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Introduction 

As is indicated in the· follow5ng report., the safe yield of the 

water resources of San Diego County is definitely limlted. Proposals 

f'or future expansion 1ndi eate increased yi.eld, hu t they are expensive 

and their benefits ltrnited. The City of San Diego has thus of rieces­

sityturned to an outside source., the Colorado Ri.ver, as an adequate 

supply .for the future. A pii:;eline is e.t present under oonstr·uction 

from the Metropolitan Aqueduct tc, supplement the present system. 

1'his study is be:sed prit1eipelly- on deta and fi gures found in the 

various reports enumerated in the· bibliography. 'l'he subject is a very 

large one, vJhieh to be adequately oovered would require voluminous 

e.mount·s of de.ta and much more time than is available. However, a 

general survey of the conditions prevailing in San m.ego County and 

the approximate safe yields of all major rivers is inoluded. Ith 

suggested that any further investigations be made for yields of 

single rivers in order that thorough enalyees can be conducted. 
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A. G neral Physiography of Sen Diego County. 

In general, San Diego County ia divided into two major drainage 

areas, the east and the west. The rainfall on the eastern one-third 

flows int o the Imperial Valley and the Gulf of Lower California. 'I'he 

ruuoff from the western two-thirds of the County» with which this report 

is concerned, constitutes the major portion of' the tot al and natural 

drainage channels carry it into tha ooee.n. 

The western pert of the county is divided again into two regions,. 

the narrow coastal belt and the mounta inous highland e This upper area 

slopes up gradually .from the ooa.stal belt to the summit of the moun­

tains, dropping off ra.ther steeply on the eest to form the other drain­

age area already mentioned. This highland· area whioh extends far down 

into Mexioo appears to be a huge blook or the earth's orust whioh has 

been broken and lifted on its ea.stern sidee In many ways it resembles 

the Sierra Nevada mount ains to the north but the amount of' uplift aud 

til t ing has been much less. 

Ths ooaste.1 belt consists principally of a series of relatively 

high , flat topped benches or terraces ·through whioh the various streams 

out on their way f'rom the highlands to the oeetHlo These terraces, 

formed by the sea during numerous geological eras, terminate at the 

Pacific Ocean in a line of cliffs. The oliffs are charaoteri.stic of 

the entire ooastline except for the area in the immediate vicinity of 

San Di ego Bay. Ase. result of the Spanish influence, the series ofter­

races are oalled "mesas",. some having received il'ldividua.l names as Otay 

Mesa which lies between the Tia Juana and Ota.y Rivers, and Linda Vista 

Mesn which extends .from the San Diego River to the Los Penasquitos 

River. 

The major streams whioh intersect these mesas are wide, flat bot­

tomed and are bounded by steep slopes whioh vary to several hundred fee t 

in height. :Major streams e.r@ so oalled because they oa:rry most of the 
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water e.nd head i n the highland area. Minor streams which arise on the 

mesa s themselves are geologically young and their ohannels are short 

narrow gash®s whi.ch terminate in ei t her & major stream valley or the 

ocean. 

Since these major valleys play a l a rge part in this analysis, a 

f' urther discussion of them should be well worthwhile. Explicitly the 

valleys are those occupied by the ( starting from the north) Santa 

:Margarita, San Luis Rey, San Dieguito, San Diego, Sweetwater, Otay, 

and Tia Juana Rivers. 

Santa Margarita Valley, which as a valley starts halfway between 

Home Ranch and Deluz Station where the River leaves its rook gorge, i.s 

abou1; one half mile wide and ten miles long. Its a.verage gradient is 

roughly ten feet per m.ileo About three miles east of the San Luis Rey 

M1.ssion, the River of the same name leaves its gorge in the highland 

area and enters a flat bottomed valley about three hundred feet below 

the t~:- rs.ces. Jt :i. s eitsht mil es long with an averag:e gradient of 

eleven feet per mile. The Se.n Dieguito River Valley runs from a point 

six mi les from the River's mouth to the oceano It has a grade of only 

seven feet per mHe and a. ,~ridth of halt a mile. Missj.on Valley, along, 

the San Diego River, extends from the gorge west of ·cowles Mountain 

westward to Missi.on Bay II a distance of eight miles. It va ries in width 

from one-third to three-fifths of a mile e.nd he.s a slope of eleven feet 

per mile. Sweetwater Valley has the srune ohe.raeteri.s tics as the othe r s 

with steep clifflik:e walls one hundred to three hundred feet high, e. 

length oi" eigh t miles and a width of one-fourth to one-half mile. It 

ends in San Diego Bay~ Otay Valley also ends in San Diego Bay, extend­

ing due west from t he base of Otay Mountain .. It is very stee p with a 

slope of twenty five feet per mile and does not have the characteristic 

flat bottom of t he other valleys but slopes ~teeply from the base of 

the bl uffs on e ach side of the stream channel. Tia Juiu1a Valley is 
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again vary much like the others but differs in that some of it is i.n 

Mexico .. It crosses the i nternational boundary at Tia Juana a nd extends 

westward six miles t o t he ocean .. It is bordered by cliffs four hundred 

feet high during pa.r t of its length but these diminish to low slopes of 

only t wenty five feet.. In general the valley floor is flat with a 

width of one mile and s. slope toward the ooean of e i g;ht feet per mile. 

These various f'eatures of the stream valleys are due to the 

chareoteri sties of t.he arid reg ion e.nd to the alternate rising and 

sinking of the l ancL In an arid count ry such as this!) the streams which 

rise in the mountains sometimes c a rry l are~e volumes of water which 

rush to the ocean eroding the valley wal l s (I F'or other periods, how­

ever, there are a number of dry years when very litt le flovv reaches the 

ocean, the majority sinking into the river bed . The fact that this 

coastal region is lower than it was at some past time also affects the 

physical characteristic s of the valleys si :noe they were e roded much 

deeper the.n they a r e at present and have since fill t:d in. This tends to 

me.ke the ,qills "1HJ 'l'Y steep and f orms a basin for storage of water. 

The highland area li es ea st of the coastal belt, extending east­

ward from the highest mesas t o the boundary of the area covered in t hi s 

analysis .. L:i.ke the coastal belt., this regi on has been subj ected to re­

peated raising and loweri ng but ha s :not actually been below sGa level 

since early geologic time. 

The mountains of' t he highland a r ea belong t o what is known as the 

"Penin sul a r:: Hange since it forms the backbone of the peninsula of Lower 

California. In its :no:rth{!'.lrn extremities i the Peninsular Range intersects 

the San Jacinto e.nd San Ber ns.r dJno Ranges .. There is littl e regul ari ty 

i:n the distribution of the high pea.ks, that is, they don't lie in r e.nges . 

I :n the northeastern part of the watershed included i n this study, e leve. ­

tions of six thousa.nd feet o.re not uncor:unon and the gene r al eleva.tion in 
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the eastern half is over three thousand feet above sea level. Fowever ) 

the western half var ies from five hundred t o fifteen hundred feet abov-e 

s ee.. level with only a f ew pee.ks 8. rou nd thre .... thousand feet. 

The southern s lopes of the mount~ i ns a re ordim1ril y n...,arly ba rren 

of vegetation but the northe r n slopes are covered by various types of 

br ush and trees such as chapar r al, live oak" pine ., etc . I n many of the 

mountain slopes and valleys grazing is excel lent ., 

Highland Basins. 

It is bel ieved that at one time this highland area had been eroded 

to a penepl ane hut subsequent uplift bro ught on additional stream ero s i ·n 

which c aused the present geographical fea t ures" Ther e wa s al so a large 

amount oJ' faulting wh ioh t ook place, lifting some blooka of ttH, earth's 

orust a bove others a.nd thus forming the m.ountaine o Al so, fal)lting 

·fractured :rocks in many plaoe s ma king them mor@ ea.si l y worn away by 

s t r -ea:ms. 

M.any square :mil es of' the h ighland area e.re covered by large fl at 

tracts 1 hich &re refe r red to us highl and bas i ns. Of the se, El Cajon 

Valley , Santa Mari ta Ve.ll ey jJ and V~ a r ner ' s Val l ey are typ ics.l examples .. 

fill Cajon Ve. lleiy , whi ch ls ·about he.lf1ray from the head of t he San Diego 

Ri-ver to the see, fo rms a nearly square basin extending six miles in a 

direction perpendicular to the Ri-v-er a:ud Five mH es ~long it.. 'l'he 

a·ver valley above and below is less t han one-four th mile wide. The 

:· ri~or-s of t he valley s are comparitive l y smooth , s l opi :ng; gently toward 

• . 
0 "the stream.. In gene ral, the a lluv:te.l c over is thin nea r t he str~am but 

·~ may be : thirty or more feet in thickness at the borders of the bas i n ~ 

,., '!he underlying g r a:n:i-te is t horoughl ;i d isi ntegra t ed nt t he surface but 

t b$comes firmer with depth unt il i t i s solid at depths of from fifty t o 

"One ,hundred feet.. In places the gr a.rd.te 01~tcro ps e1t ti:e surf v. c e. 

These h ighla nd basins a r e divided into three belts in accordance 
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with their geog raphic a l distribution . The f'i r st o r l ov:er bel t incl ude s 

Fallbrook I'lain , Bl Ca j on , and sever al ot her va l leys .. The i nte rmediat e 

busins i ncl ude Bear Va.l l ey a.nd 8a nts. Mar iR Vall ey , and the third belt or 

hi r.;he r be. sins i nc l ud e s :.r.; a. rner' s a nd S8 n Fe l i.pe Vall ey s. 

Al l vmte r s i n the County a re de r i,red of cou r s e f rom t he prec i pi ta ­

t i on on t he included g:r ound are!l o Pa r t of the VIRter wh ich fa lls a s r a i n 

r snow is lost by evaporat ion . Anot her pH·t pe rcol ate s j.nto the soU 

t o ::il t i matel y r e a.ch the wate r t 0. bl e or be l o st j_ n t r ans piro.tion from 

pl ant s» and the r ema i nde r jo ins the surfac e runoff of whi ch a pa rt 

r eaches t he ocean.... During; t he past y ears, part icul arly t he l ast t hirt y, 

a s eri e s o.f dams have bee n co ns t r ucted on most o f the nu-;.jor rivers t o 

act a s a source of v·;ater sup_~.ly f or t he County and f or th e city of San 

Diego. Thi s i mpo unding of water, often fo r long; per i o d. ~1 , p resent s sur -

f aces to t 1e atmospher e f rom i,~h ich f ifty t o seve nty five inche s of v at e r 

eva po r e. t e pe r ye a r . The l a r g~e qua nt i t ie s i nvolved wH l be discussed 

l ater. 

Mos t of t he precipitat i on occurri ng i n Sen Diego Count y is due to 

cyclonic s t orms or 11 10 .'V s ri from the North Pa c ific Ocea n that a ppea r off 

the coas ts of Al aska ., Br i t is h Co l umbi a ., and the no r t he r n Uni t ed States. 

The se l ows have a g ene ral e a sterly movement as they r eac h the cont i nent 

but many ar· e defl ec ted sotrt}v;Ja rd .. The fr ec.ue ncy e. nd i n t e ns:J. ty o.f the 

r a ins occurr ing; in t he County depend upo n the number of lo'F S defl ec t ed 

south and the d. eg:;ree of det'l ectione I f' a l e. r g;e pe rce ntar e of the lows 

are deflected t o the south, R 1r1e t seaso n ensues.. If onl y a few l ows 

~~rive , the sea son i s dr y. Thus the rainfal l i s l a r gel y cont r ol led by 

t he gene r a l mov emrrnt of t hes e storms "vh ich b ring about ninety per cent 

of , Sa.n Di ego County ; s rainfe.11. 

Amother t ~ip e of storm come s upon Sa n Di ego f r om t he s outhwest o 
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This type moves slowly, sometimes remaining stationary over southern 

Cal j_fornia e.nd Arizona for several days. During most ,vinters, however, 

only one or t wo of these storms yield any precipitation over Se.n Diego 

County. 

In e.ddi ti on to these t1No t:rpes of stor-m.s, local thunder s ho·wers 

occur over the higher mountains in July and August. These seldom reach 

the coast ~nd their duration is very limited. Thus they have very lit t le 

ef'f.ect on t he total annual preoif)1tation. 

'rhe fourth type of storm is known & s a II sonora II since it reverses 

the ordi nary storm movement and traverses from Sonora, Mexico, a.ccompe.­

nied by northHrly and northeasterly winds. 'This storm which js cyclonic 

in character extends over large areas and occurs chiefly in the summer. 

It is of infrequent occurrence, however, end has little influence on the 

total precipitation. Most of the contributions of the "sonoras 11 per­

colate into the ground. 

Very little of the preoi:f)itation occ,1 rs as snow, although some 

usually falls in the hj_ g;her mountain areas during every 1r.rinter. Row­

ever, only on the most protected slopes of t he highest mountains noes the 

snow remain for more than a. few days. 

Records of precipitttion for several stations in San Diego County 

are available for over sixty years, but the detailed records presented in 

this report on pH6es A-Z:2 to A-34 include only the period from .nineteen 

hundred to the present. The data vms obte.ined from sta.tistics of' the 

United States' l eather Bureau. 

Since the precipi t.a tion in Sen Diego ~ount y is extrenely irreg:,· .. lle.r, 

being sub,-Ject to wide deviations, the mea.n ha s vr-,,ry 1 i t-i:le significa.nce 

for any perticule.r year or s t at-1.on, -rne.ki.ng short t erm averages of snnl l 

value. As s hown b;y' the c urve on pege A-35, i.n 1,vhicl': ,comparisons of rain­

fall with the sixty five year average are shown, it is concluded that the 
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average of a twenty five year racord differed oniy 4.6% from that of the 

longer period. l'his curve w& s made by dividing the per3.od of record at 

80.n Diego into subdivisions of three, five, t en, etc. to s:ixty years 

each. 'i. he average annual precipitation for ee.ch of the periods r D. s cal ­

cula ted and again averages found for periods of· equal length. A plot 

v-.as then ma.de of per cent variation from the sixty five yeHr a-vere.ge v· . s. 

duration of the record in yea.rs. F'rom the curve it can be seen that th0 

average of a record of only fiv~ yf!Je.rs can be expected to va ry 16~! fro m 

the sixty five year a.vera.ge. 

ihe distribution of precipitation by rlays, months, and years affects 

materially the available ~ater supply in San DiAgo County. In this re­

port, si nee only the more general phases of ground and surra.ce water are 

considered, the annual preoipite.tion and runoff only are presented. 

Of interest however, are the bar charts presented on page A-2 

whioh show the percentage of' annual rainfall ooeurtng during: ~a.ch month 

f'or six stations in the County. It will be noted tha.t in all case~ most 

of the re,infall ocours during the winter months of December, ·Jamrnry, 

February, and Me.rah. June is without exception the month of lovi re1. nfe,11 

with the other summer months only slightly better. In the mount.a.in areas , 

particularly Campo, local thunder st-Onns oocur during the summer. 

Variations in annual precipitation e.re diagra.mmed by means of !: ba.r 

graph on page A-3 for nine important stations. The records e.re of VH.ryi n(; 

length dependine~ upon the data available. The years a.re plotted hori­

zonte.lly and the departure s.from the average, either plus or minus, are 

shovm by the vertical sea.le. 'l'he two most striking facts indicated by 

these charts are (1) there is a pronounoed irregularity of rainfall, 

only a few years being near average, and (2) there is a tendency for wet 

or dry years to occur in cycles. Of these two observations the second is 

the more important in considert~tions of the s0.f6 yi.eld of under t;round a.nd 
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resarv·oir water supplies. For example,. as w:Ul be discus$ed later, the 

aafe yield of Svveetwater J<eservoir is determined by a drouth period ex­

tend.i:n.g from.- 1898 to 1905. Sinoe then the drouth periods huve been of 

shorter duration a.nd thus safe yields have bee~ rou~h l _arger . 

A k.nowl~dg;e of geo.graphio distribution of' preo-ipitet:\on 5-s important 

iu oonnection with stud1ea of _both• ground aud surfaoe waters • . Gro~n.d 

water supply as well as that in reservoirs is r _epleni shed a.nrfLHllly by 

re.infe.11 on s.nd ebove the B.rea oonsj_dered. 

1'he horizontal distribution of rainfe.11 in S.aii _Diego Gounty h typi­

cal for regions in :whioh a mountaln l"ange parallels th~ oce1a.n from . which 

cyolonio storms approe.oh. The slope lead5.ng up to .th@ cr@~t ;of, the, range 

elevates the whole . body of moisture-laden air ,dur:1.ng i t s movements, in­

ducing more rapid , condensrt tion 9f mois~ure as n result of the _cooli r1g and 

e.-xpansion vlhieh ooours • . As · soon as the air reaQhes the cr~st snd ,. s1~arts 

down the opposite s.lope, . eondanaatfon 0f fftoistur,tit stors u a res11l t .of 

oompression and inorensed temperature.- -. Th:i s . same phenom~non .oe~urs on 

the w-est slope of the ~ierra Nevadn mountains , btrt, .th~ raj nfall zone j e 

from 5,000 to b,6OO feet above -e•a. level, the amount dsoreasi.ng e.t e. 

hi:gher level. • Since San .Oier,e County mountains reac~ an. altitude of 

o.nly 6000 feet, the max.1mum .r£i.infell ocoµrs ... o.t the peaks. 

'fhis altitude variation is show11. i.,n striking f~shi.on by the _ curve 

. of· avere.ge annual raJ nfall v. s. altitude _presented or~ page A:--4 . For the 

·s.tations which have a rainfs.11 which is. inoons.:\.ster.it with the cur:v·e s hown, 

·t~ere :i.s usually 8.n axpl~nat.ion possible by _ oonsiderati on of looel con-

'~i tion5. As also indicated. by this curve, the s tat ions_ loc&ted t o the 

. ·e-ast o.f the fi.rst re . .oge hnve a prec:ipi tation wh:ioh :is less t.he._n tha.t et 

"Y a • comparable altitude on the _ west. 'l'h.is is re~dily e:x;p_le.innble by con­

.
1,&i'de-re.tion of"' the fact . that storms approfaoh from the we$t . The di.er; rams 

:t·-

~.i n.•0 page A-5 which 1:.rere ta.ken from the rJni tad States Geological Survey 
(•·•;•·· 

;:,)iiat;;er Supply paper 446 indi.cfl.te th.e close :re)ationship bet\freen ground 



slope and precipitation. In g:eneral, rainfall varies from ten 5.nches on 

the coast to forty inches in the mcu!ltains. 

A further chF.1ructeri stic of' rai :nft.11 study wel 1 worth :ntrntionin6 

is the relationship between the varia.t:i.ons of runoff and precipit&tion. 

The dia?:ram on p!3.ge A-7 showir..g e.nnua.l ve.rif).t:ion of runoff when co:npared 

to that of' re.inf'r,11, pe ~~ e A-6, indicates that runoff f'ollo ;;.: s the same 

pattern as rainfall but is subject to vd.der seasonal fluctuations, t.:.1e 

m6...xj_mum rate being t wo and one--bn.lf' to three time s the :normal and the 

minimum being zero or thereabouts. "Fro~n the ra:i.nf'all curves it C!¼:n be 

se,sn that the maximum is about 150~~; at'ld the minimum about 1±0% of norme.l. 

The relfttion between daily runoff' and precii:,i to.tlon is very in­

teresting. In general, al though precipitation of s01-:-1e mt..t;;nitude begins 

in lfovember, it is almost January before n flood runoff occurs, after 

about one-f'ift.h to one-fourth of the average season's rain.fall has OC··­

curred. This l&.g in runoff is d1.1e to the lack of moisture in the ground 

"~hen the rains begin. :Che ri:.dnfall is so small during the suTIL-ner and 

autumn that t he ground baoom.es V(1 ry ory e.:1d cen absorb a large quantity 

of water before any rnnoff occ>urs. Th5 s is of course true of tl-}e 

terials in other pf:. rte of the d:r-a.ine.g:~ e.rems. J~fter sufficient rain h.~i s 

fallen to sc-1.t.untt.e c•r 1w.rtie1 ~ y SF.:.tnrr.1cte the s~1rfaee niri.-teri nJ. s, HP~' r,ddi.-

tional runs 'fhe converce of this phet'!01:nenon occurs i.n the spr1 ng 

and pert of the su:mmer @fter the rfLins when t he :.;tre8ms ~ontJ.nue to f'lo v,, 

r,a by groundwater. Jt is very difficult to oM~Rin 0. fig.ure relHt.inz. t h :3 

amount of rainf1:,.ll :necE:rssary to causr, runoi'f since so n.any factors e.ut.(:;jr 

the picture such a~ R!T!OUnt of' r&infaJ.l du r:Ln.r; the Freoeedjnis :yeei.r and 

intensity of the early ra.i ns. Al though sone ·viork hv.B br~en done •::m t h:5. s 

su.bjeet, the dete.il ed ano.lysi s 1:d 11 ndd nottd Hf to this rer 0rt. The 

typie&l exemp1 e of the San m eg;o R:1.ver fd:. thn d :lver+.j_ ng dat~ as rclf,ted 

in ·water Supply Peper 4:4f:i i ~r.d5. c~tef: the trends i n Rl l Cft f\ P,S cons1 dert·d. 
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The average der-:th o f procip t tu.tion, in ir1chBs, recu.ired to produce ruf.Jof'f 

the f'irst year after a year with les8 them 90% of avt:1·e;.ge rai:n.fe.11, or 

f, .3 inches for a ;year follo y:j_n6 one -.,,. j th 90 tc. 110 % of ave re. 6e 1,•re)ci;_Ji­

tation., J.J'ter a yer:1. r ,vith over 1107 of sven ,_k:;\e r-ainfa.11, only 3.1 i:nc.trns 

of re.in ere recu.ired to produce runoff. The f,xact figures vary de}Jendin~ 

on the tyf' e of material the water traverses bu t as mentioned, trends ~re 

the same. 

'1'he percent of precir: tF.J.tion f; pper-:.. ri.r16 as runoff varies considerably 

i r.. the areas included in this report. 'fhe tuble on page A-8 p:resonts 

summaries of this dats. for a. f'e\·.J points on the various -watersheds. 'fhe 

principal value of th'.is ta1.Jle as fur as determination of St-lfe yield is 

.concerned is purely nagative 1 n thnt it :i.ndicat,➔ s ,nhat. cannot be do ne. 

In view of the large amount of variat5.on in :runoff as compared to pre­

cipitation, from zero to c.;3%, oa.lcule.tion of runoff by the product of 

-rainfe.11, area, and a runoff coefficient ls not justifiable. 'l'he error 

would probably be several hundred percent c1:i_ ther way dependJ.:. !lg ll p on 

many· complex fe-.ctors . 

. In SU!!L-nary, the annual JJrocipi te.tion in :-;an Dieco Co -.,n1tJ var~t es 

from about ten inches near the coRst to forty fiv·e inches in the moun­

;tains. The incre~rne is about O.f:i5 1nch13s for each 100 feet of incref\se 

i :f! a1 ti tude. 8ast of the first high rung_~e of mountu~- ns, the rai.nfall 

d~oreases as indicated by the c u rvl'3 on page .A-4 ~rntU i t is eighteen to 

·t::wenty inches in the rn.ountai n val 1 eys and second ranse of mountains. 

C-. Evaporfation .. 

At several r,l t- ces in :::;un Dieto Cour:r!:/ rf..'cord6 ::-.1.rve been kept ~f 

evaporation from the surf~ces cf large bodies of ~ater. ihe earliest 

records ·were those taken on 0v:e E1t~•,-e_.ter h0f,e rvr}i r -:i.n 1889. D!.l.t~- 'Nas rs­

oorded from this reservoir until lf.:95 t'<fter v1ldch nothing wf: s done until 
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the reriod from 1915 to 1921. Other duta has beeu taken at La i esa 

i\.eservoir, Cuyamacu. H.eservoir, and several others. Table i~-G presents 

the mean eva~oration values as obt~ined by the floatinG pan method. Some 

data ·.r•:~.s tr.ken at Sweetwater by mea~s of e Piche Evc.porometer locHt.ed in 

a le.t t ioe house fifteen feet e.bove ground and forty f'eet abuve the lake 

s1ffface. These results indicated a mu6ni tude of nbout 48/57 of that re­

corded by the Lurface pa.ns which were probably more nearly correct.. 

J5vaporations re,i_)orted \'•;·ere the gross values, corrections being ma.de for 

rainfall enterj ng the pe.ns. 

The uonthly var1.ation of evaporation is of interest al thout.th of r1ora 

dete.il than 1 s necessary for this report. The values as presented in 

the curve on page A-9 show that as would be expected the bulk of evapo­

rntion takes plaoe during the warm summer months. There is a possibility 

the.t the depth of water lost from e, floating pan during the summer mu.y be 

greater the.n that from a reservoir, sj nee the small qu&.nti ty of wttter in 

the pfm would attr .. in a hi~her temf.,Orature than a lake. 1lorever, exv~ri­

ments r:..nd observations indicate that very little difference exl sts si nee 

'Nater tel"1perb.tures in the pan exceed those in tho lake by only one or 

two degrees F., duri ni~ the heat of the day .. 

l'hus the e,re..p~>ra.ti on from fa res0rv0ir surface va:r j_ e s f rc1Jn e bout. 

fifty five ir:.ches near the coast to sevent;, six lnciv~s in the hig:h and 

dry vallejls .. Ve.rir-Ations in annur,,l eV&.f·Oretion E-:VieE..r to be sr-,ull bu+, dur­

inG e&.oh Je&r :n::onttly records show that t1e '.ni. rm :r:ionths nre responrd bl e 

for n~st of the evapor&tion. In the discussion of losses fron reservoirs, 

a.nnue.l losses d:rn to evG.po.rati.on i1re nssumed, but are bused c,n a conpE<r:i­

son with records available. 

Of equal interest is the eve.voration or \;,'f..l.ter loss from the soil. 

Tr1e relation between lossos from :.:ater S1.~rf'aces and sc:i.l is not direct, 

howev1:1r, since m~ni fc.1otors afi'ect the lutter. Loss from soil -jepends 
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t upon the depth to the zone of saturation, the capillary rise of t he soil, 

/ a.net the . kind and quantity of plants growi.ng on the soil. Ca..i?i llary foroes 

,_ bring ·vmt •Jr to the Si.irface from depths of from four to nine feet depending 

upon the cha r !il.ot~r of the soil. If the water table is below nine feet, no 

water .is lost by this means, but transpinttlon by pl e.nts is nevertheless 

,. ,effeotive. If the soil is permanently saturated, the loss by evaporation 

i .• ·::fipproximate-ly that found for an open water surface. 

In via ter Supply Paper 446, the Enrerc ge annual absorption of the fi 11 

_i:~ ·San Luis .Rey Valley is stated as beh1g 14,450 acre feet. The total 

-. 1:and from -which .losses oan occur 5. s 6,640 ttcres, the :cema:1.nder h&ving a 

-,~e.ter table too low to. be effected by capillarity. Since the annual ab-

~.erpti on is equal to the average annual loss, t be average absorption v,a s 

-~ ~ivided by the land area, and an aver&ge depth of wnter lost Wfas determi n­

ed t.o be 2.18 feet per year from ground we.~ .er surfH.oes. This,- value -cf 

G.19 fe€t is approxi.ma.tely correct for e.11 of the me.:jo·r vall~ys of San 

Diego County. 

D. Ground aters. 

It is co:nven1 ent to di vi.de Se.n Diego County into seven areas for dis­

cussion of ground we. t.ers o They B.n~ ( 1) :Major valleys of si:x largest 

streams , ( c: ) minor ve..lleys of the coe.Etal belt, (3) minor valleys of the 

high.land. e,_rea, ( 4) Mes tor and Chula Vista sea terraces adjacent to San 
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Diego Bay, (b) inte:rstream areas underlain by Tertiary formations, (6) high­

land e.reas underlain by crystalJ.j_ ne r~cks not covered by residuum, and 

( 7) highla nd areas ·1 n gently slo~)ing and level pe.rts in ·which crystRl line 

rocks e re ov erl ain b/ water-borne mater ials. 

Al though the first g,ro np constitute s onJ.y a sme.11 pc. rt of the e.roa 

of the Co•.1nty, ~ t i s by f f;. r the rno st 1 mr,orta nt as a source of ·wa ter. 

The other nrt:3t.1.s ~:,ossAss a l a r r;,er qw-u 1tj ty of s t ored ground wf.ter but &re 

no,t Ch(JU~le of yieldin.6 l e, r g,e qu&ntit:t. es Ht H.n,y one point, although small 



out : relie.ble supplies are obtained. Since the nejor valieys are 1- h e prin­

olpal souroe of ground water, net safe yi'eld calculations ·,-rj_ll be 1 imi ted 

. to them. 

:1fhe l!.J.ajor -valleys have previously been disoussed in connection with 

the physiography. They are the ns.rrow., flat-bottomed valleys extending 

trom the cos.st twenty to twenty five miles inl11nd borderiiig; the principal 

streams of San Di e~o County. • 1'ho stref-1.ms tr&versing the major valleys 

are . ('frmJLnorth to south), Santa Marge.ri.ta, San Luis R.ey, San Dieguito., 
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San: D1 ego, Sweet-water, and Tie. Jue.na Rivers. The valleys trend in general 

northeast to southwest e,nd : are from three to f1 £teen miles apart. These 

v,e.lleys hett.d in the M.ghls.nd .e.ree., traverse the mesas o.nd open onto t he 

o.cean. It . is the unconsolidated alluvial materi.al that underlies the floors 

· ot these ve:lleya which contains the ground ~11eter. 

Although as mentioned, these innjor vf:.lleys ere comparatively small :in 

e.ree. 1 they ere nmong the ·most v-e,lue.ble f.ssets of S e.n Diego County, s:i nee 

'!'ithout their ·waterthe mesas and thickly popula.ted , parts of t.he :County 

would be laoking an important · source of water supply. ·Althou~;h wF.r ter ' • 

stored in -reservoirs constitutes a major part of the water supply of Se.n 

Diego , City 1 for exa.mple., ground ·wa.tet : is used continuously ·~nd can be 

heavily drawn upon in oases of smergenoy • . 

The me.jor stream ·VRlleys consist of two separate groups, as prevtously 

mentioned, the coastal valleys and the highland valleys wh:i.ch are inland. 

The coastal valleys an Santa Me.rr;arita Valley balow· Deluz stat.ion, San 

Luis Rey Vallay .below· Guajome Ranoh, Ban Dieguito Valley~ M1ssi6n v,11~y 

(on the San Diego River), Sweetwater Valley below Sweetwater Dam, and Tia 

Juaua. ·Valley. 1'he aggregate area of e.11 of these valleys is 17,500 sores. 

The highland valleys lying along t.l-ie ::-ne.jor streams a.re the · Upper San -V1h 

Rey between the east boundary of the Palf.t • Indhn Reservation and Bomrnll, 

the up1-,er Sa.n Diego Valley on the San Diego Ri var from F.:l Cajon to Old 



Mission De.m, s.nd the Delse8 tJ_nd Jam8cho Ve.1.J.eys on the ~.: -v,.eetwater River. 

The total aggreg~te area of these vellsys is 10,640 acres. 

The soils of' all of the valleys are composed of' sand fand silt deri,red 

meinli fr om t h e g, re.ni tic rocks of the highland aren e.nd the Terti.ary form­

ations of the coastal belt. Before tney were settled these valleys sup­

ported gro"·1tths of willow, cottonwood, end t..rnd~rbrush. The SiJr fe:ce of the 

coastal aretl is gently und:.ll ati ng 1d. th underlying formations consi st1 ng; 

le.rgely of g:revel and sand interbedded with clay. During; the ra:i.ny weath­

er little but gress grows. 

The ~ater in these valleys is stored much as in surface reservoirs 

since the surrounding rocks are practically impervious. The rocks of the 

highland e.rea are dense and cbntain only a H .ttle ~hter 1n the fissures. 

Hcwsver, well logs sho~N" the.t the ir:-1pervtous f'ormatj ons underlie the val­

le/S !l.t depths novrhere exceedi.ng 21b feet. Above thj s impervious b&..r,e 

is the alluvial f'ill, comrJosed of sHt, sRnd, and g;ravel which i.s very 

porous. 'l'he ·water for this fill is derived by absorpti.on of surface nm­

off and rainfall. \)later escapes from these basins by se13ping; into the 

stream channels, by underflow through the fill j_nto lower b&.sins, by 

evaporation t'rom the s urfaoe, or by transpiretion from ple.nt.s. Thus via.ter 

is stored in the underground basins much as in surface reservoirs, wi.th 

the water level or water table rising; or f'alling depending upon the r1:Ate 

of use v.s. the rate of replenishment. 

Ass necessary prereouisite to the investigation of safe yield is a 

more thorough discussion of each of the valleys concerned, the porosity or 

its fHl, the depth to which the we.tar te.ble oan be lowered, etc. 

The following ts a te.ble shov11i ng the basic quantities required for 

detarmj_nation of the safe yield of ground water ln the major ve.lleys. 

The values given were ta.ken from :,Jater Supply Paper 446 published by the 

United States Geologioe.l Survey. 
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Valley Area : Effect. :Assumed max. t% volume .Acre :r\i:. :Toti:?.l 
1underlain:area of: wRter tahle:thRt could:availeble:from 
:by ~,re.lley:valley : cou]d be : be drained: ;each 

Santa Marg!-J.ri. t a 

San Luis Rey 
( Upper) 

Se.n·. Luis Ray 
( Lo~~,er) 

Se.n Pasq1.ml 

.· sari D:le ~:ii to 
: 

Lakeside 

Miss-ion 

Sweetwater 
(Upper) 

S~ee.t v1a.ter 
(Lowe r) 

Tie Jue.ne 

Totals 

fill fill :lowered ft. : __________ ::river 

3,64-0 1,820 f'.O 

4,376 3,060 30 

?,i::70 1.,635 f)O 

1,880 1, :-z- ;~o 40 

;~ ~ 210 1,ao 30 

~~ » 120 2.,180 30 

~,470 1,480 :30 

1,065 760 30 

l, t:32 920 30 

4:,Z:80 2,630 4 r; .._, 

27,943 17,015 

15 

25 

15 

~5 

20 

~5 

20 

25 

20 

,~o 

1 ~5 , 100 13,700 

12,300 

7,300 

16,400 

s,neo 

G,620 

%, 300 

11,lW 

i3,700 

129 ,GOOA.F. 

'fhe pri ncip&l error i -n this te.ble 1. s probably in the percent volume 

that could be dr&ined.. This is e. function of porosity and percent of the 

pore water is available. It would t nke many S,3 mples o f' the so:Us from al 1 

depths to ascertain this quantity at all accurately. The studies made by 

the U.S.G.S. in this connection were not too complete. 

Thus roughly 130,000 ~ere feet of ~ater are avajlable in San Diego 

County from t.mderground sources in the major valleys. By instal htj on of 

a sufficient quantity of pumps, this e.mount could probably be us,:;j in one 

year. • Or, i.t might be me.inta.ined to be used only in periods of emerir.ency. 

The safe yi..eld of this source then depends upon the rate wt th which re­

plenishment w:i.11 take place. 

Before dRms v,ierfJ constructed on the major rivers, it W'El s simple to 

cleterm:lne the Wf,ter &v&il s.ble for replenishment, but at present much of the 
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flow is stored by reservoirs or diverted for irrigation or eity water. 

Thus the question arises as to how m1rnh water could be replaoed during 

drought years and how long the drought might le.st. Th$ reoords 

a.vailable for the Sweetwater River, which go back fa.rther than any of 

'bhe others given., indicate that the longest drought perj_od was six 

years. During this time very Httle v:a.ter flowed in the River. After 

tb1s six yeere, however, a quantity of we.ter in excess of ave rage was 

available. This would not mean, of course, that no water would enter 

the · uriderground supplies during that ti.me, but it does :mean that 

re-Jnfall wa. s small. All water not lost by evapontion or transpir­

ation percolated into the ground. In view of the rainfall data for 

the ·drought period in the few years e.t the turn of t he eentury, ( see 

-page A-14) only three consecutive yaa.rs V'ere much below average and the 

~ourth, 1901, was al.most a.vere.ge. There was little or no runoff in 

the streamA however, since g round water supplies were being replenished.. 

~hue -in a drought, ground _water is replaoed before much stream flow 

occurs. It seems reasonable and conservative to assume that the 

drought period during which there would be no replacement of ground water 

. ( to m.ake results more conservative) would not be over four years in dur­

ation. In addition, it is reasonable to assume that after these four 

years ground water supplies will be baok to normal before another four 

year drought ensues. Scrutiny of each sat of data indicates t hat these 

assumptions are on the conservative side and are therefore satisfactory 

i -n estimation of the safe yield. The net safe yield would thus be 

(see table page 15) 129,600 : 28.5 •illion gallons per day. 
4 X 365 X 2 ~ l.55 
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The breakdown ~.mon 1:~ the va.riO'lS va.1 leys is 9.S follows: 

Valley . River : Total .A.F.: AvaHe.ble: Ava.H. :AVEdl. . 
: : Ave.Hable A.F./yr, : r:r.g.d. ,m.e;.d. 

:ea.ch 
:B.iver 

. ·, santa Margarita ;•S~nt s . M~r·gr, d .ta 13,700 3,420 3.0 3.0 

San Luis Rey San Luis Rey 23,000 !:.,,740 5.1 
( Uprer) 7.8 

San Lul.S Hey Strn 
(Lower) 

I.id e, Rey 12,300 3,070 2. 7 

·San · flasqual San Dieguito 13,200 3,300 •· t " 

". ~1 

4.5 
-::San .Dieguito San Dieguito 7,300 1,830 1.6 

·Lakeside San Diego . 16,400 4,100 3~6 
5.6 

]Union Se.n Diego ' 8.,880 2,220 2.0 

·Sweetwater Sweetwater 
( U~·per) 

5,C2O 1,410 1.2 

2.4 
Sweetwe.ter S,Y1-:' '"' t"-"1ater 

(Lower) 
f,5OO 1,380 1.2 

TiEf Juana Tie. Juana 23,'700 5.920 5.2 6.2 

32,390 28 . 5 

An ana lysis of this problem ~.; s to ho'!': m,:wh wa.hJr is r eplaced each 

year in underi rou~d basins is complioeted, and only approximate solutions 

based on n.ssum1:..tions e.:re possible. Th5. s is es1>ec~_ally the cese when 

reservoirs ar13 built upstream :=.rnd effects thc:r(3from. on :.indergro 1md sup-

plies downstre~n are Jructicelly u~cno~n. 

E. Surface ~ater. 

Investigation of the safe yield of surfvce water is basically a st:idy 

of the reservoirs whioh have been constructed. on ea.ch river. 1Jd thout thet:;e 

reservoirs, the safe yield of streams in San Diego County would be zero 

because they all have periods of no flow -~llioh sometimes la st for !nonths 

or even yet::. rs. ,:;hen there i.s only one reservoir on a stream the se:.fe yield 
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exist.ant and the i.:!aters are empti.od f.r0m -t:h8 qpper L1to t:1.e 1o~'H'"Jr, 

J;teterm:lnation of yield bccomr-,s v-ory d:U'ficult. :rt is impossible to d.is­

:t:ingutsh the natural flow :int.c:,ri_nr; the lower :resonroir from th,~ ~::Hter re­

leased from the upper storvr:e.. Thls can on1.~, ho r:tttni.ned fron very 1e­

t ·e.1led reservoir relea:::.~., tnflO'-M, find outflm-01 rocords which are b~yond the 

.&cope 'Jf thls report. 

1fhe net safe yield of' f.,f,ch rnsertr0tr which :ts at the hef..1d of a 

stream 1"!i th only nRturnl flow enteri n[~ can be e,ppro:ximBted. as follc;ws ( see 

page A-26): First calculhte the gain or loss in res~rvoir stora~e hssed 

cm inflow with evar,orF.ition from the maximmn Y,E:ter surfD.ce at oJ. l t ir!'lcs. 

Eve.poratlon is e~timnted from. records f>.t several re~1erv,J:i.rs f:.1.roady 

mentioned. .After the 6 F.1in or lose for the ;yearri has hean f.'oqnd, a .mass 

diagram is constructed for the net fJ.ow into the reservolr. This is 
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plotted asm11nin[; evaporatton from the mA:ximum reservoir aret1. A. strai. 6ht 

line representing conste.nt. outflo·w is then constructed on the mr.ss dj.agram. 

In no instance can this line b~ a dj_ste.1'.!ce above the ?"ass curve "r:hioh 1s 

more than the total capa.oi ty of the re::;ervoi:r in quesb 0 :1.. The sloce of 

the Hne represents the maxirmun constnnt flo" ,· "'°~1ich can be directed from 

the reservoj r vd.thout emptying it comr~letely ~ Another set o.f calculations 

ha.s been carried out tnking into F-',ccount the 1m~:rrJr°i :"'.g of tbc reservoir 

1·1a ter surfEce and consequent decret:.t se i ::-i evnpora.t:i on. '.Che l 1 ne of nnxi­

mum const(~nt .f1ow obtained in this latter e :J :rn i G then u .,.:rer1.; clone np-

l,)roxima.tj_on to the B£:.fe y:teld of the reservoir. 

r~ech me.jor river of San Diego CountJo, i·:il 1 be di.::::cusEod 5 11 tu::: n, stRrt­

in.g at the north 1d.th the Sa.utt- Mur6e.ri i::e h~_.ver and ending at the south 

with the Tia Juttnc. 



Temecula Greek., r.s the Santa Me..rg;arit~\ is kno·wn at its he&d, rlses 

'f.'.here it tur-ns to flow south-west throu6h 'l'etmem..dR Crrnyon j nto San V:iego 

County and subsequently into tho ocean. The hi.gheRt e1eve.tion in the 

t,a.si n is 5, E-00 feet on t.ne divide bet\•.·een l' emecul a and ,:.;[;i n Luis Key 6 

Temeoula Creeik h~s few tri buturies. The t.opogrRphy of the conntry t;nrough 

whioh 1t flows is rather· broken but. there s.re sr➔v.c1 re.1 vtJl 1.ay s t n i.ts upper 

reeches. 1.'he annual precil,,i tation re.ng,es fror1 t.an inches at: the ooaan to 

thirty inohes in the highland arBa, f' fa lli.ng principally in the form of' 

the rest of the year. 

Table A-10 is & record of the annu~l runoff oi' the :~ anta hi b.r6tiri ta 

~ir,ct flo·w. As is indicutad in the table, 't:he O'Neill ditch., 1r hich is 

.oile of the r-rinoipal di V6rsions, tak(-,s an fiVerag-;e of about 2.500 e.ore feet 

of water :, nnue.lly. 

There a.re no de.ms on the Hiver but three t~re projected e.ooord~. ng to 

a , .report issued by thfj Cjty of ~an Diego in 19l3. The t.otfal storage would 

;be 450,000 aere feet with an est:i.mated safe y:i.eld of 20.,000.,000 gnJJ.ons 

per day. The data aved.lable is not sufficient t<-' permit e. ch,~ck of these 

figures. 

The Sen Lujs Rey River. 
. . . . ~ ~W\re nd les. of territory ly­

The Si~:n l.1-~is Rey idver drf.iins e..bout 06(, s~. 
·tng wholly ln northern San Diego County and exffmd1ng from the Coar:;t Ra.l1&e 

'to. the .Po.cH'ic Oooo.n., a di stance of si.xty f'i ve m.Hes. The max:i mum w1 dth of 
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The Hiver i.s forrued by mi-...n~ small stre&.ms which head in the hi gher 

.,eleve,tions E.:. nd join at the 1ovier end of Larner' s \1e..lley. from here, the 

then over & s6.n.dy und gr~velly bed y,fith a liEht hrade for some forty miles 

v.J1ti1 it discharges i.nto the la.cific Ocean a.t Ocee.nsi.de. 

T.rtc hig;hest rcint in the Yt:i.tf::rshed is Pt::.lome..r Mounte.in li.t 6,126 feet. 

,Jhe: up:E;er portion of the druiLiag;e aret.. is rolliug v.;i th ~evernl cultivated 

valleys. I11 gem~rt.i.l tb.e b~sin is IJOOrly forested., most of the vegetation 

'l'he n:.eiti..n preci_&;ih.-Lion v~ri1:;s from ten to fifty Jnches, depending 

upon the &ltitu.de b.S alr,;;i:.-di mt::.nU.c.:,ned. The runoff d~t~ is given on page 

.A-11. 

At p.r0se.ut the:ce is only '.rn.e nl.hjor reservoir in operation on the 

River, and th~t is Lake Henshaw, with a c&paci~y of 203,000 acre fe~t, 

loca.t.ed near .i,arner' s 1;iot Springs. 'lha L&fe yield for this reservoir is 

given b; the tables and curv0s on pages .A-16 to i\-19 inclusive. 'l'he 

method used for determiMtion of the safe yield ·wi, s e.s described on pages 

17 and 18. Ce.lcllle.Lious were first made to detenn.ine the safe yield 

assumi:r.tG a rr:.u :x.im.i.rn.1 rosdble eVt..fOrf.ltion each Je&r. :Jsing~ the sal'e yield 

found and e_[:.sumin6 it RS a constant outflow, evapor&t ion loss v; f.\s &djusted 

voir cfapacity. 3ince corn.plete raini'8.ll du t.u v,a.s uot itVaiJ.e.ble ~t !.e..rner' s 

Hot Springs, it 1.>iu.G necesue.ry to make a comparison with t he more complete 

~~eord for Mesa Granda. The e:xa.ct storage-area. curve for Lake hanshu ·,':i i,rns 

not available :mt t,,,ne me.ximmn wEL'i::er surface aree. was known. Tne curve 

was therefore approximated for evaporbtion oalculetions. That t he e.p1.:rox­

imation 1.N& s of sufficient acc:..11·acy is evident, since the safe yield of' 

14.8 m.g.d. found checked very well with the de.ta given in tne 19~3 report 
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The only oth0r r e,s e r voir in e..:ld i t io n to H nshaw is the one ope rat-

ed by the ci ty of' Escondido. It has a capac itJ of ~,OCO acre feet and a 

~~f~ yield of 1.0 m. g.d . 

here are t wo addition&l projecte d reservo ir s on the Si.in Ld s 1\'.e~,,-

Riv-er at M.onse r ate and ·nonsall vdtb. a qornbi ned ston .. ge o f 300 , 000 5cre 

Thus th·) to t r.l l.}fafe J':old on i-.he ~:'. an Luis ReJ Rive r :ls now lb. 8 m. g.d. • 

.1.nd 1.n the fut1 re it will be 30 .8 m .. b.d. 
,, 

The San Di eguito River. 

~The San Dieguito River , or Santa Ysabel Creek , as it is sometimes 

kwwn, ri se s i n tho Volean Mountuins on the -vrnstern slope of . che Coast 

Range and flovm westward through Stui Pasqual Valley, disc harging; i nt o t he 

ocea.n mi.dway between Oceanside and Sr,.n Diego. 1t ha s a d-ru.inage aree., of' 

340 square miles, i s fifty mil e s long , and hB.6 a ha. s in of fifteen mile s 

me.·ximum w:i. dth . 

1he upper basin is van; r out;h with many c nn_yons. About halfv:ay to 

·:the -ocel'..n is ;]a.n Pa sque.l Valley i.n which some i r r1 gat:i.on 1. s cr1rried on • 

.:."l. t pr e sent there is onl y one reservo i r, Lake Hodges, in o:?eration on 

·,the ·San Dief;ui t o Hi ver . It has ~\ capaei ty of 3 7, 700 acre feet a nd a 

minimum net safe yield of 8 .1 m. g .d. e.s determined by the calcul ations on 

-pages A- 20 t o A- 2:3 inclusive. These c alculations ~ere based on the data 

··given in U. S.G . S. r eco rd s a nd a report o f the Cali forn i a Depa rtment of 

·~ s:er.ies -is ba s e d on the pe riod or 19 24 to the present, the second on the 

' ii eriod from 1897 to 190G during a time of severe dro :.ight. ( fl" • • • 

J. n.1 s m1 n1mum 

• found is more thi'i.n the ::, . 6 rr; •6 . d . va li..te s,.s given in tn.6 repo r t by Ready 



Hill, and Buwalda . This disagreement is probalJly ca,1sed by insufficj.ent 

,A.a.ta as to los~3ee £:tnd diversjonf u1_;str·e1;1m. Sine~ Lake Hodges is on the 

,J -:9wer ret.ch({;S of t hfj [-; en Die6ui to Elver, variations in f'low could be 

The other ;;·,::aervoirs proposed on the So.:n Diegui tc Ri Yer e.re Suther-

~,l,and and J: Eurtc ,•:i th a combined r.tcr-e.ge of 113,000 acre feet and a safe 

of this st". fe yield is not p<\ t:s1ble since sufficient dat!.: e re not s.v-dl-

;;;.th:Et San Di ego River . 

. The San Diego River rises in the C~yamaoa Mountains on the west.•3rn 

r;a,lppe of the Coa$t F.Rn.ge. It flO\"iS to the southwest, discharging 1nto 

tthe Ps.c5 f'i.c Ocean. tlt Mtcsion Bey after tre.vers1 ng n channol abcut fifty 

·:'1iJ.ee in length. Smr"3rel small tributaries, Colemun, Codnr, and Boulder 

:~eelcs s.11 enter i'rom the enst flnd r;outh above Lakeside, California. 

Sen Vi,noente Creek joins the main stream at L8keside . .About half of the 

jijver 1 ies above Lakeside in territory 1rhich :ls rough with numerous vd­

:l--,ys and areas of hi.gh m.esa land. The hig:hest pe~k in the v,0tershed is 

Cuyemaca ~ith an elevetion of 6,028 feet_ 

Irrigf:\tion 5.s carried en e:xtensi,rely ln the !tree.. beh,·een T.,E<ke.s1 de 

. There f,re two pr!.ncipe.1 reservoirs on tt1e R:l ver. They e..re Cuyiunaca 

-,;ltb e. storag:e of 11,000 f,ore feet e.nd a se.fe yield of o.r• m.g.d., e.nd 

El Cs.p i tsn ~ese!'YOir wi.th n storu6e of 115,400 acre feet and a sd'e ~,ield 

of. 11.6 m~g.d. · Tv:o 1Pore r~servoi..rt cr'J pro posed for the Sen Di.ego River. 

They are San Vincente and Mission with storages of 174,500 and 79,200 

a.ere fe::3t r08;>ect:l'.' 0ly. 'I'he se..f'e yields are not r;ivcn sree,if5.cally Jn 

have a net safe yteld of ~:S m.b .. d., 
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because of l~ck of d&te. The safe yield for El Cb~itRn, ho ~ever, cen be 

oheoked bi e.ssuri1ing t". stehdy and iu~ximum di version at Cuir~mf1cn exactly 

equal to Ll1e safe yioltl of 0.9 m.g.d. 
lt 

presento 

The T-ie. Juana River. 

... The major portion of the Ti f, Juana River end 1 ts V>!Ptershed lie :in 

Jlexico. however, Cottonwood Creek, its principal tributary, ri.ses 1n the 

United ~ta tes in the Laguna Mountains. Cottonwood Creo'k joins Pine ,.J,E.lley 

Oi"i,ek and rlows southw~st until it joins the Tie. Juana about b,enty m:l. les 

from the ocec.n. l'ha Rlver then empties '.\11to the sea juF>t south of San 

Diego in the U.n.i ted ~te.tes. The drainage basln 0f C~ttonwood Creek covers 

340 square miles. 

• The topography of the Cottonwood be.sin is rough, al though there are 

1ome :mountain v·d 1 eye at 3000 feet. The ba si .n. is poorly forested with 

some pines e.nd live oaks. Most of the vegetati en 3 s brush. 

The r.s.fe yield d&ta fer this river 5.E imr,osdble to develop ,,--1thout 

very detailed d&ta, because"(l) the pr\ncipal ~rn•nage ~ree is loceted in 

Kex1co, 2,nd U;) Cotton\:ood Creek., the United. Shd:es' 'hrr.inch, h r s tv ·o dams 

on it. Mexico has plt,.ced e de-.m ecross its hr~.nch of. t~~ Tie. c..ru,.1na River 

the Dultur~ conri'J.it P:.td flows j_ntn Ot~:,. j' Res~.ffvoi.r 0n t,he Ote.y R3.ver. 

Morena Res0rvoir, with a capacity of 67,200 acre feet, has a safe 

hc.s a safe Jield of 4.8 m..g.d. It is pr~po~C3d tn the !\2tur~ to enlsrge 

Barrett "heservoir to 133,000 r..cre feet, thn.s i.ncread:r.g i t.s ~f:fc yj_eld to 
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The totf..l rrn.fe yield for Cottonwood Grt:.ek is thus 9.8 m.g~.d. now 

Other Rivers .J and Surrm1.P.ry. 

There e.rc H number of m'lnor stre!v"'ls i,nd stre~TT, Vf-11 eis 1.n San D1.ego 

County, but there sre no datf.\ et present t.o justify the e.ssign5ng. of any 

safe · yields. The onl,y exce:;tion is the Otay River on -rrhfoh 1.s the Otay 

Reservoir. Otay Reservoir has b capacity of 56,300 acre feet and a Pet 

sere yield or 3.8 m.g.d. f ater for this reservoir is diverted from the 

• -'Tis. Juen.a River vrn.t~~rshed s.s previously mentioned. 

'h,ble A-32 1 s e. summ~ry ot" the safe ri el d of the v~at.er resources 

of San Die;o C:.)unty, at present irnd in the future. 

It v-1iJ.l be noted from the table Umt the safe yiield of grour:d ,yater 

will be less in t~e future than it is row. That is because of the feet 

th~t installation of 5 co~plete series of d~ms on each riv8r will 
,-,.:. ,,; -f 1· .;· , / , 

eliminate n lHq;e ~r:,omrt of u~e runoff i.-,11:i ch replBcen the wo..ter h :bles 

in tho mujor valleys. It is estimated th~~ t he s~fe yield of ground water 

· . will be cut d0✓ 1n f.:.'.)out c.:1e trli rd in the fnture. 



<:'l. Reports of the City of San Diego • 

. •j_2. "Report on Program of 17s.ter Development, the City of San Diego and 
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,:-i. ''Geology and Ground ~';aters of the r;estern Po.rt of San Dieg;o County, 
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Arthur J~ Ellis and Charles H. Lee. 

: \4;~ "Flov1 in California Streams", Bulletin No. 5, California Department 

of Public ·ror}:s. 

/ .~.5~, ·United StE.-te6 l:';eather Bureau Records for Re.infall. 

;· ··' 6 ;. ·United Stutes GcoJogical Survey Rater Supply Papers for Str~air~ Flew 
:, ~-:~ : ::.~'. 

Date.. 

25 





























7,a ' 
Jvo,nc, F? 

OuhwrQ 



































PRECIPITATION RECORD 

1nche.s 
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