
Mr. htn. G, Henshaw, 
llills Building, 
sen Franoiaoo, Cal. 

Bir:-

February 24, 1917. 

on Deom,ber 5th, 19lu, tho undersigned Board of r~inoara 

reoeived tho following oommun1oat1on: 

"At Hr. Henshaw• a request you have been nnked to moot ns a 

Board and ropo1·t ~innines on tho watol' supply of the Volco.n Land 

and \1at er Company. 

The atremne to be conaiderea &re the :>an r~uin i ey o.t 'ie.rner • o 

Dam and the Santa. Ysabel a.t Sutherland and Famo , including .3an 

Clemente Reservoir. The f1ndinBe deoired are: 

(a} The not aafo clomostio yield c.nd the proper heights of druns 

nooesaary to aeoure 1 t. 

(b) The net oc.f'e irrie;e.tion y:lelcl o.nl the corroaponding proper 

heie;hts of dema. 

In determining the not safe yield of the San J .. uis \ Gy at ;·:erner• o 

Dam, you will only take into oonsiderntion the danand of the Escondido 

Mutunl Water Co. aa por our a~r.reement. On the Sante Yaa.bel River 

we would liko the report of the net safe yield , withont consideration 

of the needs of the riparian owners heloVI ? alllO; also e. aepe.rnte 

stat anent giving oatimat o of the emount of water neoesae.ry to ta.ke cnre 

of the riparian owners below pamo and. above carroll, whose riper inn 

ri15hta wo have not yet sennrod. !rir. post con give yolt full date sa 

to rights heretofore noqu.ired l1otweon Famo and Carroll. 

All riparian riBhts from csrroll to tho ooeon ha:Ve b~.h acquired 

~a. no deduotiono will be ~nde on thiD aooou.nt. J 

(signed) Ed Fletol,.7 r, '' 
I 
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• 

I 



• • 

. 
( 

.. 

- 2 -
In oomplienoe w1 th these instructions, the Board has held 

several meetill8B at whioh all available data has been enmined, 

and e.nalyzed. A preliminary report relat1118 to the sen Luio Rey 

waa au bmi tt ed to ir. letcher on January 16, 1917. 

After o:xhaustive study of the matters snbm1tten • the 

Board has arr1veo at the ~o o in  oonoluaions. 

San LUiB Rey River 

!!!he net safo yield, after deducting for lliloondido prior-

ities. will be ~or domestic use, 24.750 acre feet annually, equiva-

lent to about 22.000,000 gallons daily. 

~he net safe yield for irr1Bat1on purposes. aaaumine that 

a 50% supply is allowable for tv;o conneoutive years is, after vro-

Viding for :Eocnndi.do, 28,000 e.ore feet anmuU.ly: equivalent to 

2,800 miners inches baaed upon 8 months continuous flow • 

To accomp ish thia reau.l t the dem at ~ arner will be 

required. to hold up a norme.l depth of 107 feat, the storage at 

this elevation bein6 200,000 sore feet.. J1bove this heieht the dam 

should be raioed to ]?rovide for infreqttent severe fresh eta, 

wave eotion and necessary freeboard above maximum flood .level to 

insure, in conjunction with a. proper apiilway, that the dam will 

never be overtopped. 
santa Ysabel at sutherlana Site 

A·storege capacity of 60,000 acre feat will 61Ve a net safe 

yield for domestic ~ur ooea of 11,200 acre feet annually, equiva-

lent to about 10,000,000 gallons daily. 

~or 1rrige.t1on, allowing a 50% au~  for two oons~ti e · .. 
;rears , tJlis reoervoir Vlill give e. ae.£e yield of 1211 900 acre feet 

, 
annnally, equBl to 1,290 eiBht month.D miners 1no i)s . .. 

• 
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fhe 1nferenoe to be drawn from the above stat anent is that 

the santa Yoabel at the sutherland Site oe.n be thoroughly 

e e o~ed with a otorage o~ 60,000 aoro feet. If this etorase is 

eeoured. looally • a dam impounding wat or to a depth ot 190 feet 

will be required. While thia height is perfectly feasible and 

praotiocl os matter of dam oonstruotion, thero is a reasonable 

probability that the oeme storage os.n be developed in tho adjacent 

areas at leoa ooet. Althou.Bh the consideration of other drainage 

linea in not innnluded in the 1nstrnctions given to the Board. we 

ne orthe e~e wish to adviae that from the information eveilable 

it appoars that 60,000 aore feot of storage may be obtained 

elsewhere with a lower dam. It is the OJ?ini on of the Board tbat 

in considering the potentialities of th~ BlBtem it is propor to 

assume thet the santa Yaa.bol may be oomjlletely regulated as shown 
• 

above and as onrrA:ed in the ma.as ourves, but before oomitting 

the oompany to this development 1 t wonld be well to exBJDine 

the ooonomio side and determine whether you could not store . 
this water at other points for less money. 

snnta Ysabel at l smo Site 

A masonry dam with water level 156 feet e.bovo the stremn 

bed, storing 47,600 sore feet will in oonjunntion with san Clemente 

reservoir allow a snfe clomestio yield of 7,000 aore foet azmunlly 

equivalent to about 6,200,_000 gallons daily. 

fhe safe yield for 1rr1gnt1on purposes is 7,950 aore feet 

onnnally • equ.el to 796 eight months miners inches. 

The "safe yields" have bean cletenninerl. w1 thout, 'allo oe 
• 

for priorities in San pasqual Volley. 

. ... 
t 
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Hipo.rian lands between pamo ana carroll. 
Mr. w. s. post bas advised this BOard by latter of January 

20, 191 'I, that the total area whioh oan be reasonably antio1pat d 

to be 1rr1gat ed in the Su.n paaqnaJ Valley 17!118' between the opening 

of the oanynn on the oast to the east line of the Bernardo Ranoho 

to the west, is 2,400 acres. 

'rhe lands of the san Pasqunl Valley are composed of detrital 

fill, re porous and have great absorbent oapao1ty. ~he  are 

fet'tilo and a large portion of them ore already under irrigation. 

There ere 130 squnre miles of drainage area below the Pemo dsmsite 

tributary to this valley. ~he runoff from this area will be 

su£fio1ent to reohsrge the underlying ntt~r plane in tho san 
?asqual Velley 1n nomal years when all the irrigable lnna is 

Wlder cultivation. In a sequence of years during whioh the 

runoff is below norma ~ this condition may not obtain end it might 

be necessary to release wat f1r at r amo to make up the d'ficit. 

The East and West San Paaqual Ditchee ho.vo pointe of ~i oraion upon 

the 1!181n river and command e. total of 740 acres. ~hese ditches have 

diversion rishts between January lfit!tl nnrl JUne lath. The BOard 

considers that under existing oondi tiona. relinquisbmentn to the 

extent of 1,100 acre feet per annum must be made at Pemo to satisfy 

, 

these diversions. Allowing for priorities under existing cond1t1ons, . 

the safe yield :f'rom the pamo Roservoir would be 5, 300 sore feet 

for domestic uses and 6,000 acre foet for irrigation uso, equSl to 

600 eight months niners inches. 

I t ·" 

• 

,. 

- 6-

The above discussion is based upon the apparent rights 

of San Pasqual Valley, but in the opinion of the Board the 

irrigation of this area may be fi.Ooompliellecl by pamp1ng from the 0 

gravn storage without loworing the we.ter plane beyond the 

eoonomio renoh of pumpo. 

At preoent douring portions of the year, the high level of 

the ground water renders muoh of the valley unfit for crops. 

is detrimental to health nnd contributes to large loaoes through 

evaporation from the moist areaa. The oonstruotiol]'of pe.mo dem 

will protect from floods with the attendant soil as.tura.tion, and 

um i~  from the underflow will . further aasiat in maintaining the 

~ter plane at a proper agricultural and san1tary depth. 

The Board suggests that negotiations with the riparian 

owners, during which the advantages above outlined e.re fully 
. 

impressed, might result in a relinquiabment of rights to stored 

water at Pamo Dam exoept an agreement that when the ground water 

dropped below a plane 20 feet from the surface, the irrigators 

would be reimbursed for the coat of pumping below th&t plane. 

The study indicates that the oh&noes of the water ever falling 

so low are too remote to lw.ve any financial influence upon the 

feasibility of the projected development. 

Methode of Calculation 
-In comparing these ;results with preVious determinations, 

attention should be given to the following features of thi a report 

which have had an important influence upon the findings. 
0 \ . .. 

(a) A longer reoord of stream flow than was tmil b1 in any 

previous determination • 
(b) ~e assumption of greater storage, pro 

-. 
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The reoordf¢n san Diego 

unty show thnt otream. flow is subject to wide variations and th 

eequenoe of dry years wh1oh hnve ooourred in the past makes 

dvisable the sto :rege of extreme floodo whioh in a measure 

oompenente for the periods of drought. 

( o) Less gross evaporation, the figure used ( 47") bein6 1n 

fUll accord with reoent oo1ent1f1o investigations not available 

in fo:nner determinations. 
. 

(d) :Baainf_\ the estimates of stream flow upon menaured run-off 

instead of nn nesnmod relation to rainfall as hao boon done pre-

vioualy. 

tarner • a Runoff 

Regarding pnrnsraph (d) the years of E\ctusl men sured 

ranoff of the san Luis Rey have been cornpared with thnt of other 
... 

southern Calif ornin streams - sweetwater, San Diego, Onyamaoa. 

Hemet, San Gabriel - g1 vin8' clue consideration to the difference 

in surrounding conditions - and a fixed relation eatabliahod from 

Which it has been possible by comparison with earlier records 

on these streams to restore tho run-off at Warnera back to the 

Season 1888-89. In making thio restorntion, 0 threo independent 

t:!ethods were employed: Two of. the r.eaults ere 4% apart and the 

third was c. mean between the two. This olose agrooment allows 

the results adopted to be nooe te~ with oontidenoe. 

senta Ysabel RtUloff .. 
~ere nre eleven years of oynohronous measurements on tho 

san Luis lley and the s anta Ysabel from which a rela 

established. nith thio relation oontro in . th~ 

th Santa Ysabel baa bean restored from tho amoun B 

l7a.rnera na above outlined. 

0 ... 

-

I 
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Oonolusiono 

!L'he Board'" determination of safe yield is tabulated below: 0 

!rable no. 1 

Net Safe Yield of Voloen Water Gystam without allowanoe for ?r1or-
1t1es in San paaqual Valley. 

~ a ~ auaaa aa ~ ~ ~ a  
li e t a a f e Y 1 e 1 d 

omea~  rr a~ on storage 
Reservoir ore eo~ ~i onn l>i!ly lore B'eetJHners tn. a aoit~ 

warner's 24,760 22,000,000 28,000 2,800# 200,000 

sutherland . 
11,200 10,000,000 12,900 1,290# 60,000 

Pamoand 
san Clemente '1,000 6,200,000 7.950 796# 66,000 

~  .~  38,200,000 48,860 4,886# 316,000 

Table No. 2 I 

Same aa !rable llo. l but with allowances for 'Priorities in san I · Pasqual Valley. 

Resarvoir 

warner's 
sutherlend 

Pamo and 
san Clemente 

Bet safe Yield 
Domestic Irrigation storase 

Aore-i'aet ' G811ons DOily Xore-feetLliriora !n. CB!laoity 

. · 24,750 • 

11,200 

41.260 

22,000,000 

10,000,000 

4,700,000 

36,'700,000 

28,000 

11.900 

6,000 

46,900 

2 I 800# 200 1000 

1,290# 60,000 

600# 

4,690# 316 .ooo 

# a Hiner's Inches based upon 8 monthB continuous flow. 
/) 

• 
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~ebruar  24, 1917. 

I.Jr. 'lm. , • Henshaw, 
!Jills .Building, 
t)an l?rsnoisoo • Oal. 

~ir

On Daoember 5th, 1916, the undersigned Board 

reoeivod the following oarunaniaation: 

''At !Jr. Hanshnt11 a request you have been asked to ,ooet aa a 
Board nnd :report findings on tha water supply of tho Voloan Land 

nn<1 ;,a 't9r Oompacy. 

Tho straruns to ba oonsidorad are the San Luis Ray at Warner's 

Dam a.'ld the danta Ysabel a"li Sutherland am Pam&, inaluding San 

Clementa Rasenoir. Tho findings det*ed are: 

(a} . ~ net safe domestia yield and the proper heights of dans 

necessary to secure it. 

(b) ~he net safe irrigation yield and tho corresponding proper 

_hei ghts of aamg. 

In determining the net safe yield of the san Luis Rey at Warner• s 

Dam. you will only take into oons1derat1on the demnd of tho Escondido 

l.:utua1 Wator Co. as· per our Sb'Teemertt. _On the sante. Ysabel Rivor 

wo would like the report of the net safe yield, without oonsidoration 

of t h e noeds o~ the riparign ownera below Pamo; also a ae arat~ 

a~tament giving estimate of the ~ount of wator neoessary to take 

care of the riparian onnors below Pamo and above ~rro  Whosa ripar-

,i.an ri3hts Wl3 have not yet seou.red. lJ'r. Post cr:.:t 3"iVe you full data 

as to rights heretofore aoquirod between Pamo and Oarrol.l. 

All ripa:rian rights from oarroll to the ocean havo been acquired 

and no deductions will be made on this account. . . 
{Si d) Ed. Fletcher". 

. .. ' " , 

• • 

.• 

-l-· 
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In compliance with these in~tru.otiona  the Boarci ha a hold 
• 

s~ era  meotin~at which all available data has b . een examined, 
and analyzed. A praltmt':lary report rolating to tho Uan Luis Hey 

1aa aubmi tted to Mr. Fletcher on Jan'ULlry 16, 1917. 

After exhaustive study of the msttere aubmi ttod 
' tho 

Board haa arrived at _the following conolueiona. 

San Luis ReY .River 

Tbt! net Slde yiold, after de iuoti~  for Esaond:2.do prior-

ities, will be o~ domastio u~e  24,750 aore foet annually, equ1va-
16nt to about ~  ~~ ano Caily. 

~he .n&t\iafe Ytel.d :for · irrigation pui:poeee. aeeum1.ng that 
a 5o% 1 · ~ aupp Y is allowable :for two oonseouti va years ie • ai'ter »ro _ 

viding for eoo~d d~  28,000 acre feet annually; equivalent to-
2,800 miners inches baaed. upori ·a monthfl continuou.a flow. 

To accomplish this re'ault the d~m at Warner Ylill ho 

required to hold U:p a no1.mai depth of 107 feet, t11e sto1•age et 

thia elevation being 200,000 sora £oet. Above this hei~ht the dem 
. 0 

should be raised to provide for infrequent severe freshets 
' 

wave action and necessary froebom-d above maximum flood level to 

insure, in conjunction wl th a il proper ap J.wsy, the t the dam Will . 
nevor be overtopped. 

Banta Ysabel .!!! SUthel.•land Site 

A storage oapaoity of 60,000 sore foet i ~i o a net sa£e 
yield for domestio purposes of 11,200 aorft ~ t ~  

u .... oe annua 4fl• oqu.iva-
- lent to about 10,000,000 e;allons daily. } .... _, . 

·:·l;.,.. .l'or irrigation, allowing a ~ supply for two oonaeoutivo 

years, ~this reoorv:oir t'IUl give a oafe Yield of 12,900 aore feet 

. m:'m:tf\UY, equal to 1,290 ofsht months minora inohes. 
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The .inforenoe to be drawn from tho above statement is that 

the Santa Ysabel at the sutherland Site oan bo thorolJ3hly 

developed With a atora. o of 60,000 aoro feet. If thio storage is 

secured locally, o. dam impoundin, water to a dopth of 190 feet 

will be roquired. While thia heisht ia porfootly foaaible and 

prsc-tice.l as a mttor of dam construction, there io a reqaono.ble 

probability that tho sarue storage can bo dovolo)od in tho adjo.oont 

areas at less aost • .Althou3h the oonsi<ioration of other drainago 
. 

lines is not ·lnol udad in the irwtrnot!ous g-1 van to tho Board, we 

nevertheloas uian to advise that from tho information a ~i ab e 

1 t appears that 60,000 acre feet of storaue nay bo obtained 
. 

e sa~hero vuth a lower dam. It is the opinion cf the Doard that 

in cons:idoring t!le potentiW.i tios of tho system it ia propar to 

assnne_ t.imt ".ihe Santa Yeubol nny be completel.y :regnl.s.tod as ahown 

above and a& l!arried in the mea aurvee, but before oommitt:tng 

the company to this develol)ment it would be \1ell to sxmnine 

the economic side and d~termina heth~ you could not store 

this water ut other llOi.cts for lesa money. 

Senta Ysabol at Pamo Sito -
A maso~~  aam wttr- wntor ~ e  156 feet· above tho atroaru 

bed, storing 47 , 500 nors feat will in conjunctir,n with San Clomente 

reservoir allow a aafo ~o~sti  y.ield cf 7,000 sca·e feet annnnlly 

equivalent to about o,2CO,OOO gellona daily. 

The sa!a yield for irri5ation t~osos is 7 ' 950·acre feet 

annually, eq-c.aJ to 795 eight ntcnth.a miners inc';.laa. 

~he "safe yields" heva been determined witnout allowanco 

~or prioritiea ~ San Paaqual Valley. 

.. 
) 

• 
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Riparian lands between Pamo and carroll 

Mr • W • s • Po at has advised this Board by lett or of January 

30, 1917, that tho total area which oan bo reaoonably aatioipatod 

to bo irrigated in tho an Paoquol Valley lying botweon the opening 

of the oanyon on the eo. at to tho east lino of the Barnado Imnaha 

to tho weat, is 2,400 aares. 

The lstJdc of tho ... en !'aoq,,el 1'al.ley ax·e aompooed of detri tel 

fill, are porous an.~ have groat absorbent capacity. Thoy are 

fertile an ~ a J.argf) por'f;1ol1 o f i;hom are already under irri~tion. 
• 

There ara 130 aqttere ru e~ o~ draino.se aroa below the Pamo enmsite 
• 

tributary to this valley. The runoff from this area will be 

sufficient to :r.eo'harge the underlying v!ater plJlne ln the san 
Paaqual VaiJ.oy in normal years when all tho irrigable land is 

under cultivation. In a sequence of years during which the 

runoff i 'a below normaJ, 1hia oandi tion mi;\V not o~tein am it might 

b~eoesaar  to release wator at Pamo to make ~ thG defioit. 

The East anl Wast San liaaqual Ditches have points of . diversion upon 

the main ri e ~ tmd oonDmnd a t6te.l ot 740 eorea. These ditchss have 

di vera ion riglrts between January 15th w.tu June lEt h. Tho ~ara. 
. 

considers that under existing conditions, rel1nquiahmenta to the 

extent of 1,100 aol'e foot ~r annum lllUf1t be made nt Pa.mo to satis~  

these diversions. Allowing for priorities under oXistin conditions 

the safe yield from t~ Pamo noservoir would be ~  .sore f-et 

for doruoGtic uses and 6,000 sore feet for irrigation uae, equal to 

GOO ei~ht months miners inches. 

' 
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The above discussion is based upon the apparent rights 
I • 

of ~an equal Valley, but in the opinion of the Board the 

rri~tion of this area ~ bo aooomplished by pumping from the 

gravel storage without o ~rin  the water plane beyond the 

economic reeah of pumps . 

' t present during portions of the yoar, tho high level of 

the ground water mnders much of the 'Vfllley unfi. t for orops, 

ia e. t r ~ t  to health an'i contribut&o tc l!ll'ge loace& throu~ 

ava.poration :from the moist areas. The oonstruation of Pamo dam 
. 

will protect frac floods with the attendant soil saturation, and 
... 

pumping :frcxn tho underflow wUl ~ther assi at in ne intaining the 

water plane at a proper agrioul tural and sanitary depth. 

Tha Board ougt:Sesta that negotiations with tho riparian 

owner a$ durirl{; ·wh!ah tho ndvs.ntagoa abovo outlineC. nre fa.lly 

impressed, might roauJ. t in a relinquishment of rights to stored 

water e.t Pnmo Dam exoept nn agreement that when tho ~onnd ·water 

dropped be1ou e plane 20 iaet froe the snrface, tho irri~tora . .. 
would bo reimbursed for the cost of um in~ below that plana. 

The stndy ind~ !:StaB th~t th9 ahsnces o:f th~ wai;er over falling 

so low nre t(JO :remote to r~ u sny ire noie~ in:P.luence upon 1;·no 

£eaaibility of the projected dovclopmont . 

Mothoda OL Calculation ·--
In om~ri~ these ~esu te with previous dete~tnationa  

attention ahould be gi van to the follow 1,4g :features of this report 

which M.va lnd an il'nportnnt influence upon the ind~  

(a) A longor record of stream flow than was available 1n any 

prevtoua determination. 

(b) ~e assumption o£ greater storage, prcvidiQg a most 

( 

' 

( J 

- 6 -

offioient oonservation of the run-off. 

County show that stream i'low is eubjeot 
The recorda 1n an Diogo 

to wide var1at1 one and the 
sequenoo of dry yaara whioh have ooourr d ln. the past make a 

advisable the storage fo eotx-ema floo da wh1oh in a measure 

oompenaato for tho pariodn of drought. 

(o) Leso groaa evaporation, the figuro UBed (47") baing 1n 

full eooord with reoent soiant1f1o 1nvoat1gat1one not .ava1lnblo 
1n former d~tar ~ationa. 

(d) Baaing the estimates of stream flow upon moaeured nm-of:f 

.instead o:t' an assumed reJ.ation to rain:fal.l aa has baon dono pre-
viously. 
Warner 1 a Runof£ 

Regarding parag-raph (d) the yaa.re of aotuel m2aeure4 

ru.no:tf of tJle :. an Lui a ~so.  ]fava been compared with that ~t other 

Southern California stre&ma - oe~ rotar  san viego, Ouyamaoa, 

Hemet, San Gaariel - J iving lne oonsi~eration to tho difference 

in surroundir!g condition - and a i e~ ralntion aateb ie~~d rrom. 

whioh it haa been poaaiiJlo by oompar!aon with aarlior recorda 

on these atresma to r')ato:re 111.a run•off r~t arner~ baak to the 

Beason 1888-89. In ms!ti.n; tbia r.aatoration, tJlreo iude:penC.c'!'1.t 

methode were employed: Two of the rosul to were ~ spert . and the 
third was a rue an between ... uhe t"·o • nn..., l t ... .t.:!l .a n .oae u ruo~~n a.llOWG 

the results adtlpted to ba eooop1;od with 18onfidenoe. 

Santa Ysabel Runoff 

There are eleven ynara of aynoh'tonous !lie::.1 S11l anx-.nt o on the 

San :fuis Re;y and· the Santa Yaabel from . ~hioh s relni;ion m~ a 

~ established. With th~s relation controlling, tho run~o  of 

the an~ Ysnbel has been restored from the amounts eotiJWted :ror 

Warners aa above outlined. 
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oonoluaiono 

The oard' s determination of safe yield is tabulated below: 

Table no. 1 

llet dafo Yiold of Voloan \Vatar ~ atem without allo\vnnoo for .Prior-

i ties in an Paaqual Val.ley. 
t:1u:: 

B e t S a t e 
Domeatio 

Reservoir Aore-foet Giilona DailY 
~ . '750 22,000,000 

LJUt berland 11,200 lv,OOO,OOO 

7.000 G,200,000 :Pa.mo and 
t>sn Clame ut~ 
~ota  42,950 38,200,000 

Y 1 e 1 d 
rri~ion lore Peet nars tn. 

20,000 .. 
2,800g: 

. 
~  l, 290ut . 

7,960 7 i~ 
r 

48,860 4,BB6i1 

Storngo 
Oapaolty 

200,000 

60,000 

56,000 · 

316,000 
~ ~ ~ ~ e ~ ~ ~  ~ ~ ~ 

• 
Table 1io. 2 

~~e as Tabla No. l but with allowancas for priorities in San 
Pai1,).ne.l d ~ . 

~  ~ ~ ~ ~ ~ n ~ a a ~  _._. ______ ·------.-·--· --- --

Warnor'a 

Sutherland 

.?amo and 
San Clomento 
Total 

H e t S a f e 
Donnatlc 

o~a aet ~ ons Dri11z 
24,750 

11' 200 . 

5,300 

41,250 

22,000,000 

10,000,000 

4,'100,000 

36,700,000 

Y 1 e l d -I:!'rlgatlon 
lora !sat Ulnora tn. 

28,000 

12,900 

6,000 

46,900 

. 
1,290#: 

600/! 

~~ iner s Inohes baaed upoD 8 montha continuous flow. 

J. B. Lippincott, 

H. Hnwgood, 
Francia L. Sallow, 

William s. Post. • 

Storage 
Oapaoity 

200,000 

60,000 

56,000 

516,000 

I 

( ) 

.. 

• 

-l 

• 

JOARD 0 J ''/A ·.! 

, • I .. r p) 
•• • . • .. ~ '"0 . . ~ . •.; • 

~ ........ _ 

:omornndu..rn on dotcrmiu.f.tion of ;:un-of:f .:. d ~ '·tion -
at ". r.noro. 

~ . 1Iewzood :uoc-Jun. 1016-17. 

---
:.runoff 

2he ooti~ ntion of run-off :fl:om ra.1 ~t.t  lL'lo 

rarely Pl'OVod aatia:faotory, u •. a tho nntlwd in no ~ rc-

gnrtled by the · ard rd th fnvor. 

... :omboro of tho u.rd havo on di i oro ~.t oc-

0! aions i n tllo pnat oomz,nrod tho rocoruod r u.n-offo o 

:Jouthcrn Callfol·nin atroruna u. d :round i; JlOY bore u . rl=od 

rolot1onoh1p tllo ono to tho othor. i~i r m ::o . l oi .. ti, 

"O' ,}w.usnoosy Li l)JJinoott" l'oport of . y 1 Sl l5 ic c:t ted .. o 

an illustrnt :J.on of the oxiotenco of c cl1 · l ntor-stra 

:rclatiouahip •. 

Tho rational t'"JO t . od o:£ cloto ... ·r. • in · t ho ... 1 ~uio 

oy 1•un-ofi by stroum rol tionohl 

21m rolationohip ourvoo 
at 7nr!loro a otwutor, · n J>io 

~ ~br o  wore dov opo by plntt 

botwoo t \ .!"n · uis 

' 

0 
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r 

' 

t 
. • 

( 

tc.l!:on fro . 

cUl."'(S o ro 

. 1e rooord · of t llo 'V'Q.r1 oua strecanm:. m1 oeo 

1 ovm. o 1 tho c.t chad dinsram. 

tho prop ·ntion 

0 :: t lC C1U'VOS ' in · ablo • 0 I VOl 
~ 

~ uo~ of J£' '1 .. uia ~  rw1-o:£fs anpo r on t11o 

• 

... ·... :;:i r cl ~ .. lllOO Of 00 !pnl"Od strenms on tho Y axt Be 

'?<tblo :a ~ t  tllG run-off3 1 006 to ~  lnclu-

31VtJ ~o tho .;;.a: L.uis !loy ao ~ . o:rf tlm V'Ol'ious r ola-

tio ~h.  J au:rvo ·• ~hoao ru.ll-offo lw.va boon asoribod tho -
v ol ·· 1tod vnluos .doted n t foot o:L t ... ble . ~ he oon1b:l.nod 

Jei_, te f' Vcl !0 io .~ on in 1;ho luot o~ur in of t ho 'la.blo. 

:;_ 1' qoo t1tios t:lko.u. f':r:om the prol1ra1nory rola-
t o ~ .t -g c1.1..rvo uttull.e.:J nd 1.wod 1n tho mass cn.rve tabuletion 

Q.i· _ • _ ;.:li :·:htly :Lror!l tho _v.a ... tlti ea as nov1 gi van by tho . 
~  . c1 ""' n m 

"' 2ho di:fo.ronoe , howe-v·ar • io trifl.in3 Q.lld 
1"11 

on i .... fo . ..,ldo . ur!..,.lnnl t o .. .~ 1800- 95 inoluoivo ~  

.... c . ft . _ ~ouont tot: .. l 291, GGO o.o. ft . '£his dif foronoo 

... ,"'ul::... ~ ~a i .ncro"1oo tho ~oto  in 94-95 . Lor tlle crit.-

' • 

. . 

) 

l 

' 

. I 

' ' 

( 
• 

·l 

I 

• 

\ 

,• 

' 
• . 

' 
..... 
' 
• 

• 

5 
• 

!l!AllLE A 

,;y-.aohroxl:·l nun-offo 1woll in tlevolopin.r curvoo of rolat1onohip of 

tho run-off of tho utroamo 1u:unod to tho rmt-oi'f of 1;ho ...:.:m Lu1a ~o  

nun- off n t \'f.!lri'lO r . 

01 Luin HOY at . 
~ nrnoro dwoot- ~nn DiGJJO 

· compu<Eeu vrJ.ter· !.\ivor ~~ . iionct 
from .. la. I!iver at Divert. dan 

~ ooaon Obsel--vecl l 10Dt at IP...m J)Dm ... oat l.'OSt .tebriol 
/.'c • .il·£ • .. a. . ~  · o ~i ~. 

- · · . i t ~ 
I .\c •. hi~. l .Dt . 

1903-04 I"' u 784 579 3Su 2 234: 28 700 . . 

04..05 27 400 / 13 760 22 239 5 258 6 409 lGO 000 

05..06 67 910 36 000 3l. 998 . 9 765 lB 032 236 000 
. 

OG-Q7 52 153 50 000 20 209 . 7 550 10 054 350 000 

o'l-oa 1'1 '1M 4 140 ll BM · l 535 4 132 29 627 

oa-og 32,984 16 , 007 19 295 . 5 683 9 G27 lOO 000 
. 

09-10 30 B99 9 619 l r• i:J 814 . 4 095 G 627 139 000 
• 

8 2l J.60 10-ll 3 lGO . . '8 3,7G 2400 5 7G6 273 000 

l.l-12 12 030 5 000 9 420 . . 3 028 G u;s 70 700 

12-13 G 910 915 5 £14. 2 383 l r. 157 50 300 -
13- 14 22 630 3 525 10 555 , 932 7 840 296 000 -
14-15 GO MO 27 oar; 40 947 0 G50 10 025 131 940 • c 
15-16 182 000 155 G73 102 208 1'1 794 35 735 ~  000 

237 073 

a - partly ootimoted . 
~he ee oan'll rtm- of£o n;ro tl se of ·.• • 7ost ' ~ · lllo o. 5 
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I 
runo .~. o· · ui~ ; oy n t ···n r .t r d torm1na4 b7 ourvo o:r roll tionuhi:o ·t;o 1·un-offs of o1ihcu.· utronmtJ 

H. JDl · od J ry l 1'1 . 

10 a v 
87-88 

>..I ~oo ma tor 

it •:•t -O•-• , • ·o • ..: . x :· • 

Bfl- 09 92 800 
0. ~  200 000 

1090-91 16 0 OuO 
91-92 ~ 400J -:c-o 
92-93 1t ~  138 000 
93 - 4 "j ~ . _0 1 B 500 
~ 5 _04 000 4 416 000 

1895-96 B 400 1 6 400 
~  22 800 4 91 200 

97- 98 
93-99 6 500 l 5 500 
90 -00 

1900-01 6 ,7DO 1 6,750 
01-02 
02-Q3 
o~ -01: 
\X-: -00 
o~ os 

OG-Q7 
07-08 
08-09 
~  

1910-ll 
ll-12 
12-J..!.:l 
J_3-l4 
14-15 

.Ol;J-16 

o • .l! • /t • Oe l • 

2 500 4 
l 300 ~ a ooo 4 
7 750 ~ 

l5 BOO 4 

10 000 
5200 

52 000 
i.J 000 
63 200 

.. 

oa 
t . LC. I • 'ft . 0 . ' • 

3 1·00 
25 000 
so 200 4 
44 ooo. 4 
68 000 ' 
28 000 4 
14 200 3 
98 000 4 

9 500 5 
24 600 4· 

3 000 3 
2 000 3 

600 3 
19 500 4 
13 500 4 
14 500 4 

J.BO· 800 
l 'IG 000 Ma ooo 
U2 0 ·0 
42 '150 

368 000 
00 500 
98· 000 -

. 9 000 
6 000 
1 aoo 

78 000 
54 000 
50 000 

.. oidltod V1 .. luoo ~ao ibed to differOil.t .. st-roruna 
' 

Iomot 

o. • 

4 500 3 
22 000 4 
3 000 3 

. 3 500 :; 
s 900 3 

114: '150 . 4 
I 5 500 4 
l6 500 4 I . 

,... 

I 
1 

lS 500 'I 
88 000 
11400 
10 500 
ll 700 
59 000 
22 000 
66· 000 

rt. 

• 

8 300 .:t 
~  000 t 
, 000 -. : 
3 000 J;. 
3 600 ~

PA 500 f 
7 000 -= ·· 

00 1( f!t!. 0 ·:.j• -.,u .... 

, 

· br1ol 

to . ~ . ~  nt •. 

4 150 
11 GOO 

3 500 
1 500 
l 800 

l2 250 
3 500 

13 000 

._;fiJoot.rater .fhcn ·m."'l-of· a . ovo 20 .000 .:e1 - 1i 4; whon l"'Ulloff bol.ow 
t .. ~ io3"Q For all run-offs .'oi - t 4 · /. 20 000/ 1 V1e10 ht l; r:non rutl-off bol.ow 100 1.o!.,.,,ht 0 
, oe .11en runoff ehovo 15 000 ' 4; when runoff bolow !& oOD . 
Ior.· t " ,., n 10 OLO 11 4; ~ " n 10· 000 I ·· ~  3 
n briol I or f .11 rtmoffa ~ n 3 
:" t · · .. nn. · ejootacl aoooUllt rooordo vltlatocl by otoraga · il 1d disohorea 
:.rrGubD d ' • dra1 nngo on do sort slopo of' motuttnin rango .--.1'-; from Bear 'Tal loy rouorvoh• 

. · : · . hano~ not comparnblo • 

~otn  

Ao. li' . x rt. 

213 GOO 8 
3M ooo a 
408 000 8 

2Qo ooo a 
51 250 4 

784 ooo a5 54 r>oo ., 
23fl 700 ~ 

25 700 6I( 
51 400 ~  
24 200 lOt: 

180 000 ~ ~ 
104 100 ~.~ 
200 200 12tr 

• 

4. 

. oi ~~tod 
o~aso 

c. t. 
~ 100 . 

23 00 
27 950 
49 000 
61 000 
~n. 400 
33 1300 
12 610 
98 000 
7 370 

23 100 
3 950 
2 910 I I 

l. 950 
13 920 

0 MO 
~  020 . 

5 784 . 
27 ·451" 
67 910 
52 153 
17 734 
32 924" 
so 90 
21160 
12 030 

5 £110 
22 GSO 
60 440 

102 000 
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.. i..'Vaporat ion. 

ilJla 10 t oint to \'/arnor ere reaorvolr 

r~t ion aau:rc .ante hnvo ~  tekon over a por1o4 

of yo 1 
u. u e ,, Qtlthor . eau publiah rooorda of 

tlo·tthly tet;p rnture at CUyn.lre.Oll and t· arnors ·. ot uprinsa. 

yon in his pa por be foro tho Am. ~oo. o. E. 

011 t ho depth o-r unnua1 ovnporation from !..W::a Conohos, 1-!oxl.-

co de;nonatrate3 a rol.o.tionship betmon t orat~e. olo-

YJtion ~ d o o~oretion. ?• • • • J. 10Dt in hio discussion of 
. 

_)Uryea' o "9C):r intl'Oducod data. of no.~ ttrod ovnporo tions 

i'\"\ .ian .i030 vounty ond introduoed a. tompere.ture-clevntion-

e~ r t_on d.iagra."D. for J.ml iego County similar to Dur-

. e~ ' 2 di:.-_ '?;r3l!lu for numerous oth.or looali tics. 

_o'-Jt'o dic.gxem ao it appo!!rs in the Am • .::3oo • . a. 
~. Jubl!cutlana ~u boon oxpandod for convonienoo of use 

~ u. i o horo atmolwd • 

... oat i . t 1lo J.)!lpor roferrea. to Siva a the nverage 

cv:=tporetion froo u n~oa ns 57.6 nohea~ o.nd he has fur-. 
ni ·had thi r oard w1 th th9 roBUJ.ts :from Evaporating PBIW 

for l9lZ-l6 1 luol vo t tho .er.ner Dam .31 to, avorago 55.0'1 

inchaa, and at ~~ L!lke17 , u point 1n ~~ rnor VnUoy somewhat 

to the nort1l of t o 1n-oposad reoorvo1r h:tgh ·,:Bter lil10, av-

o t;a G. eGl inohcs, .~. tm 60.71. 

.... !lo olevatlon of Ceyamon osorvou 4620 foot 

n o co lovol nnd 0 .rnor .oooorvoir 2700 !)oet. 

• ,.... 

' 

• 

• 

· \lith tllis date. tho roothod of dotormination oi' 

ovuporation at \', mar iu a1:1 follov1s· 
• • 

(a) . e~rmin  moen monthly tomporature t 
I 

Ouyc.JW 'ntl ~arnors. _able o ,., veu tho (1otorm1nnt1on 

for years t ~  i11cluo1 vo. 

7 

(b) uoarogate avoroso annual evaporation of 

67eG inOhos at Ouynmaoa into evora.go montbWLy evaporat ion. 

.Joo Table D. 

(c) JJy months, :r.1na from the eleve.tion, to· por-

'-"tttre OVO.l>Ol'et!on ia ~  o 11ora tion at ~nnoa un(t . ~

nora uno to ~ o~ reopaotivo o a r~t ono und tor . orut~ . .... 

(d) i.:ul tiplo mo11tlily e n or~tions (c) by ro'tio 

of ro tivo evapol"ntions (d) · ··ncl quoti.ont is OW!10.t· t ion 

at , a ~  

:.a:o.ble .D oover:J i n aote.il operation b.c.d. 

~he roaul t of tho con;,putet iona i s n. a or~ :te an-

nual ovapol·ution at 7 rnor.., of 45 .95 inc1os • .. ~ nn ar1th.-

mot1oal error of 1 inch in tho ~ mir~~  otilouJatiana, 

tho .!.1onrd udopted 47 inoho for tho llJl.l1l1.nl.. e porat i an. 

2ho- oorroot figure of 46 iuohea l.ouvea a 2:,./.) margin an th 
• 

naafo y18ld" sido. 
Tho mean .ovaporat1on from tho r. rnor pans, ns, 

statod boforo, was 60.71 n~ eu. of ~i h 46 1nohos 1n ~ . 

In othor words, tho otual ova:por tion fro tt.,o reservoir :.nu:-

a~o. as ootD;putou, ~u .  bo 76;-".> o! tho p1n o pora tion • 



• t 

( 

• 

In tho ~.i ton 0 toata .. 1golow, t obaon nB\ 

~rimo  found rntioo of notl:.nl. evaporation to 3 ft. 

no tin · pen v por. tion ron ng from e.~t  to M.G;&. 
In tho Lake onoho toste Wryen f ound valnoB 

fron ~  t(' 67. 5 ; . 

In the ~ ht of those muCh lowor nooe~ inod 

oroon to.~ea  tllc nso of an ovnpornt1on rote 

rn tio of i ~ osnnot bo rogardo<l othor than vory oormor-
~ ti~  ,.nd th!a ht\a be on nooentu.n.tna. by the ncoj.dentnl 

'tlso or 47 incheD r.hioh is tho aquiw1.ont of ~ . 

8 
·ann ::onthly £cni10r .:... ture :fran r . ... • • • 

~. ~ . ..  p 
.. ~ •• \;;,;6. e.J ·ot 

9 

~ t t ~ .oporto 

n r.t: .. 

o. 1916 

~~ l :.:.nllU 
Jo.n. '().,.. ~. n 

~.. .. . - .runo ct. J ov. o. aJ. . 

~~~ 
1009 ~ .  47 . 8 ~ .  

10 4G . 4 48 . 2 50. 0 G• ./) . .. 
11 49 .0 43 .2 62. 5 fi? . 5 5G . 9 .~ 75. 5 71.8 GG .5 Gl.O 54.5 47 . 0 57.7 

12 51.4 52. 0 46.8 49 . 7 58 . 7 GG.5 69 . G 66.8 GG.G 57.0 66 .4 48. 7 . ~ 

13 44.2 45.6 49.4 55.4 58 . 0 G3. 6 .~ ~ .  71.3 G2.3 53.0 47.1 57.8 

l J\._ 47 • 8 A9 .A_ - ~ 54 . 2 55.2 58 .7 

15 43. 8 45 . 2 60. 6 52, 9 56 . 5 G6 . G 71. 4 75 . 2 66 .4 65 . G ~ .  ~ .  58 . 3 

lG 43. 0 53. 0 56 . 4 37.4 GB . 5 G7 .1 74.1:: .~ .  '70 . 5 5G. 5 53. 8 :.47 . 0 57 .G 
.. . .. . . ... . ~~ 

E 37G.2 384.4 ~os.o 415 .1 468 . 5 u2G . G U79 . 7 Gos. o ~ . a 497. 7 4.ID . 7 ;;7o . o 

.~an 47.0 40 .1 50.7 51. 9 50. 6 G5 . B 72. 5 7S. O G·. 7 Gl . O ~ . ~ 47 . 2 50.0 
£or a yra. 

i'OlllllOr3turo ~t CUymnacn 

1909 42.7 40 . 4 4o. o so .1 5S. 7 . ~ 12. 2 72. 0 Gn. l 56 . 4 ~ . o Jo. 4 53. 0 
' 10 38.0 41. 0 49 . 2 &4 . 8 G2. 2 66. 2 73 . 1 74.3 G9 . 2 fG . 5 . . ~ ~~ .  58 .4 

11 43.a 35 .1 46.2 47.2 52. 8 G5 . o 11. 0 11.0 64. s so. 7 43. 9 J4 . s fi2.l 

12 40.4 40.4 37.1 42. 6 55. 2 G3. a GG .s G5 . o so . o 49 . 6 4G . a ~o . s so. s 

13 34.8 37. 5 39 . 2 40 . 6 5G . l 59 . 0 GG eG 60 . 2 66.4 54 . 8 !5. 1 ~e .  61. 2 

l4 42.4 42. 0 47 . 4 ~ .  DSe9 ~.  70,G 70•3 64 . 0 54. 0 48.0 35 . 2 5 . 5 

l5 sa . 4 sg. r, 4G . 2 4?. 8 50. 4 64. 9 GB . 2 ~ .e Gl.s ss. a 46 . 4 ~ . a 52.7 

16 
11 

l .Ioan 
f or a 

.. 
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. . . 
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;wpora !On 
':nrnor 

hlov. 27001 
ps A 6 

~a . Inoho o . • Inohoa 

1ato 
of 
~ a. . 

u 

eo. lt)lG. 

c e) 

Jan. 0° 3.4 4 2.1 2. 08 
2. 88 

Inohoo 
1.78 5 

Fob. 

.itug. 

:Jep. 

40 3.4 48 

4.4 51 

49 5.4 52 

55 6.6 59 

a.G 66 
70 10.1 73 

70 10.1 '/3 

64 8.6 69 

• • 

4 .03 

6.34: 

2.12 

s .gg 

5 .34 

Ge85 

6e90 

5. 30 

4 .77 

5 

7 

ll 

12 

15 

13 

10 

9 

5 

nov. 4G o4.8 

Ge91 

0.64 

7.49 
5.'16 

5el9 

2e80 

2. 30 A ... 
/ .. -

57.GO 100 

Cols. 1 and 3 monn month ~ tomporcture in noaroet dogreon U. J . 

t'.'onthor uro~u .. ooorda lg09-lUlG i nolttnivo. 

CoJ.a. 2 nnd 4 };vap. noorroapondincr to to:1pe turc and olo tion 

from dia~ms Of ourvGD Of relations Of uleV tion, ie~er
. 

aturo aud Evaporation. 
Col. 6 .." verago Cuyr-4rllon nnntzal ovapl1 distributed mont11J y on par-

~rans. m. ~oo. a. E. 
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(To bo sul>J.lliod by .~ .. . n:aw·:ood.) 

In tha nw.as Dtudies of t11a o. ~or  s naaorvoil-

it blls no dooidod to ap_;2'oao.h tho notonl. Ol>Itditiona o~ 

oporation au neurly e.s l)Ollsible wl thin imit~ oonsiatent 

~ th. the a acura oy o:r basio data. The ru.~~ t upon the. 

r"):-Jorvoir iu consi(larod to begin with 10 :por oont of the 

n tir.~te totn1 snil nore.~se ~ like nmount onoh ea~  ttnt11 

tho totlll. d .~ t is :reaohod the t&nth yoar.. This oonclus-

ion '*:.s ro' ~hod c;,ftor aonaldoration at tho uoua1 rat·o o.t 
Upon thia hypothasis 

ttro ecfa 3'i.eld s1;rulioG b.aVG been made . r irat, a da.aostic 

an irr· ~tion oup:ply. Tho. domestie 

rl ono l ... tmdrod ~ cm1t yi.old t11rcugh-

ont "'-1_c c!l"tiro !_;nriod. }ho atll'vos m.t'bmi ttod hOJ.•ewith show 

t:b.st ~ 750 a cre. £not m:r ic vii thd .~ . :f'ron the reaavo,ir 

o~ t :JCf'r for tho period eor..o J c1ol"'d, £'.U.d. at its J .. owot stage 

\1Cultl ont~in 1200 a cre feot. ~uth u h t!da is aranng tho 

ret,crrr ... ir down to v. t.lC!nt t~nt robably bolovr wmt vroulcl 

\ 

be oonsi«ored as a oonoorvntivo aafoganrd to a d oatio 
supply, tho d :tt 11!.1 hoon consiaeroa ono hurulrod por con t 

thro ~out "t,'to on1lliro d.t•y por!od. .a n mttor of fo.ot, 

whon the rooorvoir ahowod sorioua do"Plotion tho 1wo 00: wctor 

would ba curto.llotl by Z'03'tllatio • 

Tho oo.naurnption of Vr.ltor i n tho tity o:f .:an io~ uo 

for tho yeure 1913 and 1914 ahC'WS t1w t ctn uv .. r c.go of 5,9 nor 

oont of tho to tsl tmnWll droft occurs cetwoon April und 

~o t rnbar 1noluaJ.w. and that 41 per o~nt o ur.~  durlnso tho 

.Period Oot-ober to Unroll, incJ.uaive ~~ Ill tho utudy of tho 

domoet3,o ia~d 40 J;Or oont of ~ha total. annual. draft io oon -

aiuered a.a oomr.rri.nz bet\'teen October and Eorch inoltwive, 

and 60 per oont botvrean 3eptember and. Apr-U . 

~ere are oven w1aer fl.UQiWL ti.otle between the o1mmnor 

ana wintor uao of tho water :Lor irrl :at ion than oo u.~ i n tho 
' 

domost1c uao. Tho uae of wete.-r by :t.ivc ~r  ~t ion oyutomo 

extond111.3 O"'!cr a fi.vo :fl)llr portoa. indioat'la tho.+. 56 -oo!" oen"t . -
of tho tota.\ annual drs:ft occurs dU!'illS' tho por-to d Ootobcr to 

! .az-oh 1neluaivo end G4 :var cont bewoan A·•rll n 1'l'l ,:Jepto 1bor 

i .nola'3i vc. 
Tho irr!.::ntio?t . ro ~ fron 1.:110 :;:<tlT..er· : t'lsory;,ir lmo 

beon ns.lnnol:i to otJ.our in tl1a ~ti  of 3 i'l tlte i.l:nter to G 
. . 

, 
28. OOf.:l aore foet !.)Or an'IUDl mfl.y bo 1·r'. thdrawn :Crorn tho resorvoir 

• • . r 

fo-r 1-rr!gat'\.on ung at tho ratct of 18, '100 rtoro foot durin.; t "e 

BUJlJlOOr t-..nd 9300 noru :root durin. the \vlntor. 



ebe 1rr1 tional uoe doou not roqu!ro oo oat 
!.) e~d us a dom()a·tio aunpl.y. It htlo boon oonaidorod 

amlaui lo o allou :a.or a ho.lf tm ~ duri ,.,. -two oonaooutive 
au bu-

1 .. tlo 1.-s ·co 1 -p1•oparod und0r the ~ m t ou t h t tho do~ d 

dll bo 50 -r oont TJhe · .. the ro!lor..,oir a ontai n· loou thnn .. 
17. 000 uore f et a.t the bo m1l.n3' of tho stmlr.lGr soason. 

Tho T ucrnxod runoff at ·.inrnor 1 a h.uo boon ta bu.l.atad 

1n ~ b .u .Jo. S nhiah sh0\7t> the runoff oao~rin  botwoen Oot-

oo&r -'..!nd .. ..c,rWl, !nalu:.:d w ···'1 that between aoptoo.ber and itpril 

intJl. i vo. Llin1ootin3 tb.o y. ur l9l6-l6 as o tr~~rdinar  

it i:J :fo'tJ!J.d tht.:.t 12 ~o .  oant o ~ ~ o towl sonsonal runoff 

ooot'!.!"s lito: in3 tho wint er oontlw und 28 ll(lt" oont dUrinB' tho 

sur~r. ~ rntio o:f •!o to so ho.s ooe1.1 ndo-pt.od. 

!J:-:!bl& 1 o. 3 ,.!o U3 tho ea-=;inll tod rano ~ of tho san 

~ui  :>ey !ii vur ll.t : ru=>."ler1 c .i..'am. Thia runo:l!f h.D.rs boon divided 

' .t.n·i:o "&hn t o ccnr:t·i n :: durin~ t he y;intcr and Bttr.mlor oeaaono in 

uocords.nce \r i th tho poroont(1ges :round in :Cnblo J o . a. To 

tho se~sonn  runoff th.u.a obteinod tnoro has boeu atldod 350 
• 

o~  ~ ot _:rior to t .:-:c o~eon 1912-13. .!)urin .;, iato ooootruo-

.J 

t.!. 0i. ... "tilo en. t -o 'f "'GUll . ., t tile •.&:lrllor1 o mrn tl sttbiltlrfo.oo atronm 

. 
ul' che cu-t-oi1' r;b:;; • ·r,li3 tnio~ lw.s "heon liltlaSlU"ad dll:ri)l!J tho 

• 

~ .. .  .. l D-1:3 anJ. :.;n.:nluqua!l"t taora·tCJ ~ .na.  ahoul.d be Ot)nsidored 

~ s fL uO.O.:. tlon t~ tho uo a'W.'ou or ot t . t ~ted. runoff pr.i.or to 
. 

that a~son. ~ e eo~oon .. runoi'£a :ahom 1n Table o. 2 are . ~ 

tllo e the mans tabuJs.tion. 

~ h 

fUothod of computing cross ovnpora.tion 

to bo furn1 hod by .r . ~ !WIZOOd . ) 

'hero n.ro fom· yo!"\ra o·rt rooo~u UJ:)Oll ~.. i o otc.t1on3 

noar tho .nrnor' .J no orvoir tllroo oi' r!.ioh nro within tllo 

.noodoa ureu. Tnblo uo. 4 nho7rs tho ohsorvod in ~  t 

tho;Jo atcti o1w di viG.od i'11to th-o uc:la:>no Jctol>cr ta ~ r  

and April to o te~bor. ~ho obsorvod totBl ·?orage ann~  

rain:fllll for t h"ao :Civo ste.tiono io 22. 96 inches, 78 par oent 

of \7hioh oooura :from Ootobor to l-arch and 22 per cent from 

i:.loptembo.r to 1\prU. '£b1 s avoraao rainfall lln.a boon e:zpandod 

:Ln Ta.hle !to . 5 by tho evarllf.Jo p01• oent rain£all you,J.·n for 

nino baao stations in dnn Dioao county oxtondins ovo1· n 41: 

yocu.• poriod. 

!lET ~ .i.. ~ ~  

Fxom the total a ra. . i ~ ·:JO 11a1· oortt o tho 
' in~o. .  occurrl.no on 'tlla roservo tr onrfeco is tubtrnetod. 

Tcn·ver cont of tl1e r aid!all is acrac:t.derod as a.l:rosdy .... oaoUllt-
Hvn:nora tion and re:lnfall ahonl.d bo ... 

oo:lsiderocl =.o yonrly o r~d. 1i1or.o ~ tt .. or tllr..n ~ t or~~ o..~

tondir:. r:; o or a pcl.·iod o~ .ro~r  f".c 1:r..r:tng i!ry n!lt'.!!ons t h oro 

i o littlo rcir.fnll 'u:i'. c..Jnacqr..o tl-; l:l!'[;C:r r.c't ~ o~tion 

th~n 1:1'> n ?.'tjt yonJ;n wC.cr.. tho r~ ... .~rs '!on • t ion ets. 

Table !!o . 5 ehowo <10 e~ Qen of th t t:1:t. seast'l!nl _.. fall. 

subdivide d. into tho ni!!tcr. ~na Gtlrlt'.Or :rains in. accordru co 

vtith the peroG tagee !otmd ill ~ bl r o. 4 . ~ab e · o. G i 



u tabulation of the not o pornt1on d 1n tho summor n 
'lint r a ona d JiVOB tho dUferone botweon tl oss 

e por t1on and t ho rainfull in ft!et and inohoe• Tho plus 

315n 1n tho oolun:ato unilcr the iltor Ronson intli too tnnt 
th~ 1•eln..:a11 c;,roeecla t 10 evaporation. 

.L.zlO Volca.n ·: .. nnd $.; ~ator ,o::l ny has ontored into Q 

contl· ct •'lith tho ri aoondidn tr~ t t  wnte1,. om a~  uudor \7hioh 

t ho:v anne to m ira.t~ tn th-o ~i varainnc o:: tho nro.tu.a.l \'tetar -
• 

~~ ~n  up to 1, 350 , 000,000 s llotL"-l p&x t ~  ~ae uent ~. o 

the bn:!. l iU ~ J:r the . r .~rn .  ~ ~~ ro idin~ the ~tor is 

d:J.11·o-.rto.. hat. ~~n ~~e  bex· J.ot C...!lu l'tlly lat .'lnd the.t the n Ximwn 

~  -tc of rl.l vor ;;:J. on !... 27, OOC', 000 s llons .:POl"' .. Y -- also pro -

Yid1 ng- th~t t':l1s OJl011Zlt ot 1. ter on ~ bf.:.ve be on d!vorted Y 

the :· .. soondido ;. ~utu .  ·;:-J. tor Jompa.ny ht d tho ~. arr~.  Dam not baon 

o on ~ ruo ted • 

. ~  alebor:rt u otutt:t· ~ t thA l'olinquiailm ~nts at tllo 

~ ~ e~  o .sn.:a nee~ ;;r...1:y ~o at:A.o:fy t:d.o diyaraion has been 

~~de :n ooa~ootioa wit:l vbe ino~tt or~~u h osa  ~o ort. 

I t tlflf:l boct't ao ~d. to uac tht! i~ . a .ona e~tim . bad in that 

~b a "!v. 7 ruowa ~hoao JJ.vsra!oDB • . 

,. .... .. .~ ·,,.,d 't o· ~to ·- J .,., .,>. Q :.u - ~ '.J • 

. o-.. . o1: t7hioh ls ke,p't 

r.10 ... ~t o~ owin.;s. ~~ ~ .. re.t.:.r j.)Ortion. however, becomes 

h~r ~ d .rt th we te? d1l.r in~ tho ro.1n;t OO.lDon and this retar4ed 

..... 
I .. 

tate eva.por, too and drnino out to a dopth of probably 6 foot 

dtn•inj tho a "Col·. Tlto wv.to1• t1 ;.t ie nt prooont lost by 

ova,pomtion fro 1 thouo lando will bo aon~or od aon tlli3 uroa 

io uu.bme~eod. ~ !a oo nnid~ d t 'nnt t !10 o porn t1on louuoa 

ooou.rrine- f'roM thooo J.v.ndo ro O([U.nl to a depth or vro.tor of 

l!J 1nohoa lJOr unni.mJ o wr the lnoiot r oe. • 

din~ hoe been propt.u.-ocl c)n thia 1Jo.cia m1d ahawo tlJO voluno 

~i wutcu: impounded l.:n tho ~o or oir urn the oorroaponui n.g-

ov }.Joru \iion !utia&a :l.rutl tho subruor.;cu. moist J.nnds. 

:i1t1b:W !lo . a iu a ~ e teb~tion t'or tho :.!lrner' s 

_ ~ o oir oo.tu ti a.eriu~ a ciua.ust1.c aupply c.nd hort~ tho or,arntion 

o:L tho l.'OUO.l."Voir du.rl.n$ uho winter neaeon l1C1 cuu41ing tho 

ason. ~he tabu..1,, tiun J.U nol.X oX]?lanatory. ..;1m.iJ.a ·J.y 

1lrttble l:CJ. 9 i~ tho lutl.ea ourve +..ab1.1lat1on o ~ tho ·o.rnor•s 

.!U;t3()r'VOir UllU.Ol: Ull il'.t'l 0 n1,10iltU ·•aft. In thi Wbll.J.nt1on 

i ·t itl uoowed t~t whon i;ho reacr·voir OOlltt\ina 17 ,oco acre 

:Leet or less at tho bogi.nnill!.S of tho rnunrnor soeeon tho draft 

\'dll btl roducoa 50 po:..· cont. 



... othod of btainl J _,oli: 1uiohi!10nt at 
· r1tor1 to tiafy :uoo dido 1voro1 • 

-- I_.__ .. __. 

oot, hief E ~  or of tho Yolo en 

,....,., .... ny ha pro.. rea a dat.ly hydro i~n h of tho flow 

o · the · n tti ~ e"3 1\iver nt n ~ er  '!:.or tho pnot twonty-
ye rs. ~o flo on thoao aar~ aurin~ whioh thoro wore no 

T:lO· c:mr . orrta Ett a m.~ 1 o heR ' on l'npl.'tl(l1Vl n by n atudy of 

~ .. nl rtmoff thus obtainod dooo not ogroo 

r b1e I 1o. 

c.:ltt; ~ t . J o . 5 us noti~ .tn ~ '"Tf .~ . . J fJGt . #ol . no. 4 al'l0\7D 

t ~o .)Ol co .t~ . .:ro .ctio Ol., ~ ~ . ~ }1lnoott ' c osti:n,.,tl') to ·r. 1?oot1 a . 

.. ol. . ::o . r, GilOrr.J the ratio of the runof.f of. 1-;he {53 SqtlD.re milo a 

t-ribut£::r; tD tho 2 l1COndldo cllvor ion below ' .a rner' o dmnsite, 

t"' t · :_ l'un. :f.: ... t · ·:.!l--rl Ol'' a. t .. ol. .. -" :-.., . G shorrs the adjuatod 

o~t ...  1 -="dro:;raph to obtnln tho run-

ofi i'or t~ .  ·sa d.ldo a rea on the a 9it2 of r • Lipp1Doott' s 

oa .. !il .1tot1 runo:ff ,t ~~rnor  s. Col.. "1o. 7 shows t he ntllmlll 

_uno ff of. thi a er • 
... , ble Ho . .3 ia !l ot.ud.v of tho amount of a ~ r t,o bo 

tuMcd. ou.t t ·,. r.ac:ar 1 n to sntitJl:y the ~aaona .do divoro1on made 
• 

iJl a coort'bmoo with th~ oo ~trnot betvrocm tho Voloan r~nnd & 

:c te vO. !!J?tmY fJnt.l the -:·GO nc11do Jrutltnl. :o tor Oor.apo.ny, \Q)dor 

doto or June Zlot, 1012. It ts· conoi(lerod that tb.a Eooondido • 

ditah. muJ.d divert ·ter up to n ca.p1,1o1ty of 41.75 cooond foet 

£ro!!l ::ovonbor lst to July lst of oaah aoooonal yonl' nncl tllnt 

at no t .,....a tho diver ion almll be bolow too seoond. foot. · 

• 

.. 

2h.ia tn.l>lo iu a t1ldy o! thooo yoors dul-in ·' wllioh t e runoff 

of tllo tu.• bo o~ ~ ar nor  a cltlm antl v.hovo t !J.o r ocontlido dJ.vor- . 

sian point 1e not oo ioi~nt to an.t1afy t !J.aso di vorolonn. 

Col . ~~o. 2 of thl :l .. _;u blo e howu t he rtt Jntl!ly rw:1o:ff o:! t ho .. r~.~ 

Luis j ey .. t!Vfll.'" nt ' Juruor' a on the buo1B of . -'• L1r,1:>L"lo tt• s 

oatlma to. Jol. l!o . -S u to ~ tr~.a tnonthly .runo:tf of tho ~  

TJl& £Qa.lO Of .:.l' e 1'•JEt ' U ~ a .o c;t'rl.P1:. l':tlci .d u~t~d 00 

t -t.at iit.l.e h d ~ a h ~o~d flt t1 .. & ut.. t ti ~ i :a . ..!cl . 1ro . 4-

.!d t 

::upaoity o:r li.:.'l.o ~soondido di teh drttwr- tc thif3 l!O\V uoulc. 

~ th tli.J.u as ;... baaiu tlle amomt~ rJ:.::o:lu1o ·oy the 33 th ~re 

r.uJ.ea balO\T the r:'n.r.!lOl.' 1).am ·..:..ite ~ . .. b . ~ t ~ ~ aoo 1dldo iitoh 

VSilablo fo:r di l""3l'Sio.Ll :VO:tC ubta..!.. :cd u~t  u;tQ li;lted .ln JOle 

5 and S. :i:"r"GD tho ruoount acooaas.ry "...o aioe~e ..lt · ·al"!ial'' · - . 

to oatisfy t 1u:ao dlVQl·aLann. Upon the Yi !.!.r not o PG1da-'od !1. 

tn1o t.ubla no r\llin.quiohmenta are ncoeaoo.ry nv .~rno.  o :for tho 

Escondido di oraiu~. 
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to l)Ot 

h oondido 
~o . >or 
, 1Hlinoott 

44 
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53 
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('1) 

·!ooondido 
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.t oro 
~oot 

6180 
19600 

3260 
'1820 
1760 

792 
704 

5090 
2990 
GGOO 
1580 

12100 
29400 
23'100 

7430 
13900 
15400 

9500 
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26GO 
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1BP6.-9G 

To aot hydroaraph n t ''arnor, LlU.l tlply .cout' u 
hyd gr ph by 230 llOr ocnt. 

To got aooni11do h d .~o .  ( 33 sq. rr..i . ) 
multiply by 101 par oant. 
(l) 

~onth 

.. z . 
.pr. 

··ay 
Juno 

( 2) 
J .B. L. 1 s 
.t.'hm.Off 

ut 
'1lroor 1 a 
u. f . 
391 
310 

lOGO 
520 

2460 
~  

209 
207 

(3) 
Eaoondiclo 

Runoff 
Looal 

33 sq. rni. 
a . f . 

172 
136 
465 
228 

lOBO 
585 

92 
91 

(4) (5) (G) 
:i!otc.l .runount Of th.ia 

... nmoi':f .. wile blo vnll-
above bot~oen able 

Esoo11di£lo 4 nc. f't • .!: from 
234 acr.mi . 03 n.o. ft . o:.t .~ooa  

n. f . ~otn . : ~  33 . . .i LJ.•ci • 

5G3 
MG 

1525 
748 

5540 
1920 

301 
298 

5G3 
44G 
~  

740 
l2GO 
~  

301 
290 

172 
156. 
465 
223 
GOO 
5 r:: G 

0 
91 

22fi3 

(7) 
j 

~ 1Ul . 
to bo 
turnod 
out " V - ,.. 

I • • • • •• .. • o • 
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/I 12 _...,... 

896 ... 97 1899-1900 
~  30 t J.1:3l ph t ~ a.rno •a It • tlt! ly .t OU I hydro by 76-1/8 p cont. To set ~itro rs h at '!arncr ' s rmJl.t1ply 

( _o ,,.ot \ uoo tlido " llo ;x pll q,. ·li . ) 'oot• u 1ydl.•ogra¥h -a- 38 1>er oont. 
by 04-1/2 p r oo t . ~o ,e . oo ~ d do hydl"' .. h ( 33 oq. mi . ) 

1au.ltiply by 17 pol' oe 1t. 
(l) ( ( } ~  cr.) (G) (7) (1) ( 2) (3) (4) (13) (G) (7) 

M2 ll4 vOG 356 22 
S!jr) 155 507 507 !)6 nov. 12 5 17 0 0 

~  

'.:160 10 0 ~~  1570 G70 oo. 32 14 46 0 0 
7 'iO !"":>480 11410 lOGG ~  Jan. 900 407 1315 filG 29'1" 

~ 

~  1t;QO 5930 ;.}154 1022 ob. 66 29 95 0 0 . .z-. ~ . il 1430 625 "!0!35 l 8Bt> 625 l.:Sr . 107 40 155 155 40 
~ -.. - ~ 254 833 ~ 264 Apr. 314 140 444 444 140 

• 
Juno 187 02 ~ 26 82 !:;ay 107 49 156 156 49 

"600 4GO June 36 16 52 0 16 
1273 550 

2 

723 
l0D7-9B 1900-1901 

~u noet hyiL-..o ~ h nt !nrnor ' ~ :..u.l tl!JJ.y 
- OOt 1 u 05ra_ph y Gl ;vor oo· .. t . To t hydro gra.ph at ···a2. 1 or's nruJ:tiply 

~  0 9t .!.JUOOHdido ~ XQ < !lh ~ tJ • loo) :o st 1 u hydro graph by GO a_er cont. 
I:!U.lti l ;y 1).! 27 por cont . To , t ..... uoondl o hyaro ~ ~ h C ~ oq. r.U. • } 

A,gt '.!!!') or antn uho\'f.U o~ .• · multiply by 2G por cont. 

... ov. 35 l.6 51 51 0 I ov. 1475 G40 2115 9GO !).40 _s;, 

!JOe . ·2&1: . 112 36G 36G 112 .ooo. 512 135 447 447 135 
~ ., I 

987 • 43Z ~ 
, l35G 433 Jan. 4.51 195 64G 646 195 

~ . • 
531 -. 233 .. 764 . '164 233 J• Ob e 0210 3560 117'70 1090 1020 

• • I 

. .. . r. '.J9A .. 3()! H90 ,go 304 ~. 1025 444 1469 1469 444 .. 
• - ., .. 

r . 48A 2J.G 704 7M ZLG Apr. '126 514 1040 1010 314 
y 70 429 13!19 809 3'/5 1UJ:g 999 390 :1.289 lM7 390 

Juno 59 26 00 05 26 Juns 143 62 205 205 G2 
5'18'1 16\Hf 8451 ~  

1898-39 1901- 02 

~o :.;ot hydro ~ h a.t ~ o.r t or' D nm:Lt1ply To sot hydrograph nt ~no o vntltip'ly 
o..,t ' n h;JQ.rQr. p1l by 92 per cont. Poat• s ~o ra h by 73 per cent . 

· o ._ t ~~ o dido hydro lh ( 3!3 aq. m1 . ) rno ot Bsoondido tb.~ . 'Oph (53 .e~i .  

. u ~ n~  ~ o  40:... rJCJr cent. multiply by 38 par cont • 
-uco . t b'>r c _. t't O:lotn l>y • 

~ • I nov. 87 38 125 185 0 
;ov. 47 31 GS 0 0 Doc. aa 39 127 127 0 
oc. ~  4r: 149 97 0 Jan. 495 216 709 ~ 31G 

J ~  lQlj . &:>29 329 100 i'eb. l!->80 G05 1985 l24:U !)55 • . 
• 364 1(jl ~ 

.. 
525 r 3500 1535 1)035 25?3 1452 - tJi) . • 161 • . r 

( lG 104 . Gu ... 600 184 Jlpr. 727 {) 9 lo&G 000 319 
. r . 2l,.:., .. 305 305 93 184 01 265 ..,65 81 

..) . . 
I 

• ."C."'J J.l " lG 0 0 June G9 30 99 0 zo 
June f" - ~ 79 6G 24 2683 l-1t 7 

~ 

~  562 . 1350 

• 



/j 

.. ~ 1911-1912 
-

0 t• 
10 ~et .nydro a t ~rnor  · mu ti ~ 

To get UYdrograph at ~rnor s multiply 
] ~r ph by 5u or cent• · • !>oat ' a hydro graph by 100 per oont. 

1o t oo do h3\lro ~n h ( 33 oq. m1 . ) To 80t ~u ondido hydrograph ( 33 aq. mi.) 
lpl by ;M. >or o t . mul. t1 p11 by 44 p or oent. 

{l) ( 2) ( 3) {4) (0) (G) C7L . 
(l) { 2) ( 3) (4) (5) (6) {7) 

ov. 154 67 221 192 G7 Hov. 100 44 144 144 0 

. oo. 660 244 806 804 244: o • 160 74 . 242 2142 7 

Jan. 8 162 500 500 162 Jan. 290 128 418 418 96 

b. 8000 a 0 12640 2220 1220 Feb. 212 93 305 305 8 

..:.:ar. 1'193 781 ~ 2198 '171 lJB.r. 4640 2040 6680 2270 1210 
..:.... r. 2730 1190 3920 1070 1053 Apr, 4730 2080 6810 2360 1335 
:fey A40 192 632 G32 192 L'ay 1270 560 1830 1510 660 

Juno 131 57 100 188 5? June 228 101 :s29 329 101 
3'146 401: $17 833 

• 
].903-M 1912-1913 

• 
·xo t e t ~ ra h at ::arnor' s multiply To got hydrograph at r;erner•s mu ~  

o~t  hytlro jrnph by 'JO-l./2 por cont. Post• a h dro ra~h by 100 per cent. 
~o 0 t oondido hydJ.·ou a h ( 3 '5 OQ • r:1i.) To got ~aoondido hydroD-raph ( 33 aq . mi . ) 

... 
_ r l y t:: .t .~  )Or cent . multiply by 44 par oent • 

•. -:11.!. 

I ~.o . ;ss ~  50 0 0 .. Uov. 117 51 . 168 166 0 

.oea. 61 26 87 0 0 Deo . 138 61 109 199 0 

JWl . ~ 26 67 0 0 Jan. 445 195 - 638 5GB 195 

~ o b. 265 115 ~eo sao 115 Feb. 2008 883 2891 117J. 667 
.D-r. 2020 880 290 1256 0'70 Mer. 17'58 780 2538 2296 780 

.. . .~. 585 255 840 840 255 Apr. 744 320 1072 1072 528 

"i 181 '19 260 260 79 I Jay 252 111 363 363 lll 

unne 88 39 ~  127 39 Juno 94 ~ l30 30 4:1 

2U63 Jl359 1505 2122 2028 

1907-08 ~  

.LO get hydrosrnph at ·.·:amor' s multiply To got hydrograph at rtarnor' a multiply·-- -
- out' s hycl.ro .pi1 by 91 par o .at. Post's hydrograPh by 100 per cent. 

_o t EuooruJJ do hydro nph ( 33 o .~.  
To got Escondido hydrogrnph ( 33 aq.mi.) 

rruJ. t . i>l y "' -l/2 par oent. ~ti  by 44 por oont. 

'iov. 206 90 296 296 90 Nov. 111 49 lGO 127 6 
eo. 298 131 429 429 131 Deo" 200 BB 200 280 20 

Jan. 2500 uoo 360G 1056 ~  Jan. 4740 2090 6830 1030 486 

t'eb. 9250 4050 13300 2520 1300 Feb. 12600 5550 18160 2250 1220 
( ..nr. 1895 830 2725 1915 830 ~ Br • 2210 9'10 3180 2150 920 

pr. 1540 675 2215 1620 G75 Apr. 1313 678 1891 1832 578 

·r.rq 463 20Z 66G G66 203 uav '195 350 1146 1145 350 .. 
Juno 145 G3 08 208 63 June 243 107 360 350 107 

3695 45'1 

• 



t 
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