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·San lPranoisoo, California. 
Kay 8th, 1916. 

To the Honorable Oity Oounoil, 

it~ of San Diego, California. 
Gentlemen: 

In accordance with authority granted under your 
Ordinance No. 6986, your engineers. have made a st ~ of the 
undeveloped water system owned by the Voloan Land and water 
Company, hioh study is herewith appended. 

First: 
· e have been asked to report upon:-
"The reasonable value of said system in ita 
present conditiOn." 

e find this value to be $2,880,625. land and 
water rights. 

ESTIMAD OF VALUE Qil RSSERVOIRS 
RIGHTS OF WAY INb WA!cim RIGHTS. • 

For an undeveloped system thi s subject presents a 
very complex problem. Great enterprise has been exercised in proouring practically the entire available riparian rights 

o the San Luis Rey River and at a vary heavy outlay. con-
siderable rights have also been acquired on the Santa Ysabel 
~i er below the diversion points and in the hydrographic studies 
~e allowance has been made for released water to compensate 

fullJ all legitimate demands by adjacent users. on the moat 
conservative basis, the following elements of value ~ be 
applied to the different units of this syatem:-

RESERVOIR LANDS TO BE CONVEYED: 

\Varner's 2960 acres 0 $100. per aore, $296,000 Pamo 654 n " 150. n n ·98 ,100 San Clemente 166 " n 200. n n 33,200 Carroll 929 " " '15. n " 62,1'15 Sutherland 12'1 " " 100. n n 12.700 Santa Maria 80 n " 100. n " 8 1ooo 
Total 481'/ ~6 0,  

...... ... -· 
. j • . 2 

Your engineers are not assumdng to paaa on the 
title of the riparian rights or other realty holdings of 
the Voloan Land & Water Company. A certain schedule of 
these properties ·has been submitted to the City of San Diego 
and referred to ua by the Voloan Land & Water Company, which 
shows the character and extent of these rights, whi ch we are 
assuming in this report to be correot. It will be necessary 
before any purchases are made by the oit.1 for your Oit.y 
Attorney to review these titles as well as oontraota with 
certain Ol@imants to water, auoh as the Escondido Irrigation 
District, Indian rights, and small canals along the Santa 
Ysabel River. 

RIGHTS OF WAY : 
~

Surveys, rights of way, test borings, 
hydrographic data, eto., 
ao tua.l ou tla.y 

~ RIGHTS: 

$ 240,000. 

Wbile the moat careful computations conolu-
sivel1 prove a productiveness of 64~ 
miner's inahea of water from this system, 
~o r engineers believe that eoonomio 
de elo~ ent would warrant us in estimating 
for purpose of purchase 46~ inches at 
$1000. per miner's inch, ,46~ 000  

This allowance of $1000. per miner's inch 
is for a continuous net flow of oDe miner's inch of 
water for a twelve months year, and is in distinot 
oontrast with tho irrigation inoh which provides 
ordinarilY for an eight months deliver.y of water. 
A miner's inoh whioh is developed and in a going 
system delivering water for domestic uses under 
such conditione· as are here considered would probably 
have a greater value, but allowanoe is here made for 
the faot that the 8,1etem is at present undeveloped. 
Riparian rights aooording to the schedule submitted 
for 66,583 +acres are to be conveyed under the option • 



This price per miner's inch is assumed to cover all 
the outlay that is necessary for the compensation for 
the riparian rights and riparian lands purchased by 
the Voloan L9.nd & Water Company, and which riparian 
rights it is assumed will be transferred to the oity 
tosether with such other rights as have been outlined 
in the schedules and options that have been presented 
to the cit,y by this oompaQy. In determining the 
number of miner's inches of water available, allowance& 
have been made for contractu between the Volaan Land & Water Company and the Escondido Irrigation District, 
oertsin Indian rights and canal rights on the Santa 
Ysabel River. These agreements should be reviewed 
by the City Attorney before any purchases are conswnm-ated. 
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The drop from the end of Warner's aqueduct 
into the Pamo shed will yield continuous 
hydro electric power whioh should give a 
net annual revenue of $30,000., whioh 
would be the equivalent of ~ on 

TOTAL 
$600,000. 

"'2,81'1.1'16. 
The amount of power that can be developed from 

the ~eg lated waters of Warner Lake in passing to the Pamo 
Reservoir will be ap:proxima.tely 1600 kilowatt continuous 
output on the switchboard. The conduit from the Warner 
Reservoir h&a been designed so that this water may be 
delivered to the power plant to meet peak load conditions. 
The situation is unusually favorable for .the development of power in this manner because there will be a reservoir both 
at the upper end and lower end of the power drop which will 
permit o~ this regulation without the loss of water, and 
the oonduita have been designed of sufficient oapacit,y 
to ~er it of these fluotuating flows. ith this plant 
constructed in this looality it is believed. that this power 
would be worth one oent per kilowatt hour wholesale at the 
switchboard. At this rate it would earn $131,000. per 
annum. The power companies at Los Angeles have offered 
that cit.y six tenths of a oent per kilowatt ~o r for all 
the power that may be delivered by the power plants on the 
Loa Angeles Aqueduct. !.his is a low wholesale rate, but 
if 1 t would be aacepted as governing in thi a case, the 
earning power for this plant would be ~9,000  per annum. 
Considering the fact that the plant is wholly undeveloped 
and also allowing for operating ahargea, which would be 
small, the capitalized·valuation in this report is oonaidered 
at but ~soo ooo •• whioh is approximatelY one half ita ultimate value to the city. 

.... --
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It ia to be noted that an additional area of 1095 
aores of land, estimated value of $54,760., should be obtained at Warner's and that 72 acres, at not to exceed $160. per aore, should be also obtained for a similar reason at San Clemente, 
in order to get full reservoir use. 

While your Board reooumlenda the development of the 
moat available reservoirs, we consider it good business policy to aoquire all other lands in all reservoir aitea, outlined in 
the aahedule. 
Second: "The available water supply of said system." 

An hydrogra.phio study of all available data. has been 
made oonaidering this question in its various phases. On the 
san Luis Rey River an investigation has been made of the safe 
net dependable yield from the Warner Reservoir, with a storage 
capaoit,y of llV.ooo aore feet, whioh results in a safe net yield 
of 11.6 million gallons daily. Four thousand aores will be 
flooded whioh is 1040 aorea in exoeas of the area contemplated 
to be transferred under the option. The company, however, 
has agreed to transfer the floodage rights for the additional 
lands for $60. per acre. This agreement of transferring 
additional lands to be flooded at $60. per aore applies also 
in the oaae of the Pamo reservoir site. 

There are three reael~oir sites on the santa Ysabel 
River -one at Sutherland, one at Pamo, and the third at 
Carroll. 

The net safe yield from the Sutherland Reservoir, 
considering it as the only regulation upon this stream, is 
about 3.2 million gallons daily. 
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If the Pamo reservoir be oonatruoted ·without other 
regulation on the river the yield would be ?.0 million gallono 
daily. 

5 

If both the Sutherland and Pamo reservoirs are built. 
the safe net yield from the upper portion of the stream would 
be 8.0 million gallons daily. 

Studies of the Carroll reservoir were made under the 
conditions of no storage regulation on the upper river, and 
with reservoir capacities of 34,800 aore feet and 66,ooo ·aore 
feet, a safe net yield of 6.? m!llion gallons daily is obtained 
in the first inatanoe and ~ million gallons daily in the latter. 

Studies have also been made of the Carroll reservoir 
under the assumption that the Sutherland reservoir was built, 
under which assumption a yield of 3.1 mdllion gallons dai~ 
coul d be obtained from the Carroll reservoir. 

Similarly a. study ha.s been made of the Carroll with 
both the Sutherland and :Pamo reservoirs built, under which 
oond.i tion 1. 34 million gallons daily may be obtained from 
Carroll. 

The complete development of this system, which we 
would reoommend, would yield a total of 19.06 million gallons 
per day, made up from the several aouroes in the following 
amounts:-

arner Reservoir, 11. 6 million gallons daily 
Pamo 

Additional from Warner's and 
Pamo combined, with elimin-
ation of portion of evapor-
ation losses, 

TOTAL 

'1.0 n 

0.45 n 

19.06 " 

" n 

" " 
n n 

. . . 
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In the operation of this system it will be advisable 
to tranafer stored water from the Warner's into the Pamo reservoir 
whenever storage oapaoity is available in the latter, aa the area 
exposed to evaporation per aore foot of storage in this reservoir 
is leas than that in ~rner s  By a judicious handling of the 
stored water the safe net yield from this portion of the system 
may oaaib~ be increased 0.46 million gallons daily. 
Third:- "The development of said system which said engineers 

ould recommend and which would safelY guarantee 
the deliver.y of ten million gallons of water from 
said system to said oit,y per day, together with 
the oost of suohn·.development, setting forth in 
detail to suoh extent aa the time available w111 
permit, the number, oharaoter and extent of 
structures advisable in suoh work and the time 
required to develop said system and to construct 
said struoturea to make available deliver,y to 
said city of ten million gallons of water daily." 

A summarized statement of the ooat of the structures 
hereafter follows. It is not recommended, however, to make a.n 

immediate expenditure of the entire amount, but complete to the 
fullest extent in the initial stages of development only such 
structures as may be required to meet suoh reasonable demands 
as the growth of the Oity of San Diego may warrant, including, 
however, development of 10 million gallons dailY as a first unit 
of oonstruotion. 

From careful consideration of the findings and the 
hydrographic at diea ~~0ia recommended that the following 
plan of de el~ ent be allowed:-

~at the ~a o conduit (oapaoity of 64 seoond A. :...;.u 

feet) and the San Clemente reservoir be first constructed 
80 that portion of the flood waters of the Santa Ysabel 
River ~ be immediately diverted to the city. 



B. That the \Varner Dam be completed to auoh a 
height as to provide a depth of 90 feet of ater. 

C. That the conduit from the Warner reservoir 
(oapaoit.y 100 second feet) be built through a divide 
from the San Luis Rey River into the Pamo drainage. 

- • • t .. . 
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This development will guarantee to the oity the delivery 
of at least 10 million gallons dailY and ita estimated 
coat ~ , ,9 0  if built on a oash basis under 
efficient management, it is estimated that it will 
require two years to complete this portion of the system. 

It is our opinion that the completion of the 
above works and the diversion of water as outlined in 
this report ill not be in the least injurious to any 
existing interests upon the Santa Ysabel River, but that, 
on the other hand, an economic waste will -be arrested 
by the storage of much needed waters in the proposed 
reservoirs, which oen be applied for the uae of the 
people in San Diego and vioinity. 

A further development of the system by the 
completion of the Pamo Dam and other work should be 
made in such order as the needs of the population may 
warrant. It can be emphatically stated that the 
greatest advantage to the material interests of san 
Diego will :follow from the sane and continuous po.lioy 
of constructing storage aams and impounding flood 
aters. The fact that the population of San Diego 

has increased three-fold in the last ten years should 
be sufficient incentive to the proper officials to 

7 

D. 

E. 

F. 

ha e an adequate realization of the impo rtanoe of this 
development. 

The following work should be done to prooure 
the eoonomio output · of the system ultimately:-

Oonetruot the ~ o Dam to a full height of 
1?0 teet. or if unforeseen oomplioationa should arise. 
build this dam to a lesser height and complete the -
Sutherland Dam to a height of 160 feet. 

.. . 
f 

Oonatruotion of conduit so that water from the 
Warner reservoir power drop may be oonveyed into ~ o 

reservoir with minimum evaporation losses. 
Construct a power plant on the Warner conduit 

above Pamo. Bo cost estimate included in this report. 
The safe dependable yield from the Carroll 

reservoir with the complete regulation of the upper 
river is only 1.34 million gallons daily. The coat 
of this development and delivery to the city is eo 
great that your engineers do not believe it advisable 
at present to consider construction of thi a !lO rt·ion 
of the system. 

The total annual charges for a dam at Carroll, 
pumping ooete, oost of pipe line to San Diego and 
depreciation for the same for a maximum capacity of 
10 million gallons daily would amount to $137,500.00. 
While this plant would require a 10 million gallon 
daily oapaoit,r to meet fluctuating load conditiOne, 
the estimated average available supply of water from 

8 
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the Carroll reservoir ith no other atruaturea built 

on this stream is but ,.10 million gallons dailY. 

Ten million gallons daily of water can be obtained at 

higher levels by gravity by the installation of the 

first nnit of the system as above recommended, and 

sinoe this unit is capable of expansion to praotioalty 

20 million gallons daily aa the needs of the oi ty 

dictate, it ia believed to be the better polioy to 

concentrate all efforts at present on this portion of 

the project, and leave the aonstruotion of Carroll 

reservoir to some future date. 

Further hydrographic studies should be made 

along the Santa Ysabel River to determine accurately 

the ~otentialitiea of the gravel and sand strata along -
this stream. It is our judgment that considerable 

water could be obtained from this formation to supplement 

the supplY in case of emergencies or droughts, when 

this water could be delivered by pumping from the 

Santa Ysabel River into the Pamo oonduit. 

For an expenditure of $125,000. an adequate 

i~e line could be laid to connect the San Clemente 

distributing reservoir with the city distributing 

system at a point south of the river. It should be 

the policy of the city. i'f it contemplates the 

acquisition of this source. to extend its aervioa 

maine, of a large size, northerlY, across the San 

D1ego River, so aa to be able to make this connection 

and work the supply to an advantage. 
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To summarize, the ooat of development to guarantee 

a minimum delivery of 10 million gallons daily is $2,8'11,950., 

or 7.9 cents per 1000 gallons delivered to the oit,y. 

The coat of developing the entire system to a aafe 

yield of 19.05 million gallons daily (exclusive of Carroll 

Reservoir) is practically $6,600,000., or a coat per 1000 

gallons of 6.8 oenta ·for structures. 

The estimates for structures presented in this 

report are largely baaed on preliminar.y surveys that have 

been made by the Voloan Land & Water Company and which have 

been kindlY presented to your engineers. The figures here 

used should be taken a a pre limi:ns.ry and for the pur:po se of 

guiding the ~ent of the people of San Diego in the 

determination of the advisability of proceeding with the 

oonatruction of this system. Before oonstruotion is under-

taken, it will be necessary to make more detailed surveys 

and engineering plans, as usual in works of this magnitude. 

The figures presented are believed to be liberal and are 

based upon protracted experience in construction of similar 

works in this neighborhood. The plans are for permaDent 

10 

oonstruotion of a substantial nature along conservative designs 

as shown in the numerous engineering drawings that accompany 

the report. The estimate of $2,871,960 •• is for structures 

to bring water from the Warner reservoir to the San Clemente 

reservoir, which is ten miles north of the university Heights 

reservoir and at a commanding position for the distribution 

of water on the Pueblo lands aa well as to the City of San 

Diego itself. 
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If 1 t is desired to oonneot this San Clemente 

reservoir ith the University Heights reservoir an addition 1 

expenditure of 126,000. will be required. These figure are 

for oonstruotion charges and do not inolude pa,menta that 

ill be required for lands, rights of ~ and ater right 

to the Volaan Compa.D7. hioh latter amount a ould be an 

additional charge on the s,yatem. 

rom the hydrographic study and the estimates, the 

J:lamo reservoir was shown to be more efficient than either the 

Sutherland or the arrol reae~~o rs on the Santa Ysabel 

River. Ita construction is an essential portion of this 

enterprise. The elevation of the outlet of this reservoir 

is 850 £eet and because of the great extent of higher inter-
eni~ aountry between ?amo reservoir and the Ouyamaoa 

!lume, it would not be feasible to divert water therefrom 

to the flume. It is our judgment that considering the 
entire group of reservoirs and the area to be served, that the 
most effective system that could be designed woUld be to 

build the Warner reservoir, deve1op the power from the Warner 
water 'through some 1400 feet of drop into the Pamo reservoir 
and to convey the waters of the oombined reservoirs by means 

o:t the Pamo-Clemente Canal as outlined on the accompanying 

~  ~nis dill deliver ~ater at suoh elevation as to 
oomnand by gra.vi ty your ai ty. 

Respeotfull1 submitted, 

.... 

The detailed studies following are divided 

into two sea tiona, namely, ( 1) RYDROGRAPHIO studies show-

ing the quantities of water _that oa.n be developed from the 

different portions of the system, after a most rigid analy-

sis; and (2) STRUCTURAL studies showing the cost of the 

proposed dams and oonduits. 
Considerable more time has been devoted to 

those subjects than wae contemplated when undertaking this 

study, as both problems are far more intricate and involved 
than either your Water Department or your Board of Engineers 

had assumed. 

l. ') I.J 
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BAll LUIS RFlY RIVER 

The San Luis Ray River draina .the weat slope of 
the Coast Range in a portion of San Diego Oounty, discharg-
ing into the Paoifio Ooean at Ooeanaide. The drainage 
basin baok of Warner's dam aite inoludee 210 square miles, 
all lying within the Cleveland Rational Forest Reserve. 
A. bout eo square miles of this area is a broad valley with 
gentle slopes in whioh there are numerous swamps and two 
small lakes. The surrounding mountain slopes have a dense 
brush cover with soattered oak and pine near the crest. 
The elevation ranges from 2620 feet above sea level at the 
dam site to 6126 feet at the summdt of Palomar ~o ntain  

Wbile the rainfall along the seaboard in san Diego 
Oount.y is light (9.62 inahea at San Diego)., it is substantial 
on the high mountain elevations. At Ouyama.oa, at elevation 
4600 feet, a twent.1-aix year reoord gives a mean of 40.21 
inohes per annum. At Julian, elevation 4600, a twenty-eight 
year record has a mean of 28.19 inohea. The Voloan Land 
& Water Company have established a large number of rainfall 
stations throughout the upper portion of the drainage basins 
of the San Luis Rey and the Santa Ysabel Rivers, and the records 

~ 

at these stations are available for the past three years. 
!be precipitation on the basin east of ·the Warner's dam site 
ranges from about fourteen inches on the extreme eastern edge 
to between thirty and thirty-five inohes along the eastern 
faoe of the Voloan Mountains. A study of the isohyetsls 
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projected from long period means over this drainage basin 
shows the average intensity of rainfall to be 22.52 inohes 
per annum. 

STBEA.M FLO : 

We are fortunate in having available an unusual 
mount of data on the flow of streams in this vioinity·, and 

it is believed that deductions therefrom are more reliable 
in determining the available water orop than those baaed upon 
a study of the rainfall. 

The sweetwater River baa been measured at the 
reservoir without interruption sinoe the . season 1887-88. 
The reoord is given in table No. I, together ith the per-
centage ratio of the annual to the mean annual diaoharge. 
The basin of the sweetwater River adjoins that of the San 
Diego River, has 186 square miles of drainage area. and 
its lower reaches have light rainfall and long sandy channels. 
~ne record on this stream at the SWeetwater Reservoir is not 
used in computing the flow of the San Luis Rey at Warner's 
aa the drainage basins are distinctly different. This is 
clearly evident from a study of Diagram Bo. 1, which shows 
graphically a comparison of the percentages of .the mean 
annual flow for several Southern California streams. This 
diagram is explained further below. 

The san Diego River at Cuyamaoa drains a high 
mountainous basin of 12 square miles. Ita exposure is favor-
able to a high precipitation and the basin is n a all~ pro-
ductive of runoff. The stream has been measured by the 

... . . .. 

~a aoa Flume Company ainoe 1893-4. Thia record. together 
wi tl1 the annual peroentagea of the mean flow are shown on 
Table No. I. A reoord has been maintained on the San Diego 
River at the Diversion Dam of the Ouyama.oa Flume Company by 

the oo a~  and the U. s. Geological Survey since 1898-99. 
The flow at this point, together with the measured flow into 
the Ouyamaoa Reservoir give the total runoff of the 104 
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square miles back of the Diversion Dam. This total, together 
with the percentage ratios of the mean annual runoff, are 
also shown in Table No. I. 

The San Gabriel River drains a high mountainous 
area of 222 square miles above Azusa. The U. s. Geological 
Surve1 have maintained a reoord on this stream sinoe 1895-96. 
The annual discharge of this stream, together with the per-
centage ratio to the mean, are shown on Table No. I. 

Diagram No. 1 has been prepared from Table No. I. 
The yearly percentages of the mean annual flow have be en 
plotted as absoisaa against the years of record as ordinates 
for the Sweetwater. Cuysmaoa, San Gabriel. and the San Diego 
River at the Diversion Dam. This diagram shows that, with · 
the exoeption of the Sweetwater River, the regimen of these 
streams during the years of record is similar. From a 
oomparieon of the drainage basins tributary to the several 
streams, it is believed that . a good index of the regimen 
of the San Luis Ray River at Warner's ia obtained by averaging 
the peroentagea of the mean an}lual runoff of the Ouys.maoa 
and San Diego River at the Diversion Dam. and averaging this 



mean with the percentages of the mean annual runoff of the 
San Gabriel River. The resulting percentages are shown in 
Table Ilo. I, Columns 5 and 6. !1.1hi a diagram i a used in 
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establishing the regimen for the estimated runoff at Warner's 
onlY for the period 1893-94 to 1903-04 inclusive. 
GAGINGS ON T.HE SAN LUIS REY RIVER: 

The u. s. Geological Survey have measured the flow 
of this river at a point four miles above Pala since 1903-04, 
~it  the exception of the year 1911-12, when no record is 
available. The drainage area above this point is 318 square 
miles. Twelve miles above this gaging station. the Escondido 
Ditoh diverts water from the river during its higher stages. 
A record of the diversion of this channel is available sinoe 
1904-05. Table No. II shows the discharge measurements at 
Pala and the diversions by the Escondido Ditch. ~e sum of 
these two quantities gives the total runoff of the river 
for the 318 square miles above Pala. 

The Volcan Land & Water Company, in conjunction 
with the u. s. Geological sUr e~  have measured the discharge 
of the San Luis Ray River at Warner's dam site for the e~rs 

1905-06 and 1911-·12 to d.a.te. The drainage area lB.ck of this 
point is 210 square miles, or 64 per cent of the drainage area 
back o£ Pala. A comparison of the runoff of the entire 
river at Pala with the disoharge at Warner's during those years 
in which synchronous measurements were made at both points, 
indicates that the runoff at Warner's is 61.4 per cent of 
the entire river at Pala. Table No. II is constructed by 
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applying this ratio to the combined flow of the river at 
Pala plus the Escondido diversions. This table ehowa the 
eatimated runoff at Warner's for the period when measure- · 
menta were made at Pa1a only and also the aotual measure-
ments at Warner's. The estimated mean runoff for the 
period during whioh measurements were made either at Warner's 
or Pala (1904-5 ·to 1913-14} is 28,981 acre-feet per annum. 
The percentages of the annual runoff given in Colnnm 6, 

Table no. I, show the mean for this period to be 146 per 
cent of that of twenty-one years. Making this adjustment 
8 mean annual runoff at Warner's of 20,000 acre-feet per 
annum is obtained. Applying the estimated percentages as 
given in Column 6, Tabla No. I. to this mean annual runoff 
of 20,000 aore-feet, the ranoff of the Sen Luis Rey River 
at warner's for the years 1893-94 to 1903-04 inclusive, is 
estimated. This is shown in Table Ho. I, Column 7. The 
period considered (1893-94 to 1913-14) includes the driest 
group of years indicated either by the oldest stream flow 
records of the state or b~ the recorda of precipitation at 
San Diego, which extend baok to 1849-60. 

Mass curve studies have been made of the San Luis 
Rey River with storage capacity at Warner's to the extent 
of 120,000 aore-feet and 117,000 acre-feet, and the safe 
dependable yield of the stream computed in each inatanoe. 
In the re aratio~ of this mass curve oertain losses and 
aooretions in the reservoir have been considered which wil1 
be taken up in detail. 
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RELtlfQUISliMENTS TO SA TISB'f P ~ rl RIGHTS 01 TB& LOWER RIVER: 

The Voloan Land & Water Company have aoquired 

practicallY all the riparian lands on the San Luis Rey River 

from the arner's dam site to the ocean. The only priorities 

on the stream whioh have to be considered are those ol the 

Pala Indians, the Rincon Indians and the Escondido Mutual 

' ater Company. The City of Ooeanaide at the mouth of the 

San i~ Rey River, has protested against the construction of 

a dam at Warner's, but this protest is not here considered 

well founded from a phyaice.l standpoint. 

claim a perennial flow of 6 second-feet. 

The Pala. Indians 

Their diversion 

is just bela~ the Pala gage. The lar.ge porous gravel area 

above the diversion acts as a regulating reservoir, storing 

the winter flood waters and yielding them in quite a constant 

flow. The Pauma Creek with a drainage area of 12 square 

mi·les is a perennial stream and has its confluent with the 

main river above the Pala diversion. This creek and the 

tributary drainage below the Escondido diversion will pro-

vide for the diversions OI the Pala Indiana. No further 

provision ia made in this study for this diversion. 

RINCON ~  

The U. s. Indian Service has a ·aontrsot with the 

Escondido Mutual ater Company to aupply a stipulated flow 

of water to the Rincon Indian Reservation. Judge F. w. 
Henshaw, in a wxitten opinion on the Escondido-Indian 

Service contract states that the Escondido Mutual Water 

COmiJaJlY are betVleen the Indian Service and the Voloan Land 

& Water Company. He states that the Escondido Mutual Water 
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Company must satisfy the claims of the Rincon Indian Reeer-

vation. The praotioe in the past has been for the Escondido 

Mutual Water Company to atop its diversions in the anmmer 

time and the Indiana to take the entire swamer flow, of the 

san Luis Rey River, which normally amounts to about 76 miner's 

inohea. arner'a Dam ia about ten miles above the Escondido 

diversion. The at~ea  goes dry during the snmmer months 

about three miles below the dam site. It ia not probable 

that the water passing Warner's during the snnnner is the 

same water diverted by the Indiana during the same year, as 

this summer water goes down stream as an underflow and probably 

ouldnot travel a distance of seven miles in two or three 

months. There are several perennial streams flowing from the 

Pe.la Mountains which probably sustain the summer flow of the 

river at the Escondido diversion point. No water is estimated .· 

in this report as released at Warner's to provide for the 

Rinoon Indian Reservation. 

ESOONDIDO MUTUAL WATER COMPANY: 

The Voloan Land & Water Company have entered into 

a contract with the Escondido Mutual Water Company under 

date of June 21st, 1912, a copy of which contraot ia er~ it  

attached aa Appendix Wo. 1. This contract provides that the 

Escondido Mutual Water company is entitled to an annual div€raion 

of 1,360,000,000 gallons, that the watex may be diverted between 

november 1st and July .lat, that the maximum rate of diversion 

shall be ~ 000,000 gallons per day, and further that whenever 

this amount of ater ia ~ ailable in the river between the 

dates mentioned it shall be oonaidered aa contributing toward 
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the diversions of the Escondido Mntual Water Oompany, 
irrespective of ~ et er suoh diversion ie made or not. 
There is a further provision that if at any time between 
November 1st and July lot, prior to July lat, 191,, the flo 
of the river 1a less tban 200 miner's inches, plus the amount 
required by the Indians, then the said 200 miner's inches or 
less whioh shall be flowing in said river shall not be in-
cluded in making up the annual quantity of 1,350,000,000 
gallons. If at any time after the first of July, 1917, 
between Hovember let and July lst, the water flowing in the 
river shall not exceed 100 miner's inches plus the amount 
required by the Indians, then the said 100 miner 'a inches 
shall not be considered as included in making up the total 
diversions to which the Escondido Mutual Water Company are 
ent i t led. It is also provided that the Escondido Mutual 
~ e.ter Company shall not be entitled to more water or to have 
del ivered to it ~re water in any year than the aotual run-
off of the river at its point of diversion during ~  year, 
or more water than could be diverted by the Escondido Ditch 
if the Warner Dam were not constructed. 

There are 33 square miles of drainage area above 
the Escondido div ersion point and below the Warner dam site. 
The West Fork of the Sa.n Luis Rey River which 1 a tributary 
above the Warner Reservoir has 24.4 square miles of drainage 
area. A st ~ of the isobyetals projected from long period 
means upon the drainage areas shows the average intensity of 
rainfall upon the 33 square miles below the Warner dam site 
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and above the Escondido diversion to be 31.8 inches. and 
that upon the 24.4 square miles of drainage area tributary 
to the Weat Fork to be 32., inohea. The runoff per square · 
mile from these drainage baaino is assumed to be the same. 

Table No. III ahowa the runoff of the West Fork 
for eighteen months and the runoff of the San Luis Rey 
River at Wa.rner'a ·Dam f .or the same period. The tot.al run-
off of the West Fork for these eighteen months is 32.6 per 
oent of the total runoff at Warner's. Adjusting this per-
centage by the ratio of the areas of the Escondido and the 
West Fork drainage areas results in the runoff of the 33 
square miles tributary to Escondido, being 44 per cent of 
the runoff at \Va.rner•a. This ratio of 44 per cent was used 
in determining the available supply at the Escondido Diversion 
pointe. 

A study has been made to determine under the con-
ditions of the Escondido contract, first the amount of water 
that could have baen diverted each seasonal year by the 
Escondido Ditoh if there were no regu.la.tions of t'4e river, 
and second, the amount that could have 1:e en diverted eaoh 
seasonal year from the runoff of the 33 square miles below 
Warner's and above the Escondido Diversion point. If this 
latter amount is not equal to 1,350,000 gallons, then it is 
necesear,y under the provisions of the contract to release at 
Warner's Dam sufficient water to bring the total diversions 
up to the amount whioh could have been diverted if the dam 
were not oonatrncted. · Table No. IV shows the quantity of 
water in aore-feet it is necessary to release eaoh seasonal 
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year t arner's to satiafr the conditions .of the Escondido 

contract. It is seen from this table, that upon critical 
years, or years of little runoff at Warner's, tho neoesaary 

relinquishments for the Eaoondido divereion are greatest nd 

upon years of large runoff none have to be made. 

EVAPORA. TIOll: 

The Voloan Land & Water Company have been aarrying 

on a. series of observations einoe January 1913, to determine 

the evaporation from a water surface in the vioinity .of their 

proposed reservoirs. ~ere are four stations in the vioinit,y 

of Warner's reservoir from which reoords are available for 

the past two years. Pan No. 3 is set on a knoll adjacent to 
the Warner dam site and is elevated about five feet above the 

ground aurfaoe. The average evapoxation from this pan has 

been 75.16 inches per annum. Pan No. 4, located at the 

Warner dam site in a pool adjacent to the dam, shows an average 

evaporation for the past two years of 66.20 inohes. Pan No. 5 

which is floating in Big Lake . near the Warner reservoir site 

s o~a an average depth of evaporation of 61.51 inohes per annum. 

Pan no. 6 is situated in moist ground near the margin of Big 

Lake and shows an average evaporation o~ 48.10 inches per annum. 

It is considered that Pan No. 3 is not indicative of the con-

ditions existing on the surface of a reservoir and ·the deter-

minations from this pan are excluded as exoeasive. The average 

of the other three pans is 55.2? inohes and the gross evaporation 

used in these studies haa been taken as an average of 55 inohea. 

From this total evaporation 90 per oent of the rainfall occurring 

on the reservoir surface is subtracted. ~en per cent of the 

rainfall is considered as already aooounted for in stream 
flow. 

RAINFALL: 

.. . : 28 

There are available reoorda of precipitation for 

the po.at three years on five stations adjaoent to the Ylarner 
Reservoir. Three of these stations are within the area flooded. 

A table showing a ~easonal variation of precipitation expressed 

as percentage of the mean observed precipitation for eight base 

stations in San Diego County has been prepared b7 Mr. c. H. Lee, 
Associate Member of the American Society of Civil Engineers. 

T'"n.e yearly averages of all the stations are given in Column 

2, Table No. V, for a eri~d of twenty-one years. Thia period 

is 94.6 per oent of the mean for the fort,y-one year period of 

observation. These percentages are expanded to a hundred per 
oent basis in Column 3. The three years of measurement on 
the five stations in Warner reservoir, expressed as the yearly 

average, give a mean precipitation of 19.46 inches, but these 

three years, aooording to the adjusted percentages, is a 97.6 

per oent period as compared to the twenty-one years. The 

mean rainfall then on 100 per cent basis is 19.45 divided by 

97.6 equals ].9.94 inches. In Table No. V, Oolnmn 4,· the 

rainfall on the reservoir surface is computed, from these 

measurements. The evaporation and rainfall should be con-

sidered as a yearly condition rather than an average condition 

extending over a eri~d of years, as during dry years there 

is little rainfall and consequently a larger evaporation 

than upon wet years when the reverse is true. This condition 

militates against the safe dependable yield of the stream. 
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COlfSERVED EVAPORA.TIOll FRO StJBM&RGED MOIST IM\HDS: 

There is a total area of 1740 acres of moist land 
lying within the arner reservoir site. A portion of this 
land is kept moist by springs. The bulk of it, however, be -
oomes. ohaxged with ater during the rainy season and this 
retarded water evaporates and drains out to a depth of 
probably six feet during the awmner. The ater that is at 
present lost by evaporation from these lands ill be conserved 
when this area is submerged. It is considered that the 
evaporation losses ocourring on these lands are equal to a 
depth of water of 19 inches per annum over the moist area. 
Diagram No. 2 has been ra~ared with this as a basis. It shows 
the volume impounded in the reservoir plotted in thousands of 
acre-feet as ordinates and the evaporation losses from the 
submerged moist land in hundreds of anre-feet, as abscissa. 

. Table No. VI shows the mass curve tabulation for 
arner reservoir computed under the conditione heretofore 

set forth. The maximum oa.paoi ty of the reservoir ia taken 
at 117,000 aore-feet, wbioh would necessitate a. dam 105 feet 
nigh with a max1mum depth of 90 feet of water. The reservoir 
is assumed to contain 80,000 aore-feet at the beginning of 
the study. It would probably take two years to ·oonstruot 
the dam and the reservoir would have the benefit of at least 
one winter's runoff before any withdrawals were made, and 
experience has shown that the use of water from a newly 
constructed system is almost invariably below normal for the 
first two or three years of ita operation, ao that this 
assumption is Justified. 

·- .. 
This tabulation is a study of the seasonal 

conditions of the reservoir. The runoff year is from 
July let to June 30th, but the major portion of the run-
off aotunlly oooura during the winter months. The yearly 
draft is assumed to be made in ·about the ratio of one third 
in the winter months and two thirds in the summer months. 
All the evaporation is considered to occur during the anmmer 
months. 

Column 1, of Table No. VI shows the volume im-
pounded in the reservoir at the beginning of the wet season. 
Column 2. shows the estimated runoff in aore-feet occurring 
during the winter months. Colnml] 3 is the draft assumed to 
ooour during the winter months. Column 4 gives the volume 
in the reservoir at the end of the wet season. This volume 
determdnea the necessary size and the amount of waste from 
the reservoir • Oob1mn 6, shows the conserved evaporation 
from moist lands aa heretofore outlined. Col,lmn 6, shows 
the quantity of water in aore-feet it would have been 
neoeeaar.y to release at Warner's to satisfy the Escondido 
diversion. Oolnmn 7, is the mean area flooded. Column 8, . 
shows the net evaporation from the reservoir eurfaoe in 
feet. These quantities are determined by subtracting 90 
per cent of the rainfall aa given in Column 5, Table V, 
from the gross evaporation of 66 inohea aa deduced above. 
Column 9 gives this evaporation in aore-feet. Oolnmn 10, 
shows the total useful draft of 13,000 aore-feet per annum. 
This figure includes the 4000 acre-feet ooourring during the 
winter months. Column 11. shows the waste that would have 
occurred. 
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It ill be seen that a net annual draft of 13,000 acre-
feet, or 11.6 million gallons per da7, oan be sustained 
throughout the twenty-one year period considered, exoept 
during the season 1903-04, when a defioienoy of 3686 acre-
feet; or 28 per oent of the draft occurs. 

Similarly Table Ho. VII is a mass ourve study for 
Warner's reservoir with a storage oapaoity of 120,000 acre-
feet, and assuming 90,000 aore-feet in the reservoir at the 
beginning of the study. Under these conditions a draft of 
13500 aore-feet e~ annum, or 12.05 million gallons per day 

could be sustained, except during the year 1903-04, when 

26 

a deficiency of 3166 acre-feet would have oocurred. Thia 
amounts to 23-1/2 per cent of the annual draft. The shortage, 
ho ever, in both 111 be modified by water leaching from the 
surcharged banks of the reservoir. The deficiency would 
probablY have occurred but once in the past fifty years. 
It Should be noted that tbere is a period of nine suooeasive 
years which are all below normal in runoff in the twenty-
one year period under consideration. This is an e tre e~ 

severe condition to adopt as limiting the safe dependable 
yield of any stream regulated entirely by surface storage. 
It is desirable to supplement the surface storage system 
with pumping plants drawing on underground supplies. 

If the water supply from this reservoir is 
d€voted to an irrigation use, the larger draft may be safely 
oon~e le ted  If, however, the water is to be used for the 
domestic ~ater supply of a great oit,y, as in the case of 
San Diego, the smaller draft should be used. 

- ... .. .. 

The offer of sale by the Voloan Land & iater 
Company to the Oity of San Diego contemplates the transfer 
of 2960 Qorea in the Warner rese~~oir  The reservoir of 
11,.000 aore-feet oapaoity here contemplated will flood an 
area of 4000 aorea. The floodage rights for the additional 
area flooded may be obtained for 60.00 per aore. 



SAN!U YSABEL RIVER 

The Santa Ysabel River drains the territor,y 
immediately south of the San Luis Rey River and flows 
through the Sutherland and Pamo reservoir sites. The 
53 square mdles tributary to the Sutherland reservoir 
are rough and mountainous, ranging in elevation from 1940 
feet a.t the aam site to 65'10 feet at the snmm1t of the 
Voloa.n !Aountain. The canyons are box-like with steep 
aide hills densely covered with brush and studded with 
oak and pine trees. There are no lateral alle~s of any 

size. The rainfall on this area is abundant. 
!he drainage area of 5? square miles between the 

Sutherland and Pamo reservoirs is very similar in character. 
though somewhat lower in elevation, ranging from 890 feet 
at the dam site to about 4000 feet at the surnmi t of Pine 
~o nta in  From a study of maps of these drainage basins, 
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prepared by the Volcsn Land & Water Company. showing isohyetala 
it may be seen that in a general ~ the rainfall on the 
lower basin is not eo great as that upon the upper one. 
GAGINGS Oll !laaB SA.NTA. YSABEL RivKtt: 

The U. s. Geological Survey have meaetired the flow 
of this stream at the Pamo Gage, a point about four miles 
below the Pamo dam site, from Januar.y 1906 to ~ 1912. 
There are 128 square miles of draiDage basin back of thia 
gaging station. From February 1912 to date the stream has 
been measured at the Pamo dam site by the same authority. 
Measurements have also been made at the Sutherland dam site 

for the past twent.y-five months. Durine the period of 
synchronous measurements at Sutherland and Pamo dam site 
the total volume of water passing Sutherland was 67 per cent 
of the runoff at Pamo dam sit~  An eXhibit of these 
measurements is shown in Table No. VIII. fhe ratio of 5Ff 
per oent has been adopted and ia used in the estimates for 
the available water supply at the Sutherland reservoir. 

Table No. IX shows the relation of the measured 
runoff of the Santa Ysabel River at Pamo Gage to the 
measured runoff of the San Luis Rey River at Pala, together 
with the same ratio to the estimated flow of the San Luis Rey 
River at ~rner a, ~  for the period of measurement at Pamo 
Gage. The Santa Ysabel River at Pamo Gage is e.n average 
of 59 per cent of the measured flow of the Sen Luis Rey 
River at Pala. and 96 per oent of the estimated flow of the 
San Luis Rey River at warner's. !l'he runoff of the Santa 
Ysabel River at the Pamo Gage has been estimated as 96 per 
cent of the runoff of the San Luis Rey River at Warner's. 
~e regimen of the streams is taken to be the same. 

The drainage area of the Santa Ysabel River baok 
of the Pamo dam site ia about 90 per cent of that baok of 
Pamo Gage. The intervening area is not as productive in 
runoff as that above the Pamo aam site. !L'he runoff at the 
Pamo dam site has been taken as 96 per cent of that at the 
Pamo Gage. 

Table No. Z shows the estimated runoff of the 
Santa Ysabel River at several points on the stream. Colu10n 
2 shows the estimated runoff of the San Luis Rey River at 
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arner'a. Colnnms 3 and 4 show the estimated runoff o:f 
the santa Ysabel River at Pamo Gage and at Pamo dam site 
respectively, estimated in aooordanoe with the theocy out-
lined above. Column 5 aho s the estimated r no ~ of the 
Santa Ysabel River at sutherland estimated as 5? per cent of 
the runoff at Pamo dam site. Column 6 ahowa the ~o  

of the tributary drainage area between sutherland and Pamo. 
:MA.SS CURVE STUDIES §OR PAMO AliD ~ U li  RESERVOIRS: 

. 
Several studies to determine the safe net yield 

from the upper portion of the Santa Ysabel River have been 
made. First, considering only the Pamo reservoir constructed, 
and second, considering both the Sutherland and Pamo reservoirs 
built. There are certain factors entering into these studies 
that are identical. as for example the evaporation, rainfall, 
and relinquishments necessary for priorities on the lower 
river • . 

EVAP03ATIOl1 AliD RAINFALL: 

The gross e a~oration at the warner reservoir has 
been determined as 65 inches in depth. Observations main-
tained by the Voloan Land & water Company upon the evapor-
ation from a pan (No. 9) located at sutherland dam site, show 
a gross evaporation for the year 1914 of 65.98 inches. 
This is in fair aooord with the amount found at Warner's. 
The gross evaporation for Sutherland and Pamo reservoirs has 
baeD taken as 55 inches, and the rainfall on the reservoir 
surface is assumed to be the same as that estimated for 
Warner reservoir. 

PRIORITIES Ill THE SA.ll PASQUAL VALLEY: 

There are about 3880 aorea of bottom lands 
riparian to this stream from the head of the Sun Paaqual 
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~lle  to Bernardo. These .lands are composed of detrital 
fill. are porous and have great absorbent oapaoity. They 
are fertile and a large proportion of them are already under 
irrigation. It ia estimated that a gross dut.y of water 
may obtain throughout this valley of three aore-feet per 
annum and that a third of this amount may be considered as 
return water through the gravels. Th1 s leaves a net loss in 
the valley of two sore-feet per annum, which, over the 3880 
acres, is a total loss of 7760 aore-feet per annum. 

~ere is tributar.y to this area below Pamo dam site 
130 square miles of drainage area whose runoff goea toward 
repleniShing these losses. 

The average runoff of the SWeetwater River o~ a 
period of twenty-aevem years has been measured as 60 sore-
feet per square mile from a drainage area o·f 186 square miles 
and the runoff of 104 square miles tributar,y to the San . 
Diego River below the diverting dam and above Lakeside has 
been estimated as an average for a twenty year period of 
?6 aore-feet per square mile. The runoff noted of both 
these rivera ooours at the end of loDg absorbent ohannels. 

Santa Maria Creek, a tributary of the Santa Ysabel 
River having ita oonfluent .with the river in the San Paaqual 
Valley, has been measured by the U. s. Geological Survey in 
co-operation with the Voloan Land & ~ater Company for the 
past three years. The average runoff of the 56 square 
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miles tributary to this stream, when adjusted to a twenty-
one 7ear mean on the basis of the SWeetwater percentages, 
is 112 aore ~eet per square mile, and when adjusted in 
aooordanoe with the Pamo percentage is 100 aore-!eet per 
square mile. The Santa Maria Valley, whioh oompoaea the 
greater part of the drainage area, is flat but not highly 
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absorbent. During years in \1hioh the preoipi tation is above 
normal. this drainage area produoes a substantial runoff 
and in years below normal little runoff ooours. This area 
is not the moat productive part of the 130 square miles 
tributary to the San Pasqual alle~ below Pamo dam site. 

In the oase of the Sweetwater and the Sen Diego 
Rivers the runoff from the mountains has been reduced and 
regulated by the absorbent ohannels. The runoff of the 
130 square miles tributary to the San Paaquai Valley is not 
so regulated as it is considered as flowing direotl7 ~on 

the absorbent gravels whose area of 3880 acres is not in-
cluded in the above mentioned 130 square miles. It is 
estimated that the runoff from the drainage area tributar,y 
to tne San Pasqual Valley will average 100 aore-feet per 
square mile. and that this average should be projected baok 
in aooordance with an annual peraentage that is a mean of 
the Sweetwater and Pamo annual percentages. 
shows the estimated runoff of this area. 
SAFE lBT YIELD J'aOM PA1IO RESlmVOIR: 

Table No. XI 

This mass ourve study is made under the aaaum,Ption 
of 47,500 acre-feet storage a aoi~ requiring 156 feet 
depth of water at the dam, in the Pamo reservoir, and is no 
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regulation of the etream above Pamo. and that the regulating 
reservoir at San Clemente ia built to a oapa.oity of 85'10 
aore-feet. The storage oapaoity in the San Olemente reaer-
voir aots virtually a~ an increase to the capacity in Pamo 
aa the winter waters may be passed direot11 into San Clemente 
eo that it shall always be filled at the beginning of the 
draft season. 

Table Bo. lii shows the estimated net runoff into 
Pamo reservoir from the total drainase baok of Pamo dam site. 
and relinquishments at Pamo for losses in the San Pasqual 
Valley. Column 2 of this table shows the estimated runoff 
of the 130 square miles of drainage area tributar,r to the San 
Pasqual Valley below Pamo dam site. When this runoff is in 

. 
excess of 7760 acre-feet the loaaea in the valley are satis-
fied and it is not neoeaaar,y to relinquish anything from 
storage above. When the runoff onto the alle~ does not 
equal ~60 aore-feet the difference is released at Pamo 
reservoir, providing that the unregulated stream flow above 
Pamo duriDg that year is sufficient to make up this amount. 
If the runoff ia not sufficient, only such water as the 
stream produces during that year is released. Column 3 shows 
the estimated runoff at Pamo. Colwnn 4 shows the amount 
neoeaaary to release at Pe.mo dam site to satisfy the San 

Paaqual Valley losses and Oolwnn 6 ehowa the net amount 
available for storage regulation in Pamo reservoir. These 
last three columna are transferred to Table No. XIII as 
Columns 3, 4, and 5. 

Table No. XIII is the mass ourvo tabulation for 
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Pamo reservoir and it is oonatruoted in a manner similar to 
·those heretofore described. The results of this study show 
that a dependable safe yield of ?BOO acre-feet per annum, 
or seven million gallons per day may be obtained !ro1n this 
reservoir; that the reservoir contained 485,000 aore-feet 
in 1904 after a series of seven dry ~ears  It is also seen 
that aste ooours on seven yeara. Thi a waste aoorues from 
t he faot that the storage capacity of the reservoir is not 

sufficient to regulate maximum runoff of the stream. 

S\F3 NET YIELD \71TH BOTH SUTHERLAND & PAMO RESERVOIRS CONSTRUCTED: 
4 

This study ia made upon the assumption that both the 
Sutherland and the Pamo reservoirs are constructed, the Suther-
land reservoir to have a storage capacity of 18400 aore-feet, 
and. .the Pamo of 4'1600 aore-feet, and the additional storage of 
85'10 acre-feet in San Clemente regulating reservoir. -A mass 
curve tabulation was first made for the Sutherland reservoir 
assuming that all relinquishments for the San Paaqual Valley 

auld be made from Pamo reservoir. This tabulation is in every 
way similar to that described for Warner·' a reservoir. It 
shows that a draft of 5000 aore-feet per annum, or 4.45 million 
gallons per day, could be maintained except during the year 
1903-04 when a deficiency of 380 acre-feet would have occurred. 
ZJlis tabulation is shown aa Table llo. XIX. 

Similarly' Table No. XV is a mass curve tabulation 
for Pamo reservoir, considering the runoff below SUtherland, 
tbe waste past Sutherland and the relinquishments neoeasar,y 
for the San Paaqual Valley. T.he results of this st ~ show 
tnat under these conditione a draft of 4000 acre-feet per 
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ann~  or 3.67 million gallons per day could be maintained 
axoept during the year 1903-04 when a deficiency of 675 acre-
feet (17 per oent) would have occurred. 

Thus the eafe net yield from both reeervoira would 
have been 4000 plus 6000 or 9000 aore-feet per annum, or 8 
million gallons daily. 

The area exposed to evaporation per aore-foot of 
storage in the Pamo reservoir is leas than that in the Ylarner 
reservoir. A study has been made to determine how much the 
safe net yield of the Warner reservoir could be increased if 
it were operated in conjunction with the ~a o reservoir. 
Table No. XVI is a tabulation of this study. The Sutherland 
reservoir is built and Pamo reservoir is assumed to have the 
benefit of the storage oapaoit,y in the San Clemente regulating 
reservoir and winter water is passed from Warner's into Pamo 
so that the Pamo-San le e~te reservoirs shall be not more 
than two thirds full, or oontain not more than 3'1,000 aore 
feet at the beginning of the runoff season. Thi e tabulation 
ia in effect a mase ourve tabulation for these reservoirs, 
and is similar in ita oonatruotion to those heretofore 
described. Under the conditions outlined above the yield 
from Warner's reservoir oould be increased to 13500 acre-
feet per annum, or 12.05 million gallons per day. 
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LO"RER SA.BTA. YSABEL OR SAN DIEGITO RIVER 

GAGINGS: 

The u. s. Geological Survey in co-operation with 

the Volcan Land & Water Company have measured the runoff 
for the San Diegito River at Bernardo einoe January 1913. 

Tsble No. XVI shows these measurements and synohronoua 

measurements at Pa.mo for the same period. The ratio between 

the runoff at Berna.rdo ·and the runoff at Pamo ia also shown 

in this table. Diagram No. 3 has been prepared with the run-
off in thousands of acre-feet as ordinates and the percent run-

off year at Pamo as abaoiaaa. The runoff at Pamo wae plotted 

and shows as a straight line. The data given in Table No.l1II 
was then ~ tted upon this diagram and the lower portion of 

the runoff curve for Bernardo determined. To serve as an 
indication of the shape of the upper portion of the Eernardo 
curve, the runoff of the ee~ater River at the sweetwater 

Dam has been plotted against ~ e peroentage runoff year at 

Pamo. The regimen of these two streams are analogous and 
their drainage basins are quite similar, although that of 

the Santa Ysabel River is almost twice as large as that of 
the SWeetwater. 

A st ~ of the iaohyetala projected from lorig period 
means upon the drainage basin of the Santa Ysabel River has 
been made which indioates a mean rainfall upon that portion 

of the basin above Pamo dam site of 26.8 inches, or a total 
of 15?,000 aore-feet. For the part of the basin below the 
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Pamo dam site and above Bernardo, the average intensity of 
precipitation was found to be 18.6 inohea, or a total of 
162,600 aora-feet. The total average rainfall per annum 

over the whole basin is then 309,600 aore-feet. Under normal 
. 

oonditiona then the total volume of rainfall upon all of the 
basin ia 196 per cent of that oocurring upon the area above 

Pa.mo. It follows than that the runoff from the total d·rainage 

area oan at no time be more than 196 per cent of the runoff 

of the Pamo watershed and approaches 196 per oent as a maximum. 

This maximum is assumed to occur on a 300 per cent runoff year 
at Pamo. Upon such a year the flow at Pamo would have been 
64,400 acre-feet and the flow at Bernardo 106,400 acre-feet. 
This locates a high point upon the Bernardo runoff curve 

on Diagram No. 3. The curve beyond this point has an inclination 
such that the runoff at Bernardo is 196 per cent of the run-
off at Pamo. With Diagram Ilo. 3 as a basi a, Diagram No. 4 was 

constructed, showing the percent ratio between the runoff at 
Pamo and the runoff at Bernardo. From this latter diagram 
the runoff of the San Diegito River at Carroll was estimated. 
This runoff ia estimated upon the assumption that there ie no 
storage regulation on the upper river. The details are shown 
in Table No. XVIII. Columns 2 and 3 of this table show the 
seasonal runoff of the Santa Ysabel River at ~a o, and the 

percentage of the mean. Entering Diagram No. 4 with per -
centage runoff year at Pamo, the ratio of the runoff at 

Bernardo to that at Pamo ia found and shown in c lurnn No. 4. 
Column 5 is computed from Columns 2 and 4. 
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The Carroll dam site is about four miles below 
Bernardo, the point of measurement, and there are 36 aqu re 
miles of drainage area tributary below Bernardo. making the 
total drainage area above the Carroll dam site 114 per oent 
of the drainage area back of Bernardo. The runoff per 
square mile for the 36 square miles below Bernardo ia 
probably not so great as the average runoff per square mile 
for the tributary drainage above Bernardo. ith this in mind, 
the runoff of the San Diegito at Carroll dam site is taken 
as 110 per cent of the runoff at Bernardo. This is shown 
in Column 6 of Table No. XVIII. Column '1 shows the per cent 
runoff year at Carroll dam site. 
LOSSES IN SAN PAS QUAL VALL'&Y : 

The runoff of the San Diegito at Bernardo has been 
computed on the assumption of no storage on the upper river 
and is based on the present conditions of the use and loss 
of ~ater in the San Pasqual Valley. Table Ho. XIX haa been 

constructed to determine the average amount of these losses 
under present oondi tiona. Col,,mn 2 shows the estimated ran-
off at Pamo. Column 3 shows the estimated runoff at 
Bernardo, upon runoff years that are below normal. Column 
4 shows the Shrinkage in the runoff between these two points. 
Columro 5 shows the estimated runoff of 130 square miles tri-
butary to the San Paaqual Valley. Column 6 shows the total 
of the losses in the valley. which is the sum of ol~ ns 4 
and 5. The average loas of the period considered amounts to 
6960 aore-feet. This loss obtains under the present condition 
of agricUltural development in the valley. There are 3880 
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ores of bottom land riparian to this stream above Bernardo 
and below the head of the San Pasqual Valley and it haa been 
estimated that ultimately there may be a net loaa of water 
upon this land amounting to 2 aore-feet per annum. or ~~60 
aore-feet in total. Deducting the 6960 aare-feet loss 
ooourring at present. leaves a probable future loss in this 
valley of 1800 acre-feet. This amount is deducted from the 
estimated runoff at Carroll to provide for additional losses 
which may occur in the future. 
RIPA.RIAH .PRIORITIES BELOW' CARROLL: 

A l~rge portion of the San Diegito Ranch is riparian 
to the river below Carroll. This ranch h.a.s a contract with 
the town of Del Mar to supply a constant £low of 50 miner's 
inches or one second foot. There are about 300 acres of 
bottom land in this ranch that are susceptible to irrigation 
by gravity from the river. In order to irrigate the higher 
mesa lands water would have to be pumped about 150 feet. It 
is estimated that the riparian priorities below Carroll will 
be satisfied if 1000 acre-feet per annum is released from 
the Carroll reservoir on all years except those in which this 
amount of water would not have passed Carroll dam aite, had 
no dams been oonatruoted on the river. 

The deductions just described for the San Paequal 
Valley and the priorities below Carroll are shown in Columns 
a and 9 reapeotively of Table No. ~  Oovtmn 10 of this 
table shows the net runoff available for storage regulation 
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in the Carroll reservoir, provided there ia no reservoir on the 
stream above. 



EV Al'ORA TIOll: 

The Sweetwater reservoir and the La Mesa reservoir 
are approximately the same distanoe inland as the Carroll 
reservoir, and the mean of their elevations is about the 
same as the elevation at Carroll. There are records of 
evaporation from the SWeetwater reservoir extending over a 
period of six years and similar records for the past two years 
at La Mesa. The six years of measurement at SWeetwater give 
an average of 59.09 inohes in depth annually; that at La Mesa 
reservoir an average of 71.96 inohes in depth annually. A 
eighted average between these two amounts is equal to 62.31 

inches. A gross evaporation of 62 inches has been used in 
the study of the Carroll reservoir. 
RAINFALL: 

The City of San Diego at the sea coast h&s a 42 
year average annual preoipitation of 9.62 inches. The pre -
cipitation at the SWeetwater reservoir is an average of 
10.?0 inches for a period of 2q years. Escondido has a 
39 year mean rainfall of 15.25 inches. The average of all 
these stations is 11.86 inches. T.he e1evation of San Diego 
is taken as zero. The elevation of SWeetwater is 250 feet 
and the elevation of Escondido 654 eet~ Considering the 
relative inorease in precipitation at these stations tog_ether 
with their elevations indicates an average increase of o.va 
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inches of rain per 100 feet rise in elevation. The elevation 
of Carroll reservoir is 315 feet and computing the rainfall 
at this point on the basis of its elevation above San Diego, 

• 
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results in a mean rainfall of 12.08 inches. The Carroll 
reservoir liee between San Diego and Escondido and is a 
bit nearer the ooaat than Eagondido. 
rainfall at Ban Diego and at Escondido 

The average between the . 
is 12.43. We have 

then the raiDfall at Carroll o~ ted aa an average between 
San Diego, Sweetwater and Eaoondido equals 11.88 inches· ' 
computed as an average between San Diego and Escondido 12.43 
inches: computed on a basis of its elevation above San Diego 
as a base, 12.08 inches. T.he mean rainfall upon the Carroll 
reservoir has been taken as 12 inches and is extended back 

mean in aooordanoe with the Escondido annual percentages of the 
rainfall. Table Xo. XX shows this extension. The gross 
evaporation from the Carroll reservoir is considered to be 
reduced by 90 per cent of the rainfall as about 10 per oent of 
it has already been accounted for in the estimated runoff. 
MASS OURVE STuDIES: 

Studies of the safe net yield of the Carroll 
reservoir have been made under the assumption of, first, no 
regulation on the upper river, seoond, the Sutherland and 
Pamo reservoirs built. These studies are shown on Tables 
Boa. xxr and XXII. The detail of their computation is similar 
to that heretofore described in connection with the Warner, Suth-
erland and Pamo reservoirs. 

With no regulation on the upper river, and a storage 
oapaoit.y in Carroll reservoir of 34,800 sore-feet, requiring 
a depth of water of 100 feet at the dam, a draft of 6400 acre-
feet per annum, or 5.71 million gallons per day oan be aintained~ 

except during the years 1899-1900, when there ould hnve been 
a deficiency of 1030 aore-feet, and the year l901-02. when 
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deficiency of 12'10 aore-feet ould have ooourred. These 

deficiencies probably could have been met by water leaohing 
from the walls of the reservoir and by pumping from its bed. 
The details of this study are ahown in Table No. XXI. 

A similar study has been made of the Carroll 
reservoir under the assumption that the Pamo and Sutherland 
reservoirs are oonatruoted, and that the Carroll reservoir 
has a storage capacity of 23,000 acre-feet. Table No. XXIII 

sho s the estimated runoff at C rroll ith the Pamo and 
Sutherland reservoirs constructed. This table is self 
explanatory, except that during those years in whioh the 
runoff at Pamo reservoir exceeded that at Carroll, the 
runoff at Carroll is estimated from Diagram No. 4. 

Columns 4, 5, and 6 of Table No. XXIII have been transferred 
to ~able No. XXti hich ia the mass curve table for the 
Carroll reservoir under these assumptions. The balance of 

this mass cune table is comuuted in a manner similar to -
those heretofore described. The .results of this tabnJation 
show that a constant draft of 1500 aore-feet per annum or 
1.34 million gallons daily could oe maintained, except 
during the year 1901-02 when a. deficiency of 153 acre-feet 
would have occurred, and the year 1903-04 when a deficiency 
of 207 aore-feet would have occurred. These deficiencies 
may have been modified by water leaohing from the walls of 
the reservoir. 

•• C) 
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Summarizing the results of this study we have 
the following: 

. . . . 

M.G.D. 
San Luis Rey River - Wo.rner'a Reservoir 

Safe Dependable Yield 

Santa Ysabel River 
Pamo Reservoir only constructed 
~a o & Sutherland Reservoirs 
Constructed 

Carroll Reservoir only constructed 
Carroll. Pamo & Sutherland Reservoirs 
Oonatraoted 

Total Yield of System including warner's, 
Carroll, J.>amo and Sutherland Reservoirs 

Additional from Vfarner'a when considered 
with Pa.mo 

11.6 

'1.0 

a.o 
5.?1 

1.34 

20.94 

0.45 

21.39 
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Table llo. 1 

RUll-OFi OF FIV'i: SOUTRERN CALIFORNIA STREAMS 
SR01 ING tl'BB .A.lmUAL PERCENTAGE OF THE MEAN ANliUAL RUN -OB'B' 

---------_,(,..1:-TJ--· ---...... ~l ----- - ("3f ) - ror 61 _ _ _ -----
Year 

sweetwater Per Ouyamaoa Per 
186 sq.mi. Cent 12 sq.mi.Oent 

• Ft. Mean A. Ft. Mean 

San Diego at Per 
Diversion Oent 
104 sq.mi. Mean 

A.. Ft. 

San Gabriel 
222 aq. mi. 

A. Ft. 

Per Percent-
. Cent age Mean 

Mean Ouyamaoa 

Percentage Mean 
Ouyamaoa & San Diego 
With San Gabriel 

--r71 ·-- · 
Estimated at 

Warner's 
A. Ft. 

Adjusted llean =19,98? 

8'1-88 
88-89 
89-90 
90-91 
91-92 
92.:'93 
93-94 
94-95 
95-96 
96 - 9'1 
9'1-98 
98-99 
99-00 
00-0l. 
01-02 
02-03 
03- 04 
04-05 
05-06 
06 -0'1 .. 
07-08 
08-09 
09-10 
10-11 
11-12 
12-13 
13-14 
Total 
Uean 

"' . 

'1048 63 
25253 225 
20532 183 
21565 192 

6198 55 
16260 145 

1338 12 2563 62 8560° 62 96000° '13412 655 112"79 275 31'100° 2'14 208500° 1321 12 2153 52 '1190° 52 2'1100 6892 62 4216 103 14080° 103 90900 
4 0 834 20 2785° 20 23000 

245 2 4'72 13 1218 9 9630 0 0 260 6 665 5 12100 
828 '1 3031 '14 4'100 34 96200 0 0 2361 5'1 5456 40 23800 0 0 2516 61 9304 68 106000 0 0 492 12 16'72 12 28'100 13'760 123 6831 166 22081 161 ].60000 35000 312 12'180 313 362'15 264 236000 30000 268 9259 226 34313 250 350000 

5'18'7 52 3201 '18 ·14124 103 '17600 16126 144 '11'12 1'16 23160 168 180000 
87'15 '18 5134 126 16963 124 139000 3363 30 2'165 6'1 12124 88 2'13000(2) 4463 40 3520 86 1'1412 12'1 '10'100 107'1 10 2982 '13 '1634 66 50300 3525 31 2304 56 11074 81 296000 3o27'lts. 86116 288390 2554436 11214 4101 13'133 121640 

0 Estimated from Cuya.maoa ( San Diego - Ouyarnaoa x 3.34 
( San Gabriel 93-94 ~ Ouyamaoa x ~ 4  
( San Gabriel 94-95 = Cuyamaoa x 4~ 

(2) Februar,y flood of 122,000 a.f. not a~ arent in Southern Cali fornia Streams. 

(3 } Computed from total river at Pala. 
~ Measured flow at Warner. 

. '19 
1'11 

22 
'16 
19 

8 
10 
'19 
20 
8'1 
24 

132 
194 
288 

64 
148 
114 
224 

58 
41 

243 

' • 

& San Diego 

62 
2'14 

62 
103 

20 
11 

6 
54 
49 
65 
12 

164 
289 
238 
91 

1'12 
126 

78 
10'1 

64 
69 

Note: 

~ • d In 
'10 14000 Q)"=' a f.-4 222 44400 0 

fH 0 3'1 '1400 0 CD 
89 1'1800 ~ 

Cl) 
20 4000 . fl.') d 

a1r-t 9 1800 .p d 
a 1600 s:: r.. 

(p 
6'1 13400 o E 
34 6800 J.t 0 

CD ~ 

'16 15200 fl; (H 

18 3600 
148 2"1500(3} 138 241 6695'1 M 335 
263 64000(3} 2'10 

I '1'1 16900(3) 84 160 31'100(-3) 159 
119 30560(3} 153 161 21600(3} 108 

82 12030 M 60 
53 6042 u 30 

166 22621 lJ! 113 419810 
20000 

Subsequent to the preparation of the table the runoff of 
the San Diego River at the Diversion Dam was revised and oorreoted by the Voloan Land & Water Co., but the chaDBes are suah that the results of this st ~ are not appreciably affected and the table ha.a not been changed to agree with the revised runoff. 
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1904-05 
05-06 
06-0'7 
0'1-0B 
08-09· 
09-10 

10-11 
11-12 
12-13 
13-14 

Total 
·aan 

Table No. II 

RUN -OFi' OF SAH LUIS REY RIVER AT \'IA.RNERS - - - ~ 

Measured 
at Pala 

A.. Ft. 

41868 
106302 

845'11 
24850 
48120 
4'7086 

:31000(1} 
: 1000 

6551 
28089 

FOR P&RIOD OF ttEAS'Orul1JENT AT PALA. 

Escondido 
Ditoh 

at Intake 
A.Ft .• 

293'1 
1'142 
3319 
2'105 
3488 
2686 

3212 
2562 
4266 
6'183 

Total River River at 
at Pala 
A. Ft·. 

44806 
108044 

8"1890 
2'1555 
51608 
49'1'12 

35212 
20100(2) 
1080'1 
338'72 

\'larner 
A. Ft. 

2'7500 {3) 
6695'1 l1 
54000 (3) 
16900 (3) 
31'100 (3) 
30560 (3) 

21600 (3) 
12030 M 

6042 M 
22521 M 

289'810 
28981 

Warner in 
Per Oent 

Total River 
at Pala (4) 

61.9 

55.8 
66.6 

61.4 

Estimated 
Adjusted 
Annual 
Percentages 

·138 
336· 
2'10 
84 

159 
153 

108 
60 
30 

113 

1460 
146 

adjusted Mean (5) 19987 

{1) Add 1000 a.f. estimated for July to December 1910 inclusive 
account of no record. 

(2) Computed from measured flow at Warner 
M Measured flow at Warner 

(3} Estimated by multiplying Total River at Pale. by 61.4 per oent. 
(4} Drainage area baok of We.rner = 64 per oent· of draina.g·e area 

back of Pala.. 
{5) The period 1904-05 to date is 145 per cent period as oompared 

to a twent.y-one year average of the Cuyarnaoa, San Diego River 
at dive-rsion, a.nd San Gabriel River. 

~ U  ntn;-OWF OF THE WEST FORK OF THE 
I ---- -- ~

Month 

1913 

Jan. 
Feb. 
Ma.r. 
April 
May 
June 
Total 

1913-14 

July 
Aug. 
Sept. 
Oct. 
Uov. 
Dec. 
Jan .• 
Feb. 
Mar. 
Apr. 
May 
June 
Total 
Total for period 
of measurement 

lleat Fork 
o..f. 

San Luia Rey 

Gl 
555 
'763 
368 
117 

23 

1S.87 

7 
0 
0 
0 

10 
55 

1220 
3330 
1050 

809 
448 
146 

?0"75 

8962 

32.6% X 33 = 44% . 24.4 

..D 
a ~  

443 
2008 
1'758 

'744 
252 

94 

5299 

54 
138 

56 
Gl. 

111 
200 

4'14.0 
12300 

2210 
1313 

'195 
243 

22221 

2?520 

. . . ~ 

Ratio 

35. 6 

32 

32.6 



Year 

1893-94 
IJ4-9 5 
95 - 95 
96-97 
97-98 
... 8-99 

1900-01 
01-02 
02-03 
03 - 04 
01--05 
05-05 
05-07 
0'7-08 
OS-J9 
09-10 

., o·..l"' , 1 
~ u-_ 

~ 
12-13 
13-14 

Tabl.e No. lV 
f';' c 
'I •"" 

EST!}IATED BBLIXQUISHM;§HTS AT ARNERS 

TO ~~ ESCOliDIDO DIVERSIOUS 

Estimated Run-off 

a. t · e.rners 

a. f. 

14000 
41400 

~00 
17800 

4000 
1800 
1600 

13400 
6800 

15200 
3600 
7500 

6695'1 
54000 
16900 
31700 
3J560 
21600 
12030 

6042 
22521 

419810 ( 

Estimated 
Relinquishments 

for 
Escondido 

a.. f. 

960 
0 

189'1 
460 

2451 
1350 

'123 
1048 
1497 

404 
1505 

0 
0 
0 
0 
0 
0 
0 

833 
2028 

457 
15613 

Tublo ll'o. V 

RAilT.E'ALL OH U l~ OF ~  ~ ~ l --- -

----·---riJ - -

Yeu.r 

Average Annual 
l?eroenta.gea of 
Mean Rainfall 
for County 
41 Year Pe.ciod 

---------- - ----
1893-94 

94-95 
95 96 
96-97 
97-98 
98-99 
99-00 

1900-01 
01-02 
02-03 
03-04 
04 -05 
05 -06 
06-07 
0'1-08 
08-09 
09-10 
10-11 
11-12 
12-13 
13-14 

Total 

:·.lean 

65 
131 

60 
111 

61 
55 
73 
9G 
'15 

112 
53 

146 
155 
116 

89 
113 

9'7 
102 

98 
70 

109 

1987 

94.6 

! djuated 
I>eroentages 

for 
21 YeD.r reriod 

G9 
138 

63 
117 

rA 
~ ~~ 

58 
77 

102 
'79 

118 
5G 

154 
164 
123 

94 
120 
103 
108 
104 ( 97. 6 ~ 

74( of 
115(mean 

r4r-- -
Zstimo.ted 
Rain! ell 
on Re er 
voir ur-
fe.ce 

13.76 
2'7.51 
12.5? 
23.33 
12.77 
11.57 
15.35 
20. 3·! 
15.75 

~ 
11.17 
30.71 
32.70 
24.53 
18.?5 
23.92 
20.53 
21.53 
18.72(1) 
15. 2( 1) 
24.40(1) 

418.67 

19 .94 

(1) 'verage of ne~s red rainfall on fire stations. 

. . 
. . 

')..., .:'ercent 
of 

Ttainful1 

--------
12.38 
2·1 . 7G 
11.31 
~  "'"' - • v 
11 .49 
10.41 
13.82 
., 0 '::\.,. 
.J..VoiiJJ. 

14._e 
21 . .,'7 
10.05 
27 ... 4 
00 ~ ::,., .... ~ 
22.08 
15.88 
21.54 
18.4:8 
~  

l6.S5 
13.70 
!.11 n,. 
... • "' tJ 



Year 

1893-94: 
94-96 
96-96 
96-97 
9'1-98 
98-99 
99-00 

1900-01 
01-02 
02-03 
03-M 
Gi-06 

1906-06 
06-0, 
0'1-08 
08-09 
09-10 
10-U 
11-18 
12-13 
13-14: 

!ota1 

Year 

1893-M 
94-96 
96-96 
96-9'1 
9'1-98 
98-99· 
99-00 

1900-01 
01-02 
02-08 
08-M 
04-05 
06-06 
06-0'1 
0'1-08 
08-09 
09-10 
10-11 
11-12 
12-13 
13-14 
!otal 

Table llo. VI 

SS OURVK ~U i FOR WARHER RESERVOIR 
Oapaoity 11,000 a.f. 

lie an !let Volume in Draft Tolume in Oonaerved BTap-
Reservoir B•t1mate4 Dur1Dg Reservoir oration from Released Area Btapor- BYapor- !otal 
at befnn ... Wet at end of subme3ed for lPloo4e4 at1on at1on 
1ng o wet r n o ~ Season Wet MQia Baoon414o 

Season Season Landa 

80000 14000 
,1640 44:&00 
97320 '1400 
80848 1"1800 
'8BZS 4000 
686'12 1800 
39622 1600 
22949 13600 
18961 6800 

8834 16800 
8200 3600 

0 2'1600 
13360 6696'1 
6466'1 6&000 
9916, 16900 
9'16'1 31'100 

10084a0 . 80560 
99800 81600 
99760 12030 
8986'1 6~  
72081 22621 
'16306 

419810 

. 
Tol•N 1D 

'<lOO 90000 1900 960 28'10 
4000 112040 2Gl0 0 3100 . 
4000 100'120 2100 189'1 3160 
4a000 94043 1960 460 2960 
4000 '18233 1'190 2461 26'10 
4000 664'12 1600 1360 2160 
4.000 3'1122 1220 '123 16'10 
4000 3234r9 1060 1048 1420 
4000 21,21 880 149'1 1160 
4000 19434 690 ~ too 
6000 '1800 600 1606 400 
4000 23600 620 0 800 
4000 '1631'1 1320 0 1860 
4t000 11466'1 2000 0 3060 
4000 11206, 2100 0 &&60 
,000 11,000 2260 0 8420 
4000 11'1000 8300 0 8&60 
4000 116900 2360 0 1600 
4000 10'1'190 2260 833 MOO 
4000 91409 2000 2028 1040 
4000 90602· 1860 46'1 8800 

M'IOO 16613 
0 Defioienoy 3686 aore~eat or 28 per oent. 

!able llo. VII 

JllSS CURVE S!ODY !'OR WABD:R BBSRHVOIR 

Oapaoitr 110000 a ~ • 

Dl'aft Vol""• 1D aouerra4 EYapor- . Kean 

A.are Draft 
Jleet Peet 

3.6 10300 13000 
2.6 ,,60 l.ZOOO 3., 11680 11000 
2.8 8300 18000 s.• 9900 13000 
3.'16 8100 13000 
3.4 66'10 18000 
8.1 '-'00 13000 
3.4 8900 13000 
2.8 2620 18000 
3.'1 1480 13000 ° 
2.2 1,60 18000 
2.2 4.090 13000 
2.'16 MOO 13000 
3.2 11000 13000 
2.'16 M20 18000 
3.1 11000 1.!000 
8.0 10600 18000 
8.2 10860 18000 
Z.-i 10800 13000 
2.'16 ffOO 18000 

169,010 273000 

•• , 

Waste 

~ 6  
1MOO 

1626'1 

C.P' ..-. 

Reaez.o1r Bat1mate4 DuriDg BeaerYoir ation :from Released .lrea ••apor- Etapor- ~tal Waate 
at bef::- Wet at en4 o~ 911.\mergel · tor :Ploo4e4 
1Dg o wet 'RDJ1-oft Seaaon Wet Koiat Escondido 
Seaaon Season !ADd a . 

90()00 14000 6600 99600 2040 960 8120 
' 80880 ~ 4600 120280 2180 ·.o 8300 

101200 '1400 4600 108100 2240 189'1 MOO 
868CS 1'1800 4600 100143 2030 460 8100 
MUS 4000 4600 83613 18'10 2461 2860 
63682 1800 4600 60832 1660 1360 2250 
48&98 1600 4600 408i2 1290 '123 1760 
261!9 l.MOO 4600 86169 1100 1048 1600 . 
21661 . 1800 4600 28861 920 149'1 1250 100!, 16800 4600 20'M '140 404: 900 
9660 8600 4600 8660 520 1606 600 

0 2'1600 4600 28000 620 0 800 
12860 6696'1 4600 '16317 1320 0 1860 
686!7 MOOO 4600 1130'17 1960 0 8000 9,,,, 16900 ,600 1101'1'1 2200 0 8360 
93302 81'100 4600 120602 2800 0 84,0 

104262 30660 4500 120000 2460 0 8600 
102360 21600 4600 119.&60 2390 0 8660 
102200 12030 4600 109'130 2300 833 M60 
9lll'1 &OU 4600 92'139 2000 2028 3060 
'18311 82521 4600 91332 1860 467 2820 
'16686 ~ 

419810 35900 16613 

• Defioieno7 3185 a.t. or 23·1/2 par oent. 

ation ati.OD 
.lon 

l'eet Jleet 

8.6 11200 
2.6 8260 
8.'1 12600 
2.8 8600 
8.7 10600 
3.,6 8,60 
8.4: 6000 
3.1 4:660 
8.4 U60 
2.8 1&10 8., 1860 
2.8 1'160 
2.2 -'060 
2.76 8260 
3.2 1007& 
2.!5 9&50 
8.1 11100 s.o 10660 
S.2 11000 
8.4 10400 
2.'16 9060 

168'186 

Draft 

18600 
13600 
13&00 
13&00 
11600 
18600 
18600 
18600 
18600 
11600 
18600 ° 
13600 
11600 
18600 
18600 
13600 
18600 1031.2 
18600 
18600 
13600 
1.8600 

283600 10312 

~ 
~, 

. 
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!able o. VIII 

'RIU!IOI llUI-OD OJ SUB. YSABBL RIYlUl 

Date 

1912-13 
Dec. 
Jan. 

eb. 
Var. 
pr. 
~ Jue 
!otal 

1913-14 
J1117 . 
Aug. 
Sept. 
·oot. 
l\J'OT. 
Dec. 
Jan. 
~a b. 

r. 
Apr. 
Va7 
JlUla 

!otal 

1914 
~  

A:ag. 
Sept. 
Oot. 
ov. 

Dec. 

!otal 

!otal n o ~ 
:for Period 

~ P'VO ])AM SIB • ~ SOIJ!HRQU'IJ) 

.&.t Pamo Dem Site 
110 aq.lld.. 

.A.. tt. 

226 
~60 

1355 
1828 

902 
41.8 
171 

6369 

13 
4 

10 
3 

1'16 
296 

6400 
9160 
2600 
1660 
1080 
488 

206'19 

19 
6 
6 

3$ 
99 

S58 

621 

26669 

• 

A.t S1ltherlaD4 63 .,.111. 
.&.. :tt • 

168 uo 
841 

1426 
696 
870 
1'18 

4:084 

89 
4 

" 14: 
123 
829 

2890 
4100 
1440 

8'15 
593 
231 

10642 

28 
1 
6 

83 
66 

2'10 

398 

16024 

Peroentage 
Sutherland of Pamo 

Perio4 

'16 

61 

76 

57 

Year 

1906-06 

06-07 

O'l-08 

08-09 

09-10 

10.-U 

11-12 

• 
' 

. . .. . . .. 
t-:7 
l-) • 

!abl lfo. IX 

RILlTIOB 01' ~  Rtm-OD Oll' THE SAlf LUIS BEY RIVlm 

.&.!1! ftBNRRS ABD PALl 

!0 'taR ROB-OR Ol THPl SAB!A, YS&.BBL RitBk A! PAVO G.A.R J'OR 

fBI PERIOD OJ' U l ~ ~ PAVO CU.GR 

San Lui 

t Pal&(l) 

108044 

8'1890 

2'1666 

61608 
49"1'12 

35212 

6695'1 )[ 

64000 

16900 

31'100 

30660 

21600 

20100 (2) 12030 K 

Santa Ysabel 
Keaaure4 at 

Pamo Gage 

604'11 (3) 

35'166 

12389 

46'766 

36191 

10706 

Peroentagea 
Pamo o:t Pamo o'f 
Pala •arner 

66 90 

41 66 
45 '13 

89 
'11 

1.44 
116 

89 

866 5'17 

69 96 

(1) J4ea.aure4 run-off at Pala plus Eaoondido ])1toh Diversion 

(2} Computed from measured flow at arner 

C 3) Ja.nua%7 to June 1906 inclusive 

ll Keasure4. run-ott 

:Bote: !rhe run-off of the San.ta Ysabel t Pamo Gage ia 
taken aa 96 per oent of the run-off of the San 
Luis Re7 River at Warners for those 7eara during 
whioh there is no record at Pamo Gag • 



Table llo. X 

ES'l'IMAT8D RtJB-OI'lP OJ' ~ YSlBEL RIYlm 

(2} (3) (4) -- ~ - ~~ ) ( 6) 
SaD Luia Rey · Santa Ysabel. Sant& Ysabel Santa Ysabel Santa Ysabel 

RiTer River . RiTer River RiTer n ot~ 

Year Bat1mate4 at Batimated at Batimate4 at Batimated at between 
Wamara Pamo Gaga ( 1) Pamo Dam Site C 3) SUtherland ( 4) SUtherJ and 1c 

Percent Peroent Percent Peroent Pamo Dam Site 
A. l't. of Kea.D .&.. lPt. of llean A. 1Pt. o~ l4eu A. :rt. o~ Mean 

1893-94 14000 '0 1M40 71 12770 '11 '1280 '11 M90 
94.-96 ,,,00 282 42660 2M oi0620 2M 83100 2M l'UO 
96-96 ~00 3f 7100 38 6'140 38 8MO 8'1 2900 
96-9'1 17800 89 1'1080 90 16230 90 9310 90 6920 
9'1-98 4000 20 3840 20 3660 20 2080 20 1670 
98-99 1800 9 1'128 9 1640 9 9~ 9 '100 
99-00 1600 8 1636 8 1460 8 830 8 680 

1900-01 lMOO 6'1 12860 68 12220 68 6970 68 5250 
01-02 6800 M 6530 34 6200 M 3640 84 2660 
02-03 15200 '16 14690 'I 'I 13860 'I 'I '1900 'I 'I 6960 
03-04: 8600 18 346'1 18 8280 18 18'10 18 1410 
04-06 2,600 138 26,00 188 26090 138 14300 139 10790 
06-06 6696'1 K 836 604.'1 )( 81'1 5t460 31'1 82,60 818 U900 
06-0'1 HOOO 8'10 "36'166)! 187 339'10 18'1 193'10 188 14600 
0'1-08 16900 84 12389 )( 66 118'10 65 6'760 66 5110 
08-09 31'100 159 45'166 l4 240 43480 240 24'190 241 18690 
09-10 30660 163 36191 ll 184 33430 184r 19060 186 143'/0 

1910-11 21600 . 108 20'130 109 19700 109 11230 109 8470 
11-12 12030 K 60 10'105 66 101'10 66 6800 56 43'10 
12-13 6042 II 80 6390(2) 33 6071 1i 33 4084 )( 40 198'1 
13-14 22621 K 113 . 21'160( 2) 114 20679 K 114 10642 1l 102 1013'1 

!otaJ. 419810 400368 380,80 216M6 lMlM 

.ean 20000 1.9066 18118 10302 
. 
K Measured run-off fll Santa Yaabel at Pamo Gage estimated as 96 per oent of run-off of San Luie Rey 'RiTer at 
a Batimated as 106.3 »•r oent of measured run-off at Pamo ~site 

~ 

(I) Estimated aa 96 per oent of ian-off at Pamo Gaga 
~ Estimated dl 57 per cent of run-off at pamo Dam site 
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Table Jlo. XIII 

MASS CURVE STDD! !'OR PAMO BESERVOill 
JIO BEGUU.TIOB' OB RIVER ABOVE P.niO 

Reaenoi:r Oapac1't7 Pamo · 47600 
Sail Clemente 86'70 

!ota1 eoti~e storage Cap.660to a ~  I , 
( 2) ( 3) riJ (5) (6) ( '1) ( 8) (9) (10) (11) (12) Tolmae ill Rel1:nquiah- Bet Draft Volume in Ke&Ji ·Iet Reaenoir Eatt.te4 menta :tor RGD-o:ff DuriJJg Reservoir Area Bvapor- Bfapor- ~otal  Year at begUm- Rail-ott San Paaqual iJlto Wet at end of J-loo4e4 ation ation Waste iJ2g o~ wet Valle,- 'Pemo Season Wet . Acre Drdt Season Reservoir Season A area :reet l'eet 

1893-9, 85000 1.2'170 2300 104'10 2600 329'10 610 3.6 2200 7800 94-96 25i'IO 40&20 0 -10620 2600 560'10 800 2.6 2000 ,800 94:20 96-96 . 48'1'70 . 6'140 4610 2230 2600 48600 960 s., 3600 ,800 96-9Y 39'100 16230 0 16230 2600 63430 940 a. a 2620 ,800 9'1-98 45610 3660 3660 0 2500 43010 900 S.'l 8880 7800 98-99 81180 16-iO 16'0 0 2600 31880 700 8.t& 2620 7800 99-00 23960 1460 1460 0 2600 21460 600 8.4 ·1700 '7800 1900-01. 1«60 12220 2820 9400 2600 21360 410 S.l. 12'0 '1800 01-02 14'190 6200 6650 660 2600 12940 MO 3." 1160 ,800 
02-0S M90 13860 2820 11040 2500 16030 2'15 2.8 Y"/0 Y800 03-04: 8960 3280 3280 0 2600 64:60 180 3.,6 6,6 ,800 M-06 486 26090 0 26090 2600 230,6 290 2.25 660 '800 05-06 1'1125 6'1460 0 6'1660 2600 660'70 760 2.2 1660 '1800 16005 06-09 -69120 83970 0 S89'10 2600 660'10 1060 8.'15 2920 9800 24-620 0'1-08 ,'1860 118'10 220 11660 2600 660'10 1030 8.2 8800 7800 180 08-09 "'"'0 43480 0 434:80 2600 560'10 1030 2.,6 2830 '1800 82880 09-10 4 9~ 83480 0 3M3() 8600 660'10 1030 S.l S200 'BOO 82800 10-11 ,'1670 19'100 0 19'100 2500 660'10 1030 s.o 8090 ,800 8'100 11-12 4'1680 101'10 1620 8660 2600 53830 1010 3.2 SMO !800 12-13 ~ 90 6071 4900 11'11 2600 48961 900 3.4 3060 vaoo 13-14 36601 206'19 0 206,9 2600 63'180 900 8.'15 24:'10 '1800 46010 .. . 

!a tal 380480 346'10 346810 ~ 46 163800 li~ 66 
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~ . 
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r 21 r ~ RU:ii-o:t:f o:f Santa Yea el 
Year at Pamn 

Acre-feet Per Oent Kean 
----

I 

1893-94: 12,,0 '1 94-96 40620 2M 
95-96 6740 38 
96-97 16230 90 
9'1-98 3660 20 
98-99 1MO 9 
99-00 1.460 8 

1.900-01 12220 68 
01-02 6200 34 
02-03 13860 7'1 
03-M 3280 18 
M-06 26090 138 
06-06 6f'450 31'1 
06-07 389'10 18'1 
0'1-08 118'0 66 
08-09 ~ 0 uo 
09-10 83430 184 
10-11 19!00 109 
11-12 101'10 66 
12-13 60'11 33 
1.3-14 206'19 114 

Kean 18118 
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Table Bo.XVIII 

RUll-Oli'F OF SAN!EA. YSABEL RIVER 

~ lmlUlA.RDO Alm CARROLL 

~ 6}, 1 '1 > c a) r 91 c 10 ~ 4~ 4~6 i Per ant R - ff at Carroll JUture Released :tor Bet n o~ Bernardo at 110% of Bernardo Use Priorities Into of Bernardo Aore-feet Per Oent in S.P. Below · Carroll P-ro Kean Vall.ar Carroll Reaerroir . 
116 14680 16150 66 1800 1000 13360 129 62300 5'1'100 231 1800 1000 64900 60 33'10 3710 16 1800 1000 910 118 19150 21100 84 1.800 1000 18300 'I 260 280 1 282 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 113 13810 16210 61 1800 1000 12410 38 2360 2600 ll 1800 800 0 11'1 16220 178'10 "11 1800 1000 160'10 6 160 1'16 1 1'16 0 0 118 29600 32600 131 1800 1000 29800 196 ll.2600 124000 496 1800 1000 121.200 119 40460 44600 179 1800 1000 o&lfOO 1U 131'10 14600 68 1800 0~0 11,00 138 60000 66000 2M 1800 1000 63200 ll.B 39460 43400 1'14 1800 1000 40600 118 23260 26600 102 1800 1000 22800 98 99'10 10960 " 1800 1000 8160 36 2218 2440 1800 640 0 118 24430 26960 108 1800 1000 24160 

22'126 25034 22'1'12 

~ . 
' 

(-:-e.· 
~ -·· 

-

• 
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!able Bo. n: 

BS!l'IIIA.'$0 BAIBJPALL Oli OA.RBOIJ, BBB&RVOIR -
:a aUla teet 

( 3) (4) \ 
( 5) •. ' ( 6) 

at:tNte4 Direot at ted Bun-ott tiN tea. 
Year B:lm-ofi ll1m-oft 1250 t·ai· tnbu- !o'tal. aoon414o .&.43uate4 Batinate4 90 Peroent Pamo Dllm :Be :mario Lo8a tar.r o s P all~ Lo•••• Year Percentage PezroeDtagea AaDual Rainfall •. ~  •. ~  a. 'f • a. f. ot Jlean OD Carroll BaiDfall 

1896-96 6'140 33'10 33'10 sae;o 6620 Jlean • 12. O" 

189'7-98 3660 260 3390 1800 .690 1893-94 39 41 ~ 9  4.43 
2420(1) 94-96 122 12'1 16.U 13.72 1898-99 1640 0 1640 '180 96-96 62 54 6.48 6.83 
1980(1) 96-9'1 102 106 12.72 11.46 1899-00 1460 0 1460 620 9?-98 6'1 59 '1.08 6.37 98-99 62 66 '1.80 Y.02 1901-02 6200 2360 SMO 2210 60&0 99-00 90 94 11.28 10.16 1900-01 96 99 11.88 10.69 1903-04 3280 160 3120 11'10 .290 01..02 16 '19 9.48 8.63 
6440 02-03 llti 120 14.40 12.96 1911-12 101!10 99'10 200 6240 l 03-04 63 66 6.60 6.94 1 04-06 163 160 19.20 1'1.28 1912-13 60'11 2218 14 3860 2860 6'113 06-06 164 1'11 20.62 18.4'1 

M803 06-07 116 121 14.62 13.0'1 
0'1-08 88 93 11.16 10.06 

6960 08-09 118 128 14.'16 13.29 !lean 09 .. 10 122 12! 16.24 13.PJ2 
1910-11 101 106 12.60 11.34 Measured run-oft ll-12 96 100 12.00 10.80 

During these 7eara the uaea in the San Paaqnal 12-13 68 71 8.62 '·6' (1) 13-14 125 130 16.60 14.04: Va1lq are probabl7 not entire:q satisfied and 
these 7ears have been a:mlude4 in JDaldllg up 2014 2100 262.00 226.83 the average. 

96~ 10.80 '1'160 100 12.00 Ultimate use in San Pasqual Valley 
Present use in valley 6960 

Probable future use 1800 .f. 

• 



table Ho.xx• 

JB.SS QORVB ~ r ~  <WUlOLL BllBIRVOIB 

liD BEGtJIAnOK 0 UPPBR RIVER 

Oapaaib MSOO a.f. 

·- • 112 - ( 13) (2) ISJ (4) (5) {6) . r .,, (8) (9) (10) (11) 
Volttme in llat1Mte4 Releuecl Batimatel Draft Volmae 1D Total 
Reservoir Bst-J. mated htue fo%' Bet Reservoir Kean llet Waste 

Year at begiJm.- :r.oas 1D Priori tie RWI-O:tt D1lring at end o'f Area EYapor- Evapor- Draft 
iDS o:t t Run-oft San Paaqual Below Into Wet Wet •loaded ation ati.on 
Seaaon Vall!l Oar:r911 Carroll Season Season l'eet Ao.Pt. . ._ . • 

1893-94 10000 16160 1800 1000 13360 2000 21360 600 4.8 8880 6400 
6400 321'10 94-96 140'10 5'l'IOO 1800 1000 64900 . 2000 HSOO 900 4:.0 3600 6400 95- 96 26800 S'llO 1800 1000 910 2000 25710 960 '·' 4460 6400 96- 9'1 16860 21100 1800 1000 18300 2000 33160 930 4:.2 3900 6400 99-98 24860 282 282 0 0 2000 22860 860 4.6 3960 6400 98-99 14500 0 0 0 0 8000 12600 600 C-.6 2300 6400 Defioienoy 1030 a.f. or 1&%. 99-00 6800 0 0 0 0 2000 8800 100 4.3 430 6400 1900..01 0 15210 1800 1000 lMlO 2000 10410 100 4.3 430 6400 n 12'70 II " ~  01...02 5680 2600 1800 800 0 2000 3580 100 4.6 450 6400 02-03 0 178'10 1800 1000 160'10 2000 130'10 230 4.1 945 .. 
6400 03-04 "1725 1'16 1.'16 0 0 2000 5'125 230 4.9 1130 6400 04-05 195 32600 1800 1000 29800 2000 2'1995 600 3.'1 1860 6400 106146 05-06 21.'145 1.24000 1800 1000 12]200 2000 84800 1030 8.6 3700 6400 31600 06-0'1 25700 44500 1800 1000 41700 2000 34800 1090 4.1 4430 6400 870 0'1-08 25970 14500 1800 1000 11'100 2000 34800 lOBO 4.3 4650 6400 62160 08-09 25'150 66000 1800 1000 68200 2000 34800 1080 4.1 •4430 6400 29'1'10 09-10 25970 43400 1800 1000 40600 2000 84800 lOBO 4.0 4320 6400 12080 10-11 26080 25600 1800 1000 22800 8000 34800 1080 4.2 4550 6400 11-12 25850, 10960 1800 1000 8160 2000 82000 1030 4.3 4430 6400 12-13 231.1'/0 2341 1800 641 · 0 2000 211'10 830 4.6 3'120 6400 400 13-14 13050 26960 1800 1000 24150 2000 MBOO 860 4.0 84&0 

625639 31058 16341 4'18240 68996 134400 
. . 

266186 
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DBSIGB - QBMIBAL 

AABTR N.VS: 

..... {' ( ) 

!heae aama are to be oonat:ra.ote4 b7 the ~4ra l  
f111 prooea • & aentral aore trench from 60 to 76 feet wid 
and axteDaing 20 feet iDto the aoll4 rook is to b em :yate4 for practioallJ the entire length of th Aam. !he bfdraulio-
illg is to be carrie! on in n.ob a .,.nner that the naultiag 
aam will aompoael. a ro i ate~ o~ ~er  a shown 1D th p1ana - that is, the illterior o~ central. portion Will be fiDe 
o~ to form the impenioua oore. On the up tr am and 4own-

tream aides o:t this oore the Daterial will be of a aemi-poroua uture. ~ , ond this will be a ~ r of :porou -.terial, next a l.aJer of yery aoaraa material: and finall7, on the water face, a course of he&YJ' atone r1p-np, band lai4, aa proteation against ;ve aotion. ~~ downstream face will be ooTered with 
a heavy 1a7er of large loose stones. 16 to 20 feet deep. !bia rock will b merely dumped into plaoe. 1 ta ohief fanotion beillg 
to give added weight. and help compact the interior of the 
structure. 

!he general aoheme o~ flood oontro1 during oonatruction 
is by means o:f a large reinforced concrete pipe or oondui t runn-
ing through the aam, its lower side reati~~g on bed rook. !be entrance to tbis pipe 111 be ill the Shape of a vertical well 
rising into the reservoir. !ale height of the well, as Bhown on 
the plana, ia the u1t1mate height to which it will be built. 
A.t first it should be raised s1mp}7 eDJ)ugh to kaep the pipe ·from being filled with sea1ment. Aa the work goes on, the 
pipe ia to be raised in order to create a small reservoir to 
brniah water ~or ~ l tnlioing  Later on, this well entranoe 
oan be either plllgged up, or if desired, it can original~ be 
made o~ the neoesaary sise to ~or  the lower portion of a 
re1nforaed oonoreta outlet tower. 

After the atruoture is oomplete4 the abo?e mentioned 
fl.ood control. pipe oan be readil7 chaDged so as to be used as 
the oonduit for the pem&l'ent outlet pipes. 

In the center o:f the ol.al' oore wall trench, there 
will. be a oonorete out -oft wall, extending uauall7 8 or 10 :feet into the solid rook and r1a1Dg approx1mate11' to the original. grormd surlsoe. !h1 s out-off •all will bave a tbiok-
neaa of 3 feet on the bottom and one foot on the top. · When 
the oonat:ruotion starts it T'ltfq be found that 1 t is not necessary 
to aontiDDB this wall be7ond 4 or 6 feet bove the bottom of 
the uenoh, instead of the ground surlaoe. as shown oD plans. 

li&SODR! ])&liS : 

Jlor the maaoDX7 a am at Sutherland reaenoir. the arohed 
graTit.J aection is used. Tbja requires no artio la~ oommenta ainoe 

lhe design was made aooording to standard eugineeriJJg pra.otioe 
s it is known todq. 

'I'he masonry c1am at Oarroll raaervoir is an overflow atruotur • This, aa in the oaae of the Sutherland clam. was de -signed aooording to the moat recent praotioe of oonsiderimg the upw rd pressure of water under all horizontal aeotiona and the baa • 1.1 o the ourve o.f the 4onst:ream faae ia made in suoh 
manner and of auoh shape that it will at all points projeot in-
aide of the lower D&»PI of the overflowing &heat of water, thus preventing any possible o~tion of a vaouum. 

!he 4eta11 arrangement of the plant for hfdraulioing 
material into plaoe in the oase of the earth fill dams will., of 
oourse, depend largelJ upon the different conditions to be met 
at eaoh site. !he general method used is here given. 

77 

~e ateria~ will be aluioe4 from borrow pita down open 
abannela on about a ~ grade. emptJing into a oonorete lined a amp. 
HDnitors having a diso a~e that oan be fitted with nozzles of 4 or 6 inch diameter will be used to loosen and wash the material from the pita. !hey will be operated at a disoharge rate of about 
8 aeoond feat and under pressure of approrlmate:q 100 polUlds per square inoh. Smaller 3 ta oan be used for large pockets where Terr soft material is encountered. The monitors will be supplied 
with water by two-stage 10-inoh pumps. !hese pumps Should operata at a speecl of from 676 to 600 r.p.m.. aud be driTen by 25o or 300 R.P. electric motors. 

~o  the sump the solution will be raised to the aam ~ meaua of 10 or 12 inoh mud pampa. m !.b.eae pmnps are to be driven b7 
850 K.P. motors at auob a spaect that the veloai ty of the mixture · 
in the 41aoharge pipes will be at least 10 feet per seoond in 
order that no heaV7 gravel will deposit in the pipes. In order 
to aeaure this speed and steaclJ' flow, as the aam is raised, it will be neoaasary to install booster pumps, ea eoial~ for the portions of the aam moat remote from the sump. 

ne aluioe4 material will be discharged at the upper and lower faoea of the dam aad allowed to run on natural grades toward 
the center. 1fhere a pool o:t still water ia to be ma:Sntailled. :81' this means all the large or poroua material is deposited on the elopes approaob'Jng the pool and is graded down from the StMll roaks. through sand, to praotioall.7 aedimentaey olq in the central part of the pool. By- regul.atiDg the size and elevation of the water in the pool, the l'Jm:S t o t the oentral al&7 oore m&7 be obanged at 
will. 
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Dur1Jlg the snrnmer months the ater n ~ neoea&&17 
to operate the above deaoribed IJ7&tem 1M7 beoome . an important 
:faotor, and for this reason none should be wasted, exoapt that 
wJioh naturallY is lost b7 seepage through the downstream faoe 
direot from the sluioing pipes. 

b7 ~  
portion 

The drainage from the oenter pool should be conveyed 
24 inch pipe back to the sump, thus enabling the greater 

of it to be used repeatedly 
In the follo\lil2g paragraphs the indiYidu l struotures, 

together with their oost estimate, re oonsidere4 .in more detail. 

ABILCR t S Da\M: 

The nature of the sight and oharaoter of the materials 
at this reservoir are exoaptio:nal}7 well adapted to the oonstruo-
tion of an earth fill c1am b7 the h¥4raul1 o prooaas, and this type 
is here reoommende4. !he drainage &%aa ia 210 square miles, the 
capacity of the reservoir {with water at a depth of 90 feet) is 
117,600 acre feet, and the area oovered is 4065 aares. 

The top of the dam is at elevation 2725 feet, the valley 
floor being at elevation 2620 feet. Tb1s gives the height o~ fill, 
excluding the core wall trenoh, of praoticallf 105 feat. The 
ater surface is at elevation 2710 feet, giving 16 feat freeboard. 

The upstream slope is 8t to 1, and is to be covered with 
heavy atone rip-rap, band laid, to 5 feet above the water surface 
(i.e. to elevation 2750). In preRaring detail plana for construot-
ion it may be found advisable to substitute a face slab covering 
o~ concrete instead of rip-rap in all the earth aams here discussed. 
!he downstream slope is 3 to 1 and oovered w1 th a lqer of large 
roo*k4 to a depth of bout 16 feet. !he clam is · 25 ~eat wide on top 
and practically 600 feet thick at the bottom, the Yolume being 
475,900 cubio yards. · 

A foundation trenoh. about 60 ~eat Wide on the bottom, 
and extending 20 feet into the solid roet, is to be excavated for 
ra ti al~ the entire length of the dam. :from the bottom of this 

a concrete core all, 3 feet thick at the base and one foot thiok 
at the top, will be built up to the original -ground surface. A 
few feet upstream from this core wall there will be a line of grout 
holes 3 inches in diameter, 10 feet center to center. and ~ro  40 
to '5 feet deep, through hiah cement grout under a pressure of 100 
pounds to the square inoh will be forced. This is neceasar,y in 
order to solidify the underlJing rook. sinoe the teat holes show it 
to be badlY broken, and unable to of fer resistance to the seepage 
of ater from the reservoir. 

!he outlet control ia a raintoroed concrete tower with 
gates and valves at four different eleTationa between the bottom 
and the ater surfaoe. This tower connects 41reatl7 with the flood 
control conduit 4eaoribed below. 

----
r':;( () 

.0 

!he floods to be handled duriDg the earlier period of 
oonatruotion will be 41soharge4 through a 13 foot reinforoe4 oon-
orete pipe. with a ell entrance: the lower eicla of th1 a pipe rests 
in trench out into bedrock. There will be concrete collar li 
feet by 3 feet, surrounding the pipe at intervals of 30 feet 1n 
o{rder to pr vent seepage lo~ the outside face of the conduit 

aee aketoh on sheet Xo. ~)  A mDre detailed stud7 and design• 
may possibJ.7 show tbat a aa:v1rl8 oould be made by designing all 
flood control pipes to withstand oompreaaive stresses onlY thua 
materiallJ 1nareaaiag its thickness, but omitting the ateei rein-
foroement. 'lhen the atruotu.re is completed this pipe can be used 
aa a conduit for the ~er a~ent outlet pipe or, if found more de -
sirable, it oan be plugged and the 6 by 7i foot tunnel, whioh ia 
lready oonatruoted, ma¢ to anner this purpose. .However, before 

being thus used it will be neoeasary to re-line the tunnel· with 12 
inchea of first olaas oonorete, aa the formation is ver.y broken 
and offers little resistance to water pressure. 

It will be neoeaaar,y during the earlier stages of con-
struction to keep the upstream toe somewhat higher than the re-
mainder of the dam, in order to provide suffioient head on the 
f1ood control pipe. This can be accomplished by means of scrapers 
and teams. 

The ~  flood of this site may. during severe floods 
reaoh 3 or 4 times the amount provided for above, and special pre-' 
oautiona must be taken to bandle this water until the dam has 
reaohed a height sufficient to give reservoir storage oapabla of 
handliug the entire flood without any possible aanger of a break 
ooourring in the structure. This can probably beat be handled by 
leaving an opening through one abutment of the dam,. in which a large 
flume* built in sections. oan be plaoed, and raised alo:ng with the 
lam. Another method would be to materially 1noreaae the size of 
the flood control pipe. Before construction is started, a detailed 
eoonomio study- of this feature would be advisable. 

!'he permanent apillwq for the aam oan be provided by a 
out through the rim on the south aide, as indicated by- Hr. Post. 
It may be neoesaar.v, in addition to the main dam. to build a small 
embaDkment at the spillWS¥ aeotion, ainoe the natural ground at 
this point ia only 'I or 8 feet above the water line. !fhe .ooat 
would be small. 

~e above observations appliing to the additional precau-
tions neoeasaT7 for flood protection (namelf, keeping the upstream 
too high, together with an extra opening thr\lugh one abutment of 
the dam) , applies w1 th equal force to all of the earthiDBtructurea 
hereinafter described. 



!he permanent spillwqs mu.at be lo.rge eno g~ to handle 
the entire maximttm ~lood after the dam is completed, and it is 
essential that . thia detail receive olose study in order to insure 
the safety of the structure. 

pA.NQ D!ll: 

This is to be an earth fill struoture, similar in all 
respects to the Warner dam described above. It will be form d b;y 
the hydraulic process, and have the water faoe rip-rapped, and the 
downstream face covered With heaTY la¥er of loose roOk. !he 
preparation of the foundations and the general scheme of flood 
control is identical with that previouslJ deacribedm the ~o nd
ation being thorough11 grouted under pressure. 

!he storm ters to be oared for b;y the flood control 
conduit require a pipe l'i feet in diameter, reinforced against 
both internal and external pressures as Shown on the sketch. 

!he drainage area is 110 square miles. and the reser-
voir oovera 1050 acres, and has a storage oapaait.1 of 4,,600 aore 
feet. 

T.he elevation of the top of the dam is 1020 feet, while 
the floor of the va11e7 is at elevation 860, the res l~ height 
of the earth fil1 (exolusive of oore wal1 trench) being 1'0 feet. 
~e wa.te:r su:rfa.oe is at elevation 1006, giving a freeb·oard of 14 
:feet. 

!he top width of the dam is 25 feet, bottom width 1000 
feet, length of oreat 1065 feet, raquiriDg 1,961,800 aubio yards 
of earth ~ ita construction. 

SU'l'A JSRLlND DfJl: 

J'or the SUtherland dam, studies of two separate types 
11ere made, one for an earth f111 structure, the other for a masonry 
arched structure , W1 th a gravi 1;y' section. 

Earth ill ~ ~  'l!hi a dam differs from the 'farner and Pamo, 
bove described,-oD!y in dimensions. ~e elevation of the crest is 

2065 feet, elevation of bottom 1925 feet, giving a height of ~ill 
(exclusive of trench) of 140 feet. ~e water surface is at ale-. 
Tation 2055, the freeboard being 10 feet. 

!he top width is 25 feet, bottom width ,00 feet, and the 
length on the crest 900 feet. !he amount of earth required for ita 
construction is 930,800 aubic 7ards. 

fjf 
The drainage area is 63 square miles, which ia, however, 

included in the 110 square miles given for the Pamo atershed. 
fhe ·reservoir at a depth of 130 feet, has a oapaoity of 18,400 aore 
feet, and oovers 434 acres. 

!he flood control conduit for thia dam will be a rein-
foroed oonorete pipe 12 ~eet in 41ameter, and 900 feet long, oon-
atruote4 in the same manner u for Warner •e dam. 

!he na.ture of the foundation and exposed be4rook at 
this site would aeem to indicate that there 1a no need for grout -
ing, and none hae been included in the coat estimate. 

Kason!i ~e  About 3/8 ·tha of a mile below the ai te of the 
earth dam, escrrDed above, the canyon narrows down decidedlJ, and 
offers a favorable opportunit,y for the construction of an arched 
masonry dam. Below the earth dam, hoaever, the stream bed falls 
rather rapidly and the height of the masonry dam (from bedrook) 
will be 20 feet greater than the earth dam, excluding the depth 
of foundation trenoh. ~e elevation of the oreat is 2066, aa 
for the earth dam. 

!he structure is to be built of' O:yolopean concrete, ith 
approximatelY 20 per cent of the entire mass consisting of la~e 
rook plums; it is curved in plan, the radius of the crest being 
400 feet. 

~ere will be no special flood oontro1 preparations 
neoesaar.y for this structure, beyond the construction of the per-
manent outlet tunnel, ainoe, after the dam reaches a height of a 
few feet above the foundation, the flood waters can pass over the 
top without causing ~ considerable damage. It will be neoessar.v 
to provide s ill ~s around the ends of the dam, however, to bandle 
exoeaa flood waters when the dam is oompleted. 

!he outlet control will be a reinforced concrete to er, 
connecting to an outlet tunnel 6 feet by Vt feet, and 200 feet 
long, driven through the solid rook, and lined with aonareta, · if 
found necessary. 

SAN OmMFJITS DAM: 

This dam will be an lqdraulio, earth fill structure. 90 
feet in height, forming the San Clemente reg lati~ reservoir. It 
is intended that thi a reservoir be used mera]3' to regulate the 
flow ~ro  the J?amo and \farner reservoirs &Jld have an area of 238 
aorea, oapaoi "t7 of 86'10 aore feet. It differs in no w1s from the 
other earth aama 4eaoribe4 above. The total volume of earth re-
quired for 1 ts construction is 984,400 oubic yarda. Rare, as for 
the other aama, it will be neaessar,y to provide ample spill ~a  
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Howner, the flood control conduit is not of ao muoh importance, 
and possibly could be handlecl 'bJ means of a tempora17 flume 4ur1Dg 
the entire period of oonatruotion. 

!he orest elevation is 690, the top width 20 feet, up-
stream slope 2i to 1, downstream a1ope 3 to 1. 

It ia from this reservoir that it is reoommandecl a pipe 
line be built aonneotillg with the ai 't7 diatributiDg 87&tem at a 
point on the north aide of the San Diego River. 

CARROLL DAM: 

!his structure differs ro ~ of the dams preYioualY 
described. It is of the 't7Pe known aa a maaonr.v overflow aam, the 
f1ood waters pasa1Dg oYer the entire oreat length, thus requirag 
no special permanent s ill ~ construction. 

The max1mam height above the foundation is 110 feet, the 
elevation of the orest be1Dg t 306. !his height is only tenta-
tive, and further b¥drographio data will have to be oolleoted 
before 1 t can be defixrJ te}7 stated wh&t height will make this dam 
the most economic nnit of the entire srstem. !he length along the 
crest is !20 feet. ~e curve of the downstream face is made of 
such Shape as to project itbin the overflowing Sheet of water at 
all points, thus eliminating any possibility of the fonnation of 
a vacuum. 

a in the case of the masonry dam at Sutherland reser-
voir, this structure is to be built o~ C7olopean ooncrete, 20 per 
cent o~ the entire mass beillg large rook plums, the total yardage 
of the structure is 93,800. 

The drainage area below Pamo ia 196 square miles. The 
area. of the re aervoir l.30B aores. and th_e aapaci ty Si. 680 acre 
feet. 

~e outlet control is by means of a reinforced concrete 
tower, connecting with a 5 bJ' 'It foot tmmel, concrete ~ned, 226 
feet lollg. 

CARROLL P01dPIBG P i~  

In addition to the aam there will be required a pumpillg 
plant capable of ba11dling 10 million gallons aai 17, against an 
ctual head of 250 ~eet lor about 310 feet including friction). 
~ the Carroll aam, together with this plant, abould be built be-

fore the po•er station on the arner Oual, 1 t woUld probab:V be 
adrtsable to use steam for pumping purposes, in which oase there 

ou] d be required bout an 800 horae power steam turbille. direct 

ooDDeoted to three stage centrifugal pump, together with 
1000 horae power ate~ boiler, the neoesaar.y condensing apparatus, 
buildings, eta., ~ ro  the power plant on Warner•a oa.na1 there 
oan be 4eve1ope4 ~ro  the arner waters a1one sufficient eleotrioal 
power to operate the pumping station at the Carroll reservoir, and 
a till leave a material exaeaa. The construction of this power plant, 
however, ia not raoommen4ed until some time in the future. If it 
is cleoide4 that the Carroll Pumping Plant, When built, should be 
operated b.y electrical power, there would be needed three 300 horse 
power motors, 2 high duty pumps, clirect connected, and operated 
at about 1000 revolution per minute. One pump and one motor oould 
be used as "spares• for emergency purposes. 

WARIER 1 S OlNAL: 
, 

'l'b1 a canal will convey the water from Warner's reservoir 
alollg the San Luis Rey River for a short dist&nce, and then by 
means of a tunnel through the divide divert it into the Santa. Ysabel. 
drainage basin, finally' deliveri:ng it to the natural cba.nnel of 
!emeaosl Creek, from which 1 t oan be ·distributed: to the Pamo or 
sutherland reservoirs. !he total 1ength is 6.6 miles, of which 
6200 feet will be 6 x' foot concrete lined tnnnel. !he canal .proper 
will be lined with 4 inches of concrete, and have a 4 inoh reinforced 
oonoreta slab roof through its entire length. 

It will be necessary to take special sanitary precautions 
along the portion of the canal which is for.msd by the natnral cbann-
el of Temeeca1 Oreek, and it may be found advisable to continue the 
oonorete lined and covered oanal over this section also. 

It ie believed that this canal, as shown in Mr. Post's 
report, should be lowered 16 or 20 feet, in order to collect any 
seepage which might occur around or under the dam, without havillg 
to resort to pumping, as would be necessary with the· canal in its 
present location. This obange is recommended. 

As previously noted under the description of Pamo Dam, 
The capaoit,y of Warner's canal will be 100 eeoon4 feet in order to 
rapidJ.1' conduct Warner waters to Pamo res rvoir, when the storage 
111 the latter is low, and save a substantial amount whioh woul.d 
otherwise be lost bJ evaporation. ~ere is, ho ever, a second 
important reason for-makiDg the canal of this capacity. !rhe Voloan 
Land & Water Company, bJ' an agreement with the Escondido Mutual 
Water Company, is required to deliver ~ certain quantity of water 
to the latter, at the Escondido Intake, several mile below Warner's 
dam. !hi a water is aonl'eJed to the intake by means of the natural 
aha11nel of the San Luis e~ River, and consequent:q there ia a very 
oonaiderable quantitJ of it lost b1 evaporation, percolation. and 
diffa.sion over the sandy stream bed. ~ making the canal larger 
.(100 second feet oapaoit,y), this Escondido ater oan be carried in 
addition to the regul r Jield of Warner's reservoir and t he a ova 



noted loss thro11gh the natural stream bed eliminated over a part 
of the course of the Intake. Jlor the same reason it is bel18'1'ed 
that the saving whioh would result from extend1Dg the oonduit, or 
a smaller br&noh canal, farther down the San Luis RaJ" River before 
discharging the Escondido water into the natural stream obanDel, 
would be ort~ of serious consideration. !be exaot length of 
this extension can onl.7 be determined from an eoonomio atudy, 
wherab7 the oost and annual oharges on upkeep of the oanal are 
balanced against the cost of the loss of water resulting from 
using the natural stream obannel. In auob a study there will be 
a point reached here the above two ooata will be ra~tioaltr 
equal. ith this knowledge it will be possible to oonatruct the 
canal in such a manner as to make 1 t most economic as a unit of 
the entire completed s7stem. • 

PAMO CANAL: 

Thi a canal will have a capaoi ty of 64 seoond feat or 
35 million gallons daily. and will. be used to conve7 at first the 
Santa Ysabel flood waters and later the combined waters of Warner, 
Pamo and SUtherland reservoirs to the San Clemente regulati!lg 
reservoir near San Diego. 

Ita length ill be about 25 miles, consisting mainly of 
three types of construction, namely the oonorete lined and covered 
canal, steel flume' and concrete lined tunnel. The detail lengths 
of eaah class of construction are Shown in the coat estimate given 
later in this report. 

·cABROLL - OBIVERSIT! HEIGHTS PIIPIS LIBE: 

The pumping plant at Carroll reservoir will deliver the 
water against a 250 foot actual head to elevation 612, from which 
point it 111 flow by gravity through a ·riveted steal pipe line 
(diameter 30 and 34 inohes), in a mora or leas direot line across 
the Linda Vista Mesa to the l1niversi ty Heights Reservoir, eleva-
tion 400. 

A short section at the beginn1Dg of this line Will be a 
concrete lined oanal. !here are no apeoial features of oonstruotion 
which need to be commented upon. 

OOHORETE COSTS 

The concrete to bo uaed in the dams as herein ahovm, is 
to oonaiet of a l:Si:5 mixture, for which the unit costa given 
below were estimated. 

kG 

The cost of cement per barrel in San Diego ia ~ 00  The 
remainder of the coat is made up from the ooat of aa.nd, oruehed 
rook, lumber and bolts for fonns, carpenter Vlork on form setting, 
mixing and placing concrete, and the charges for hauling. of which 
sn analysis was made including the relative distances both by rain-
way and by wagon. 

The costs as given are for concrete in place in the dam, 
but do not include the cost of quarrying the necessary rock for 
crushing, a separate figure being given for this item in the cost 
estimates. 

Dam Concrete Cost per Cu. Yd. 

Sutherland ••••••••••••••••••••••.. $6. 30 
Pa.mo • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 6.10 
Warner 'a • • . . • . • . • . • . . • • • • • • . • . • • . • '7. 80 
Carroll •••.••••.••••.•••••.••••••• 5.86 

S!l!EEL REIDFOROEMENT: 

The reinforcement to be used in the Flood Control oon-
duita will oonsiat of square corrugated bars, the price being 
$'11.50 per ton in place. This is equivalent to $0.036 per pound. 
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