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Introduction

As is indicated in the following report, the safe yield of the
water resources of San Diego County is definitely limited. Proposals
for future expansion indicate increased yield, but théy are expensive
end their benefits limited. The City of San Diego hes thus of neces-
sity turned to an outside source, the Colorado River, as an adequate
supply for the future., A pipeline is et present under construction
from the Metropoliten Aqueduct to supplement the present system,

This study is based principelly on data snd figures found in the
various reports enumerated in the bibliography. The subject is a very
large one, which to be adequately covered would require voluminous
emounts of date and much more time then is available, However, =
zeneral survey of the conditions prevailing in San Diego County and
the approximate safe yields of all major rivers is included. It is
suggested that any further investigations be mede for yields of

single rivers in order thet thorough enslyses can be conducted.



A. General Physiography of Sen Diego County,

In general, Sen Diego County is divided into two msjor drainsge
areas, the east and the west. The rainfell on the eastern one-third
flows into the Imperisl Valley and the Gulf of Lower California. The
runoff from the western two-thirds of the County, with which this feport
is concerned, constitutes the major portion of the total end natursl
drainage channels carry it into the oceen,

The western part of the county is divided sgain into two regions,
the narrow coastal belt and the mounteinous highland., This upper area
slopes up gradually from the coastal belt to the summit of the moun-
tains, dropping off rather steeply on the east to form the other drain-
age area already mentioned. This highland area which extends far down
into Mexico appears to be & huge block of the earth's orust which has
been broken and lifted on its esstern side. In many ways it resembles
the Sierra Nevada mountains to the north but the wmount of uplift and
tilting has been much less.

The coastal belt consists prineipally of a series of relatively
high, flat topped benches or terraces through whioh the various streems
cut on their way from the highlands to the o¢ean., These terraces,
formed by the sea during numerous geological eras, terminute at the
Pecific Ocean in a line of cliffs. The cliffs are characteristic of
the entire coastline except for the aree in the immediate vicinity of
Sen Diego Bey. As & result of the Spanish influence, the series of ter-
reces are ocalled "mesas", some having received individuel names as Otay
Mese which lises betwesn the Tia Juana and Otay Rivers, and Linde Vista
Mese which extends from the San Diego River to the Los Penasquitos
River.

The major streams whieh intersect these mesas are wide, flat bot-
tomed and are bounded by stesp slopes which vary to several hundred feet

in height. Major streams are so called because they carry most of the



water and hesd in the highland area. Minor streams which arise on the
mesas themselves are geologieally young snd their channels are short
narrow gashes which terminate in either & major stream valley or the
ocean.

Since these msjor valleys play a large pert in this anslysis, =
further discussion of them should be well worthwhile., Explicitly the
vaelleys are those occupied by the (sterting from the north) Sente
Margarita; San Luis Rey, San Dieguito, San Diego, Sweetwater, Otay,
end Tia Juana Rivers.

Sente Maergarita Velley, which as a velley starts halfway between
Home Rench and Deluz Station where the River leaves its rock gorge, is
about one half mile wide and ten miles long. 1Its averesge gradient is

réughly ten feel per mile. About three miles east of the Sen Luis Rey
Mission, the River of the seme name leaves its gorge in the highland
ares and enters a flat bottomed valley about three hundred feet below
the tevraces, 't,is eight miles long with an average gradient of
eleven feet per mile. The Sen Dieguito River Valley runs from e point
six miles from the River;s mouth to the ocean, It has e grade of only
seven feet per mile and a width of half a mile, Mission Velley, along
the San Diego River, extends from the gorge west of Cowles Mountain
westward to Mission Bay, a distence of eight miles, It varies in width
from one-third to three-fifthe of a mile and hes a slope of eleven fest
per mile., Sweetwater Valley hes the seme charscteristics as the others
with steep clifflike walls one hundred to three hundred feet high, a
length of eight miles and a width of one-fourth to cne-half mile. It
ends in Sen Diego Bey. Otamy Valley elso ends in San Diego Bsy, extend-
ing due west from the base of Otay Mountain. It is very steep with a
slope of twenty five feet per mile and doss not have the characteristic
flat bottom of the other velleys bul slopes steeply from the base of

the bluffs on each side of the stream chennel. Tia Juena Velley is



again very much like the others but differs in that some of it is in
Mexico., It crosses the international boundary at Tie Juana and extends
westward six miles to the ocean. It is bordered by c¢liffs four hundred
fest high during part of its length but these diminish to low slopes of
only twenty five feet. In general the valley floor is flat with a
width of one mile and a glope toward the ocean of eight feet per mile.
These various fesatures of the stresam valleys are due to the
charsateristics of the arid region end to the alternate rising end
sinking of the lend. In an arid country such as this, the streams which
rise in the mountains sometimes carry large volumes of water which
rush to the oeean eroding the valley wells. IFor other periods, how-
ever, there are s number of dry years when very little flow reaches the
ocean, the majority sinking into the river bed., The fact that this
cosstal region is lower than it was at some past time also affecfs the
physical characteristics of the valleys since they were eroded much

deeper than they are at present and have since filled in, This tends to

meke the walls very steep end forms =« basin for storage of water,

The highland area lies east of the coastal belt, extending emst-
ward from the highest mesas to the boundary of the ares covered in this
analysis. Like the coastal bslt, this region has been subjected to re-
peated raising and lowering but has not actuslly been below sza level
since eerly gsologic time.

The mountains of the highland erea belong to what is known as the
"Peninsuler” Kenge since it forms the backbone of +the peninsula of Lower
California. In its northern extremities, the Feninsular Range intersects
the San Jacinto and San Bernsrdino Renges. There is little regularity
in the distribution of the high pesks, that is, they don't lie in renges.
In the northeastern part of the watershed included in this study, eleva-

tions of six thousand feet are mot uncommon and the general elevation in



the eastern half is over three thousand feet sbove sea level, However,
the western hell veries from five hundred to fifteen hundred fest above
sea level with only a few pesks around three thousand feet.

The southern slopes of the mountains ere ordinarily nesrly barren
of vegetation but the northern slopes are coversd by various types of
brush and trees such as chaparral, live oak, pine, ete. In many of the

mountain slopes and valleys grazing is excellent,

Highland Basins.
It is pelieved that at one time this highland area had been erodsd
to & peneplane but subsequent uplift brought on additional stream ercsion

M

which caused the prssent geographical features, Lhers was also a large
smount c¢f faulting which toeck place, 1ifting some blocks of the sarth's
erust above others and thus forming the mounteins. Also, Taulting
fractured rocks in many places making them more easily worn away by
streams.

Many sguare miles of the highland areas ere coverad by large flet
tracts which are referred to as highland basins. Of these, El Cajon
Valley, tanfa Merie Velley, and Werner's Valley are typical examples.
El Cajon Vslley, which is about helfway from the head of the San Disgo
River to ths sea, forms a nearly square basin extendiug six miles in a
direction perpendiculer to the River and Five miles along it, The
River valley above and below is less than one-fourth mile wide, The
“floors of the valleys are comparitively smooth, sloping gently toward
the stresm. In general, the alluviel cover is thin near the stresm but
nmey be thirty or more feet in thickness at the borders of the besin.
The underlyihg grénite is thoroughly disintegrated at the surface but
‘bacomes firmer with depth until it is solid at depths of from Pifty to

one hundred feet. 1In places the granite onterops at the surfece,

These nighland basins are divided into three belts in accordance
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with their geographical distribution, The first or lower belt includes
Fallbrook Plein, El Cajon, and several other valleys. The intermediate
bagins include Bear Valley end Santa Maris Velley, and the third belt or

aigher besins includes ¥armer's end San Felipe Velleys.

B. Precipitetion and Runoff.

411 weters in the County are derived of course from the precipita-
tion on the ineluded ground ares, Part of the water which falls as rain
or smow is lost by evaporation, Another psrt percolates into the soil
to ultimately reach the water table or be lost in transpiretion from
plents, and the remsinder joins the surface runoff of which a part
resches the ocean. During the past years, particulsrly the last tnirty,
e series of dems have been constructed on most of the major rivers to
act ss & source of waeter supily for the County énd for the city of San
Diego., This impounding of watér, often for long periods, presents sur-
faces to the atmosphere from which fifty to seventy five inches of vater
evaporete per year. The large guantities involved will h»e discussed
later,

#ost of the precipitation occurring in Ssn Diego County is due to
cyclonic storms or "lows" from the Horth Pacific Ocean that eppear off
the coasts of Alaska, British Columbia, and the northern United States,
These lows have e gensral easterly movement as they resch the continent
but many sre deflected southwerd. IThe frecuency end intensity of the
rains oceurring in the County depend upon the number of lows deflected
south and the degree of deflection., If a lsrge percentage of the lows
are deflected to the south, a wet season ensues., If only a few lows
arrive, the seamson is dry. Thus the rainfall is largely controlled by
the general movement of these storms which bring about ninety per cent
of San Diego County's rainfell,

Amother type of storm comes upon San Diego from the southwest,



This type moves slowly, sometimes remaining stationary over scuthern
California and Arizona for several days. During most winters, however,
only one or two of these storms yield any precipitation over San Diego
Gounty.,

In sddition to these two types of storms, local thunder showers
occur over the higher mountsins in July and August. These seldom reach
the coast and their duration is very limited., Thus they have very little
affect on the total sannual precipitation,

The fourth type of storm is known ss & "sonora" since it reverses
the ordinary storm movement and trsverses from Sonora, Mexico, sccompe-
nied by northerly and northeasterly winds., This storm which is cyclonic
in character extends over large aress and occurs chiefly in the summer,
It is of infrequent occurrence, however, and has little influence on the
total precipitation., Most of the contributions of the "sonoras" per-
colate into the ground,

Very little of the precipitation occurs as snow, although some
usually falls in the higher mounteain areass during every winter, How-
ever, only on the most protected slopes of the highest mountains does the
stnow remeain for more than a few days,

Kecords of precipitation for several stations in San Diego County
ere available for over sixty years, but the detailed records presented in
this report on pasges A-3Z to A-Z4 include only the period from aineteen
hundred to the present. The date wss obtained from stetistics of the
United Ststes' ‘esther Buresu.

Since the precipitation in Ssn Diego Uounty is extremely irreguler,
being subject to wide devistions, the meen has very little significance
for any perticulsr yesr or station, meking short term everages of small
velue, As shown by the curve on pege A-35, in whic! comparisons of rain-

fall with the sixty five ysar sverage are shown, it is concluded thst the



average of a twenty five year record differed only 4.6% from that of the
longer period. This curve was made by dividing the period of racord at
Sen Ulego into subdivisions of three, five, ten, ete. to sixty yeers
each, -he aversge annual precipitation for eech of the periods wus cal-
culated and agein averages found for pericds of equal length., & plot
was then made of per cent veristion from the sixty five year sversze v.s.
duration of the record in years. From the curve it can be sesen that the
average of a record of only five yeers can be expected to vary 187 fronm
the sixty five year average,

ine distribution of precipitetion by days, months, and years affects
meteriaelly the aveilable water supply in San Diego County. In this re-
port, since only the more gensral phases of ground and surface water ars
considered, the annual precipitation and runoff only ere presented,

Of interest however, are the bar charts presented on page A-2
which show the percentage of annusl reinfall occuring during eech month
for six statlions in the County. It will be noted that in 8ll cases most
of the reinfall ococurs during the winter months of December, Jenuary,
Februery, and Merch. June is withont exception the month of low reinfsll
with the other summer months only slightly better, In the mountein areas,
particularly Ceampo, local thunder storms oceur during the summer,

Varistions in annual precipitation ere diasgremmed by means of 2 ber
graph on page A-3 for nine important statioms. The records sre of verying
length depending upon the date aveilsble, The years are plotted hori-
zontelly snd the departuresfrom the average, either plus or minus, are
shown by the vertical scele., Lhe two most striking feets indicated by
these charts are (1) there is a pronounced irregularity of rainfsll,
only a few years being near everage, and (2) there is a tendency for wet
or dry yeers to ococur in cycles. Of these two observations the second is

the more importent in considerations of the safe yjield of underground and



reservoir water supplies. For example, as will be discussed later, the
safe yield of Sweetwater lieservoir is determined by a drouth period ex-
terding from 1838 to 1906. B8inoe then the drouth periods huve been of
shorter duration and thus safe yields have been much larger,

i knowledge of geogrephic distribution of precipitation is important
in connection with studies of both ground and surface wabters. Ground
water supply as well as that in reservoirs is replenished annually by
rainfall on and above the ares considerad,

The horizontel distribution of reinfell in San Diego Couuty is typi-
cal for regions in which a mountein range psarsllels the ocean from which
cyclonic storms approash., lhe slope leading up to the crest of the range
elevates Lhe whole body of moisture-laden alr during its movements, in-
ducing more rapid condensation of moisture as a result of the cooling and
expansion which ococurs. As soon as the alr reaches the eorsst and starts
down the opposite slope,. condensstion of moisture stops as a‘result of
compression and increessed temperature., This same phenomenon occurs on
the west slope of the Sierra Nevade mountaina but the rainfell zcwne is
from 3,000 to 5,800 feet above sesn level, the amount decreasing st =
higher level. &ince Sen Viego County mounteins resch an altitude of
only 6000 feet, the maximum reinfell oceurs st the peaks.

This altitude variation is shown in striking feshion by the curve

of averasge annual reinfall v.s. altitude presented on pege A-4. For the

stetions whieh heve & reinfell which is inconsistent with the surve shown,

there is ususlly sn explanation possible by consideration of locel con-
ditions., &s also indiceted by this curve, the stations located to the
east of the first range have a precipitation which is less than that et
& comparsble altitude on the west. This is rewdily explasinsble by con-
siderstion of the fact that storms approsch from the west. The diagrams
dn'page A~5 which were teken from the nited States Geological Survey

Weter Supply paper 446 indicete the close reletionship between ground



slope and prescipitetion. In general, rainfell veries from ten inches on
the comst to forty incunes in the mounteins,

A further characteristic of rainfall study well worth mentioning
is the relationship between the variations of runoff end precipitation,
The diagram on page A-7 showing sunuel veristion of runoff when compared
to thet of reinfell, peze A-8, indicstes that runoff follows the same
pattern es rainfall but is subject to wider seasonal fluctuations, the
meximum rate being two and one-helf to three times the normul and the
minimum being zero or thereabcuts, ¥From the rainfall curves it can be
seen that the maximum is about 180% and the minimum about 40% of normel,

ihe relation between daily runoff and precipitation is very in-
teresting. In general, although precipitetion of some mugnitude beygins
in NHovember, it is almost January beforc a fleod runoff occurs, after
about one~fifth to one-fourth of the average season's rainfall has oc-
curred. This lsg in runoff is due to the lack of moisture in the ground
when the rains begin, ihe rainfall is so small during the summer and
autumn that the ground becomes very dry and can ahsorb a lerge quantity
of weter before any rmuwef? cecurs, This is of course irue of the
alluvium in the wvalleys as well as the thin but videspread surfoce mna-
teriels in other varte of The drainegs erees. LAfher sufficlent rain hes
fallen to saturate cr pertially ssturate the surisce materiels, sny addi-
tional runs off. The conversce of this phevomeron ocours in the spring
and pert of the summer after the reins when the streems econtinue to flowv,
fed by groundwzter., Tt is very difficult to cobtein e figure reletinz ths
amount of rainfell necessary to cause runoff since so many factors euter
the picture such as emount of reinfall during the preceeding year and
intensity of the early rains. Although some work hes been done on this
subject, the detailed anelysie will add nothing to this revort, The

typicel exemple of the Sen Diego River at the diverting dem as releted

in Weter Supply Peper 446 irdicetes the trends in sll cases considared,



The sveregze depth of precipitution, in inches, recuired to groduce ruznoff

the first year after a year with less tnen 90¥. of aversge raiafell, or
segoud year after ome with 707 or less, is 2,0 inchee, lnis drops to

£.3 inches for a year following ¥ith $0 t¢ 110 % of average preciyi-

tation., After a yeer with over 1100 of sversge rainfall, only .1 inches
of rein ere recuired to produce runoff, The exact figures vary depending
on the type of material the water traverses bul as mentioned, trends are
the same.

The percent of precipitetion eppsaring ss runoff varies considerably
in the areas included in this raport, The tuble on page A-E presents
summaries of this date for a few voints va the various watersheds, The
principal value of this teble as far as determination of safe yield is
concerned is purely nsgative in that it indicates what cannot be done,

In view of the large amount of variationm in runoff as coupasred to pre-
eipitation, from zero to 3%, calculetion of runoff by the product of
rainfell, area, snd a runoff coefficient is not justifiable. The error
would probably be several hundrad percent either way depending apon
meny complex fectors.

2
1

In summery, the annual precinitation in San Diepo County varies
J’ t & t o

tde

from about ten inches near *the coasst to forty five inches in the moun-
tains, The incresse is sbout 0.556 inches for each 100 feet of iucrease
in altitude. Bast of the first high range of mounteins, ths rainfsall

deoreases as indicated by the curve on page A~4 until it is aighteen to

twenty inches in the mountain velleys and second ranse of mountains,

C. Bvaporstion.

At several ploces in dan Diege County records rsve beean kept of
evaporstion from the surfeces of lerge bodies of vster. ine esurliest
records were those taken on Sveetrmter heserveir in 188¢, Date was re-

coraed from this reservoir until 1665 safter which nothing was done until

10



the period from 1915 to 1921, Other date has beeu tuken at Le i'ess
Heservoir, Cuyeamecs Heservoir, and several others. Table a-U presents
the mean eveporation velues as obtained by the flosting pan method. Some
dets was token at Sweetwater by means of & Piche Eveporometer located in
a lattice house fiftesn feel ebove ground and forty feet ubove the lake
surfaece, These results indicated a magnitude of sbout 48/57 of that re-
corded by the surface pans which were probebly more nearly correct,
Bvaporations reported were the gross values, corrections being made for
rainfall enteriang the peans.

The nmonthly variaiion of evaporation is of interest although of more
deteil then is necessary for this report., The values as presented in
the curve on pege A-Y show that as would be expected the bulk of evapo-
ration tekes place during the warm summer months., There is a possibility
thet the depth of water lost from a floating psn during the swmmer msy be
greater then that from & reservoir, since the small quantity of water in
the pan would attein & higher tempcrature than a leke, iowever, expzsri-
ments and observations indicate that very little difference exists since
water temperatures in the pan exceed those in the leke by only one or
two degrees F. during the heat of the cay.

ihus the eveporation from & reservoir surface varies from ebout
fifty five inches near the coast to seventy sixz inches in the hign and
dry valleys, Veriations in aanusl eveporetion ep;esr to be small but dur-
ing esch year monthly rscords show that the wurm months are respounsible
for most of the evaporstion. In the discussion of losses from reservoirs,
anmuel losses due Lo evaporation are assumed, but ere besed on & conpari-
son with records aveileble.

Of equal interest is the eveporation or water loss from the soil,
Tne relstion bebtween losses from water surfeces and s¢il is not direct,

howevsr, since meny factors afiect the lutter. Loss from soil depends
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.upon the depth to the zone of saturation, the cepillary rise of the soil,
and, the kind and quantity of plants growing on the soil. Capillary forces
bring wealer to the surface from depths of from four to nine fest depending
upon the character of the soil., If the water table is below nine fest, ro
water is lost by this means, but trenspiretion by plants is nevertheless
effective, If the soil is permanently saturatad, the loss by evaporation
is approximately that found for sn open water surface.

In viater Supply Paper 446, the aversge annual absorption of the fill
in Ban Luis Rey Valley is stated as being 14,450 acre feet. The total
land from which losses ean occur is 6,640 scres, the remainder having &
weter table too low to be affected by capillarity. OSince the ennual eb-
sorption is equel to the average ammuel loss, the average absorption vwas
-divided by the land area, and en sveragse depth of water lost was determine
ed to be 2,19 feet per year from ground weler surfaces., This value of
£.19 feet is spproximately correct for ell of the major valleys of ban

Diego County.

D. Grourd saters.

It is.couveniant to divide Sern Diego Countylinto éeven areas for dis-
cussion of éround’waters. They ere (1) Major velleys of six largest
streems, (2) minor velleys of the coestal helt, (3) minor valleys of the
highland eree, (4) Nestor and Chula Vista sea terraces adjecent to San
Diego Bey, (b) interstream areas underlein by Tertiary formetions, (6) high-
land ereeé underlain by crystalline récks not covered bty residuum, gnd
(7) highland sreas in gently sloping and level parts in which crystalline
rocks ere overlain by water-berne materials,

Although the first gronp constitutes only a smell pert of the aroce
of the County, 1t is by fer ﬁhe most important as & source of water.

The other areas -08sess a lerger yuantity of stored ground water but are

not cupsdle of yielding lerge quentities at eny one point, although small
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put: relieble suprlies are obtained. 8ince the mejor velleys are the prin-
¢ipael source of ground weter, net safe yield calculstions will be limited
to them.

The major valleys have previously been discussed in connection with
the physiogfaphy. They are the nerrow, flat-bottomed valleys extending
from the coast twenty to twenty five miles inlsnd bordering the principal
streams of San liego County. The streums traversing the major velleys
are (from north to south), Sante Margerite, San Luis Eey, San Dieguito,
8an Diego, Sweetwater, and Tie Juens Rivers., The valleys trend in genersl
northeest ﬁo southwest end are from three to fifteen miles apart., These
valleys head in the highlend erse, traverse the mesas and open onto the
otean, It is the unconsolidated alluvial meterial that underlies the floors
of these velleys which conteins the ground water,

Although as mentioned, these major velleys are comparetively small in
aree, they are cmong the most velusble sssets of Can Diego County, since
without their water. the mesas and thickly populated. parts of the County
would be lacking an important source of water supply. Although weter
stored in reservoirs constitutes a major part of the water supply of San
Diego City, for example, ground water is used continuously and can be
heavily drawn upon in cases of smergency.

The mejor stream valleys consist of two separate groups, as previously
mentioned, the coastal valleys and the highland valleys which are inland,
The coastal valleys are Sante Margarita Valley below Deluz station, San
Luis Rey Vallsy below Guajome Hanch, S8an Dieguito Valley, Mission Valley
(on the San Diego River), Sweetwater Valley below Sweetwater Dam, and Tia
Juana Valley., The aggregate area of all of these valleys is 17,500 acres.
The highland valleys lying along the major stresms are the Upper San Luis
Rey between the east boundary of the Pala Indian Reservation and Bonsall,

2

the upper San Diego Valley on the San Diego River from %l Cajon to Old



'Mission Dem, znd the Delsea ond Jumecho Velleys on the Sweetwster River.
The tctal apgregete srea of these vallsys is 10,540 scres,

. The soils of &ll of the valleys are compused of sand end silt derived
meinly from the grenitic rocks of the highland ares &nd the Tertiery form-
étions of' the coastal belt. Before they vere settled these valleys sup-
ported growths of willow, cottonwood, and undsrbrush. The surfece of the
coestal area ig gently undulating with underlying formations consisting
1§rg61y of grevel and send interbedded with clay. During the rainy weath-
er little but gress grows,

The water in thege valleys is stored much #s in surface reservoirs
since the surrounding rocks are preacticelly impervious, The rocks of the
highland erea are dense and contain only & little water in the fissures,
Howsver, well logs show thet the impervious formetions underlie the val-
leys et depths nowhere sexceeding <1t feet. Above this impervious base
is the 2lluvisl fill, compesed of silt, send, end gravel which is very
porous, The weter for this fill is derived by absorption of surface run-
off and rainfall. Water escapes from these hasins by seeping into the
stream charmels, by underflow through the fill into lower basins, by
evaporation from the surface, or by trenspiretion from plents, Thus waeter
is stored in the underground basins much as in surface reservoirs, with
the water lovel or water teble rising or falling depending upon the rsate
of use v.s, the rete of replenishment,

As & necessary prerecuisite to the investigation of safe yield is &
more thorough discussion of each of the valleys concerned, the porosity of
its £i111, the depth to which the weter table can be lowered, etc,

The following is e teble showing the basic yuantities required for
determination of the safe yield of ground water in the major velleys,

The velues given were teken from ‘ater Supply Paper 446 publisbed by the

United States Geologicel Survey.

14



Gndergrounz ‘ster in Majur Vell-.s
Valley . Area Bffect..Assumed max.:% volume jiecre fH. :Total
sunderlainarea of, water table that could.evailable from
:by velley:valley . could be :he drained, ;each
¢ fi11 ¢ £111  :lowered ft. . . sriver

Santa Margerita 3,640 1,820 &0 15 13,700 13,700

San Luis Rey ‘
(Upper) 4,376 3,060 30 25 23,000 - &%5,300
e, AN
Gl Klele]

Sen Luis Rey

(Lower) &,270 1,835 50 15 2,300 35,300
San Pasqual 1,880 1,320 40 26 13,200
: J , ‘ 5 20,500
‘$an Disgzuito 2,210 1,220 30 . 20 7,300
Lakeside 3,120 2,180 30 25 16,400
$5, Lo b _ 8B, 400
Mission 2,470 1,480 50 20 8,180
Swestwater
(Jpper) 1,065 750 30 25 £,620
11,120
Sweetwater : ‘
(rower) 1,832 920 30 20 £, 500
Tis Juena 4,280 2,630 45 20 23,700 23,700
Totals 27,943 17,01F 129,6004,F,

The prinecipel error in this teble is probably in the percent volume
_that could be drained. This is e function of gorosity and percent of the
pore water is available., It would tuke meny samples of the soils from ell
depths to ascertain this quantity at ell sccurately. The studies made by
the U,3.8.S. in this connection were not too complete.

Thus roughly 130,000 scre feet of water are availeble in San Diego
County from underground sources in the major valleys, By installetion of
& sufficient quantity of pumps, this emount could probsbly be usid in one
year., Ur, it might be meintained to be used only in periods of emergency.
The safe yield of this source then depends upon the rate with which re-
rlenishment will teke place,

Before dams were constructed on the major rivers, it wss simple to

determine the weter sveailable for replenishmenf, but at present much of the

15
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flow is stored by reservoirs or diverted for irrigation or city water,
Thus the question arises as to how much water could be replaced during
drought years and how long the drought might last., The records
available for the Sweetwater River, whiech go back farther than any of
the others given, indicate that the longest drought period was six
years., During this time very little water flowed in the River, After
this six yeare, however, a quantity of weter in excess of average was
availeble., This ﬁould not mean, of course, that no water would enter
the underground supplies during that time, but it does mean that
reinfall was small., All water not losi by evaporation or transpir-
ation percoleted into the ground, In view of the rainfall data for

the drought period in the few years at the turn of the century, (see
pege A-14) only three consecutive years were much below average and the
fourth, 1901, was elmost aversge, There was little or no runoff in

the streams however, since ground wster supplies were being replenished,
Thus in a drought, ground water is replaced before much stream flow
ococurs, It seems reasonsble and conservative to assume that the
drought period during which there would be no replacemsnt of ground water
(to maeke results more conservative) would not be over four years in dur-
ation, In sddition, it is reasonable to assume that after these four
years ground water supplies will be back to ncrmal before another four
year drought ensues. Scrutiny of each set of data indicates that these
assumptions are on the conssrvative side and are therefore satisfactory
in estimation of the safe yield., The net safe yield would thus be

(see teble page 16) 129,600 - 28.5 million gallons per day.
1% 565 % T X 1,55




The breakdown amcng the wvarious valleys is as follows:

Valley . River . Total A.F,; Availeble, Aveil. ;Aveil,
: ;s Availsble , A.F./yr. s Tezed. sm.z.d.
s g $ 3 :each
: : : t :Piver
Sante Margarite Sante Marzerita 1%, 700 3,420 3.0 2.0
San Luis Rey Sen Luis Rey 23,000 F,T40 5.1
(Upper) 7.8
8an Luis Rey Sex Inie Rey 12,300 3,070 27
- (Lower)
:8an Pasqual San Dieguito 13,200 3,300 £.8
' 4,5
:8an Dieguitc San Dieguito 7,300 1,830 1.6
Lakeside Sen Diego. 16,400 4,100 3.8
5.6
‘Mission San Diego ‘8,880 24220 240
Sweetwater Sweetweter 5,620 1,410 1.2
(Urper)
; 2.4
Swestweter Swe=twater £,800 1,380 1.¢
(Lower)
Tia Juana Tia Juana 23,700 5,920 b.g 5,2
32,390 28,5

in enslysis of this problem =s fo how much weter is replaced each
year in underground bssins is compliceted, end only approximate solutions
bésed on assumptions are possible, This is especially the cese when
resarvoirs are built upstream and effects therefrom on underground sap-

plies downstream are pructically uzlaown,

E. Surface V.ater,

Investigation of the safe yield of surfece water is basically a study
of the reservoirs whioch have been constructed on each river., #ithout these
reservoirs, the safe yield of streams in San Diego County would be zero
bzosuse they all have periods of no flow which sometimes last for months

or even years, snen there is only one ressrvoir on a stresm the safe yield

17
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san be determined rather eesily. However, w~hen soveral reservoirs sre
existent and tha vatars are emptied from the upper into the lower,
determination of yield becomes very diffieult. Tt is impossible to dis-
tinguish the natural flow intering the lower reservoir from the vater re-
leased from the upper storesge. This can only he atteinsd from very de-
teiled reservoir relees2, inflow, and outflow records »hich are boyond the
scope »f this report,

The net safe yield of sech reservoir which is at the heed of a
stream with only netural flow enterinz can be epproximeted as follows (see
page A-26): First csleulste tha pain or loss in reservoir stornse hased
on inflow with evaporation from the maximum weter surfsce at all times,
Eveporation is estimated from records et several reservoirs already
mentioned, After the gein or lose for the yeears has been found, a2 mass
diagram is constructed for the net flow into the reservoir, This is
plotted assuming evaporestion from ths maximum reserveir area, A streight
line representing constant outflow is then constructed on the mess disgram.
In no instence can this line be a distence above the rass curve which is
nore than the total capacity of the reservoir ia question, The slope of
the line represents fthe maximum constant flow which can be directed from
the reservoir without emptying it completely. Another set of calculations
has been carried out teking into eccount the loworinz of the reservoir
water surfece and consequent decreese in evaporatiom., The line of maxi-
mum constant flow obtained in this letter cuse is then o very close ap-
proximetion to the sefe yleld of the reservoir.

Lech mejor river of Cen Diego County will be discussed in turn, start-
ing at the north with the Saute Mergerite kiver and ending at the south

with the Tia Juane,



The Sente Kergerite River.
Temeculs Creek, ss the sSunte Nergarite is known et its head, rises
on the western slope of the sun vecinto kountains in the northwostsars
part of ben Diego County, just north of the tan Tuis Key Hiver hasin, It
we nortn into Hiverside CGourty, then west [ilfteen miles Lo Temeculea
o Js
where it turns to flow southwest through Temeculs Canyon into san Liego
County and subsequently into the ocean. 1he highest elevation in the
basin is 5,800 feet om tne divide belveen Temecula and can Luis Key.
Temeoula Creek has few tributaries. The topogrephy of the country unrough
pogrepn; g
which 1t flows is rether broken but there sre several valieys in its upper
reaches., The annual preeipitation renges from ten inches at the ocean to
thirty inches in the highland area, falling principally in the form of

g

rain, Discharge is heavy during the spring Pflood season but light during
the rest of the year.

fable 4-10 i8 & record of the anausl runoff of the tsnta kerzarite
River. DUiversions from the ifiver sre in the form of pumping, wells, and
direct flow. 48 is indiceted in the table, the O'deill ditoh, which is
one of the rrincipsl diversions, tekes an average of avout <UD ecre fest
of water w«nnuslly.

There are no dems on tne hiver but ihree ore projected sccording to
e report issued by the City of odan Diego in 19<43. 1he total storage would
be 450,000 scre feet with an estimated sefe yield of 20,000,000 gsllons
per dey. The deta aveilable is not sufficient to permit e chseck of these
figures,

The Sen Iuiz Fey River.

" _ ) . " quare miles of territory ly-
The Ben Luis Key iiver drains about H6E si

ing wholly in northern San Diego County and exfending from the Coast Renge

to the Pucific Ocean, w distance of sixty five miles, The meximun width of

19
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_ghe drainage arow ls sboul sixteen miles.

The kiver is formed Ly many smell stresms which hesd in the higher
.elevetions snd join et ine lower end of V.arner's Valley, Irom here, the
stream flows through ten miles of deep narrow cenyon with & hesvy grade,
then over & sendy and gravelly bed with a light grade for some forty nmiles
until it discharges into the Facific Ocean st Cceenside,

The highest pecint in the veatershed is Palomer Mountein «t 6,126 feet.
The: upper portion c¢f the drainsge &arss is rolling with several cultivated
valleys. 1u generul the beasin is poorly foresied, most of the vegstation
being obrush,

The mesn precipitetion veries from ten to fifty inches, depending
onn the altitude ws wmlrendy mentioned., The runoff data is given on page
£=11,

»ut present there is only une major reservoir in operation on the
Ri#er, and Lheat is Leke denshaw, with & capscivy of 206,000 ascre feet,
i;oated near jaruer's iobl Springs., ‘Qhe sel'e yisld for this reservoir is
giﬁeﬁ by the tebles and curves on pages A-16 to A-lY inclusive, The
meﬁhod used for delerminstion of the safe yisld wes as described on pages
17 and 18, Celculutious were first made to dstermine the sale yield
assuming a meximun possible eveporation esch year., Using the sale yield
found end assumiag it ws a coustant ocutflow, evaporation loss was &djusted
‘as.fh@ reservoir lowersd, halnfsll was of course added as & gain in reser-
voir capacity. oince complete reinfell duta was not availeble ¢t :arner's
Hat spriags, il wus necessary to meke a comparison with the more complete
iéqord for Mesa Graunde. The examet storege-arsea curve for Lake liensnawv waes
ﬁot available 9ut Lae maximum water surface ares wes known, Tne curve
wgs therefore approximated for evaporstion calculetions. Thet the &pyrox-
iﬁation was of sufficient accuracy is evident, sincé the safe yleld of

14.8 m,g.d. found checksd very well with the data given in tne 18<3 report



of the city of San Disgo.

P ~

The only other reservoir in addition to Henshew 1s the one operat-
ed by the city of Escondido. t has a capacity of 3,000 acre feet and =
safe yield of 1.0 m.g.d,
There are two additionsl projected ressrvoirs on the San Luis key
River at lionserate and sonsell wilh a combined storsge of 300,000 acre
et and a safe yield of 18 m.g.d. ar given by the Sen Diego City report
P 19&3.
Thus the total sefe yield on the San Luls Rey River is now 16.8 m.g.d.

ipd in the future it will be 30,8 m.g.d.

The Sen Dieguito River,

The Sen Dieguito River, or Sante Ysabel Creek, as it is sometimes
known, rises in the Volean Mountains on the weshern slope of the Coast
Range and flows westward through San Pesqual Valley, discharging into the
ocean midway between Oceenside and Sun Diego, It has & druinage ares of
$40 square miles, is fifty miles long, snd has a basin of fifteen miles
meximum width,

The upper basin is very rough with many canyons. About halfvway to
the ocern is Jan Pasquel Valley in which some irrigation is carried on,

4t present there is only one reservoir, lLaks Hodges, in operation on
the San Dieguito River. It has a capacity of 37,700 scre feet and s
minimum net safe yield of 2.1 m.g.d, as determined by the calculations on
‘pages A-z0 to A-23 inclusive. These calculations were based on the data
given in U.8.G.S. records and a repgort of the California Department of
Public *orks, Bulletin No. 5, "Flew ir Zalifornis Streams”, The first
'fories is based on the period of 1924 to the present, the second on the
'period from 1897 to 1506 during & time of sevsre drought, This minimum

‘found is more than the 5.6 m.o.d. value ss ziven in the report by Kead
o o



Hill, end Buwaldu. This disagreement is probably caused by insufficient
.data as to lossce and dlversions upstresm, Since Lake Hodges is on the
lower reuches of the Sen Dieguito hiver, varistions im flow could b
large.

ihe other raservoirs proposed on the San Dieguitc kiver sre Suther-
lend and Femec with a combingd stersge of 115,000 acre feel and a safe
yield of 10.0 m.g.d. as given by the city of Swn Diego report. & check
of this sefe yield i1s not possible since sufficient date sre not aveil-

able.

The San Diego River,

. The Sen Diego River rises in the Cuyameca Mountains on the westsrn
‘8lope of the Coast Renge. It flows to the southwest, discharging into
the Pzcific Oceen &t Micsion Bey after traversing e channol sbout fifty
miles in length, Ueverel small tributaries, Coleman, Ceder, and Boulder
Crecks €11 enter from the ezst &nd scuth above Lakeside, Californis,

Ben Vincente Creek joins the main streem at Lskeside. About half of the
River lies ubove Lakeside in territory which is rough with numerous vel-
leys and sreas of high mesa lsnd., The highest peek in the vetershed is
Cuyemace with an elevetion of 6,028 feet,

Irrigstion is carried cn extensively in the sree betreen lekeside
and San Diego, mekirg stresm flows recorded downstresm rether guestionable,

There are tvwo prineipel reservoirs on the River, They ere Cuysmacs
with a storage of 11,000 sere feet end a safe yield of 0.9 n.g.d., end
El Cepitsn Meservoir with o storage cf 116,400 acre feet and a sefe yield
of 11.6 m,z.d. Two wore reservoirs ere propncsed for the San Diego River,

They are San Vincente and Mission with storages of 174,800 and 79,200
acre fest reespectively. The safe ylelds are not given speciiically in
the report by Ready, iiill, andi Buwelde, but the comploted system will

have a net safe yield of 29 w.g.d.
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San Vinceule sud i"ission are impossible to czlculute for safe yield
because of luck of dats. The safe yield for El Cupiten, however, cen bhe
checked by &§suming & steady and meximum diversion at Cuysmaca exactly
equal to the safe yiold of 0,8 m.g.d,

. The total uule yield from the Tap Diego River recervoirs will he con-

sidered as <8 million gelluns per duy for the future and 14.8 m.g.d. st

pre_sent°

The Tie Juana River.

The major portion of the Tia Juana River and ite wetershed lie in
Mexico. however, Cottonwood Creek, its prinecipel tributary, rises in the
United Stetes in the Leguna Liountains. Cottonwood Cresk joins Pine Valley
COreek and flows southwest until it joins the Tie Juana about twenty miles
from the nscezn., The River then empties into the sea just south of fan
Diego in the Urited tetes. The drainsge basin of Cottonwood Creek covers
340 sguare miles,

The topogrephy of the Cottonwood besin is rough, although there sre
some mountain velleys st 3000 feet. The besin is poorly forested with
some pines and live oeks., Most of the vegetation is brush,

The sefe yield dste for this river is impossible to develop without
very detailed deta, beceuse (1) the principsl drainsge cree is loeected in
Mexico, and (£) Cottonwood Creek, the United States' branch, hrs tvo dams

vlveed a dam ecercss its broneh of the Tie Juane River

&

on it, Mexico has

to further corgplicate metters. Also, the »mter from the two dems, ¥orena

tde

end Barrstt, on Cottonwood Cresk, is diverted from the drainege area by

the Dulzure conduit rud flows into Otazy Reservoir on the Otey River,
Morena Rescrvoir, with a capacity of 87,200 acre feel, has a safe

yield of £.i m.g.d. Barrett Dam, with a capacity cf 42,807 ssre feet,

as & safe yield of 4.8 m.z3.d. Tt is proposed in the futuras to enlerge

Barrett iescrvoir to 123,00C acre feet, thus increasirz its safe yield to

23



9-'3 m'é';'d'
The totel sefe yield for Coltonwood Creek is thus 9.8 m.z.d. oow

put %ill be 14.% n.g.d. in the future,

Other Rivers, and Swummery,

There ere & number of minor streems end streem velleys in San Diego
‘Qounty, but there are no date =zt present to justify the essigning of eny
safe yields. The only exception is the Otay River on wvhich ie the Otay
‘Reservoir. Otay Keservoir has & capacity of £8,30C acre feet and 2 net
sefe yield of 3.8 m.,g.d. *eter for this reservoir is diverted from the
Tia Juena River wstershed ss previously mentioned.

Teble A-5< 1s & summery of the safe yield of the water rescurces
of Ssn Diego County, at present sand in the future,

It will be noted from the table that the safe yileld of ground water
will be less in the fubture then it is row, That is because of the fract

thet instellstion of & complete series of dems on each river will

L
7 "

eliminate & large emount of the runoff vhich repluces the wnter tubles

in the major velleys, It is estimated thet the sefe yield of ground water

will be cut doun ehcut cne third in the fMture,
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RUNOFF AS PLERACENTAGE

OF PRECIFITATION

T/r San Luis Santa | San Di2qo |Sweetwater
“ YEAR Rey R |Ysabel Cr.* Arver at | River of
Near Pala \Near Ramord Diver. Dam|Sw'twtr Dam
. 1887 -88 ; 319
&8 -89 /0. 3
&9 - 90 6.9
/18 80-9/ YA,
9/-92 3.4
927-893 8.2
53-94 /1.0
94-95 EN
55+~96 /.2
| 96-97 3.3
| 97-98 —
' 58-95 /.2 0.3
| /899-/900 0.6 2,
| /900-/90/ Aot a5
| 0/-02 | 4.0 # v,
| o 55 %,
03-04 38 0.9 e,
| 04-05 7.5 /1.3 5
05-06 223 . /5.0 /2.1
06-07 175 173 20 7 P
| 07 -08 8.0 8.2 10.4 25
| o8 -09 H.& 22.9 /2.6 7.4
| 09 -/0 /2.8 2.1 /0.4 59
| 1910~/ 8.6 - 6.0 /.6
| TR 50 5.5 7.8 2.9
| [~ 3.3 5.6 5.7 0.7
13-/4 8./ //. 8 7./ s
| /415 /6.2 20.7 183 9.6
Average /0.0 14.6 &/ 4.9

*Same as Sanr D/éyw ‘o River.

From U.5.G.5. Water Supply Paper 446
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RUNOFF (ANNUAL)

DANTA MARGARITA RIVER BAS/N
B 1eta e
5 tationr 7?%‘%? Fallbrook | Vsiadora /g: ‘:Ke af ! " NU,//
. Temecuila Temecula Ditch
DramAr| 592 mr?| 645 740 220 —
dvg Runoff| 23000 | 30000 | 38800 | 1,600 | 2,100
| /944 | /8200| 2/500| 27800| 7500| 4500
| 43 | 47600 57900| 74300 3,300 | 1,200
. 42| 13/00| /5800 /6300| ,500| /600
41/ 59300 8&3/00| /17600 3,300 /800
/940 | /3800| (6700 22300 6400 (/00
39| /5/00| 18900 22%00| S000 | 2100
38 | 7,900| 91100 | /22000| 31,500 3300
37 | 69900\ 78300|//7200| 22400 2500
36 §800| 7/00 | 1,060 | 2400 | 2300
35 700 | 7800 /2990 2000 . /300
34 4600 | 4900| &0/0 <30 2500
| 33 6500 | 6900 | 6500| /000 2200
32| 32300 36500| 4Q600| /5700 3050
3/ 5000| < 900 -
1930 77001 BI700 | '3 700 950 | &500
29| <4900 4800 | /<400 -
28 | 4950| ss500| <000
27 | 73400 &5/00| 8200
26 | 8600 12500 15700
SHF A BO0 ¥y B T0b 8O0
24 | 6200 2 400
23| <4600 /, 600

USGS Data

O Neyll ditch 15 diversion From Fver.




RUNOFF (ANNUAL)

SAN LUIS REY RIVER BASIN

Skl NeGS’% S Bonsall |Oceansiae o
| e (" o.f/"ffl’_””',
\Droin Ar| 208 Sq.mi|  S/<4 rn® 325 rnut
Avg Runotf| 34,000, | 32408, 55,409
| 1944 | 25700 | 15800 1910| 50 200
| 43 | 38/00 | 35900 0S| 53700
| 42 | 30500 | 24800 | 000 08| 29 30’:‘-
| 41 | 70400 | 82600 82,300 07| 86.20¢
| /940| /8600 | /4740 | 1,400 06 | 1/10600
39 | 29%900| 22/00| 19300 05| 46400
38| 72300 75700| 74900 04| 8600
. 37 | 88%5600| 103900 /03700 o031 85500
| 36 | /2000 $600 /, 500 Q&1 . 22500
| 3510 8800 G600 200 o/ | 36400
| 34 3700 2800V -/, 800 1900 /7300
33| /3000| 8,000 | 480 /839  §000
32| 48600 48200 | 41,100 G| 120
| s950 . 3300} 1 87| 63300
| /930| /7500| 8200 | &8900 96 | /0400
| 2 s e e 95| 93600
28 | &zoo 94| /3900
27| 85850 | 93| 39900
ze | /89400 sz2| S5500
25 .| 4600 S5/ | 93600
24| 650 /890| 147300
23 } 13700

LoKe Henshaw completed /923

Data for Pala from Caltf. Dept of Public Workh
Otbher data . S.G. S.




RUNOFF (ANNUAL)
SAN DIEGUITO RIVER BASIN

Station gsagiié/fra% La{fe
| Mesa Grandd Hodges
Dram Ar 58 mi%| 303
/944 | 12500 | 22200
I 43 /5000 45’ 700
| 5100 | 33600|
</ 43000 | /173300
 /s40| 7000 | 18/00
? 38 29/ 600 3// 600
37 47600 | 162 900
| R
E S
| v
| o o
B s o0
= 4800
/1930 /5500
a9 & 500
| <8 ‘5:600 5 800
27| 49500156700
26 | 15300
Pt
i Z3 9/600
| 22
| 2/
/1920
/9
/8 | 7400
/17 | 13700
/16 | 95200
/& | 34100
/8 | 4100

Santa Ysabel
Creek at
£Esconaiao
126 nui® |
33,009,
1910 | 33900
08 | 47/00
08 | 14,200
07198 200
06 | 63300
05 | 68300
o4 | 2000
o3 |- 34,300
oz | 190200
o1 | 2000
/1800 | 7900
/899 2600
88 | 4600
37 | 38300
S& 4 300
95 |- SE900
94 5900
93 | ,2/,400
82 | »I2H00
S5/ 52500
/850 | 82500

Santo stabe/ Creeh at

fscqnd/da Ffrom Calf Dept.
OFf FPub/ic hWor#Aas.

Other data U.S5.G.3.
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RUNQFF (ANNUAL)

OAN DIEGYO RIVER BAS IN

\Statiorn ;fl f;a’a ::m | Santee C;;j::;;: Lakeside
Dram Ar.| 130 5q.mi/| 380 sq.mil |2 s.m, 207
AvgRumotf  — | 30000, - 35400
‘ /1944 | 28780 6360 | 23500 {92/ 6,600
43 | 338/0 4880 3400 1920 27600
. 42| 23660 | 34s50| 2500 | /9 $900
4/ 157800 | /#6000 13800 18 | /4400
L /940 /72/0 3200 /, 800 /7 2/000
39| 29380 13/00 ) %500 16 |. 200600
| 38| 62340 | 35200| /3z200| 15| 55400
37 | 88320 34700| /4200 /4 | 14600
36 1 4000 43 5000
35 3 500 2| 15800
34 | B /| /5500
33 | /7400 19/0| 23000
32 68000 09| 44/00
3/ | 3 500 08| /3800
/930 5400 07 | 45200
29 1,700 06 | 80600
28 /200 05| 75/00]
27 133000 04 2200
26 25500 03| 30900|
25 /400 oz | 11000
24 3/00 o/ | 21000
23 /10 /00 /900 7700
/898 2200
88| ss00
97 | 38700
g 96 4400
Dafta for LoHe side from ;j- 52222
: 60
Colif Oept. of Public Works 83| 2z/00
All other data from U.5.G.5. 92| 32000




 RUNOFF (ANNUAL)

SWEETWATER RIVER BASIN.

g5faf/0/7 ;5”33'/‘;’ |Descanso
f oarn?
Drain Ari 18/ 5g.mi| 44 m®
Avg Runctf 18000 | —
/944 | 16000
43 | 14100
422 | /@400
4/ 67600}
1940 < 300
39 | /4100
38 | 3,200
37 .t BEI0DC
36 | 3850
35 | 3800
34 |00
33 | 7000
32 | 25%00|
3/ | 1400
/1930 | 4600
29 3,600
28 | 3800
22 ¢ - /3000
26 . 4500
£s /, 600
24 - H800 |
23 | 5600
22 |
=
1920
/9 |
/8 7400
/7 6,100
/6 Gy 2

/910

03
o8
o7
o6

o
o4 |

o3

k2

ol
/1900

/899 |

88
87
56
S5
sS4
9.3
CY-
9/
1830

y L b Bt a5 o

A-14

Sweel-
waler
Lam

Descarso

/81 m*

44

18,098,

- 8600
/6,000
4/00
3Q000
35000
/3,800

S
o
o
850
o
250
o
6 900
/, 300

- 73400

/ 300
/6 300
6200
2/ 600
20 500

§/00
/11,300
3,/50

/4200
/17800




RUNOFF (ANNUAL) " A-/5
T/A JUANA RIVER BASIN
- / 2 9 4 5
ottonwood 714 7 R |
Sration /7 fo CoCreel'r Jué”’" r ./u/:ﬂd R 'cfa";’:o
/ Morena Dam| .Tecate | buizvra Nestor | Campo
Drawn Ar| 120 sqmi| 3/6mit| 478mi* |} 555720 €% Tl
Ayy.ﬁunoff‘ | '
1944 | 16800 | 5300 | /4000(/07200| 4200
43 43400 | &100 | /@000 /5/00 | 3,600
42 L BI00G | 86001 /8500 £8600| 5300
4! | 47/00 | 67300 | 98200334800 | 8800
/1940 | 8200 | &S50 | &800| 3300| 1800
39 /5300| 7450 | /3650 20800 3800
38 | 27050| 27540 | 32200 48§200| 5:2/0
37 | 43500| 23800| 37200| 66650 | 4900
b 6 7 - Nores~
: ot Kollonwooert ... . :
lera O ereen | Dulzura /. Cottonwood }Cre{H
P Ou/zura | Conduit inte Morerna Res.
‘ < 2. Flow from
|Dram-Areq : b Barrett Feservorr
1944 | 13,500 /7,200 | 3. Flow ynto Tia Juara
43 | /14 300| /13790 | from Cottonwoodl Creek
42 | 8500| /5400 £ Flow al mouth,
4/ { 5/,800| 13100 5. Very small |
/940 | 5600| 4900 | 6.Flow out of Morera.
B9 /3000 Jied lOlvekS/Oﬂ‘ frors
38 | 26200 Cottonwood Creeh
37 | 60000 between Zand 3.
18/5 | 10500 22000
/4 3000 | 4800
43 850 5400
/2 |. 2000| 6600
/4 /100 5100
/0 5100 | 14500
08 | 29/00 | 30800
08 | 19300}
L7 | 24700 1 .
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MASS FLOW DATA

Lahe HenSkaw - Maximunt Area for Evaporaiior.

veor |Evap.Precip, z’__\:/ eafp LY \inflow |80 Sum.
B T'ﬂ 17 il AR A.F, AL A. K

923 70| 20 | 50 |16000|13700|-2300 |-2 300
24| y | 18 | 52 |17000| 63500 |-10500 |-12,800
25 20 | 50 | /6000 4570 |-/],500 |-24.300
26 26 | @44 | /5000| /5400 +4400}/9 900
27 | 26 | 44 | /5000 85900+70000 (#5000
28 | (8 | 52 | /7000| 8200|-8800 | 41300
239 20 | 50 | /6000| /12200/-3800 | 37500
24 | 46 |/5000| 17500|+2 500 | 40000
3/ 23 | 47 |/6o00| 7000|-3000 | 3,000
32 25 | 45 | /15000| 49000|+34000| 65000
33 20 | 50 | /6000|/2000|-4000|6/000
34 | 21 43 | /6000 3700 /2,300 |48 700
35 | 21 | 49 |/6000| §800|- 7200|4/500
36 24 | 46 |/5000|/3000|-3,000|38500
37 24 | 46 |/5,000| 900001+75000\113 500
38 | 26 | 44 | /500D 72300 |#55300)68 800
33 | 22 | 48 | /6000)|3Q0C0|+/4000 72,800
/940 | 25 | 45 | /500019000 (+4000 |76 Boo
1/ | 27 | 43 | )4000|79000 (+56 000232800
42 | 19 | 5§/ /7000|3000 414000\ 36 800
- #3| V| 20| 50 |/6000|38000)22000|258800
L 4| 70 | 24 | 46 |/5000|25700 110700 l269 500

Warter Surface Areg = 4000 Acres.
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LATA

MASS FLOW

Hodges Reservoirr—/1ax. Area for Lvaporarcn

By

e We;ﬂ £va am or| =,
i year fvap. Pl’ecyl ;Vmpb /-ofs [/ﬂf/o;v ioss >
| B 57 590 A 0 G W i (e, W AL A.F
/91360 | 12 |48 | 5300 7000| +1700| 1,700
| 14 2l |39 i 4300 /8000 | 13700 | 14400
| 25 | 35 | 3800 98000 | 94200 |/08§600
| /6 28 | 32 | 3500(100000|/102500 |21/ /00
| 12 12 | 48 | 5300 23000| /7,700 |228600
/8 | 60|19 | 4/ | 4500, /5000 7500 236300
1523/ 60| /0 | 50| 5500 16100| /9600 | 10,600
24| LB 47 | 5200 4500 - 700 | $§300
25 12| 48| §300, 3000| -2300| 7600
26 21| 38 | 4300 25000 24700| 29300
27 27 | 33| 3600|/57000 /53400 /82,700
28 | Il |49 | 5400| §500| 3500 |/86200
29 | S | 5/ | 5600 §500| 2800 |1838/00
/930 /19 |4/ | 4500 15500 /1,000 202100
3/ | /9 |41 | 4500 4800 | 300 |200400)
34 | /14 |46 | 5/00| 73000 67900 265500
33 | /12 |48 | 300! 17200 | 11500 |280200
34 /3 | 47 5500’ /600 | -4600|275600
35 /14 |46 | 5/00| 8500 3400|273000
36 | 18 | 42| 4600, 4000 | -600 (278400
37 /13 | 47| 5200 163000 11,100 |288500
38 17 | 43 | 4700 | 9,600| 863500376400
39 /3 | 47 | S200| 4G 100 | 34900|38/.300
1940 19 |41 | 4500 | 18/00]| 13600 |394 900
. 28 | 32| 3500|/79300|/75800|579 700
2 9 | 51| s600| 38600| 34000|
25|V | 23| 37 | @00 | 46700 42600
| <460 | /16 | 44 | 4800 22/80| /7400

Warter Surface area= 1320 Acres,

N T e
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CA-24

MASS FLOW DATA

oweerwarer fes.~ Maximun; Area for Fvaporation

YEAR|EAR | Precyp R | 1nfiow | pinist FTT
Lz | un. M A L AR KE A-F.
1901 75| 10 | 65 | 5500| @00 | -#700| 2700
| 02] /13 | 62 | 5300 o | -5300|-/Q000
| 03| 7 | 68 15800, © |-5800|/5800
04 8 | 67 | 5700 O | -5700-2,500
I 05 23 | 52 | 4500|/3800 | +9300(-]2,200
| 06 /8 | 57 | 4900|35000|+30/00 |+/7,900
| 07 1 | /2 | 63| 5200| 30000| 24600 42500
08 | /14 | 6/ | 5200 4/00 | = 1,100 | 4,400
09 | | /8| 56 | 4800 /6000| 1/200| 52600
/910, | | 8| 67 |5700| 9,600 3,600| 56200
// | (008 1 6 5300, 3/00 | -2,/00 | 54100
2 /2| . /5| 60 | s100| S000| - /00 | 54000
| 13| | | 10| 65 | 5600] 900|-4700| 48300
4 || 16| 59| 5000| 3500|-/1500| 27800
15 V21| 54| 4e00 | 27000|+22400| 70200
/6| 75 | 24 | 5/ | 4400|/16Q000| 155000225200
1928 75| & | 67 | 5700 | 3500| -1800]| -1800
29 .4 7 | 68 | 5600| 3600|-2200 |-4000
/930 /16 | 59 | 5/00| 4600 | ~500 |-4500
Lo 3 18 | 57 | 4900 /400 |-3, 500 |-8 000
e /16 | 59 | 5/00| 25000 +/8 900 |+/1,900
33 Il | 64 | 5500 7000| /,500| /3400
34 S | 66 | 5600 L1000 |-4600 | 8800
35 13 | 62| 5300| 3800|-/.,500 | 7300|
36 /18 | 57 | 4900 | 3900 |-/,000| 6300
37 /16 | 59 | 5/00 | 62000\ 5690063200
38 19 | 56 | 4800 | 3,000| 26200 | 89400
39 /15 | 60 | 5/00|/1000| 5500 |985300
1940 19 | 56 | 4800| 4800 100 | 95400
4/ 28 | 47 | 4000|67600 |63600 (/55000
42 8 | 67 | 5700 |/0400| 4700173700
43| V| 17 | 58| s000|/2/00| ss00 82800
44175 | /3 | 62 | 5300|/6000 | 10700 93500

/VO?‘-?/’ Swurface Area ~ /028 Acres.
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