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THE SJJi DlliGO RIVER ILS RELNJ:.W TO Tllli CI'lY1S HATER ll r~ S 

So.n Diego Cot:nty has an arco ·or approximately 

5000 squnre miles ct~een the divide along the mountain 

rar.r.e c.nd the Pacific Ocean to the west.. or these 5000 

s_u~rc miles, 2117 s~uurc miles are drained by the principal 

streotls of the county, making it possible to conserve the 

runof£ from approxirentely tva-thirds or the county by develop-

ing reservoirs on these streams. But at the present time 

ov~y 748 S'"_uc.re niles of t1ater shed, exclusive of t ~.t ubove 

o~ es Dan, have been so developed, leaving 1369 square miles 

of this urea tributar,y to the principal streams from which 

pructically all of the runoff still goes to ~~ste . or this 

undeveloped area , 556 square miles is within the Snn Luis Rey 

River ·.'lut ershcC., 96 st~uarc miles on the Santa i.U..r£arita bcloa 

tnc cornty lin~, 507 sc:~~re IJ.ilcs above Hodges Dn.zr., 575 square 

niles in the San Diego id.ver and 255 s .;tw.re miles on the 

Cottondood ebove ~arron darusite . The San Diego P.ivcr, there-

fore, represents oore than one-fourth of the undeveloped 

~in ~~t rs eos in the coun~-. 

.?..ccordint: to Diugram 11B11 , ho\7ever, the San Die ,..o 

i~i Yel"" produces approximately thirty-SeVen per Cent or the 

undevelcped ·.7eter in the mnin streams, e:::clusive of the 

i u~n~. River belo'.t lJe.rron ciumsi te. There is more undevel-

oped ·;;r. ter on the San lliego River than on c:rry other river in 

~ e count,r, there being at least t en~J per cent more than 

the ·e is no:1 re!:!ninlne on the Sl:il1 Diegui to Riv-er . "ii th this 

stre .m i':!..o·,;-1 nr. pr.:tctically through the city, it represents the 

beet ~ssi lc , most feasible, most accessible and most 

_Jrod··cti·.;c ;;ater e.ssets reroining to the city at the preoent 
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time. When one examines the water resources or the county, 

ao fairly well portrvyed in Dinc:;ram "B", he i z confronted 

~·lit  the ustotuldinr; fact thut out of nil of this water 

once uvuilublo to the city excluf:live of the Tijunna FivEr, 

·::e hu. vc ucquircd u t the pre::;cnt timo only thirteen per cent, 

Dnd that th( very mont we can ever hope to ~couirc , even 

after annexing l~· tiomtl City nnd the Swectauter sy::rtcn, is 

less thnn sixty per cent. Since r7nter is the ri1ce ncccs ity, 

and since fully seventy-five per cent of the populction and 

the wealth of the county is located ~·lit in the city, it 

is plainly evident tb. t ns n ci t:r we heve been care las!: 

in providing uater for our future gro\Tth. 

During the past ten years, the recorc sho•1s 

thnt L~ spite of an incrc~se in deily consumption of 7.S 

n . f: . d., n.s sho':m in Diagram "F11 , there ~-:~s lost from 

our c.vailable •:mter rescurces three times a.s r:mch rmter 

.... s we.s developed by the builaing of Bar: ett ~nd ~~- duos 

during this period. 'rhe t\7enty or t:-;enty-five I:lillion 

gallons of :,ater d2ily developed ~r the b·1ilding of tbe 

Henshu\7 dam wcs rejected by the cit·r und it .n:s :...fte_ .a~ .rds 

sola for ngricul turcl purposes anci is no·.v gone forever 

as fer u.s the city i~ concerned. Ir "Ne do no better ciuri.nJ: 

the next ten years in t = .. l:ing care of our ,;e.tcr, evcnttmll;r ·,e 

will be compelled to pay the city of Los Angele'" ·.:batcver 

price they r.my nsk for the surplus ~tcr they tr.ny 1 vc from 

their Colorado River developn:cnt. At the rc ~ent rc: t€' of 

growth, it is a ~tter or but tTtent7-five or thirt,y years 

\Ultil the ~ter rcouircr.lentn of the city h3vc e::ccc·1cd the en-

tire resources or our present sup_ly plus the to~.l 
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of t .c Snn Diego anu Sun Dieruito Rivers . And in the 

":Lc··r. i e •:e should begin on plans to develop the \7a ter in 

t!..c~c .:..~o riv;;.ra to their grsutcst possible yield . Thls 

shou_- be done ... t the le st possible cost, as the time of 

;;:u h nore co~tly ·.1 .. ter -aill be upon us all too soon . 

, 
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WA'l1l!:.H RESOD CES OF 'l•HE Sill. DIEGO RIVER 

Tho oiscussion of this subject has been arranged 

Wldcr fi vc cncr :~l heaus , uo follows : 

1 . Rainfall . 

2 . Runoff . 

... "• 
4 . 

s. 

l!;v~: 1orntion • 

Water benrine grnvels . 

Safe yield studiec of various ,Jro. oncd 
re::;ervoirs . 

R I Fl~ 

Rm1orr from a r.atershed depends not only upon the 

n~ount of rainfnll, but also upon the intensity of the r~in all, 

and to some C):tcnt upon the character of the one or t110 preced-

ing seasons . Good rainfall records therefore are esf:iential 

i'or a comprehensive stt:dy of the hydrography of a wc.ternhed 

enpecia.lly .. here runoff records are more or less meager and 

incomplete . Sun Diego county has an a unt~Llilce or ; ood long 

term rainfall records , as eve1~one i~ interested i n rain ~ll 

on account of i t being such a vital factor in OUl' economic 

life in this semi-arid country. In addition to the scver~l 

st::tion.;) naintu.ined under coope1·s.tion :;ith the u •• S . l e t ~r 

Bureau, under Mr. Dean Bla.lte , t.'lere nre numerous go.ees 

mn.intnined by the cit:,r, water comp:micn , tho San Diego 

Consolidated Gas & Electric Co:npuny, and by ;>rivat .. ~ndi,ri :.1 m.ls . 

The eo r~ ic r3ngc covered by thcGa stations t~ es it o~s-

ible t o plat an accurate oap o.r each r . inst rm, showing it;:; 

variations and progress Off decline . e~ ns from thenc long 

term records aloo mnkc it possible to plat a verJ accurate 

isohyctosc mnp . Ditlcrrun 11 D11 is a very good prescnt.n.tion of 
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tlte lon ~ teru1 sc.:.t!On[t l r ecorls in San Diego cow1ty, as 

~lotte- i rel~~ion t altitu~e . A se ~ur:tte line or cw.'Vc • 

h· S been dr· ,m to i!. ~ lC 'l te the C~ttr cter of e~tC  watershed 

t~-:.c top lillP. !"'!r}:e L Snn Lui.·· Etey River Basin lmvinc t ~ most 

· nc 'l-:>ttom line nnrked Santu I.~ r ~ rita Ri vcr Basin 

s~ - 1 Diego ivcr . ~t.ter: ed , l:.hcr;; fo:re, is exceeded us a 

rain _roduc -·r, or c;~.tc er by only the Snn L is Rey, the 

inches . 

1'he tlu·~e gr -at r in producinc:; peul:s irt. the cotmty 

0 1 • • t• .a. "' r .a. - t' - n _ .:!,_o:r r oe~n~ n:: :.rc~ •. a~ 1 \1 o "' .t: nr~: ...... It is too baci there 

i- -.o .... · P .onc:~ in the Ca.11!1o sectio!1 o: t~c county :~. l:~o, !'_;O 

::.3 -c,o :.~··te c. Sr-n L"..lis ;tcy :li"I\31 .. out of t!1c Cot~o:. ;oo:. Cree!: . 

. . . .... - o·· .... ., · :· e ,.. ... <J.l·-·Q '"' 

..... • • .J... • ,J... b . ~ · .., . .J.. 01. -c..1c moun \MJ.U ~.oo ~ , e ~n; vno S i:.! ~ co:1 .' J. \,IJ.on 

.... • ..: bo'h-; ·1. .:. o LL"l .. ..... __ n~ othor rmges on t.1a co..:st . 'l'herafor c , points 

; n t:-.e S?.n Luis lf.e;- 3i si:. a!~~::n:! the .arner ~:...nc , ·m 1 i n the 

Cot. • .. o11':r : o ~ 3· ~:L- . bovc 3arr ett '"..:'e ~lotted as beyond the 

?he ~  ~t un~olvel ntrntecy in conne·ction wlth our 

_ '""i 1:..fr 11 rcco!~. s is the cause, or caus~es, back of the sec.son-

.· : 'J:1e i!. r;rou __ c of three anc"i the dry seasons in groUt)S 

:>;.' 't 1'!'CC or f our, 71it!1 tl n~lood11 season 0£ eA-treme intcnn.i ty 

·!"o rY.:t c-vcq t cr. or eleven years . This matter h:. s been the 

~~oJ oct -: ~ ~ re~t de~ 1f ~t~dy ~~ rencurch, not only in 

~ i: CJun~~J but ull over the ~orld , a s these so-culled 
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climatic cyclcn seam to be general everywhere . The 
lrreguluri ty of t ~ cycles ls th: greet :rumblinr; block in 

the ·.: .. Y of u natisfnctory e::planution, und iu the cc.use 

of uo muny scicntlst:j dcn.rlne their existence. The mo:;t 

populur e>:planation nt the prcment. tlmc .i.e the i nfluence 

0 f the SWl-i.i pots • These urc plotted . us glvr..n b P , .... y ror. 

IIule, in connection with the rainfcl.l. and runoff in 

Uinerrun ncn • Sm1-spots do not recur o.t regular inter-

v~ls - 11.?. years is the average over the observed ~erion 

of record. There is also a large variation in intensity. 

In con.'1ection ·.1i th this line of resc::1rc'11, the s ·.: · - u r.n. ~J.ls :J.an 

Ins·1ii t~te has established a solnr obs rva. tory in South 

Lfrica, in addition to those alre~dy maintained in Cr.ile 

nn:l AI·izonu. The French astronomer, Abbe Gc.briel, e.rri -1ed 

at the conclusion after 60 years research thr. t there rh. s 

a solttr cycle of 744 years , and which he :'urther dl-.n.ded 

into t·ao periods of 572 ye?..J.,s e~c , and into four neriods . 
of 186 yea s each. The 744: yeru." cycle incluc1es 67 

In I.J.; a gram 11 ' 1• 11 , the r 1' r D ... -t.' . .... l: emn ~s o r. 11 ;, ten~ 

oce=m ter.1l'erature o serv.:~.tions h.:lve been plotte:i against 

'l.he r-ean of five rainfall stations in Snn Diego County, those 

us~d beLT'lg Cuyamacn or Julian, Ramona, Escondido, "!i'ull:,roo!: 

or Valley Center, und San Diego. The year given oppo"'ite 

cn.c:1 point in the diagram is the ye~:r uur.; "'nE hi h th .... ~7 c. . e occ::::.'"l 

temperatures 7iere tal~en, and in plottin:. \7r. S referre" to the 

rain ~ of the follovrinf; winter. The points for the yeo.r~ 

1921, 1925 nnd 1926 nre ver-J much out of line on acco.,nt of 
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t!:.: :ol.lo-ring \7.:..'1ter in ec.ch case being unusually wet, 

::!1Ue for 1924 the reYel'Se is true . Ocean te oer~tures . 
.:.n l .~S indic·:ta a normel rainfall for ·'-928-29. The 

i~ 1i.fic··nt fact in t:rl.s · ata , o,re~1 r,, is the lack of 

coru.o_:.dty in the .vet yef.ll'S, ·;;hich Dr . McEwen nccounts for 

by the .rl.lu cut SI>rl!ts, on~oons or sonor:-s fror.t the south, 

since son Diego lies in the district of overlapping 

in:: luence i'roul the hi -h pressure nre:1s of the tr ic~: 

C.."l t:1e lo .. pressure ~reas of the north . Ther:.;fora , the 

dat:. 1oU:·1 be .. ore :ipplicablc to po:.nts f 1rthe!" north, ·:hlch 

raven in the u~s~ . . 
Although i:-.e.ny di er~nt sy!:terns of lon(T r:..n;e 

:;eut.: l~!  lirec~~tln- hE'Ve been developed, as yet t e~e is 

:10:1c i..h .... ;; is de enda~le. ·.·;lth his sun-spot 

~ ~ 1 · t~~ ~ Tl''ne lon~ f':l:- ct.sts has C. t:!·;a·~.o _o_ o::J.l'l· O!l u::..n COC.S ~,~. - ~ 

d:2e to ·. !-ri~tions iL sol::r r~ .. 1i:1tions . ;·:hen the components 

~ ·~ - - stin~ i."1. tnc s~ .: vari!.!tion: , t: er-:fore , are reduced 

· · • · • 1 t· ou:- e"" ~-~- ~~ r c~cl~ ... ~ s o··~ll 1:.0 a ::.a~.a.e : :.J.co_ e .. a ~on · ·: u ~·n ..... j ., ... ~ 

The -oint, o~ ·n. t=:- in ~ere::;t to our cocr.runi ty, 

ho · ··:::.r ; ~ · ., .... :l ~no·.- often to c::;:-:ect e::tre:ne droJc-hts . .. ·- ~..... , _._.., nr..en ~ • t,) 

s·.:c!! r.s :>cc·.!r_ e·.: bet.feen i 835 ana 1304. "Tree ringo I ogy"' 

oe_n c:.r .!.'ie6 ~ .c~-: O"'ler a eric ... of t re~ or four thousand 

:-, t;;·· .:.:·~ in ~ne cu~c of the rerl ·;ood~ , and for over 200 years for 

-:.•"!c t.r_es in Sa;: Jie ·ro Co~t:;r. The resulting diagrams and 
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of the o.vcrage, occurring every fe\'f yeurs at irr~euJ.ur 

intervals. The record of ev~ r,y troe han o. lergc per cent of 

5ulmormal years 1 sometimes in small eroups of t'liO or three 

: nd nonetimcs in rou ~ oi' five to eieht . 'l'he evidence is 

pla tn thnt these drotwhts are us much u pert of ou: .. :rc:eu-

l ur cllmute uo the wet period:; . 'l'o ontu li~  the ore. er 

of their frcr uence , hov1cver, is another rru~ttcr . Proi' . 

Douglas , oi' the Univernity· of .hrizonn, ho.s a.ttem!ted to 

estnblish n he.rmonious relu·tion between the tree rinc;s, 

sun-spots, r s infnll, volcnn.:c eru_1tions, crops, levels 

in the Caspian Sea , etc . He has done a grent deul of wrl:: 

:..lone; this line frora data gathered froc all over the world, 

and his published reports are very interestin;r indeed • 
• 

In the light of all of this lldry" or dro.:fht 

ev~ dence, in this le.nd of 11li ttle rain 11 \7e should capture 

and conserve everj drop of it. 
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RU!lOFF 

Since the ~7ctcr caught and star d in the surface 

:.!nd mderc;r,unCi reservoirs i~ . ulmost entirely from :the 

stu·facc r .. 1norr, relluulc rccor···s of ·t i~ runoff are of first 

imnort.i.mce in estio:~tin  ~ river 1 s · verage yield . The . 
seosoncl. vnrlatlons are so gl'C!it, ranging froo nothing to 

7 ~; ~n: .. 8 ~~ of the noriiUll, t nd the wet or flood years, 

'urL'rlg which occurs the major ''ttrt or the runoff over B. 

long period or yenrs, are so itlfrequent that a recorJ of 

t·.1enty yaars or ;nore is necessar'J to es-kblish n reliable 

inde:-: for the strcaru. Interpolations and e:~tensions are 

resorted to in cases of short tern1 records, the ncnrest 

s~.tion of sL1ti.l:.!.r geo&ra..l'-ic conditions haY"n£· a long ter;n 

record bei.."le used for C !tliJ~!rison. Ver--J c.;ooc rest::>r··tions 

can ne ~ae from .r· ~.in :J.l recor ~ s, but they al·-:ays contr.i.."'l 

in~ccn!·acies cl-ue to the u."lknorm de ~rture free tne r!dnf:: 1 1 

inde:-: '1u·ing the very ·.;e"u ann the ,,er~r dry seasons. This 

i ... pl.::..inly et:-ident fron the ia r~  ncn, some seasons 

. r~c.i·.~cin  mor -· !"tL'lof£' thnn other scusons :ri th ~reuter r~:in-

::.'all, ~ncl .,rice cersa. One method used : n overcoming this 

c:: ~ tion i 11 Ill!lking mmoff restore tion:J is to !il .l~e nllo·mmce 

for the c :..r ~ cte!  of the two preceding seasons. But where ever 

'!Jossi"J:c the r~stor.::.tions should be :;nde by compa::ison of 

"l."he runoff recor ·s in S .n Diego County begin vdth 

th·- buil·..!inf; of Sr;eet~.·; ts: lill~ Cuya.T:laca ciams in 1887 and 1888, 

t e~ recor·s bcL,g continuous up to date . The records at 
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the Di Vt: i.' ting Dac on the Son Diego river ber,in \7i th 189::-39 

· ~ n arc;. coi:tplete up to clut:, nnd furnish the best criterion 

of runoff in tho county, on account of the r.eo r~ icr:.l 

position nt the foot of the; motm"t.:: in ran~e and ~ ove the 

c.;ravel bed:; :.3lld the excellent control offcre by the d m. 

'!'hen there in u twalvc yenr:; recorr. 8t P1 ln. bccirmin;; ::lth 

. 19•):-j-4 , at Pwno on the Son Dicgui to from 1905-06 to 192l- ci:! , 

cleven· y~arn at Lakeside beginning with 1905-06, at Old 

:.ii:lsion Dam from 1912-15 to oatc, Hncl recorJs from various 

other !lace~ beginning at about 1911-12. Practica...ly all 

of the ~trea  nr.in~ hes been done by or under the su ervi~ion 

of the U. S. Geological Survey engine:.ers, Mr. P. C. Ebert 

and 1~1r . H. n. McGlashun . P oto r~ s of sever-- 1 of the 

gaglng st~_tions are given in this re:>ort. A gagL'lb s~tion 

with full e~ui ent has either 2.. nat .lr~l o:- a:' artificial 

control irlth a water s~~ e recori er for o t~inin  a continuous 

record. Estimates of runoff at sw tions :1i th no cont;rol ~st 

i·lo·n. futing ClU'Ves, if JSe~:, ~·:ill be Chenge. ~ore Or less 

11ith every change in the disc ~tr e, on accol~t of the shifting 

cilrilmel opposi tc the gage. Disch!trge obse. vc.tions then 

should be freouent enouch to cover all the luctu~~.~ion so t _~ t 

a fairly accur· t~ hydrograph C<T. be plotted. A r .. tb-- curve 

or~ st~tion with a control, honever, under boes ver.y little 

cbs..nc:;e, e~:ce t for the low flO\lS or a e~t sec on~  feet, \7hich 

usually nre free from fluct·..:·ttion::; in ~ isc rree. Th ! c:;s i.i~l 

point is to arriv~ nt the d::Uy avcru.rc flo... The t .. o ~::t ~~ s 

in e~c  change in floR shoul- be !-a1o~, either from 7 • r,e :1 i::-ht 

or measure dischnrgo. A continuous r cor... frol' · r ter 
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1 to Or the extent and the recorder tells the who e s ry 

dt~ation o£ tho luct~ntions, ~overin  all of the breuks, 

lurge and srn..1.ll, rrhich would be impossible from n series 

o.r r.tiscellancous staff e~ e reuding". A tracing from 

s:1ch :~ record i::; shom1 in Diagrnm 11E11 , covering tho storm 

of' ~,c ru ry 1927, on the Santa Mare uri ta River near Fall brook • 

The trac.J1g ·,1as cu:.de on the sume kind or ~t er o.nd on the 

_,e os used in tho instrwnent. 'l'he instrument su.'ile sc~ 

functioned nerfectly, ~t  no damage whatever to the gage 

h·:>Use or 1mll, \'lhich is unusun.l for a flood s~ e of over 

sixteen feet in depth. During the s:une storm, the gnge 

house a.t Mission Gorge :ras swam. ed, es can be seen fron ·the 

drift s~:  in the photoera ~  in the eer~ of t!rl.3 report. 

The im ort~nce of flood records is re~li:ed from the fact . -
that on the ~ ree dnys , Fe ru~ry 15, 16 and 17, o.t Fallbrook, 

three times e.s much itater passed cior.-n the river us occt~s 

in an average yeQr. That is, the l!U.lloff of three years 

roa::-ed b-.f in three de.ys . The dischnrge on February 15 was 

18,728 acre feet; Februar.y 16, 45,077 acre feet and on 

February 17, 5,713 acre feet, or a total of 67,518 acre 

feet, or o.btost t?;icc the B.I:lount in the St. Francis dam 

disuster. Several photographs in the back of this report 

s o~J the san Diet;o river durL""lg flood stages • The 

er.ormou£ dastru~tt~ of these floods can be ·pre·1ented 

oP27 by dams and reservoirs. 

On the oth·.,r band, reliable runoff r ecords 

o~in: the cry saasons ara elsa of vital import:.nce, as 

they r epre ,ent the a-:rli tions to the lust of the reserves 

·oeing drawn upon during these ~ or so-called n critical 
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periods. That ia, a nmoff of, say 1000 acre feet, 

d 'urine this limi tine or critical period :1ill incre""::e 

the safe yiel of o. reservoir from 400 acre fee& to l300 

acre feet onm.w.lly, 1cpendinc on ·nhen thi:> runoff occur~ 

unr:. thuo how lonh it hus to be hcl<l in st:>r·- I!C . VcrJ 

olieht overestill1llte:J of the runoff durinr' thi:-: period will 

affect the safe Tlelu e ti~~to of re~~rvoir op ·r : tion 
is 

mnterinlly . This faci/ ~1oll illustrated ~J tho effects of the 

upper reservoirs on the yields from the lower reservoirs . 

Inaccuracies in the runoff record during t ~e criticc.l 

period will affect hhe yield or all reservvirc, re ~Cless 

of size, while inaccuracies for a flood year ~ill affect the 

yiela only of those reservo1rs ~o arge o sp • • · t 1 t ill That .; s, 

in the case of the smaller reservoirs, the i.. laccur~cy i s ·.vi pcd 

out by the fact of the spill. The yield ro::~ c. re~ervoi  ioa, 

large to spill, however, iill be ~terie.ll:r cffect-;d by tl:e 

size of the inflon during the11e floo · periods becn":..:se this 

determl11es to a lat-ge e:-:tent, t!le runoun~ re:JainL-,g i."l 

stor:1ge at the beginning of the critical period. er-~: ore, 

tho nw.king of nmoff estimRtes nd :-estorc.tions calls .fo:-

·me t care ~nd consideration. e .... # r 

Rtmoff estimates at the follo 'line places \rere 

necess ~·~J ill rnnldng this study. 

Cuynnaca Dam 
Diverting Dam 
South Fork Creek 
El Copitsn 
San Vicente Creek 
?&unsion Gorge 

The runoff at c~~,~ca Dam was taken from t ~ 
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Cuyamr-c:J. 1Jnter Coopanyts records. 

~ e runoff at the Diverting Dam also was taken 

frao the Cuynmacu ·:rater com:1any• s records. For the period 

1898-9 to 191·1-15 the data was conpiled b.r the comJ eny' s 

engineer,, 11 . S . Po~t, and subsequently ublisheti in Water 

Su .t~l  u e~ #446 . For t.he perioc.: 1892-S to 1897-8 it is 

by J. S . Lon5~ell, in a report on the San Die6o River to tho 

l~clan£tion Bureau, and are the results he o ~incd from a 

curve or relationsl1ip et~ccn the runoff per squnre mile 

at the Di·..rertL'"lg Dam and a.t Cuyl!!!la.ca. mm. Restorations for 

the • eriod 1883-4 to 1891-2 \7erc mcde from the runoff' 

i:c.diccs gi·.rcn for the San Diego River on page CZ77, of the 

::;t~tc olue book, nFlmr in Cu"l i.fornia Streamsn , ~ d also by 

co..! ~~ison uith S-;reetm?.ter Dam. The esti~ te for the 

im}ort:;:nt SetlSO!l 1885-4 is 116.54% of the estimz; ted flo·:r 

:in 1·;)15-lG, ~; ic  is according to the relations bet·11een 

t~e e t~o seasons on the San D:ieeo River ns es~~ lis ed by 

·i.,_a eng.:..'1eers .. ·orking up the duta in the state blue book . 

':'he:-e h..""'.s been sooc ~on usstion in the recor-Js of the runoff 

:~t t:tc Dive:-tinG Da:r: on account of draft ·.1utor from Cuyumaca. 

~ so~eti e~ beinr, included in the record, but tho figures 

as given in this report do not bclude any draft ·.1ater froll 

Ctzya.:na ca • 

The ::-esto:-ations mnde by Mr. Long\lell in the 

runoff ro~ South Fork c~ec  ~ere based on co ~~risons 

with Ceyrunnca Dam, Diverting Da.m and the Sweet-:;ater P.:i ver 

~t ~escrn~o, ~a undoubtedly are ~uite reliable. 

The runoff restor<ltions in the El Capitan record 
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for the pcr'od 1885-4 to 18 1-~ were mede from the rcnoff 

indices in the Stute blue book and by comr' rison -:Jith 

S eet.~o:uter Dnm, the season 18854 being ll6 . 54.& of the 

eotimate for 1915-16, as cxpluined above . For the period 

1892-5 to 1918-lg the restor~tions ore from 0 co ~~rison ~it  

the D.i vertine Dum and D\Tcct71lrter Dnm, as shoi'm by the curv~ 

in 1Jingrwn "P" • 'l'hc Geological Survey rccora of Lhc flo-.1 

o · fi-lG :m.:;; not u t Lnlcoside f or the J)eriod 19(!)5-06 t 191 

used in making these extensions as the Divertinc Dam 

r ecord \7C.S considered much more reliable end accure.te 011 

account of the absolute control o-~ the riv- r by the dao which 

nets as a ircir, und also on account or the · oucn longer period 

of the record. At L3keside, however, the cJmnnel i3 deep 

shifting SD.nd, subject to deep scourina at hir;h i7a te1,, and 

the peak or the 1916 storm overfloued the north bank for a 

c'i.istance of over one thousand feet, making worthless for 

es-timate purposes any readings on the staff g;; ge . The result 

of the gagings at Lakeside also ~rc not o.pplice.blc to El 

Cnpi tan because the station r:r-. s located over a deep v --ley 

fi l l, thin gravel basin extencling up ~d dovm streatl for 

several miles, and ·,1oulci. hc.ve to be sc.t11rc.tcd before ~,. 

continuous surface £lou coula· •- 1k 1 W!·e p t c.: • iThile the El. 

Capitan station is located in a nnrro·;. roc~:y c}•:"'dmel 7rell 

up above gravel beds and valley ill~, Heither the 

_measured nor ~estorcd rtmorr at F.l Capitan contuins nQY 

allowance for diversions by the Cuyumaca Jatcr co~ ~ at 

the Diverting DtlL1 end on tiouth Fork Creek. Th.is L"'l rert . 
uccounts for the zero runoff durine the cri ticl'..l period. 

This snme method was followed in hnndlint:o the runoff at 



-15-

The restor~tions in the runoff from San Vicente 

Cl~ee  ;·.-e!'e mude by comparison with· the Diverting Dam, as sho7Tm 

in ia r~ "Q" • The steeply ascending lower enc.i of the curve 

in·licntcs poor rtmorr production in subnormal years as 

COl!lp.:u .. ed ·,·Ji th the Diverting Dnm. 

The restor· tions in the runoff rrcoru !'or Mission 

Gorge were obtained by compcrison with tho Di vEn·ting Darn 

and S· .... eet-aater Dam, as sho;m in Diur,ram non, except for the 

~eriod 1883-84 to 1886-07, for ~  the runoff indices 

from the S~te blue book ~ere used. The est~te for 1915-

16 is from a com_onrison e~ l/een the t ~1 d ~o ~ oo seasons 1915-

16 end l l-a~  as observed nt Sutherle.nd drunsite on .. ~ at the 

Diverting Da.m. At Sutherland the 1915-16 runoff ""'"S l o~  f ~..... ... r./~ 0 

thc-.t in 1921--22; at th:: !Jivel'·tin& Dsm it ".7as 175%, and the 

e~ti ate ut ~.ission Gorge is 167%, a lit ~le lou~r per-centaEe 

t~ the other t;•o on acco~. t or the ::1uch gre --: ter absorption 

in the valley fill s ; n 1 15-1~ . 1 •••. u ..., • comparison also -;ras ronde 

::ith the lonb tern means, : s ollo~s, the 1915-16 ~Jno  being 

,:i7c;,n over the long term rneD-n in acre feet: 

Sutherland 
Diverting Dam 
s..-eet-aater Dam 
Cuyru:1acu Dam 
State Blue Book 
1.!issi~n Gorge 

95116/14021 
126000/18415 
160590/18634 

22355/ 4987 
200600/55400 

280000/55255 

678% 
684% 
862% 
~ 

567% 
795% 

~- thin coreparison the estimate for Mission 

o~ e is ccnsidera 1 ~ un~er ~ ~ t for ~· ~ - Sweetwater Dam, but 

r~c  r~~ cr thnn t o~e o~ the other SUltions, being a 

little above the r.:eun bet·•e:>_:-n S t t " ~ wee ::a e:.· c.nd Diverting Dam. 

~uno l a t the lo~~r stations , like S\Teet"llater und r.tission 

Gorge, sho-:;s ouch ;rider f1uctu,tions above and belot'l normal 
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t!1un is Gho.·.n nt the u per stutions like Sutherland c.nd 

Divertlne Dmn. Th:1t is, the nmount above norJlf.J. is erco.ter 

at the lo·1cr stations !'or a wet season, and the amount 

b clovr normn.J. i•· r:re~ter for n dT'/ ncuson th·tn at th<; uoper 

ntntions . 

The estiml.!tc for 1915-lo at ission ore~ in 

very importtJnt becuuoe l ·t formn the bt!:Jis of .rM.ld.nc the 

restoration for 188:5-41 the runoff fro:1 -::hich scunon is 

one of the vital factors in the operation of the bi 

Uission Gorge reservoirs. 

Tho estimate for 1885-4 ut Mission Goree 

is 116.54% of th t for 1915-16, accor.5.inr: t~ the r :.moff 

i.Yldices of the st~te blue book us cxolaincd in t'1e . 
discussion of the Divertine Dem runoff. 

The measured flo.I at Mission Gorce , fron i 912-15 

to dnte, is all ro~ observations ma.oe by the Cuyamaca 

.l~ter Compcny in cooper: tion :dth tile Gco:!.o;;l:<. l Survey. 
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rWAl.'ORA'riOli 

Since the bit; \7a ter crop in the county occurs only 

every five or ten yeurs, \7ater stored in reservoirs undergoes 

c. Grc:lt loss from evaporation d l i~  the intervening scn.s~ns . 

'J'hc 1 o :~ t.:!. · ~1 or t ·~ eva4 orution losses to consumption out 

o th0 v~u·i us rescr7.Ji.rs is shoml ;ri. phicully ln Dlner. rn 

u-;~; n 1 . "'" bul te .. r 1 ' .::m l.!1 I.J\1 u .o. orr.l us ro lo·.v.~, ~ o sc~sonul 

ev:! or·~t ·on lo_,scs being given ov._r the sen:Jon~ draft in 

~·ere feet. 

El Ca i~;n 159200 ac. .rt. resrr. ~5 /1  ~··  0 i .:>.... • 
Tlission Gorge ~lo. ·- 44225 u II II 1978/ 5600 ""5 ~ d ,) :J . o .u 

II u It II 121000 lJ II II 6202/10000 62.0 % 
It n u It 295000 " n II 18746/16500 11~.  % 
n II u 2 87000 II n II 6700/ 5600 119.6 ~ , 
II II u II 295000 II " II 187 /1 ~  , .H. 6 cl _,-,.). ,;, 

From this tabulation it • th:•.t there i:: lost l.~ seen 

-:y;[ c-va o.:-a:~ion into the at. os ~re fror.1 onc-t!1ii"'O to one and 

onc-thire tines the ru::10 mt of ;:uter o..ctu:::lly used froru the 

rese~·.;oir . .. n ... 1en the eva rw.tion losses amount to the 

S..!.:t:G ):?:opcr t-ion 0.3 the d:.--i't, or c7cn gr.:ater, tne sit::stian, 

c ecuc ~o  y ·.1:.. s e ~n our L~cicca, oeco~~~ soriv~~, both as to th r , t· b t · 

·::c:rter reooi..u·ces and :.:.lso .. .... 
~ ..... to the resul tin& increuseci cost of 

~t~~ rc ainin~ for actucl consum)tion. The co7tsiderntlon of e-vu·1-. 
O.:..atio:l, t!1ercfo.:-e, is o£ i~l itnporu .. n.cc. 

In ccnerul, t~ere are four ll~l~ of e~~ ort.tion records 

:.'ro::t O!Jer. -.? .... te · suri~aces , thrf.e or .-thich are frotl pnns either 

o- top of the ground, b"..ll'ied in the roun-:.~ , or floating in uutcr, 

~nd t h e f ourt:t r~Lt 1 •. , e S".ll'face. In S'!n Diego c~unty ·-:e b.:..vc 

c :~l.1 1C  of ::-ll ou~ .. , The r . cords given in this study from 

P· :-10 :m:=. Lr ·-. .: o.~.r;c  .wre obtained froo p311S burj'ied in the 

-:rr.un::..., ;!rile the rGcords from Lbrena rutd r.furray \'Jere from 
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i"1oatine pans. A 207 dD j " period is given from obse;rvations 

oi' lnku curface levels at L£~ o Hociges. Hot included in this 

rOl'Ort nre lonL term rc.coro::: from e st.~ndc.r· U • S. ~ ec.thcr 

Burcuu '}Ull in tho o.ir ut the Chulu View s ult •.torks at the 

hcu" of Stut Diego Btty, :.. n,J u record of t.h r~ur;c rend i r.e a t 

l~lclnor · Lnkc by the Gcolo •icul Survey. /. snT1!1klr".f of thc:;r 

r esultc ls :' t'ICn below . 

Plucr, Kil d of Pun Len~t  of • :.; . t_.;.n J..nn .u: .. l 
Recor~· '-v<.:. . :o .·~ tior: 

Horcna In .-;ater 11 ye:J...!'S C8 .85 inche :; 
··lurray u II 10 " 61.69 n 
?.-.mo II ground 9 n 59.44 ! 
Hodges II II 9 II 52.91 " 8 n 1.~5 n Chulr... Visk ft . al.r 
Elsinore Lnkc surface e II 5~.  " 

This record sho-.rs an annual eva-voration lo::s of froi!l 

54 to 69 inches, or fron ~ to 6 feet. A Fan in t~e air, ·such 

as the Chula Vista pan, usually ls considered as sho-:ing the 

~ren~nt evaporation, and this seems to be indic~ted by 

con_:xlrison ~ i th Hodges, l:lsinor~ anci. Pamo. E:A"'POSure he s a greet 

de...J. to do ·-;ith the evn or~tion, uhethe:- frQLl pan or 1 t--ke . 

Anything ~ cctin~ the three regulating act~rs of teoper t ure, 

-:;ind and humidity "'.7ill ~ eet the ev~ po_: tion results. The 

rclati ve lmport..:nce of the ... c three control-inr, rectors tu:y be 

roughly estimnted o.s tenpcr· ture 7[$, a in~ or air co\"Cment 1~; 

und humiciity 15% • Prof. N. ~ . CnmminRS of the s~n Dic'""o St· te 

College, together with Dr. McEwen, has cnrriec! on _uite 

eAtensive rese .. · ,.rc c~ r. ... d ,...,. crJJ' n•n.,.,-+-s .;...., ti · s - ~  ...... ""'....... .r-u cv:.... .o_ •. on ~n 

Diogo County, an ortc of his concl:Jsions ~.,. s t ..... :. a.J..l" te~ .... t • u.- •.• : ""ru .ur.:-: 

--
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could be used 3.5 a. fairly rellable L"ldex for evaporation 

losses. va:~or:1tion losses o.t Lakes Morena and Ceyruna.co. 

~rc t.1B.teriilly increased by the high uind movement, coming 

tostlv froo the north .... ml the enst, those r~cords being the .. 
hi.ghezt i:1 the cotmty. Elevation mny enter into the results 

also to some extent. The relatively high eva or~tion nt 

Mur:r·ey may be due to the dry ·~ur  4·1L'"1ds thnt Si·;oep up 

.:"J:rar.1do Canyon from Mission Valley, with a cocpnru tl vely 

low humidit.y. The sume explanation nlso applies to H0 d&es, 

where the pun shoors 14% and 15~ respectively greater 

results than similar pens at San D.ieguito Reservoir and 

o~ es Brif:ige, the relative hw:ti.dity being greater at the 

brldcc near the east e:ncl of the lake, !illd at the San Dieguito 

Reservoir several r.1iles closer to the coast. 

There has been much discussion as to the relution 

e::ist.ing bcti7een evuporotion from a struldar:1 pan and a. l!!rge 

1 ' ~ c....-ce Gur..a.ace . e~e have been occasional periods during the 

o er~tion of Olll' artificial reservoirs in ~ ic  there ~as no 
. 

r tmoff r.or jraft, or if so, in ne li ~ le quantities, making 

it nos ible to comnare ~escr7oir gsge readings \vith ~tnc ronous 
• • 

results fron nearby pans. 

A t~ ulntion is given belorr of the results ootained 

froo such ncriods:-. 

Reservoir 

Upper Otay 
Hensharr 
Hodges (a) 
Cuyamaca (1915) 
Cuyamnca (1916-22) 
Cuyamaca (1925) 
CuJr~~ca weighted 

Days 

120 
5 

207 
60 

102 
16 

Evaporation 
in % or Lake 
to pan 

100.20 
104.90 
105.40 

98.50 
109.00 
106.60 

Conclitiono 

Floating pan at Murray 
Floating pan at dam 
Ground pan n t dam 
Floating pan at dnm 

n u n n 

Groun 1 oan at dam .. 
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Reservolr1 CO!lt. Days 
Evaporation 
in % or J.lake 
to pan 

Condition 

meun) 178 105.07 

\7eir;lrtcd meun 510 104.06% 

(n) Pan results adjuatcd b:r comparison with pans at IJ~es 
Bricl,·c· nd Murrny. 

'rhe:Je observations indicute t ~tt the true lo.J::e evl!-.-

oration is but :Jlir.htly above the re~ults ob1.;.:.ined from u ::;U.nd· rd 

pnn, •1het or floatine in the wo.tcr or buried in the ground, 

and ·r.hile each observation covered but a fr£:.ction or a year :r.ostl:r 

itt the summer months, thr: results quite likely could be tb.ken 

as u ~lyin  generally ·~ rou out the year. 

The results ob'kL""led from pans floating in .:uter and 

buried in the ground on the whole seem to correspond quite 

closelY in seasonal totals, but the floating pans, of cour~e, 

are better suited £or obtaining the daily or monthly evaporation 

lossec frot1 a lake or reservoir. e er~ture at the .·-tater 

surface in ground pt:.ns has been noted t1.S biBb as 87.0 c.egrees, 

which ~s r~t cr unusual, as the aver~ e surface temperature 

durb1e the day time in the smmner would be fFon 75 to SO degre s . 

ffhile a l~ e surface is 5eldo~ nbove 70, 71 or 72 de r~cs . The 

temperature of the deep rrater in lnkes see~s to re~_aL~ nearly 

constant, correspor:etine to the r:e<;.n air te er~t~c at the tine 

of the runoff. The chanbc from ~~~race to bottom tcn cra~~~ 

is not eradual, but s ems to undergo a sudden decrense rntner 

close to the surface. At Lake Hot.:ges on April 2::! , 1 ·~, l • E. 

A. Bartl showed the follo\ving observr, tions: 

68 degrees, ~ater ut surface, 67 degrees, 17 feet dorm, 

20 feet down, 61 de~rees and 70 feet down or botton, 58 de s . 

This same sudden change at about 20 feet belo'.Y the surface -::~s 
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not , b .. se er~ other observ::ttions at later dates , indic~.tin  

~ t~-nover of a surface layer· of about 20 feet due to changes 

in "te:::J "":"" .;..,.,..e. rnl t . t . - ... ~ .1. 1::!. ~s, as wn er l.S chilled at the surfuce 

~- ::! lo-:tering in :dr tempcr.1turcs, it sinks to a zone of eouul 

r,an. eraturc :.md is rc::,ll.nccd ~t. the :;urfl ce ~J ':Iarmer ~ ater. Thls 

s .... e =-:._lilll:!tinn a. plio::; to the custom of oeoin~ drinkinr· • 0 ("" 

11ate= il. uncorke • vessels. If corked tightly the uri~;ln -  proce··s 

is prevented ,;hich other;Ji e \7ould U!ke place when the coolin~ : of the 

nir above the :1uter cc.uses this tu_-rn over bet':lreen top uncl bottom. 

Transpiration losses froc surface storage res rv~irs 

is nnot.ller source or loss thnt somcti:nes amounts to considerable 

.ro~ortions . The hundreds of varieties of acquatic plnnts 

t ~t thrive L~ veritable not beds in shallow ~nter up to ~ out 

t\. el ve ee~ deep ara cons~ ltly th:-owing off moisture into 

~c a~os ere , their branches ac"'t,inf as rricl:n u.nd their leaves 

""r:: ilo;:e-r-s ~s e:d:a~st w-entilitors. The v~iety of this grO\'lth 

is ~iac, conin; under such general plant classifications as 

li 1·ie3, tc. .. lcr e~-cs in the cotmty have sho;m 
·;.. . .. 
1i.~ -c. •re. ~er sustq,i nj ng su::h S;trunp gro-:rths i1ill suffer n fifty 

:?er cent greater loss th.:!n ·:zater "3itbout them. Reservoirs with 

~lat s~o- lines ~ill ha7e a large acreage or this ~Fr inal 

--~ - nv -o-rt'h ' ····.'-' l'oo b- ' ~~., so~eti~es hunireds of acre~. The tendency in 

:..h.:c directi:m i3 i.~t:ic ~ ted by tl'!e ::-eservoir mean depth. The 

· ~ ~e ::is:ion GorGe re3crvoirs ~oul: develop large marginal 

s ~n ~-c~ -~ , ~s ,.· .._.., '-- •h · D -- - w.;.10•••• UJ "' e CUTV• ... J..."'l i:l{;reJil noon • This 

.. 
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condition helps to mt.:.ke Cuyame.cu Reservoir the most wusteful 

in the county, the ero.-1th on th· ourface durinc shullovr ·.'Ia ter 

stneen in the summer cin~ so clenoe lt is almost impoosible 

to handle the o·trs ln rm1ln(T n lJoflt. 11 h d " u u _ns u~ n ru t~nc 

reservoirs ·lso h vc lo.rc;e mnrginul swttwps, Hcn::;haw c:; .cciully. 

Observations durlnl' the numrnor of 1925 nt Torrey Pine3 luke 

on tho city pueblo lands sho\7ed tho pond cva or: ~tion to be 

twenty-t:1o per cent greuter than that from a pan burt ied 

ln the eround nearby, the pond being shnllo4-: ·.vi tn bbout 

half of its surfc.ce nr8a of five or sb: acres cove1·ed with 

·plant. life • 

Two tubulations have been included in this re r•ort ~· , 
entitled 11 Compnrative Evanoration11 , ilhich co ur~;; the results 

of o serv~tions in San Pasqual Valley uuring 1925 unu 1924 ~it  

pans of different size . The pan of' 9 square fe t \'l[t Z the 

standard 5x5 foot pan . These t rr~e ~ s !::ave equul cie)ths, 

of about 24 inches, and t.he \1ater level wus mulnt.td.!led to 

within three or four inches of the top of the pan. I e~r were 

buried in the erotmd rd. t hin n fe·.r feet or one another. 

results cannot be taken as conclusive for general application 

because the r.ans \7Cre SO ClOSe together and also to other 

equipment at the station thnt they ~ have been affected by 

heat ~adiation and absorption . The hen. t conducti vi t\.. of the .. 
snnd and silt soi l around each pan also may h.·tve var1{led in eoch 

case . i',or more definite res iJl ts , the pans should hnve be on 

thermetically insulated and separated by at le~1 st 15 i'cet . But 

this data is nn interesting check on the curve drown by R. n. 

Sleight, Denver, 1915-16 , shoring the relation betrreen cva_ or~tion 



~nd diarnct-rs of pnn. Results from tho small San Pasqual pen 

coi..'"lclde ·,7i th Slei ght' s curve, but, those from the lurgest 

can 0 0 not. His e::! e:;:-itlents shoi'ted t ~t when the diameter 
• 

i . th p.:m., ·tes L lcrc~ sed the evu_!)Or·-tion decreased, up to a o .. e • 

uan 12 feet in di~Pnetor, beyond ·shich the relation rcmulncd 
• 

His 12 :root pnn -;:ould give time lake surfa c evn1 oration, w1hile 

t ~ st:l.nde.rd SxS foot :>an burt'ied in the ground he sho7rS 

1 , 5... tl am _nr.n floatinF. in \tater 109 .9%, P.nd ~o -  bive ~ P , 1e s e ~ 

u. s •. eathcr Bureau p:m in the air 151. 51% of true luke 

s~ cce eva or~tion . These conclusttons, or course, uoplY 

-,lv to the e ..~ri cnts cnrried on by him, but 01ould indicate -~ • 

in a general \r.!Y 71hat m..'iy be e:·pected from simj 1 ~:r e.:perimcnts 

a1s e -:here. It is to be ~ Jecteci. ciiffercnt re sul i.s -::auld be 

obteinen in Sout hern California, es eci~lly in the lo~ altit~des 

r.ee r the coast . .. ... It .; 5 not +o be understood, ho ,·;ever, that the 

re-~tian et~een true lake evaporation an~ that from e standard 

'OG!1 i s a s sho:m in Sleight's curve, although such is his -
deduction. Data froiOl actual l:!.ke levels \rould have to be 

L~cl~~ed to :ake a proper co~ arison, as thc=e are a.~ factors 

in a lake not re resc~ted in a par., no matter how large, such as 

de .:. ' . .. ol:oc reletion of periw:.ter to aree.., side Nalls , plant - v •• , ~ , 

and a.niwal life, narginal ~reas, -:.d.nu novemcnt, .n:..7es, currents , etc . 

The subject of eve..por.:.tion losses from stor2.ae res-

inoorknt i.."'ldeed , in this coun~J  of predestined . ' 
--~e· -~or ~ce , an: shoula be · iven due consideration in ·•- 4..1 _. .,jJ • w -

_ l~~~~ futu=e rcseriJlrs . • 
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WA'I'ER BEIUUIJG GRAVELS 

'l'hc tmderground 11atcr resources of the San Diec;o 

Hi vor are sho•·m by exnmina tiona mude under the f ollO'r7ine 

ccncrul heads : 

1 . Tho o;.:tont nncJ depth of the grnvel beds 

2 . Physical characteristics of the grt.•vel bedn . 

5. IndicHtions or absorption or runor.r . 

4 . Fluctuo.tions in water levels . 

~ . Uell records . 

b. HYdraulic profiles . 

5 . Pumping records and :tield~ estimates . 

1. The Extent ~nd Depth of the r~7el Beds. 

Le:.~vin  the l~ission Valley basin for e. later discussion , 

t~1e i'T:=.ter bc:J.ring t;ravels of the upper river extend fro;n the 

old lJ.ission Dam in a continuous body for fot·rteen :dles up 

stream, o:t'" almost to the lower El Capitan Dam'"ite . In the San 

Vicente Cree.·: above its mouth i s another gravel bed two miles 

in length, while there is also more or less storage in t he 

del ta of Los Coc ~s Creek and op_ ositc the r. outh of E'i Cajon 

Val ley . Ten representative cross section:; of t he river valley 

Yie!,e r:t<:<le from the Geolor;ical Survey contour mu;) to sho\'i" t he 

general outlines of the val ley ~-:c.lls cm1 bott om. .7i th the cre:!a 

of these cross sections as end areas, the vo1mne or ench 

intervening section :w .. s computed, ns shoi·m in Tab:!..as Ho. 1 .md 

No . ~. The points at Nhich these cross sections were r;;r.L:c 

• 
. , . 
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~ re ::.lr~·ed on th I:'12.p ~n 1e ac. o . , , · tl b k :r the recort 11 A11 • 11B". etc ., 

the SCC~.oJ. nn ~;r. S!OWll -""· h to ~c· le ln Diz:.grurns uEEn z:nd 11FFu. 

1 re:.1n - 1 ' ,.:c~:n :e th3 ·:ere not ~ lru:imetercd, but ·ere ·tn~·cn 

! ~  ... cc·~ion  e~c 1 __ _e · .lorJ.~o • 1 ' 00 f' t · n+ lly In comnutinr. 

V lur.u of L: e beds in ~ere feet the r.lcan ' i st·n1ce of t..Lc 

1 • 1 .J.h be a... a_~ ·t11,... ...~ -ro·un ~ll :..; t J~cn on ..... ·!.CP ''""'C 00-0./ 1.1. e '-' .. , • • "" • - _._..4. 

c··~.,:1 c:-o 3 s ~cct.ion ro~ well records, ~.:nd the ucre foot 

to~!ls fo_ .. euch section co~ .. rcctec.l uccordinr,ly • '£his is 

on the :.sru.ilt)tion t ..~ t st1· run bee elevu tions have not ch 1.gcd 

~ ., , . 
::! .. tcric.ll~· since the m.ldng of the contour mup, the - --~J.n ; 

of O::lC • _......,.. 1e~·,i i'"r seo.son nl~ncinr the scou.rinr: or a.'lother . 

} 
-"T .. o,..._ cro~s s_ctJ.· ons ~n.-e bet•7·-en 'l'he nl :- ces c 1osen - -. 

.o·i "'lts of ~i  eleva·~.~~on on e·1..c .. 1 SJ.a - .. .... I.. • "e or t' vrlley, as these , 

::.'5 [" r ule, _rc 01 ::14.:5. ive ': ·a. . ..i.te :orm: t.ion in an 

·· .c.l- t·1rbed st~ te, ::nd. therefore best inciic· t.e the general 

•· 11 Pro J.·-,c~ "c ..... _oss wide vwcv fill::; , co!1f'i·:es of ".1e v. ey . .... u " 

, . . al slope or the d.e:;osits .:ashed do:m ·.o·.r:,;er, S!.o-:; -c.:1e en_r 

froc ~r.e more : ie· ~nt elevations, arill ~auld not be a t!'Ue 

.. t · .. k Profiles "G 11 and ir · ic ~ tion of the de! tnr ao:n1 o oeu roc • 

uau ... :-e of this c ar~ctcr, ~nd or course indic~te little 

• • t.. ... ~l fill The a.lluvinl sco:;.ring :ri th a corre::;_.Jol:a.mg ~uuJ. o : • 

:rill in thiv ;J~rticular ·:.ride section, howcYer, is also water 

t.... ll .,,.,~ of course \iill feed more or ~·rL~ , ~s s o~ uy ~e s , ~ 

len~ .:(..;.tcr ir..to the ri·;cr &ravels. 

The zrec.tcst depths arc indicated at the El Monte 

con traction and on do-:m to section nnu e.bove the L2kcside 

•f ~. dhoths :here seem ~J be from 165 feet to •• la.Y...a..:i!llm w. 

195 ~eet. L~e l.. n ··• ~ te'\r Su "l 1,:- P~ ne!· '.14..6 , t~s 1-1 ntrd C. H. - , .s ~ ... • • ., • 

• 
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-&he locn or vu:cious r;ells in this section with depths up to 129 

feet \:ith none endinc in grfnite or becl rock, e::.:c~ t possibly 

those deoitnatod L. 77, tho Lakeside Farm vrells , ~1 ic  et 70 

un~ 80 feet ceem to run into the slo1~ of the hill on that 

ole: o_ tho river . The r.e: wells t re on th• edec O.;.: the va~ley 

1'111, r1ell L. eo , in the center of tho v;~lley 14.00 feet :-:ot1th, 

m:dinr. in COl!l"'OC El'llVCl nnu boulderr. lit 76 fLct. The Cuyuml .. •t.J 

.inter Com.:nily in 1926 put down sevcrcl wells in the 1·ive_ .. 

opposite their El ont~ urn ~  pl ant to a depth of 125 feet, 

enl' ing in com.·se bouloers, and the to .m of Laker.ide at about 

the s~e time put dorr.n a well just above the bricgc over eo 
feet deep, ending in cocrr.e ~avel, ~it  the first 40 feet in 

clean snnd . Lee's log of well L . 85 at P..:.vervie~; shor:s it 

ends in c;ra.vel at 90 feet . -;Tells in the same vicinity put do\m 

by the city of Snn Die :o in 1926 end in coerse ernvel from 

1 0 r> L ., eo to ·~ .Lee u amm. 

The bottom lQyers of the ve.lley fill ir. this area 

ure composed of the course1· L"latcri ' ls, runrri ... 'lg froo coo.r~e 

~r .vel up to hube boulders , and in spots nir.eled into ~ 

conglome:=-cte of sand, rock, clcy, silt nnd decom.osed crc .ite. 

It is uusort€d n:nterie.l -::orkeC. over ~r runnin& ;.:lter; ;•:ith 

the c~vy bouleers on the botton. The -:.:ell log:J -nd ~ iles 

don£ the cross sections incic~te thi::; ' ottom lnyer is from 

·o . ,~ ~  70 re~t thick. 

J • • J • Ellis, on pac;c 71 of - atcr Su ly Papc:- Po. 44C, 

liTre vr:lleys of our principal strcar:1s were excu\ tr: i dt:rit: .... 

a .erioci in rrhich .the land stood possibly 800 or 1000 .feet hifher ... 
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than it docs nt pr esent, and the streams were able to cut their 

valleys ~o a depth et~cen 100 and 200 feet el~  the levels of 

· he !)l"e .. ent valle~  floor::; before the beginning of the submcrccnce thnt 

oblige( he r.tre'1 J:lS to n ·~·lde their valleyo . The ulluvium 

(of this vvllc:; fill) is composed of ::;nnd , clay und t;ravcl 

cle:-i ved from the dr~inaee basins of the stremas . The beds of the 

t'nci nt c r~.1:.cls unde!'lyil:r. the alluvium ore LC11Cl't!lly clmrnct rtz.cd 

t;:, co~rse boulcier dcposi t.. . overlying the boulders ere al tcrna te 

lflyers of gravel, mmd nnd clay, sDnd be ina prcdondnvnt, espcclully 

2t t.lte sur£ace . 11 This corresponds to the observat ions of t\'lo 

previous geological surv·eys in San Die:;o county , one by H. I . 

Fe.ir en..~s in 1895, ant. one by F . J . H. !Jer1·ill in 1915 . The 

only deep -:;ells in the valley of the S~n Diego river nrc the 

t"tiO oil 1ells in Ilission V.,l_ y, ench being oYc:: 5000feet deep . 

l1cco~in  to the logs the Bclbbn .wcll vrent throurh the boulcie!'s 

, 1:. the bottom of the val_o.ey fill at u clept!l of ~  1'eet. 

The depths , the!"efore, or these valley fills OS shOi\n 

in the cross sections in Die.g.!.·::m 11lli11 and 11Flt'11 , a1•e believed 

to be cor.servative . They probably are underestirrEted rather than 

overe~ti r.eteC., especially so : · section 11 ! 11 on the St:n Vicente 

Creel:, accor~ine to the nearb:t well logs . 

The depth of the gravel beds below the Kivervierr 

co:1 Jtti·a.ction gradunlly dec:;:eeses until the lo•·(er end of the 

becis i:; r cac!-£6. at Old iriission tam. This is sho11!1 by the cross 

~cc : lon profiles 11E11 to "H" on Dit'..E:Te.m "li'F 11 • The ma;dmun 

deutl. shorm at section 11E' just above the i vervieh' cor~. traction • 

i~ l~  feet Hhilt ut section "F11 just belo';7 the contraction the 

rr~~:  6epth is 90 feet or n decre~se of 50 feet in half ~ mile . 

... . . 
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Betr:een 11F11 nnd 11 G" ' ho;7CVer, the decl'el'Se in cepth ir not so 

rapic" , cin~ 40 feet over n distcnce of 6400 feet which is o.bout 

onc-hnlf the rate between 11E11 und "F" . Bc t.w: en "G" ;mr 11 H" the 

rnu:·:imum ciepths inclicatetl ure 50 feot ~nd ,,0 .fr:et rc~!lt. cti VCJ.), or 

u dncru· ::;c of 50 fee t in ~oo fcc t. v:hich is ~ out one-b:;lf the 

r.:L tl! between ft}i'll und tt G tl • In other :/ore 0, bolO I' the n. v I .. /.(?',, 

contriction there io c. 1:1.nrkcd fle.ttcnine in the grvoc of the 

aruvel beds . This condition ·lso is true of the prE.sent 

vulley floor nnd river channel onci of the byd.ret:lic t;r~ · de of 

the 'r':cter plane . The results of the com:ruU.:tion of grcvel 

beci volumes in Table No . 1 shan there ~re ~S~ one-third the 

volume of r~vels elo~ Riverview contraction as there is above 

·:;hen eonpared vti th the respective lengths of the vclley ~cctio:l::i . 

Thet is , over a distance of 45, 500 feet from the upper en~ of 

the gravels to the Ri verYiew contruction, the col: _:-u~ .. tior. sLo;:-s 

n volune of 147, 818 ~ere feet or on tbe ave!'ege of 5 . ~ ~ere feet 

per mile, ~ ile for tho diste.z:ce of 2760 feet bet;7een the 

cont.rnction end Old Mission Dam thc:-e is s o~ n total volt:ne 

of 27902 acre feet, or an aver~ e of one acre foot per r-ile • 

.Above the narro .. 'S t!lc gravel beds ere deep cnC.· narror., .. ;nil~ belo\7 

they arc shal lo"3 .:mC. '\7ide . 

The log of a we]l 125 feet deep on the Scri.'ps F ... nitc-

l\tmch HS given by C. H. Lee shous decot:posea r;rtlli te et' s struck 

ct u depth of 60 feet , again t t 85 feet {U.ci the botton of the ;rcll 

at 125 feet 77ttG in decomposed r;rnnite. The intervening rr teriul 

::as \':or ked over s .... ncl nncJ cobbles with no cley. T :is •rell is abvut 

hnlf wuy bet\-;oeen ~cctions nGu lmd "L" in the cc te~  of t.hc Y" llcy. 

The lOBS of tl~ce other wells he gives in tlus ccction r o~ c &CCF 
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~d of :11.nrl o:- cley at a depth or 50 to 40 feet , which ·::es not 

renetrc.ted at u depth or 173 feet • . 
eolor,ist~ c.rc of the opinion that ·.1hen the volley 

illin~ et:,~n in this section bcloH the narron~ the deposits 

v:erc luid do·.-m under ·rater, the coarser mnterial being deposited 

above the narrm1s und the finer muter:iul , marl, clay, sund , etc., 

being carried out into the lake . This lnke , or urm ol' tho nen , 

covered prc.cticilly ull of El Cuj on valley, ns sho\m by the 

underlying beds or cle.y . The water bearing gravels or the 

t . r <": cent deposits laid do~  on top or these v~lley till are ne more -

older letC\lStrinn silts . Thel·erore, in sho·.·tine the depths or 
1 th Ri · n ..... .,.. ... roM.stbe' .. '" were kept above the gravel beds be OYT e Ve!"Yl.e\7 .. ~ n ·' -

these nud and clay deposits . 

The e~tin~ted depths as u~cd in this section 

;:,elieved to be q_ui te conse:.·v~ti ve, c.S tl:ere is no evidence 

•;:- s!10w ;..11 -t the underlying cla;.~ deposits fo:.·r.1 ... cor.tinuou~ 

., ,. .. c_.; .,.w t'nc! if so to :;het de pth. ..J.c:. ~ ...... --·-' 

.t.'he tot::-1 o.ren coverc6 by these \·tater beerine gr vel~ 

:t'rol!". r.bo·;e Cape Horn to Ol- t~i~sion C.nm, an'-' inc_udir.g San 

, •• ·i)·d_?7 ucres, from the ~ata contnL~ed in Tables ~iicer.. t.e Creel":, ~  -

r c. H. -Lee's estimnte is 5120 acres •dth no . 1 anc.. ! o. 2 . 

~ · ~ • a. e" Effective volm:1e:-. have been ;:.lou acrE.s as \.ne e~_ec ~,~J.ve r ·~ · 

co~sidered in tnis re~ort, o~ev: r , in plnce or effective areas, 

clonor· the cross sections decrensing from av~ to ,.:;e .tbs ... .. 
zero. ·- 'C t' S in the Mi::sion Valley section will be given later . 

The totgl of the cubic contents of the se gravel beds as 

E:i-;ct: in .L~ les uo . 1 anci Io . 2 is 202295 acre feet . Ir this 

11 .a. ..... ~ . . ~1·; ..... e J.' +. ·::ou_a be as D. part of the city ~;ere a wn ver' •1 .... ., - • .... .. 

.. :ater systettL 

·, 
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2 . PHYSICllL Cl iFJ~C R£5~:ICS OF Tllli GF.li V!.'L BJ<;D!:> 

. -. 
In phycicol characteristics the gravel beds e.bove 

Old I.Iisoion nwn rmy be c.!ivided into four art~ , e.s !'ollo··rs: 

1 . Calc Horn Basin, abo ·e the ?J1onte contraction. 
:~ . El Monte Bnair..1 to elo~·: mouth of Sttn Viccr.t Creek 
5. Lnkeside Busin, to Rivervien narro,.,n 
4 . oantee Bc.sin, to Old Ui3 sion Dum. 

J, punorttmlc photoertt ph in the ~ ck of this l'f ,1ort t . lvc~ 

a very good view of the Cupe Hom ba3it: , to the rip.ht in the r·hoto, 

and of tho Monte n~in ·to the left . The photoer· ph ·:•· s .. ; t.:!.ken 

from a noint neur the flume nbove the Ctzy"arru:va :-a tcr Company 1 .-. 
El Monte pumping plant. The dividing oin~ or contrecticn bct.cen 

the t\,·o bl::s · ns is opposite the rourll grl:.!li te mount"' in n little 

to the rieht of the ccnte~ of the picture . The Monte ~P ou~e 

in use at that time can be seen in the foreground of the second .sec -1 ,·o, 
i'ron! the left. Deep well pumps installed in 1926 no·::- PLlPP. into 

a stmp . llearly ell or the cultivated are& seen in this rlll't of 

the nicture was flooeed in Febr-..mry 1927 . There is no :..c~c ;;f_ter . 
during floods above the junction 1~i th the Sun Vicente vreck, as the 

o v f!1", F I o .,., .f, ~:~  

outlet belo·;; is unobst!'ilctc: . In 1927, ho\-:eY::::r," the San Vicente 

Creek covered e~ the flat area seen in the ·istn~cc in section 

two of tne panorc..ma . 

This ovcr lo~ ~re clso is s o~n li1 section one of 

the other pnnor.:i.nic viGYr, -:hich is of the La e~ide-S:!lltec B :>ins . 

0 -rth J. 1e lo::cr hcl.f of section t:-:o in this picture is the ";ii1..lo·.; 

betr:een. t;le LtUce.:;.ide bricige , seen in section t:UOcc, ::nli the hl.ll 

bnck of the Thtu:1 Cactus Rt:.nch . The ~lver c CJL~cl, een in 

. t •. 1 f+ 0 c.~~~ or t i~ ·ru.·n. section one, J.S o ~.~!lc o ~.~ , ... ··-- - llict U'c . 
rrns t~ en looking sout.h to-n.:1rd L. :c~ide , tl.e l kc ein: ~c  , 

little out o.r place, in section~ t .. 'o und ·t.hrec . Th 1. r rc ~ C ~ 
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a 1 :·.n 1.11 c _:tc_ m . e c.s sec ion at t;1e right is \ . th ~· ld . th 1 t t 

the L" kosi ~ c Fru..,ns upper pumping plant . This section ulao sho.:s 

'the .:liYervieil !1t'X!'o:rs with the Santee basin in the diskncc . 

llone of these "'our baa ins is a clos d bc.nin. At no 

plncc bct·;rcen t:1c H 1per end of the r~ vels bclmv t1c El Cn[ 1 V•n 

,.. ··n("'; .... ..... - i.J ...... _ 

co:1c to the surface , or ne:!r t!l IJ.'hc wa ·cr ln the 

... .,.... ,, r. _,- --w flo::.sfrecly fro1:t the up. .· o~ sins into the lower • And 

. t no .l~~e c_e t e~a suf:iciont de .o~i~s or silt to form 

• (an ncross the VPiley . One mir ht :·pcct such de o~itn ubovc 

Let:eside n Jar the utouth of Son Vicc.n t.e Creek nnd e~o·;~ the 

ThULl hill , bnt ap.r-arently t:~er ... is not suf.liciont ui,.t·n·b··nce 

of the Yeloci ~ at high ."inter here to c!!use ~il t deposition . 

~e o its, ho .ever, ~dll be fow1ci in overf o ,; ~re!.~S , 

such bet·.7· en the Thum C:!ctus ranch an· the luke at 

!J~:eside, on the zouth side of G!1o l"i ver on the upptr.:Gil 

side of the Thum :Iill, on the overflo·.v land on both ~ides of the river 

· boYc ~~. ·::>elo·.'i ru. 'tervie·;;, ._nd in the del t~ ovcrfloils of Los 

COC!.CS ~ ra. s' n Vicen;..e Creel:c . This silt, ho;tever, is in thin 

l·~~rc ·s tmc offers no ~u s7,::.ntial l:dn~ hincL .. :..nee to the free -
percolation of the grotm· water. There is no in:licution any.,rherc 

of !:yu.raulic press· .~e ln un:r of the ~ sins, us ·.-1o::ld ~ p en in 

a c_oseG. v~sin or in ~ e wi t::t dense l:1y~rs of ilt on top of 

~ot- s;:. ·.;uter b a::inf, era vel, and m th con5idernble difference 

ln c_~v~tion oet1een the upper and lo~er ends of tno beds . 

The •Jon 1.e and Ri7ervicw contractions, o~1cver, do 
' 

~i~tu bo.nce in the ;zyciraulic grade , ~s shown in the 

/ 
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profile in Din "',l"DL1 11V11 • ;·.rt..en th ri i fl l t_, . :u e Yer s o .t.l .. n[, or t l~ ·:mter 

!Jlune is n~:.nr the surfc.cc , the yd~·aulic gr&dec above tmd 

bclo:1 the ~ onte cant ·action o.re pructlcally on the 
SffR.Sona.l 

but the uv,~ruccttclevntion of the .n.t.tcr fSlunc ebov 

~:ito : /  a hyclruulic eru<le 1 . :1 feet len~ per l'lilc thu 

sr.me: slope 

the c ntr~ction 

+.}1 J. b 1 ... " e 07! . 

Or, in other wor b , bcc:..t 1~  the .. u t.r~r )lune at Lhc.: up )Cr cnc of t .. e 

t;upc Horn basin fluctuates nr. much nn lC . S f0et rJ· ri 

·ti th· little or no fluct·w.tion nt the l6:H.:r end in 1~ 11  ~· .1. "" ~ J .. or. ... c 

nurrm·;s' ~·;e !:..'10\'/ th •. t ·I;, he ·m ter in the u n '1er . . ·-~· 1"" 'h. ,.. •• • n ~ -.. 0 ~ - t J ~ . u, .. a. J... __ a 

out faster tlwn could be h:m · ed by the : ruvcl c.re:n t the 

nnrro ·:s, so a surf.:1ce flo·:.· results th['t. is neu.~ly conti.Luous 

t:u-oughout the yenr . The nar1·o· ..; ""g f th · t · ~ 1 1 .J ..... u o e gr· .n .!.. e s1.uc ~ ! -u.. s, 

e.nd. probably to some e::tent a rise in the grc...Tli te bot ton, 
~ .&.• SO r~u CCn u!lC ureu Of the cross section tlmt the cr:. ·;cl :..c~S 

capacity for percolation is riso ~oduced . mrlu" .- • ac;;&.. . ll - .!. " -S :1c 

illustr!.i·.o_d .;n D.; s- ~ - ~.... n-,-~ n, ··.·hic·n e~·: i·o.; +- : .,,r • · • , t "' 1 1 - ... - • •u ~~ _ . ~~ - _ ~er~~ -C 7a er l~-

fror.1 ~ ~ contraction into tho rt~P c..r~:n i do:·.n cone, the de.:;rarsio!l 

~~nd e~: ·ension do~· streu  of the cone inO.icatir:: the .. w.:. "'::; G-·e 'l . -
more ·7a ter then c~e do-.·.n thl oub}l t!1e co .. tr.:!cti=>!l .f1--on: the 

unner ~nin . .. ... 

The l elutive~stee ;  01- tmiform hycL:·ullc er~cie 

unob::r\:-r ... ,cted channel .:i th uniform beddi::t: or cra\''t;ls · · ~ ~ -· 
freedom of porcolntion . But belo.7 ?.ive vie .• the hyd c:.ulic 

~r ie chn.nges fron 19 . 2 feet per tl.ile t:> 15 . 0 feet pc1· tile. 

Thi:l is not n sudden drop, but the cr ..... ci.e lat~ns 

out· until th" Olcl l,!ission dam is rer che • The con .. , . , 
't.:lO!l •• c: 

io just the reverse or that at the llon·~c contraction -he-' ~ -

there is oock ntcr, ao it ~ere , above the cont:-a ction, ... :t.J.e 1 - ~ 
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the ~ k . ef_ect . belo .. · the contraction • This chance in :r~.. .,... J.S .Jr.c. . .... ~,~c..;_ 

.... r:~de lot~ P.ivcr'rtoil • .lS not cau~ed by any conuition in the 

cc nt-~ct.ion , ~s at the Monte, but is caused by tho \'7i•i.cnint:; of 

~t1C: vDJ.ley floor below the contruction with conoider· hly 

shull0\7..,;!· dep ths us pointed out above . Thio h:1s caused the 

river to builu up be de or fine silts . fli th e much lureer ur n 

to cover the wtorm ~· ters lose~ velocity und drop bir, ortions 

of their sil-:, lo:::d, nekL"'lg ~ dumping ground out o.r this bnsin . 

Floo-4 control cha1mels .1oul.-1 ovcrco~ this co: , i tion to some 

~ t:.::1t , ~1 i1e on t:-te other h211:i , if OlQ Mission dULl ;;ere rc.lsed 

::~ or GO feet, say i'ro:1 elevation :.80 to ~1 , So.ntee in ·time 

·.7·:>ill.d b::coce the center of n. biG silt delta. . 

There is no continuous surface lo~ at t~c Rivcrvie~ 

n:!.rl.·o.7S ... s thor L:; ll t the Lion te , nl uho-:.1 h :.~c out elont; the 

e:.s-ccr:-J. toe of the hil: on the :1orth si·~e of the river o! posite · 

• .ive~7ie-: 11ill c~l  u sln:~ll surface :flo.I and swnding ·;1ater 

l .... t~ into !;t::l:Jer . Th.is is drJ..i.r~:;-;e or er~olatin  mter froL1 
. . . .. 1 . .. -r,.1e i ~ .e u_· ,·r~u.!. flats en that side of the river anu the long 

Ccnyon no1·th 1cst of L::keside Far:-u; , ~s \iell as ri.sinr; ~rater from 

~ main river chunnel . This cut or .iash evidently is of long 

skr.ding, judging froo the 7dllons, s•-;o.m? gro\Tth1 nnd remoins 

of nn old dam . Undoubtedly at one tL11e it was a \7ntering plcce for 

the InJ.i ans. 

I Of the .four basins, the Monte and the Lakeside basins 

have by far the r~:,tcst gro ·nd ·.-;e.ter capacity. The relution of 

t: leL~ rc.: .... ect,i7e capo.cities, according to the volunes --iven in 

7able ! o. 1, is c.s follo:1s: 
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Cape Horn Basin 29415 ac . f't. or value 1 .11 
Uontc Basin 60256 ac . ft. or value 2 . 27 
Lul-eside Banin 58169 nc . ft . or value 2 .19 
Santee Busin 27902 f't. value ac . or 1 .05 
Sun Vicente Basln 26575 uc . ft . or value 1 . 00 
Totul ~ 5 ac . ft • 

If the Monte busin, ho:•tev ·r, is cro~~itcc:i -.;ith the 

Sun Vicente bet5in its vnluo bocomos 5 . ~7 in place of 2. '?.7 . 

Thut is , i1. would have tlu.·~. e times the capacity of the ul ntce 

or Cape Horn basins and 50% grouter ~ ru1 the Lakeside ~si~ . 

To effectively drmr on the San Vicente basin, pt.tr.lps in 

the Monte basin should be someuhere near the Thurn hill . 

Punps installed in the river near Thill"il bill 

would draw upon the Monte, San Vicente ~nd Lakeside basins . 

But if seeking to make an e'amustive dreft on t e ~ e three 

besins, the pumps should be distributed at scattered 

points throughout tho basins ao as to =educe 

rninimum the slow proceso of percolation i."1.to t:1e pump rlra\r-

-ao\m cones, 2..."1d thus =educe the lift • 

As under ground storage rcser7oirs the3e four 

basins 'should be oper.'l ted in :1ir~ , the tr:o l!!Jper together 

and the t·.7o lm'ler together . Better control of :·:r..tcr levels 

could be obtained this ••uy. Pumping from the C:. pe Horn basL.-,. 

alone would in time exhaust that basin while ~ e contents or 
the 1\tonte basin in the meuntitne have been eva .. ratinG and 

• ,, 
dra~in  out below. The ideal Iilethod :could be to .. ~ee  the 

\tater plane in all four basins dra~  do·m belocr the point or 
surfece losses by evaporntion. He:;,.vy pumping at one spot 

materially increus~s the cost on account of the ·-rc~tr·r lift 

from n deeper dra\7 do.m cone, nnd on account of the rc:;ultinG 
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los i."'l ur.lp err lcienc r. 
Sites above the Monte and Riverview narro::s un-

do ibtedl"" ~rc idenl for under grou."11 collection flO.llerles, if 

the ~ i:lS abo rc o.r.d their yield ·.rere 1l'rg ~ enOU[!h to •;mrrunt 

the expenf.e. Thnt i·., n long • um d.ng period ench yf"ur might 

wnrrant ~uc  an c::pense . 

The Snntec basin undoubte· ly rrill yield more 

7r ter ~.. 1 is sho-;m by the cro.~s section fiem·cs ln •rnble No • 1 . 

'£his bus in not only receives the druinage of nll the other 

rosins up the river, which, ju!ging from ~ e area of the crons 

section at the Riverview narrows, ~auld ~~ount to 50inches 

or :J ore, but cl.zo receives l!tteru drainage froo the 11ide 

-i l .. ::rinl slopeo on ~ e north side of the river end nll the 

~uln~5e of ~1 Cajon valley, uith its ~uters ed of gr&nite 

hi • 1 z. Indivici.ual -;ells here nny not dev::!lop much C..-1Jr..Ci~r but 

this couln be oet by increasinG thei:· nlmlber . 
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Table tlo. 11 

Sufo Het Yields at Mission Gorge No. 51 295200 Ac . Ft. 
s~n Vicente Dum 59250 Ac . Ft . or more 

Sea:::;onal Draft 12500 !~c. Ft. (1045 Ac . Ft . short) 
Usc 12200 Ac. Ft. ~r 10. 89 ~ . .d . 

October 1 to ~~rc  51 

Sco.nond. Runoff Ren'r content 
l!t beginninG 
of [)eriod 

Aren Eva t orution Droft Totz 1 :.ct .hdoi tion!; 

1885-4 
1884-5 
1885-6 
1886-'/ 
1887-B 
1888-9 
1889-0 
1890-1 
1891-2 
1892-5 
1893-4 
18911-5 
1895-6 
1896-7 
1897-8 
1898-9 
1599-0 
1900-1 
1901-2 
1902-5 
1903-4 

llC. Ft. 

189000 
6860 

47600 
5B90 
7910 

29400 
21000 
20500 
4200 
8400 

550 
49700 

550 
84.00 

70 
55 

0 
1400 

550 
4200 

55 

404950 

0 
258760 
212270 
245170 
214450 
191550 
199570 
195270 
190560 
164550 
145970 
118170 
159140 
150540 
114980 

89720 
67210 
~75  
52560 
18827 
11567 

I I ' "' . - . 
Acres Ac . Et . 

5000 
6200 
GOOO 
~  

5650 
5400 
5450 
5550 
5150 
J!..€50 
4200 
4100 
4.400 
5950 
5500 
2800 
2050 
lt!QO 
650 
500 
150 

5990 
8240 
7980 
8240 
7510 
7180 
7250 
7120 
6850 
6180 
5590 
5450 
5850 
5250 
4650 
57':>0 
2720 
1860 

865 
599 
175 

':i l th- or acci ctior:; 

/~c. li'z. nls 
Ac.Ft. 

4100 
4100 
4100 
(:100 
4100 
4100 
4100 
4100 
4100 
4100 
4100 
~1  

4100 
4100 
4100 
4100 
4100 
4100 
4100 
4100 
4100 

80-JO + 
l '····LQ -,__...,-
1;oao ... 
l -51~  -
11610 -
11280 + 
11550 + 
11220 ~ 

10950 -
10280 -

9690 
9550 + 
9950 
9550 -
6750 -
78~  -
€820 -
5960 -
4nss -
4499 -
~ 75 -

195167 

J~c. Ft. 

lg0310 
5480 

555 ~  

6950 
S700 

18120 
9C50 
3030 
€750 
1380 ... -·o ":Jt;i:. 

40150 
9GOO 

950 
8680 
7785 
6820 

4Cl5 
299 , -a ...... . .., ._) 
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Table ~lo . U 

Sci'c ~et ie1c~ o.t r.lission Gorr,e No . 3, 295200 Ac. Ft. 
Sun Vicente ~ 59250 Ac. Ft. or more 

Scusona.l Draft 12500 Ac. Ft. (101·· Ac . li't. short) 
Usc 12t00 :·c . Ft . or 10.89 rn.g.d. 

·April 1 to Septcmbe_ 30 

. .:-~t:son R1moff Res•r content re~ ~va.oration 

at ber;iru1ing 
or nc_ .. iod . 

I 

__ t...c. Ft . Acr .. s trc. Ft. 
1 8 ~ 81JOO 180910 5600 111950 
1684-5 2940 255280 5900 15750 
1885-S ~  247790 6500 16820 
las6-7 2510 236220 5950 15880 
1887~ 5590 210750 5400 14410 
1888-9 12600 209650 5500 14680 
1889-0 9000 £09020 5450 14550 
1390-1 87JO 204550 5550 14290 
l83l- 2 1800 185810 4900 15080 
l"D· .. 0 ,_-.") 5600 1 :~ 5  4450 11380 
1895-4 150 136650 5900 10410 
1 1~-5 21500 153520 4600 1 :~  

1895-6 150 1~ 5  ~  10950 
!896-7 56 GO 129590 ii750 10010 
lB97-8 30 ltJ6SOO 5150 8t!10 
1898-9 15 el955 2450 6540 
1899:..0 0 €0590 l 750 Ji670 
1900-1 600 42960 lJ:i(} 2800 
1901-2 , -o _i) 27945 -100 1068 
1902-5 180.: 18528 210 561 
1905-4 15 7529 70 187 

1"!, .. 0,.:. 
..... 1 - u 

579545 

Dr·ft " t:1l tlot Audl tionn 
with- or de1uctlons 

·:m-
., 1 I"! .... _ 

!fc .Ft . Ac .Ft . Ac. Ft . 
a:~oo 23150 ... 57850 
8200 ~! 5  21010 
8200 ;~5  - 4620 
8200 24080 - £1770 
6200 22610 19220 
8200 22880 - 10280 
8200 22750 15750 
8200 22J190 - 15790 
8200 ::1280 - 1 ~8  

6200 20080 16480 
8200 18610 10460 
St:.OO .~ 8  + 820 
8200 19150 - 19000 
8209 18210 14610 
8200 16610 16580 
8200 14740 14725 
8200 12870 - 12870 
8200 11000 10400 
8200 9268 9118 
8200 8761 6961 
3200 8587- 8572 

5q€376 short 1045 
195167 

579543 

-ZiO-

:.i.-InC:ic; ti.on~ of J~ ~or tior of -.unoff 

'r 10 i.'t. ter bct..r lnr, 1:ruvcls of the San ic · o F.i ·1er 

V •J.lcy t. rt· r •,l_ (:s i. ;hr.r. by th f l oo runoff from Lhc Con .'iccr.te; 

Cree . n th u. p c· · of t:1c r. ln i VC:L' -..L' ~ ~ · · -:> 1' .:.' ,.I. ,Jr .. 
,I -

t.t• od.iz..ccnL hll1.··. 'l'hc n.:m! c.r ln .. L Lch tl r r~..; ·l m l 1 I ,.._ n •"' '" 1• t• .. ,,.., --"""' -
lJ.lt n Ll " ted ln cc1· ·.in 1'1 •;- t oJl'C. !: b,.' !Jl:.:.t,Tilm rr ;:", the ' • · i, J P r) , • • .,. • S - ... 

co111pl tc r~ 1 n · :::hm .n·L· occ · ·lnr- ln ' hu .,ct :cc.o01 :: 'Jf - ~ -1 , 

1~15-lC , 1 ~~1-:~;~ and 1 ;~ - 7, with mar• or 1es p r tlt. 

re lcnis .r.1~nt during each of the intcl,ening ~ L!S Oli:.: . 

record or this 7lell L 5 sho :rs the highe.>t <·t-.: lP·: !.:-- .':_r :r 

L.lt but the gretJtest ~ scr:1tion or l ~ . ::ler.ls u r.t occ 11·r::· in ~ 9 .. :. 

• c ~ o:-;r. by the aifference bet::cen the minlmum cn0. li r ~iL:t:  lcvr ls . 

Thcamount of runof!.' ::bno:!:beo by tLe: t;r:.vcl beC:s c.:r. 

be crrlvccl ut by t~ o ci.ii crcn·~ rr.ct od~ 1 r:.rs ~ , b: the r.e' · ~ re,· 

C" r ~:. lo.: •. bove nn t.· bclo.; the r;:-n rcl tee·:: , rr.? :::ccr:c , 1'''.i - ~c 

rl~e in tl~ • .:. ( ' l" .. ""' . •") 1 r 1 ~ c C" • l' • ~ c. .1. I"> r" ~ y ob,.,. c 1··· . .; "'l" -·, 11 C" -• • ·· ~ ~I .- " 1.1- • .-. . "' • ·- .._ , , • .. -.-- • 

••• co "' US ~ f:•·nr·•rnc-; '"'l' o.rof '""'L ,.).•.,€) ' ~ '1'· b• C .J.nc ... : r ... o .I •• ~ ...... ..... _._.. J. ~- r ....... - t. 

··a t1 1 cov r·in1,.. tn ... trc~ t flo .; frorll Ll C~ l'i.t .·. ~ to Ol·: ·.: · s:ior. -· . .... 

'1'} ,...J..;ii1' .:" ,· '"'Of'.!' f'r·v·r• t.h.c - ,.)-: ... - ··· 'C ...,; , ... 1e e ~.~ ..... ,_ ll, . .. - ~. - J.. _ - _.,_.._ _ ""'' _ 4-..__ .. 
. 

• r- ~· ._T 
.... t.,.. -· ... GO.[€: · 

" ,. 
~ • 0 . ' .. . .., ' i:; bclicvcCJ t~ C .1.0:. '"·.. · · · ,. n h' t. • ~ r. o r l : c_ t .. .. -·-t 1.1 . .: 

... . . 
l'l 1!01.:. .l.C 

. , ''C' l -. ... 
f'or · c. ~ ..... r ~c · · ... - L... ...., ., . · ·r ., .J · ··c1;;~ - ..-·11 · ,.._,... ... ~ v j,:.., ..... '-'"' I - ._41. \.-l . .... .., --. . 

i 'OI' ""'t. f" ,.. - ..,, J- ~;:1 
,.., • ~ "':' 10'..,...,. , 
.L! ... ~ -., - Ill - • 

~ • (""' .. , • .... c~ . .. . ..... rl • 1 '1 _ _ J. .. -.:1 ... l. l.:.l. .• - ...... 

lil:c La~ Cochc ... , ··~·o1r.:. , 1 C .. jo. , ~- cc...lore: , etc . :.il r !' .. I· "c!. 

... .. 
· - l -c· - . ... ' 

' · i.::c 

"11 ·,·c·· ~llle lll.ll' e ,.C .. 'l' tl€'!.'1 in tl··i. :· lA ~ Ult ... ~on c!.o .·~ • ~· :- .... .L r~ .. ~ • \; " 

· ··c~ fJ l " • • • ubnor,.:tion b;: the r;r_:. \"cls bct•·:ccn ...;1 C:. ·it.· .1 
~ ~. ,.. . . . . - .. 

. -- . ' .. -
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' 

:-p . . 
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·_c_ .. from 1555 ttC1"C feet .t' n se~. ::onr.-

" .~.. no r 1: ... ... to 1'7;:c ·cr ... f et in vcr.J . e~· . I IJ :::ca~ n ... . 

to •.. lo"' · .,J •• ........ , 
.. ~ --· 

. . . 
.!. \, lon ~· 

:~l .. - .... c ·r . . 

··n .&.h . \. .. v .• 

·. C""t. ., ~ . 
• 't.J.. ~  

.. . "'·· l. 

# ... ..... l;v C m-.. 

n · i <' t te C~·cc;·, · 11 

!on.- tcr:~ me · 1 • t !::1 . 
~ • 1: 

. ' . .!. l..' ~ ls , ·he · crio , 4 CO or 5 ) t! Cl'C 

I --
•. r·• • + ... -. ... .. -.., 

, .... -,,.·,c-
....,, - V \A 

. 1e o I ' 

• ""'ll.... ,. 
"- - I ..:. .._, 

.. "'"'-. 
~ -·· 

~-~- - i.e 
,, ·- '1 .. 1 . ' ', 

.: . ... r ho. l~ -:,o vC froo :_c OJO to :_ 7•100 ·· C!'C f ·t . 

. ' - ~·· \.,... - ... ~ .. I. l'C !i'C' .1 •• bv .. 
_ co:· • • J ... . . . 

~:: . .:.c • ·• ~., r 
~ . : 'r. .cr .. .;.hl' ~ "'·- .... 

•. :'() 1 , - . ,.. • 
•) - --- ..... . 

. ., -
-'-'· 

. . .... -·. - ·,-... , .. _ ... ' 1" • 
... . - . ~ c· : ,..r" . ~ . 

-l c t -..... .. \." ; .l ,. ~ ... . . 
~ .... -' .. : co:; . 

•• I. -c o" ~ . - .... 

. . .. ...... ___ .._ 

. . . ,. .. 

. -
.J 

r ..... • ... -· 

, -
•.. .'--

• 

... - 1.· •• • ..J • 

c . ,. l . 

-....L ""'·- .. ~ ., C.!. .. c 

,. .. 

.. ·-., -
. - . ,. 
! . ~ .. , 

.... . . 

.... • I. 

r· . • . .. r. r. .... .. .... -
' ·.· ~ ~ 

• • ..!.. ' 
1 •. c 
_ ;J • ' 

• r • C . _(.,.·., 

. ' ' r 'J't 
\.1 --- .._ 

~ · ,... ... 

_·:.~ .. i:. C . . 
:. :'1 :. - . ). • • 

. . 
.~ _r; ~- - ~ . 

c:. • · - .r, l . . r' . - e.J. . -'- "' 
, .J. L~. ·- ,.. . 
f... ._, ·-- .., .. (; . - ,...,.. (- '·.r· .. -- . -- __ , 

-"""' .. ' 
- . . -.:' . c . -

... . - ... 
...~ _ ..; _ 

, ,. . . 

. : . ,. . -
. 

~ . . c , ....... cc r'=- _cs-r., . : - -~ l. 

(\1• •. ,.. __ • -' C '. 1)C •.. •. Ui. v r- • .. . • ' 
1 "J" .. 
~ ~ ' 

• 1' . t...,-+ '·" .. . <.. ... u V'..J v -~- '- ._ 

.. 7 -·'·- . . 
.... 

- .:e:-c :t s of 

.:·.:.c t 

... . · ... ~ "·. ~,- · ~··; -· 
c., ... - -v--••'" 

- .J •• ~ ~, .. ,... - ' . ..... c uc..::. ... c e; ')'J -··· 

, ~. - .... 
. . - . ' .:...::7 

- • ~ ·r.. . ~  
,.. , C ' ~·est . 

. .. -.. ,._ "· -~ -.... .. ,... - ~~ 0 . - .: 

., - r. 
I • 

• ' r 

1 ... _ ,:. ) 

. ' v ,. 

• 
I , . _(I 

tot"l 

1. ,. •• 

feet ct Ll c 
,.-·nof'· 
- l --

L ~·o·• .!. ' • 

o:· ., ... :"" . , 
u- - ~ 

. r..o:: ~· On .&.• v.LOr. • 

.. ~ . ,.. 
. '!C .J..O t . r . . . " - ~- .::e:s ue ., ' -·· _, . . 

.Jl' .. :.: i_C J : ():) 

. '1 ':!.. c 

J 
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.. ·;. 1000 acconcl fce;t , 1000 :cconc.. feet of ·:;hich · t. o ro~ t. c r-cn 

.'.i.cci tc Creek, ·.hilc .. "';-j ; OO p .r:. t! c flo ·: ht, C.l'l! ·cC: to CIJ') 

ot f f c" t , t! 11 l·, .: on•.· .. c c Ol" ·· v .. . .( ,. ,. L .. 
~ f;<) 0 .. 

"· •1< r 1icenLc 

1 :; !JUlll L l .. 

.J 
vdl! 

ltl' .. (; . . ... 
·cL~, J.t.tJ.c: ~.~tr.r 

, • .. • .; r · ~ 
I , .!.. l .._ ll'- • '-' 

1 ,.. ' n ' ... ' C: -,_ .... _ o • r. .... , 

n 11 , 

,lJc, ' V C'_'; 

: :L :.ot of t •1c.. . ~~ tcr 1lc.n h<s been ·zcC:. 

. . 
J.C 

,. 

, ., .,. r J. 1' - ••• J 'c ,. ., ' .. ~ .. .... 
1., •• C 

... "' • ~rr  
~  .. ,. 'i:'hi ~· t:. 7~l L ,_ , .• ~ - '"r - ._ ··~v ·~ ,. ,.~ ,... . • r .t'•,. 

• ~ .. t. · ·-·· -- J~l 

ifferc.1:t points ulo1 g the 1=-ro.:·rlc:; of the ... . ,. 1-•·r-: 
- l,... -- .-.... ,. ~ 

clov:.:.tions of tl:e ·;,· tcr !'l,.ne &5 ~ loi.:t~...t . f'ror.: 

in Di:: [:'Lm 11 rn • The rcsul tir .. f:: ncr.r: r: r ee for t·-- entire 

grc.vel bed arc£:. is 5 . 07) :lS CO!:!'.__!C. • .. it!: 1:. . ~ 8 i'E ct .. 5Cd b:,r 

Lee f o::- t e i 91 ·· -1,. to 1 91 t - · ' -·- -~ - - - ~ . ::.cers 

!'! t:5.cn 

::i th 50'7 :.:_ C..1 c ... c r.~-~ ·irr.c· •.• .. .... .............. , 
Lee e :'."[ Lgc . Lee ''!' "'1':>' , 

·•'-""-· 0 

• ..~.. • 1· o- c ·c~ 1.1 . ' •• • ~ - ' 

coverer: the nrC[! onb· bet;wccn L · · · ., < . • :r~~t.C 
. . ... or ~c ~ 

r, .-:; lt t -iO c J- ~r.:c.t.e:r-: ' 01'.; . ..:.:. ; ~ o,-n o~_ ..... .v.!..V.-.- ..:J J .. :.\,; 

1: • 

feet fo1· r -nofi' absor ec, c. rii~ the .t"cric,d o: c:ec:.inc in t'1c ·. · t r 

r~nd v;hich conse :tel.tly would not be li! P.i · s ·~ in i..'hc :m:.: lc-:c ..... , 

{'nd one of 2016 ncrc feet fa:. .. :u tc:. lo~t fror. the [r' ·:c 1- b--

cv~r.:o ·ution -n·· t'" r ... n; r · · 1~ - · t'·c -- - ... - .... ·~ ! - o.; v.J. l c.ur~n r: 

... 1 · · •t• "th v 1c ~-a · ~ 1. 1~ o1 ese r:.itiint:. te _l:<. nt.i tic s , '-tSi. Tu • • l 

pcrccl:U:.r.;c fo!· the second, t! ... r~r; 1 ts in 'fr ble ::o • 

Tit} lee' s s rc (690 ucrc fc .t fro1:: To,b_c I~o . 5, • n<l 81'.-0 · cr 

• • ;:1 _ .. -

t 



f""t... .:. fl'Oti Lee . - rir.c sc~.~ons of com.':!..etc r Aplen ishr.ic.nt the 

~- .. ... ... ... . .. n tl . · ·t:.c- : -l • ne _luct ::... t ion ·:oulci 1 c t·., icc tl c uvcr~ · :.. c 

.... ll~l 7 ·· c:-c feet . 

! ~, thert i:; :::hor·n by th 

l~.nc. o se.~.·v· ~...:.olls tl'. t ti. r:r:! \·c 1 bcri ·~ :.1 b vc 

.feet 

..... ccorc ir:£ to :-r :te:::.~ -.,1-nt obsci"'V"' t•,... ~ f ~t. t - · ""' :L ... ·n.o;), ~: ~ r.1C~ . 0 v1;e -;;o 

~ "'"85 o~ ... acr ~~ -+ .I..__ ... . This wcul·· amom ~· to 5 . 7 n: ·.llion •tllons 

P t J' .l.~ • .:. 1 er o_ :LS ·::: "<.: r 1~::  ·een nut . 
···c,.. .ro • c • - "' ~ .. . ... __ .L - " S 

. . _.., _ ... 
.... .. 

!..:.. s -,_ -...... 

- . . . ... ... r·-. ~- ., 
-- '- .. ..&..\,; •• -'-'-

. .. ;.. . . . 
~- vl\. 1 ~.: ~..!.-~ -c..~ c i. . Th ., . • .; n'"' 

• ~ It . ....... E:: 

·o_._ ·:!:.. at l:.l nor:-:c, .. nci b,- the 

~·c...., , -,..,1 . n - ~ --... --·-· _, ~ e , co •. _ l'Cd ·,;i th this 

o.:- -:- : :r.cc :~  ~- ·:e::~ ... c. c 1 ·. -~ .C: . ·ist:!·ibuted over the ·nine 

u~ ~  c~:ect o~_ ..:..t.·~ • th t 1 1 ., .. - • u.~-- :--un ..- ~r.t; on .. e 1i0 er eve: s ,;ns 

·1· ·~·e h···· ~ ny e_ .. _ ec.J- on .:.h d .J,. .......... '- · -.1 u • IJ e cue 

-.,. c-.- ,. ·c ... ··-
' -'" \.. -..... v .. '- • 

·~ S' • - .. cr£.1. cr , :r.:os-r. of tr.:e 5 . 7 :: . L . d . can he con:;icercd 

-t:- --- ~~ .. . ~- . 

- .~..,. ::  • r ' c- - ··1- :- J:;:n~r~ ... -- .......... , ., ... -·'· '-""-- -- - ----'-' 

r, ,... ..,...,..P ,. ..:.1 Y .J..• - - ••V _ ,_ \.\ .. w- u •• C .l.OS: €t 

.:nen 
. . 

:""T" - - r--r 
l;- ·- t,.;. "'"- v v • 

the ·::hter . le.ne is hir;hest 

I • • • • , t' • 41' -.e.c ~  ~-~ru n: roa VJ ;hlch the omounts ~ sor ed 

+..c:- lo~t se~::; .·D by ev~t ~r£tion from tr.c soil &nd 

., 

.... 
by lnnt tr~tnn ~tion ln "tihe ereu. undcrlt.in by the LI'l:'.V 1 bee: . 

It w..tkiLL cucl ·· stt1dy, there sboulu be outllnec.l on · RHP of th <-: v~l .ey 

floo1· the vz riou:; ureu~ of soil om pl1Jnt con iticn~ , cuch c.s 

:-:unu , f7l't,vel , cilt nnci lonm urt.LI., , ·mel :.:.11 lant ·ro.:t'r: :houlc be 

indict•i.. ·1, ::uch ur. cru~:; , wlllo·:;s , ,.. .. ," r'n'"' 
..:: • &...: •• • ...., , ulf· lf'-•, (1' ir fi(:lC:.: , 

tc . 'l'hon for cuch a1·cu the nvc:rur;c uist .cc: at •·rhLch thr; ·:u·:..cz· 

plene StendSbencath the SUl'f' CC DhOU-d be aetcri1 inc~., , ent.: th(. V rlo 1. ~ . 

rates of evc..~o:-ution for ''Ch condition then could be ~-  pliec to 

obtc.in ~ e ru::ount of .:ut~r· lost each season from tr.is ur.der .r~und 

·:m ter . Tee r esul ts or various soil cvu o~ ·ctlcn e :_. .ri ent~ e1·o 

~veile le , such as the one by Lee in Owens Val - ey 1;;us to :.011, 

R. B. Slei&}lt at Denver in 1915 anci 191€ , Sumucl Fo:-tier t: nl~ s . 

P. . Beckett et Davis since 1907, n .... lph L. Parsb:.ll , t Fo:~:·t Collir.~, 

.:: r.d ~ rious others , incl'.ldinr.- two btr +.he ":T't•i +,c_· c:.,..t tien~  b J v_ ......... .. • u .c..r: 

r.ese~voir tmc San Pnsqual Valley ln 1925 ... l!Cl 1924 . If tho less 

from t:~e Cl"Dt:.nd ·m.! ters r.s det~roir!ed by this method ~ oulu .. l·ove 

to aver ... f,c t110 feet in c1epth ~.nnuclly ove1· .... n - f'"'ectivc &l'E:t! of 

30GO acres , the los~es woulc amount to 6000 a cr e feet . 

4 . F.SUCTGNriOHS li. -~· '/ E:1, 

t! . ·;I ell records . 

The Geolor.icol Surve~- and tee Cuywr.acn ·,·a ter 

Com any bego.n caking observutiono of tl~c &round r;: tel" l~c-

tuaticn~ ~.lon  the vulley of the San Dier,c river in 191 , and hr.ve 

continued t e ~ observations to dnte . In 1926 the city of ~c.n 

Diego also be :en n s;.,s telllntic record or Hater lt~nc ob(4crv· tit·n ~. 

r.~ost of the observation ;;ells no·;: in use by ell nrtie~ h .. vt .... ecn 

r.w.r ked on the mop ir. the back or this report . Sev r~.l hotor.I· hco 



-iS-

~.!.so :1rc r;i ven sho ·:~  ho\: some of the so wells ·::ere rmt do·.m • • 

r"\" e · · su .. , r ~ · ..t •• ~ .. • ~C vJ.C , ho·7ev ... ·, hl!S been to use n priv:•tc or 

s ,oner or ' s. ter ·-.·u <.. e ·tro.: cc: by flco .. , fille ~ up or clo··c 

, . _s~lnst irs_ cctlor . • The n!ost t:·~cr .1 rccord3 t. rc ti,osc for u 

_one tern : cricc. front me ~1cll o ... · from n irrm.cdlntc- '.:icit.ity 

~ •ch ~s t.·~t from :Jell L, 5 , since 1012 . Rounds of obs rv·•ticns 

are ~~e -:it~ c- '.i"ficient frcq:..cr..c:t to nu l·e it pos<-lblc to :--lot 

... r.. a.cc;.:r-te rP d.::or .... : ~  of t~e fl· .. ct:w .. ti . . s , such - s ,...Lven ir. 

; ,. r-r- .... ,.. n r n 
- ..;..~~o. l... .... "--l.... ... • I.:ore fr . ~ ~cnt met: s ... rc:-1ent~ sor.~ct · e~ :r~ ~c1c · .. ·er: 

-·~ ~ 1·- - r"·1·- 1"\ ... - .l.} b .. . • ... -;~, ·' .-_ ... , ..... ;_o ... \.11:..,{ c1cr.~e~ ~rc acsu··n. l ia .lt.m t:;;n is 

fro:: :contbly -. . 
e~,... • ..., ,. Tl"\ - , .. '--- . ~, "tl\.l efr ·ct. of 

.:av.:.r:.:; :.hE neces~r .:J- ell obser·v- tions, ydro r~ ic 

lc.: cout ~~s ~r.~ ~ro ile~ c n t .cn ~ lotted. for 

··~ ·,., ..!a!-r: ........ _ ...... : ... ., 
-- - - -· ...... .. ........... ""'- .... J • 

.... .. . . ~ ,..e ,, r-- - - cr-. - t· ~- . 1.1 ~ ..L - ._ a_· :eve_ . ._ i ·.;e_ls ~ ve b en 

..... . t·~·r--:- · ~.;c ., ........ -~~1es J....,J - .... __... ~- .J .. .,l,.4o • 

ss~r :·t.l lonritur" ir.al profiles of the ~·:ater .!: lc.ne 

fro:.: the cit~~· _O".ll: _:>s a. t F.~ vc_,_..,,.; ~- .. · _; n 1 9°7 · nc.· 19 ':18 .. - ..... ··- - r.. ... ·~ · 

.. ,.. .... ·--

~· ..... - ~ . ' , . ' 1_ • e..:.: cc ...,_ :;ec;:... "'(,'J e::- £' •· e -~ t"trle r·-rt::--e:- do··:n stre:en 

·;:-~ ... :·c~:.. . ':'he r.ve:" e elev:. tlon of the ·.1ater level in tte oumu . .. 
j· : lr. ~ t t!:c cr.c of t:_c liJ rJ 7 : urr. ing sec non · .. ·c.s 554 . G feet, end the 
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nmotmt flUinllCd ·;:un 1221 cere feet 1hile ut the enr. of the 1928 

scunon tho L v ~ rt! : cle,Jntion wcs 35% . 5 , ·lith 155'" l. crc feat 

r u1apsd . T)ll.• C' • 1) r:r' .. ... ~S rw._,,, J .. Or<.: /htcr purn1JCc; ln 1028 than i J.G27 , ·:;i th 

1 • • ., i t• 1 ~ncrt: .r;~ J.l1 uo.· •n,Sfi on of two fe"t, "'11 i cl 1.· c=: 1 • .~ f> ._. .. _ • ~ u ::;o •• ;;~o- o~ 

tott.l drop of 8 . G fact in 1927 , the toto.l urop in ln':a heir: 

10 . 5 teet . Similur comnnrisont":_ of mo nt~ ~ ·"' • t' 1 ~ 1;1 • u • ... , ~. c cr.. ·:r.1.1.11 '".C - . 

... . ( r v l 

rest ltine drop in the .:a tel pl nc muy be mnt.e from the rec ·!·d 

ei ven in Dic.grum Urfll or the Monte pumps and ii~. ter J.e·;cl:;, but 

in both cesec the amount purapecl i<" s too smr·ll ana tl:c effect.G 

too llnti. ted to offer &n~· su-t.isfacto:t·y conclusion c.s to -;:1:ot 

the effects :iould be if t.hc pumpinr ;•:ere very r.1e tc:·i~lly 

inc!:eased . There -::JOule. also cntel .. lnto such r cor.lf.C.l"iso. the 

~1ount of the underground flor. , ::hich .:ou_C:: v~r:: ·.~i th tct- her..c , 

o:- the eleva·tion of the :iuter plane , t.nC ~oul ; val~· tith the .. 
chc.r··cter cf the seozor, , as for inskncc:; , it ~·to. s r.:uch &rf'-ter 

in 1927, followine th;- -:-;et wlnter than it ii'- :3 in l928 , follord.n 

o ~u nor nl year . The naturt:..l seasonal drop nlso \'Joule! hnvc to 

be considered it: such u com"""arison • 

In Die.grL.rn 11V11 a r c shol'm the zrir.irnum levels in 

·,!ell L 85 at Riwervie\v nUlT0\7Z , ~s observea by Lee enL l!l\"""crrcn 

ill 1912 ~r;d 1914, and '.:hilc it is interestine to note t1~::.t the 

low level cf De cember 1928, .:v.s 2·:J feet r.igher thw1 t ~ t in 

..- - u ... '-> ""'"., 1. vcrv1.ew, the n 3t 11ovcmber 19141 in S u l.· tn of" the I tUJ ... ~nr. n+. • • 

interestine foct , however, is t ~ .t the low level of l.Jl·.: 

high as it ·:: .... n Glncc the runoff d-:.:rinr t!le ! reccc lr . fi •.tc ::;~,. ., ·· LS 

a·d~ been vary much subnormal . ur , in other ;:orcs , folJo .d .. n:::; L lonr; 
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~:-:. srcll of fi vc consec· :ti v se~sons , the woter ~ 1l::me nt 
, 

r.i ve~e.,.· .:· s only 2_:- feet lo·::cr than it r::. s ir 1928, folloriing 

a ·uet ~enson of cor:r letc r lcnl~l~ ent :me after c. couruner i 

11hich 1~ ....... ... :J Perc feet :ere pumpe ~ fror.1 th . river ~ I t . 'i vcr-.~ievi . 

I!. thi c ..::cction, c • 1! . Lee c• ys . ·:ntcr Su 'Pl .. Pn}.cr .JCo w 

446 , c. ge lt!.L, "The only water l evel obscrv:. tlon . . , . 1 
l.~-a e 

for t.1& :.'rotrt.cted r crioC: of dr~u t fror.: lSJ7 - 96 to 1905-4 

o:~ ~ . c. S . · :.verson . T_us mens re.uent .:~ r:1n ·e '·lo"JeTLbcr 

• •; 1 9"'" _ ... , - v-: , racticr:.J.l~ th::. cr:d of t he dr· • ..,~.; oa· '1'1 .-..!- "'"--- , t..l~ 

le .. t.l seve::r.l fe:et higher thrx the ninimum or 1914 . 

This ncc:::.rcment 1..:-ciic~ted t-s.t ·.•ith n ~ tr:r:-1 conditions n 

i ~ !l.!..~  n :n:.r.or dc_. ra~sion o.:. .:.• \;no 

sLtcr.:srt~ of ctl.t.:.:!.er:en, ·::ho , :urin r: thi: s:.:J ~ dry period, 

.:• ·n r ..: .J.. - ~ -- -.., 0 -C'; i~ .... +,., 
,;;, • t - ...., • w ""'": obt.::..in -:!~ t r f ,n· steel: nt manr polnts 

ir.:. the ri vcr beus b .. :1erc ly scoopi..; · out basins 2 to 4 feet deep . 

~e on::r rmus·:al · e .... re:;sicms of the .;c.tcr tab:!.e re..:- orteC: in 

this ;.eri oci -·ere in t!lc ir:.r:e:ii~te: 7iclr.it:;· of ~uo in , 

. c~e u.:re vcr-J ir:.port::.nt facts &S t!1c:r illustr~ te 

""OMC ..-,;' .!.• P .. -- -- ,.,_..., ir:.r•or-;.-.'r!t ec..t.u~es in these grrvcl bed storc:.(.c basir.s . 

r..; .,. ... t -..... _ .. , t~ere is no m1terial loss ro~ the basins 

. . . t :. c t·· ... ·· ; c: r,c or ur c:J.Lmg out at the lower enc: , as t~ . Freemr..n 

- ~ . 
~ r If": ' ...,, 
•• l ~ • , ·- scc:;:,n<. , tne:y shm·: thr: t the eve..: or· tion anci 

t1.·u s.:·il~ tior. 10 .. ---,.. .. , .. 
~ - '--- reel· ·ceci to : 1 ttle or noi.hinr. by a loi:erlng 

• 
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··· - -· - ··- · •, 

of tho w:· ter plane. Mr. Frcemnn 1 n opinicn -:rDr. based on 

t.he theory thu t i.he underf:round flou oi' 100 to 200 in chen , 

cctlJ ntcr ut thr l"l i.e of r. fer•t '!. dny ' would pr:•ctically r' rr in 

the buc-in3 to c. h u:.;tion <.:.urlr.,.. n pr otr:.ctc C::: tirourht. He 

pictur n tho bnsinu •u u s:. uccr or trouch filled •:lith sand 

nnd ~ ter ruv ' tllten so the -;:nter cont0nt dr:...i .c.cJ out over the 

lower ed t;;c. This sotmda plausible , if it :·;e_e not for the fF:.ct 

thnt the resistance or the silt und st.nc~ ~rticles is r.ot 

so easily overcome by the lo·;! hydraulic heaes fauna in the 

bnsins . The hydrnulic heae above thr: ?,!elite c~ntl cction is 35 

feet nnci is s ufficient to m:.use risit~..t, ::ater, CJnc! the hyd:.:f vlic 

heuci above t he Ri vervie~·: nurro-:ts .; ~ 80 f t · .f 't. ... _ ee , :.-~ vtt ossibl:r r;. ve~ 

l ittle rising wntcr on the north s i de . 

. t - w oe ween .t.ivervif-;: narro~ ana Old li~sion c.t.P ; ::; 70 feet. l~ny 

areinege out or the basin C')oes to the zurfc..ce here <:; t the ecb:ock 

et Old f.assion cam . This nntt:rL-:1 seep:.r;e frl tl the t ... :enty cile~ 

of gravel ~ eds e.bove , D.S well ns from all the cd :.~ccnt hills 

nnd cun:·ons and from El Cajon ~~·alley , results in a mort: or less 

constant suJi'l.r..er flow of about 10 inches. ;_ stre .. m flo .. tir:g 10 

ir:ches of ·.1uter or 144 acre feet u yenr, iE not .roing to 

e:.:haust the '";1tlter frun beds holding thousends of acre feet. 

Tho undcre:round lo~-; in the bn.slns, or the tr.ovcment 

dotmstree.m of the ground :·;:. ter, i ~ the v.ttempt at 

e(!uilibrium in trying to overcome t he losses froTJ the lo ,:er 

ends of the basins due to eve; ! oration and. urt-inll[e out into 

the next lo11er basin. In other •. :ords , the wu ter ia movinc 
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do :nstreem ·tmdercround fi1·st, to est!:blish l!n e _uillbrium, 

seconu, to offset ev<. . or~ tion end tr~ns ir tion losses , unc.l 

..1. .;r · t o1fset the ·r:. ir... e out lnto the bc.s in bclo·,y. "··· , 

r.ro ·ues fror.1 Cape Horr. to Ole is~lon c1 ~. , i~ a verr g od 

ic L -rc o_ .. t~:.. ~- n~e in the .:a ter 1-lonc fl ~ ct f tions f1· lnl 

act~ are , firl'"t , t' e ma:dnru:l :!:rulf;e from cocp1et.e ~ntur~tion 

t 0 c."'C"trcr.e "! o•-: level follo•:rir.t; n r:roc~ of =:· ~·enr~ , is a bout 

,.. feet, end secm:c , t. c · r.cre t.• ~eu ~e_: re-. ~ ion .... t the l.iot:te anci 

.,.-;0 - C" 
- ....... tJ 

•.. , . .. 5 

C '"'""'"' ...... , .1. • v~1~- s.-~.,, r. .. ot'nnr in·::.cre - tln ~ poin-t, is to note hm·1 ....1•1• .oc.-'" ~ ...... J. ~.. ..... ...L.- . '-"' 

o_· r r '.. l ler" i:~· .Jccc~ e:L 6 n.::rt• er eYic" cnce Lhat 

- .. r.ccczs •. r:,· if the puL1. s 

-OJ. 

"l h - 0 - 6 and llo . 7 

shO'ii th- t ; •ring :.he: thirteen ye,_ -· sine · l9le there hns been 

:-· JJ __ -c ~ bj" the C"JYt.I:ncr.. ~r~ter Com: ·~r.y ::.nd t!:e city o~ Sun ! ic~o 

f:;:ol.' 'n.e £r t -;cl "t,cds of the S::n Diego P.iver, inci Jdini; .. iiscion 

:or,.,• - - -r , =>= 1 . 5 !ri_lion ~ :Ions oail:r . If t~e ! OUr years - _._..., - ' c 

Exc2.. ·ctl!:c ror.~ tne t?to.l , fo:- 1927 !lnc:. 1 :~8 the amount 
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pu:1x: l tt '.1tr··ion Valle:,' , Lhcre Yk:J •• unped by the two 

upper plunts in 1927 u totul or 1729 acre feet or l . S m. e .d . 

and ln . i!h , r-955 '" Cl'C feet , or 2 . £: rn . [t . cJ . rnc.t l-:lrL • tol,al 

for the t.wo yc.:~rs of C~  ncrc fc t , or 4 .1€ m. c.ci . 'I'hc 

uvcrneo for 1927 c.md 1 ~8 i3 25:,1 ucrc: fc t 01 .. ~ . 8 i:: . ;_, . d . 

ccord.in~  to t ho r~ core. . s COr'. lil ' li i n . ~~ le 

llo . 7 , the auountfJ pumped by the CuyUJS.Ct. :~ tcr Cvr: .. r.ny 

C:.urinr; the pronounced drou&ht from 1898 to 1904 .:ere ui te 

r.1odest com.:-ared with the combined totc. ln in 19'2f L!~ · 1G28 of 

over 4000 acre feet in each yet:r . D ring this d1· ught ~·eriod 

there .c.s considerv.ble ":UJil t)in .. . cione b-.f the cit;; of s.,l., l •iq::o 

of' t1.c o~r .. tion . 

In other uords, dur.:.n~· the Fre .. test cir .:ur,ht on 

recor.~ t :e ·: ·~ ter ce:'!l' i.nr; ~ ·· ,rels of the up:f:e:!.· 1 iver· r :1:· il tCO 

Co .. l ·r.n uno~r.tcd to 72.10 acre feet for 't,hi.,. 
- L 

erio.:i , 

. .-hilc the tottl r:noff at El C :.~it .. t'n C:t rir.[ t':r eric-: ...-:t•s .Ll-?50 :_ere 
.. ..1. lCCv • The yehr of 1c.:~vicst t·U" Cu· £J •• ac· .. 

t o t he i . ' ..1 (.' . .... n ~ ;er~ rc Cor:1 accoril i nr r C01"· • 0 .. . __ t: r: - r.ny' - . ' I ~ --·· t..> 

of •: A9 r.1. g . t.1 . .,. 0 :IUffi ")C{, , b .t in 19:.6 th!? total l . ! • ...,cu. b:,- the ... . - •• i) 

··onto unci. R.i.vervie ·.' ~lr.nts nverq; : :v. € rJ . f. . d . 
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88 . 4 

107 .9 

... Stl . 7 

257 .1 

5r..8 . 9 

... 5,.. ~ .:> v . :.> 

-7 ~ ..., " ~ .. .., 

1 . 71) ·~  :. • 9 

0 . .: . D::m 0 
o~ 84 .:> , 5019 . 5 
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517 .8 
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407 . 8 

sr/5 . 7 
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Af.' 'i.J ABOV!.l .ii ~1J1_;L BEDS 

(li'r or.1 t .. b eo llo . 1 & 2 . ) 

Sr•C"£I O!' ' ' .J • • 

Av. :i dth Lcneth J~re · 
"(l ~t .. - . 

Hr..:r .. n of Bnnin 
550 7000 :J , 850 , 0 0 

Capt: Horn 
1000 4700 , 1Jo~ , ooo 

tlfLU 

1550 8000 1~~ , 11.00 , 000 
II B II 

l'l50 6400 11 , ~ ,  
ncn 

1950 6800 15, ~co , ooo 
nn n 

?.. ci75 7 ~ s , o ·~ 7 , sao 
11£11 

1850 2700 4 , 995, 000 
UFII 

2425 640J 15, 5';0 , 000 
"G" 

3050 8200 25, 010, 000 
"H" 

1550 1;5008 17 25501000 
131,5%2, 5JO 

o. r.1 ...• Dnm 

81J i VI CEHT.E CHEEK 

lic~o.d of Bt:sin 
700 5600 5, 920, 000 

uru 
1775 7800 1~ , 8 5 ,  

.. J .. 

I I '-1 • 7 l c. u c ·•O . •J 

. .. r oc. 
~cr~  

88 . 4 

107 . 9 

' 0/ 7 L e 

.. 57 . l 

304 .1 

=-· ,.,. 9 v.~o . 

114- . 7 

55£ . 5 

5r/~ . 2 

llo:·~ . n 
5019 . 5 

90 . 0 

... , 7 : 
~- . 
407 . 5 . r.c . 

:>019 . 5 " 1~c . 

'J.r-7 .. • ;:)_;.. . ~.:iC e 
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TablE: No. 4 

RUNOFF ADSORP1'ION ABOVE OLD MI '"'SION D A .. 

FROM MEASURED FLOW - ACRE FEET· 

Season At E1 Ca.pitnn From San v·cenle Cr. llemaini ng Aroa 'rotnl Amount Flow at i~aion Aboorption 
177 sq. mi. 75 sq. mi . Abovo ~.usaion Roaching Cra.vol Gorge 375 sq. mi. 

Gorge 123 oq. Be:do ubovo 4-5 
• ml.. (c) Mission Goree 

Runoff Per Run orr Per so. • Runoff Per sq. Runoff Per oq • 
• • • sq • llll.e ml.. ml.. 

• l!ll. e 

- 1. 2 . 3 o 4o s. 6o 

1919-0 23624 135 2518 34 3690 .30 29832 21882 58 7950 
1920-1 1535 9 0 0 0 0 1535 180 0 1355 
1921-2 100231 66 36302 484 47232 384- 183765 168039 448 15726 
1922-3 12999 '13 394 5 369 3 13762 10100 27 3662 
1923-4 2589 15 39 0 0 0 2628 16 0 2612 
1924-S 2951 17 76 0 0 0 3027 '72 0 2955 
1925-6 16192 . 91 5506 73 6150 50 27848 25939 69 1909 
1926-7 100700 569 32669 436 41328 336 1'14697 159823 426 148'14 
1927-B 4700 27 279 · 4 0 0 . 4979 1299 4 3680 

TOTAL 265521 77783 98769 442073 387350 54723 
9 .Yr• 
mean 29502 8642 10974 49119 43040 6080 

Long term 23078 7138 (a) 9064 (a) 9280 35235 (a) 4045 
Mean (b) 9877 (b) 40093 (b) 4858 

(a) By cornp trison vdth San Vicente 
(b) 11 u " El capitan 
(c) 11 " " San Vicente & !.iiosion Gorge 
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1'here are several good reservoir ~n ~ cwm ... i tee on the 

~n DieGO County as u · hole ls overstocJ~ed 

:.ri th rcscrv'"'ir sites u ~ mderstockcd ;·;it' the \·mtor ··:l th v1hlch 

to fill t m:n . 'l'o obi..:Jln the gr •cA test ··iclc from the r.t v r u 

tot~l reservoir storar.e ls re -uircd up: roxlnwtcly e .. \ l:l to 

the rmoff urint. tr..c :cno··m wettest scc.son , v:hich 7~S 1883-81 
S" 

.:hen the estL:ated flo.f at i.iission Gorge ,tr,s 5:~5~ ~ cr€l feet . 

Iie:::ervcir ·ields ~lso mu t be considereC: in reJ.:.. tion t o tott 1 

::t~r-. r·e . That is, t,:e tot:.:l :;ielci mur.1j 1 ot :::e s acri.t.iCCCi for· t he 

s .:J-e of incre~ sir-g the tchtl stor2.ee. The y i elc: for u ... c is the 
• 

n"AU• P"r'P08 t!> 
r-.o. . ~ -- :-,..e - flood control is sccor.d:: r j • Incr"'r" E ·o stor. r. e .. 
doe: not ~1·:;: y s :-ec.n incrcu .. ed :.-i elc.i , o;·:i:-.g to .1.!1e -J.enent 

o ~ eVa!:or· tion . .. ..... Vt:.:r--nbun(:encc of ., ter rvc. i l -

• ·:;l e to the cit:r, then tne :irst o· ject would ne flea control . 

J + . .c " ·.:e r.cec ev r.: drop of :a-c.er t :: t f(1lls .:.n t he c :>tu:t:,., ~n  

01r :-ro l~ ~ i~ ·~o·. · to catch t:'ml hole. it for use . 
~·~... ,J. t• . .l.J.C l~ ,,er vO fl.LS r~ lc  c.oS rcl" tee ~o t :-:c Sc.n 

·;o::::: a. out u~aer t .. o ~ t.ch; , fir: t , .t.• 
~.: !!C 

yic2.d of the ·.:t. t.c;r bearinF. r:r .. v·el£ , e.nci second, t ::e yield 

.. . t 1rom ! Se! vo~r s or a e . ~ e re .... lt~ of the :;tudy of the w·.ter 

!le re..,crvoirs .ill oc t aker. t:p . 

9 --;; 5 

~ . ..ar:....ctci i ft.:. c3 o" ·. ·:cL r c:;ervoir , -: i tc. its dac . The nrel s 

:.. .:_;:.c.!.tl ::; , etc ., :.:re f1·om the or ce:. :: no cr:pr1.city curves as civcn 

; ,... .!. i~ -c o ... ·+ ' il.t... n ! !.·~t.l r t•:. ,r.J.;. .. ..::> - • ... ... . ... ;ll... - ~ ~ ,;;. costs ere explained in the 

, . 

i1 t he foot notL~ en~ c r f t h j · f ron .c ong .ncer1nt o ·; ic=s 

1he . ,..., J. 1 
• 4 \.. -

' l ,. r:; ·r~, r • ~..,.,- v •• 

of cornpc ri!.ion. Thoy r..1o I ot inc~ ·ttc 

o nc-r;_ ~.L· n1· .. - "' .• 1 flll.llllt ·m.ucc or ucr reel ilor J ~  u • 

fl r. 1rez ln t c l· '. t trJO col·ann..J · n Lhc 1..' b 1l: Li '). , o .. ot 

rcp1·c:3 .. nt the tot< 1 cost of the ~·::..ter . 
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"' • 1 . 1• • ,.. !""'.' •\ C of A .... . r GC nur.tb c r or s .. ! .. Y1C a. :n :.t! .L ·-::. ~ ...... 

i .. ) ~· 10 - ~ ) .c !. 0 . , the r '"' . ~tl t 

The prclir· ll · ry · .. · : ·k , , r • 
• f I • ... \ 

::me . t• • , ' r ··- :· .. s s c~u·vc ... ··nc1 'fh 

Dl. S curves usu:.tlly indic tc the p r : ou to be cover d by the 

eGt1 t.· te , but the r esul ...: obt .. tned fror.1 tho t : bulut d r.1 • t.~ oU. 

··:-c r.:uch zr:o_e reliable , uccur~te and con"in"Lcnt, und also n 

the ::hol ..: they s ive a t;re~ter yield . 

tocc t!1er ;ith lin . ~ or rror.s un-· ~ct yiclt:. ... . TiF' .:.crC:en c: 

.l. l . ..1. . 1 . .t of i:,nc Clir'l t'J i'l:.... ttC.l out C. : • i.nf; L1 C! Cl'J. u.l.C a u .1'-0 .. 

...... ~ c •' .:. e c- +:, ~ -..... w w ....... Co .• -~. ·o1 .;n · , ... c. ·'- · 1rc .u. . -,.., 
J. ~- -· - - - ...,_ \. • • 

. t . rcs r:">!'"liOl !' ! or~ ·l.O •. • 

i' the s~ f' e ·ri el· 
"' 

-l , .(\ .1. gr.: · " 0 ~ · · · i~  · 0:1 Gor··c con:·,ut. k or. ::; , c:i... -_. .!.O:r vlO:: ..:. - J, ,~v t~cre .:. C' C v ··' i.J v - • 

" -·o. :) rt:: s crvo.Lr . In : i· i ;ir.g t ~ o_ e~ tlo~ .into "inter 

. !:C•. s . .l!J~ l  per.:ods , the ··;L'1t cr ;'eric:· fron cto ~r l to 

se:o ~on:!l totol ::.c?.:. h in nt- t eY·:.or tion, 2....'1::. one-thi:r·i 

of the ser:;on~1 ci:caft . Tcis is ~ e usual rnet o~· in such 

c:>m. t!t£-.tio~s . The eve r:>orc.tion los::::cs for Ct!.Ch "crlod ·,o;ere 

c:·.l.o.3. . The __ c::.I. cont:nt: of tl:c rc~crvoir .:ere o ~.ined by 

.., ·--· i n ,.. t o or ::;ubstr . cti ng fron the amount 1lre~tcl~r in s:borar;c , 
0 ., ·:::1_. of t he <... ' · tiors or ·ri t dr~ , ls from the re:zervoh." 
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durlng the period . SevcrtJl trivls usually are necccseiJ· to 

u.l~e thcne results balance, on uccount of the evuporc.tion loss 

vnr,;ir :c ~tlt  the umount in sloro. c . Usuolly t bc. 

c::;ttmutc u:;cd for tht: 0 ~r~nonul d:·wt iG too larce or teo rrr:• 11, 

wltich is not u ,, •: •runt until the com rtl.. Liou i. i~is ct , 

when cvcrythinc on the Hhcet must be err. ~cc. e::ccpt. th r ..Jnoff 

tmu the . computr.tion rcpct·tcd with the new cb·:·i't . ':his 

p1·ocess u~t be repented until the ~ t ci. .·~ · ft i=: faund t ht t 

"orks out wi th en inlmr!.ter!al reservoir shortr. Le or surr lus . 

A net s easonn~ eva or~tion depth of four f . et ;-~~ 

used ut 11 the reser voirs except Cuya~rce . The grosG 

evcporetion ut et:ch rese:-voi r .. oulc be pr. cticnlly the 

same, or from 55 to 60 inches probably above the ~ver. c 

~ l in~ the d~y critical pericd . The norrr~l se" scr.al 

rair.fcll e.t -~~sion Gol't;e is 12 . 85 inches, unf i£ . ,~7 ir:ches 

nt Fletcher Reservoir at the hecc of the riv_r . ~~:ir.  

the drought ~eriod, hoi·tever, it 7i'"S nn;ch lese , or 0 . 96 inc e~ 

at L:ission Gorge llnC 12.15 -inch .. ~ ~t Fletcilt.r Rc::; r~.~ci:::- . Thu:3, 

there woulc be n,t.; ro:~in tcl:r one f oot cf c.vcrc r: e r r- jr..ft·ll t ·· o 'f'f:- ct 

u .:j roxinw.tely five feet or ennue.l e,raporc..tion, le· vine; c net 

cvnpor.:-.tion of fom:• f · et, the an:cunt useci throur;hout the s t,,dics . 

Dec.lucting the r:dr.. ~ll from the eros::; evn~or; t -ion is 

· 1 tt · • tl f'"'· .s.. .t.• rv· c u~va en o an cre~se J.r.. 1e rlmo J..~ ... o v!!e r ~c o~r . 

Thut is , o seusonul rair.f::.ll or 12 incl,cs fc.l1dlng on c.. 

reservoir coveri1.e, , sny, 1000 acres \YOtt!.d produce _000 

ucrc feet or i7atcr, ·.:hich co::scc::_ ~ently ·::m.uc re t.cr the 

cvapor&tion lossc~ by tP~.t much . Soneti c~ ttc ~i . · ~ c ... cc .t .. 

folloueu of deduc-'tiin . only l·o~ 95% or 8$ of the r;.L ~ 11 

from the C .~ . t. tion, the rer.:cinin£; 5% or 1~ . cir. C nridcrc 
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us t .lre~:c!y lwvir..t:, been tt.ken cnre of in the runoff 

rccorQ. ~t is , 5% or 15% of the r~i~£ell falllne on 

the rencrvo~r urH:. be:fo:t,e the d ... m ~ r. s built :m this urcu flooded , 

woulci be con .. ioercci as showing · up ns runoff at the d: •r.tsitc 

nnd encr~ would be incl .ded ir. the runoff records nnd 

esti.routes . Lee ,ivcs the avert· c perce!.t.:-[,C of r • inf:1ll 

:!1_: e· rinr; ~s rtmoff from the rratC'rshcd above the Di\crtlng 

..... vn as 8 .1%, ~nd ut the S tect:mter Dnm . ~--; . i~ 

percentcr;e varies somcti.Ir.es as much as scverul hundred 

_ e:!" cc:r..t , r.ccorQing to i7hethe::- the sca::;on is wet or dry . 

-.uir..i't.ll on a l··ke surface , ho·:.-ever, is 100% :-unoi'f , · nu the 

or~y uest ion to nns-crer r:oulci. be ·.:hethe·:.:.. ... r to cllo\7 

the ·[ ·::~. s built . 

Tile ev~r:o:·rtion rocoras nll h::ve been r.djustcd 

fo:.. r : in c~l - a r·~ ir.. f r.:: cst:~lly is opc1 c.te : .. lonssice the 

~.n . -:r er~ ·lse tf\c :1l~.CCS -f ::e··vy r.:-.inf:-.11 WO"Jl. ZhO'r7 

t ~ .... e ... t ~,1. ·o ........ .:...;on 
...... .:.. L. ,.;; \. • • - ~ V.I. • • 

Ir tl.esc s af';. yield con~ t-tions , ther ··fore , ~11 

rescr-\· i _·s h .. vo been subjected to the s· o~ net evcpor._tion 

losses' . nc. nence in this re ... pect hn.ve been _Jlv.ced upon 

nn e r_ut!l .rooting. 

Se.fe ::icld stuciies -v;ere :-;orKC i . out, us d~scri ed 

abo 1e for the v~ ::t·ious reservoirs under veri us conditions . 

Di .... [;1"F'.S"GG11 to Ll" illustrate some or the peculiar 

ct.!ture~ of the res~r oir . Dir.grctt UG{ " is a grn:·hic 

ill·~ ~tr~-:lon of the relc.tion bet-r1een reserYoir oren and 

co.:;t.ci ty, aml hence r;ill indicn.te indirEctly the r crcentage 

• 

' 

, 
' 
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eve1,or:. tion lonE bears to renervoir content . In t his eli grc...rn 

the {;renter tho met1n t.i.e th, the smaller the (;:rcc:;tt..ge of evc. j_:or-

ation lo~scs . The smallest percentur e of loo~ by cvc!ortticn 

in shown by the Fletcher Rc:.:ervoir , lli th Srm Vicente P.c'·c:-voir 

next . l c~c two rcocrvoirn t•.rc ln 

C r ;c~ , .'lith COUlp·•rt. tivcly SllWli StO:.r- C :i:; C .J~.J  r d ·:ri th the 

hclr·ht of dum . l~ ho.; r·l1t of "'hr· c, m l 1 · J • j.. b ... • IJ • ..: : , 10. c. vcr, :~ :: r:c "L • .l.I:C "o 

o with the me;yn de i•th . The larr e stor· r~ ~ ir. t 1C bir. i .iccicn 

GorGe rcr.ervoirs is 81 )l'E:<... c: out over ~ flat :;~ u ccr-li~~ l~  · r. .. · _,v:-t 

u i au-shore line . 'i'he cm·ve for r~a:~ion Gor(;c: I o . ~ L.dlc~ tcs 

·,7herc buck \":Htel' from the dl:!.Dl e ir~s to r . rerd o-ut in t; e 

saucer-like oa3in r bove the gorge . Tl.l. . .. ' ,e,.·.u"rs ···hr-r .... 'he 
• w .., G • 4• ""'"*• w_ 

amo ~nt in stori-~e t~s rec.:.c· . ..,.ed 10, 000 ... ~ ro hi h t"' c. ere 1 ee v .L r o:::: ~-: c. 
. . . c m o:.nc lo.7c!~ 

ere cr~du~lly offset until the c pp· ci~~ or 70000 &ere cc~ is 

l~eac .... ed , ,ihen their effect becoinen i1:d.i:!"ec ., . Out cf a tccl 

erct f ) coded b·· the big .. :iss ion Gorge I o. 5 rescr ro:.r of 7100 

e.cre:s , about ~oo E..Cl' s arc in the C:ee_' £Orge ~ c~icr. , .. l:ile 

the deiJth of the ~ -:~ ter .-:i thin th -orce; i s .:. ~ feet ·· t the 

dnt1 ..n ~ 73 feet at the head. of the gorge, :-.£tir:f, ~ tot~ 1 

stor~ e of over 36000 ~ere re t , 1itr~~ the Gorge. This 

combination of star< c:c c.bove the f:Orge nne: -:it!~ thr g-or ,e, 

gives the effect of a double rcser ~oir or t.:o :: ..;crvoir ... · in n: , 

~ lurge , s hallow reservoir or 1"-r r e storr e · Iid i~ €"17" ·-o:· i..ic r: 

los r.es , and u so::.ll deep re::er ~oir o :' ve. , sz:-til ev· .. ·oi. ticn 

los~es . This double res rvolr might bo co: . r -... ··it 

Reservoir if the Hot' gcs Lake rcre adC.eC: to it lr t. ri v r [O"!"' e 
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nboye the gor.::c ·.7ith ~ mern de:1th of 57} f eet, t,nd 56 , 900 

c. ere feet \':i thin the gorge with ~ me en de th ~  180 feet . 

r:'\h ... th r l'o ~ c-es eser voi r hO\·;ever, is but 28 . 6 r c h.ean ue~ o 1 a~ 

feet , of Hcnsr_a ;- fte. ervoir 53 . 8 feet and of r. is ~ ion Gor .e 

,, '" .o . .... , ·1 . ~ feet . A re~erv·oir boldine :56 , 000 ucre feet und with 

a . ~~r. l~e t  or 160 feet is fm· s1:rcrlor in evttpor:•ti n ecor.omy 

to an"' reservoir O!' ··reposed reservoir in the county • 
"' 

Diq;r.:.m IIJIHU also r efers to evc!1or·~ tion lo:; ... cs fror.1 

rc~orv~irs , y~ co~  rison ~it  the safe net yiel · • This 

sho,.,..s tl~ t l:..rgc stor·.: e in the L.i c:sion Gort:e r eservoirs ·i s 

very i~st.e ul, indeed , 2s more than onc- ~l  of t!'le iv~ter is lost 

thrOtF"'"h CY:! :O .. ~ .tion . . . 
Dia.(rr-: nrrn is ll co .. p:..rison of the S!~C net yields 

of t:is s icn Gorbc Leservoirs 1lo . 2 · nd ~o . 5 of e _t; ... l c~ ecl t i eE , 

~- c :..:rves d:-c .. . tl"!- ou§.l. points obt·-ir:eo ~r scfe yield 

• .~-· r.-.:! ::~l.·on Gor!:e lo . 5 shews en incre:.: sc of 2 . 5 m. g . u . C ; ~ -c.:! ul.O.:S • ~-- ~ 

v~r · ? o·~~r ~ ~~s ne~_c ~~ ter stor~~c . v . ·JO • ... ~· ..... b ._ ..... u o 

.LJic- £1'cm IIJJU is ano-ther grr..?:b-ic illustrt.. tion of the 

:; ielc s ror~ W.s::;ion Corr;c rcsc;;r~:oir.:; ITo . 2 ~ nd llo . .. ,. 
;:) , l!.:-

rel teu t c e .. :-1 co.tour e.~.cvctions . lio . 5 yields a pr ox-

i&JC.tely ~ .  ll • f •cJ . rnore I£:". 1.0 • .:. aocs tll.IJ " c , u t t.... • r . • • ~·n s~ora , : to ~ e 

sru:te elev~ ~ion . !_!is c..lso is c·,-:ing to the deep :n~ter storage 

}:OSSe::::eci by Ilo . 5 . In other ·.:or· n, ·t,hc ) leld from the river 

i~ LI1cre'-!. Ge • outri ~ by 4 . 0 IJ . g . d . by novin:::- the dam 1~ miles 

'-' o:m .e l"'l. ve_ • -t . · ~ This r~ct is cne of the ~o~t viu.l i~ ortance , 

· ~ "' · s too o ch r•ater to ·.·:astc or to over look in this land ·:... • .., n . g . c.. . l. , 

of little r::in . 

!:.ic. CL ni~  is ar.other cow.-•erison of the yields froii:I 

~-is:licn Go!"GC no . 2 and llo . 5, as o ~ined ~/  Mr. Freemon, lli' . 
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Sav~ e e.Ild by the wrl ter. These com: •Hrisons ere baseti en 

ros€rvoirs of equul ce. acitie~ ac in Di e.grt.ra "II 11 • All 

three results show No . 5 to ~ve frol!l 2 . 0 m. g •• to 2 . 5 r_.c; .o. 
ffT(j' tcr yield thun Uo . P. . 'l'he yield by lt!r . GtJv:.e for both 

roscrvolrn urc contlidcl·ubly r;rc::-tcr thun t o ~· c by the :tri tcr 

bec:.:.une of" the 1< rr.cr runtJff usc:d in hl:; com! · t: tlonn, · ~ n .~11 

by th mu:J'' curvcc rcpre:; ntc-cl by thn lrrce ·lnr ( ottcd lr:c:; . 

'l'h ~ y lclu:J by La·. Frceu :m cot c u bout hE.l r. :!l!y et~7 . C;Ii t ho:;c by 

r u·. Su ·:o.ee c.nc.:. b:/ the ·::ri ter . 

·c.hc l'unoff c3tlt'l:.. tes by :Jr . Savar;c but his :r.c.. thoC: of clol nE 

the \·:ork ;IllS sowe:-ilu: t different . 

Dic.grc:L1 11 l:,L 11 is another comparison of the ~iclC:s 

from r.:.ission Gorc;e l~o . 2 and No . 3 , sho;.n -.lith the IriS.SS c :rve 

of the runoff . The effect of the deep m ter stor 'SC in : ~o . 3 

rgain is e.:.J: al'e •. t , in each Gized r cscrv);r . The C:LO!'T.lO" '"" 

! ro ortion~ of t. ~ r,roG yield as co ... · mrec'i d th the. r..et ~ ie:.d 

ir.(iicuting t.1e ir::port ·nee of' the ':lroblen o.. lanr:ir. ~or 

rencrvoir sto: ... " :-... e ":ith t he least lo~s from evr. ~orr tion . 

Diue;ren 11 i.IT." , i!l s:b: s eet~ , is series of 

from 1919 to cnte . The ori i!lal rccort.n fror:-. which -r.L ,: .... : cct 

-:iere made v:cre used, in .. cld.nG an cstin:r...te of poe['iblc t ·-~· r.: i cn · 
J 

c:t El Cc.pit[".n from c divcr.sion tir. !.: ~.it  no stor- r.c 

different sl:-,ed pi!Je lines or cor l !l ts , one o .. 1 r: . S ~r cc . • ·· ~ "":. , 

one o£ 50 second feet o.nd on or lOJ sec ·n. fc• · c· .: C ' . ~ . 

cun1city of the re~ent El Cr.: .. ' it:. n :' ;. o li _, ... -·~ vi.t:· ilo , 

.:,bout 15. 5 Eecoml feet . /. u bul· Lion f t .·c 
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1 ossibili.tics undc" tht. se three conditions is given on et ch 

• .a. 
!1 c" o_ ' -~c.l ""0 1' • --.) ... .. . , 

entil .. e r st:l ~. , c::c .• t for the :v sted e r.lotmts , which a ~ ~ ur only 

ir: tl c t:. t~J: tlor.~ on t ~ hyurogr,:nh sheet"' . 

1""1\...r. c 1-1· - .. -!.: ...... - J.t,.,,l L..· munncr i.n ·~ ic  

th_ r moff r o~ t.1c S~·n Die c;o !li vcr occur~ . This 9 y, : r 1~ r ·ad 

!.' see ... r.:J . 'l'he ~1~:rio: of stox·m r :.mor r ls of hort ·1. uti on , about 

_'ive r.:an:,h ... beL o the ll:Jli t , (l.S ln 1. ... :...1- :..:_ , ··:h ilc the 

1 ;t.:c c--cs.J:l of 1920-:...1, , r:...cticully· r~ t' no eriod 

~ .L- ~ -~ no . ~ 1 th r ., -· ~ - .... lu<? -enb o -v.w ~~ cr~ion ei"iod v .... r·c .. from 

: +o - ~ S ; .. :onths , or :ii th ...... vo: u.ver· ;;c 

line of the c · e.ci tJ-· 

-~ ..;.. ., f""l - 1·'"' c: Cl"' t 1 l.Il. ~ 0. 2 ::)6 • '-"-\_; :.' ...: . - .... _.c: m. g. a . l.t 1 -~ T) ·r 1000 . - nllcns 

. . 
~-1 •• ., 1 t• v._._ -

. 
--n. T ""'t "'t •..,... • 
• '- J - -

. -

:r.dch rc :-ese~ts intere"t 

.. ~ l ~7 ,.._0 o .a. • , t.J , ~v • i';'lc rc ,,.a.c ~· .... _ ' - v • .; ..a..;... CT:l 

.!. ' c. ..... .L:- • c:· ~ _::cc· -l-c i '""!C,... - r Co,..,.~.·· .a. !l'''"· -uch .....,. ' t • . .. _ __ ~.~~ ....... ..: -- 5 .... '=.. er, 

!.O ncre::.sc b i...he ci5ver.zi0n c! io ~ , :.o rever, Diversions at 

.; ic! 

· ·~e very inte::c.::tii:c. , ir-deed , ~nd :i th· slight rec.i• ctions 

tne:r ·.:au.. c. ~ !'lY e :- .· _lly ... ~ ·-c-: ,) - . ·;· • G t """ i:.O ,.:J.S...,J.On · i: ;~ :lS C .l!il 

s ince -~c ... -87 , nnO. of the secso .. al 

<- ~,;c:-~Fe of 5~5  c.cr eu~, abou 4000 acre fe . t ·,·:ere diversions 

f',..o.., ..... ..,.., , •• -- - - "'-. . ... 
l . . . Jl ··· · · c·· -. .. .t...... ·- -~ ~~ou~ 27 seccr.d feet. rccorC. , there {'orc, 

-··o .... ,. ..... 'O" ~... -- _,_ -. .J ' j c.l"tc .:o~ c: C:l\·crs :on possiblbilities either e.t 
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T:l C: J.itun or l. is~ion Gar c . 

In 'l'ahle Uo . 12 th . vuriou:J rc,.orvu tr:~ on the 

l' l VCr }WVC been flrl'L ngcd ln 1.. • Cl~ tj' - ln · u !J'f r • . t 

comb i!JU tlon:> or •lt·n:.: !'or de:v lo .'· c1 t , f;.! · ,~ !11''1' • 1' 

ir. e· ch l[.r. ' in r.: i ven w i. th l 'L... w ... . :t ·.: '· . t....ne , s·c • 

n t ylelti . 'l'hc i'lw .. c (Li vcr~ions of .• t> 

yield esti~ te for the 

on the record.s as contained in Tables ]o . li nr.( .. 0 • 7 . 

Tt.blc ~:o . 1'7 shows n to tel C:i ver -ion :..rin u t.l:c 

drour:;:1t • erioc1 of 35650 ecrc fe r:... t , 7:~1  t. c:·e feet of 

·- f' r h.:• h .. c •·'- ~ 

c cl~cc of 8 , ~1  ~ere feet of r~vl~ . .•• + .,..,. 
Toe. ~o~ - 1 or 

1.1 . £ . d . Since there :if:. s son:e o.~r: f' u ,·,·:- +.e1· fro.,.. C,,-J .. r· • - .. "' ...., G •• :- c~ 

;·e::::crvo.!.r 6urinr: this periou, ;~ . 5 r.t . f . c • ·.;~ s tnl~e:n ,..,.. +r"'c ~ .. l \I .. 

sufc yielC:. of the flume under pre ~ent conc'ii tions . ::i th 

the Ci ocol:. te siph-:m incre .... sed to ude:: ·Jc.'tc c·· -· ... .; ... __ · o ~e··L - r .. 1:-'c: I.J..&. v., ' .:... .. \ <;.. ' 

.:.:,he :ufc yield of t he flume systeJ~l r!OU1a CC incrc. ~eci 

C't • •. u or~t:e l.ll •.. . _ .. _·;::.~· o ... · nOLle o_.l.hcr re: .... cr7c2..: t t'Pe 

lor1er enc 01 the f_ume of course i:- e s::::eri:.it:.l to -:..1.e: 

opera '· . .:.on of tne £1 ur:1c • M.L ~. 1.· C'! the · ~ '""' .;;} J . J: Ln ,r, ~.- r cro .' J.S 

ivcrt~d during ·Lhe .1..'.r.te :. nO. sT r5.nr r.10nth"' 

llaurrcy for constant clrEft ..;. ,, ~ out .:..h u. ... ...u " e ~-c-. . :;.· . 

TIE CDYiJ;ACA FI..u· · 

One of tbc ir~ t c_ c:; ·cl on ._, to b 

n ::::chcr::e fol' tho cor.i rc :~.;i vc l ovc]_o ... ,r 

nd , . .: 0"' .... u • 

• 
~ ~ a :L •• 

, in 

. i •. l ....... , _.. ';. .. 

ic o 

\ 



river is 

it'l 
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·.;ht. ~ t.o uo · :i th t 'r.e Cuyumnca flume . !1' 

cconi.J .. -:!.c v:. lu muet be cor.u:•enstll'{ te 

of 'l£1cr: .t ion, f.![.lnt n 

.... to1·~ , c rm..1:;t be , 1" , j .... .. t tl1c hm·c. of l t, . If 

t. n~  01. d , 5 · f i'lc · c· t, 'l!t. t.t.:r b.Y so{ile o..~~.. cr L tilon mu:;t be 

1 • .. , ,, • ,..1 
.l .!1 •. l w .c • ! re. ·. 1t conz u::cr nt ~ C ' t COL. Cl't. lc .·:t th 

t i.l tiC .~ i' .!.l1ffi ·ro · ~ctJ.on . In l1thcr •,;or :; , t,' f' fl lliiC 

~.oul~ not be e~~ine, lf lt ·-s o1t iv·d its sol'ulness -

it should o::ke: .:ny for a more complete ~· nd econor. ic \eve lopn·ent. 

I :~t it should. not be discarded at the c;~ ense of less .,~ tcr 

a~ an unree.sonubly hi5her cont to its rcse:t ~trons . 

Jtnother question th t n:n1~t b •. · -~ -;:~ :'OJ :~ t. thC' s .. mc tim: 

is hoJ · est to ~ let t_~~ : ..1t·.:re inc. o:.:scu need~ of the 

To c isc:.'!.rrl ~e ... ,~lrn  v.. J.. .... c . e::.n to re •.1: .ce it::; ;· .... ter 
~ 

J..• t...:.!C 

•t, .. - · . ,.L.· · 
LJO :1. -r,~c c..l..c- . .~ c. -~ :.J.ns " ~ :.s ·r· tor b·· .z. "' ., cJ.· + .. • .... ... :1 v ~- v o~ G. n Diego ~d 

' u.l.'! • 

-. . r_c _ .. ,-,... .... -ro-... ..1..-·u .., 

V ·, r-.. C. -.. • . ,, . 
- j . -" 

T - -• ' I '- - - -C 

"" . .· J ·. . -.-
J - - • ·.~  '- ~ 

-.... ·"' .... .. • -+-..... ~ 

1... • U-- "' . I.J .t - ~ ..., v , 

t' • - •• ,..0 ..... ····- · ~ ... . , .. J.. -··-· .. • • J -·· ~ --- ..... 

Bt:t ii tn v. ;riclcl 

· tcr· ~ .. ,. , .. 
t_ - - - •' 

... lu:; . 
• U"l .L11 -i •• • - '., . . -~r lOOQ 

"'r··n ... ·~l· ...... .l.· on ........ n,; IJ .ulll ~·· •• '-' 

-:r.;ul::. brin& the tot 1 cost up to 

In 'l1n.blc !'o . 
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l t.. ···1. -, .. . 1 TI ., o~ -~ 
• e e "U ... U V\.1 J ~u ervlsor t l-,r. ..... city 

"'ys'Lt.. , lt: s sho·;.n the tot·l cos t of c,· , ci ";,y -;;: • cr ir. ::) -:.5 

to t.nc •·:ter fron t· .e Cotton ·m-:>·1 

. . 
]. •. I l . ... 

clt:~rc · · :.1 Jnc: ou El Ce!•.i ·: 'L( • · ; r.l(J . ., ;.. ·.n· t-J _:) . · ~ ' .; 

JCl' 1' ),.)0 1 • lJ.on ~: , i t . 
.l. . .. • t , • .l I 

C 11.< C J" . c.. "':.C " J v ...t. (; ' I ,.)LJ l./ 

f. l, .l.r . ,. . ' . .~ ' . <.J. 

j... c 

. .• 
' v 

' I • 0 1' l ,.. 1.. ·l' v.' l _.)- .... 

:.1 : rtc n or the .. (: fle ... r-~ .. l·' h 

.. J c . 
)# ut..1t, • 

. . 
T•'"' • "' -~ r r . ,.,. • rr, • •- ,... .......... _ .. " ···-- .. 

l!o . 15, cho·::s the co ::; t of t!1e El GEl pit· ! ~~ . tcr ·~ u:..·· ~  : · · t 

tir:1c; t'-'lo cost to th• pr .. . cnt lt:.r ec cm:::;··..,.:t.rs . ' . . 
:~r:c.. ~ ...-; 

:1ly 9 r.rl.le~ of 

so • •· !n p·n-.- ,.. ,,, 
.t '--•• J.. ;..;.w"" . ... • - -_. 

·.:oulu hr.:.vc to c :.lle from !!..l C:::pi · n rc~c!  r ... ir . 'ihi:: .lan, 

oe cieciC.e ~l.- .:  ln' r - ctic :: J.~ .; .. - ·· ·'nc.· r- ~ .... . c . .... ---- ....,_ . 

fo 2· the rc~ent fl:mc s;rstc::1, i" 

' ~ .  . u .• . 
~~ - .,1 ,... 

.... .... :. •• .J.. • - .. - . , .... 

, ,... · ,.. fc :1e t J. ·"'c' _..J .. .; ~. • .... 
.., - . Oi .., . ~. 

~· J·o..,.. · rt ,...,r .:.._,..., , , . • -; ." -·- - .~ ...,_ ._ ...... __ .. - ~ 

. . . ,, .... ............... , "n t · ..... "' :"l,..J .... ., • • 
~ .. - .... -· "'- ·--.. ' 

by all etc:.:ns should br;: hol- ns so·u·ccs o"" ... .... ·1- . 0 
.... ..., - ~ 1.. 

the s· rf'-lc -. sto1 .. , c rcscrvoi~·~. It . ot her .. . . ,.... 
"' H • .: :or :::. , 

r csponsibil.U.J for sec<:r.i ty or "' :.l). l.J" s: ·c •. 

s _fuc . stor .. -;c , 1 . ~ e .. . ... ·.:or~ . t.. .... •• v 

&econdur-; . 0on Vicente :~ cm tr llil or 

t l.ia CL.se , then, i:; out of t~1e c1 ucstlo 1. 

·:c 



Considcrlt.~ the ::.is""ion Gorge reserV•Jirs ne~~t as 

n!1 al tcr .. ··ti ·1e flume ~u l:; , t e~e "i".'Oulc: be ci ther the 

· · th no o+: ... er ·1 · ··:-: on the r.1· vcr, or the ~ i. • 11 lr1·r;c rcucrv :.~: .. ,a . u.u 1..1.~ ~ 

rc.;;l r .~ol:· ·.Ji th ~1 Cnpi t~n und ·San V:icontc t\:ms bu il i.. , as 

'l'hc mill 11 

rescrvoll" .mule' not .. u ·;or t 1-.. .ur~ o:.;c on ucc unt or t l..~ lo·:1 

·;icl:.. of 5 . 0 ... • ~ .  ., 'Nhilc t .1c lnrr e r scrv lr .. rlth Lhc .. 
• .1. • 1~ ,., .. ;1, ~un "1P1 ') ·1ouln uvl~ nn ·e .mter wlth r.: ct -r.es"' y~~ u. , ~~...., • • .1. • , -

.1!.lci1 to su_·ply t:u.~ flmne rur~t i~·. :J G .. fe yicll- J• u"ott lG . O ! .. • --; . d . 

:L11clu~  ·t.hc fl·.une diversions, bnt t:1e cost of ti:is :rater 

.:~ulc! be 5 . 13¢ · er 1000 t; !J.lo:!.; · 

(' . .. 
·- . ~· ,. 1 o::-

tr .. 11~ .,., .; (" ... ; "n ..,, ...; c.·; , . .;.r: ~ , .-:. · """" , --·...a.- ~..J • L.O...O.. . _... J v .. t. - 'v-v-' ' . r. • i ..... •) •. 7 (l ~ p . ,... 
..Jt - ....1.4 ...... • ;,) ·"' t;_ 

lO)J · · llo:1n . r•'hu' r .... ,.~.. !~ ...t. nn,1 t··-. 11 ~ COSt t·..,,.. "VC!'' e 
- OJ · •• ... u~ J "'-·-· J " "'· • · ·- ._ • 

. , .:. •• • ~ · • o't", .... ..,. o • ·r,-.t· · ... ·o'"' \1 vC_ J -L. 1 u:l ... - .;;~- .I. ' , .. .• _.J •• , • "' 

. 1- '.. ~ · ~ t Sc,.. .. o, ...... ·· ., · r:o~ ne ~- . --.- · c · -... - __ ._--. • - .. .t, • '-' \.J. W V-W-C..... 1 ...... ~ ' ' at: ~  f ~;.. .. _ ..,_ •• .. i·-.re for the 

~ 1 .. -r "' · · Pl ...., npn -1 · • 
J.. -\.-'.,···- -= .. _ , _ J · - • ' t.. ..... -

~- .. c;_._. s 1or 

-1 . " ••. I · ,,,......,-.,n ·n '1 ,cer>T n 
~ u. ;; ~ .... _ ... , ._. - • - .......... s:-.• r 11 .:; s~ .!..on Gorge rc:ser7 •ire , .. ......... .. 

~ - , ... _-.,.. t: c c , ccti :·~ to t . fl " f"' .. • • 1 1~- ··~·or.1 C.l!"'f of ... c - .. ~ .. - 1....1 - tl - tl 

.:_ YC 1 • Consequ::::.tly, the 

;:ol::tion " .... t· .e ..:.•I'oblcn ::.mst. be ::;oucht for in 3onc o·i-!1C-" 

o:: re .:;crvoJ..:· ..J . costs anc.t 

.L• v .,.. ·i .!. c ·" .L. n· · .. r o ~c. _ :: ti on of the - - ..• v.. • 1.1 -·.... .... -

-"-1··- . . ... , ,. ... ,..., .. , .:.. - :.. • u .. ..Ju- ~ "'· · .:.. ; .:. .... ·1· <.- .t.o t~ · I~ .. c c .. x,e of f··t,,,..e 1· ~  •• Cr"'" S - ~ ..,;. .._ IJ ..lo l.lv ! ._.. 1.1 • • '-' """- .;. >;. 'jl 

. r:ec •. :.: U ... .l. ..... v v 

• 
..... · . r :... i !,1, • • k' cJ· '1' r··u D "L'i.·u• ,,, ~ - 'ICE' 1' • ·'• •.J..- 1-41 J. '. V a; , - l J.' .w .. w ... ~ 

Pl~n upr 11 coJ.:' ~ for Flctchr;r renorvoir, flume 

1 
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eli vcrnionn uml the bic i'Jisnion Gor(;e lo . 5 rc~~ c r,roi:-, !::.n1 

"! 11 • • :.we !:. • ' cal J.~ for u co!1 •1.:t1"" tiil'cl:t . ~.. , 

! lr rw , uJ.r, ~· :.1 :,  ul: em; : 1 • • : .nc l:;r:: r. crJ ·i l' • • '"'C 
h.> 

or what t •) do ·:;lLh tho Cuyar.'!hca fur .. ·• 1 :,: nc r.1=;t ·ivr l 

sccmc to be Pl· n 11 G11 :. , \1' lch ht.s t. . ic t.tr:- t ot.· 1 C ':J. t itt· 

) rc.cticclly ""n cc_uul :i'lelu , but .. ltil 5 . c . ~ . • l~s:  ·: ~Jr ~u . . c~ £rot. 

t• C gr.:.tvels - unuenlabiy ~ · n ndv:_.k['C, bee:; ·::;e .:hr. -'.:, .ic '.Ot 

Ll~ 11 G" ;r al3o c~ .ls for the Flctc~cr reser ~ir .:it ! fl:ur.c. 

l !cr s lon3 , s o by exu.r::ini !1[ :. i~ feu t·..1r~~ in ei t~e - ;JlL r. , 

... 'lt'> ut - results will a;> ly to ~ot  pll·ns • Th_ cos_ r :. tiv_ 

t -ro nl..,n'" ., S •· ·• •o1 e en.., be t :; ::en UJ1 l -~ter . •• .! -u• a.J • • .... ~  

c.: 

These ~·lnns cclJ. f"or the bujlciinr-; o:: F1ttchc.r -?!'" ~nd 

the continued. operation of the flume , :.nu t u ~ 

c .. ntinuc the i th t:"!e 

a~.: ition of 4 . 5 - · .. • a . fro. Fletc: t. rc .. c:-v~ r , · t co.: :.. of 

cr ~  r ~.!._on·· 

9 . ~.~. · e 

yield of the 

4 . 5 !il . g •• ~t ru-: incre· se ~ cost of a..1 Ul'l:l':..l[- i.Ltc_~._ -t c 

·1 ·r,.. ' · •· • '.·es • ~v • • ._ - · to.:..r 1 
\. ·-

n • ~ • a .• t.r 1000 c ::.lons .. The c .o. · of t l:.is 1 n 

i-Pc:.nks for i t self • 1 

one-half of ,rh; t t :1c pma.Jine co~ t.. -o· , .. - fo 

frnm ,,:1 C nit:m or .is.;i cn Go·_ .. - c . 1'l.e '- · - r- . , •• f · - e.· 

· •mter fron Fletcher rc er1o"r. t L · ntt co"'t . : • 1 

•• 

• )...; 

• ·~ -

s 

., .... -• .I 
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c.lc-.~;: 1 ns t:1c 1 . 0 . ~ . n . r.L.re :rielc. fror. Cuyn.:v.cn. re ~cr·..roir . 

I.. 0 .J. I • • '• 0 ."'\0 Qt'\0 th vi:. ~ 1: . . .!.~ c_ .... t:. v v , v ' e a.nnu inter::st c:JC.l'··es ut 

c .. ~ for C"lV" ! . .~ . ~.e ... "'Dl'V vi_, .. ..... .. ulu" be ..,1.· 000 ... ~c.  nlus 'o/ - • ' J ,_.. oJ 

.).. . .. . t r y1er.:.. ~~ - ... 1 a m ~n cnancc ex:>cnscs , r:d·es a tot: 1 

• c.!' ·c - .,.1 ., 000 , .lhich, ;;!wn U·1_,lieCi :u:: i.·"'R t. tite 

s · fc . icl·- 1 . 0 n . ~ . r" . for ~. le..: l'eservoll' , sho;i:> n 

,, · l .1. 
•• 1.1 

. . .. 1, . . ! 
" ') • I • • ~.. • ou- n: rr··l Lo·~.,. - - · .. ,. .. • · ~ \ l··- . . .... , r the 

co: t • J C' the Fl t ... h· r rc~crvoir 

':1"' :. I • ~ • _o . ...... c"" .. or th' reb·1ildin: of the fl "r.t· , 1 wever 

. culo !. V G to Qe incl _e:" in t· ~ cos Ls of this ·n-o· o..Jcd • 

_ 1 en, :. s i : ~1.o ·. ·s : Tha cs·~l!:l.:!te · · n.i. co M· t 01 rebuildi ng 

.::-:,1e J'O • • ,.,o ; ~ - ..&.. - ..tl .,_ ..&.. .. ~ 

Lnnuul lntcrc . 
u c• .• _ ... C ... ..... on thls 

r o:mt . 
-...v • I • .:1 

, ... w - . 

Fle~c1er re~crvoi~ of ~~5,77 , cives :.. tot:..l 

0-"'r • J- ,~ ,_- • 
·~ I ..J~·: '-' 

.. - .. .. ~ . c . '"' . 

.., . . 
I • ~ I • • ,.... 

' -~-- J -· 

"': -: ; ~,...... .:..·.,... - ._ ... _ ..... u --

~·1~ · _. . ....,. ( 

.. 

:-er 

t:)t: l co· -~ c ·· ~elc·~ o:-. 7 => ~n r: ,.· 
~  • .. • .. - • J • • , , . ....... . , 

~e 10'"'0 r:--1 1o .... co - - - 'V \, .. __ J.:. 't.J . .4;:;;_ in, 

.J.• unm 

'T-'1e • ... · c~ -- c..- ...;, •• _ , -r,,c-
~.~.. J.. ' ~.~o the r_::e ... tion of ;:hc.t. to do 7li th 

I 

t~1e C··:r :-... ~c::. f .. ·J .. e- ~~ens t~ · e fron :.2n ccono ... ic st: .: ipo · nt thnt 

.. :.• 0 v. ~ .COl • ~ • - 'l f ..~.. · :rc .. ·. ~ ,. o,uo P. - ,e ~,.. ... .~..e  .. - ._.. .. - -· .J .., u 1' ~ 

. - ~ ...... 
•. [ . 0 1. ~ u e 

y fi --.anciu.l be.ckin ro: . 

-._ue- ~ion , ro ever, c· n;'!.ot be so simply and easily 

i ~ _-o!;cd of, . . · s -::.r.cre r.re :iiR..ny l !., .art· nt rnbles and related 

~ .; · ,~s ~! t :::u ~ t oe considered, the r.1o~t i .. or ~nt of ·::hich nre 

-fJ7-

'J S follo:Js : 

1 . Tho economic effect of Fletcher rc3e.r·toi:r on the 

r:1 c· 1 ~ 1 ·1 1 t'I · I.N am ·' .:1s~on or,~e r mtrvoLr.·5 • 

~ . ~ ur· ti v er 1 t..o or r~ .... t rv) ir [;i.. 'Jl': . c . I )(JVC 

tl:c prnv 1 beda of tho lo.rcr rlvor, s eh ;_ r: t } c Jt'lr: chcr 

und Bl Cu. i tan rose~·voi.r·::; , und rc.::Jc:rv lr • • .... nn:-;c 

grnvcls beds such us r.:· ssion Gor:.:c reservoir . 

5 • The greH test bcneficlul use t !!· t mi:--ht be obt··i;ca 

frm:l full development of the reEourcc:3 of t: c S:;n Dlc::o !.i·n::.·. 

.t;: . Possible e: ! ect~ of leg: l i c·: ~.;s no., or ·." r ! '"" .. ·-- ·- • 

C0'1cer ... n i . ., ' - .1.er . --·t~ .. u on the river . 

j ·-. !~s to the effect of Fletcher rcser"loi:- _n the ~delr:-:- r" J... - _ron 

El C~ it!ln end r~;~;cion Gar · c , the sr.fc ylcld ref.. lt_. '-!S 

r- • ., ., 
~ ~ ,.,._e J.' o • 10 shm: the cf.:. ect.:) ·roulci · e ·· s follo .:s : 

~ ,. Y lel: fron: the ri vc1• of ~ 0 M ,. d .... • • .. . !~ . • :i th the sr. · llcr, r_c." 1 . 8 I • e t:. e ,..., e 

c.nd ~ · 0 . : ' 

. , . ,. r 11n ~ncr .. .: SGa :r~c-o ~ 2 . 9 .. .; +.h t· .. ,.c ~~..-.11 • ....... -~ re .... r~r J~:- , 
• p . -

slze, m:c1 0 . 8 m. r- • • l . · ' ; .1.•1 +.:-n 1 · r ("'- · ·-- ..., ___ - ~ 

This retl:Jrlw.ble COL.Siderab:e _;nin in i.rcr_; 5,..L- :.·ielt.l fron v!.!C 

.;r~ter croF of the ri-ver cert.L ,_,, J..... o ~ b k .:.. 1 - b .... u o.J n ur c: ,-; r..c v::> t!'!O uil..::in· 

of Fletcher ci :m ru:u the continued oper. tion ... t~ f, o_ ~-~ ..:..t:rc • 

2 . Co:nparat.ive wC!'its of stor..: t c in tl:e u~l_! e~ ro lon-e_ 

rcnervoi~s r,ivc the u.' cr reservoirs a dcci ed :. u 
'l'l .1- • < 

v - ' 
. . + e l" 

.t. .,.) -

.. 
-- ~ 

u . art of the 6000 to 8000 .... ere £ ct 1 st ruu1~ 1 · 1 l..L.y ..i.:1 t! 

be f> belo ·r tlu·ot: h eve.. .or; tion ... n ~ lunt &:-rv· !th . T':c 

t-. ·~· V<..l 

i::-. 
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of t!1c u:;:H'e::, ·t!lils h::.s the effect of lo71ering the we. ter lane 

il t'1e,;c t.ravel ~JCds and thus red,mcs the evr.pol" tion nnd 

tr~ns. i.: t.ion lo~·ses . In ·.·wter 1 .:-!ed lnnu, the w:. tcr tulle 

often l s _o rwrer by dr.:-~ in: r e ultC.lOS and bjr pur.t inc . If th .10 [.:;1': v 1 

~eds ::ere r.~:t _nsl ve cno dgh in lenGt;, ~ ,· brcnd t.1 , the r .voul . l>c 11 t tle 

or no runoff rcm.ltine at t 1·cir lo ;er end . Huch t condition 1:; 

i'uund on the S, n Jacinto <mel Sc~ntu nrF~ ri tn Ri v r"' . Controlinr, 

-r.ce rmter leYel in the.; c b:..sL11s , then , is to lncru~r.c the t otal 

j·iel:i of the river , r..ndt!1er 1.:ndeniable ndvo.nt:lge ln f;,.vor of 

s. 

.... t..l river . 

The grent- st c~e ~cinl 

·.-.::t ""rs of the ri v ·r c uld be .,:.1t , ou~.d. be tone tic , of course , .. :i th 

~ro:  irrigc. tion necon.; · r.: . Dor.tc5tlc :.:so , however , i!'lc:.udes 

:.r~rt l:.:-. 1; _ert= ining to = civic life . 

:~ s it. !-~t:.:;.-~ · J.:.y ·::ill i:-1 t :~ county on account of L'rlcrensing dcm;;.nCi 

l . . t .. n::. _:u: • e( 0 .; nt o-:rr: rl.a. ~ 1 1·~ : -- - v- u-..c...- .1 ·ill be re·· chc<.l ·:.·hen the h t gh 
. . . '11 1 • ', • • t. h . . . t . ~ . 1 ·,-:- ve.i' - t-. "Ce ·.a i1t .::e cor.ce_ CJ.r...1. ~rrl. C:· l.On -J!~ . l. ... .L .l v . 1.0 a cr; e 

• 
ox :he San Dict;o riv~r nter is i~r :ely prcuestinec for 

onesti:: use ~nere is 1-o other -;;ny out or it . It mi ,ht huve 

been other ::ise i:.' r:e !14!d not r.u..dc t.:. Clu·i .... t~. · s ' res ent of the 
'0 o~ ?5 ,..... r' .- ot· ·rc..., .... : . .., ........ t .... -.. tot· (:_ - - .... . ~ • • ;. • • _,...,_ C-4"tl .. ...... 110..oJ. . .. e handful or · eople living 

i .:·. tmc Vistc.. . The La I-.ies~. , L._r.Ion Grove t-nd Spring Valley 

Irrit tlJn Jis~.~rict , . rc tl.c ~re~ent c.·mers or the Ct.J'::lr.'.:!Ct! 
. ::.:o 

c ..... ·~- e- - .. 1; 1 1 .:J,, ._ tJ 1.! , • --- : e the: ~n~ l : st irrig tion ·istrict over to 

;t.L. -,...t -.. tr. '-- d l ..; _ :':·o:: the Sen Dic:;o River, r.nd if subdivision units 

' 
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~ d urbtlll croilth continue to lncr a::e i i thin the di~trict L..S ! l.! iJir~~J 

ns they arc r,.i., re~cnt, the lrrip;c.tion lZC of ::r>tcr .rill dCC!'C{l OC 

: ccor·ll!1ely . Th:...t io , lr n ~; i:t t he dic:trict :.o~1 · ~t r .r: te:. r t 

. lt•rlp•tion rt: tc::, ,\ lll m tor~t ttcr.l1y Lc tr:·nr:f'cr e:.., to r~ or:c ~tlc 

l'lJ tc~1 ;Len they arc ~u i ui vlilod . F ll:r fiO;: oi' tlL c;.:_ ecte,-

f Jturc cro~·tt  of Sun JJ' ·~o r:ill be locutec oct .. c, 11 i · ·t L~  ..J.:c o 

und Ln t.1c~n , anu to t i~ sect:.lon , thr:n , ·uill :_o 5':( 01' 0· ..... i !'.crc· __ 0 

\'itt ter supply . Unuoubtec.!ly the s~n Dlc r- o 1·- ~ ; ... .. . .. t:. 

feu::;iblc plt!ce from :7hich to obt· ~n tr..is T tc:; · 11c: i.. ·'" c. l:"' 

rc::crvoir site of ur ici~;nt c::.ev· tion to f · rnish e ~e·: i t · .. 
Su..J:ly is at tl e head of the flun:c • 

d .. , .• r ~~ enl.~ -C ev~ucnc : o thG need cf tr~~ rc:c~v~:- • • 1--ar.a t. •. c 

rcj·1lldL11.; of the flune . 

4. The present co'..lrt ~ctior. c J •. cc:· .. inv -:..:· -. . ~t ;.r .,..: . ·t,e 
\,1'\; - -'- -- • ~ 

of the Sen Dic,:o P.iver cc.-n h:- ve b:: t one , o!· n~s i ::; t-:o 
'I • '"• • t ....r-: .~., , .. :- • , , r ,. . ___ ....... ..., . __ ' tJ :;hon bclor.. ·s t!.c richt ,., • • 1 . • • . -~, - .,e c.·• co "' .... _..... Ll.- (; .oJ 

. ill 

Cl~- o~ Snn n·c~o be o lire~ +.o 7r-' ·r. -,re"· . , .~ c· .., ..... _ -- '-' \: - ...... 
A. • r.c·· ~- .. s.:..e.., .... ;.. - ~.. "" -· 

Con(ii tions tl~is cou• .. +. •c+.;on .,;11 .,..,o -> .. "' ... cc... · n ~ • ..., '- _..... . : ..... - A o V • .J. - v ~ J..t. 

t ;.c ."'r. ~ nt of .;z.t.cr t -;;~-.ilu l  L1 the· ri7r r , •.tn,_· t• < !1-

nnn are~ ·.i!1e:::e this w" Lcr :ill c ··sed - t:·e~e c ~-- .ii tior..s c !·c 

. , 
"':1e 

r;rc~ine  "s lrc~C: : ::.e;nti~!!Cc.~ . If ··he cit ·::i1:s the co~.::t ~eci ~i~n 

i:.o all the \·rater in t1:e l'i vcr .. nu then see::,.. co:"il:lete ~ c - · ~ o - ... _ 
:; the lnr~e :.>tor<..r ..,. ; ,.. t' • • ..... • 011 01 .~.. 1 • · ~ ... ~ • ::J..;~ .. .. • ' ; c , .... c (; r -, 

er.st or the cit. r ~!. i..!l i ·i;.s l:1crc:t s .:n!: 0 cn::nC:.s _.... ' 
... -

not thus be ,,i d orr the ::mp. I ll~ • '11 .&. • .1. •• ey .~ c . " .uc 

tnc rL3t of the city ~ts on · of il.s ~ ·ts - ill" . n,.. -, • "' ... ~ . 

' ~ ... c • • o .., ' c: ..,· , 

-:;ill 

.... ~._ . - . 
· ::. ~ ct .._ 

•• • ... 

;' th 

l' .. 
tll-

. ct· • •• 
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.. · s been zho .. n th t the mo;.)t. economical plo.n ·for providing this 

.~~t--: :- iz by ~!.vit.,r i'roo tho upper river . 'l'hc economic necc ... ··ity 

of t:u::> J~i! ~nt. re~e-·v ir is in no ::z:;r cl'fectcd by the lo.r:;,~ Lt . 

The s. ! ~ d of vhc nctro .o.l.i ten ar ... : oi.' the cit; ew·t:mrJ ost.!bl i · h r 

• • O:,)l tiYc C.ei.~nci for t ;- · .. devc1o. ment oi" t.hc up cr rlv'"'r , :J n~ 

ulso thereby inc:.:·l3nsi :lf t he tott· 1 :r i ld of l.hL: ri vl; · by ov·~_;l  

• r. - ,"': ... - • !:;, • u. • 

~ vint; conslde!'E;U this f :UL\0 ue s tion fr\'lDl CVCI.:· .'OS ·iblc 

1 · ... · · th · 1 · • t r · .~. !l~ e , J.nC.J..U:' ~n:: e rl. -_n.s ·lnn re ~.. · -· ner. s o :;."'s resc; ·t, 

.:utr.:> 1s, t .:c r :.Fht ... ~ lc.. ::cces-..:.tics t o the river o. ter of thr clt.f 

a. 
-~:-~ C·J: ~ C .: ~L::  tbili uJ en~· r.cce .... si t; · or 1 ~~ .:..er "Oi:· : t t:!r he,·d 
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CI'l'Y OF SliH DIBGO 

OPE.h.N£ IHG DEP /ili'l'&iEllT 

COS'l' Of.i' . ·• '1' ,1'{ 

Tcblo l!o . 14. 

(All v·!luc:J bt• sed on l c tu: 1 J a~;s u:;c ) 

July · .0 , 1Cl2G · 

Production 
Purchuse 
Pur ii"ict tion 
T:cansmission 

Cotton1roo~- tuJr System 
San Diegui to System 
Cuyl.!tlD.ca ITater Co. 
Llission Volley f>u;tpi ng 

Plunt 

o~ls & Avernges 

Distribution 
All sources 

Coc erci~l Exuenses 

1~11 sources 

ener~l Overhead 

All sources 

1925 Use 
Thousund .. 
of e~llor.~ 

3, 652, 562 
618, 279 
170,651 

251 , 956 

4 , G75 , 451 

4 ,675 , 451 

4 , 675 ,451 

4 , 675, 431 

r\. [ ·; .. c - ,. r•.' 
• • • .·· - ;.: , u •• _c 

1nit Co~t 

Cer. ts 

1~ . 7 5~ ,  

29 . 2 180, 675 
14 . 7 ~5 , 8~ 

J' ? -:: , _ 10 , 5,8,2. 

16 . 1 7 ::::0, 540 

10 .4 4.88 , 971 

o.s sc ,:7s 

1 . 0 50 , 000 

2s . ss 1, 5~e , 8  



~ le J o. 15 
-7 ' -

. o·: tiTY r-; r.l~ . n ,, Tt..,. l n"8 
• .t.. __ :...;.J_ '·""-' ··-· !1...:~ .... - 0 .::1~ .... 

0 . 1, 000 c 'bic feet 15e )er 100 'tO cu. rt . or 20 . 0¢ per 10)0 enl . • 

1000 to 3,000 II II 10¢ per 100 It II or 1~  1/5 ~ l · 1000 L .. 1 . 

l:..llovcr .;,ooo II It CJ per 100 II 11 8 . 0 I~ per 1ooo c--1 . • or 

0 to 1,000 cubic feet 25¢ ar iQO cu . ft . or .,~ 1/~ 'r' 10'""'0 1 ...,.., v P'='l' u t a. • 

1 , JO to : ,ooo It II 15~ !IT l JO II 11 ~  .o ~ 1000 o:r -ocr ,,. . .,1 . ,.~ - . 
' 1 I OVCl 5,000 II II 8,.. 100 ·- • .. cr II II or 10 . ! " c cr 1000 ,.., 1 

• .. ... t...\.·- . 

• 

.. 

• 
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T" blc .!o, 16 

C Li~ i HI SOH Or"' 'i'.:ELVE BL3T LPJlS ON J'.J: C. J~ rU .•. , I: 'G 
Bi\SIS 

Plun 

G 4 
G • .... 
I 4 
A4 
H 5 
11 4 
F 2 
E 1 
c 5 
c 2 
I 1 
D 2 

Tot• 1 Pwn ·eel 
Yield 7/<!tcr 

m. r: .d. ' • m. ·' . 
?..C . 6 .. 

lJ 

25 . 6 5 
25 .0 c 
24 . 5 5 
')4 t) ·- . , .... 6 
25 . 8 6 
2?.i . 6 rr 

lJ 
r-•· 6 .. 
~v . \) 

23 . 6 5 
5 .~ 5 

').... t) .... •) . ,._ 6 
25 .0 5 

Tot·l yield 
,tith only 
'T • .. , m. ~: . r ... • ...... 
urn~ cd t~tcr 

l1l . ~: . d • 

26 . 6 
25 . 6 
?.2 .0 
22 .5 
1 . ~ 

%0 . 8 
~ .  

2::> . 6 
25.G 
25 .4 
20 . 2 
25 . 0 

TotDl !jtore.J;c 

J~c . Ft • 

51C,497 
51~ 1 15C 

5:~5 , 1 
.,..8,. lr'1 
~ ~, :>_ 
30£ , 795 
366 ,o:.s 
257 ,050 
?7? •.)7r - ...... , . .., 

254 1 G8C 
, , . . l·"'e 1'.- t:. ' r-
5241161 
272, 566 

ot~:. co::t 

' 14 , l ~C , 000 
L: 1 rJ:.J5 1 900 
s , ec.~ , 'JOO 
7 ~5 900 , 1 

I. ,COO , '):)O 
C1 053, 'JOO 

11 1Js:, ooo 
1~  52( , 900 
1 - , 5€· ., GOO 
1 r. , ss.~ , 9:JJ 

€, 371, 900 
, .., 9 f.'.<!. 1"1 00 _._, 1- _,OJ 
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C !.iPRl~ l. SI  ~L P 11~  
BY 

'l' .t.\TY-JINE ir lt1· .t~l: i  PLt.llS . 

To cccon )llsh the nurPone for r:hich this r eport - . . 
·~n ecn r.1• •· .c, :hich ls to obt in the best plo.n for the compl ete 

cievelop:..tcnt of t.he entire river, cll o~si le rcscrvoirn tore 

arranged into vu ·lous combin:' tion::; , ··,ith chan c~ ~llso in the 

ca!Xlcit...r of ct ch rcscrv-·lr . In nnch c1se tnbulntions were 

.: re ~recl ,,ho .. i.n l~eservolr spills ~nd remL inin runoff for 

the lor1cr res rvoi.rs cont""'ined in the plan . The r;bole 

O!JEr:-..tio!l calle:l for a m··ltiplicity of det3il 01 nd nrfe 

yield stu· :co,} , .:hlch, nevertheless , were .mrkeci out for 

e!~.c:: lan . The results n3 cont~dnc . in T:1ble I.o . 12 , 

nre believed to be n-the;'l'".ticnll:v- corl:'cct ~nd 

l'cliub:l.e, the snilc ~.sic c~r-. t:-. bci!l , uned t rou.~ out us 

r,i~eu in t.us r art . ~ st"Jcy of tl c river naci.e ir. this 

.... ,y .. ~ ' nho·.llci ir.ciic · te ::ot o .. ly the o-·e•;test pos rible ~; _e i d 

frm.1 "' .. ·: ri ·;_ r d1~ Lo:-: it i:; best uevclopaC.:, but .,, no it 

sho:J.{ i:::tiic te t:tc eco:l ol:"d.CZ 1 _ :! C~ - rc f development, SO 

. ,~lie: tion, Jh:;te dld the co: tl:r ch<::nc-ing of : l~ns 

cr!ll l.- · voided . 

~etcils of the3e 29 different plons ere con-

ta ·ned in the nine sheets of ~ lc No . 12, ·,·;hile in Table 

Uo . 13 t.1e res"Jl ts have been suni ~ri ed and reduced to unit 

co~ ;.s for rc ... ci·- analysic . The 29 ?lens have been arranged 

under nine c;ener'-- 1 he·.ds , lettcrea from 11 A11 to HI 11 , ench of 

the nine vl~s c~llin£ for a certuin co in~tion or reservoir3 . 

Ir.. c::rs i ~ln~: these pll.:.ns , the process of selection anci el'k-d-

r.ntion has been b"'sed on the follo . .-in;, points : 
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1 . Totul n o~nnt or ct.fe net :rield . 
, TotE!l storage • •• • 
- Cost, unit ancl total, De 

1 . Gcor,r phlcul dlGtrib t.ion of rc-c ·-·- i·, ... -~ -. - . v. 
5 . Ini tlttl dc·felopl, n1.. . 

·nw=.;c five rcnulrcmcnts rc.~ ! t ·cnt th-:: ~ c ~ lcs L'1 

hich t !1c dlf fc·rcnt plt!!H3 ore to !)e • clp;hcu - • .. # ·L " ,_ 

nuty luck in on~ rc.~ o~ect it may r.!l!.:e: up · n t~r:ot cr . 

The t ·.ml ve plc.ns -:ri th the : r :. t eet I·o .J :.!ctior.~. 

have been reduced to an equal bv.sis us rec~r s ::,:.m: :-cd -::·~ tc1~, 

and the results are given in Tvble Ilo . 16 . Th,..,. ou• ,.. .:.. - ...., ,.-: r: r <,; \J ... • • • .1. •p 

fact in this t .. ble is the continued su r;eriorit.-r of Pl .... ns . .. 
IIQU 2 and lfQU 4 . Plan "H" 5, on cccount r;f it.~ ~- l .L-e v--b 

reservoir, sho-Ns the cheapest unit cost cie7elor.::lel!t of r ;rt.!--_i~  

on the river , but must be eli:nin· te:a bectc sc of its lo:. -.-iel<.: .. 
nnC. because it does not take Cc re of thE; Cuy ·~c·· fl::."1e r . -""""' ... 

in the most economical ':w.y, the ~ ::-ce ... ~it:~ for -.1:.ch : s beer. 

e:i:plained a t length. Pl~.ns 11 ~.11 i . " .. •u "nci 11D" · ~ r o ~lso - -' .. ... ~.. .. -..... -
cli~unated for the same ~c~sons • .ui .,n.,. t 7 11 1 11:-ou ., • ...,d 

·- a.J - _, ..., ... - ·· 

11 C!! 5 arc elinin!.! ted on account of CO-·! ar .... ti vely lo:: :,rielC:~ 

ut high costs . Plan 11!11 1 is elirdn::: teC. on nccount. of 1=>:7 

yield . 

Of the f::mr rc:;;w. ir.i""' f,: plu.n::;, nru ~ "!!'} ,- ".'. " l1 

look very uttr~cti ve indeed r.s to lo~ ··ni .~ co::; , •ot 1 

outl· y of tio~ey, tot· 1 stor:-~ r.e ~d roc'i .t." .on . But ·: _ey 

7000 nero ... ar: ~ e."=·i.cn ·inr up :,o L· kcside , 

- .: 

attention in tl.c di·1ernms n ~· ;ms Oecn .• \"C •• ~ .:! C'. 
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t. e poor econo~r of this re.3ervoir as com arcd rd th the 

s~lle1 reser·1oirs, t:!ese tro ?lans also trill have to be 

'· d · I t 1 or··,.. +-o ret:·.lll· t e~e plnnn on ~sc ~ cu • n o .1cr .. "' o..1 , ... -

uccount of their lo ·: m ·t cost., ;7ould 11ec.n to sacrifice or 

: asto over 1' . 5 .:t . f . ri . of \V ter out of t!1 river, whlch 

'-' • 1 • ~ s~ved by bet.ter stor .: ge on the river . Ov.:1C- J.S ~ CO -C. 

MOST FELSIBLE C ~.:PL!J .l l!: DBVLLO P!,tFJ~ l  

I Pl "Gn .,_ 11 nd nGn 4 is fot:nd the mont n :- ns .. 

easi~le, econo~d: uno conplete de~vclo~~ent of the river, as 

they . reduce by far the greatest yield , huvc large 

tor~ e , the uru.-:. cost, uhile not the: lo~~st, is moderate, 

t~c :eo r~_ hicnl distribution of sto:::age could Lot be 

better, c.nd the buildin o: the t ·:1o sm:1llcr re.Jervoir!: ir~t 

.. ,....~, -
•• ...,u_ .L"h • • .L • 1 ~ 1elo~!tent here -:'o::t needcc..,_ ,:'lnd at the - Ce v •• e ~!  vl.f' ae _ 

cs~ t .. o pl;_ns re i ·e:-:tlc::!l c~:ce t thc.t fiG 11 

4 c :: :i.ls fo:- """ 100 scco~d fee-: ~r .. ~1 le~ ·:.in~ ro~ El Cc:pi t~.n 

~ c::c~:tion~lly l~;:c :·ield ~ f 25 . h and 26 .e 

" ~ r r_ ,~ ~-de ~ossi le ~J- reservairc of oost e~ellent 
-·· · '-" · .. . - ~ 1:' ~ 

• 
ev·· ?O!·- tion ec.:>::o::rP ~d by storaee above the gravel beds , .. 
-;;her e it Lt s been sho ·m fro:n 6000 to 8000 ncre feet of ·.:-ater 

ot crr:i~e ·.:o'Jlcl go to -:~ ste cr.r Lially. By co:t.r>lete 

nn· ~ cortrol of these grc:.vcl beds it is nossible 

~~ to increc~e thi5 yield by 1 or 2 n . ~ . d . 

~e totu storuge of ..:54, 000 und 517 , 000 acre feet 

r- _ .-; ·1·.- ~o:.L-:: be iz:crc· se~ 42,000 ~.ere feet if necessary 

07 ~1sir.  the ::ission Gorge d w 20 feet to elev~tion 550, 
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unc1 ·;iithout excessive flooding of the Santee basin, as is 

seen from the 350 f oot , contour on the mep . This would 

·lvc u to·W :;tort.ge or ' 86 , 000 nnd 559 , 000 acre feet . 

ahilo th ., o w ou ~ t!y o ... t +··1 ~1 ~ney cullecl fo ... ~ ~s 

bl .L."1... ... quito u sum, the unit cost 13 Ver"J re: sonu c, ··n 1a; 

expense ls more than cot:tpennotcd by the unu::;u:_tl 1•dvant.:.:.Ee:; • 

'l'ho C03 t. in Plun UGII 2 ls 9 . 62¢ per: thouse&ncl ev.J.lons or 

~~175 , 000 for each million gull on~ dnlly , r:hile ln Pll!l1 

non 4 the cost is lO . G5¢ per thousand g-..l.!.ons or • 5:51,000 

~or each million gallons daily. 

The geographical distribction of the reserv~irs 

in ·these two plans ~~ es it possib. e to overcome ton laree 

extent the losses from the cruvel beds , at the samo tine 

leaving sufficient runoff belo;·: El Capitan and San Vicente 

for ordinary rep e~s,~en~s . F. - ~ l . · .... _ · The geo r:r.r_ ... _".l.1l."ca_1 c.J.·~tr; ~.:tion 

a.l~o is such that the ma."drJum ~rn.vity ·nrter is obt:l.ined from 

the river, nuking it possible to plc cc tri.s ·aater by 

,;ravit.r any-;rhcrc -;-:ithin the city ol~ in the suburbc.n district 

to the east . 

The lnltial development for these t~o ?l· ns 

would be the two SII4'1ller reservoirs , Fletcher !!nci .,"i· .. s ion 

or ~ , calling for n to~~ outl~ or about v~ , ~oo, ooo 

~t  ne ~, probubly a diversion dnm ut El Capitan, 

follo·:rcd by the Sun Vicente rcservoi r ~ Then evc:1.t~ ..lly 

uhen neecled , complete development at Ll C~ it£n . This 

· ~.. 1 uld c se "'"he e ...... .. ,o .... nse program, consu.uu.:lg sever· ycn.rs, wo :' " 

burden, cs · ecinlly if the initial c.levclopocnt "'.t .o.Jl Ca i t-::1 

i~ confined to divcl';;l on . The .buildinb of Flct~ r..r ci\.lm 
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should !'lot mc.terially reduce the runount of these di ve1·sions 

. ~ it \ oula spill n~erl:r every y .. ar and there is 86 square 

111ile::1 of r ood C.rtd.n .... p;c urea between ~letc er and El c~ pi t un . 

The bonds alrcndy vot,cd by t he city for El 

Cnpi tun a r e :Jttf'fic ... !'lt for the ini ti~.l development of tho 

diversion dura unf1 t:1c ljission Gorge do.m . Ve1y little money 

r.ould be needed for t ~ddi tionul pipe llries . Floooin;, the 

ou!~ @.iles of El Capit&n pipe line in Uisnlon Gorge !OUld 

do no b.nrm, o.s submerged lincc often ere used . This !l:Ot 

of tr~ line could be moved, hoNever, if necess· r,y . 

B:·:cept eventually it muy be i'ouncl advist.ble 

for grc ter t: rc..~e to build t he El Cupit!!n-San Vlccn t.c 

pipe llne, ot cr-.Ji~c none of the ·:u: ter under this development 

rill b.::ve to be tru."lsf'erre.: to sccor.c~. r:r storar:e, ot her thrm t o local 

distribution reservoirs . A bi& :-escrvail' like ?,li.ssion GorGe 

for ln: ~-n::c , or ~: ::; .a ::, ·:! ~ld. be c::cel i ent for it:1poundinr 

t · •·· o ,.:; y~ r~ to be lo ~;ercd ~J L.!.' • . vit;: later to wn ~~ Ln ~- o~ ~u , ~ -

It cert: inly ;s too bed this cannot 

be uor.e -:d th t he bi;; llission Gorge reservoir . ·;urray 

rc..,er·lo · r , of course , vo"..lld lu.vc t~ "cc opera tot. in conju.tl. ... tion 

.. , ·..L;, .. ~ ..... Fletcher rc~~rv. ;r a nd t~e lun~ • 

~e de7clop:mnt of t h :: e f ~ur fine storu_:-e rescrv.:>lrs 

on t: ~ 3 n Di ee;o .t-:i..,er , the mo - t a.cce~ si le to the city of uny 

i n t .:c cocr.t ; , .ill pr ovide e .. :cellcn-'.:. stor.:.;.:c fo.cili tic[; foi· 

•• ! '"'T ._ ._,\,; ....... ·-. . 
-~.; ~ c~·~ ro~ the CJlorado 

. . 'l . Y"' l .. r ""\H ...:. c S· n n.l· c ".l. • .1.0 , r tC r - ·~ nd ~- crs~ .J u ..lloo \11- '- • .J ·.,.... \.1 •• .... - ... . . .... , 

.iYer, or for 

'J!" from the Se.n 
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avoided .1herever possible, as the city will never have 

any water to trade away to be used outside or the city. 

AJ 1.. four or the damsites in question have 

been investigated by experts ih the past in great detu:tl 

and pronounced suitable for dams. There may be some 

argument es to the most practicable and economic type 

·. 

of dam, but this occurs with every development no matter 

where. 

REPORTS BY H. 11. S. VAGE & J. 

There have been excellent reports in the rece~t 

past on the San Diego River by two foremost authorities, 

the first by Mr. H. N. Savage, and the second by' Mr. John 

R. Freeman, The recommendation by Mr. Savage \YC.S for a . 

single reservoir, the large lJission Gorge No. 2, with 

which Mr. Freeman concurred, but rl th the addi tiono.l 

recommendation of San Vicente, El Capitan "many years 

hence," nnd a second dam in Mission Gorge at the No. 5 

site to partia] ly offset the ···nste or the shal 1 ow 

storage in lio. 2, which he called "eA--tremely extravagant". 

In this connection he sc.id: . "The great drauback (to 

"ission Gorge no. 2) is the enoroous aste by evaporation 

in a reservoir or 10 square miles or evaporating surface 

in a lond or little rain on the r eservoir surface. 

Four feet (or eva o~ation  in depth in 10 square milea ' is 

equi vs~ent to about 25 mi 11 ion gallons per day. I 

ecirnestly sought means for lessening this ~aate ~d this 

led me to the San Vicente site. After one ha.s worked 

out mass curves and tables of cocparative yield for 

Mission Gorge No. 2 and El Capitan with reservoirs of 

equal capacity at each, there e.i'e fot.md results that 

at ·first view are unbelievable, in which, for example 

the project having more than double the tributary 

drainage area is round producing the smaller yield; 

simply because of the vast~ greater evaporation in a 

shallow reservoir of about 5,700 acres compared with a 

deep reservoir of 11 500 acres. Because of depth, area and 
. 

steep rocky shores, the San Vicente is the best reservoir 

site of all, and Mission Gorge No. 2 the poorest reservoir 

site of e.ll. 11 

In spite of these positive convictions, however, 

Mr. Freeman recommended the development of ltission Gorge 

No. 21 but advised "'lllie imr.lediate purchase of the San 

Vicente damsi te and reservoir lands, 11 and later a dam e t 

Mission Gorge site No. 5, about which he said: "This No . 5 

site is uncommonly favorable for building a high dam in 

hard bare bed roCk and exceptional narrowness of gorge, , 

\Vith remarke.b:cy smpll loss from evaporation because of the 

re ar a ~ small area or its canyon reservoir and its greet 

depth. The time will surely come when such larr;e loss by 

eva or~tion as is caused b,y the 31 700 or 61 200 ncres or 

Mission site No. 2 must be econo i~ed.  There is no question 

about tha soundness or the conclusion, but because he con-

sidered the high dam at Uission Gorge no.S too mcpensive, 

·he recommended the development or Site No. 

. 
• 
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dam and enormous evaporation losses, whiC?h he sought to over-

come by building three addi tiona! dams, namej.y 1 San Vicente, 

E1 Capitan nnd later, at Gorge Site No. 31 so in the end, 

the economy sought in dam construction proves to be just the 

reverse. Or, in other .ords, the best ultimate development, 
. 

uhich is hat we are striving for, ·does not call for a dam at 

Mission Gorge Site No. 2. 

The curves, diagrams and safe yield studies in this L . 

report, as · ell as in those by ~. Savage and Mr. Freeman, all 

show that a reservoir at J..lission Gorge Site No. 5 develops 

4 .0 m.g.d. more water than does a reservati at Site 11o. 2 

bull t to the same contour elevation. At 10¢ per 1000 gallons 1 

4.0 m.g.d. is worth 1461 000 ~  whiCh is 6% on $2,455,5351 

or.S% on $2,920,000. That is, this increased yield or 4.0 m.g.d. · 

is orth from ~ to 3 million dollars, and as an extreme 

value, 7ihich r. Savage places at ~ million dollars per 1.0 

m.g.d., 1t is worth $4,0001 000. This·$4,000,0001 added to 

the cost of' a dam at site Ho. 21 should be amplp to build the 

safest kind of a dam at Site No. 5 up to the 550 foot or even 

560 £oot contour. Ur. Free an~ estimate of the cost ~  an earth 

and rock fill dam at site No. 3 up to elevation 5651 w!Eh is 10 ·o~. . . 

15 £eat higher than necessaf;y, is $4,756,5901 or slightly more 

than the value of the 4.0 m.g.d. increased yield. His estimate 

of the cost or gravj;ty concrete dam at Site No. 2 built to · 

elevation 565, is $11 275,000,( The difference between the' 

estimeted cost of these twv dams is $5-14811 3901 or over ! J ..L .au~J:-.;t .:;;J 
• r 

dol Jars less than the value of the increased gain in water . at 
I • 

Site No. 5. 'Xherefore, the superiority in economi and 
. 

advisabilit.y of Site ~o. 5 over Site No. 2 is plainly evident. 

· Plans uan 2 and. •G11 4 were chosen as representing 
• 

the best complete developnent ot the river onl.y after a 

thorough exvm1nation ot ·all the conditions. These twe plans 
! 

overcome the enormous ~va oration los see or Mission Gorge No. 2 
. 

reservoir, which so upset Hr. Jreeman, they include the San 

i~ente reservoir, which he hig}l:cy' recommended, they provide 

reservoir storage at tbe head of the nume, which has been a long-

·.relt wnnt, and :f:inally they proVide for the development of E1 
• • ,,; capi:t;an reservoir, which has been the great favori1e of so many 

city officio.l.s. 



My dear Sir: . 

At your request several months ago, I undertook to 

· gather s11 the available data at 'IIl1' command pertaining to. the 

water resources ot the San Diego liver, both as to runoff' 

avnilable for reservoir storage and as to contents of water 

bearing gravels. From this data I constructed curves, . 

diagrams, tabulations and safe yield studies, atien~ 

. 
ttorld.ng out tlrenty-nine dii'f'erent plans for the complete 

• 
and Ultilnate development of the river, bearing in mind the . 
three most important essentia1s or greatest total yield, 

l0\7 unit cost and accessibility or stored wa.ter to service 

areas. 

As a result of this work, I discovered that the 

greatest yield cannot be obtained from the San Diego River 

with one reservoir, but that four are necessary f'or this 

purpose, namely, ~ Capitan, San Vicente, Mission Gorge No. 
. ~ I u ;.E and a small reservoir at the head of the Cu;ramaca nume. VJ-1- • . . 

The uecnlinr conditions that make this combinntion of . . . 

reservoirs n~cess y are as f'ollo:wsl 

:j.. A reservoir in Mission Gorge large enough to . 

control the river liOUld roduce~ . .d. less wa:ter than · 

the combination or reservoirs. f. 'I 411·f· ~ .. 
2. The storage at E1 Capitnn iB limited to 1591 000 

acre teet on accotmt or the Cuyamaca nume, and1 therefore 

5. A dam at Mission Gorge Sito No.- 31 holding 

from 44,000 to 90,000 acre teet is necessar,y ror complete 
. 

control aDd development of the river .• 

4. Investigation of costs and yields proved it · 

best to continue the present gravity supply of the Cuyamaca 

flume service, and this calls fQr the development of the 

Fletcher reservoir. 

This combination or reservoirs gives a safe 
• 

yield or 26.6 m.g.d., 5.o ·m.g.d. of which is' pur:1ped 11ater 
• 

from the water bearing gravels. 

·. 1'he unit cost of this water is 10.65# per 1000 

gallons, exclusive or the yield from Cuyama.ca Reservoir 

and the flume diversions. That is, water from the new 

·· development would cost 10.65¢ per 1000 gallons · at the . . . 
reservoir. If the transmission, purification and distribution 

wk:clt 
expenses in the city 1 i mi ts are • addeq., sed:li costs average 

about 161 per 1000 gallons, according to Mr. ueste~5 i ures 

aa the present cost or the city or San Diego's \Yater su ~, 
. 

the total. unit oost of this water would be about 27¢ per 1000 

gallons, or a little less than the cost Mr. Wueste shows 

for the vra~r from the present city system. This water then, 

could be sold on an even basis with the present city t7ater, 

'and ro a ~ a little cheaper on account or shorter trans-

mission lines. 

I feel confident the estimated yield from the 

gravel beds or s.o m.g.d. is quite conservative, as this 
. 

is e~t tc? include the Mission Valley- basin as 

\ 



upper basins. BUt it must be remembered this estimated · · · 

yield is for a period ot 9 consecutive years ot protracted . 

drought, or the same conditions under l'lhich the sate yield 

or the reservoirs was o tei~d. During the ear~ period of 

development, however, before El Capitll!n and San Vicente 

dams are· bull. t, the gravel beds should yield more than 

5.0 m.g.d. and their development should be one of the first 

steps in the program for complete development• That is, 

the initial development should be the building· or Mission 

Gorge and Fletcher dams and the development of the gravel 

beds, and next, diversion at El Capit.-m.' This program 

o£ initial developnent tdll produce l.5.0 m.g.d. or c e~  

water. 

These gravels, therefore, represent a valuable 

asset as water storage basins. They represent at least 

11% or the total yield or the river, which, applied against 

the tot£1 cost of this plan o£ development o£ $14,126,900 

would make their value '$1,595,252. Or, at the rate. or 10; · 

per 1000 gallons their estimated safe yield of 5.0 m.g.d. 

~ould produce $109,500 worth or uater each year, which sum is ' 
d - . . 6p on ~1,8 5, . Therefore, it can be' truth.fully said that , . 

eventually, when developing the ultimate resources of the 

river, the city can afford to spend from $1,5001 000 to .' · .. , 

$2,000,000 on developing these water bearing ravels~ Mr • ., .':: 

Freeman, in his report, suggested a comprehensive and . ' 

quite reasonable raan for, doing this. 

Cuyamnoa .neservoir 
Flume Diversions 
Fletcher ~servoir 
El Capitan·· Reservoir (a) 
San Vicente Reservoir 

Storage 
Ac. Ft. 

ll,595 

Yield 
ll.G•D• t J• :) 
1.0 , )/J;Jl" 

~ 2.5 :-
17,106 4.5 

l22,000 (. ,.,_ ,(\o· ~ - 9.4 
121,571 n 5.4 

Mission qorge No. 5 Reservoir 44,225 L ~1 ...~d ~ ~ 5.0 
1.0 
1.0 
1.0 

El Monte Pumps · 
R1 verview PtmlPS 
Mission Valley Pumps 
Totals 

516,497 2.6.6 

(a) ili th 100 Second feet canal to Sen Vicente. Without the 
o 'anal; the yield is 1~  m.g.d • . less. 

Very truly yours • 

q . E., ~~----

F. E. Green 
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THE OLD MISSION DAM AND CONDUIT. 

The Old Mission dam and conduit, of which several 

photographs are given in this report, were built by' the Mission 

fathers in about the yeer 18051 according to Bancroft, who s~s 
I 

a famine producing drought during the period between 1801 and 

1805 probably caused the construction of this water s.ystem for 

the purpose or irrigating crops on the cultivated land around 

the Mission. The mission ori ~ was estaplished at Old 

1'o':ln in 17691 but on account of the lack of water for 

irrigation it was moved in 1774 about si miles up the river 
• 

to its present location. The Mission records do not mention 

the construction of this \'later system, but Bancroft says as 

the recorqs refer to sHJ 1 ed labor from LleY..ico being used 

on other Mission work at this time it probably also was 

used on this. 

The dam is located about 6 miles above the present 

mission at the outlet of El Cajon Valley, where the ledge of 

porph;yry makes an excellent foundation. Seepage from the 

18 miles of river gravels above comes to the surface here, 

forming an average flow during ·the dri swmner months of' 

10 or 15 inches. The dan was 224 feet long, 12 feet wide and 

14 feet high and was built from field boulders, broken rock, 

gravel and tile, cemented together with home made mortar. 

Near the south end or the dam an opening 15 _or 14 feet ride 

11S.S built, ro a ~ for a sluice gate. The)t short section of 

the dam between this gate and the south bank was rein orc~d 

d0i1llstream by a buttress wall extending back 15 or 20 teet 

. ' 

to a high ledge of porph;yry. This end ot the dam rew ined 

practically intact unt~ the flood or January, 1916. 

~ conduit keeps along the right bank of the river not 

far above high water level, the nood or 1916 evident~ 

being the first wo.ter to reach this high. Many sections of 
h 

the conduit lJPre covered with debris are still in perfect 

condition. · Tlto of these are shown after excavation in the 
J 

photos. The conduit was lined on the bottom with tiles 

similsr to roofing tiles as used today, being twenty-two 

inches long, and six to ten -inches wide, with one end 

always a little wider. The joint between the tiles 

evidently was not grouted. The ditch was from two to 

three feet wide inside at the top, end from twelve to 

eighteen inches deep. A pecnl j er form or construction in 
41'11 

the wall.s in many places ~ the thin sle.bs of granite 

which had scaled or blistered off from boulders. The ditch 

probably could not have carried more tlwn 25 to 50 inches of 

'll'ater. 

There is nothing in the records concerning to 'what 

extent this \Tater system es used, but undoubtedly hen 

the missions were secularized in 1834 by the Mexican 

government, the system was abandoned, if" still in use at 

that time. During the intervening thirty odd y,ears no 

great amount o.r wter could have been diverted through the 

ditch for the following reasons: first, the cultivated 

area as indicate~ by the remnants of the old adobe brick 

wall fence still standing was quite smell, not more thsn i'rom 

20 to 40 acres; second, with transmission losses undoubted.:cy' 
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es high as 40% or sa,C, and w1 th an available flow at 
• 

the dam during the irrigation period or not more than 

10 or 20 inches, the su ~ for irrigation could not 

have been more than 5 or 10 inches; third, there is 

no evidence or a.IJY storage reservoir at the ouUet ot 
the conduit. If the idea of a storage reservoir were 

considered by the builders or the di toh, they evidentl.y' 
. 

considered the construction of the ne'cesse.ry high line 

eli tch or conduit bqond their resources. The conduit 

as bull t was on the natural bench above the right river 

bank here very little excavation nnd trestle \'fOrk was 

necessary. However, the system undoubtedly turnished a 

fine incentive for the many pioneer ~nter vorks 

by the ranchers during those early days. 

In the spring of 1912 the u. s. Geological Survey 

in cooperation with the C~a aca Water Company established 

a gaging station at the Old lJission dam, with the dam 

as the control and the sluice gate as the low-water opening • 
. 

In 1913 the sluice gate was equipped 11i th a concrete 
. 

-z;eir with steel crest and sides, as shown in the photos. 

This weir was pa.rtial:cy destroyed on February 2, 19151 and 

furthe r damaged in January 1916. The f'lood ot 1916 also 

carried out a large section of the south end ot the dam, 

thus providing another outlet for the l<nf water f'low. 

In the fell ot 1920, the Geological Surve,r, in cooperation 

rith the Ceyamaca • ater Compeey built the present gaging 
• 

station at the old loop diversion dam 1.3 miles down stream, 
• 

where the control io much better and more permanent but the 

• channel upstream very rough with masses of large .boulders. 

The outlet of the Old Mission dam was through a 4 
. 

· inch clay pipe set about 12 feet in from the north end of 

the dam. A mysterious feature of the dl.Ull is the parapet-

like extension on the lower aide a short distance north of 

the sluice gate, and which can be seen in ench or the large 

photos under the over- an ~  willow tree. This extension 
. 

also contained a 4 inch c~ pipe set ve~ticsJJy in the center 

and ~ have been used for a second outlet into the conduit, , 
-taking the water over the ,top ot the dam in place of 

through 1 t as the outlet on the north side did. Ir such 

were the case, the t1 J e pipe probably was laid along the 

l01Ver toe of the dam tor mak1ng connections with the conduit, 

there being sufficient head for this purpose. This parapet 

would have been the logical place for the outlet on account 

of the rorellay of clear water 'l7hich could be maintained above 

the sluice gate, while the north outlet nould be covered with 

silt and sand. 

·SAFE !I F:J .n FROM THE WA'l'ER BEARING GRAVELS 

In considering the yield or the gravel beds of the 

river above Old Uission Dam, the subject was examined under 

four general heads as follns: . 
1. Gross volume. 
2. Ef.fective porosity. 
1. Percentage or ater content recoverable by pumping. 
4. Runoff absorbed by the gravels during the 

yield period. 

The gross volumes contained in these gravels beds as 
.. 

shom in detail in J l~s No. 1 and l~o. 2, amount to 202,295 
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acre teet. 

The porosity or the material forming these r!lis in the 

major valleys or San Diego county c. B. Lee f'ound ranged from 

59 to 41% tor coarse sand and f'rom 50% to 54% f'or fine sandy 

loam. \'lhile his tests for effective porosity, or amount or water 

content recoverable as related to total volume, showed 4]$ 

for sand and 16% for fine sandy loams, ith an averege tor 

six VP!cal conditions or M% • . That is, the percentage ot 
the water content hich remained unrecoverable in the sands was 

5%, and ~ the fine sandy lonms 1 56%. His eftecti ve porosi v 
tests, h.owever, sho'tied 58% for the upper gravel beds in all 

or the major valle.ys, and 55% for the lower gravels beds or 

the SanDieguito, San Diego and Sweetwater valleys, 52% for • 

the lo er San Luis F..ey, am 5]$ for the lower Tijuana. But 

in estimating the safe yield of these various gravel beds, how-

ever, during a period when the water level was to be lowered 

from 50 to 50 feet by pumping the effective porosity used on . 

t he upper San Diego River gravels wae only 25%. The reo.son 

for thus so greatly reducing the effective porosity undoubtedly 

11as that pumping on such a large scale would l011er the 

ater table f'aster than the entire Tiater content. of the 

gravels could drain out. The.t -is, such an unna~ura.l, 

accelerated lowering of the water teble would be effective 

on only 25% or the volume or the gravel beds. This figure, 
• 

· therefore, can be considered safe and conservative, and will 

provide an ample margin of safety ili· taking care of minor 

factors not considered in the safe yield computations, such 

as . the smell drainage out or the basin and losses due to 

evaporation and transpiration at the beginning of the 

pumping period. 
0 

Having determined what part of the v)ume of these 

gravel beds is ater, and next, what part of this water 

content the· sands could be expected to release by pumping, 

the next question is, ~ at part of the water bearing gravels 

as a body would remain .,maffeoted by pumping. Tho.t is, arter 

ehr.r possible drop has been recovered by pumping, how 

much water would still remain in the lower depths of the 

beds untouched. In arriving at the ensner to this ouestion . 
it is assumed that the gravel beds are r~ covered ~it  

an adequate distribution of wells. That is, that no we.ter 

rill remain unrecovered for the sake or more or deeper 

wells. Just as the sands cannot be sucked dry by pumping 

any more than a saturated cloth can be made dry by rtmning 

through the wringer, so the entire water content or the 

gravel beds cannot be lifted out by a complete system of . 
wells . These eighteen miles of gravel beds might be 

compared to an immense trough filled with tubes more or 

less parallel and horizontal, something like the tubes in a 

boiler, and interlaid with the rock, sand etc., the water 

content slowly' traveling through these tubes or channels 

toward the lo er end. If this trough of gravel beds could be 

stood on end like a baUer would be stood on end, it might 

be expected the entire ater content would run out, but to 

acco~ lis  this complete drairiage whUe the beds are lying 

. in their nB.turo.l. state, holes would have to be punched 
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in the rock bottom like a sieve throughout its length 

with an imaginary cavity below for catching the water. 

In other o~s, by standing the basin on end, or by 

knocking out its bottom, the full force of· gravity is 

utilized in overcoming the resistance. the gravels · 

offer to the drain~  out or the water, and also all 

depressions or pockets witb:Jn the basin would thus be. 

emptied. l7bile on the other hand, the depression in 

the water plane surrounding a nell being .pumped has 

increased the effect or graVity only to a J imi ted 

extent in overcoming the resistance of the gravels. 

That is, the hydraulic grade or the water flowing into 

a pump draw-down cone is quite steep only in the 

jmmediate vicinity of the pump, and flattens out rapidly 

in the affected area beyond. 

All gravel basins and wells have peculiarities · . 

ot: their cnm, which become manifest vti th the development 

of pumping. One peculiar ity of these upper gravel 
• 

beds of the San Diego River is the constant hydraulic 
' grade running from 15 feet to 19 feet per nile, and the 

absence of any artesian pre:3sure. The ideal. pumping 

basin is a gravel bed that is practically closed at the 

lower end and with its water content under artesian 

pressure·, such as the Sant a Ana, San Gabriel and Los 

Angeles River basins. The artesian pressure in these 
I 

basins which is ~sed qy·the weight or the water in the 

higher end distant areas, cooperates with t~ force of 

ravi~J in overcoming the resistance of the gravels, ·and 

the hydraulic grade is very flat on accotmt or the 

outlets being ractical~ closed. Artesian conditions 

would be a roac~d above the El Monte nnd Riveryiew 

co~tractions 1£ bedrock were re~ent to the surface or 

the contractions much narrower. The Mission Valley basin 

approaches the ideal condition, as it is in almost a 

balanced state with ~o e artesian pressure from deep 
' wells. The ~draulic grade here is about nine feet per Dile. 

,. . ~ 
COLLECTION GALLERIES 

The high hydraulic grade of nineteen feet per mile 
. . 

in the upper gravel beds 1 however 1 could be well utilized 

by concrete collection galleries sunk across the chennel 

at advantageous points such as the El Monte and Riverview 

contractions. SUch galleris would not be practicable in 

the lower gravel beds of our streams, such as Mission 

Valley end. Tijuana Valley on account or the lOTt bydra.ulic 

grade, as to be effective they would have to be or i.c.oense 

length. Collection galleries at the · El Monte ana Riverview 

narrows undoubtedly r:ould reduce the cost or pumping 

materially. Such a gallery, 1000 feet in length and 20 

feet in diameter, uould. hold 21 555,000 allons, to enpt.f 

v1hich ench day would mean an inflo of 200 tti.ner' s inches 

or j second feet. Operation or such a gallery at the River-

view contraction would be quite reasible, indeed, as there 

have been periods when twice this amount or ater -:ms 

pumped da~ by the oity at the Rivervic unping p)ent, 

w:Ltbout materially- affecting the a~r levcl.s belo- the 
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contraction. The effective surface Of such a galler,y 

could be increased by lo. terals as often is done in dug uells • 

In operation, pumping costs would be reduced b,r a lower 

lift, by part-time operation o£ the pumps at high capacity, 

the gallery refilling in the meantime, and by permanency or the plant. 

A saving in operation costs o£ ~7 1  annually would justit,y 

the lmi J ding or the aller~ as this is 7% on $100, 000, 

which sum shoUld be ample for the building of the gallery • 

AMOUNT OF WATER RECOVERABLE 

Maldng proper allowunce, therefore, tor these 
. 

t~o factors of hydraulic gradient nith resistance b,y the 

gravels, and individual pockets or depressions within the 

basins which would not be affected b.Y pumping, a conserv-

ative esti.me.te of what portion or the available water content 

of the gravels could be extracted bas been taken as SO% • 

That is, out or the·501 575 acre feet or effective volume, 

one-helf is considered as remaining beyond the reach or the pumps, 

leaving 25,287 acre feet for du~ during the safe yield . 
period. This surely should be quite rl thin the margin or 

safety when it is considere9. that the total volume or gravels 

being considered is over 202,000 acre feet. 

This estimate also is borne out by c. H. Lee ns his 

possible maximum 105ering of the ater plane of 50 feet is 

one-half of the mean depth of the gravel beds, the mean 

depth being the total volume divided by the surface area, 

or 202,295/5427, or 59 feet. 

The runoff into these upper grayels beds during the 

snfe yield period is shown in the tabulation below: 

Season 

1895-6 
1896-7 
1897-8 
1898-9 
1899-0 
1900-1 
1901-2 
1902-3 
1905-4 

Total 

RUNOBF REACHIUG THE UPPER RI JI~R GRAVELS 

Acre Feet 

From El 
Capitan 

500 
12000 

0 
0 
0 

1600 
1750 
8000 

0 

25850 

From San 
Vicente 

0 
1700 

0 
0 
0 

100 
200 
700 

0 

2700 

From 125 sa • mi • . 
below El Cnpitun 
end Se.n Vicente 

(a) 

0 
2000 

0 
0 
0 

75 
150 
900 

0 

5125 

(a) ~co arison of drainage area and rainfall with · 
Sen Vicente. 

The sai'e yield of the -.i·a.ter bec.ring gravels e.bo-w""e Old 

Mission Dam, therefore, based on the facts as outlined above, · 

would be as follows l 

Gross volume of gravel beds 

~ - effective orosi~ 

SO% - estimated limit to vhich 
the beds could be exbo.u*d 
by pumping. 

Plus runof£ during 9 seasons 
of critical period: 

202295 acre feet 

. 5057S 

25287 

(a) With no dnm constructed (59675 Ac. Ft.) 54962 
(b) ~it  all dams constructed (5125 Ac. Ft.) 28412 

Snfe peld during 9 years critical period: 

(a) ilith no dams uil~ 54962 
9 

6107 ac. ft. or 5.5 m.g.d. 
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(b) With all dams built 28412 3157 ac. ft. or 2.8 m.g.d. 
9 

This, indeed, is a remarkable showing considering the 

ultra-conservatism of the manner in vhiCh these re~~ts were 

obtained, and considering the favorable comparison with surface 

storage reservoirs. Five and one-half m.g.d. is n greater 

yield than that from Fletcher reservoir, or from San Vicente 

or the smaller Mission Gorge reservoir, while 2.8 m.g.d. under 

complete development of the river compares quite favorably, 

w1 th the yield from the Mission Gorge reservoirs tmder the same 

conditions. In other words, the complete development of these 

gravel beds ould be the equivalent of adding another Mission 

Gorge reservoir to the resources of the river. 

JAJJACHA AllD S1Ul PASQUAL 

In this connection a simi 1 ar condition on the 

Sweet-:;ater River might be cited 71bere the Jamacha gravel 

beds above Sweetwater reservoir absorb and evaporlte on the 

average from 2000 to 5000 acre feet of water ever year, over 

en area of some 1000 acres. The yield £rom Sweetwater reservoir, 

therefore, is reduced correspondingly, and the water company 

for several years has been considering building a dam above 

these gravels to overcome to some extent these losses. Another 

similar cese is the San Pa.squal valley above Lake Hodges, where 

the ~t£r wasted each year from an area of about 2000 acres 

nill average 5000 or 6000 acre feet, thus reducing the yield 

from Lake Hodges correspondingly. Reservoir storage up the river, 
• 

with systematic .pumping from the valley, largely would overcome 

these greet losses, and thus, as on the San Diego River, woUld add 

--
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another storage unit to the water resources of the river. 

RIPARIAlJ OWlmRS AND COLTIVATED LAllDS 

Considerntio~ of the complete ultimate development of 

the San Diego River must also include the rights or riparian 

owners and the rights and needs or present users of water from 

the river. A map . has been prepared shoring the valley land·s 

between Cape Horn and Old Mission dam, a photostatic reduction 

of which is contained herein. The areas of these lands and 

their classifications are as follcmst 

Condition Acres Per cent 
or the whole 

Alf'nlfa 659 15.6 
Corn 417 9.9 
Grain 477 ll.5 
Pasture 488 ll.G 
Sand and willo11s 2172 51.6 

TOTAL 4213 100.0 

These areas practically are es colored on the map, 

but also include the e&ttire valley or the San Vicente, one arm 

extending up to Foster 1s and the other up the elluvial valley 

to the northwest, and which are not sho;m on this map. ~ 

total area of 4215 acres is outlined in most cases b.Y a dotted 

line which is meant to represent the 1imi ts or the water-bearing 

gravel. This area is 786 acres larger than the area used in arriving 

at the volume or the_ gravel beds, and is 1\lrther indication of the 

conaervntiveness or that estimate. That is, in this 4215 acres 

were included the little side valleys or pockets and overflo 

lands and widened areas of the valley floor hich were elilllinu teci 

by' the straight lines used in the former computation, and which 

• 
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conse uen~ ould .be more or less outside of the actual gravel 

basin. 

It is interesting to note that out of these 4215 acres, 

only 56.8% a.;.e cultivated, while ~1.  are waste sand and willow 

lands, subject to the ravages of the winter floods. With the 

upper dams acting as flood controls, fully one-half or these 
. 

~aste lends could be reclaimed, thereby increasing their. value 

$100 per ecre or more, or a total saving to these propert,y owners 

or over ~1 , . . 
A little over 1000 acres of these river bottom lands 

are under more or less irrigation from individual wells. 

While in addition there are 400 acres within the recen~ 

tor.med Lakeside Irri ~tion District not included in the above 

total or 4215 ncres and which gets its uater su ~ from a uell 

above the bridge opposite the ~ . 

Across the river from Lakeside is another concern 

... known as the Lakeside Farms Mutual We.ter Company, and 

comprising about 210 ncres, part or which, practically all 

or the alfalfa lend, ·was included in the areas on the map. 

This com£il!.IlY' s !ffiter supply comes from two pumping plants 

in the river4 sands of severel connected nell units, high 

and lorr pressure storage reservoirs being located on the 

adjacent hills. 

The Riverview Farms Mutual D'eter Company's lands of 

about 1000 acres also were not included in the areas on 

t his map, as they lie almost entirely on the bil 1 sides 

south of the river. The sme11 acreage of river bottom 

lands rlthin this company's district that have been under 

cultivation was destroyed b,y the flood of Februar,y 1927. 
------~~~~~~~~ -----

-
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This company also pumps its va ter supply from two plants 

in the river bottom into high and low pressure reservoirs on 

the hills. Their upper plant, however, was destroyed by 

the 1927 i'lood. 

The Winchester Mutual water Company comprises some 

one or two hundred acres on the north side or the river at 

Ri yerview 1 part or which area is sbo1'1ll as grain land on the 

map. The water eu ~ is from a plant near the north bank 

or the river constructed 16 or 20 years ag9, uith a gas 

engine as the i"irat pouer unit. A large part of this land 

at one time was under alfalfa, but at the present time 

this practically has all disa e~ red. The finishing touches 

to the alfalfa and. also to part of the ter majns were edded 

by the ~lood of ~ 7. 

The La Mesa Irrigation ~istrict recently has 

acquired much additional bottom land for pumping purposes 

abova and belort their El Monte pumping pJ ant, while the . City 

of San Diego, in addition to the Rive~e  property, has 

acquired some acreage a short distance ~lo  the Lakeside bridge, 

a very excellent location :for pumping. . 

These concerns mentioned above, together with the private 

users up and dolm the river, and including the County Poor Farm 

lands at Santee, represent the body or riparian owners and users 

or water from the river gravels hich would have to be considered 
I 

vhen exhaustive pumping £rom these gravels is resorted to by the 

City or San Diego. The extent of the d ge or the effect f'rom 

such ~ in  trl.ll depend upon the amount pumped, upon the 

character of the season, upon the locmtion or each property and 

• 

• 
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upon the rate or pmnping. It ould seem best that pumping 

the 9pera tion ot units already 

installed indicating where best to locate additional units. 

In the meantime, however, steps could be taken to acquire 

all necessar,y lands, retaining full ormerabip or selling or 

leasing the lend back minus the water rights. The handling of 

this business would properly come under the supervision ot 

the engineer in charge of the water development work for the 

city 1 as he would be the otficial. most rami 1 ie.r with all of 

the donditions and requirements. It is safe to say, ho\1ever, 

that no matter how extensively the city may go in tor pumping, 

as Mr. Freeman pointed out, there always will be sufficient l18.ter 

for irrigating crops in these valley lends whether supplied by' 

the private indiVidual wells or by the city from its deep l1ells . 

In other words, these lands will continue to produce their crops 

year after year as in the past, nhile the ci"GY' extracts a portion 

of the vater from the gravels underneath. That is, because, for 

instance, 2000 acre feet are needed for a summer's irrigetion of 

1000 acres of aJtal.fn and corn land, it would not be necessary for 

this purpose to cease all other pumping while there still remains 

untouched in the gravels a large quantity of water or several . ' 
thousand acre feet. The. bandling of these matters all ~-11 

7lork out in time under the supervision of the engineer in charge. 

I 

THE MISSION VAI.I:EY BASm 

Uo special detailed study of the Jdission Valley basin 

uas made for this report, first, because no definite prediction 

of the maximum amotmt of Tm.ter recoverable by pumping could be 

made rith SIJY certainty on account of the proximity or sea wat.er, 

• 
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and second, because the possible yield from the Uission . 

Valley gravels was considered ns an ad tional. factor of 

safety in connection with the estimated yield of the 

upper gravels. The area of the Mission Valley floor is 

about 2400 acres, and well logs s or~ eY.cellent uuter bearing 

r~vels down to a depth of 146 feet, with good artesian 

water from a depth or 550 feet. The basin, honever, should 

be good for at least 1.0 m.g.d., which is a little lees 

than 100 miner's inches continuous rl01'1. 



Section 

GRAVEL BED VOLUMES, EL CAPITAN TO OLD MISSION DAM 

Distance 
between 
sections 
i't. 

Width at 
sections 

ft • . 

mean 
depth at 
section 
ft. sq. 

Volume below Mean Level of 
Water Plane 
Mean depth 
of water table Ac. Ft. 



GRAVEL BED VOLUMES IN SAN VICENTE CREEK 

WATER POlLPED FIWII, THE SJB DIEGO RIVER 

BY THE CITY OP SAH DIFOO 

SINCE 1915 

lrom llonth:cy- Beports 
Secidon Distance Width £lean Area Mean Volume B7 n. W. Vincent 

between of deq.th at ot area ot between 
sections section section sectton sections sections F. ' E• CffiEm 
Ft. Ft. Ft. Ft. aq). sq. ft Cu. tt. 

1917 1918 
llisalon Valley JU.ssion ValJq 

!lead or 
basin at dam-
site above •. )61]. Gal. Ac. rt •. Mill. Gal. Ac. Ft. Mill. Gal.. Ac. Ft. 
Foster 200 0 0 Jan. 0 0 0 0 0 0 

5600 15005 84,028,000 Feb, 5 :~7 lOS 0 - 0 0 0 
n1a below 1200 25 59010 . Mar.· 116.688 558· 8.848 27 -0 0 
Foster 7800 144255 1,125,189,000 Apr._ lSI.l81 412 2.587 a- 0 0 

Jq 141.776 455 0 0 .1S~ 15 
"J" near June S8.768 119 2.129 - 7 14.910 46 
mouth 2550 no 258500 Jucy N.46S 290 a.oss 26 52.801 162 

Aug. ·Sl.W 96 0 0 0 0 ... 
Total 15400 1,209,217 ,ooo ~ Sept. 0 0 5.049 16 0 0 . . Oct. 0 0 1~ 17 4 0 0 

Hov. 0 0 0 0 0 0 
Ac. Ft. 27,760 Dec; 0 0 9 0 0 Q F 

TOtal 59l.S06 l8l.S - 28.SS6 88 71.844 221 . 

After allorlng for one-half of meari fluctuation or water ...f'l:t2ae J\ e. Ft. 26,575 
P ~ne 1919 19Jl0 1921 

Jan. .569 2 5.365 17 20.202 62 
Feb. 0 0 S9.7SS l22 0 0 

1 Kq. 0 0 64.1Sl lS5 40.721 125 

I 
Apr. - 45.926 111 44.484 lS'1 22.9'19 '11 
llq 70.854 21'7 . 159.442 l2l 0 0 
.June J:&.l,~ 161 19.615 60 · o 0 

I Jticy' 65.694 165 0 0 0 0 
Aug. 0 0 0 0 0 0 --Sept. 0 0 82.169 252 0 0 
Oot. ·O. 0 0 0 0 0 
ov~ 0 0 18.642 57 0 0 

Dec. g s;r ~.75 . :La§ ~-~  102 
Total 226.192 ~ SS7.SGO 1097 117.218 S60 

( 



Jan. 
Feb. 
Mar. 
J.pr. 

.run& 
J ~ 
Aug. 
Sept. 
Oct. 
Bov. 
Dec. 
Total 

.... 

Jan. 
Feb. 
Jdar. 
Aprfl 
Ma7 
June 
J~ 
Allg. 
Sept. 
Oct. 
Nov. 
Dec. 

~otal. 

J8ll 
eb. 

liar. 
Apr. 
)lay 
J'tme 
Jul7 
!tJg. 
Sept. 
Oct. 
ov. 

Dec. 

1924. 
lfission Val]f17 

1826 
llission Valle7 

11:111. Gal. Ac. Ft. vn1. Gal. J.o. Ft. 

0 0 0 0 0 0 
0 0 0 0 - - <5 0 

2.745 8 0 0 0 0 
0 0 0 0 0 0 

16.538 51 5.186 16 68.919 ... - 17.5. 
42.6l.S lSl. ss.&so· 170 98.190 SOl 
41.6S5 127 96.416 296 98.882 S02 
44.610 lS7 .669 275 102.09 Sl4 
21.909 67 5.160 16 ·7e.2Ss 240 
1.219 4 0 0 0 o., 

0 0 0 0 10.&78 • 

0 0 0 0 I Q 
171.169 525 251.959 77S 444.589 

1927 

llission Vsl J.ey- Riverview Total. 

Mill. Gal. Ac. Ft. Mil] Gale Ac. Ft. ·Ac. Ft. 

0 0 0 0 0 
0 0 0 0 0 a · 0 0 0 0 
0 . 0 0 0 0 

69.516 215 0 0 213 
107.593 sse 0 0 3SO 

94.972 291. 88.555 266 557 
38.923 120 156-.172 479 599 

0 0 119.74'1· Sll !67 
24.185 74 55.605 109 J_BS 

0 0 0 0 0 
6.000 18 o- 0 18 -

5U.l89 1018 598.079 1221 2267 

1928 
Riverview Total. 
111]1. Gal. Ac. Ft. Ac. Ft. 

' 

0 0 0 0 
0 0 0 0 

25.071 71 0 71 
106.086 S26 0 S26. a;m 26 99.290. SSl . 

84.918 261 . 168.111 778 
6l.Sl.8 188 111;810 666 
81.176 249 60.980 4S6 
57.367 176 15.140 222 28SO . 

The pumping pl•zrt at Old Town, with various UDits of wells 
and u ~ up the river, was operated trom 1892 to 1906. 

There 7188 no pumping during the. rears 1922 and 1923 • , 
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Through .Itt • uapac i ty 

• 
SEASON' • Length of 

• Diversion • 
• .Perio<l • .G.D.o .G.D • 

• . • • for • • diver-• • • • • a ion 
• Days • • period - F - ill( - 1 b 

• • 
191.9-20 • 113 • 2690 ti.'lti • 2ti.35 

• • • • • ";"'\ ~ - 1. 1.34 1255 1.03. 1.31 • 3·5'7 ~ • • • 
• • • • • • 

1921-22 • 256 • 6365 • 5.68. • 2tj.6o • 40.78 
• • • • • • 

:1922-23 • 243 • 4524 • 4.31.. • 10.74 • 1.6 .1.3 
• • • • c 1923 24 183 • ~  2.16 • 4.31 
• 
' • •• • 

1924-2.5 • 212 1632 4.34 • • • • 
• • • • 

N 1925'-26 • 120 1.523 12.14 
•• • 0 .,.,., 1926-27 • 243 29.06 
• • • 

1927.-.28 • 7.02 

Tot 
• 

ean 



Reservoir 

Cuy · ca. 
F~etc er 

_ E1 Cap1tan 
El Capitan 
El Cani tan -Site No. 3 
San Vicente 

San Vicente 
San v· cente 
San Vicente 

·ssion Gorge 
.cTo. 2 
Lassion Gorge 
No , 2 

ssion Gorge 
- o. 3 

cission Gorge 
.1iO • 3 
Yission Gorge 

o. 3 

Hei ht 
o:r 
Dam 

Feet 

41 
1.50 
190 
200 

160 
150 
175 

. 215 
290 

116 

156 
230 

293 
. 260 

Elev. 
of 
Restr 

op 
Contour 
Feet Acres 

462.5 
990 

. 743 . 
753 .. 

750 
610 
635 
675 
750 ./ 

. 360 

400 

393 

97CS 
26tS -' 

1625 . 
ltiOO 

586 
855 . 
993 

:l:-1~5 
. .540 

3320 
7330 
1424 

, 

Capac- ~stin~ted 
.ity cost of 

develop-
. ment 

24,430 ~~ 
5~ ,230 c) 
ts2,tso0 c) 

121,571 (c) 
224,4.00 lc1 

26.1 o6, 7tl5 (ij 3, 5oo, o.oo 

Safe .Net Yield 
. Inde.LJendently 

Annual 
lnterest 
charges 
67Q 

Ac . .h't. 
Annually 

1120 
4760 

'11994 
135ti9 
3ol4 
3tsi-5 
3ts45 
3ts45 
3tl45 
5600 
.. 

~ ,77  
4CSO ,OOO 
600,000 

112,ooo 
:S5 , ~  

114,960 
177,~  
266,400 

tb) 5;309 ,000 12.50 14000 

5600 

16500 

210,900 

31CS,540 

44,225 96,000 

276,000 

19B,OOO 

.lnterest charges 
in relation to · 

~ield 
.rer 
Ac.¥t. ga1 

~1 .  
40.02 
.1~ 

29.39 
22.36 
29.90 
4b.25 

. ~ 

37. 50 
~ .75 

17.14 

16. 73 
~ .ti  

4.11 
1 . ~ 
13.55 

9 .02. 
6. 6 
9 .l,tj 

14.19 
21 .29 

11.51 
• 

o ~ 

, .26 ~~ 

5-13/ 



RESERVOIR ym.ns 
At El Capitan and Mission Gorge 

F. E. Green SAFe Net Yield 

M.G.D. 
EL CAPITAN 

~ Capitan, 122000 ac. rt. Fletcher Dam not built 10.7 
Al Capitan, 122000 no. ft. Fletcher dam 17106 ac. rt. , 8.4 
El Capitan 139200 ac. rt. Fletcher dam not built 12.1 
El Capitan, 139200 ao. rt. Fletcher Dam 17106 ac. ft. 9.6 

E1 Capitan No. 51 24421 ac. ft. Fletc ~r dam not bull t 5 .4 
El Capitan No. S, 24421 ac • .rt. Fletcher Dam 17106 ac. ft. 1.8 

MISSI011 GORGE NO. 21 86785 ac. ft. 

ith no other development on the river 
ith Fletcher Dam 17106 ac. ft. 

Vii th El Capitan, either height 
With Fletcher and San Vicente dams 

i th San Vicente, 59250 ac. ft. or more 

~IISSI ll GORGE NO. 2 2951 46o ac. ft. 

. i th no other development on the river 
tlitll Fletch=r De.t1 17106 ac. ft. 
•1i t h El Capitan either height 
J ith San Vicente 59250 ac. ft. or more 
nith Fletcher end San Vicente 

MISSION GORGE NO. 51 44225 ac. rt. 
44ith no other de7elop:nent on river 
11i th Fletcher Dam 17106 ac. rt. 
rrith EJ.. Capitan either height 
· Ii th San Vicente 59230 ae. ft. ore more 
: ith Fletcher and San Vicente 
rfith Fletcher and El Capitan 
"'ith Fletcher, E1 Capitan and San Vicente 

71i th El. Capitan and San Vicente 

IJISSIOll GORGE no. I - no other development 

44225 ac. rt. Reservoir 
121095 a a • 
295200 a n a 

(250 ft. dam) 
(260 ft. dam) 
(295 ft. dam) 

L!ISSION GORGE NO. 5 - 295200 ac. ft. 

ith Fletcher Da.m 17106 ac. rt. 
i th San Vicente 59250 ac. rt. or more 

i'ii th Fletcher and San Vicente 

SSIOZ.l GOmlE NO. 5 - 121095 
· i~  no other develo?ment on river 
• ith _letcher Dan 17106 ac • .f't. 

s.o 
5.6 
5.2 
5.5 
4.7 

1 .5 ~ 

9.4 · 
2.7 
8.9 
6.5 

5.0 
5.6 
5.0 
4.7 . 
5.5 
5.0 
5'.0 
5.0 

5.0 
8.9 

14.7 

ll.2 
10.9 
8.1 

8.9 
7.4 

Ac. Ft. 
AnnuallY' 

11994 
9594 

15589 
10770 

3814 
2015 

5600 
4000 
3600 
5900 
5500 

14000 
10500 

5000 
10000 

7000 

,/ 
I 

5000 
4000 
5500 
6300 
3700 
5500 
5500 
5500 

5600 
10000 
16500 

12500 
12200 

9100 

10000 
8500 

PLANS FOR DEVELOPMENT 

Cqyamaca Reservoir 
Flume Diversions 
Fletcher Reservoir 
San Vicente Reservoir 
Mission Gorge No. S Reservoir 
El Monte Pumps 
Riverview Pumps 
Mission Valley Pumps 

Cuyamaca. Reservoir 
Flume Diversions 
Fletcher Reservoir 
San Vicente Reservoir 
tussion Gorge No. 2 Reservoir 
El Monte Pumps 
Riverview Pumps 
Mission Valley Pumps 

Cuyamaca Reservoir 
Flume Diversions 
Fletcher Reservoir 
San Vicente Reservoir 
Mission Gorge No. Z 
E1 Monte Pumps 
Riverview Pumps .. 
Mission Valley Pumps 

Cuyamaca Reservoir 
Flume 
Fletcher Reservoir 
San Vicente Reservoir 
Mission Gorge No. 5 
E1 Monte Pumps 
Riverview Pumps 
Mission Valley Pumps 

• 

Storage 
Ac, Ft, 

11,595 

17,106 
59,230 
44,225 

152,156 

11,595 

17,106 
59,250 
86,785 

174,716 

11,595 

17,106 
59,250 

295,460 

585,591 

11;595 

17,106 
59,250 

295,200 

585,151 

T 

ym.n M. G. D. 

1.0 
2.5 
4.5 
5.4 
5.5 
1.0 
4.0 
1,0 

20.5 

1.0 
2.5 
4.5 
5.4 
5.5 
1.0 
4.0 
1,0 

20.7 

1.0 
2.5 
4.5 
5.4 
6.5 
1.0 
4.0 

0 
22.5 

1.0 
2.5 
4.5 
5.4 
8.1 
1.0 
4.0 

0 
24.5 



"B" 1 

Unit Storage IIELD 
Ag. Ft. 

Cuyamaca Reservoir 11,595 1.0 
Fluce Diversions 2.5 
E). Cc.I\. k n r~~t rv--.5._r 139,200 12.1 
Mission Gorge No. 3 Reservoir 44,225 3.0 
El " onte Pumps 1.0 
Rivervie Pu:mps 2.0 
~ssion Valley Pumps 1.0 

195,020 22.6 

DB II 2 

1.0 Cuyar.a.ca P.e servoir 11,595 
Flume Div:rsions 2.5 
.. t.il Ca "Di tan 159,200 12.1 . - 86,785 5.2 ~ssioc ~or e No. 2 
El I.lonte Pumps 1.0 

i verview Pumps 2.0 
L;ission Valley Pumps 1.0 

237,580 . 22 .8 

PLAN ncu 

Unit 

, 
Cqyamaca Reservoir 
Flume Diversions 

M.G.D. Fletcher Reservoir 
El Capitan Reservoir 

Mission Gorge No. 5 Reservoir 
El Monte Pumps 
Mission Valley Pumps 
Rivervie\'f Pumps 

.ucn 2 

Ccynmaca Reservoir 
Flume Diversions 
Fletcher Reservoir 
El Capitan Reservoir 
Mission Gorge No. 5 Reservoir 
El Monte Pumps 
Ri vervie!f Pumps 

Mi·s si.o.n Valley Pumps 

ncn 5 

Cuyamaca Reservoir 
Flume Diversions 
Fletcher Reservoil~ 
El Capitan 
Uission Gorge llo. 2 
El Monte Pumps 
Riverview Pumps 
~ssion Valley Pumps 

Storage 
Ac. Ft. 

11,595 

17,106 
122,000 
. 44,225 

194,926 

ll,595 

17,106 
159,200 
44,225 

212,126 

11,595 

17,106 
159,200 

86,785 

254,686 

YIELD M.G.D. 

1.0 
2.5 
4.5 
8.4 
3.0 
1.0 
1.0 
1.0 

22.2 

1.0 
2.5 
4.5 
9.6 
5.0 
1.0 
1.0 
1.0 

25 .4 

1.0 
2.5 
4.5 
9.6 
5. 2 
1.0 
1.0 
1.0 

25.6 



. ( 

PLAN ann 

Unit 

c·uyazaaca Reservoir 
Flume Diversions 
El Cnnitan Reservoir 
San Vicente F~scrvoil  
El Monte Pumps 
Riverview Pumps 
tussion Valley Pumps 

unn 2 

Cuyamaca P..eservoir 
Flume Diversions 
El Cepi tan Ho. 2 Reservoir (a) 
San Vicente Reservoir 
El llonte Pumps 
Rive.rvier. Pumos ... 
~ission Valley Pumps 

Storage 
Ac. Ft .• 

ll,595 

159,200 
59,250 

210,025 

11,595 

159,200 
121,571 

272,566 

(a) 1ith 100 Sec. Ft. CaD:nl to Snn Vicente Reservoir. 

yoo.o M.G.D. 

1.0 
2.5 

12.1 
5.4 
1.0 
1.0 
1.0 

22.0 

1.0 
2.5 

15.1 
5.4 
1.0 
1.0 
1.0 

25.0 

... 

Unit Storage YIE!JJ M.G.D. 
Ac. Ft, 

Cuyamacn Reservoir 11,595 1.0 
Flume Di ve1•sion 2.5 
Fletcher Reservoir 17,106 4.5 
E1 Capitan No. 2 Reservoir (a) 1 ~,  9.4. 
San Vicente Reservoir 121,571 5.4 
E1 Monte Pumps 1.0 
Rivervieu P\lmps 1.0 
Mission Valle,y Pumps 1.0 

272,272 25.6 

~ 

....,. 

Cuyamncn Res~rvoir 11,595 1.0 
Flume Diversions 2.5 
Fletcher Reservoir 17,106 4.5 
El Capitan Reservoir 122,000 8.4 
San Vicente Rese1~oir 59,250 5.4 
E1 Monte Pumos 1.0 

~ 

P.i verview Pumps 1.0 
tussion Valley Pumps 1.0 

209,951 22.8 
• , 

(8) With 100 sec. · :ft. canal to San Vicente Reservoir. 



( 

( 

Unit 

Cuyamaca Reservoir 
El Capitan Reservoir 
San Vicente Reservoir 
lCssion Gorge No. 5 Reservoir 
El Monte Pumps 
Riverview Pumps 
Mission Valley Pumps 

Cu;yene.ca Reservoir 
Flume Diversions 
El Capitan Reservoir 
San Vicente Reservoir 

nFu 2 

liission Gorge No. 5 Reservoir 
El Monte Pumps 
ru. vervien Pumps 
tlission Valle,y Pumps 

euye.maca Reservoir 
Flume Diversions 
El Capi te.n No. 5 Reservoir (a) 
San Vicente P.eservoir 
Mission Gorge No. 5 Reservoir 
E1 Monte Pumps 
Riverview Pumps 
U{ssion Valley Pumps 

storage 
A2· Ft, 

11,595 
139,200 

59,250 
44.225 

254,250 

11,595 

122,000 
59 . ,250 
44,2 5 

257,050 

ll,595 

24,450 
121,571 

44,225 

201,821 

ym.n l.t.G.D. 

1.0 
12.1 

5.4. 
5,0 
1.0 
1,0 
1,0 

22.S 

1.0 
2.5 

10.7 
5.4. 
5.0 
1.0 
1.0 
1.0 

25 .6 

1.0 
2 .5 
4.4 
5.4 
5.0 
2.0 
~-  
1.0 

19.5 

. . 

(a) With 100 Sec. Ft. canal to San Vicente Reservoir. 

• 

-' -

PLA!l •aa 
a~  1 

---------------------------------------------·-----------------
Unit 

CeyanlB.ca Reservoir 
Flume Diversions 
Fletcher Reservoir 
El Capitan No. 3 Reservoir 
San Vicente Reservoir 
Mission Gorve No. 3 Reservoir 
El Monte Pumps 
Riverview Pumps 
Mission Valley Pumps 

C~a aca Reservoir 
Flume Diversions 
Fletcher Reservoir 
El Capitan Reservoir 
San Vicente Reservoir 
Mission Gorge No. 5 Reservoir 
El Monte Pumps 
Riverview Pumps 
Mission Valle,y Pumps 

Storage 
Ac. Ft. 

11,595 

17,106 
24,450 
59,250 
44,225 

156,586 

11,595 

17,106 
122,000 

59,250 
44,225 

254,156 

YIFI.D U.G.D, 

1.0 
2.5 
4.5 
1.e 
3.4 
3.0 
1.0 
2.0 
1.0 

20.0 

1.0 
2.5 
4.5 
8.4 
5.4 
3.0 
1.0 
1.0 
1,0 

25.e 

Cqyamaca Reservoir 11,595 1.0 
Flume Diversions 2.s 
Fletcher Reservoir ( 17,106 4.3 
El Capitan No. S Reservoir a) 241430 2.8 
San Vicente Reservoir 121,571 3.4 
Mission Gorge No. 5 Reservoir 44,225 5.0 
~l Monte Pumps 1.0 

iverview Pumps 218 927 2.0 
Mission Valley Pumps ' 1.0 21.0 

(a) With 100 Sec. Ft. Canal to San Vicente Reservoir-----
•aa 4 

Cuyamaca Reservoir 
Flume Diversions 
Fletcher Reservoir 
El Capitan No. 2 Reservoir (a) 
San Vicente Reservo~ 
Mission Gorge No. 3 Reservoir 
El Monte Pumps 
"'! verview Pumps 
Mission Valle.r Pumps 

11,595 

17,106 
122,000 
121,571 
44,225 

516.497 

1.0 
2.5 
4.5 
9.4 
3.4 
5.0 
1.0 
1.0 
] dl. 

26.6 ____.._ ___ 



PLAN 11Ha PL.6.N •I" 
II!P 1 

UIJI 1 

) 

Unit Storage YIELD M.G. D. Unit Storage IDl.I> M.G.D. Ac• Eta Ao. J!t, -
Cqyamaca Reservoir 11,595 1.0 Cuyamaca Reservoir 11,595 1.0 Flume Diversions 2.5 Flume Diversions 2.5 Uission Gorge No. 2 Reservoir . 295,460 12.5 Fletcher Reservoir 17,106 4.5 El Monte Pumps 4.0 Mission Gorge·No. 2 Reservoir 295,460 9.4. Riverview Pumps 1.0 El Monte Pumps 1.0 Mission Valley Pumps l.Q Riverview Pumps 4.0 507,055 22.0 Mission Vnlle,y Pumps laQ 

nHn 2 524,161 25.2 

n111 2 Cuyamaca Reservoir 11,595 1.0 
Flume Diversions 2.5 Cuyamaca Reservoir 11,595 1.0 San Vicente Reservoir 59,250 5.4 Flume Diversions 2.5 Mission Gorge Nol 2 295,460 8.9 Fletcher Reservoir 17,106 4.5 El .Monte Pumps 5.0 Mission Gorge No. 2 Reservoir 86,785 5.6 Ri verviev Pumps 2.0 El Monte Pumps 1.0 Mission Valley Pumps 1,0 Riverview Pumps 4.0 566,285 21.8 . Mission Valley PUmps· 1.0 

DHd 5 ll5,486 17.4 

( Ccyamaca. Reservoir 11,595 1.0 III• 5 
Flume Diversions 2.5 Cuyamaca Reservoir 11,595 1.0 Mission Gorge No. 5 Reservoir 295,200 14.7 Flume Diversions 2.5 El Monte Pumps 4.0 Fletcher Reservoir 17,106 4.5 Riverview PUmps 1.0 Mission Gorge No. 5 Reservoir 44,225 s.e Mission Valley Pumps 1.0 El Monte Pumps 1.0 , 

506,795 24.2 Riverview Pumps 4.0 
Mission Valle.y Pumps 1 10 11HII 4 72,926 17.4 

Cuyemaca Reservoir ll,595 1.0 •I a 4 
Flume Diversions 2.5 Cu,yamaca Reservoir ll,595 1.0 
s~~ Vicente Reservoir 59,250 5.4 Blume Diversions 2.5 ?fission Gorge llo. 5 Reservoir 295,200 10.9 Fletcher Reservoir 17,106 .~ El Uonre Pumps 5.0 ldission Gorge No. S Reservoir 295,200 11.2 Ri vervie\1 Pumps 2.0 EI Monte Pumps 1.0 Mission Valle,y Pumps 1.0 Riverview Pumps 4.0 .!66,025 25,8 Mission Valley Pumps lt.O 

525,901 25.0 

IIIU 5 

Ccyamaca Reservoir ll,595 1.0 
Flume Diversions 2.5 
Fletcher Reservoir 17,166 4.1 

( Mission Gorge No. 5 121,095 7.4 
El. Monte Pumps . 1.0 
Riverview Pumps 4.0 
Mission Valley Pumps liO 

149,796 21.2 



• 

... 

• 

COlU:ARATIVE YIELDS AND COSTS OF 'l'HE DIFF_b;HENT .!:'LAN'S 

• • • 
Pl~n • From Reservoirs • ~ro  Wells • Total 

• • • 
• •• • • • • • Y.G.D •• Cost per .l.G.D •• Coat. L.G.D. t 

• • •• 
• .1000 Gal. • • per • 
• • • • 1000 • 
• • • Gal. • 

A 1 

A2 

A ·3 

A4 

B 1 

B 2 

c 1 

c 2 

c 3 

D 1 

D 2 

E l. 

F. 2 

• 
• 
• 14.5 
• • 14.7 
• • 17.5 
• 
• • 1~.  
0 

o lo.ti 
• 

• • 20.4 
• • 20.6 
• 
• 19.0 
• 
• 20o0 
• • 20.6 
• 

• 

• • 6.12 ¢ 
• • 
• ~. 0 
• 
• 9-17 
• • 7.3tl 

• 
.14.50 
• 
• 11.16 
• .1.2.32 
• .14 .oo 
• 
.12.13 
• • 

• • e12o04 
• 

F 2. 20.6 • 10.61 
• • 

F 3· 1.4.3 • 1.0.55 
• • 

G 1. 16.0 • 
• 0 

G 2. 22.6 • 10.41 
• • 

G 3• 17.0 • 
• • 

G 4. 23.6 
• • 

H 1. 16.o •• 
• 

• 

• 
I 1.. 17.2 

• 
I 2. 1.1.4 

• 
I 3· 1!1.4 
I 4. 19.0 

• 
J I 5. 15.2 

• 
• 
• .. 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

9.01 

5.14 

6.94 

7.65 
9·49 ,.,4 
6.oo 
6.13 

• 
• 
• 6o0 
• • • • 
• 6.0 
• • • • ,.o • 4.6 • 22.!} 
• • • 

• 4.6 • 24.3 
• • • 
• 4.0 • 4 .• 6 • 22o6 
• • • 
• 4.0 • 4.6 • 22oti 
• • • 
• J.O • 4.6 • 22.2 
• 
0 3·0 
• 
• 3·0 

0 • 

• 4.6 • 23.6 
0 • • • 4.6 • 22o0 

• . .. 

• 4o6 c 23o0 
• • 
• 3o0 4o6 o 23o6 
• • 

4.6 0 22.6 
• • 
• 3·0 4.6 • 22.5 

• 0 • 

• • 4.0 
• • 3·0 
• • 4.0 
• 
• 3o0 
• 
• 6.0 -• • 6.0 
• 
• 6.0 
• 6.0 .. 
• 6.0 
• 
• 6.0 
• • 6.0 
• 
• 6.0 
• 
• 6.0 

• • 4.6 
• 

• 

• • 4.6 
• • 4.6 
• 
• 4.6 
• 
• 4.6 
• .. . 
• 4.6 .. 
.. 4.6 .. 
• 4.6 
• • 4.6 
• • 4.6 
• 
• 4.6 

• ~ -  
• • 20.0 . 

• • 21.0 
• 

• 
• 22.0 
• 

• 
• 24.2 
• 

• 
• 23.2 
• 
• 17.4 
• 

• • 25'.0 
• 
• 21.2 

• .cost 
.~er 

.1000 

.Gal. 
• (b) 

•• 
•• 
• • 
• • 
• • 
• • 
•• 
• • 
• • 

• •• 

• • • 
• 7·34 •• 
• • • 
• 7·97 •• 
• • • .... 

• • . .. .. . ' .12.45 • • 
• • • 
.10.11 . .. 
• • • .11.15 ' . 
• • • 
.12.60 0 • 

• • 
0 • 

oe> 

• 0 

• 0 • 

• • 
• • 
o• . . , . 

5.99r·900 
7,ts,,900 
7, ~.  

n,61o,ooo 
13,5do,ooo 
1o,6J2,900 

l 
l2 ,612 ,900 
14 , 5q2 ,900 

J 11,4]3,000 
• 

12,964,000 
12,5'26,900 

10,495,900 

.10. 61. • ~ ·-. :L-3 '0 33 '000 
. -- - -- - -- -- -- --- . o 9.71 ot 11,033,000 

e • o I 

0 ~. 7 •• 6,932,000 
• &o 
., 7o06 •• 
• • • • 9.62 •• 

• • • • ts.56 •• 
,t 
.10.6' •• 

•• 
• • • 
• 6.21. •• 

• • • • 4.99 •• 
,. .. 
« 6.24 •• 
• • • • 6.72 •• 
• • • 
• 7.3tl •• 
• • • • 5.14 •• 
• • • • 5.61 •• 
• •• • 5.61 •• 

5,963,900 

12,095.900 

7.994.900 
14,126,900 

. 
5,309 ,000 

6,742,"000 

4,600,000 
• 

. 
6,3?1,900 
4,562,900 

2,662,900 

5,662,900 

4,362,900 

Includng «uyamaca Reservoir and flume diversions 
Excluding Cuyamaca Reservoir and flume· diversions 

• 

• J 
• 
• 
• 
0 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
0 

• 
• 
.. 
• .. 
• 
• 
• 
• 
• 
• 
• 
C> 

• 
0 

• • • 
• 
• 

• 
0 

• 
• 
• 
• 
• 
• 
• 
• 
• 

•• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
•• 
• 
• 
• 
• 

• 

'J:otal Storage 

Acre b'eet 

132,156 

174,716 
3o3 ,391 
3CS3,131 
195,020 

:::!37,,oo 
194,926 

212,126 

254 , 6ts6 

210,025 

272,366 

272,272 

209,931 
254,250 

1,~ 1 

156,5tS6 

254,156 xx 

218,927 

316,497 >< " 

307,055 
, ~5 

306,795 
366,025 . 
324,161 
115,4ts6 

72,926 
323,901 
14e796 

\ 



, 
I 

1886-7 
1887-8 
1888-9 
1889-0 

1890-1 
1891-2 
1892-5 
1895-4 
1894-5 

1895-6 
1896-7 
1897-8 
1898-9 
1899-0 

1900-1 
1901-2 
1902-5 
1903-4 
1904-5 

1905-6 
1906-7 
1907-8 
1908-9 
1909-0 

1916-l 
1911-2 
1912-15 
1915-4 
1914-5 

1915 6 
1916-7 
1917-8 
1918-9 
1919-0 

TOTAL CUY.AMACA FLUME SEASONAL 
DivERSIONS 

FROM DIVERTmG DAM, SO. FO:RK & PUMPS 
IN ACRE FEET 

Total Diversions 
.. 
t 

( 

0 
4950 
5500 
6000 

6100 
5500 

5400 
&600 
4000 -
5800 
5850 
5250 
2750 
2500 

4900 
4000 
5250 
5550 J ,. 6 ,,(' () -6700 

6751 
5996 
6896 
5817 
6571 

5595 
4617 
4236 
4100 
8696 

4780 
5988 
6548 
6106 
6659 

192Q-l 5625 
19gl-2 92gl 

Mean 5256 
(Note: (a) from 1887-8 to 1897-8 inc. the annual diversion is 

computed according to method on Sheet •A• .• 
From 1898-9 to 1919-20 inc. is £rom the ~ca Co. 
recorda. 

.. 

Season 

1886-7 
1887-8 
1888-9 
188~ 

1890-1 
1891-2 
1192-3 
1895-4 
1894-5 

1895-6 
1896-7 
1897-8 
1898-9 
1899-0 

19QO-l 
1901-2 
1902-3 
1905-4 
1904 5 

19Q5-6 
1906-7 
1907-8 
1908-9 
1909-1 

l&lo-1 
1911-2 
1 1 ~ 
1915-4 
1914-5 

1915-6 
1916-7 
:J-917-8 
1918-9 
1919..0 . . 

llesn 

RAINFALL Oll RESERVOIR SURFACES 
IHCH!S 

I 

CuJaaca 
(a) 

21.81 
32.86 
42 •• 
49.21 

61.07 
S1.69 
158.41 
17.60: 
45.25 

22.80 
Sl.22 
26.26 
19.98 
25.96 

55.42 
29.90 
29.28 
18.72. 
45.85 

47.S8 
32.72 
28.05 
54.17 
26.88 

24.9!5 
25.97· 
26.ll 
25.97 
42.28 

49.85 
28.02 
25.15 
22.77 
52.12 

S0.40 • 

. 

Fletcher 
(b) 

11.06 
16.67 
19.45 
21.9'7 

15.72 
12.20 
17.40 
ll.82 
21.10 
9.96 
18.66 
10.?..5 

9.12 
10.62 

16.86 
n.oo 
16.00 
s.oo 

24.84 

27.71 
22.65 
16.20 
16.45 
16.M 

15.66 
18.15 

10.12 
17.6! 
·25.75 

26.12 
15.50 
15.87 
18.12 

18.?.4 

16.47 

South Fork 
(c) 

18.11 
27.31 
20.88 
ll.94 
16.46 

25.28 
21.57 

(25.?.5) 
(15.58) 
(56.35) 

(59.57) 
(28.02) 
(2i.95) 

7~7  
27.54 

21.6$ 
25.40 . . . 

1_.6.02 . 
2S.4S 
S?.lS 

16 
21.08 
25.47 

P. E. GREEN 

Mission Gorge 
(d) 

ll.09 
1S.l9 
14.74 
20.22 

14.09 
11.61 
12.l59 

6.65 
15.M 

8.35 
15.78 

6.65 
7.04 
7.97 

15.95 
8.22 

15.7S 
5.87 

19.18 

19.70 
14.25 
U.48 
15.71 
15.18 

16.()9 
~ .55 

6.92· 
lS.Bl· 
~.  

17t56 
15.~  
7.17 
a.as 

13.96 

12.85 

Note: (a) These quantities are ~ ot the observed data at Ctqamaca 
Dam. The mean ot observed data fDD · 6 synchronal season at east edge 
or lake andu is S0.40 inches, or 80% ot mean at dam, inter rain 
• 8Q!C • swa't!r ~ ' ' . . 

(b) From 1899-0 to date is observed data. inter rain • 86% 
Snusmer .- 1.-

(c) Deacanao Record 
(d) From 1 1 ~ to date is observed data at ~ Dam. 

Winter rain - 8~ Snnuuer - ~ 
~--~~~~--~--~----



~ ( 

t/4 a~v-ICJ _, • 

T o..hle f l o I 9 RUNOFF AT DIVERTING D!U (a) I c-_ L 1 Drainage Area 91 sq. mi. 
• 

Season Index Runoff Spllls from Runoff from 
SEASONAL RUNOFF Wri'H niDICES 17106 Ac. Ft. San Vicente 

Reservoir Creek. 75 So. Ui • • 

ACRE goo 
F. E. GREEN 1885-4 800 147000 125000 56818 

1884-5 35 6400 100 . 
I 

SWEE?riiATER DJII 1885-6 245 CUIAJIACA DAII 44700 40000 17545 
12 SQ. 11:1les 164 Sll. Miles 1886-7 26 &800 100 

SEASON tmoU ~1!51& ~ t  IJiga; ;1.887-8 40 7400 3000 2000 . 1888-9 . 78. l:i-400 10000 a) 6281 
1887-8 2926 58.67 7048 57.82 1889-0 159 25600 21000 9208 
1888-9 4376 87.75 25255. 135.62 1890-1 130 25900 20000 1.2206 
1889-0 6450 128.94 205S2 110.19 1891-2 82 15100 10000 5782 
l89o-l 8525 170.94- 21586 115.7& 1892-3 58.65 10800 1 8000 1500 
1891-2 - 4016 80.55 6198 35.26 .1893-4 56.17 6660 1 600 
1892-5 ·4498 90.19 16210 87:.28 1894-5 271.28 49950 l 45000 24500 
1893-4 2563 51.39. ·1538 7.18 18 5~ 18.09 3550 1 0 
1894 5 .. 11498 5 ~5  75412 593.97 1896-7 60.61 11160 1 5000 1700 
1895-6 2152 45.15 1321 7.09 1897-8 9.29 1710 l 0 
1896-7 4216 8&~ . 6892 56.99 1898-9 4.94 909 p 0 
1897-8 eM 16 .• 72 4 00.02 1899-0 s.s1 609 p . 0 

1898-9 555 11'.15 245 1.31 1900-1 21.85 &02S p 100 
1899-0 260 s·.2l 0 0 1901-2 22.59 4122p 200 
19DO-l 5031 60.78 825 4.45 1902-5 45.38 8575 p 700 

1901-2 2351 47.14 0 0 1905-4 5.46 658 p 0 
1902-5 2516 50.45 0 0 1904-5 119.68 22056 p 10400 
1905-4 492 9.87 0 0 1905-8 167.47 50857 p 25000 17000 
1904-5 6831 156.98 15760 75.84 1906-7 178.22 32816 p 27000 18100 
1905-6 12785 256.57 35000 187.83 1907-8 65.67 1?091 p 2200 
1906-7 9259 185.66 50000 161.00 1908-9 1051.66 19455 p 18000 8000 
1907-8 5201 64.19 4140 22.22 1909-0 75.11 15461 p 8000 5000 

1908-9 7172 145.8l. 16007 85.90 1910-1 45.52 8545 p 5000 700 

1909-0 5148 103.25 9619 51.62 1911-2 52.25 9620 p sooo . 1100 
1910-1 2850 57.15 5160 16.96 1912-5 29 .21 5578 p 2000 ~  

1911-2 5758 75.S6 5000 •• 85 1915-4 55.75- 10261 p 4000 1500 
1912-5 2982 59.80 915 4.91 1914-5 166.15 50595 p 25000 17066 c 
1915-4 2289 45.90 5525 18.92 1915-6 684.50 126000 u 48845 
1914-5 10988 220.35 27085 145.55 • 1916-7 98.20 18081 c 7010 
1915-8 22555 448.27 160590 861.81 • 1917-8 44.82 8255 c 380 
1916-7 ,752 . 95.29 15282 82.01 1918-9 29.90 5506 c 100 
1917-8 53515 66.83 10204 54.76 1919-0 154.98 24854 c 2518 c 
1918-9 2598 52.10 . 405S 21.75 1920-1 20.80 3850 c . 0 c 
1919-0 6412 128.57 14945 80.19 1921-2 595.05 72756 c 56502 c 
1920-1 2225 44.62 ,,,, 9.72 1922-5 64.29 11857 c 594 c 
1921-2 11956 259.74 61942 SS2.4l 1925-4 20.91 5851 c 59 c 

• 1924-5 50.98 5705 c 1922-5 3166 . 69.48 9lll 48.89 76 c 
1923-4 2295· 46.02 2818 15.12 1925-6 85.17 15682 c 5506 s 
1924-5 1606 52.20 1140 6.12 1926-7 551.91 64798 c 52669 s 
1925-6 14420 77.159 1927-8 24.76 4559 c 279 s 
1926-7 , 119245 659.92 ... , lle{Ul since 1892, 18415 ac. rt. !dean 7~58 

Mean as extended to 188 ~, 21159 ac tt. 
{a) Runof't includes flume diversions exc1usi ve or dr6.tt from ~ea Reservoir Long Term . 

Mean 498'1 ·186M { c~ Cuyamaca Water CompatQ' records · 

~·  
- . 1 J. s. Longwell from Cuysmaca ater Company records Cufamaca ater Compal\T records 

~  Sweetwater ilater Compav records p W. s. Post from Cuyamaca Water Company recorcs, • s. Paper 
u~ U. s. G. s • .. 

(s Citi7 of' San Diego 
•• 



{u-t o-bl - J R FF~ EL CAPITAN (a) c v~~ I r -I • • 

Drainage Area 177 sq. mi. T u. I J e· 1\J 2..1 
SEASOB!L RUNOFI 

Acre Feet ACRE FEET • 
F. E. GREEN 

( 
, Season Boulder Creek South Fork E1 Capitan Lakeside ( .I 

Season With no other devel& 1'1 th Fletcher Bull t At · Diverting 
opment on River 17106 Ac. Ft. Dam 
Ron of£ Spills IPJ;gno.tr S~ill  

21.5 sq. mi. 44.6 ~· mi:. 177 sq mi 205 sq. !Di 
122000 Ac. 139200 Ac. 12200 159200 Ac. (b) (n) (d) (f) 
f'oot dam foot dam Ac. Ft. Ft. dam 

• Dam 1892-s 5168 2400 L • 12000 
1895-4 1954 1600 L 5500 
1894 5 14655 16700 L 72000 

1885-4 186000 47000 28000 16&000 29000 10000 1895-6 977 890 L 500 
1884 5 8000 2000 1896-7 3274 2450 ~ 12000: 
1885-6 56000 52000 28000 52000 28000 24000 1897-8 502 404 L 0 
1886-7 6000 1500 1898-9 267 OL 0 
1887-8 9000 5000 1899-0 179 o L·- 0 
1688-9 18000 14000 1900-1 1180 11.70 L 1600 
1889-0 52000 28000 1901-2 1210 12SQL 17SO 
1890-1 30000 15000 6000 26000 8000 0 1902-s 1112 1860 L 8000 
1891-2 19000 3000 2000 14000 0 0 190&-& 18'1 OJ, 0 
1892-5 12000 9500 1904 5 6485 6450 L 27000 • 

1895-4 5500 1500 1905-6 9047 15000 L 55000 67506U 
1894 5 72000 40000 54000 67000 59000 50000 1906-7 9627 8900 L 41150 448000 
1895-6 500 500 1907-8 5547 1820 L 11000 91000 
1896-7 12000 6000 1908-9 5708 11600 L 52000 594000 
1897-8 0 0 1909..() 5949 3070 L 16000 l8400U 
1898-9 0 0 .. - 191D-1 2448 2000' L 8000 llOOOU 
1899-0 0 0 , . 1911-2 2825 2055 A 10000 l2000U 
l90Q-l 1600 0 1912-3 1578 1182 A 2500 1740U 
1901-2 1750 0 1 1~ 30ll 2500 A 10000 10500U 
1902-3 8000 0 1914-5 10450 A 8391 A 42000 49000U 
1905-4 0 0 1915-G 56966 55000 L 160000· 194000U 
1904-5 27000 6000 1916-7 5305 2650 L 22665 
1 5~ 55000 50000 0 0 1917-8 1421 2700 L 8000 . 
1906-7 41150 36000 0 0 1918-9 2990 A 1472 A 4000 
1907-8 11000 500 1919-Q 6255 A 5954 A 25624 A 
1908-9 52000 51000 0 0 1920-1 1486 A M7A 1555 A 
1909-0 16000 11000 1921-2 17510 A 23179 A 100251 A 
1910-1 8000 5000 1922-3 4163 A 5875 A 12999 A 
1911-2 10000 6000 1923-4 1685 A 1525 A 2589 A 
1912-3 2500 0 1924-5 2295 A 1157 A 2951 A 
1.915-4 10000 4000 1925-6 4406 A 4305 R 16192 E 
1914-5 42000 57000 0 0 1926-7 16590 A 25690 R 100700 E 
1915-6 160000 • 1927-8 1551 A 2052 R 4700 E 
1916-7 22665 Long Term 
1917-8 8000 Mean 5402 c 5594 K 25078 p 
1918-9 4000 
1919-0 25624 c n~ Including fiume diversions 
1920-1 1535 c r Cu;yamaca Water Co. Records and by comparison with diverting dam 
1921-2 100251 c & El Capitan 
1922-5 12999 c ~a~ Cuyamaoa Water Compe'\J' records 
1925-4 2589 c b Without dratt trom Cu;ramaca Reservoir 

( 1924-5 2951 0 ' fl) Restoration b.r J. s. Longwell · 
1925-6 16192 c d) Exclusive or all diversions 
1926-7 100700 8 (f') Above junction nth San fieente Creek & without f'lume diversions 
1927-8 4700 s • c) BT comparison with Cu;yamaca & Diverting Dam 
Uean sinee 1887 by comparison with Diverting Dam and S eet ~;tter dam 25078 ao. ft. k) • • • • • " • and Boulder Creak 
~an e.s intended to 1883-4, 26715 ac. ft. 
(a) Net runnoff', no allowance £or diversions by' Cu:yamaca W. co. 

. (f City of San Diego. . . 
(c} Cu;yamaca Water Co. records (s) Cit,' ot San Die 



- ---

Season 

1C)o3-4 
lCi~-5 
1885-6 

lli86-7 
1887-8 
1888-9 
1e89-o 
1.890-1 
1891-2 
1892.;.3 
1B93-4 
1B94-5 
1895-6 
1B9b-7 
ltl 7~ 
189B-9 
1~ -  
1900-1 
1901-2 
1902-3 
1903-4 
1904-2 
1905-5 
1900-7 
1907-tl 
1 ~-  

"1909-0 
1910-1 
1911-2 
1.912-3 
1.91.3-4 
1914-5 
1915-0 
1916-7 
1917-8 
191CS-9 -· _ ..._... -
1919-Q 
1.920-1 
1921-2 

1922- 3 
1923-4 
1924-5 
1925-6 
1926-7 
1 7-~ 

l l 

\Vi th no other 
develo:pn1en t 
on· the river 

325?52 
9C366 
t35621 
7752 

l33B9 
47920 
35759 
~7  

1162t5 
13000 

500 
95000 

500 
13750 

100 
50 

0 
2000 

500 
7000 

5'0 
49000 
~  
tj6000 
17000 
40000 
20000 
~  

10000 
1750 u 

1.4170 u 
tl2500 u 

280000 a 
879ti6 u 
20493 u 

1CS64 c · - - -
2ltltl2 c 

1~  u 
16eo39 u 

10100 u 
16 c 
72 c 

25939 c 
159tj23 c 

1299 c 

Vlith Fletcher 
Dam 17106 Ao. 
Ft . co. acity 

315752 
4000 

80000 
2000 
6000 

36000 
33000 
35000 

5000 
. 6000 

0 
lj3000 

500" 
~  

0 
0 
0 
0 
0 

1000-
0 

33000 
7400.0 
~  
10000 
30000 
10000 

1000 
2000 

500 
4000 

77000 

I 
VIi th J!,]. Capitan 
Dam 122000 Ac. 
Ft. capacity 

157000 
2000 

62000 
0 

500 
2700 
2000 

27000 
500 
500 

0 
63000 

0 
0 
0 
0 
0 
0 
0 
0 
0 

20000 
25000 
40000 

7000 
9000 
3000 

0 
0 
0 
0 

40000 .. 

- --. - - - ------
~ 

• 

:lith San Vicente 
Dam 59230 Ac . Et. 
tiE more 

270000 
9BOO ' 

6BOOO 
7700 

11300 
42000 
30000 
29000 

6000 
12000 

500 
71000 

500 
12000 

100 
50 

0 
2000 

500 
6000 

50 
39000 
63000 ' 

~  
15000 
32000 
17000 

7500· 
9000 
~7  

liOOO 
6 000 

231000 
21000 
20000 
1~  -- --20000 
lC>O 

132000 
10000 

16 
72 

20500 
127000 

1200 

liean since lts~7 by com arisen \'ti th Diverting Dam and tiweet\·tater, 35335 Ac. .b't . 
Mean as extended tp 18 ~, 40558 ~. Ft. 

~·lit  Flethcer & 
San Vicente ~a s 
bui1t 

260000 
4000 

62379 
1950 

. 39'11 
300CSO 
24241 
23127 

0 
5000 

0 
59000 

500 
6250 

0 
0 
0 
0 
0 
0 
0 

23000 
57000 
62000 

tsOOO 
22000 

7000 
500 

1000 
450 

2830 
60500-



EV'APO '' TION r,ROM PAN FLOA.'l'I NG IN WATER AT 
L.'URRAY ~S R IR • ELEV • 520 ftr • 

IliOHBB 

C ~ C  ~ R CO. F. E. GREEN 

YEAR JAN. FEB. IJAR. APRI L MAY JUliE; JULY AtnU !Jr SEPT, OCT, NOV. DEO. TOTAL 

1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 

1·59 
2.37 
1.73 
1.86 
2. .72 
~- ...... 
2.00 
2e43 

2.45 
4.30 
2.65 

4.23 
2e94 
2·40 
2.76 
2.88 -----

SEASON OCT. NOV. DEC. 

1915-16 5•89f 3.09 2o9G 
' 

4.51 
6.15 
4.99 
3o98 
4.17 ---.. 
4.05 
4e28 
2a31 

JAN. 

0.28 

1918-19 5o71 4.27 2e51 3.40 

1919-20 6.17 3e49 2•67 8.76 

192Q-21 5.98 ~ . 1 4·97 2.20 

1921-22 5e43 4.21 2e20 2.55 . 
1922-23 7.47 4.83 2.54 2e63 

1923-24 6.33 4.57 3.60 3. ?3 

1924-25 7.07 4.96 .~5 2·98 

1925-26 3e82 3.64 3.07 2e55 

1926-27 6e16 4,94 le96 1e69 

6.19 
6.16 
5.15 
5e77 
3 .56 
4.02 
3.99 
3.79 

7.54 
5.48 
6 e45 
8.713 
4.05 
6. 2. 7 
5.48 
4e'11 

6. 71 
7.02 
6.61 

6.98 
7.76 
9.01 
7.66 
6.96 
. ~ 

7.12 
6.64 

9.64 
9.03 
9.34 
9/90 
7.60 
8.20 
8.29 
7.12 

7.93 
6.89 

•• 

8e45 
8.26 
7.89 
7.87 
8.oa 
8.22 
7.64 
6.66 
7.39 
7•06 
7.06 

CITY OF SAN DI EGO CALIFOIDITA «. OPERATING WARTMENT 
BU!EAU OF WATER I V:POONtt NG 

GROSS EVAPORATION 
(Floating Pan} 

M ORENA D AM 

FEB• MAR. APR. :MAY 

3.31 3.37 8.68 
. 

1e87 3e79 4.65 4o96 8.63 

8e2l 
6.51 
6.02 
~.81 
7.38 
6.55 
5.36 
5.32 
7.95 
6.74 
5.26 

,, .]"2 
U./3 

6.56 

JULY 

10.15 

6.46 
4.47 
5.10 
4.89 
5.12 
4e75 
4.64 
4.48 
4.66 
4e79 
&.96 

3.42 
4.M 
4 .11 
5.54 
4,10 
3.07 
4e67 
2.21 
3.29 
2.50 
4.80· 

2.vo 
2.37 
le44 
3.09 
3.48 
1.'11 
3.0'1 
1.62 
3.63 
8.29 
3.07 

69.92 
65.87 
62.63 
67.43 
60.09 
58.82 
60.26 
52.09 

54.32 42.05 29.47 6l6 .e7 

4e94 3e82 2e68 61.69 

AUG. SEPT. 

9.5.8 8.15 

Elevation 3050 

EASON 
TOTAL 
7~5  , 

ANlffiAL 
TOTAL 

67.04 

8o77 10.10 8. 76 64.84 68.61 

'1.24 3.53 5.30 6.59 7.41 10.06 7.69 7.54 69.16 66·08 
• 

1.71 3.38 4.50 6.30 9.73 9.25 9.69 8.38 68.83 68.67 

2.14 2.04 4.90 5.60 9.301 . ~ 9.48 8.15 66.62 68.85 

2·55 ~ . 1 6.17 5.32 8.13 9.95 9.01 8.88 70.69 67.96 
' 

1.94 2.90 4.39 6.55 8.oo 9.49 8e66 8.01 . ~ 67.33 

2.81 7.03 7.95 9.18 10.67 7.10 68.92 68.58 

4.00 2.63 3.29 7.38 10 .00 10.50 11.10 9.31 76.44 76.32 
. 

1.90 3.38 3.95 6.86 7.78 10.59 11.16 8.52 73.49 67.64 

3 .56 6.09 9.40 10.54 9.23 8.39 65.73 68.26 

~ ;  FOR EL ::VEN YK\RS • • • • • • • • 68.85 
' 

NO'lEs Fi gures to and includin g Feb• 1921 t altenrran H. N. Savage's Repo rt, Page 251 
f l~ont 1y mean value used. 
G 1/2 Month July 1920 ---4.96. 

,_., 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 



T 

• ~ b I 

EVAPORATION !mll STANDABD S x 5 ~ PAB IB GBOtJBD HODGES DAII 

ELEV. 260 aDd 525 

INCHES 

F. E. GREEN 

1915 - 1916 1917 1 ~ 1919 1920 1921 1922 1925 192& 
r 

• . I 

I (d) (d) 
1.01 i (1 .• 30): 1.01 : 2.os: ~.os : 2.1s : s.s2 : 2.e1 & s.oo : 2.66 .. 

FEB. 1.15 : 1.28 : 1.95 : 2.52: 1.85 : 2 .• 47 : 2.83 : 2.02 : 5.64 : 5.49 . . . 
MAR. 3.06 lr 2.66 : 5.26 : 2.M: 2.74 : 2.78 : 4.00 : 3.10 : 4.37 : 3.57 

' . 
APR. .~5 : 5.89 : ~.8  & 5.81: 5.45 : ?·06 : 6.55 : ~.no : 3.86 : s.7o 

YAY 5.92 : 5.34 : 5.21 : 4.90: 4.16 : &.62 : 4.04 : 4.78 : 6.86 : 6.71 . 
JUNE 5.89 : 5.61 (8)).91 : 5.95: 7.18 : ! .29 : &.90 : 5.88 : ,7 ,15. : S.ll 

JULY 6.83 :: 6.24 : 6.17 : .6.6.1: 8.19 : 8.20 : 7.82 : 6!t62 : 7.70 : 8.98. 
• 

AUG. 5.77 : 5.95 : 5.97 : 6.00: 8.17 : 7.80 : 7.~5 (Q8.80: 7.10 : 

SEPT. 5.02 : 4.49 : 5.07 : 4.?2: 6.82 : 6.40 : 6.09 : 8.20 : 5.61 : 
• 

OCT. 5.81 : 2.80 : 5.98 : 5.60: 5.56 : 5.40 : 4.99 : .~  : 4.50 : 

NOV. 2.42 : 2.52 : 2.49 : 2.58: 5.75 : 5.44 : 3.90 : 4.8&-1 5.67 : 

DEC. 1.2a : 1.10 : 1.94 : 1.86: S.l4 : .3.os : s.se : ~ss : .2.76 : . 

TOTAL 45.67 43.78 44.84 46.72 56.84 60.27 . 60.45 59 •. 67 ~  

Nine. 788r 52 ~Sol 
(a) Pan moved 2 miles down to camp. 
(b) Pan mo18d ! mile down to dam. 
(c) Screen over ·pen removed. · 
(d) From pan in ground at Hodges Bridge. 

·-

-

T Ca. 1:_.. I . . I • J . ' 

EVAPORATION FROM 5 x 5 Ft. P l~ AT PM.IO RESERVOIR SITE 

ELEVATION 880 

DiCHES 

V. L. & W. Co. F. E. GREEN. 

MONTH 1914 1915 1916 1917 1918 1919 1920 1921 1922 

JANUARY 2.79 

FEBRUARY 2.56 

WJ\CH 

APRIL 

MAY 

JUNE 

JULY 

AUGUST 

3.51 

5.56 

4.72 

8.25 

10.26 

9.92 

SE!TEMBER 6.68 

·OCTOBER 4.51 

noVEMBER s .1s 

DECEMBER 1.40 

1.44 0.45 

2.00 (2.00) 

1.54 

2.25 

2.20 

2.56 

2.84 

1.98 

2.09 

2.99 

2.02 

2.40 

3.07 5.10 4.16 5.27 3.11 1.95 5.49 

5.29 · 5.46 5.85 4.80 5.71 .~1 5.54 

4.00 7.61 4.52 5.89 6.22 6.09 4.55 

6.18 a.a1 a.os 7.55 7.9o 8.54 6.9o 

s.s2 10.25 8.60 8.72 8.50 9.48 8.64 . 
6.62 8.71 8.so 8~5  9.75 8.oo 8.11 

5.01 7.01 9.50 6.96 8.99 6.50 6.69 

4.12 4.18 5.42 5.01 4.80 l.21 5.80 

2.20 4.02 5.58 2.60 5.75 2.77 2.84 

1.22 2.54 5.22. 2.97 2.21 2.27 5.07 
/ 

2.55 

2.26 

2.86 

4.06 

6.11 

7.44 

7.95 

8.98 

7.58 

5.11 

2.99 

1.80 

TOTAL 61.50 47.67 64.12 60.99 60.91 65.76 58.80 57.75 59.65 

Means for 9 years = 59.44 



EVAPORATION FBOII LAD SURFACE 
COMPARED WITH THAT !BOll STANDARD EVAPORATION PJ.B 

DATA FROM HODGES BSSERVOIR 

I I 

F. E. GBEER 

• • • • 
: I : 
: · sEvaporation - Inches : 

___ ..;::::;D .. i'-..l'E..._ __ : ..... Da.Ys 1 Lap : Pan : 
• • 

May 2l to June : 
• • 
• • 

1, 1919 : 11 : 
June 11 to July : t 

1, 1919 : so ' 
Jucy l to Aug. : • • 

1, 1919 : 51 : 
Sept. 1 to Oct. : 

1, 1919 : 50 : 
Oct. 14 to Oct. : 

24, 1919 : 10 : 
June 1 to June : : 

26, 1920 : 25 : 
Juq 9 to Aug. : • • 

1, 1920 : 23 : 
Aug. 22 to Sept. : • • 

l, 1920 : 10 : 
Sept. 1 tO Sept. : • • 

12, 1920 : 11 : 
Oct. 1 to Oct. --~ : 

15;.''1920 : 15 : 
Aug. 10 to Aug. : 

• • 

• • 
21, 1921 : 1l ; 

• • • • 
• • • • 

1.?.9 

8.16 

1.80 . 

5.59 

5.64 

2.04 

2.40 

2.62 

• • 
• • 
I 1.:5:9 
I 
: . 7 .18· 

: 8.19. 

: 6.82· 
• • 
: 1.71 
• • 
: 6.09 
• • 
: 6.10 
• • 
: 2.?.0 
• • 
: 2.50 
• • : s.oo 
• • 
: 2.70 
• • 
• • 

i 

• • 
• • 

• • 
I 
; 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
: 

• • 

Bsin : 
in; 

• • 
• • 

% ot Lake 
tob,n 

.ss : 92.81 
• • 

0 : . 100.?.8 
• • 

·'" : 99.65 . 

.28 : 88.56 
• • 

• II • 

. . . 

.19. : 91. 'Z9. 
• • 

0 : 92.46 . 
• • 

0 : 92.73 
• • 

0 : ss.oo 
• • o : aa.oo 
• • 

0 : 9S.S3· 
• • 
• • 

: ' : : : 
Total : ~t 1 : 46.32 : 47.88 ... : 1.24 :Jean 45.52 - . ~ . ~ . ., . 47.68 

•• 
~ lake evaporation is taken fro• the dail~ readings ot a 

vertical enameled starr gage, graduated to 0.02 ot one toot, sat in the 

ater about 800 tt. from the dam. Da11J readin s~ ot this gage are 
, 

on record since Feb. 11 1919. 

The evaporation pan used was the standard S tt. p.m. 18 in. 

deep, buried in the gxound about 25 tt. 11bow the lake near the north 

side ot the dam. The pen was oovered tdth a wire fencing Ptroon 
c 

or two inoh IIQSh. 

c 

• 

T Ci L / ._· t 

The pan evaporation given tor each of the thirteen periods 

is trom aotool operation or the pan without aey interpolations. That 

is, the pan was actually filled at the beginning and end of each 

period. Periods where this condition did not hold were not 

considered. · The pan has been in operation continuously since 

the formation or the lske. 

There na no reservoir draft or runoff during the 

periods of the study, and in no case was a period taken i ediate~ 

following a draft. Hence, there are no discrepancies arising 

from computations involving runott and areas. 

Since it is impossible to fuJ ly standardize the condi-

tions under *hich a pan is operated, a comparison was made·lrith 

the synchr onous reaul ts from other standard pans at about the 

same elevation and distance back from the coast, the Hodges pan 

s o in ~ following ratio: 

107 .o · ~ of pan floating in Murrey Reservoir 

115.9 ~ 11 11 bufied in grotmd at San Dieguito Reservoir 

115.2% II 12 

Mean lll.4 % 
11 • 11 Hodges B2i.dge1 Bernardo • 

Accepting the above mean ot lll.4 % as the true 'index 

of the Hodges pan, then the ratio between J eke and pan is as 

45.32 is to 42.98, or 105.4%. 



J 

C t.:P R I ~ EVAPORATION 
J'rOQ Puna or ~· eq. ft. area, 9 sq. tt., .ond 18 

Date 

July 20,1923 -
" 28, 

18, 

Sep. 1, 

Sep . 1~, 

20, 

" 2'1, 

Oct. 4, 

Oot. 12, 

31, 
~lov. 13, 

•• 26, 

Dec. 6, 

" 
,. 

" .. 
.. 

.. 

.. 
" 
II 

11 

.. 
II 19, 

Jan. 5,1924 

•• 

.. 
11 

17, 

31, 

Feb. 14, 

" 28, 

ToteJ. 

., 

.. 
" 
tt 

Time 

~:  it. .. 

5:00 P. 

ll:OO ;.., 

2:00 p. 

10:30 A 

1:00 P, 

10:00 A. 

2:00 P. 

3:00 P. 
5:00 p. 

4:0\l P. 

1:00 P. 

ll:OO A. 

ll:OO 1\, 

10:00 A. 

10:0C A. 

11:00 A. 

Ratio to 3 .x 3 p::n 

R. B. Sleight's curve 

san Paaqunl Valley, 1923•24. 

Pnn 4t aq. rt. 
Evap• .. Tanpera-
oration ture 

a.Surraoe 
Inches b.:Sottom 

1.90 s.eo,o 
b.'76.0 

2.26 s.86,0 
b.as.o 

1.92 s.ao.o 
b,'l'l,O 

1,76 s.n.s 
b.7o.o 

2,18 s.74.8 
b.'14.0 

1.38 s.73.4 
b.68,0 

1.44 s,'16.4 
b,69.0 

1.09 s.67,0 
b.6s.a 

1.31 s.'l'l.O 
b.6S,l 

2.58 
(1.49) 

1.38 

1.13 

1.42 s,Sl,O 
b.47.o 

.1.25 

Pan 9 aq. ft. 

Evapor• Temper• 
ation nture 

s,Surface 
Inches b.Bottom 

1,'18 

2,04 

1.80 

1.62 

2.04 

1.32 

1.06 

1.16 

2.42 
1,2e 

.ae 

.97 

1.28 

a. 77,.0 
b. 74.0 
s. 87.0 ° 

b. 86.0 
s. 79.3 
b.77,0 
s.71,0 
b,7o,o 
s.'74.0 
b.'14.0 
s.7l.O 
b.68,0 
s.'ls.o 
b.7o.o 
s,67.0 
b.66.0 
a,74.1 
b.7o.o 

s.so.o 
b.47.0 

Po.n lS 

Evapor• 
ation 

Inchoo 

2.05 

2.14 

.89 

.ss 

Tecpera.• 
ture 
a.surtace . 
b. Bottom 

. 
s. 49.9 
b. 46.8 

e,52.0 .91 s. 52,0 

1.29 

1.72 

b.49.8 b. 49.9 
s.56,0 .1.28 s. 56.0 
b.s2.o b, s2.o 
s.62,0 1.69 o. 61,0 

l.Ol s.S2,9 
b,49.0 

1.44 s.56.2 
b,51,8 

1.90 s.62.2 
b.54.0 
~---- b. 55 4!.: . .,_. --:--~--- :..:tr_:::5:.::,5.:.;  :._~ 

29.83 a.69.e8 
b.65.75 

l09,63j! 

104.3q( 

• 
27.21 

100 fo 

100,: 

Uean 

8,68,94 
b.65.06 

2'1.19 

99.93" 

94.61;! 

. J.lean 

s, 69,15 
b. 66,28 

Total 

Ratio to 3x3 pan 

Evapora. tion 
July 20. 1923 to 
Feb. 2S, 1924 

Ro.tio to 3x3 pan 

Total EvaporRtion 
1 yee.r, 17 duys 

Ratio to 3x3 pan 

OOYPARILTIVE J~ R I  

9 SQ, FT., AND lS SQ.i'T. 

San Pasqual ,/e.lley, 1923•24 

vn or~ ion in inches 

~P an~ ~t~t~~~·~s~s·~ ~~~~~~--~P-an~J~8~!t~~~s~ ~·----·~ 
• • 

• • 

• • 

• • 
27.50 : 

1 . ~ 

29.83 

109,G3j! 

57. :3:; 

1 5, ~ 

26.90 

loo,oof. 

:!'1.21 

lOO.OCYfo 

5~.11 

lOO,O()j! 

• • 
: 27.65 

102.83;'4 

-zr .19 . 

l01.3'l;t 

From R, B. Sleight • u curve 
104.30,( lOO.OOi! 94. 6J.t'! 
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Gaging station near the mouth of Pauma 
Creek, Palomar Mt., built by the S.D .Con. 
Gas & Elesotrio Company. 

' Gaging station at the outlet of Doane 
Valley, Palomar J~t ., Built by the S .D.Con, 
Gas & Electric Company. 



Gaging station at the head 
· Margarita River, during storm of 

concrete gage house can be seen in central 
picture - looking downstream. 

. 
at the Diverting Dam on the San Diego River. 

Capitan 
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. . 

Looking downstream from Lakeside bridge during storm of 
December, 1921. 

• 

• 

• ·---------~-

Looking upstream on San Vicente Creek from the bridge 
during the storm of December, 1921. 
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t ooking upstream at Mission Gorge namaite No. 3, 
during stor.m of Deoember, 1921. 
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Pump and ; ell at the Lakeside plant of the City of san Diego 
about one-half mile below the Lakeside bridge. 

I • s ·. -

• 

~1 ~ :ante Pumping Plant of t he Cuyamaoa ~7ater Company. 

• 
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... 

City of San Diego's Riverview Pumping Plant on the San Diego 
River near Lakeside. 

.. 

Mission Valley Pumping Plant of the City of San Diego. 

I 0. 



• 

t 

• 
£ ________________ __ 
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Drilling 
El Monte 

-
two inoh observation _well in 
Basin on the san Diego River. 
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Hlgh water in 1922 below El 
Capitan damsi te. lool:ing east. 

• 

u.s.weather Bureau rain gage 
at R.C.Allen residence, 
Bonita, Cal. 

raft Evaporation pan and protecting . at ~.rorena Reservoir. 

·' "' 
• 

" .. c. 
• 

Gaging station with artificial control on San t uis Rey 
~iver below Henshaw Dam. 

.. 

Artificial control at gaging station on Santa Ysabel Creek 
at Sutherland damsite • 
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:: 1 :·onte '3esin from . an licente Creek to 11 _.'ionte Park . 

-Lakeside- Santee Basin from San Vicente Creek to Riverview Narrows . 
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Section oi' the Old :.:iss ion conduit uncovered near ;·.: iss ion Gorae gaging station. 
?ractica1ly intact afte r 125 years. Also, a vie\•J of the right v1all of a. broken 
sect : ~!. , sho··iing mortar plaster. 
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' I 17 
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1 Section of Old r .. issicn conduit practically intact, I showing tile sides and bottom • 
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