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Denver, Colorado, February 19, 1930 

Memorandum to Chief Designing Engineer 
(E. W. Lane) 

Subject: DIGEST OF HYDRAULIC DATA COLLF,CTED FOR DESIGN OF MADDEll DAM. 

Abstract of Tabulation of Floods in the Chagree River in Excess 

of 5,000 Sec.-Ft. 

The flood records at Panama cover two periods, the French 

Period, 1882-1904, in whlch the records o!' Chagres River flow was 

taken at Gamboa, and the American Period, 1899-1129, with racords 

taken at Alhajuela. The records at Gamboa are given in feet of 

stage, the number of floods above 10-foot stage in each month being 

recorded, and the lll&X..i.mum stage for the month. A 10-foot stage at 

Gamboa corr9sponds to a 15-20.000 sec.-ft. discharge at Alhajuela. 

The peak and 24-hour discharges of all the floods in excess of 5,800 

sec.-ft. at Alhajuela are recorded. The followtng table givss a 

condensed SUilllLary of the dat�: 
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I.H 

�umber of Floods 
Over 5,000 sec.-ft. 
" 10,000 " " 
" 20,000 " " 
II 30,0QQ tt n 
" 50,000 " " 

Years of Record 
Max.. Discharge (1000 sec.-ft. ) 
Max. 24-hr. " (: " " " ) 

Av. Interval between floods 
Over 5,000 sec.-ft. 

ff 10,000 ff " 

11 20,000 " " 
" J0,000 " n 
" 50, 000 " " 

Years of Record 
No. of Stages over 10 ft. 
(corresponds to Alhajuela 

discharge 15-20,JOO sec.-ft.) 
Average Interval in Years 
Maximum Stage Reached 

SUMMARY OF FLOODS 

Data from Alhajuela Records, 1899-1929 

: Jan.:Feb.:Mar.:Aor.:May :June:July:Aug. :Sept.:bct. :�ov. !Q_ec. :Year 

:21 :14 : 2 :38 :171 :198 :220 :279 :296 :335 :278 :12B : 1877 
9 : 5 : 1 :19 : 69: 65: 78 :103 : 85 : 95 :108 : 50 . 653 . 

5 4 : 0 : 4 : 25: 11 : 16: 22 : U : 22 : 47 : 23 . 91 . 

3 3 : 0 : 0 : 6 4 : 5 : 3 : 2 . 6 : 19 : 13 : 59 . 

2 : 0 : 0 : 0 : 1 : 1 : 0 : 0 : 0 : 2 . 5 (;, : 1.4 . 

28 : 28 : 29 : 26 :28 :27 :27 :27 :r 26 : 26 ! 2?: 28: 28 
:52. 2:50. 2:19. 4:29. 2:61. 0:63.9:36.5:43-3:33. 6 
:47.5:28. 3: 6.3:19.0:31. 1:25.9:22.1:17.0:18.9 

:108.3: ?8.�:154.0:154.0 
73-4: 67.7:100. 1:100.l 

1. 3: 1.9:13. 5: 0.7: 0. 2: 0.1: 0.1: 0. 1: J. l 
J. l: 5.4:27.0: 1.4: 0. 4: 0. 5: O.J: 0.J: J. 3 
5. 6: 6.8: O : 6.8: 1.0: 2. 4: 1.7: 1.3: 2. 0 
9.3: 9.0: O : O : 4. 3: 6. 5: 5. 4: 9-3:14. 0 

: 1h.. 0: 0 : 0 : 0 : 26. O: �6. 0: 0 : O : •) 

Data from Gamboa Records 

. 

0.1: 
0.3: 
1.3: 
4.7: 

1.4. 0: 

:21 :21 :21 :21 : :a: 19 : 19 : 1s: 1s : 1s 
:11 : O : 1 :11 : 36 : 37: 48 : 60: 39 : 47 

1.9: O :21. 0: 1.9: 0.5: �-5: 0. 4: 0.3: 0. 5:: 0.4 
:17. 9:10. 0:12. 8:17. 7:23. 0:24.0:18. 7:18. 0:23. 3 :17. 4 

: : : : : : : : : 

: 
; . 

o.]: 0.2: 
O.;,: 0. 6: 
o.6: 1.3: 
1. 5: 2.2: 
5.6: 4.7: 

20 : 21 
66 : 54 

0. 3: 0.4,: 
31. 5: 31.8: 

0. 01.4 
0.040 
0. 136 
0. 441 
1. 860 

Alhajuela Maximum Flood on Reco�. ?fovember, 1879 Dis<!harge (Peak) 176,600 sec. -ft. 
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Abstract of Report on 

Flood Frequency of Chagres River at Alha,luela Gaging Station 

The best method of determining the size of flood to con­

sider in selecting the spillway capacity of the Madden dam is by 

means of frequency curves of floods baaed on the available discharge 

records. The records at Alhajuela from 1879 to 1899 are approximate, 

being largely estimates based on records of discharge observed at 

other points, but good r-ecorda are available at Alhajuela since 1899. 

Frequency curves have been plotted for the entire period (51 years) 

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

records indicates higher discharges. For the 1,000-year flood it 

indicates a peak of 280,000 sec.-ft. (655 sec.-ft. per sq. in.) while 

the longer period gives 240,000 sec.-ft. (563 sec.-ft. per sq. in.). 

Since the former is the more conservative value, and is based on the 

most reliable records, it should be used. Since comparatively little 

increase in discharge results from considering floods of much greater 

periods, it is believed that the 1,000-year flood should be used as 

the basis of design. Since the construction and storage of water in 

the reservoir eliminates storage capacity which the flood in the un­

reservoired condition would actually occupy, and since the 280,000 

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

it is recommended that the storage capacity in the reservoir above 

elevation 240 be considered as offs�tting the storage available in 

:-3--.. 
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the unreservoired condition and that capacity at the dam be provided 

to pass 280,000 sec.-ft. 

ABSTRACT OF DATA ON CHAGRES RIVER RUN-OFF 

Sources of Chagres River Records 

The records of the Chagres River discharge of the French 

period cover the years 1879-1904, and the American period covers 

from the latter date to the present ti.me. '!'.he records of the French 

period are summarized in Gen. Abbot's ''Problems of the Panama Canal". 

The Alhajuela station was established April 15, 1899. 

Since January, 1908, the discharge measurements were made at Calle 

Larga, lt miles above Alhajuela. Float and current meter gagings 

were ms.de in 1899 and 1900. Previous to 1907, discharges were mea­

sured by the float method. In 1907 both floats and current meters 

were used, and since then current meters were used, unless condi­

tions rendered it impossible. Automatic ga es were used at both 

Alhajuela and Vigia, and automatic gases were recently installed 

at Salamanca and Indio. 

The period covered by the records at the various stations 

is as follows: 

� 
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Missing Incomplete 
Station Period Years Years 

AJhajuela 1899 to date None 1899 & 1904. 

Boqueron (headwaters) 1921-1924 None All 

Boqueron (mouth) 1919 to date None None 

Camgandi ( San Blas ) 1920 to date None 1920, 23 & 26 

Chilibrillo 1912 to date None 1912 

Colon 1862 to date 1875, 76, 77, 1862, 67, 81 & 88 
78, 79, 80 
& 89 

Culebra (Pequeni) 1912 to date None 1912 

Gamboa 1881 to date None 1881, 82, 83 & 95 
96 

Juan Mina 1910 to date None 1910 

Las Minas (Pequeni) 1900 None None 

Nombre de Dios 1905-1911 1906, 07 & OE 1905, 10 & 11 

Porto Bello 1905 to date 1907, 15, 16, 1905, 06, 08 & 14 
17, 18 

Rio Fea (Chagres) 1899-1900 None 1899 & 1900 

Rio Indio (Chagres) 1912 to date None 1912 

Rio Puente 1899-1900 None 1899 & 1900 

Salamanca (Pequeni) 1899-1900 None 1899 

Santa Barbara 1899-1900 None 1899-1900 
(Chagres) 

Vigia 1908 to date None 1908 

6 



Total Run-off at Alhajuela 

The actual records extend from 1900 to date, but in rou­

tine work the period of 1902 to date is used. By interpolation from 

Gamboa, Gen. Abbott furnished records beginning in 1890. A table 

of annual runoffs la given showing the following principal data for 

annual runoff: 

Million Sec. 
Cu. Ft. Ft. 

Maximum year 158,379 5,022 

Min.iJilum year 47,859 1,518 

Av. 1890-1928 79,585 2,522 

Av. 1902-1928 80,856 2,562 

Sec. Ft. 
per Sq. Mi. 

11.76 

3. 56 

5.91 

6.00 

Inches 
Depth Period 

159.68 

48.22 

00.23 

81.50 

Max. 12 months 177,797 5,638 Nov., 1909 
to Oct., '10 

Min. 12 months 45,105 1,430 Apr. 1905 
to Mar., '06 

The average rainfall above Alha.juela, 1908-1928, was 122.88 

inches, and the average runoff for the same period was 84 inches, or 

a ratio of runoff to rainfall of 68.4%. 

Dry Season Flow 

A table is given showing the data on dry season flow, of 

which the following is a summary: 
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Dry season length (days), rr,aximmn 212; n.i n:ir.um 41 - Average 124 
(Jan. 2 to May 5) 

Dry season runoff volume, maximum 17,621 million cu. ft. 
mininn.llll 5 , 8 52 " " " 

Dry season runoff rate, maximum 
minimum 
average 

1,652 sec. ft. 
642 " " 
987 II ff 

The duration of the dry season, however, is the most im­

portant factor in the water supply of the canal. The runoff rate 

for the (1906) dry season, which had the greatest length (212 days), 

averaged 883 sec. ft., as compared with 642 sec. ft. for the season 

(1912) having the lowe�t rate of runoff. The average runoff for 212 

days in 1912, however, was 994 sec. ft., or 111 sec. ft. �eater than 

in 1906, and the year 1906 is therefore the critical year. 

Wet Season Runoff 

The following is a summary of the data on wet season runoff: 

Wet season length (days), maximum 292; minimum 184 - Mean 2.41 
May6- Jan. l 

Dry season runoff volume, maximum 152,054 million cu. ft. 
minimum 36, 899 " " " 

Dry season runoff rate, maximum 6,027 sec. tt,. 
minimum 1,952 " " 

average 3,491 " " 

� 
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Mo:1thlv Runoff 

The following is a summary of the monthly runoff. Gen. 

Abbot's values :for the early ::,eriod .ls inclu1.ad, but for routine 

hytlrographic work the periol 1702 to 1929 iH uoed. 

Period 1902-1929 Discharge in Se0ond-Feet 

: Jan.: Feb. :Mar.: Apr. :May : June: J1.ly:Aug.: Sept.: Oct.: Nov. : Dec. 
. . . . . . . . . . ' 
. . . . . . . . . . . 

'8... 

Maximum : 5050: 3315: 1625: 3140: J220: 41!70161·)7: 4 724: 5022 : 8126: ll300: 17300 
t : : : : : : 

Minimum : 682: 516: 382: 281: 491:1363:1248:1579:1722 : 2031: 2267: 1265 

Average :1970:123?: 735: 987: 2088: 2540: 2804:3038:3215 :3579: 4586: 3792 

The maximum and minimum values fer t,he period 1C90 to 1929 

are the :;rune as for 1902-1929 except that in September the maximum for 

the 1890-1929 period is 5191 sec. ft. 

Floods of 30,000 Sec.-Ft. and Over 

As no flood damage is reported on the Panama. Ra.ilroa.d from 

1850 to 1879 it is probable that no flood of over 84,COO sec.-ft. at 

Alha,juela occurred in that interval. Records of approximate discharge 

are available for 1879-1899 and good records since 1899. The records 

for the 47 years from 1882 to 1928 show the following tot.al duration 

in hours cf discharges of 30,000 sec.-ft. and over: 

Jan.:Feb.:Mar.: Apr.:May :June:July: Aug.:Sept.:Oct.:Nov.:Dec.:Total 

66 : 17 O: 35 : 77 : 83 : 76: 55 56 92 : 336: 524: 1417 
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This show conclusively t.h4t t})e r.ri:.i::'i}. p�riod as l"'!fards floods 

is Nov9Jllber and December. 

The floods of 1879 and 1888 appear to be the maximum in 

80 years. The records for 1a7q are too meager to permit an estimate 

to be ma.de of the volume (A peak rate of 176,600 sec. -ft. and a 24-

hour maximum of 141,300 sec. -ft. is given elsewhere). In 1888 thA 

�robable maximum 24-hour discharge was 10 billion sec. -ft. and for 

48 hours and 7 days was 18 billion and 32 �illion sec.-ft. �espect­

ively. In December, 1888, t.hero were about 205 hours when the dis­

�hargo at Alhajuela exc9eded 30,000 sec.-ft. 

Data on Ten Largest Floods 

The hyd.rographs of the ten largest floods were drawn up to 

the same scale, as far as the data available would permit, and mass 

curves of volume constructed. The data on the earlier floods is very 

!'ough and estimates of pe;;.k ra.te and vclume ma.de by V'\riou3 oersons 

differ widely. The estimates of Gen. Abbot are recognized as being 

� 

very low. # 

Flood of November 20-25, 1879, The data available indicate 

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

reports it began on the night of November 19 and the rain probably 

ceased about 1 P.M. on November 25. The crest reached Mamei at 8 

P.M., November 24, Gen. Abbot calculated a peak discharge of 78,000 
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sec.-ft. A. P. Davis thot:.;:ht it abvut �01,('')C) (Estimates elsewhere 

in data, indicate 176,COO as accepted discharge for this flood). 

F'lood of November 25-28, 1885. This flood on November 25, 

rosr. to a peak jn 36 hours, �u�sided lo a 10-foot stage for about 5 

days and was then followed by a secondary smaller flocd. Gen. Abbot 

gives the discharge of this flood as 64,488 sec.-ft. (The nlotted 

graphs indicate that the present uccepted value is 124, 000). 

Flood. cf Decen:bcr 11-17 L. 1e88. Thj s flood cace from the 

upper r:\Yer. The rise at Gamboa $tc·rtcd on December 11, it reached 

a peak of 22 feet, subs:i.d,.;d slir.htly and then rose to 31.4 f P-et at 

9, P.M. on the 13th, subsiding eradually. Gen. Abbot pvies the peak 

discharge as 5e, 132 sec.-ft. (but the graphs t�so 11,),000 aec.-ft.). 

Flood of December 2¼--25, 1888. This flood follows closely 

on the December 11-17 one. The records show 424 hours above the 10-

foot stage at Gamboa for the mor.th, more than dour-le any in the first 

20 years of recorcb. (The !')eaks on the c1·nph indicat,� 105,000 sec.-ft. 

discharge). 

Flood of December 1-2. 1890. The flood began to rise on 

December 1, �eaked on Dece::iber 2 and fell rapidly the next day. Oen. 

Abbot gives a peak dischar�e of 65,371 sec.-ft. (The graph shows 

123 ,ooo). 

Flood of DecSJLber l?-221 182J. This flood was in the lower 

river. It cor.sisted of three waves. Gen. Abbot estimated the dis­

charge as 43, 086 sec.-ft. (The graphs give 80,000). 

1:G. 
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Floo,1 of Docemb•!:' 3-:�1.._l r-0�. �� r:3� ;...t Alhajuela bu-

£an 2 P.M., Decer:iber 2, r-ea.ching a peak in 20 hours of 26.89 faet. 

The discharge f rm Gen. Abbot':; rating t.a.tle was 92, lJO sec .-ft. 

(The graphs 11!38 140,COO). 

Flood o,� Novenler 1r;-2C. 1909. This was a siual.l flood with 

a peak discharge of 78, ·')00 sec. -ft. 

Flood of :lecenber 1�:.3, 1909. Another srLall flood, peak 

discharge 73,000 soc.-ft. 

F:1.oo•'! of Docemh0r 2(-Jl, 1 :;:>09. Thi::: is the gr,3atcst flood 

at ,\lhajuel3. of which the ·1..: is c1.n accur!ll-e r-ecord, but i .. , w1.s prob­

:1.bly o:x:cueded in rate an i vo1 \llll?- h�, tha 1879 flood and in voluii:e by 

t!-lo 1S88 flood, No c.:;aei:1gs Wt'! r') rr.arie b-..it the �11 sc r 'l.r 0e was eti­

timated a.i., 17Cl,O00, but, this wa.s qu�stioncd and a value of 154,000 

(a mean of t�e restlts 0f eight flow fomtlas) is now used, Gen, 

Abbot's fomul� cjves 111,200 sec.-ft,. 

Flood of. October 2�-25, Vi2J. Thi.J .flood waG £rea.to!' in 

the lowe:- j")ar-1:. of t!'le vall�r. It r�ached a st�ee of 24..4 feet on 

October- 22. There was a. R,J�cnd smaller r-ise on the 24th. A current 

meter gaging of t.hia flood t.:..ken under difficult ties indicated a 

crest dhchacge of 108,3�0 eec.-ft. , whi-.:h is believed to be too 

lo-w (but is used on the hydrographs), 

'H-. 
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Source and Dis posal of Water Supplied to Gatun 

Lake for Fiscal Year 1929. 

The total yield of the Gatun Lake watershed for the fiscal 

year 1929 amounted to 209.39 billion cubic feet, accounted for as 

follows: 

Runoff above Alhajuela 38.3% 

Yield from land area below Alhajuela 41.6% 

Direct rainfall on lake surface 20.1% 

Total - 100.0% 

Evaporation from lake surface 10.3% 

Gatun Lake lockages 20.2% 

Hydro-electric power 21. 0% 

Spillway waste 50. 6% 

Leakage, municipal and other minor uses .8% 

Decrease in s torage -2.9% 

Total 100. 0% 

Billion 
Cubic Feet 

80.28 

87.05 

42.06 

209.39 

21.60 

42.26 

43.87 

106.04 

1. 73 

-6.11 

209. 39 

'la. 
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Volume of Flood Flows 

The volume of flood flows were given from 1906 to date, 

those prior to 1906 being too approximate. The volumes given are 

for flows of over 30,000 sec.-ft., the floods being assumed to be­

gin 'When the river discharge rose to 30,000 sec.-ft. and to end 

'When they dropped to that amount. The volumes ranged from 256 mil­

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

eral cases, however, the floods were so close together that for 

some purposes two or more floods might have to be considered as 

one flood. 

1:3-.. 
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Denver, Colorado, February 15, 1930 

Memorandum to Chief Desi�ng Engineer 
. (D . C. Mcconaughy 

Subject: Hydrographic Studies • 

� 

In order to prepare graphs of the action of a reservoir during 

a flood, it is necessary to know, or to assume, all details concerning the 

given flood. The peak discharge as assumed by the engineers of the Canal 

Zone, 280,000 second feet, has been accepted. This is computed by them to 

be the rate of discharge reached once in a thousand years . In order to 

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

the volume will be, also, that which occurs once in a thousand years. 

There are available eleven hydrographs (drawings 5058-20 to 

5058-29 and 5058-22A) showing the large�t floods ; two of these, November 

20, 1879 and December 19-22, 1893, show only the peak and a few notes of 

other stages. 

There is also a list of floods for which the rate of discharge 

exceeded 30,000 sec. ft. with peak discharge, and duration, contained in 

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

of Surveys, dated October 22, 1929, with a supplemental list giving 

volume of discharge, contained in radiogram of February 6, 1930. In the 

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

lists have been combined ; notably in the case of the flood of December 

10-12, 1909 and October 22-25, 1923. From the appearance of the hydro­

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

by a single storm. 

1_1:, 
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The suppemontal list of flood discharges, previously men­

tioned, gives discharges for 56 11floods" over the period 1906 to 1927; 

it is stated that "data prior to 1906 is approximate and therefore not 

furnished". With the exception of the years 1909 and 1923, there were 

no floods of any considerable volume during that period. An idea of the 

order of magnitude of floods of unknown volume prior to 1906 may be ob­

tained from the peak discharge and duration of discharges of 30,000 sec. 

ft., contained in Mr. Matthew ' s  memorandum, by assuming the hydrographs 

of these floods to be represented by a triangle superimposed on a rec­

tangle ;  the larger floods, as arrived at by this rough method, are as 

follows : 

Table !.--Estimated Magnitude of Large Floods of Unknown Volume 1882 to 1906. 

===========-=============· =====u=============-== ·=======-=-==------:::·--=.::r--::=-
Max. Q. : Duration : Volume 

Date : Sec. ft. : {hoursl . {million cu. ft.� . 

. . . . . . 

1882, Nov. 4-7 . 45,400 : 16.33 : 2100 . 

1885, Dec. 3-5 . 75,200 : 39 -16 : 7400 . 

1887, June 14-15 . 75,200 : 16.16 : 3000 
Sep. 6-7 . 70,200 : 16.67 . 3000 . 

Nov. 1-3 : 46,800 : 21. 50 . 3000 
1888, Dec. 7-8 . 54 ,500 : 21.00 : 3200 . 

1889, Nov. 22-23 : 55,400 19.83 . 3000 . 

1891, Nov. 19-20 . 51,600 : 26.00 : 3800 . 

1892, Nov. 12-13 . 66,300 : 17.50 . 3000 . . 

1894, Dec. 26-27 . 47, 900 : 30.00 . 4200 . . 

1897, May 16-19 I 68,900 : 19. 50 . 3200 . 

1902, Jan. 1-3 . 52,200 : 44.50 . 6600 . . 

--------------------------------------================-================== 

These are additional to the 12 largest floods shown by the hydrographs ; 

so that ih the 49-year period from 1879 to 1927 it is probable that there 

occurred at least 24 floods with a run-off exceeding two billion cu. ft. 

Iii 
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In the 22-�•ear period from l 9o6 to 1927 there were only 6 .floods with 

a run-off exceeding two billion cu . ft. , and only 13 exceeding one 

billion cu. ft. Of the twelve largest floods of known volume, only 6 

occurred in the period 1906 to 1927, and four of these were among the 

five smallest floods of the twelve . It i3 therefore conclt.ded that, 

even though the record prior to 1906 may be open to some question, it 

ls not desirable to con.fine the present, study to the yea.rs 1906 to 1927. 

This study hae therefore been based on the twelve floods shown 

by the available hydrographs .  The hydrograph for th.a flood o f  November 

20-25, lE.79, shows only the peak discharge of 176,600 occurring at noon 

November 24, with a notation that "the big rise probably began during 

early oorr.ing of November 23 11 and "evening of November 25 probably 

J0,000 sec. ft . di:;charg�". It is assumod that the ricing stai:;e reached 

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

fallen to 30,000 sec. ft. at 8 P.M., November 25. From these ass1..DUp­

tiona the run-off is estimated at 22 . 2  billion cu. ft. The hydrograph 

for the flood of December 18-22 , 1893, show.:1 a crest of "probably about 

40,000 3ec. ft. 0 at 1 P.M., December 19; a. second crest of 80, 500 at 

4 A.M., December 21, and a note "probalJly discharging about 30,000 sec . 

ft. " at 1 P.M., December 22. From these notes ths run-off is estimated 

at 11. 5  billion cu. ft., of which 8 billion was produced by a discharge 

of 30,000 sec. ft. Other volumES have been taken from the cur,,es of 

cumulative run-off sholi?l on the hydrographs. The duration of the "flood" 

/'1 
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has not b�en determined by a. flx:'3d .n...le, except that it begins and ends 
• 

with discharges of 30 ,000 sec. ft . ;  in the case of the flood of October 

22-25 ,  1923, the discharge after the first peak dropped to 17,000 sec. 

ft. and was below J0,000 sec. ft. for 17 hours , so that thero may be 

some q�eation as to whether thjs should be considered one flood or two . 

It has been classed as a si ngle flood. This is the 01;2.y case which seems 

rloubtful. The following table shows the floods used as a basis for the 

proba.b ilit �r study. 

Table II.--Ca.lculatior.s for Pror.ability Plotting 

---------·-----------------------------------------·----·--------------------------·----------------------------------------------·-- -----------------------------

: : Run-off 
Date : Dt..rc1tion : (million : No. ti.mes : Per cont Time 

(hours} : cu.ft.� : egualled z l882-1222: 1872-1222 :1820-1222 
: : : : 

Dec. JO, 1909 . 12 . 2,700 . *25 . 51 .0  : 48.0 . 30.6 . . . . . 

Dec . 3 ,  1906 : 22 I f:. , 800 11 . 21. c; . 20 .6  : 13.1 . . 

Dec. 1-2, 1890 : 24 . 6,900 10 . 19 .8 . 18.6 . 11.8 . . . . 

D0c . 26-27,1909 : 21 : 8 , 400 9 : 17 . 7  : 16 .6  . 
. 10 .6  

Dec. 10-12,1909 : 58 9,600 . 8 . 15 . 6  . 14 . 7  . 9.35 . . . . 

Nov. 25-27,1885 : 40 : 10,600 . 7 . lJ.6 . 12.7 : 8.12 . . . 

Nov. 17-20,1909 : 62 11,500 . 6 . 11 . 2  . 10 . 5  . 6 .68 . . . . 

Dec. 19-22 , 1893 : 76 11,6':JO . 5 . 9.37 : 8.82 : 5.62 . . 

Oct . 22-25,1923 : 63 : 12,100 . 4 : 7.30 : 6.87 : 4 ,38 . 

Dec. 22-24,1888 : 68 : 14,100 . 3 . 5 . 21 : 4.89 : 3 . 12 . . 

Nov. 23-25,1879 : 65 1 22,200 . 2 l 3.12 : 2 . 9 5 : 1.88 . 

Dec. 12-16,1888 : 97 : 29/)00 t 1 : 1.03 : 0 . 98 : 0.62 
•••m•••=•---=•••m�aa.:r••man•••=---dl:a•••••==W'&l:a••::a•a::.=:•=a•••=•.:a=-m•z:a•:as·••--aa••••••• 

*Estimated 
100 {N-0.2) 

The last thr�e columns are computed from the fonnula P • y 

�i1ere P is percent of years. 
N is number of times the flood was equalled or exceeded 

in the t.1.me period . 
Y is number of years in ti.me period. 

Probability has been computed on the bases of three time periods 

as follows : 

I «  
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First , for the oeriod 1882-1)2Q, 48 years , s�n�e tho floods 
actually occurred during that period with the excep­
tion of th,3t of 187',. 

Second, for the period lB?Q-1129, Sl years , during which t ime 
the floods actually occurred. 

Third , for the period 1850-1929, 80 years , on the assumption 
made in Mr. Matthew' 3 rnt:fil1orci.udum of 0d.ob-.ir 22, 1929, 
that there were no large floods from 1850 to 1879-

The resulting curves are sho'WI'l on drawing 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 that the peak discharge is 280 ,000 sec. ft., 

the total volume 56 billion cu. ft. and the peak time 3 hours. These 

hydrographs with the resulting reservoir action are shown on drawing 

213-D-1 , which is believed self-explanatory. The rate of rise for 

floods 1 and 2 on the drawing is 10,000 sec. ft. per hour, assumed from 

a study of the hydrographs of known floods ; this rate has varied from 

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

has been assum�d that the npproach of a flood of this magnitude will be • 

known in adva..'1�"1 and that the drum gates will be completely lowered and 

the gates and v.ru..ves opened when the discharge reaches 30 ,000 sec. ft. 

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 tabul&tion in memorandum of ieorge E. Matthew, Principal Hydro­

grapher , to Chief of Surveys ,  dated September 7 ,  1929, is 84 inches , or 

l'1 
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68.4% of t.hn o.verJ.0o a.rnudl 1·a . .in rall (l.22. 88 ir.c!iofl ) .for thr3 same 

;:,eriod. If , for :rnch a large flood, a run-off of 80 :1er-cent be 

assumed, the rainf,tll wo1.-.ld he 70 inchos in five and one-half days. 

Consi:iering t.�:at this sto1'i.t is su�Jposed to oceur only on,�u in l ,COJ 

;ye3..:-s, th.i:3 ratt:i i:, 1-io liev,3d not at a. ll unrAason,.b 11.l for the 1. ropL.: s ,  

For deterr._iuing t 1:'le riept h o" wal'3r below U1-:- dan. th'?rE1 a.re 

available :iata �o:!1t-a.ined in mS!lllor::..ndun of Mr . Georc:;o E. Matt.hew, 

P.rincipal Hyiro13ra.pher 1 t,, Chi ef cf Surveys dat'3d Septi:-mber 7 ,  1?29 , 

and Oetober 22 , 1'?2?, ,;.nrl t '1e f'ollowing dr3.wings . 

S-5;5?-1R 

S-5058-19 

Chagro� Riva-:-- Dt:.r:h1.rgn - Man.don D �'t'.sit:; #l. 

Cha.grea Ri v,�r Ar-3a. CurYe ( C:ille La.rga Values ) 

Madden D.wsi.te #1. 

5132- 1 High Wa.tor Ma.,.ks n.nd Flood Profiles of the 

Chagres River and Tributaries. 

From the memorandum of 3�ptember 7 i �  appears that previcus 

to 1908 , gagings were made at Alhajusla, wh.ich is shown by drawing 5132-1 

.:is one-half m.lle below the d�sit,13 and subs 9quent to that date at Calle 

La.rga, shown by the same drawing a.s one mil9 abov<:1 the damsitP.. These 

two 8tations, in the memorandum of S9ptember 7, a!'e both referred to 

.:is ",UhaJu'.:lla". The memorandun of October 22 gi V'3S crest elevations and 

maximum rates at "Alhajnela"; i f  the diachrages and el�vations are 

:;:,lotted the )'.)oints prior and subsequent to 19oe lie on the same curve, 

from which it may be su?posed th�t if �he original data were taken at 

different points a correction has been applied to reduce them to a 

cOlllillon basis. 

� 0 
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This curve lies four to five feet below that shown on drawing S-5058-18; 

which corresponds to the difference in elevation between Alhajuela and 

the dam�ite as shown by the flood profiles of drawing 5132-1 so that it 

may be concluded that the data in memorandum of October 22 are for 

Alhajuela proper (one-half mile below the dam) and that the discharge 

curve of drawing S-5058-18 is for the damsite, although the note there­

on "See drawing S-5058-19 for area curve" which area curve is stated 

in the title to be for Calle Larga, might indicate that the curve is 

for Calle Larga. 

The discharge curve ends at a discharge of 150,000 sec. ft. 

so that it has been necessary to extend it; this curve with the exten­

sion, is shown on drawing 213-D-18. Areae for the area-velocity method 

of extension were obtained from a cross-section plotted from the topog­

raphy at the damsite ; mean velocities for discharges were obtained by 

dividing the discharge as obtained from the curve by the corresponding 

area from the cross-section. The areas as obtained from the plotted 

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 

satisfactory one for extending discharge curves, it is in this case 

attended by some uncertainty and the results of its application prob­

ably should be regarded as no more than a satisfactory check on the 

other methods. The highest curve is recommended for use . 

There is an unaccountable discrepancy between the elevations 

of the 1000-year flood as shown by drawing 5132-1 and as obtained from 

the extension of the rating curve. Comparative elevations as taken 

!J. I 
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from different sources are giYen in the following table: 

Flood Elevations at Various Points 

--------------====-===========----
--================= ---

: . Elevation . 

: Discharge . Alhajuela Dam Site . 

Date : from memo : Memo Drawing : Discharge Drawing 
: of Oct. 22 : Oct. 22 : ,21,22-1 . Curve : 21,22-1 . 

: . . . 
. . . 

1879 . 176, 000 : 123.64 . 123 . *129 . 127 . 5  . . . . 

1909 . 154, 000 . 121.00 121.5 . 127 . 125.5 . . . . 

1889 t 149 ,JOO . 120. 41 . 120 . 126 . 124 . . . . 

1923 . 108,JOO . ll7. 42 : 116. 5 . 120. 5 . 121 . . . 

1903 . 62,300 : 108 , 73 109 . 113 . 113 . . 

1000 
yr. : 280,000 . 

. -- . 125 . *139 : 129.5 . . 

====================�-=============---=------------------------------======= 

*As extended by area-velocity curves . 

It is seen that while the elevations at Alhajuela, as shown 

by drawing 5132-1 agree very well with those given in the memo of 

October 22, the agreement between the elevations at" the Dam Site is 

not so good, the difference in the case of the 1000 year flood amount­

ing to 9. 5 feet even though the extension of the rating curve giving 

the lowest elevations is used. Discharges are not given on drawing 

5132-1 ; but in the letter of transmittal the discharge for the 1000 

year flood is said to be 280,000 sec. ft. It seems improbable that 

the increase of 100,000 sec. ft. from the 1879 flood to the 1000-year 

flood would result in a rise of only two feet; possibly the rate of 

discharge has been reduced by ta.k:\ng account of temporary flood 

storage. 

NOTE: Revised drawing 5132-1 showing elevation 139 for the 1000 
year flood received March 1 ,  too late for inclusion. 

.a,t 
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While it is thought ultra-conserv'\tlvt"J to assume no b'3nefit 

from the large e.."\.-pend1 tur.:, r:onti:,m'.-'lated .:'or V"\lves , the r'!'!servoir action 

.. for th"' flood giving the most severe con1Hion� ha.s beon studied assuming 

discharge from the reservoir through the spill�ay only. The results are 

shown on drawing 21)-D-19. 

• 

In conclusion, a.t:.ention should be dra'Wn to the fact that th� 

peak discharge was datsrmined from Alhajuela data and ia uncorrected for 

the effect of the natural flood channel storage in the reservoir basin. 

Data for determining the magnitude of the correction are not available ; 

it probably is of no great importance, but the subject should be given 

at least sufficient study to detenn1ne whether thls is the fact. 
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