,
845558418 fChagrn“ Rive**@isrhargn - Maddnn bumsita #l |
"8-5058-19 - ”hagrea‘River Araa Curve (lele Larga!Values)
FHaddcn Damsite ﬂl. i S f |
1 ‘High'Water: Marks and F1ood Profiles of th i
FChagras River and Tributariea. €1j"”
‘Framithe mamorandum.ofma-ptember 7 ih appaa s that previcus!lf? ar
o 1903, gagings ware. ‘made - at Alhadusla whxﬂh ere shown by drawiﬁg 5132-1
as ona—half mile below the damaite andwgubsaquent to that dnte au.Callef
Larga, shown oy the same- drawing as onﬂ mile abcvq uhe damsite. These
fwo ftatlons, in: the mamorandum of Ssptombsr 7 Lare both referred to
as "Alhajuela". The mumorandun of October 22 givos r ﬁ elevatlons éndx  _.
maximim rates: at "Alhajuela"' 1f the dﬂachrages and - elavations are i
plotted the points. vrlor and - subsequent to 1908" l;n on iﬁf 3ame : curve,f
frew which {t may'bn suoposod that 1£- the orlginal daua,ware taken at

different points a correction has: boen applied to reduce- thamrto:a ao

.comeon basis,




on "See drcuing S—5058—l9 for area curve" which area curve is stated

in the title.to be for,Callqu;rga,amighpiindicatccth&titheﬁcurvcfiq i.}li:

Ry B

for Calle Larga.‘

“The- diuch;rge curve ends at a) diacharge of 150 000 secllft. h;fﬂ

so that it has. boan necessary’ to axterid. it this curVQ with the extenrfic?:: .

sion, is shown on drnuing 213~D—18 Areas f rfthe ar,alvelocity method‘Vh'u

of extension were obtained from 8 croas—saction plotte:°‘ram the topog—ff,‘

raphy at the dnmaite, mean velocitiea f‘\‘m“ccharges wer ‘nbtainad by

dividing the discharge as obtained fram the curve by the corresponding

area from the cross—section. The areae as obtained from the plotted fwflf‘

“section ars about’ 20% loss than- Lhose shown on thc area curve drawing
- 5-5058-19, While ‘this method is generally considered aa the most
satiafactony one for- axtending discharge curvea it is in this case

attended by some uneertainty And the results of its application prob—

ebly.should ‘he. rsggrded as:no: mcre han a° satisfactory checx on the e e

/

other methoda. :The: highest curve ‘is. recammended for uaa.rﬂvip' }
‘Thers is an unaccountable discrepancy betwaen the elevationsi
:of the lOOO+yocr.floodaasashown.by\drawing 5132—1 and .as .obtained Irom

:the axtcnuion'of'the~ratingicurve.'”Coﬁpafative-elevaﬁions as taken




“‘s‘

‘frum diffursnt saurces ara given in the following tablo

Flocd ElaVations at’ Various Points‘!“V"

et e oty s 1t o e e -—-q-‘-—
R e N N N R T v o o w10 ot 2 Py ¥ o 1

B TR f‘ﬂ:*lf'é e ”‘vrfy?Elavation

‘t"Discharge i Alhajuela

Date ' :frommemo :: ‘Memo o Drawing 'ff iDiaéh;fge t*'Drawing73"

1of Oct. 22 '3 Oct.:22 i 5132-1  :; Curve 5_32-1

1879 -3 }12356a ;,,: 1123 T *129 ;__1127 5
1909 : 3121000 tr 12105 i ff;“-127-,ﬁ:=;--

1889 :: 1149, i Tl20441 2 X200 ,_1;:)““@ 26,

1923 : > R TS & U B9 - R & X S 120, 5 i

1903 1 10873 s 109 0 s . _113 Cy

yr. : 280,000 T __ ,‘:= i 125 o _A, _

#As extended- by area-VQlocity curves.h1 }_.

by drawing- 5132—1 agrue very uall with thoua givan in the memo of

Qctober 22 the. agreument between the ulovntions at the Dam Site ia

not 8O good, the. dirfarence in the caae 0 }the lOOO year flood;amount—L:i‘ “"5"

, .

ing to 9.5 feet -aven: though the extenaion of the rating curve siving tf]ﬂfﬁH

the lowest elevations is. usod. Diachargas are not given on: drawlng
.5132~1; -but in: tha letter of: tranamittal the discharge for the‘lOOO

year flcod 'is- said to: be 280, 000 sec. ft. It secms improbable that

the increase of 100,000 sec. . ft. from the 1879 rlood to the lOOO—yuar L{f:

flood would result in.a rise: or only Two faet, possibly the rato of
discharge has baen reduced by taktngfaccount of temporary rluod s

‘storage.

‘ROTE: Revised drawing 5132-1 showing elevation 139 for ‘the 1000 |
year flood received March 1, too late: for dnclueion.




T ' " ;. ’-‘v ';\5 wt ' 5
_peak discharge was datenminad frum Alhajuela data and i:‘uncorreqted for

-the effect of the nntural flond channel}ntnnage. n't eareservoir basin.

‘Data: ror detennining the magnitude of tha correction ar Tnot avail&bla,*‘

it -probably -isof no great 1mportance, but tha 5Lbjact Should be}glven    f o

o

-at least: sufficiont study to: determine whethar this is the fact.‘byllhy“‘




