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ll'. Ulll. G ® ﬂ.n.h""
Mills Building,
San Francicoco.
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Dear Siri- ey D
Herewith ia appended a ;;port upon the
hydrology of Warner watershed,San Di ogo county,
Celifornis,as controlled by the Volosn Land &
Water cOnpany |
The dependsble anmul yield,with storage,
is found to be as follows:

RESERVOIR DEPENDABLE DEPENDABLE
STORAGE YIELD PER YIELD IN
REQUIRED. ANNUM IN  MILLIONS OF
ACRE PEET. ACRE FEET.  GALLONS DAILY.
117,000 21,769 19.4

With an allowance for divarsioh by 't.ho syctm
of the Bscondido ll'ut.uu Wntor compmy or a mnn of
762 nou-t“t,(uo page 86) the dependable net nold
of Varner -nt.euhnd would be 20 997 acre-feet annually,
or 18. 74 muuon gtllona duly.

Attention is dum t.o t.ho gonom method mployod
in arri.ving at dotminntim whioh nag the orrcot of
dupoung of eny question u to Jutt what. tho seasonal
rainfall on warner wltorshnd ny h“o bun during oarly

(IR AT



years when precipitation records were not actually made

on the watershed named. The nine years of records which
have oonf.ﬂ_lmto’d to definite information as to aotual
rainfall oon@ltlom .t_:n Warner watershed bear a discernible
| relation,year by you',to't..ho seasonal mean of Julian,

Cuyanaca,Valley cent.or md Esoondido as representative of

oonditions on and mmu. watershed under mvut.igat-

ion. Certain precipitation records on or close to the

Warner watershed,(see pages 20,21,28,),have been eliminated

from computations in t.h_ia repq__gt which,if used,would have
shown a greater rate of seasonal precipitation on Warner
watershed than has been accepted in this report. Were a

\ ;

higher,or a lower,seasonal precipitation assumed to have
ocourred there would result,because of the method of
snalysis followed,no material change in the ultimate find-
ings of the dependable yield of the watershed. Further
attention is directed t.o Tabla XI,page 37 ,concerning the
dependability of the wamor'nun-off Curve relied upon in
the report. Text upori"ﬂxis subject will be found on pages
.6,7 and 8. Teie |

Endeavor has been made to include in the repert
full detail data niuting to precipitation and stream
flow for the purpose of facilitating re-investigation or

phecking.
Respectfully submitted,
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 WALTER HY BROLWN
z M.AM.S00. GC.E.
coumucﬂou AND H'mnmuc ENGINEER

.. HYDROLOGY
OF THE
MOUNTAIN REGIONS OF THE SAN LUIS REY RIVER
| ‘" 'AND “THE L

g
N
.....

UTILIZATION OF WARNER RESERVOIR

.
! faded d A AT

The sources of the San Luis Rey river are on
the western slope of the Coast Range mountains in the
no.rth-easterly porubn_'; of San m.ego- county,California,
at an altitude varying from 2600 to 6256 feet above sea.
‘Flowing in a weaterly direction the at.ream discharges
1nt.o the Pacific Ocean at Ooeanaida about thirty-five
mj.lea north of San mggo. A sketoh-map showing t.he '
general location of the San Luis Rey and the Warnqr
Watershed,as located from the city of San mego,i.e |
shown on the preeedlng pa&o. | Rt

Oon tho upper* . regien of the San Luis Rey lies |
a great natural baﬂ.n,or ruorvoir site, on property
known as the warner Rnnch vhile baok or and drainin.,
towu'ds this: basin tro two hundr;d and ten gquare miles
of tarr!.tory,all lyins vithin tho Olovoland !auonal
Fores Roum. Of t.he total mn approximﬁtely eighty



square miles are in brdnd valley in ihioh there m
nany acres of .nmp 1qu.oont1nuounly wet,and whioch,
with the prononoo of tvo natural lakes,will have a
bearing,later on in _t.hu rupqrt,on the evaporation
losses to be ox_pcb.t'qd rrolﬂ:_t.he‘m\rraoo of the pro-
posed Warner Rolom;r.' ':l;hb'--:opain of mountains whioh
surround this basin,or valley,have both gentle and
rugged slopes covered with dense brush and with oak
and pine timber in the higher altitudes towards the
orests. Snow,in the Méher.rogion;,ia usual during. .
the winter seasons. =

It is jropon& to impound the vater flowing
from this *wo hundred and ten square. miles of territory

1n the Wamer Rqservoir which may be oreated by the

oonatruot:lon of a dam ot moderate height md on a
favorable aito. By t.his method of conservation there

can be secured a. supplyi of nter,:ln storage,wvhich may

be drawn upon,fcx' dlverpicn to the arid valley regions,
throughout perlodd: of r:qshot and drought. The character-
1stic of all -tre\m in_Southern California is to greatly
d:lminish-and in' y-inntanou even oanae-in flow during
the aummar mnthn.\ 'l'he winterl,or wet louonn,w:lt.nees

the rising or atroé,ml,whan,with -the approaoh or .Tune,
rains become less nnd lou rr-quont and rrom the :ut:br

month until _Oot.obor, -prﬂo_,v,o_mbog,-nttl_e rain-fall may

be oipeotod-,. This * " .'?.-.}poriod_;u_- accomparied by a rapid



falling off in the quantity of water flowing in
natural channels and,in many streams of importanoce,
frequently qu;ia to flow for a pémod.. This charao-
teristio is true of the San Luis Rey river in its
lower regions,at Odunaidn-,on the Coast,and at Bonsal,
some fourteen miles t_n}_und from Oceanside,but on the
upper regions of the 'riior;qp .the Warner watershed,
the stream does not "go dry" during the period of the
non-rainy season. At. Pila,aoma thirty miles inland
from the Pacific and twenty miles below the proposed
Warner reservoir,the records _oi' the United States
G_eol.ogi,oal'Snrvoy,kopf.;l_:t_qr”_tha past twelve years, (sinoce
1903) ,show the San -Luij {Re;. to be a live stream at all
times. At Warner dam site,as at Pala,there is always
flowing water and,at:times: more at Warner than at the
latter point. The locatians of thelpointe mentioned
are shown on the sketch-map preceding page 1.

Referring to this map it will be seen that
stream gaugings,simaltaneously conducted at both Warner
and Pala,should assume d..ge_nor_al relation,one to the
other. Warner and; '.l_’,ala.'u-a apbroximately twenty miles
apart,by the river channel,and. at these two points
stream-flow uWntl havo been conducted by the
pnitad States Geolégioal survey n_nd by the Volcan Land &
Water _compm,:lh_ oé-opoution-,lo‘ that. an excellent series

of observations is available. At Pala measurements have
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been made since the latter part of the year 1903 while
at‘ltmer_dap site records Qf stream-flow were seocured
during 1905-1906. Following t,hi.l period there 1is a break
i e kel at Woas e AT 01 e eas 1001 nch
stream measurements wqr:_,undo:;_'tgkon by the Volcan lLand &
Water Company and hdvi nino'u.,fhnt tine beeon systematiocally
conducted without interruption.
. During the. interval when gegings were not made
"at Warner the records secured at Pala,by the U,S.Geo~
1ogicai Survey,afford opportuni;y for interpolating the
volume of stream-flow at Warner through the medium of the i
ratio of stream-flow at the two pointa. There are resords
covering four conseoutive years during whigh time simul-
taneous measuremsnts were made at Pala and at Warner and
& portion of ,t.io additionel years making,in all,six yesars
of simultanecus measurements available fof pi-actioa_].
-comparison in determining np_o_nft.h-eﬁirol.at-ion,-'or‘the ratio,
of stream discharge at the two points. This factor has
been determined,as set forth in detail in Table 1, as
0.6293that is,the mean annnal discharge of 't.h'e San Luis
' Rey. river at Warner is 62.9 £ of the discharge at Pala
.. ang 1;1 constructing the hydrograph .of the river at Warner,
~ back over years unmeasured at that point,this ratio has
‘been used. _ % ,
To acgept the total 613‘-&10 ‘nu;n annual of the
findings reached in this way s the probable oapacity of
the stream over lbns and continuous periods of time would



i | :

be to either under- or over-estimate the true probability
and it becomes n’oo'e'uary to view precipitation and stream
flow oond:luons over a ayole longer than the poriod of
aoctual atum—gmging affordsjfor "wet" and "“dry" oyoloa
occur in this section of the West in periods of seven to
ten years duration and t.h's"b'harg'otorhuon of previous
years,grouped into cyeles,must bo‘%‘iﬁiiimirod into and
developed to view as a means of gauging the relative
valuo,wat or dry,of t.ho cycle during which the base
measurements,{at Pala) ,woro made.

The point may be 11lustrated by stating that
during the eleven year period,or cycle,of simultaneous
or oor-ordinate measurements heré used,the mean seasonal
disgharge at Warner was,in round numbers,32,000 acre-feet
while tlie‘ mean for a forty-three year period,back to
‘]‘.872-1873, was 29,700 aore-feetjishowing that the astual
measuresments were made during _a_fairly high oycle and
if followed,uncorrected,would producs figures of run-off
which would be unsafe to rely upon over a period of many
‘cyocles,for,with the occurrence of the inevitable "dry"
¢yocle,a shortage of vﬁtoxj,uth the :1guro.s otherwise
accepted,would ocour. In order to_extend the view into
the time before actual stream-gauging was conducted in
this region _rooon_r_bo;is had to the precipitation ‘reoqrds
available at Escondido and at Valley ‘Cemter in the lower
region and to the west of the Warner watershed and also
at Julisn end Cuysmaea,in the mountains,south-sasterly
from Warner water-shed. i'rhno‘, precipitation data,given



in TABLE II,extend back to the seasonal year 1872-73.

The mean of Escondido and Valley Oenter,shown in Column I,
indicates rain .oondit:lonn. on the lower altitudes while the
mean of Julian and Cuysmaca,0ol.2,gives an index as to
ooourrences in the highnouniugs. The mean of all,Col.3,
indicates what did -boonr over a i;;go territorial area and
by taking each years mean and determining its relation to
and over the entire fqr't.y-.thru yoar period there 1s shown
how each year,in the past,‘haé varied in general precipi-
tation. I | i

- With t.hj.a data in hand for rateronoa another step

is t.aken by plotting tho seasonal mn-off (as set forth in
Table I),on logarithmic scale,(Disgram A),the anmalprecipi-
tation,in inchesg 1n dopth,u ordinntea ,and the annual dis-
charge,in acro-reet,as absoiesa. |

| The years covered by actual straam-gausinga include
seasons or wide diverganoe,hoing -from sixty—two psr-cant to
one hundred and thirty-eight per-cent of normal for t.hat.
(11-year )_,period and -affording opportunity to see,on the
diagram,what may be expested in the volume ‘of stream-flow
in either a very wet or a vory dry yeu- of given rainfall.
It is not to be presmnod t.hat the method omployod will give
acocurate ruulta for each and overy 19d1v1dna1 yeap,tor the
quantity of m—oftiarin,ﬁot onli' with the total amount of
rainfall,but also with the manner of its distribution
throughout the nuon;v_he(tlhqg' it _b; 'oondoqtrited, in a few
heavy downpours in sﬁort 'ﬁtérvﬂ‘or spread in many 1light



rains throughout the season. The umanner of arriving at :
conclusions is,however,one. which balances anj doviationn
and,with the data in Tabdle III,polnta are obtudnablu rrom

which to detormine the curve on Disgram A . That the read-

ings taken from this ng.cgrvo are froe from matortal

error is shown over the twelve-year period as sot forth in

Table XVI,page 49. The total run-otf,taken from this Log.

curve for tha-laat'tqelve years,is 706 acre-feet short of

the totsl éoaagred fun-otf for the same period as based

upon Pala and Warner measurerents. This error of the Log.

\ I A

curve readings,on the safe side however, or-rég of ore
per cant,lﬁ neglizable..

For four consecutive yearé of nmctual gaugings at
¥Farner,(the last four years to date),the total'diécharge
was 100,495 aqfo-reot.and‘thq Log.ourva,though showing off
for individual fﬁqrs,daéignatea a total d;aoharge of 100,400
acro-feet whiohiis 95 acre-feet less,in four years,than the

moasured quantity. The use of ths curve,in this inptancs,

undcrestlmated the ntrosm flow by 130 of one per cent.

Table XVI shows the method of ﬁrrivins at theso determxinations.
These obooks-on_the agouracy of ths Log.curvas on

Disgram A are mentioned to show that with years varying in

the rate of precipltation.rrom 55‘5 of normal to 163 % of

normal for & 43-Joar period tnd 52 ﬂ'to 144‘%'of'normal for

a lZ2-yoar period,the curve rsadings total,practloally,tho

moasured amounts and Justification is thus _51?011 for %he use

- of the Farva in projecting baékﬁlhtp}ﬁnniildrid periods.

Referring to Teble III 1t 1s found that the



date was 2.8 ‘ of the mean of Baoondido-'alloy Center- ‘
Mian-cuymoa precipitation over a period of nino com- l
parative and conseoutive years. Assuning nine years t.o \
be a lone enough porj.od to Justify its use in establish- ;

ing ratio,the pnoipltat.ion on the Warner watershed has

S e

been projected back dy taking 92.8 ﬁ‘ot the mean of BsooA !.
d applying the mdivid- \

dido-Valley Centepr-Julian-Cuyamaca &g

ual amounts for emch year as the r
)

‘watershed for co uponcnng yearl.
' !

annual run-off from Wax’per 'itorahed has been read from )

1fall upon Warner

o
[ 1
m these data the /|

M - R e W, e

the Log.curve on Dugur A and reurvoir reguirements nnd

safe annual ylelds oomputed on . t.he draft sheet,Table VIIrand
l

as shown on the mass oqrvo,magram c. J Y

T ey — Tl
ol g v~ W a4

On the followfng page is a sketch-map similar f“ 5

to the map preceding page 1 thongh with additional looau .
showing Escondido,Valley Center,Julian and Cuyamaca. astoh ﬁ
from récord_a at t.he citj of San Diego they offer the 0111';i :
long-period records of that section of the State and it f: \ ;
is felt that the use of the reoords at the points namedf 5
gives a proper index of the preoipitatlon which has occ/nred
on the territory 1'n between the points named. The meafi; of &%
Escondido and Vallej.c.Qnter indicates what has taken Jlaoo &
in the regions below Warner watershed while the mnn6f
Julian and Cuyamaca indicates pr-o:lpitation condiuona back
of Warner waterahed in the high mountaina. The mean of a11
~ will show the general effeot of atom which sweep the entire 15,

‘locality.Local showers, in thair effect, are practicaly R
eliminated. i - ' | o
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As a cheock on this method other forms of analysis

have been employed and a tabulated summary of the various
forms is appended. The ground has been covered as follows:

(1)

L e i o b Sl Y W L e T ]

(2)

(3)

feet.

The Warner drainage areas are sandwiched
in betweon the Hemet wvatershed on the north and
the Cuyamaca and San Diogo(at Diversion) water-
aheds on the south. The seasonal discharges from
these surrounding areas has been combined and
the seasonal discharge reduced to the run-off,
in aore feet,from a unit of a single square mile.
These figures haye,in turn,been multiplied by the
area of the Warner watershed (210 square miles)
and the product taken as the seasonal run-off
from the latter watershed,for given yeara. This
finding is 22,000 acre-feet,gross.

Using Escondido-Valley Center variations
of their mean seasonal precipitation. This method
shows practically the same as the principal
method used.It fails,however,to account for a
few general storms which are known to have pre-
valled in the mountains and not present in the
region about Escondido. Determinations for Warner,
by this method,show 21,750 acre-feet,gross, :

Using Cuyamaca-San Diego(at Diversion) rur-
off averaged with the run-off of the Arrowhead
watershed,in the San Bernardino mountains amd in
close proximity to the watershed of the San Gabriel

river.
The Arrowhead watershed 1s approximately
elghty miles north of the VWarner areas and its use

. as a balancing factor(in conjunction with the

Cuyamaca and San Diego)in establishing the yield
of Warner watershed results in determinations
showing a greater run-off for the Warner water-
shed than any of the other methods of analysis
employed.The use of the San Gabriel run-off,in
combined percentnge with the Cuyamaca-San Diego,
shows a run-off for Warner of 20,000 acre-feet,
while by the same method,only substituting
Arrowhead for San Gabriel,shows that the run-off
of Warner watershed would have been 22,280 acre-

Computations along this method,of using the
percentage run-off as it occurred in the San Bernar-
dino mountains,as a balancing medium for Warner
watershed determinations,were not carried out to-
evaporations conditions and storage requirements
because of the evidently mistaken: premises upon
which the theory rests. The watershed conditions,
the regimen of the stireams on the areas north of
the Santa Ana valley in the vacinity of Ontario

and San Bernardino differ from those of the Warner
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Thia is shown by the reversal of con-
ditions.whioh nave ocourred on the areas under
diaonaaion,al ahown below. A El-year mean is used.

Seasonal Oomhlnod San Gabriel .Arroihond

Year. cuya:au : VTiatershed. Vatershed.
. an Lk 3 '
San Diego. :
Peroentage Percentage Percentage
of '\ W of of
b neln. L% s Mean, Mean.

1804-96 - - 274 S ks 1?1 - -« 202

1900-01 - - B4 1-2;- --=- 7®---- 180 i
1906-06 - - 287 - -i- S e e e e o0 148 }
PP e R T e T A,
1911-12 - - 107 -';‘7 Tngvderigges Lot iy gy i1

: Readins straight across the table | fﬁs 2
for any gliven year should show -a comparatively even -/-

variation from the mean, - if the regimen of the
streams were similar., It will be noted that in the
year 1905-06 the Cuyan pa-San Diego percentage was
high,-compared with the" other two watersheds,while
in the year 1910-11 its condition fell well below A
its normal while the other streams weres flowing /'
above their normal. Tﬁq year 1911-12 reverses this latﬁbb,

Diagran.D'haa been prepared showing

the values in percentage of the mean for f’

each individual watershed for Cuyamaca-San \
Diego,the Sun;Gabrial and the Arrowhead vater# P
sheds. :The ope hundred percent line,represent- )
- ing -the mean of 21-years,is drawn promdnantly H N

and the deviations from this line,or lins of & | | i
normal run-off,are shown. ' R

The SAA\ Gabriel Gaugikngs are from the
U.S.Geological Survey Reports and the Arrow-

head gsugings are from records filsd with the
Oity of San Diego and with the California \
State Railroad commiusion. j\\.

jie A -unnnry of the foregoing forns of _-;'
analysis follows. -
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: Ocnpﬁthg_thoﬂruneor:_or'Wgrner watershed by

combining the seasonal percentages of the Cuyamsca -

San Diego (at Dtvornion) run-orf with the streams as 5
1

designated in 6olumn headingt tho mean seasonal run-off |

at Warner would have been as rollows for the 2l-year
perioed,

Cuyamaoca- : Approximato distanoo Estimated -

San Diego ~from center of mean seasonal

Watersheds _ Warner Watershed in run-off from .
..used in . mles. . Warner Water- ' b3

econjunction = ‘ | shed,in Acre-

withe~ ' fest.,

' San Gabriel - - - - 110 miles northerly. - - 20,000

Hemst, - - - - - - - s " . - -~ 21,324

Arrowhead; - - - - - 80 " " - - - 82,280

\

. A survey of all of the original rsoords availabla,
both for streamflow and precipitation,makes it seem advisable

_to use only data of iooal origin?havins seasonal character-

istics whioh.havo Loen 1npreased.upon and experienoed by the
water bearing arcas 1nv01vad.
| A aketoh map show1ns the relative looations of

the watersheds under diaousaion is shown on the f0110w1ng
page.
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RESERVOIR STORAGE
AND
RESERVOIR . _EVAPORATION.

o

-
e

\ BT
Reference hal{bghp previously made to the ﬁwamp
lands and natural l;kcé within the Warner reservoir asite
which will be submerged upon the partial filling of the
reservoir, From_experiignts.made during the course of
the Los Angélea Aquodudi investigations it was determined
that retarded aoil-water will evaporate, during the summer
months,to a depth of 31; feet and from determinationa as
to soil porosity the coqplusion is reached that this
evaporation in soil to g\Fahth of pix feet is the equii-
alent of nineteen 1nchenﬁ&n.depth)of water,per annum,over

the swamp areas. In other\words;it would require nineteen

inches (in depth) of yntdr*to saturate the soil to a dépt5 

of six feet,and this amount of water is evaporated from }{
the soll annually;if the- ground continuoa woet, throughout
the year,it goea to show that tha .amount evaporated is 4
being constantly roplaoed by an inflow of water.

| To datermina the qnantity of water which wonld
be coneerved,soaaonally,bacaune of these swamp lands i
Diagram B has beon-proplred showing the.annual conser-
vatlon,in aore-faet,la it would occur with varyins aroas

of swamp lands due to dlfrarlng stngen or water level 1n

1

%500
the reservoir. - {

24
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| Under operating conditions of the reservoir
the gains.rron swamp llnd conservation amounts to a
minimum or aix hundrad aluo-toet and a maximum of

2760 aoro-roet per yenr.
\\
il .\

EVAPORATION FROM RESERVOIR SURPACE. |

The %nnualevapo qtion from the exposed surface
. i A\

of the reservolr 1a'tak%n‘ a-th1pty-a1x inches in depth

for the fbllowing reaaons
The‘Jﬁlcan Land

evaporation o ervatlonn ﬂp the Warner reservoir site

‘Ylater Company has conducted

\

with Standard (Unlted Sta&es Geological Survey) three

fbot square

bating evathatlan pans designated on the

Company rooo‘ as Pan Nb\4 and Pan FNo.5.The latter 1is

floating in er at W#rn&? dam site,the former on Big

Lake,a natural} ‘pond oovegidR.about fifty acres. Evaporat- |

ion from thesd pans has yﬁ*ﬂ?Qa-followa:
' TR G

1913
1914

Combined mean =, =

o

15

il A~ RO F
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A mistake 1is sometimes made in datermihin;.
the evaporation from reservoirs by applying,without
correction,results of pan tests as the actual evap-
oration tfom a largpmgnd free water surface upon whioh
the test pans are floated: There are reasons why this
should not be done. i |

Standard evaporation pans are made of galva-
nized sheet {pon,thqy are three feet square and ten
inches deep And,enbirqlad by a proteoting'bobm'to

prevent wave and spray action,are floated on the water e

Y T

surface under investigation. Water is placed in the pan
to within about two inqhes of the rim. As the contained
water evaporates the interior depth is maintained by
roplenishment and record of such made,due allowance is
made for any rainfall oocurring as may be noted by the
rain gauge located on or near the float. Excessive rates
of-avaporation,over natural oonditions,are set up as

follows:

(1) By'roasdn of ths capilary creeping,up the sides
of the interior of the pan, thus increasing the exposed
‘surface. This cgpilary,t11m bo¢omea heatoq-rrom the
exposed metallioc éidbb of the pan which project aﬂqve
the water surface of the reaorvoi# and evaporation is
accelerated. : | i

(2) There is 10st the effect of the thermal oircu-
lation oonatantly taking place in water and the results
from the influence and the intimate nixins of the cooler

P,
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water from the depths with the warmed surface water
which is being constantly reduced by this natural oir-
culation. Thermal oirculation ocours,of oourse in a pan
but because of -the leited dopth its temperature is kept
down only to the extent of the warmer surfaoe strata in
.‘the reservoir as it chea in ocontact with the outer
surface of the pan. In\the open reservoir the oirculation
is taking place from toR to bottém and with the intimate
mixing,or oo-mingling,ofxéhé_warm and cold currents

the tempefature of the wator will be kept lowep than
that within the obnr;nea'oﬁ_the evaporating pan,

The question ésmtohwham ratio to accept as
between pan observations and vetual.open water conditiona
has received the attention‘of'nany*cbncerned in the
matter but it has been onIy witQin the past few months
that collective data have been made avaiIablc and this
through the efforts of Kessara.Duryea.and Haehl Members
of the American Soclety of'01vil 9ngi.noers,who,wit.h
elaborate attention sbbemwben to-detail,have made avail-
able not only the results of their own observations at
Lake Conchos, Northern Maxioo but have collected from
wider fields the work of other investigators. The con-
tribution referred td is now,fﬁvalQlB),being presented
in the Proceedings of the Amerisan Socibty of Civil

Engineers and,summarized,is as follows:

3 |
5
4

2
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EVAPORATION FROM LARGE RESERVOIRS.

o a o an W 0 .....
: Evaporation depth as
Authority. Location. a proportion of that
it of a 3-ft.floating pan
r.§.§§golow,U.S.Iouthor Bureau, Salton Sea, 6l1.4 percent
b % Y | w oo i 60.5 ".
P.T.Robson,Mem.Am, Soc.C.B. , el 8.8 "
C.E.Grunsky, " " " D 64,6 " (a)
Duryea and Haehl * * Lake Conchos, 64.7 " (b)

Mean, - - - - - - B 62,4 "

‘{a) Computed from a broken term and employed as a

suggested value.

(b) The conclusions of Messers Duryea and Haehl are:
“Evaporation from large reservoirs is certainly less
"than 67.5 £ (and in all probability as little as

"g2 £) of that from : three-foot square pans'floating
"thereon". Ih the ébove tabulation the mean’ of

-62 x and 67.5 £ has been taken,i.e. 62.4 %. In this

connection lMessers Duryoa md Haehl have to say cn

page 1752 of Proceedings,Sept.1915,

“"®# @& &% Therefore,the yearly ayaporatlon
depth from the gsurface _o‘r- Lake Conohos was adopted as -
sixty-two peroinf of the evaporatiozi depth from a three-
foot squm pan noating thereon or from a ux-root.

square ltnd pun nou-by.

In the oomutiom of evaporation from

| lu-nsr roumir 651 ot flonung pan .npomucn u uud.

PORE R S 7 ,.\mmmm TRy vt A LI o DA I R T 2 I S e AR s O
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As justifioutién for using this value of
66 £ of the floating pan ovaporation'aa representing
the true evaporation from Warnor reservoir extensions
of the foregoing tabulation are here given:
Mean ofthe rivi'Vlluon pievloualy given, 62.4 %
Mean of Bigelow's two values, - - - - - - 60,95 %
" . " Robson and Grunsky, = - - - - - - 61.70 %X
" " Duryea & Haehl and Bigelow, - - - 62,87 %
S " Robson, =- - - 61,756 %
e " " QGrunsky, - - - 64,656 %
" " Robson and Bigelow, - - - - - - = 64,87 %
" " the last six values, -- - = = - ~-.62.79 £
VYalue accepted by ﬁuryea and Hahql, - - = 62{00‘1

CREDIT DUE TO RAINFALL ON SURFACE OF RESERVOIR.

It is considered that 10f of the rainfall is

accounted for in the stream gaﬁginga and that 90% of

the rainfall(which is precipitated directly on the-

water-surface of the reservoir)should be credited to

reservoir acoumulationé.ﬂad_it-fallen on brush,timber

or grass areas much of the total would have been lost

by direct evaporation,absorption by plant life,etc.,

| but falling on a water surface it immediately becomes &

part of the storage,and is so oonaidared in thiis report.

To arrive at the value of this gain.Tnble V'haa been

compilud from.preoipitation rooordu at fbur stations on

the reeervoir slto four yonrs of recorda being availabls.



The mean qr'tpéa.;year by year,has been comparodrwtih
prooipitation pt Warner Springs,adjacent to tﬁo reser- _
voir aito,whor? reocords are available for the paat‘nino
years. This relation boigg established,for determining

the rainfall on the ioaorﬁoibxq}to by the use of Warner

H"‘-—

Springs records for a nine-yoear period,the figures have,
in turn,been compared with the conditions as shown by
the mean of Escondido,Valley Center,Julian and cuyémaoa,
otherwise tgrqed the mean of lou;tgin and Plain, for the
same period of time,year ﬁy'yaar. The general relation t
the latter being thus established the precipitation
records have been pthocied back to 1872-1873. That is,
as the mean precipitation varied,from year to year,the
amount. of rainfail on the reservoir site varied likewise,
each varying in the same .proportion from its own mesan.
Ninety per cent of the measured and the estimated
rainfall on the Warner reservoir site is shown in
Table Vi,Col.(3) andithe amount of gain + or loss - to
or from the storage due to rainfall gains or evaporat-
ion losses will be found in Column (5),as depth in feet.
These qnantitiea,tﬂor_f_, are further used in the

storage and draft calculations in Table VIII.
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RAINFALL AND RUN-OFF
L oN
WARNER WATERSHED,

Table VII is prdlented'ia\gpowing the method .
used in aatimating the rainfall on th;h;ntiro VWarner
watershed and trom.which_data the Warner run-off curve,
Diagram A,was constructed. 5

In the table referred to ‘are shown the records
of precipitation at fifteen stations soattergd over the
Warner watershéd,coverlpg a period of four consecutive
years. Comparing thelo-four years records with records
for the identical peridd at Warner Springs,which is :
practically in the center of the entire watershed, it
is found that the generai-precipitation,over the entire
watershed,1s 134f of that ocourring at Warner Springs,
(rain-gauge station Ko.2l1), Records at the latter station
extend back nine_yeéra'and-by the use of the factor 1.34
the record has been projeoted back over the period during
which measurements were made at warn9r Springs.

It is forther found,by referring to Table III,
Column (2),that the relation of depth of precipitation
on the Warner watershad to that of the mean of Escondido,
Valley Center,Julian and Cuyamaca,for e i period,is
0.928 or 92.8 £,and in estimating the early unmeasured
rainfall on the Warner intorahgd there has been taken

92.8% of the mean of the four stations named. The calculat-

L
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'1ona are made,yoar by year,back to 1872-1873,

It will be observed that there have been
eliminated rrom all computations the records at rain-
gauge atattona<#3 Monkey Hi;l; #IG,Nellie; #14,Davis’

Mesa (Orande and #15,Angel's ﬁoaa Grando. Had theso
stations been included in the oomputations the estimated
precipitation over the entire watershed would have been
appreciably greater and,during "dry" times,would have
added sufficiently to tha'run-ofr;;; accepted,to show

a very material increase 1n'£he capacity of the watershed
as estimated upon in this report. Theée stations are either
uponor very close to the Warner watershed,their locations
being shown on the general map. The reason for excluding
the records of these stations from this report are:

Station No.S,ubnkey Hill. Located 1nuWarner
reservoir site. The rain gauge is located on a pinnacle
where upward sweeps of wind,coming from the broad valley |
floor,carry the rain in upward swirls,or eddies,permitting
unfair registry at the gagge.

Station No.l6,Nellie. Located on the summit of
the westerly edge of Warmer watershed.This region is pro-
1ific in raihfall and unquastion@bly Warner watershed secures
some of the unusually heave precipitation ocouring thers. THe
zone affootod,hovever;vould be of iiﬁiiad area as
compared with the t9£a1 area dealt with and to average
this station in vith all others would be adding undue
weight to larger areas with less precipitation.

B e 1+ S e L A et s 2 P TR i i S i Ut b’y i i S e i e s A T o T I P RS e e TN e e e N A e B T



Comparison with Station X0.17,Mendenhall Valley,indicates
thut. a sroator' portion of the precipitation at Ko.16,lollle,
falls on t.hé wonﬁrly ll..opo of the mountain rangzejsome of
it undoubtedly dlows over the ridgs and onto t;t'xe varnor
watershed and while nl-'i”x'ol\glion* militates against =
larger wateor yisld of the Unrhir'nnn 1t 1s felt that the
reasons for excluding its records outweigh those that might
be presented for its use. In an ischystal study of the
Rarner watershed the station records should de used in
common will others sllmuarly_ locatsd but not 1;1 thé form
of analysis adopted in this report.

Station Ko.14,Pavis Mesa Grande. 'ocated south-
westerly from the edge of the Warner watershed,distant about
1-1/2 miles froam the Yarner shed. Excluded from computatiems
for the same reasons as given for Station Ho.l16,Nellle.

Station No.15,Angel’s Mesa Grande.Located about
1-1/2 miles south-westerly from the edge of Tarner water-
shed and sbout three miles north of Ho.l4. Txcluded froa
computations for the sams reasons as given for No.l4 and
No.186.

The records of these stations are not elseshere
given hanct.s are stated dbelow. In reading over thege stations
{t should be carried in mind that the measured mean of
the precipitation on Tarner watershed is 24.68 inches and
with this figurs in mind it will be noted that the yleld at
tho exoluded stations is,esch,grester than the sccepted mesn
for the watorshed.To have used them would have deento increase
the sstimate of the caml}: of the waterahad.

. ) _
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SEASONAL PRECIPITATION

on or near

'WABRRER VWATERSHED

(July to Juno)

Year. Station  Station Station Station.
1. o e #1868 #16 f

L()Lr»)

1901-02 come - ——em- (43.21)
1903-04  e=-- ccee  mma== (24.806)
1904-058 oo ceme  meee= 54.71
1905-06 e 47,083 3 e-=-- 77.44
1906-07  +=-- 33.66 corea - -
1907-08 ———- £7.67  -=--- —. =
1908-09. ~--- 36.87 9 ----- (62.31)
1909"10 by S 29055 T 44.21
1910-11 ——-- 87.78 2 ~==-=- 44.96
1911-12 11,88 27.60 £0:28- 39,08
1912-13  9;63 . 25.65 S1:16- 38.59
191418 22.34  4duge  3maEe  67.19
MEAN 1358%' 30, 25 26.73

 © Year 1914-15 for Station 1§,four months are missing

The entry 33.12 is the actuzl and reported rainfall

and by interpolation with the adjacent station (14)

1t is determined that the probable year's precipitation
at Station 15 was 49.79 inches giving a mean ober the
4-yoar period of 36.77 inches as stated in ths tabulation.

—

‘Table V111is a Draft Sheet showing method of
determining the 'urying mn of Warner reservoir surface
during periods of roplenishment and draft for the purpose
of arriving ;t_cvapoﬁuon losses during operating con-
ditions. Column headings designate the purpose of the
computations as they ooour. | '

This Draft Sheet 1s bonpnud nn trial for
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determining,principally,the seasonal evaporation losses,
the seasonal gains due to the submerged swamp lands and
the gains to be realized from rain falling directly upon
the surface of the flooded area. :

The method ia.opoq yo objection in that it
considers thp_iﬁflow,or replgﬁiahggnt,as osourring |
practically at one time,-at one brief interval of the
year. The seasonal rﬁn-d:r,aa the figures in Col.(2)
are shown,ia apparentlyidumpod into the roaervoif ag
though in a single torrent and is all subject,thereafter,
to evaporation losses. Aa'a matter of fact the inflow is
not‘apontanoous;periods of freehep ogour but instead of
drying up abruptly tﬁefdiminishing atreamé follow a more
even curve and do not dease at any time of the year.
"New" wator,from which deductlions for evaporation should
not be made,(ﬁnd which,ié # portion of the seasondl run-off),
is constantly inflowing and in ord;r to aocountlfbr this
condition and round out the abrupt changes arising frqm-the
construction of the q:aft,aheap a mass curve has besen
propared,biagram.Q,vhi&h.oﬁmpensates for the sevgie
assﬁmptiona necessarially msed in the draft sheet during
the course of finding the unknown quantity, x = evaporat-
ion area in aores. . | |

The safe yleld of the Warner watershed,as shown
by the Mass curve,(Diasram.o,in21,759:rorl-reut:yoan1y,
covering a cycle of twoelve yoarg'durntién:nnd being the
cyocle of lo'ott;run-off,lihoo the begining of preoipitation
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records at San Diego in the year 1850, It may be said,

in passing,that of all the Engineering Reporté.aubmittod

at various timol,by nr.Bawgood,nr Lippinoott Mr.0! Shaushnoasy,
Nr, Harroun and Mr.Post,all uombora of ihe American Sooiety

of Civil Ensinoora,nona has dilagread on the rinding that

the ocycle referred to 1: tha lowoat and the most trying

on the capacity of the Warner watarahod ainoe the begining

~of the 1850 reoordaﬁand in this oonolugion the writer agrees.

In the Warner reservoir and watershed studies
this report goes back to the seaaonal yoar 1872-1873; the
begining of the oompiled data of precipitation at Esoondido, oL
Valley Center,Julian and cuyamaoa and,assuning an empty
reservoir at the atart,calculations are then carried
forward in order to determino the volumo in atorage at the

begining of the twelve-year dry cycle referred to.

REQUIREMENTS
OF THE

ESCONDIDO MUTUAL WATER COMPANY.

_Thore are deductions to be mads from the gross
avallable runpofr of the Varner waterahed to aatisry
rights recognizod as due the Escondido Mutual Vater company,
diverting water from the San Luls Rey river delow the
proposed Warner raaervoir. The Vbloan Land & Water Company
has agreed to protect the Eeoondido divaraion,in the event
of the construction of Warner dam,and ﬁhe_oonsequent stoppage
of the stream at that;poiht;bj roloiling,undor sertain

condi tions,certain amounts of witor from Warner reservoir



for the Escondido Mutual Water Company,-provided tip
the seasonal run-off oondi.piona‘. would naturally supply
these needs with Warner reservoir not in existance,
There have been many years when the natural run-off
from the watershed 1y1n3~bclow Warner reservoir and
above the head gate of the Esoondldo ditoh were sutnoiont.
and more,to supply the rights of this latter conduit,while
again there have been yocars when this intermediate water-
shed has not supplied sufficient.water and 1f,at such
times,the natural flow of the branch upon which Warner
is located would supply th; deficiency (assuming there :
had been no impounding at Warner) then,wiﬁh the unrestricted
flow warranting it,Warner reservoir would be required to
release the deficiency.

While the amounts to be released,if any,depend
entirely upon seasonal obnditiona-of run-off the mean

ennual amounts required for release have been computed

as follows: ' | B
Harroun, = - = = - = = 742 acre-feet per annum.
Lippincott & 0'Shaugh- -

nessy,- - 744 " 7
PO.t’, o - e el . e - 602 . .
Mean = = - - = - = - 762 " o

Negotiations are now pending between the
Escondido Mutual Vater Company and the‘yOIOan Land &
Water Company by which it is possible tﬁat the Blobndldo
conduit may be reconstructed,inoreasing its carrying

capacity so as to lltér,m;tprially,any caloculations;
3 ‘ »
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made under present conditions.

with an inorease in the carrying capacity of
tlhe Eloond.ldo ditoh condftl_oiu ‘would be so changed at
the Esoondi&o reservoir,as a result ¢f inocreased amounts
diverted from tho 'rttgx:phad intormediate to the Esoondido
diversion point and fdﬁﬁr._mt any possible subsoquent
requirements for reloase mm”in'mor would be less than
under the pnu’nt.oondluons of ;-entrlotod capacity of
the Escondido conduit. 3

Pending such now torn of arrangement 'as may
be reached between the two Companies no attempt has

been aoriously made to dotormne the amounts that mght

ve required for ro-lease.

e 3 -i ml ‘I'I - 'I L SO a_ -' 2 --'.,.‘. - K a ™ ." -
\ St 118 ' ‘ = et P alolly - 1o >
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- Seasonal

(July-June)

Year.

TABLE I.

E———

1904 -058

06-06
06-07
07-08
08-09
09-10

10-11
11-12
12-13-
13-14
14-15

T R e R Y T L B A T L Y

,,,,,
e

ESTABLISHING THE RATIO
 OF DISCHARGE

AT iAgnnn RESERVOIR SITE
WITH STREAM DISCHAROE AT PALA

Discharge anondido Escondido Diaohargo

at

Warner.

at Diversion plus Pala
Pala. = total
41 ,868 2,937 44,805
106,302 1,742 108,000
84,571 3,319 87,890
24,860 2,706 27,555
48,120 3,488 61,608
47,086 2,686 49,772
32,2567 3,212 35,469
16,860 2,562 19,422
6,278 4,256 10,534
29,942 5,783 356,725
87,306 6,326 93,832

28,182°

' 87,682 M (1)

55, '282°
17, ’311°
32, ’461°
31, *306°

22,310°

12,036 M

5,944 M
22,859 M
69,856 M

Calculated from the measured discharge at Pala,being

62.9% of the latter.

Measured discharge.

The sum of the "M" discharges at Warner is 62.9% of
the sum of the measured discharges at Pala for corres-

ponding years.

(1) The actual measured discharge at Warner in 19065-086
was 66,957 acre-feet. To this amount has been added 725
acro-feet which was the unmeasured sub-flow at that point
at that time as was developed by the construotion of the

cut-off wall at Warner dam site.

W, brva sy o Py f et g o L Pl
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TABLE II.
MEAN PRECIPITATION
OV¥R
MOUNTAIN AND  PLAIN.

( Escondido+Valley Center), (Julian + Cuyamaca)
{ ) ( 2 = Mean.

2

= 9] _{2) : -3 [ ¢ » Al
Year Combined Combined dean of Items in

Mean o?f Yean Columns Col.(3)
Eseondido of (1) & (2). are £ of

- and Julian & mean of

Valley Ctr. Cuyamaca 26.47"

1872-73 1lo.02 19.00 x 14,51 54.8

73-74 32.80 61.00 x 46,60 176.0

74-78 .11.85 31.35 x 18,35 61.8




Valley Ctr. Cuyamaca -586.47”
"1872-73 .lo.oz '18.00 x 14,51 54.8
756-76 §6§ﬂ5 38,00 x 29.056 -
76-78 . 8,88 '18.20 x 12.39 "747.0
- 77-78 26.65 . 50,60 x 38,52 146.0
79-80 22,19 '42.00 x 32.09 - 121.0
- 80-81 13,35 " 256,20 x 19.27 3.0
81-82 13.46 28.60 x 19.48 73.8
82-83 9.82 18.70 x 14.286 54.0
83-84 41.88 78.00 x 59.64 £226,.0
“8b-08 25.71 48.50 x 37.10 ~340.0
86-87 12.11 22.76 x 17.43 66.0
87"88 19082 a 19.82 b 19.82 7500
88-89 22.48 a 47.00 b 34.74 - 131.9
89-90 25.68 a 64.80 b 46.24 171.0
00-91 20,76 a 4.09 b 32.15“”"‘i3§?§
91-92 14.83 a 40.93 b 27.88 106.0
93-94 7.90 a 31.93 b 19.91 756.0
904-95 21.63 a 43.29 b 32.46 123.0
T 95-96 9.93 a 16.70 b 13.31 50.5
96-97 19.75 a 31.04 b 26.39 96.0
97-98 9.80 a 19.50 b 14.60 55.0
98-99 11.45 a 17.08 b 14.85 0881}
99-00 16.74 a 24.52 b 20.63 78.0
19&"‘01 17.40 a 33.78 b ' 250_59 o :
01-02 14.03 a ' 30.21 b 22.12 84.0
03-04 9.86 a 19.39 b 14.62 56.2
- 04-05 28.34 a 49.24 b 38.79 ~147.0
06-06 30.74 & 6§0.60 b 40,77 154.0"
06-07 21.82 a 38.70 b 30.16 114.0
| 07-08 16.16 a = zyl_g___mw__ae.vo SRS B
08-09 . 21.96 a 36.72 b 20.34 110.5 L
09-10 22.76 a 28.64.b ..25.70 . - 97.8
10-11 18.62 a  30.,85:b. . =24.43 . 92.2 . ... ...
11-12 17.72 a - 29.29° b 23.80 VTR0 AnvENes
19-13 10-14 a_ 25. 92 b 18-03 68.0 4
13-14 19.96 a 34,93 b 27.44 104.0
/ 14-15 26.62 a 54.28 b 40.45 153.0
lean of 4% years - - - - - - - - 26,47

The sum of "b" i1tems is 189% of the sum of tho
items designated with "e" and the unmeasured period,x, at

Julian and Cgyamaca 1g taken as 189% ol the mean,for the

given years,at Tscondldo and Velley Conter.
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TABLE III. 0
RAINFALL ARD'' RUN-OPF
WARNER WATERSHED,

Showing method of computing same as bdbasis for Log.run-off
curve on Dlagm- A.

Year. Moan of Rainfall Rainfall Run-off at

-—— dlountain on at Yarner.Esti-
July and Plain Warner  Warner mated and
and (Rein,in  Yaterihed Springs Measured.
June. inches) (inoches) (Inches) (Aors Feot)
¢ O BRI ¢ ) ETEEE ¢ | (4]
1872-73 14.51 . 13.46 3900
';3-74 48,62 | :g.i; 103000
4=79 16.3! . od” - 5200
75-76 20.05 ® 20.95 TR ¢
76-77 12.39 s 11.80 ' 2400. . 1
77-78 38,52 © 35.74 | 59200
78-79  17.39 o 16.14 3300 :
79-80 32.09 = 29.78 . . 35500 - -3
80-81  19.27 'i"ﬁ"ﬁ. 8400
81-82 19,48 ~ 18.08 - 80600 .
82-83 14.26 T-13.33 S700 .
84-85  18.41 S 15,22 5400
86-87 17.43 © 16.17 6350
- 87-88 19.82 o 18.59 9250
o Wil . e sises
8§9-90 - 45.24 Lle _ .
O=(L  37.42 g 3%l : 54800
91-92 27.88 5 25.87 . 23900
92-93  37.01 g 25,08 21900
94-95° 32,48 & 30.12 36800
95-96  13.31 . 12. 2800
96-97 26,39 © 23,56 18500
$7-98 14,60 a 13.55 3820
98-99  14.25° @ 13.22 3600
09-00 20.83 -~ 19.14 10100
1900-01  26.69 O 23.74 : 4 19000
01-02 22.12 n 20.82 253 15000
02-05 ° 27.58 © 285,54 23100
03-04  14.62 g 13.56 3888
04-08 38.79 O 25.89 _ 28182 i_;_}
05-006 40.77 37,83 . 67662 (M
06-07  30.16 31.12 = 23.23 i ségee2. (1)
29.34 - 88.69 = 17.68. X 324601 (1
'070' ) 229__‘5

- +49. N
'1‘;“ M
18.81 M



The precipitation on Warner reservoir gite being. thus estab-
1ished at 135.8 £ of the precipitation at Warner Springs,we

have: -

Seagonal Rain at

Year.

Measured.

il sl

warner Sp'gs

"TABLE V.
RAINFALL ON WARNER RESERVOIR.

U A s S YAl ™ P RN AT L e U e g s R 9 widt.a"™ i - XL el e Sl il Dl LA 4 e O LR 4 e TTaTH e L L L T
L e s L e s P L U e S R W W (O Ve b TR S A NS P ik, T R e i
o w1 TR Lt -l Sl 3 gy o N S - R - et g ol
- 4 Y 2 L "..‘1‘-.._.L=‘ ‘_. ?r,-_- -‘. ] [ | -

' %

27.35

Rain on Kean of
Rain on

Yarner

. Reser'vr Mt.& Plain.

Warner Res,

of

-

145.6
120.3
142.2

.134.2

135.8

Rain on
VYarner Res.
is %
Mt.& Plain.

of

1906-07
1907-08
1908-09
1909-10

1910-11
1911-12
1912-13
1913-14
1914-15

(

9-Yr.Xoean,

23.23 x 135.8%8

15.91
17.68

22.45

17.49

14.08)
13.81)
18.856)
27.16)

-

4-yeoar
mean,meas-

ured,=
= 135.8 4

31.54
21.60
23.00

30.48

23,60
(20,48
16.62 -

26,39
36, 47

25.568

el e o Ziiun SRl i B 20 S e £ o LT o

30.16
26.79
29.34

25,70

24.43
23.560
18.03
£27.44

- 40,45
27.31

( 93.66 %

35448 $HE 13244
PRECIPITATION IN _ INGHES.

Station. 1911-12 1912-13 1913-14 1914-156

L ----286.31 ---.19,88" 31.77 43.70

8 » = = = 26.18 83046 A 34097 46039

4 - - - - 15,208 11,93 19:31 27.76

6 - - - - 14,80 1.53 19,562 28,08

Mean - - 20,48 fETEE 26.39 36,47
Seazonal Mean for Mean for VWarner Warner
Year. Varner Mountain £ of Springs =%

Res'voir & Plain Mt.& Pl. Sta.#21 ' Warner Spis.
- 1911-12 20.48 23.50 87.1 14.06

1912-13 16.62 18.03 92.1 13.81
1913-14 26.39 27.44 - 86.1 18.65
1914-15 o6.47 40,45 90.1 27.16
Mean i g M e 24.99 5 lol 16035
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TABLE VI

¢ = Computed from procipitation at‘ﬂnrner Springu.

M = Measured.

O T eyt T L

L W

P R L SRR SR T

b e it SR o e i e S i e e L E L e e e

Year. Mean of Rainrall oo‘x'or Evaporat- LOss'OriBain
‘July- lount' on rain on ion of 36" due to rain or-
June. and - Warner - Resvolr -minua--Ool évaparation.
Plain. Ronnrvoir | z
(Precipi- (Inohoa) ' (Inghes) Inches) (Feet)
1872-73 14,581 18,18 . - 23,82 - 1,98
1873-74 46,60 o9.14 -+ 3.14 + .26
1874-756 16.35 13.73 - 12.27 - 1,08
767 29,00 24,40 - 11.60 - .96
76-77 18.39 .~ 10440 - 25,60 - 2.13
77-18 38,62 "’32 36 - 3,66 - .30
78-79 17.39 “14.60 - 21.40 - 1,78
79"'80 82. 09 : 26 95 —— 9 ;.05 - » 75
~ 80-81 19.27 16.18 - 19.82 - 1,68
81-82 19.48 16,.36. - 19.64 . = 1,63
82-83 14,26 11.97 . - 24,03 - 2.00
83-84 . §59.64 50.09 + 14.09 + 1.77
84-85 16.41 13.77 - 22.23 - 1.85
37.10 31416 - 4,84 - .49
87-88 19.32 16.65 + 19.35 - 1.61
88-89 34.74 29.18 - 6.82 - 8%
89-90 45.24 37.99 + 1.99 + .16
T 1 TS .v‘ _ - m - ® 31
91-92" 27.88 23.41 - 12.59 ‘- 1,06
92-93 27.01 22.68 - 13,32 - 1.11
93-94 19.91 16.72 - 19.28 - 1.60
94-95 32.46 27.26 - 8.74 - 128
95-96 13.31 11,17 - 24,83 - 2.07
96"'97 250 39 ' 21. 34 "140 66 -1. 22
97-98 14.60 12.26 ° - 23.74 - 1.98
98-99 14.25 11.97 - 24.03 - 2.00
99-00 20.63 17.32 - 18.68 - 1.65
1900-01 25.59 21.49 - 14,561 - 1,21
01-02 22.12 18.58 -17.42 - 1.46
02"05 27. 53 S 23012 - 120 88 ot 10 07
03-04 14.62 - 12,28 - 23.72 - 1.98
04'05 380 79 ial 58 = 3 ™ ‘12 - o 28
05-06 40,77 T 34,26 - 1.74 - .14
06-07 30.16 31.54 ¢ 28.38 - 7.62 - L,063
07-08 26.79 21.60 o 22,44 - 13.56 - 1.10
08-09 29.34 23.00c¢  20.70 - 15.30 - 1.27
OQ-DO 25. 70 §°l 48 [+ 270 43 - 8. 5? - Oﬂ-
10-11 24.43 - 23.66 ¢ 21;58 - 14,72 - 1.22
11-12  23.50  20.48 M 18,43 - 17.57 - 1.46
12-13 18.03. 16.62 M 14.96 - 21.04 - 1.76
13-14 e7.44 20.39 M - 23.75 - 12,25 - 1.08
14-156 40.456 36.47 X 33.82 * 2. 18 - L18
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RAIN ON WARNER WATERSHED.,
(Inches in Depth)

1913-14 1914-16

Station. 1911-12 1012-13
1 26,31 19.58 -

2 20.16 23,46

& 16.26 11.93

5 . 14.20 11.53

8 18.06  12.19
17 30.38. 24.05
19 16.09 135.53
20 10,88 . 11.32
21 14.06 13.81
25 = 21.28 15,56
24 19.26 = 16.93
26 32.93 32.83
32 17.58° 14,39
58 26.63: 20,53
59 23.79 . 17.70.
Mean 20, 45 '%7755

SEASONAL RAINFALL.

1911-12 ----
1912-13 ----

1913=14 ----

1914=15 ----

ST

- 34.97

19.31
19.52
23.61
37.40
26.02
17.17
18,56
26,42
32.77
18.80
29.73
27.20.
25.87

20.45
17. 28
26.87

4-Yoear mean,

® Interpolated.

35,06
24.66

]

43.70
46.39

. 27.76
. 28,06

32. 45
42.00

34,.34°
. 22,66°
. 27,16,

. O2. 21
. 36.13

46,90
20.18
44.32

. 42,71

- 35.06

o3
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(1) (2) (3) ~ (4) e )]
Acre Ft. Seasonal raft in jore Ft. In Res.
Year in Res.at Run-off g4 Season Storad OF wet Seasof  Turing
begining Estimated Acre FPeet Tithdrawn (1)4op-(4 Yy S€
(July-June) of Year. 2ero Foot
1872-73 5ere. O 3900° Q + 3900 0
73-74 3342 103000° 7000 + 96000 90342 149(
74-75 85304 5200 7000 - 1800 83504 1401
75-76- 66409 27000° 7000 + 20000 806409 140(
76-7T7 71403 2400° 7000 - 4600 66803 149
77-78 49510 59200° 7000 °‘+ 52200 101714 14
78-79 87444 68300° 7300 - 700 86744 142
§9-80 89749 35500° 7000 + 28500 08249 14
= 83454 84007 7000 + 1400 1400
81-82 648311 8600° 7000. - 1600 60911 149(
82-83 53721 3700° 7000 - 3300 50421 140
83-84 34000 '900000°' 7000 - 82094 117000 140(
84-85 - 108904 5400° 7000 - 1600 104304 149
85-86 8519 53100 7000 + 30481 117000 140t
86-87 103552 6350° - 7000 - - 650 102902 140
87-88 . 55412 9250° 17000 + 22560 87662 | 140¢
88-89 71181 44400° 7000 + 37400 108881 F: 140¢
9-90 94277 93000° 7000 + 22723 ° 117000 140(
%5-51 106962 J000 - + 11038 117000 140
91-92 104331 23900° 7000 + 12869 . 117000 140(
92-93 101768 21900° 7000 - 14900 116668 140
- 93-94 101173 9200° 7000 ¢+ 2200 ' 103373 140
 94-95 86475 36800° 7000 - 29800 _ 116275 €140
-8 1 2 “q000 - 41 97616 140
96-97 79583 18500° 7000 + 11750 91193 14
97-98 75640 36820° 7000 - 3180 723680 140
98-99 56340 3600° 7000 - 4400 50040 140
99-00 34545 10100° 7000 + 3100 7645 140.
1900-01 22393 19000° 7000 + 1 %43 140
01-02 19626 15000° 7000 + 8000 27626 140
02903 12682 23100° 7000 + 16100 28682 140:
03-04 14056 5825° 58104 - 1985 12071
. D4-06 94 28182°1 " 7000 ¢+ 21182 21276
0B-08 7311 87682 M 7000  + 60682 3706
06-07 83722 556282 I 7000  + 48282 102004
07-08 86900 17311 I 7000 + 10311 97211
08-09 " 81868 32461 1 7000+ 28461 107329
09-10 ’:gégg% g;;%g_; 7000+ 24306 118218
1910-11 1 + 153
11-12 98244 12036 X 7000 + 5036 103280
12-13 86786 5944 H 7000 - 1066 85730
13-14 . - 6892T 226589 M 7000 + 15659 845680
14-15 69593 6aymrsoeoo-x 7000 4 47407 17000
- '16-18 1 / ,27{, 4573 :
IsIntsrpolated/Pala.  ° tstimated. :?



St N | i
; TABLE VIII. i ik
DRAFT = SHEET
By FOR
e WARNER  RESERVOIR. | :
.#2% . STORAGE CAPACITY - nvfooo AGRE : o t5
— v s -5 & "’, g 12 (
n Res.BEk’ - -Draft . pmt.in Res. Moan irea 90% Of flain by 'n,,g Bea Sw
ot Seasali:: During ™™d of duec to (10 Rain on  Painfall "4y to La
1)+or- '-Dn, season ' Dry Seagon. & (5) for Res. in (8)x(10) { (5)&(7) Ga
S (5)-(8) rain Cains  feet. ‘for Evapd- du
ccaSo o il o e -r8in Losg ar
0 £ 0 3900 280 1.01 282 280
99342 § . 34000 88342 2200 3.26 7172 %130 - -
83504 I ""-“-;4000 69504 3040 1.14 3465 2320 1
09 - {4000 72409 2820 2.03 5724 2890 2
80803 2 unooo 52803 2630 . 86 28l 2400 |
R ""l" 87714 2800 2.70 7560 -8360 c
72744 3120 1.21 3775 2010 1
84249 3020 2.24 67656 - %240 c
70864 3020 1.35 3377 3840 1
55911 2626 1.36 3570  _2480 1
36421 8216 1.00 2215 2010 \
90304 3600 1.14 4195 _“;420 ¢
103000 3670 2.60 9282 ' 3830 ;
88902 36820 1.22 4416 3390 c
73662 3100- 1.39 4309 2020 1
103000 3700 3.16 11692 =830 ‘
103000 3840 2.62 10081 3830 ;
103090 3846 1.95 7498 __5530 :
102668 3820 1.87 7220 ®895 g
89373 35680 1. 40 5012 %395 .
102275 3560 g:27 7 31 '.3800 ‘
83616 3645 .93 3297 3230 ;
77113 3060 1.78 5447 -~ %020 ¢
58360 2750 1.02 2805 . 2520 :
36940 2240 1.00 2240 8020 -
236456 1840 1.45 2668 3710
20393 1650 1.79 2953 1620
13626 1530 1.85 2371 1445
14682 1445 1.92 2774 1475
278 Y O T T £
717276 105 2. i 1230
53995 1880 2.86 5368 5435 ;
83004 2850 2.36 8726 3360 ;
01212 B Em ame i aRgd
101214 3760 . ; 65680 %ﬁ
89280 3540 1.63 5416 3300
71730 3086 1.86 . 3856 BB75
70580 2826 1.98 5593 2835
103000 3300 2.82 9306 _&30
‘1 8 = g3% Of usual draft, 3




"'tiE) 13) ‘T“4T‘ '_115 T18) (1 77‘ (18)
'loan Area Swamp Total Evap'n Algebraic Amt. in Res Oover-
- due to Land Gains LOss sum(14)& End-of Year flow Year.
, (6)&(7) Gains (11)+(13) (12)x3 r$.(15) (7)-(16) from
for Evapd- due to Rain & st e S ROB (July=-June. )
_p84a Loss  area(l2) Swamps
280 o) 282 840 - 558 BZ42 = mmmee= 1872-73
5130 2180 9362 9390 - 38 85304  ------ 1873-74
2320 1900 5365 8460 - 3095 66409  ------ 1874-176
2890 1940 7664 8670 ‘ - 1008 71403  =----- 187676
400 1650 3911 7200 - 3289 49514 2 ------ 1876=77
~8360 2250 9810 .10080 | - 270 87444 2 ------ 1877-78
8910 1960 5735 8730 - 2996 89749 2 ------ 1878=79
_ 53240 2180 . 8928 - 9780 | - 798 - 83484 ------ 1879-80
P 1900 6977 8620 | 2543 68311 2 ------ 1880-81
-2480 1680 . 5850 7440 | 2190 58721 2 ------ 1881-82
s 1400 3615 6030 2415 - 340086 2« ------ 1882-83
: 2760 14394 11490 2004 106904 110006 1883-84
2280 6475° 10260 3785 86519 @ -=---- 1884-85
1 11 552  losobe 15619 1885-86
2260 8676 10170 3490 86412 2 ------ 1386-87
1970 8279 8760 2481 71181 casecs 1887-88
12400 10376 10680 304 04277 @ ------ 1888-89
2760 14452 11490 2962 105962 63277 1889-

4+

4+

+

-+ 18

2760 102568 e 1888 101788 4231 1891-92
2760 9980 11476 | - 1495 101178 2 ------ ~ 1892-93
2275 7287 10185 - 2898 86475 asdidee 1893-94
2760 10841 11400 - 559 101716 cemme- 1804-95
2140 543 3 - 79363  -~---- 1895-96
2040 7487 9060 - 75540 --e-=-- 1896-97
1735 4540 7560 - 655340 -nie—c - 1897-98
1426 3665 8060 - 34545 2 ~----- 1898-99
1210 3878 5130 | - 22393 2 ----=- 1899-00
1140 4093 4860 - 19626 2 ------ 1900-01
1020 3391 4335 - 12682 2 ~----- 1901-02
1025 3799 44256 - 14056 2 ~----- 1902-03
600 1803 2160 ¢ - 94 »» 1903-04
880 3725 3690 + 731l ------ 1904-056
1675 7033 7306 - 53722 2 ------ 1905-06
2250 8976 10080 - 86900  ------ 1906-07
2135 8287 9630 - 81868 2 ------ 1907-08
2375 8137 10560 - 90906 - eeome 1908-09
2760 11002 11310 - 99904 @ ------ 1909-10
— 2760 9340 11310 98244 2 ------ 1910-11
2260 7676 10170 88786 2 ~~---- 1911-12
1960 5816 8625 68921 @ -----= 1912-13
1925 7618 8506 89593 2 ~----- 1913-14
2760 12066 11490 103576 5449 1914-15
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uAséf{cuﬁVE

. SRR ¢ ) S (1Illllllullll(1”
‘Seasonal RNatural Gain from Gun ‘om '~ Gross Ant..
Year. Stream . 90f of rain = Swamp Land - ‘Securable-
Flow. on Res'volr conuwnn all souroces
_Aore Pt. Aore Fest, ~ Aore Feet. (1)+(2)+(3)
1872-73 = ~ 3900 282 0 4182
73-74 103000 71728 2180
74-76 . 5200 3485 1900
Be 6 : 2 ’_ 00 - 8 ‘ 16
76-77 2400 2261 1050
77-178 59200 7660 2260
78=79 8300 3778 1980
© 76-80 f_ggiggh 6765 2160
80-81 4077 1900
81-82 8600 3570 1680
82-83 3700 2215 1400
83-84 200000 11634 2760
84-85 5400 4195 2280
86-86 53100 9282 2760 :
86-87 6350 ' . 4416 2260 10
87-88 9250 .- 4309 1870 T
88-89 44400 - 7976 ‘2400 $E0
89-90 93000 .11682 2760 I8
90-91 54600 -3Q061 2760 . -[o
91-92 23900 1498 2760 90
92-93 21900 7220 2760, - (4]
93-94 9200 5012 2276 BE
94=95 36800 8081 2760 - 00
95996 2900 . B297 2140 pC
96-97 18600 - b44v 2040 00
97-98 3820 2806 2736 560
vB-99 3600 2240 1426 00
9900 10100 2668 1210 - L350
1900-01 19000 2953 1140 PocC
01-02 15000 2371 1020 36
02-03 23100 2774 1028 25
03-04 3825 1203 600 a0
04-05 28182 2845 880 390
05-06 67682 63568 1676
06-07 55282 6726 2250
07-08 17311 61562 2135
08-09 32461 5762 2375
09-10 31306 6242 2760
10-11 22310 6580 2760
11-12 12036 6416 2260
12-12 . 5944 3856 1960
13-14 22659 5693 1926
14-15 59856 9306 2760
TOTAL 1275874 229836 85600

1591310
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1219896

Vet fmount Mags “easonal
availabls, Lcocumulations Year.
Col (4)-(5) from Zol.(6) July to
for for plotting June.Inc.
NMversion. Yags Curve. 5
3342 3342 1372-73
102962 106304 73=74
2105 108409 74-75
26994 134403 76-76
- 809 1335614 16=77
+ 58930 192444 77-78
306 106749 78-79
34706 - 220454 _ 79-80
5057 2806811 Go-0L
53 6410 242721 81-82
. 1o B 128 244006 82-03
89043 20290 446910 83-84
Y 1615 448625  34-85
LBV 53652 502177, 85-86
L ES 2856 6505035 8687
80 6769 511802 87-88"
B0 . 44506 555808 86-8¢
O - 95962 651860 89-90
ke 55831 707691 90-91
RO 22668 730359 91-92
:TE; 20406 760764 9-93
55 6302 767066 93-94
480" 36241 793307 94=95
R0 - 1353 791954 95-96
P80 s + 16927 808881 96-97
BEOE: 800 809681 97-98
360 1206 810806 98-95
180 = 8848 819734 99-00
BT 18233 837967 1800-01
36°. 14056 852023 OR-02
: 22474 874497 02-03
3468 877965 03-04
28217 906182 04-05
67410 9735692 05-06
54178 1027770 06-07
15968 1043738- 07-08
30038 1073776 03-09
30998 1104774 09-10
20340 1126114 10-11
9542 1134656 11-12
3135 1137791 12-13
21672 1159463 13-14
60432 1219895 14-15
1219895 TOT£L.
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TABLE X.
N
In laying down the Mass Ourve,Diagrem G,

'allowanoo has b-on.lnde for the depletion or
.larncr reservoir in the extremely ary year of
1903-04 as indicated on the Draft Sheet,Table VIII,
page 34,and for the purpose of determining the oapacity
of the watershed 'lth.éhfi'q};owinoo,for depletion,the
Mass Acoumlations in Table iﬁ}bﬁgo 36,have been oon-

structed as given below.

.

WARNER ACCUMULATIONS.
From 1903-04 with allow-
ance for reservoir de-
pletion,in 1903-04, Of
3,496 noro-reat. capaoity
of reservoir= 117,000 A.F.

TR rTERERTRETERRSIIITRTS

Yoar. - Mass
x Accummlations.

1903-04 874489
1904-05 902688
19056-06 970006
1906-07 10284274
1907-08 10408242

7 1908-09 1070280
1909-10 1101278

- 1910-11 1121618
1911-12 1131160
-1918-13 1134296
1913-14 1156967
1816399

1914~-15

For use in construction
of Disgram C,page 40.

A1l figures are in Acre-feet.

I S L T Pt 1 Lo o v I v

36



Ve

v N

=, By ey
.'r\-!’ .

» A s ™
o ] 2t
i R EE R N e
L o

2 ¥ Lok

'k 'J;'
- 1.~ yrre
B gt e

.'.:',"t

™

2 T
IS

)
Ll 1
b s s W b

e T
- Ve

3 = :‘.‘\' ' 1 'h';fﬁ'-"__ X L‘ " Ay 2
AT AR S R S

r:" . ‘

TABLE  X{.

D

CHEGKING THE DEPENDABILITY

OF THE ROUN-OFF CURVE SHOWN ON 'DIAGRAM A.

Seasonal

Year.

HE

1903-04

04-06
05-06
06-07
07-08
08-09
09-10
10-11
11-12
12-13
13-14
14-15

Total,
xean

° Eatimated by comparison with discharge at Pals. (Measured)

All figures are in Acre Feet.

Mean or 12-year period,from.meaauremonts, - - - 29973 Ac.Ft.
- 29914

Pifference,

59 &+ 29973 = 0.0019 = 0.0019 % undersstimated by the use
of the Log.Curve readings over a pg:;od of twelve years.

Seasonal
Tear.

1911-12
1912-13
18135-14
1914-15
Total,

¥ean, - - -

Pifference between means = 24 and this divided by 26,124 =
0.0009 or 0.0009 ¥ underestimatad by'tbn Log.ourve

readings

¥arner Run-off

Varner as read
by the Log.Curve.

at

3875
59600
69000

40000

3

"  Log.Curve, - - -

FOUR _YEAR PERIOD.

by measuremsnt.

12,036

5,944

22 659

59, 856'
165 495

25,124

135600
18500
36100
18000
125600

7800
24000
56100

568975

=R 2
Total Run- orf* Total Run-off Total Run-off

at —at -

Pala. Warner~Eeti-

mated® and
Neasured, M.
73986 48562°

448056 28182°
108044 67682 X
87890 55282°,
27585 17311°
51608 32461°
49772 31308°
35469 22310°
19422 12036 M
10534 5944 M
35725 22659 M

- 93632 59856 M
571852 359681
47654 - 29973

.29914

Warner Run-off
by Log.Curve.

12,500

7,800

24,000

56,200

- 100,400

- - - - - - 26, 1oo

For toxt rolating_to thie tnbla rotor to pasa 7
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