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Col . Ed Fletoher, 
IJgr Cuyarnaoa Water Co. 
San Diego, Calif . 

Dear ~ir:-

SAH DIEGO, CALIFO?J~IA, Uovember 20, 1917 

In aooordanoe with your instructions I have mede an 

investigation of the net safe yield of the Cuyamaca '"'later 

Company's ~ystem with special reference to the amount of Vlater 
available for sale to others .than your present consumers • 

• 
IJy conoluaions appear on the following pages. 

Very truly yours, 

Assoc . l:em. Am. Soc. Divil Engineers 

FL!F:BK 



J3HIEF DESORIPI'IOll OF SYSTE1I 

CuyanBca ~eservoir 

_-\.t t he head o:f the system is the Cuyanaoa Reservoir 

loca ted in the Cuyamaoa Uountains, about 40 miles, 111 an air 

line, from uan Diego. 

aea Flooded --------~--~--~~~~--
cepa. ci t .y ------------.--------........ - .......... ._ 

978 acres 
11,595 acre feet 

Area of Watershed ---------------nevation of Outlet above sea 
12 aqua re miles 

level ------------------------- 4 ,600 feet 
Outlet tower -------------------- Brick 
Outlet Tunnel ------------------- Masonry 
.Dam. - ..... , ...... -----------------------........ - Eart,h Fill 

The .reservoir remains closed during the greater part 

o-T t h e year only being drawn upon when the free flow of the 

sen Die5Q ?.i ver is insufficient to take care of service requirements. 

.:-eter from Cuyamca lteBervoir flows down the channel of Boulder 

Creek, eoout lfr~- miles to the junction with the S~n Diego River, 

i mnedietely above t he Diverting Dam. 

Di verting lam 

.drea Flooded ----------- .............. -.--... ---..-.-.. 
Ca~a city ~------~------~~-~----~~--~-
~levation o:f outlet above sea level 
3l e\ etion of spillway -------------... .,.. .. .,_ • d --:.rea o:r: ~~a ... er s .ae ----------------

lO acres 
69 acre :feet 

803 
813 

92 square miles 
1.rasonry 

.dt the diverting dam begins the flume, which is the 

wain transmi ssion line of t he system. 

-; ' 

ll!ain Flume 

Width ----------------------------- 5 ft. 10 in. 
Depth (Minimum) -----.. ------------.... 22 inches 
Grade per mile -------------------- 4.75 feet Redv1ood Flume, Length -------------30.37 miles 
Steel Flume, Length --------------.- 0 .48 " 
Concrete Conduits, Lens th --------- 0 . 32 11 

Tunnel Approaches, Square l.!nsonry 
Conduits Lenooth ---------------- 0 . 10 u 

' 0 Tunnels, l.!'asonry Lined, Length ---- 0. 79 " 
Steel Sy:phona, Length ------------- 0. 77 n 
Concrete Syphons, Length ---------- 0.24 n 
Tota1 Length of Main l!'lume --------33. 07 " 
Capecity of Flume -----------------31 Second Feet 

.At about the sixth mile the main flmne is joined by 
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the s outh Fork Feeder, bringing in the waters of the South Fork 

Creek, which has a drainage area of 44 square miles. 

South Fol~k Feeder 

Redwood Flume ))Parallel lines - length 0.48 miles 20 inch Steel ?i:pe 
Steel Flume ------------------------------- 0.47 1' 

~otal Length ------------------------------ 0.95 n 
Ca:paoity ---------------------------------- 18 second :feet 

El l!onte Pumping Plant 

At the sixteenth mile is located the El l:onte Pum]:)iug 

Plant, haVing a capacity of 2 million gallons daily. The plant 

consists of a 200 1.t .P. electric motor di rect co1mected to an 

8 inch, 3 stage, centrifugal pump. The suction lines are connected 

to 22 3-inch cased \7ells and ·to 3 open curbed wells, 12 fe e t i n 

diameter. This pumpin0 plant dis chcr 0 es direct l y into the ma i n 

flume. 
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Eucalyptus and l:urral Hill Reservoirs 

At the end of the msin flume are looa.ted the Eucalyptus 
. end ::urray Hill ~eservoirs, having a combined capacity of 153 aore 

feet. 

EucalyPtus Hurray Hill 
• ~ee Flooded in Acres ---------
Capacity in acre feet ---------Elevation of outlets above sea 

level ----------~----~--~-~-~ 
• Dams are both of earth fill type. 

3 
26 

620 

12 
127 

620 

T:hese reservoirs serve as re :u.lating reservoirs for 
ilume water. 

La ::ese ~eservoir 

.d..t the end of the ne in flume there is located the inlet 
o:f t!le La "':-ese. Ditch, 3-3/4 miles long , which conveys flume water 
to the La Lesa Jeservoir. 

~ea Plooded--~---~~-~---~-~----~--"' •t ~apac~ y -----~-~-~~---------~-~---• -f" .... .. d hrea o_ vmver sne ----------------
~lavat ion of outlet above see level 

TY)?e of :Dam - Concrete 'i~ult iple Arch. 
• 

Distribution ?ipe 'ystem 

205 acres 
6 , 750 acre feet 

4-?a· sq. miles 
A.40 feet 

:::'roLl tile 3ucelyptus , r.:m .. reJ Hill and La l!esa. Reservoirs 
t1le distl·ibu.tion mains eJ..--tand ~or a total of over 50 miles. 
2he pipes vnry i: size from 24 to l inch in diameter. 

• 

Territory Served 

The territory served includes the El Cajon Valley, 
City of El Cajon, City of La l~aa, City of East Snn Diego, end 
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a large unincorporated territory lyin:s eeat of the limits of the 
City of sun Dioo,) • 

net Safe Yield 

The most exheusti ve and reliable dotorLlin\l ti ons o:f t..'"rJ.e 
net safe yield of the system were made in 1912 by ? . E. Harroun, 
Hydraulic Engine er of the Hailroad Commission of the ntate of 
California, and oy Cl~rles H. Lee, of ti1e Los AnJeles 4~aeduct 
3n~ineerin~ Staff and of the United States Geolo.~cal uurvey·, ~ 0 -

also again in 1915 by ~. Lee • 

The 1912 deter!Uinetion, nade independently by :.:essrs. 
Harl"OUll end Lee, showed almost identical fiadinss by both eu&).n-

eers, that is, 3,707 acre feet or 256 miners inches continuous 
flow. 

The 1915 deteroination, made by ~.:r . _Lee, s 'il0\7Q s. net 
safe yield of 3,472 acre feet or 320 nine months ~iners inches; 
and in addition, that 3,872 acre feet or 356 nine oonths oinars 
inches of winter flood water could be delivered. ut tl1e end of the 
system, muking o. total of 7,344 acre :feet per ear. 11. t the t LYJe 

of this deterL1ination, t1!ere ,·ns no available reservoir ca]:)O.ci t-
for this 3, 872 acre feet of flood water, and it ·7 s ~~ re "'ore 
necessary to divide the yield as shorn. i ow that the c nstructio.l 
of the co11orete multiple arched dam at Ln ~sa -~e er~oir is 



..... 
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practically completed, and the reservoir capacity increased from 
1,187 to 6,750 acre feet, there is ample storage room for all • 

:flood waters delivered to the end of the ayetem and the yield 
becomes an available one of 7,344 acre feet. 

It should be borne in mind that siuce the 1912 deter-
ruinations were made , the system has been improved by tJ1e con-
struction of the El lionte Pumping Plant with a oapeoity of 2 
million gallons daily, end e second SYJ?hon at South :&,ark \"lhioh 

incre~ses the capacity o£ the mein ~lume from 18 to 31 second 
I 

:feet. .. 
b.fter e study of !.:r . Lee's 1915 detel~mination, I see no 

reason uhy it should not be accepted as safe end conservative, end 
oelieve a revised and detailed mass curve study of the entire 
question would 0 ive onl:,:- slightly different results even when 
the lm·ge flood discharges of 1916 are taken into consideration. 
It is nouever prooable that the yield would be increased somewhat 
by a more extended use of the EJ.. :.:ante Pumping plant than 1.rr. Lee 
nates iu his deter9ination . 

2he probable requirements of present consumers vdll 
ila ve to be deter .. ined by a study of use in previous years. The 
use during 1916 probably furnishes es nearly a fair average as could 
be obtained except for the fact tita t an increase in rates \vas 
g1 .. anted the CO!n!>BnY by the Railroad Conunisaion and became effec-
tive ~pril 1, 1917. This increase in rates hes v~rked out to 
decrease the use of ·Tiater by consumers and for the six months 
fran ..-:..ICil to ~optember, 1917, the use was only 73 :percent of the 
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use during the same months during 1916, in spite of tile fact that 
1917 was a year of ie ss rainfall than 1916. It is there fore 
probable that a requi1·ement of 80 percent of the 1916 use will 
crive a very foir avora5e allowance ~o take care of requiren~nts 
of present consumers. · 

The following table gives by months the ectua1 use in 
acre feet durins the season 1916-1917 and the probable average 
requirement for consruners for the same period. 

October 
_rovember 
December 
January 
February 
E.arch 
April 
liey 
June 
July 
August 
September 

Totals 

1916 
1916 
1916 
1917 

Total .. ctual 
Use 

296 • Ft • n.c . 
357 u 

296 " 133 1f 

133 tl 

199 n .. 181 ·- n if. 
··:: 195 n •l, 
-~ 372 II li. .. 447 n -u: 
'17 400 1f 

u 346 n 

3 355 n 
' 

?robab1e ~vcrage 
~equire;Jent of 

Consumers 

237 1-C • ::t . 
286 1t 

237 rr 

107 If 

107 tf 

160 n 
_: 181 :t 
"· ~ 195 If 

rr 372 u 

~ 447 If 

:. 400 1f u: 
. ~ S46 11 

3,075 11 

., 
~ =Use under new rates . Taken n~thout deduction. 
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In vie of the fare 0 oin I conclude tl~t 
he 1 et Safe Yield of t11e ystem: is ... 7,344 acre feet 

Tl1e ver e requi1·ement of prese11t oo11 • • sumers s - ~~----~~.... --~~-~~ - - 07o n 

:Lie .. m.te1· vailable for sale to o"'~l1er 
th 11 present con tuner · _ .. __ .. _ ........ - ... 4 26 ' 

f 

~x~re sed in oallons , the amotm a~ il ble or _ a 
to outsider is 3,800,000 ~o lons lOr doy. 

l. s . 11 c~le m p of the a~rstem a11d 

Lee 1 s final tabul tio1 for 

.. l.'T:-
·.l.- • 

• 
~s re tt c ed 

• 

u 

If 



• 

.· 

- .... ... 
-.......... ...... 

.... "--- ---
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Cuyamaoa 
Reservoir 

SEASON Dr eft 

1894 ... 96 1653 
1895-96 . 1949 
1896-97 2169 
1897-98 1962 
1898-99 1723 - -----
1899-00 267 
1900-01 433 
1901-02 1561 
199~03 1391 
1 3-04 1675 

CUYAMACA WATER COLfPAllY 
ESTIMATED YIET·D OF CUY ArtACA SYSTE:M WITH FLUME CAPACITY OP 31 

QUAllTITIES IlJ ACRE-F'l21"1' • 

SOURCES OF SUP PLY LOSSF:3 

Run-o-ff o'! Pumped from 
Run- off of San south Fork sends of La Mese . Diego· River at of San Diego San Diego Boulder TransmissioJJ Reserve 
Diverting Dam River River Creek in system Eve pore 

10804 281 0 497 1226 3f 
6199 199 0 686 779 zc • 6650 603 0 649 869 2~ 
2560 215 0 690 417 .30 

909 0 1993 618 321 23 ------
609 0 3262 '17 240 2'1 

2961 646 1476 130 464 29 
2690 432 303 467 ·438 27 
4706 1322 296 -418 . '119 24 

470 0 2166 473 268 2'1 
~-

_______ __ .. .. _. .. 

7063 1736 1661 0 965 24 19 1 4-06 0 
190 ·-06 1144 9601 2098 0 344 1260 2'1 1906-07 0 13636 1682 0 0 1632 34 . 

947 9640 1960 0 286 1227 34 1907-08 
1908-09 1531 • 9200 594 0 460 108'1 33 
1909-10 1463 7727 149'1 0 43'1 1026 31 1910-11 1643 5607 1603 0 494 83'1 28 19ll-12 1905 . 5238 106'1 0 672 764 • 26 • • 1912-13 1643 4396 7~6 0 49. 630 32· 1913-14 1334 5564 1287 0 401 780 28 ' 1914-16 .. 

. . 

Average 1313 5811 892 568 39, 792 Average 
inoluding Ls 
llese. .Runof'! • 

I 

BOTES: This tabulation is a gnmmary o'! the results of a detailed mass curve study. by months 9 o'! BUl system, essum1ng that the system exists as it is to-dey, with the exception -that South Fork sipho1 feet, and that South Fork feeder is increased to 8 second-feet oepac1ty. . . . The :following data was used: Capeoity of .Cuyamaoa Reservoir, ~o.aoo aore-~eet; Combined oa1 Reservoirs, 1,639 acre-feet; Gross annual evaporation from Cuyemaca Reservoir 79.55 inches . end j Creak, 3~ of Cuyameoa dre.ft; Loss in transmission through system, 1~; dre.ft for high and low sc September end 1.12 million gallons dai~ October to 1481'; J>raft for .flume consumer~. 2.1 million f gallons de1ly October to April; Full annual aerYioe reqnirement 3 9 471 aore-~eet, of which 1 so• e high and low service consumption; Daily :now of San Diego River at ·Diverting Dam i898-99 to' 191.3-(summarized on ~ibit 4-6); Monthly run-o'ff·of San Diego RiTer 1894-95 to 1897~98 end South Port Cuyamaoa Res~~oir as per Exhibit 4-6; Maximum pumping 6spao1ty 3 millilln ·gallons daily (9 aa.ft . feet, Average ~ry year run-off 70 aore-feet. · 
It wee ~ssume~ that Cuyamaoa Reservoir is only dra~ upon when run-o'!'! at Diverting Dam is ir 

. Cuyemeoe. ~eservoir dry ~ay 1, 1899 to Fob. 1, 1901; July 1, 1904 to Jen. 1 1905. Water in throughout the 20 years. ' 
• La Kese. Reaervoir neTar without water ~n storage during whole 20 year period • 

. 
NET SAFE GRAVITY YVKLD, Season 1897-98 --------------------------NET SAFE GRAVITY YTBLD, Season 1901-02 --------------------------AVERAGE WET SA.PB GRAVIfY YIXLD --------:..-------------------------NRT SAPE YIELD LA MESA BUN-ol~ ----------~------------
NET SAFE GRAVITY YIEXD OP SYSr.EM ----~----------------:========== llE:l' SAFE YIELD OP SYSTEM INCLUDiliG 2V HIEERS IliCHRS PUMPING 

CAPACITY FOR 9 KOWTHS ------------------------
PRESENT INSTAIJJ:D PUMP CAPACITY ------ -- ---------------========== 
HENCE SYSTEM IS A:JmQUATE TO ,Dh!LI\IER Ill 1'HS AVERAGE DRY YEAR . A SERVICE R EQUIRm.trmT OF 320 - 9 months minnrs inches (151,269,?40 oubio teet ~r annum.) ' 
ALSO THERE CAN BE DKLIVERED AT THE END -()p THE SYS!l'm! IN EXCESS OF THIS SRRVICE RBQUIRF:r.rSNr., AI AVERAGE 01' 356 - 9 months Miners Inohea, (3,8?2 nore-£eet~ or 5.36 million ~ 11 per d~). of winter or flood weter. 08 one 
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