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TABLE 3

In Acrs-Feet

Yen tTo San Pernandol To Syimar ¢ 70 Vi Verdugo T ToGal 1o
= 3 Subarea® : Subarea : Subareab valle ey £i11)
1928-29 5,960 930 1h°_ 7,030
29-30 by 7h0 960 0 5,700
1930-31 3,580 860 L, 140
31-32 hé o 10.350’ 2,h00 58,890
32-33 11,280 1,990 3L0 13,620
33-34 15,560 2,970 Boo 20,330
3h-35 18,430 5,530 350 2h,310
193536 15,000 3,530 620 19,150
36~37 71,090 17,320 3,280 91,650
37-38 1110,130 31,600 5,820 177,550
38-39 2L,260 3,890 850 29,000
3940 16,610 3,h7o 280 20, 360
1940-111 15k,930 28,960 7,510 191,400
11-h2 18,900 2,520 70 22,130
La-l3 135,100 zh,wo 6,350 166,5ho
}i3-4h 102,250 18,620 3,720 124,590
Lli-ly5 30,790 547h0 1,170 37,700
19h5-46 21,640 3,090 340 25,070
L6-47 25,1490 6,110 670 32,570
L7-18 5:979 390 70 6,430
L8-h9 2,920 4o 0 3,660
lig-50 1,800 1,120 90 6,010
1950-51 3,190 170 90 3,450
51-52 92,590 18,220 6,020 116,830
52~53 11,870 3,750 " 340 15,960
53-5 13,760 3,140 L1o 17,30
5455 8,650 940 36D 9,960
1955-56 12,510 1,540 L20 1k ,h70
56-57 8,560 970 5o 9,980
57-58 73,620 17,540 2,110 93.270
29<Year Average ‘
1929-57 35,450 1,050 1,500 hl;, 000

a Imhdm Bagla !hck Snbma.
b, Tuolwdes portion of Monk Hill Basin within area.

¥ots: Values are the mum of smounts shown in Tables F-7
and F-8, Appendix F, and include hill and wountain
ranoff flowing inte water supply ressrvoirs,



{1

Inported Water

‘The inadequacy of local water resources in the South Coastal
area of Ualifornia to meet the needs of rapidly increasing population snd
expanding industry made the early import of additional water supplies a
necessity, The City of Los Angeles, to meet this demand in ite service
area, constructsd the Los Angeles Aqueduct and related facilities to bring
water from the Owens River into the City. The system was subsequently
extended into Mono Basin to make water from that area available fer diver-
sion into the aqueduct. The first water deliveied from the agueduct to
the area of investigation wae in May 1915, although some water was uzed
in the Los Angsles downtown area starting in 1913. The Department of Water
and Power of the City of Los Angeles owns and operates the Ios Angeles
Aqueduct.

The need for additional water throughout the South Coastal area
culminated in the 1927 State legislature authorizing the formation of The
Metropolitan Water District to construct and operate an aqueduct to import
Colorado River water.

Construction of the Colorado River Aguediuct pursuant to the
authorizing législation, resulted in delivery in 1940 of the first water
from the Colorado River to the South Coastal area of which the City of los
Angeles is a part. The agueduct system was put on an operdtional basis in
1941, Other than by these two systems thers are no significant importations
of foreipgn water into the area of investigation.
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There follows a description of the works and the apparent water

supply under the two aqueduct systems,

The los Angeles Aqueduct system as shown on Plate 1l was éon-
structed to ubilize the water supply of the Owens River and Mono Basin to
serve the mmicipal demands of the City of los Angeles. Construction was
initiated in 1907 and the first Owens Fiver water delivered to the City in
1913 and ‘o the Upper los Angeles River area in May 1915. Subsequent
extension of the system into the Mono Basifi made water from that area
available in 1540,

Deseription and Capacit

a closed irnterior basin east of the Sierra Nevada, origindlly drained into
the now dry Owens Lake. Mono Bamin drains paturally into Mono Lake and is
locdted immediately north of the Owens River, the two being separated by a
low divide.

Diversion from the Owens River is made by the City of lee Angeles
upstream from Owens Lake through a diversion canal of 700 cubic feet per
second capucity. Thée ¢anal intercepts the flow of several streams along
1ts course and empties into the 58,525 acre<foot oapacity Haiwee Reservoir
which is a storage and regulating basin at the hedd of the aqueduct.

The agueduct from Haiwee Reserveir is a closed conduit approxi-
mately 140 miles in lsngih having a maximum capacity of 50D cubic feet per
second. It delivers water into Fairmont Reservoir, the first of several
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storage and regulating reservoirs near and within the Upper Los Angeles River
area. The overall storage in the group of ressrvoirs along the agueduct

below Haiwee and sbove Sen Fernando Reservoir is ll,763 acre-feet. The maxi~
min capacity of the conduit between these reservoirs and the San Fermando
Reservoir inlet is 48S cubic fest per second, which is the controlling capacity
of the system with respect to rate of delivery to the Upper Los Angelss River
area and the Clty of Los Angeles.

Based on a limiting oapacity of 4B5S cublc feet per second and a
seven percent annual shutdown period, it appears that the agueduct has operated
at or near capacity during the latter portion of the base period.

Upatream on the Cwens River, a short dletance from the head of the
aqueduct diversion, is located Tinemaha Reservoir of 16,405 acre~feet capacity
which is used as a regulating reservoir to equalize variations in stream flow.
Fleasant Vallsy Reservoir of 3,885 acre-feel capacity located immediately
below the lowermost Owens Gorge power plant, is nsed to stabilize the power
plant discharge, Crowley Lake, located above the gorge with a capacity of
183,465 acre-feet, is used to store and regulate upstream runoff,

Water from Mono Basin is delivered into Owens River Valley through
the Mono Craters Tunnel, which has a capacity of 365 cubic faeb per second,

The Mono Basin system has a further limitatlon in that not more than a total

of 93,540 acre-fest per year and 200 cubic feet per =econd may be diverted from
Leavining, Walker, Parker and Rush Creeks into Grant Lake, which stores and
regulates the flow before it s released into the Mono Craters Tunnel conduit.
Orant Lakes Reserveir has a capacity of 47,525 acre-feet.

Further detailed description of the agueduct system and 4%s operation
is set forth in Appendix G.



wantivies of Water Diverted and Used. The quantity of water
diverted by the City of Los Angelss from the Mono Bagin<Owene River system
is considered to be the inflow to Haiwee Resexrvolr, which is the sum of the
diversion from the Owens River measured in the viecinity of Cartago below the
Cottonwood Power Plant gates plus the flows of Ash and Braley Crecks which
are intercepted by the diversion canal dewnstream of ths power plant,
Import to the Upper Les Angeles River srsa as measured in the
vicinity of San Fernande Reservoir, the {erminus of the los Angeles
Aqueduct, is considered as the quantity delivered for use by the Giiy of
Los Angeles threugh the agueduct. From 1933 to date, 21l measurements of
import were made in the vicinity of the terminus of the agueduct. Prior to

1933 all measurements were made at Dry Canyon Reservoir,

Quantities diverted and delivered for use by the City of Ioe
Angeles through the Ios Angsles Aqueduct system are shown in Table . The
differences between quantities diverted and quantities delivered for use
can be attributed to seepage and evaporatlon losses, inaccuracies of
measuring devicee, operational losses and wmeasured distribution along
the agueduct, ¥Further detalls are presented in Appendix G.
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TABIE 4

QUANTITIES DIVERTED AND DELIVERED FPOR USE BY THE
CITY OF 1.0S ANGEILES THROUGH THE LOS ANGELES AQUEDUCT SYSTEM

In Acre-Fest

Year

:Quan’diﬂem

Wanbiviep
sdiverted® : delivered

1913-1)

1-15
1915-16

16-17
17-28
18-19
19420

1920-21

21-22
20-23
2321
2h-25

1925-26
26-27
27-28
28-29

25-30

1930-31
31-32
32-33
33-34

3h-35

5290
by, 650

66,290
95,930
154,820
211,980

191, 860
25,310
19l 800
167,790
172,790

191,360
2y, 260
220,780
20k, 760
215,550

215,650
23, 800
2364920
251,230

e

ey

43,710
68,180
129,330
176,030
202,260

187,720
204,620
186,110
119,860
127,820

169,700
173:’&90
194, 710
190,100
198,130

218,750
238,200
185,580
19k, 920

Year

“iQnantities: 'thift-iég

=div_'er1:gd,a

1935-36
36-31
37-38

R

27,680
239,250
263,090
240,870

279,540
293 ] 610'
297,270
307,580
286,210
307,060
338,040
308,940
36,050

356,610
330,690
339,950
322,180

339 ;430

342,730
321;,330

386,470

s delivered:

236,940
206,670
217,160

200,980
2146, 350
261,100
274,500
267,240

283,970
251 ,-OZQ
306,450
298,460
305,400

317,370
316,570
320,920
318,59
315,320
321,260
318,390
325,390

a. Inflow to Halwee, _ _
bs Prior te 1933 this item was measured at Dry Canyon Reservoir.
Bubsequently it comprised the total flows through the
Penstock meter, Maclay Highline meter and San Fernandoe
Bypass, 81l located near the cascade immediately above
Upper San Fernando Reservoir inlet.
c. No record,.



Quantities Availsbls for Diversion and Use. The water supply of
the Mono Basin-Owens Valley area available for use is composed of storm
runoff and well water. For a limited period the City of Los Angeles
extracted vater from desp wells in Owens Valley. These wells were pumped
continucusly from May 1928 to December 1931 and intermittently pumped to
1935, During the ysars of the period 1918 through 1958 in which there was
no pumping, the anmual artesian well flow reaching the aqueduct averaged
approximately 11,500 acre-fest,

Runoff tributary to the diversion works of the Los Angeles
Aqueduct and the ampunt that it exceeds actusl diversions into the agueduct
are shown in Tabls 5, A detailed determination of these valués is contained
in Appendix G,

Quantities of water availabls for diversion and use by the City
of Los Angeles from sources tributary to Mono Basin and to tha Owens River
are limited by the capacity of the los Angeles Aqueduct system. Transpor-
tation of additional water to the City of Los Angales would require the
congtruction of additional works. Water in axcess of the capacity of the
aqueduct has existed 4n the Mono Basin-Owens Valley area; however, towns,
communities and some irrigated lande in Owens Valley and Mono. Basin have
‘historically used water and rights may pertain thersto. The water use by
these entities is xot considered within the scope of this reference and
‘therefore has not been determined.
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TABLE &

STREAM RUNOFF TRIHUTARY T0
10S ANGELES AQUEDUCT DIVERSION WORKS
IN EXCESS COF AQUEDUCT DIVERSIONS

In Acre-Feet
7 Runoff ©o : Hanoif in T MunoIf to s IWhoIT in
Year ¢ 8Bquednot @ excess of Year ¢ aqueduct i excess of
3 dlversion 3 agueduch ~ & diversion ¢ aqueduct
3 WOrka 2 diversionsb 4 mrkaa 3 -divérsiansh
1913-1 377,900 343,610 1935-36 262,440 1h, 760
1y-15 271,990 227,340 3637 295,000 59, 750
N 37«38 500,050 216,960
1915-26 376,010 31,720 38-39 350,700 89,190
16-17 332,010 236,080 39-40 217,950 7,080
17-18 263,870 69,140
1819 201 s2loe 6,420 1940l 488,160 208,620
19-20 211,,9!3()c 0 L1-h2 156,260 162,65‘0
| k2<h3  LL7,L40 150,170
1920-21  191,B60° 0 L3-hh 333,980 26,100
21-22 21;5,310" 0 Lh=bs 456,880 170,670
22-23  194,800° ) o
23-2l, 167,790 ) 1945-46 130,780 123, 720
225 172, 7900 0 Li6-h7 337,580 - 6o
L7-48 356,520 29,850
1925-26  191,360° 0 u8-k9 329, 7870 20,930
26~271 ‘261,8900 17,630 L4950 322,06(3 6,010
27-28 231,530 10, 750
2829 207,870 3,110 1950-51 386,520 30,310
29-30  21,8,880 3,330 5152 195,120 ,h30
} 52-53 359,530. 19,580
1930-31 247,570 1,920 53-8l 299,300 - 22,8060
N-32 261,630 3,430 Bl-55 350,570 11,140
3333 253,800 10,000 e
33.3 231,110 5,810 1955-56 453,050 110,320
34=35 257,420 65190 56-57  36l,770 40,lk0
57-_58 476,580 118,110

8. Quan'bit:.as shown £or 19131k to 1939—119 are for Owens rea,
For 1940-l1 to 1957-58 quantities are for combined Owens and
Mono apreas,

b, Runcff to aqueduct diversion works lese diversions (Table L),

Negative amount indicates water taken from storage in Haiwee
Reservoir-
¢, There is no record of flow into Owens Lake from November 1918
through December 1926; therefore, these valies are too small
by that amount, which rangad during the pericd of measuremont
from 1,920 a.cre-feet in 193031 to 3U43,610 acre-feet in 1913-1l,



Colorado River Aqueduct. of The Metropolitan
Water District of Southern California

The Metropolitah Water District was organizéd in December 1928
undér the authority of The Metropolitan Water District Act (California
Statutes of 1927, Chapter 429, page 654). The Metropolitan Water Distriet
serves Colorado River system weter to all of the municipalities and water
districts within the area described in Appendixes & and B attached to the
Amended Complaint in Los Anpeles vs. San Fernando, et &l., with the axcep-
tions of the City of San Fernando and the Los Angeles County Waterworks
Distriot No. 21. The City of San Fernando, although within the exterior
boundaries of the City of Los Angeles, is not a part of The Metropolitan

Water District service ares.

Deseription and Cspacity of Project. The Colorado River Agueduct

Project (see Plate 13), financed and constructed by The Metropolitan Water
Distriet, diverts from the main stream of the Colorado River above Parker
Dam 155 miles below Hoover Dam and 175 miles above the Mexican border.

The. major works of the main aqueduct, large scale construetion of
which began in 1933 and which was completed to the point of delivery of
water in 1941, consist of transmission lines, pumping plants, tunmels;
canzls, covered conduits, inverted syphons, veserwoirs, and related works
with a derigned capacity of 1,605 cfs and a maximum delivery capacity of
1,_860 efs,® The main aqueduct is 2h2 miles long, including 92 miles of
16-foot diameter lined tunnels and five pumping plants capeble of raising
the water a net 1,617 feet over mountains intervening between the Colorado
River and the coastal plain of Southern Califormia.

* Page 62 of Twenty-First Annual Report of The Metropolitan Water District
dated 1959,
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Servive of water through the Colorado River Aqueduct system, which
commenced 4n 1941 with thres pumping units, haa conbinued since that date.
Construction authorized in 1952 to bring the system up o full vapacity was
completed 1n 1960,

Under this authorization Pumping Unit No, b was placed in oper-

ation in Jugust 1956, Pumping Unit No, 5 began operating in May 1957 and

Punping Unit No, § in January 1959, permitting a maximun deldvery of 1,200
cubic feet per second or more until full agueduct capacity was sttained in
1960. Net diversion from the Colorado River by The Metropolitan Water

District from 1940<l1l through 1958469 is shown in Table 6, Quantities of

Colorado River water delivered to parties are shown in Table M-3 of
Appendix M,

Deducting estimated losses in transi%, the aqueduet will have
the planned capacity to deliver to terminal reservoire in the Southem
California Coastal Basin 1,180,000 acre~feet per annum of the 1,212,000
acre-feet par annum claimed for diversion from the Colorado River.

The major works of the distribution mystem consist of 232 miles
of pipeline, tunnels, reservoirs, and related works serving parts of The
Metropolitan Water District in los Angeles, Orange, Riverside, and San
Bernardino Countiss, and 71,1 miles of the San Diego Aqueduct (s branch of
the Colorado River Aqueduct) serving the parts of Metropoliten Water
District in San Disgo, Construction of 150 nilles ¢f that part of the
system serving Los Angeles and vicinity was completed in 194) and dinee
that time anmnexations and intreased demands have required a comtinued
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expansion of the original facilities, The main feeders eerving the
remaining area of the City of los Angeles are shown on Flate 35.

TABIE 6

NET DIVERSION FROM COLORADO RIVER
BY THE METROPOLITAN WATER DISTRICT®

In Acre-~Faet
——Hydrographic : NeT diversion Irum
e year % Colorado River
19h0"1l-1 523 IIBQ

52,380

37,30

69,622

65,?38

1803 558

8- 172,265
49-50 183,130
1950=51 EOh 000
51-52 185, 779
52-53 216,650
5’4"55 'hOS: 157
1955-56 438,247
56-51 597,263
57-58 531 338
58-59 650, 617

# Source of daba:
1540-11 through 1954-55, U.5.0.8, Water
Supply Paper.
1955-56 through 1957-58, The Metropolitan
Water District Annual Reports.
195859, records of The Metropolitan
Water District.
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Belative Bights of Constituenb Aress of the Metropolitan Waber

District. The Metropolitan Water Distrdict delivers Colorado River water to
their constituents (cities, districts, and other public entities) at various
sarvice conmections.
Section 5-1/2 of The Metropolitan Water District Act provides as
Ffollowg:
9Section 5-1/2. Each city, the area of which shallbea

part of any district incorporated hereunder, shall have a

preferential right to purchase from the district for dis-

tribution by such city, or any public utility therein

empowered by gaid eity for the purpose, for domestic and

manlcipal uses within such city a portion of the water

perved by ‘the district which shell, from time to time, bear

the same ratio to a1l of the water supply of the distriet

B8 the total aecumulation of amounts pald ty such city to

the distidct on tax assessments and otherwise, excepting

purchase of water, toward the capital cost and operating

expense of the districtls works shall bear to the total

paymenta received by the district on account of tax

assesements and otherwlse, excepting purchase of water,

toward such capital cost and operating expense.i

This preferentisl right does not, at present, limit the guantity of water
evailable to any member but will become effective when the demand of The.
Metropolitan Water District equals the supply availgble 4o the District.

A sumary, in terms of percentages, of the preferential rights as
of November 30, 1959, of all municipalities and water districts entitled
tc a preferential right under Section 5-1/2 of The Metropolitan Water
District Act is presented in Table 7.
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TABLE 7
PREFERENTIAL RIGHTS OF MEMBERS OF THE METROPOLITAN
VATER DISTRICT OF SOUTHERN CALIFORNIA AS OF NOVEMEER
30, 1959 BASED ON TOTAL CUMULATIVE TAX cex.momons

tTax ¢ 1eetions pere en'b

Municipality oy DiS‘bric‘b s Of total
Beverly Hills 2,23558
Burbank 2.36381
Central Basin Municipal Water District 6.5999Y
Gamp‘hon » 60130
Foothill Mumicipal Water District 81549
Glendale 2.47681
Long Beach 6.358 7L
los Angeles L9.L7865
Pagadena , 3,01992
Pomona Valley Municipal Water District 1,10728
San Marino 56925
Santa Monica 2.0125)
Torrance 1.06130
West Basin Municipal Water District N
Gneluding Reannexed Exclusions) 5.36835
Total: Los Angeles County 83.86896
Anahein _ 110686
Doastal Municipal Water District 1.13006
Fullerton 6636
Orange County Municipal Water District 3,18570
Santa Ana 1.02634
Total: Orange County 6.1332
San Diego County Water Authority o
Total: BSan Diego County 7.36589
Chino Basin Municipal Water District
Total¢ San Bernardino County 1.18395
Eastern Municipal Water District 26092
Western Municipal Water District « 90596
Total: Riverside County 1.16788
TOTAL: 100,

¥ Data from The Metropoliban Water District Comtrollers's Report
of Degember 7, 1959, to The Metropolitan Water District Board

of Directors; and Statement No. 7 thereof, Tax Data to

Novenber 30, 1959.
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Accoxding to & statement of policy approved by the Board of
Diractors of the District on December 16, 1952, "The Metropolitan Water
District of Southern California is prepared, vwith its existing povernmental
powers and its present and projected distribution facilities, to provide
its service area with adequate supplies of water to meet expanding and

increasing needs in the years ghead ...". In regard to distribution

fasilities it has been the policy of the District to provide trunk feeder
Yines of sufficient capacity to supply the demsnds for Colorade River water
in its constituent municipslities. If = request for more capacity in a
trunk line to supply incredsed demand were made by a constituent munici-
pality, and it were shown that the increased requiremsnts of the constituent

municipality could not be supplied by Metropolitan!s facilities then availe

able, it would be necessary in accordance with Metropolitan!s policy $o
provide additional feeder capacity for sexvice to the constituent manici-
pality. This applies to the cities of Glendale and Burbank as well as to
other constituent municipalities,

Although 1t has been the general policy of the District %o
provide trunk feeder lines so that each constituent municipality would have

at least one point of conmection within the boundaries of the constituent

monleipality, the terms and conditicns of annexation fixed by the Distriet.
in some of the more recent snnexations have required the comstituent
municipelity to construct its own transportation facilities to 2 point
remoteé from its boundaries to obtain service.
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The District has not established an invariable standard to which
capacities of transportation facilities are miintained in relation to
atinual demand of congtituent agencies for Goleorade River water. In the
design of the initial development of the distribution facilitdes it was
sssumed that capacity should be provided to supply 130 percent of mean
annual demand, but no such fixed percentege has been authorized for design
purposes by the District!s Board of Directors: Conditions vary among the
constifuent apericies in respesct to justifisble need for capacity in excess
of that required to satisfy annual mean demand. In many cases facilities
have been construsted to serve requirements kmown to be short of ultimate
needs, with realization that subseguent amplification of faeilities would
‘be necessary,

There have been very few instances where it has been necegsary
for Metropoliten to curtail deliverjes due to peak demands exceeding the
capability of the transporation facilities. In comnection with this
situation Metropolitan bas urged the member municipalities to acquire
adequate storage and maintain existing ground water pumping facilities
for emergency service and to provide for peaking during the periods of
extraordinary demand.

Vater Rights of The Metropolitan Water District. The Metropolita:

Water District asserts its right to the consumptive use# of 1,212,000 acre-
feet per annum of Colorade River system water. This right is based on

# Hefers to the amount of water at the point of diversion.
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{1) appropriations of the Cities of Los Angeles and San Diego, made
respectively in 192 and 1926 and (2) contrects with the United States,
made in 1930 and amended in 1931, pursuant t6 the Boulder Danyon Project
Act for the storage and delivery of water impcunded by Hoover Dam. The
appropriative and contract rights are affected in various degress by the
compacts, treatiss, statutes, and contracts referred to collectively as
Nthe law of the Rivert..

In 193), The Metropolitan Water District and six other major
users of the Cclorado River system in Ualiforrie executed an agreemert,
with the approval of the Califormla Division of Water Rescurces, which
specifies the following priorities of California water users:

Priority ‘ quantity
nymber Agenoy description in acre-feet

1. Palo Verde Trrigation District - 10,500
atres in and adjoining existing distriet

24 Yuma Project (Califormia Division) = mot
exceeding 25,000 acres

3. (a) Tmperisl Irrigation District and lands in 3,850,000
Imperial and Ooachella Valleys to te served
by All-American Ganal

(b) Palo Verde Irrigation Distridt - 16,000 acres
of adjoining mesa -

)

)

)

L. The Metropolitan Water District, City of los g £86,000
Angeles, and/or others on. coastal plain - 350,0

)

8. (a) The Metropolitan Water District, City of los
Angeles, and/or others on coastal plain

(b) City and/or County of San Diego

556,000

112, 600



Annual

Prioyity quantity
number Ag‘ enoy. desgﬁ.-g_ .tin‘r; in aere-rgatl

6. (a) Tmperial Irrigation District and lands in
Imperizl and Coachella Valleys to be served
by All-American Canal

. o | ] 300,00
(b) Palo Verds Irrigation Distriect - 16,000 acres
of adjoining mesa . |
TOTAL 5,362,000
1. Agricultural use in the Colorado River basin ) All remaining
in Celifornia, 48 the basin is designated on } water avail-
Map 23000, U, S. Bureau of Reclamation ) eble for use

in California

Thie agreement is incorporated in General Regulaticns of the
Secretary of the Interior promulgated in 1931 pursuant ic Section 5 of the
Boulder Camyon Project Act and in water delivery contracts between the
United States and the several Oalifornia apencies using Gclorado River

system water.

of Arigona vs, California. The quantity of Colerads River
system water which will be available for diversion by The Matropolitan Water
District is invelved in, and may be affected by the decision in Arizona vs.
Celifornia, No, 9 Driginal, October Term 1959, initiated by the State of
Arizona in 1952 and now pending before the United States Supreme Court,

The case was under submission to Special Master Simon H, Rifkind of New

York Oity, vho was appointed by the Court to hear the parties and report

to the Court with proposed findings of tmct and conclusions of law, and a
recommended decree. The Special Master released his proposed report to
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the parties on May 10, 1960 and during August 1950 heard objections to the
report by the parties preliminary to submitting his report to the Court.
The proposed report was substantially adveiSe to the cortentions of the
California defendants in wost major respects. The Specisl Master's final
report, dated Decenber 5, 1960, materially unchanged from his draft report,
Has been sibmitted to the Court, The parties have filed exceptions to the
report, and supporting briefs, pursuant to order of the Cowrt. 4 final
decimion of the Supreme Court in this suit is anticipated sometime in 1962,

Other Factors Affecting Water Availability to The Metropolitan
¥ater Distriot. At the present time, the water supply of the Colorado River
system is sufficient to satisfy fully the right of all Galifornia water
users and main stream usérs in other states of the lower Colorade River
area for all their existing projects. When, whether, and to what extent
a shortaga develops for California water users depends on three major
factors:

(1) 2long range dépesdsble water supply shich le determined by
ranoff and its conservation;

(2) the repidity of dsvelopment of witer uses throughout the
Colorado River Basin, particularly in the relatively
undeveloped upper Colorado River Basing and

(3) the resolution of lepal issues, some of which are
involved in Arisons ve, ?ﬂﬁﬁ?ﬂ?ﬁ: and gome of shich

poricern the rights of the uppéer Oclorado River Basin



versus the Jower Colorado River Basin and which are

unlikely to be determined in that suit.

The decree recommended by the Speciel Master in bis December 5,
1960 report, establishes the following proration formula for the division
of the waters of the "mainstreem” {defined as lake Mead end the main
strean of the Colorado River below lake Mead within the United States):

Of the first 7.5 million scre-feet of consumptive use svailable
in any year from the "mainstresm" waters, 28/75 {37-1/3 percent)
to Arizona, M4/75 (58~2/3 percent) to Csliformis, 3/75 (L percent)
to Nevada; of the excess over 7.5 million aere-feet, 50 percent
to California and 50 percent to Arizoma, minus & possible

i percent to Nevada,

The Special Master concludes that "...the evidence will not
support a sufficiently accurate prediction of future supply to determine
the effect of the recommended decree on mxisting uses in California,"
(Special Masteris Report, page 103). Because of this asserted unrelia-
bility of water supply estimates, the Mazter makes no findings as to the
quantity of water avallable for use in the lower bagsin, The Master states
that ",..the record in this case gives no indication that the tchaotic
disaster! which California fears will, or is likely to, materialige.¥
(Report, page 102),

‘This statement, however, is based in part upon the availability
in the lower basin of water which the Qclorado River Compact apportions
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in perpetuity to the upper basin., The quantity so appertioned is 7,500,000
acre-feet per annum (subject to certain obligabtions with respect to the
outflow at Lee Ferry), As the present upper basin uses (now approaching
2,500,000 acre-feet per armum) incresse, the temporary supply available
from the "mainstream for use in Arizona, California and Nevada will
diminish., Accordingly, the District's Colorade River supply undex the
seven party priority agreement could be adversely affected by about 1970
and in gradually increasing degree thereafisr, Thus, it appears probable,
if the Sugreme Court approves the Special Magtarls Report, that the
Districh wonld receive a full supply 6f Colorado River water for about

10 years and gradually decreasing guantities for about. the succeeding

25 years, with the possibility of lose of its entire Colorado River supply
at some time approaching the turn of the cenbury.

Tt should be noted, however, that water made and to be made
available to the Metropolitan Water District is firm through a contract.
entered into between the District and the State of California, Depart-
mént of Water Resoirces, etitered into prior to November 8, 1960, for
.1-_,.500,000 acre-feet per annum from the surplus waters of Northern
California o be made available to the District by water facilities
t0 be financed by the State (1) through the issvance of $1.75 billion
in bonds authoyized by the pesople at the Oenersl Election, November 8,
1960; (2) by the Water Fumd; and (3) by the general authority of the
State of California.
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The California defendants oppused the recommendation of the
Speeial Master in excéptions to his report befors the Court. If the
Master's recommendation iy reversed by the Court in any material respect,
a substantial portion of the District's water supply would be assured from
the dependable or permanent supply of the Golorade River.

Distribution System. The distribution mains supplying members:
of The Metropolitan Water District are shown on Plates 13, 21 and 35. The
la Canada Irrigatdon District and Crescenta Valley County Water District
repeive Colorads River water through the mains of the Foothill Municipal
Water District. The Ciiy of Ios Angeles takes water from the Upper Feeder
The Cities of Burbank and Glendals recelve water through the Santa Monica
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Feeder. Design capacity of the Santa Monica Feeder under full flow hydrau-
lic gradient is shown on the profile on Flate 13 and 1isted belaw.

DESIGN CAPACITY OF SANTA MONICA FEEDER
UNDER FULL FIOW HYDRAULIC GRADIENT

Section e g
San Rafael Tunnel No. 2 to Glendale Take-out 125
Glendsle Take-out ‘o Burbank Take-oumt 77
Burbank Take-out to Hollywood Tunnel by

% Plates 13 and 21.
Amounts of Imported Water

Sole significant Importations of water to the Upper Ios Angeles
River area are supplies brought in via the Cplorado River and the los Angeles
Aqueducts by members of The Metropolitan Water District and the City of los
Angeles, respectively. The amount of Owens River water imported for use
within the Upper Ios Angeles River area has been determined as the quantity
of Owens water delivered at the Ios Angeles Aquednet terminus, as set forth
in Table L, less the portion of this water exported out of the area; meas-
ured at the inlets to Franklin and Stone Canyon Reservoirs and at the Nerth
Hollywood Pumping Plant shown on Plste 21, plus the amount which is returned
through the City's system for use within the Narrows water service area of
the City of los Angeles. Annuzl amounts of Owens River import thus deter~
mined and purchases of Coloradc River water delivered to entities in the
Upper los Angeles River area are shown in Table 8 along with the total
import.
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TABLE &
IMPORTED WATER, UPPER LOS ANGELES RIVER AREA®

In Acre~Feet

t Owems . 1t Coloradc s  Total
t River yvater iRiver water s imporied water
L (1) 1 {2) 1 {3}

Year

1928-29 102,550 0 102,550
2530 109,070 0 109,070
1930-31 127,720 0 127,720
3)-32 126,010 0 126,010
32-33 117,630 0 117,630
33—3h 100,020 0 100,020
34-35 100,400 0 100,400
1935-36 128:5‘10 0 128, sho
3637 92,800 0 92,800
37-38 8l,550 0 8ly,550
38-39 102,070 0 102,070
39«40 86, 860 70 86,930
1940-1), 73,980 250 74,230
Ja-ke 111,750 120 112,170
ho-k3 120,1;8& 1,200 121,680
Lh-k5 110, 790 760 111,550
29Li5-4i6 125,900 2,210 128,110
4647 13’210 by 170 137,680
L7-48 580 2,540 148,120
h8~1|_9‘ 136 600 1,730 138 330
195051 156,050 2,190 158,540
5152 Yl 1o 3,890 148,330
52.53 160,530 5,020 165,550
53-5  15k,700 8,750 163,450
8L55 156,830 9,570 166,100
1955-56 158,580 10,560 169,140
19?2._;67- 160,910 13’,'250 17,160
87-58 162 020 13,050 175,070
Maximam 162,020 13,250 175,070

Minimum 73,980

a: See Appendix M for details of this determination. Does not
include rain on and runoff to water supply reservoirs in the
Upper Loa Angeles River area.

be Imported by City of Loa Angelas,

¢« Imported by City of Los Angeles and defendants numbers
2’ 3, 7, and 8
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Water Quali!

To determine the quality of waters within the area of investiga-
tion and affect thereon of the importation of Owens Valley and Colorado
River waters, approximately 1,500 ground water anadlyses, 125 surface water
analyses and S00 analyses of imported water were compiled and studied.

The standards of water quality and the quality of native and
imported waters are discussed herein with detailed information on water
quality contained in Appendix H.

s of Water Qu it
The drinking water standards adopted by the State of Califernia

are generslly based on the United States Public Hezlth Service Drimking
Vater Standards of 19L6. However, the adopted standards were revised by
the State in 1959 to, in effect, reduce the maximum allowable fluoride
content. from the previous limit of 1.5 parts per million {ppm) to less than
1.0 ppm for the San Fernando Valley area. The California Department of
Piblic Health has also adopted a policy of issiing temporary permits allow-
ing higher limits for total solids, sulfate, ohloride and magnesium than
it requires when issuing regular permits.

Chemical. Characteristica of Water

The chemicil charactér of water provides a méans of identifying
the water source and the movement of a particular water as it ocecurs as
rmoff or as ground water. The characteristics are expiesssed in percent
cations {positive ions) and percent anions (negative ions) of the dominant

=98~



elements or compounds. For example, a sodium bicarbonate water is one in
whieh the sodium is squal to or greater than 50 percent of the cations and
the bicarbonate is egual to or greater than 50 percent of the anions; a
sodiun-calcium bicarbonate water is one in which sodium is more sbundant
than calcium but is less than 50 percent of the total cations; and a sodium
chloride-sulfate water is one in shich chloride exceeds sulfate but is less
than 50 percent of the total anions. A discussion of the chemical charac-
teristics of imported water, surface water and ground water within the
Upper 1los Angeles River area follows.

Imported Water

The los Angeles Aqueduct waters from Owens River and Mono Basin
are of excellent quality, being of sodium~-caleiunm bicarbonate character.
The total dissolved solids have averaged about 215 ppm for the past 20 years
at the Upper San Ferhando Heserwoir inlet. The highest total dissolved
s0lids content of recerd, 322 ppm, occurred on April 1, 1946, whereas the
low of 19 ppm occurred on September 17, 154l. For a short period of time
in 1932 the boron content exceeded one part per millien. The high boron
water was dilutaed by the addition of Mono Basin water to the system and by
incressed storages. The boroh content during the following years veried
between 0.20 and 0.88 parts per million and averaged approximately 0.53 ppm.
No effect of these boron waters on ground waters of the Upper Los Angeles
River area has been found.

Untreated GColorado River waters are predominantly caleium sodium
sulfate in character changing to sodium sulfate after treatment to reduce
the total hardness. Analysis of random samples of softened Colorado River



water taken at the Burbsnk turhout between 1941 and 1958 indicates the
total dissolved solids have varied from a high of 875 ppm in August 1955,
t0 a low of 680 ppm in September 1958 and averaged approximately 770 ppm
during ths period.

Representative minsral analyses of imported waters are shown in
Table 9. Copies of all available mineral snalyses of waters in the area
are contained in the basic data. A comparison of the two imported waters
as to total dissolved solids, sulfate and chloride content is shown praph-
ically on Plate 16, These graphs illustrate the relatively consistent
quality of the Owens Valley water and the variability of The Metropolitan
Water District water.

Owens Valley water is for the most part served directly to
customers without being commingled with other supplies. The treated Colorado
River water is generally mixed with native water, as is the case with the
Cities of Glendsle and Burbank. However, in the Eagle Rock ares of the City
of los Angeles and the upper portion of the service area of the Crescenta
Valley County Water Disirict, Colorado River water is utilized without

Surface Water

Surface runoff contains salts dissolved from the rotks existing in
the tributary drainage area. The watersheds of the majority of the streams
in the western portion of the Upper Los Angeles River area are underlain by
sedimentary rocks which contain numerous seams of gypsum and produce runoff
that is calejum sulfate in character, Runoff from streams in the granitic

Basement Complex in the eastern portion of the area is characteristically

~100-



TADLE 9
REFRESENTATIVE HINERAL ANALYSED OF RATER

[ . - Yorka per m oo
awbsr 3,170 o et (E0OE] H Hinerell conitiiusniy L EETvateRls Per RETTen (5] g b ,
o odikits e M B ey T © T e Chiae T g b opy 1 g 3 3 i sulids ram facdye OF
Sourds |“m: azm»: 3 Ca | u 3 o i ‘. a m}.;t"u%* . 4 ﬁl_’_ ”3{ 3. F 3 8 L phs ”3;‘“‘3‘"
TMFORTED WATERS
Ovena at - 87 8.0 22 5 id 2
Doena st per 3o 3 2 1 B LU R ) B I
Repervolr dnlet,
Owang at 3-17-59 8,01 2 58 N 4,1 a3e 14 - 5
Oveng at Vpper ? 2 F - T R | st o2 a8 0.6 o B AR
Reservolr inlet
MWD water at £-30-10 EIY B ¥ | L] 222 20 I um 3
City -ol‘n;urhuﬂ: - - —_ L £ 2= - s b3
0 Wnter At $11-58 0 W1 2w 2 a2 2k oW T 0.4 =l
Gity of Burvank 1 8z 2 X 86 1y s
SURFACE. ¥ATERS
Iob Angeles 10- 6-4¥ B3 33 ad 25 186 192 ULy ahe @0 zom
Niver st Gage
#57 {Flow = 5.9 cla)
s Atgule 13055 88 T 26 3 13 76 | ; b 0.6 007 27 R
Rivr 24 Gage E iwm B otm Er o b2 togpr 22 222 7
257 {Piow = 1,060 o)
1o Angeles eub-35 256 3 29 b 1] ) a u2 n L8 o 0,105 152 INR
Rovar St bage P b fw tiw + T By Tw 8p 05
#57 {Flow = 303 efn)
Iae Angeles & L-58 B 1 TS 23 200 1m0 /- TR Y
Rivoy of Doge .
=57 (Flow = 1,5 ef's)
Loo Mgeles  10- &y 783 207 625 18 B 8 7 86 1LSST 29y som
& £
s.p::'v:a. Blvd, (Flow = L.2 =fa]
Yor. Anigelen fie liagB Bds 148 sh 128 29 Mk 1 1,215 590 AR
River Bt
Supulveda Nlvd, (Flow « 6.7 efi}
tnlal nreek b~ 150 36t 9.6 36 1 12 A0 1) 95 Lo 16 .8 0.5 0.3 263 ok R
ot Shup Avenus ’ Tw o oW o Tw & bW W s g
(Fuow = 30 afe)
il Grock mb 1-20-8Y ny b 14,1 Iy X 28 B2 o4l £.06 789 ity
s i B ¥ ¥ &% @3 o L.00
(Flav = 15 ols)
#ig Tude WAG-EL S 7Y B0 3 Lt [ N fL] [ 012 o ks
o 36 Lo in Pp i i dm v o By YT i
Angclen. Gily
Bolndary
(Flou = P gfa)
Vagilupa Usih.at 3 i oh 6.5 I .9 3.8 L7 [ 3 2 5.2 DB T [ T
Toveine Sonat .+ BI® 0o oMB GOy T BRY G5@ oI Bom 14
{FLlow » LB cfx)
GROUND WATER,. SAN PRANARDD GUBAREA
1ox Angeles River Mirrous s
Zih mu 1-2b3h 2,500 u s 2 280 306 hég 570 IATher
260 R 8750 Lok s v ¥ 6 b e 2k Zps 20 o1 oy kit TADMP
bt FIM 623 L63 2 B 28 o a n 0. mnm_
i wu 4% s b gn A b 2o 2B 3 b o:00 &
iy R T35 B9 T3 &8 A 27 27 it 48 f2 0.k 0,02 i DR
' s Tm 2 © P ot Tx Tm fgm 2E W om

101



TABIE 9
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caleium bicarbonate. The normal character of surfacs waters passing stream
gage F-57 during storm runoff periods is also caleium bicarbonate.

Bacause of a shorter period of contact betwsen water and rock
and inereased dilution at large discharge rates, storm flows at Gage F-57
normally have 3 lower concentration of salis than does water of reduced
flows. Yow flows of the Los Angeles River ratiging from 3 to 15 efs at
lage F~57 had a totdl dissolved solids content of asbout 1,000 ppm in 198,
sihersas an analysis of a sampls taken at.a flow of 3,000 cfs in 1938
indicates 115 ppm total dissolved solids. There is evidence that a large
part of thé increased salinity of the lower flows has been caused by ‘the
increased discharge of industrial wastes into the river during recent years.
Representative mineral analyses of surface waters are shown in Table 9.

Ground Water

Ground waters from the major water-bearing formations of the
Upper Loe Angeles River area are of two general characters, each reflecting
the compoeition of the surface runoff wabers draining from the immediately
adjacent watersheds within the area, Ground water in the western pertion of

the eres is calclum sulfate in character wheréas water pumped from the

eastern portion of the area, ineluding Sylmar aud Verdugo Hydrologic Sub-
areas, is of calecium bicarbonate character. Representative analyses of
ground water in various sections of the area are shown in Table 9.

Ground waters of the area are generally within the recommended
1imits as get forth in the U, S. Piblic Health Servics Drinking Water
Standards, 1946. Principal exceptions to this are wells in the west end of
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the San Fernando Valley which penetrate the Modelo formation and which have
excessive concentrations of sulfate, and waters from wells in the lower part
of Verdugo Subarea which have sbnormally high concentrations of nitrats.

Ground waters of the Upper los Angeles River aréa are classed as
moderately hard to very hard. Geochemical charts on Plate 15 show the plots
of constituents in these waters in terms of percentage reacting values,

All of the native waters in the area £a1l into the calcium-magnesium-
sulfate-bicarbonate group. A comparison of the plots (Plata 15) indicates
that the ground waters have remained in the same character group over the
period of record. Analyses of water from well LSLTA, however; indicate a
pronounced increase in the total chlorides and nitrates. This increase
may have been caused by the large amounts of chemical fertilizers known to
have been applied in neighboring areas.

Representative records of the total dissolved solids and sulfate;
chloride and nitrate ion concentrations found in water from various wells
in each of the hydrologic subareas are plotted on Plates 17A through 17D,
These records indicate a genersl chronologie inorease of total dissolved
solids in all subareas with a marked increase in the San Fermando Subarea
at wells 37018 and 3571J and at most of the wells in the Verdugo Subarea
which, in several instances, glsc reflect a pronounced increase in nitrate
coneentration. Total dissolved solids at wells 2750 and 3573 in the San
Fernando Subarea, however, decrpased about 600 ppm at the former during the
period 1936 to 1542 and about 200 ppm at the latter in the period 1955 to
1957.
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Effect of Impontation of Owens River-Mono. Basin

Water guality studies made by the Referee indicate that, except
for a short period of time in 1932 when boron concentrations were above
normal, the quality of waters imported from Owens River and Mono Basin have
been equal or superior to the native waters of the Upper Los 4ngsles River
area and have not -otherwise adversely affected the quality of the native

waters,
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CHAPIER V. WATER UTILIZATION AND DISPOSAL

Presented herein are data and information on water development
and uge in the Upper Los Angeles River area inciuding a determination of
consuwptivé use by the Inflow-Outflow Msthod.

The datd and information pertains to the requirements of
Paragraphs I, 23 F., I. 2, G, and I. 4, of the Order of Beferemnce in
regard $o location and capacity of diversion works of all parties™ and mon-
parties, the amount of each party's taking and use, the place and character
of the use or uses of import and other waters; and the hature and quantity
of &1l water use and diminution within and from the area, Material is
included to show the affect of changing land use and of channel improvements
on the percelation of surface water supplies to the underground.

Joint Interest of Parties in Sources of Supply

In many instances several parties have an interest in the same
source (well or diversion). In reporting data on & particular source, an
abtempt has beén made to 1ist all information under the party having the
najor interest, A cross reference pertaining to the joint interest in any

pource is listed in Table 10.

¥ Plaintiff and all defendants named in the Amended Complaint and
in subsequent proceedings prior to July 1, 1961.
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location of Wells and Surface Diversions

The locations of wells and surface diversions utilized by each
of the parties diring the period October 1, 1528 through September 30, 1958
are listed in Table 11. The locations of the wells are indicated by Los
Angeles County Flood Contrel District well number while the surface divere
Ssion lecations are indicated by the name of the stream upen which the
diversion is located and the well grid ccordinates wherein the diversion
point is sitvated. The locations of all such wells known to have eximted
within the area of investigation arve shown on Plate 1§,

Extractions and Diversions

At the beginning of the investigation each party was contacted
by letter and requested to indicate the information which each could fumish
regarding his use of water. Those indicating that they had information were
interviewed, as were many well operators and long-time residents of the area
who had knowledge of the use of water axtracted or diverted.

The greater part of the historical datsa concerning the use of
water from wells for the period from 1930 to 1955 was obtained from the
files of the City of Ios Angeles Department of Water and Power. These
data were compiled by Department of Water and Power employees in conjunction
with the Department's well measurement program. Engineers of the Board
have attempted to verify all data used in determining the exiractions or

diversions by the parties through comparisen of results with correlated
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information concerning types and areas of crops grown, well logs, pump
records and duty of water,

Information as to the begimning of extraction or diversion, the
present gtatus of the source and bype of use of water (i.e., as of
September 30, 1958) are listed for each party in Table 11, The term
tpresent”, whers used in other tabulations presented within this chapter,
also refers to September 30, 1958.

Capacity of Diversion Works

The maximum rate at which a party can extract or divert water
with presently existing works has been considered herein as the capacity
of his diversion works, In this regard, it should be noted that the com-
bined capacity of a series of wells forming a well f£ield may be less than
the aggregate of these wells operated individually because 6f possible
differences in discharge head and increased pumping lifts which may oceur
under combined opsration, Because of the complexity of certain systems
and the operational difficulties inwolved in establishing ecomparable test
conditions for the varipus well fields belonging to the various parties,
the capacity of the combined works belonging to a party has been evaluated
as the apggregate of the individual extraction rates of the wells in that
system, These values were determined by individual well tests where
possible and from name plate or manufacturer!s rating where the former
mothod was not feasible, Capacities so detsrmined for the present works
of each party are set forth in Table 11,
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TABLE' 1%
THFCRNATION O WATER TEVELOPMENT AND 1iSE BY PARTIES AND THEXR PREDBCRSSORS
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INRABATION OV WATER. SEVELOINRRT Aﬂbﬁdiif PIRTIES AND THRIR PREDECESIORS
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of Extractions and Diversions

The annval amounts of water extracted and diverted by each of
the parties have been determined from meter records or estimated on the
basis of the duty of water, pumpage rates and hours of operation, or
power consumption and plant efficiency. Whenever possible, estimated
smounts ware determined by more than one method. The primary method
utilized to determine the extractions and diversionz of each of the
various parties is listed in Table 11, The sggregste annual amounts of
water extracted and diverted by all part{les are shown for the period
192829 through 1957-58 and the years prior to 1928-29; in Tables 12 and
13, respoctively. The amounts shown in Table 12 and 13 includs water
extracted and diverted on the valley floor and in hill and mountain mreas.
The lastter are comparatively minor in magnitude. The annusl amounts of
ground water extracted and rsuz;f,ac,e water diverted from individusl sources
within the Upper los Angeles River area are included in the Basie Data.
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Extractions by nonparties, other than those directly known by
the Referee to have extracted or diverted water, were dstermined from the
records of the City of Los Angeles Depariment of Water and Power, These
records; which covered the period 1932 through 1949, were compiled by

Mr, Frank Carr in the course of his dubties while employed by that city.

The data contained information as to the owner, well locatien, ciop and
acreage irrigated, and Mr, Carr's estimate of the ammual amourit extracted.
The Referee's staff, whenever posgible, confirmed Mr, Carrls data from
other data collected in the course of the investigation., Prior to 1932,
the amourits of extractions by nonparties were determined from the acreages
irrigated by these entities. Data for the yesrs subsequent to 1549 were

collected by the Board staff to complete the amounts of water extracted

by nonparties during the 29-year base period, The data collected by the
Board staff formed the basis for a report filed with the Court on current
extractions of nonpartles made pursuant to a regquest of parties in Open
Court on July 29, 1960, The report :im:flud‘ed all other nonparties known
by the Board staff to presently be taking significant amounts of water
except single domestic users in the hill and mountain areas, The names
and amcunts of extractions and diversions by nonparties showm in Table 14
are baged on the information presented in the aforementioned report and

on other records as herstofore noted,
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TABLE 1

ESTDATED AND MEASOURED- GRAOUMD WATER JPRALTIONS
AND SURMAGE WATER DIVERSIONS OF NONFARTIES
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Tables 12, 13 and 1 list the extractions and diversions within
the Upper Los Angeles River area that have been made by entities who are
parties and nonparties including known nonparty entities and taking by
others whose individual identity is unkmowm, Total dmounts extracted

from the vallsy £i11 and hill and mountain areas, compilsd from the data

4n Tables 12 and Ly and the records on private wells waintained by the
City of los Angeles Department of Water and Power, are shown in Table 15,
Surface diversions for use on the valley filoor are shewn in Table 16.

The total amount of ground water extradied annually during the
29-yaar base period has increased generally with time, from approximately
70,000 scre~-feet in the early 19307s to 150,000 acre-feet in the late
19501s, During the 29-year base period the minimum end maximum annual
extractions were 67,333 and 163,270 aore~feet in 1932-33 and 1956-57,
respectively.
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TABLE 16
SURFAGE WATER DIVERSION

In Acre-Feetb
Year ; Valley £i11 ; Eﬂ::gg : Total
2 f1) : (2) 1 (3)
192829 500 10 640
29-30 500 130 630
1930-31 500 110 610
31-32 500 250 750
32-33 270 210 180
33-3L L0 150 590
3l-~35 240 230 ko
1935-36 - 120 280 oo
36-37 160 Lo 600
37-38 140 510 650
38-39 180 620 800
39-40 250 510 760
19k0-41 310 760 1,070
L1-l2 110 910 1,020
L2-L3 140 1,080 1,220
L3-Lh 160 1,310 1,470
Lh=li5 230 1,000 1,230
19L5-h6 0 710 850
L6-L7 10 640 780
L7-48 180 550 730
148-449 120 Lo 560
L9~50 0 L3o k30
1950-51 0 350 350
5152 0 500 500
5253 0 L0 190
53-5); 0 Lo Lho
5h-55 o 250 250
1955-56 0 200 200
57-58 0 270 270
29-Year Average -

1929-57 180 480 660

1.1 A
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' 1
The San Fernando Valley is a prime example of the transformation

of agricultural land into a modern suburban area, Prior to 1915, the Upper
Ios Angeles River area had been devoted mainly to nonirrigated agriculture.
In 1928-29, irrigated agriculture occupied 47 percent of the valley £locor
and by 1957-58 constitited only 13 percent of the valley floor. On the
other hand, residential, commarcial and industyrial acreage has tripled
during the period 1928-29 through 1957-58. (see Figure 1), Azcompanying
this rapid chaunge in land use has been a population growth of frem 203,000
persons in 1930 to 850,000 in 1956. Iland use in the area has been classi-
fied in four general types based on the varying influence of each on water
supply and disposal. These general culture i{ypes are as follows:

1. Dzy farm and native crope

2. Irrigated crops

131 gg;ﬁ:ﬁilm industrial

The areal extent of lands occupied by ths major culture types re-

quiring water (i.e., residential, commercial and industrial and irrigated
erops) Guring the years 1928, 1949, 1555 and 1958 is depicted oh Plates 22,
23, 24 and 25 vespectively, Theése plates are based on land use surveys made
in 1932, 1942, 1949, 195) and 1958; aerial photographs taken in 1928 and
1956; crop records for the pericd 1925 through 1958; and censuses for the
yoars 1930, 1940, 1950 and 1956 (see Appendix K),
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o3

Land Use

Extent of the four major culinre types within the valley £i11
area for each year of the base period is summarized in Table 17, The
variation of acreages in the dry farm and native group, irrdgated crops,
residentdal, and commercial and industrial uses during the period 1528-29
through 1957-58 is illustrated graphically on Figurs 1, which indicates

‘the general trend of land use from agricultural t6 wrban during the last

thirty years.

A detailed discussion of the data available and the methods
utilized to detertine the areal culture for each of the years in the 1928-29
through 1957-58 period for esach of the hydrologic subareas is contained in
Appéndix K,
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Coincident. with urbanization of the area there has been an increase
in the proportion of the residential lot (including street rights of way)
that is impervicus and an increase in the miles of natural channele and
washes that have been replaced by lined chammels or conduits., From 1928 to
1958 the increase of impervious area oceurring in privately held and publicly
held areas that wake up the residential lot was as follows:

Percent of impervious area

Period in a typieal residential lot
1928-29 through 19LL-L5 35
1946-47 through 1949-50 %0
1950-51 through 195L-55 i
1955-56 through 1957-58 50

Channel Improvements

The increased ares of impervious lands has caused larger amsunts of
runoff to be discharged into the drainage system of the area. The quantity
of runoff which becomes recharge to the ground water reservoir is limibed by
the pervious area over which the runcff flows. The need for flood control
has resulted in the improvement of most of the Los Angeles River Channel and
nmany of the tributary washes and channels, The urbanization of the area and
present chammel improvements have the combined effect of reducing the oppor-
tunity of native waters to recharge the ground water reservoir. The extent
of channel improvements since 1928 is shown in Table 18 by a listing of the
main wash and chavinel improvements having a constmicted bottom width of 10
feat or greater and their cumlative length in relation to the total length
of main channels, The locations of major improved channel reaches as well
as the major storm drains existing as of 1958 are shown on Plate 12,
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‘Place and Character of Water Use

The major portion of the water delivered within the Upper log
Angeles River area is served by six agencies: the Cities of Burbank,
Glendale, San Fernando and Los Angeles; the Urescenta Valley County Water
District; and the La Canada Irrigation District. The service area to which
each of these agencies delivers or serves water within the area of investi-
gation is shown on Plate 19, In all but twWo of these service areas the
water delivered is a mixture of imported water and leeal ground water,
These exceptions are the Owens River service area of the City of Ios Angeles
where only imported Owens River water is delivered and the City of San
Fernando where the sole source of supply is loos) ground water,

The place of use (service area) of each of the remaining parties
gerving water in the area, including 77 individuals, corporatilons; and
water companies, is shown on Plate 20, The separate location of each is
identified by the defendant nwiber used in the complaint and as listed in
Table 11. Additional sources of supply may be availabﬂ.'e:h to the service
areas of individuwal parties through the distribution systems of cities ox
districts in which the sérvice area is located,

The character of water use or uses of each party is set forth in
Table 11. The definition of each of the =six general types of use reported
‘therein 1s as follows:

1, Domestic - Use for residences, including incidental irvigated garden
and orchard..

2, Industrial - Use by a mamufacturing or service industry which requires
water to be used directly in the manufacturing process or service.
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3. Commercial - Use by dry manufacturing and sther commercial establishments

vhose primary water requirement is the lavatory needs of employees and
clients and includes incidentdl irrigation of ornamental plants.

b. Irrigation - Use for irrigated agriculture including inecidental stock-
water and domestic use.

5. Recreation - Use for swimming, boating, hunting or fishing.

6. Munieipal ~ Use for demestic, industrial, commereial, irripation and
recreation purposes including appurtenant fire protection and use for
other municipal funciions of entities serviced by a mmicipality, public.
utility or district.

Frum the U ‘ Tpper Tos Ang ‘r-eé R:Lver Area

Waters derived from ground and surface watsr sources within the
Upper los Angeles River area have been exported therefrom by the City of
Los Angeles and the La Capada Irrigation District. During the 1928-29
through 1957-58 period ground water export has been made every year by the
City of Los Angeles. Both ground and surface waters were exported by the
La {anada Irrigation District from 1928-2% through 1549-50.

Grouud water extracted by the City of Los Angeles from the Los
Angelss River System, comprised of the North Hollywood, Erwin, Whitnsll,
Verdugo, Deep Gallery, Headworks, Crystal Springs and Pollpek well fields,
is all measured and 1s transported to reservoirs outside the Upper Los
Angeles River ares (see Plate 21). A portion of this water is returned to
the area to meet part of the water requirement in the City of Los Anpeles
Narrows service area. The difference between these amounts is egqual to the

ground water exported by the Clty of Loe Angeles and is shown in Table 19.
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Porty-two percent of the La Canada Irrigation District service
ares. is located within the Upper Los Angeles River ares. The Distriet
obtains its supply from surface and ground water sources in the area and
from outside sources. Export by this entity has been evaluated as the
amoint that its extractions and diversions within the Upper Los Angeles
River area have exceeded L2 pereent of the total amount delivered within
the District boundaries. Export occurred wider these conditions during
1928-29 through 1949-50 and the amounts so determined are tabulated in
Table 19. Derivation of these values is combained in Appendix M.
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TABLIE 19

EXPORT OF GEOUND WATER®
FROM UPPER I0S ANGELES RIVER AREA

In Acre-Feet

T Bxportation by :Bxportetion by La Capadet
Year :City of Los Angeles: Irrigation District : Total

r @)y s (&) s (3)
1928-29 54,810 20 5,830
29~-30 57,190 B0 57,270
1930-31 59,390 70 59,160
3132 3k,220 100 3l,320
32-33 31,910 100 32,010
34-35 L2,820 80 ,960
193536 Lo,510 90 19,600
36-37 W, 270 150 L, k30
37-38 38,550 210 38,760
38-39 36,260 230 36,490
39-40 37,860 230 38,090
la-42 33,550 300 531630
L2-l3 h3,930 3ho k), 270
L3-4h h7,300; 340 47,640
hl=Li5. 61,900 300 62,200
1945-46 68,030 210 68,240
Lig-l7 73,170 280 73,150
748 67,810 280 68,090
L9-50 72, Th0 50 72,790
1950~51 66,380 0 66,350
51-52 63,040 o 63,040
52<53 81,980 0 81,980
53-8} 83,510 0 83,510
5h-55 80,170 0 80,170
1955-56 8L4,000 0 8L,000
D6=-5T 90,750 0 90,750
57-58 83,280 0 83,280
29-Year
Mean

1929-57 57460 il 57600

P ?Inclﬁqias 2 minoy amount of surface water exported by
La Canada Irrigation District

Source and derivation of values by column mumbers:
1, Net export of ground water from Table M6,

1y 2. Expors from Table M-7 rounded off to nearest 10 acre-feet.
3, Sum of columns 1 and 2,



Deliversd Water

The total amount of water made available to watér systems in the
Upper los Angeles River area through importation, ground water extractions,
surface diversions and including minor amounts of precipitation on and
runoff into surface water supply reservoirs has been considerad as the
grose delivered water in the area. The “gross available for distribution™
has been taken as the gross delivered water less the eévaporative loss in
gurface water supply reservoirs., UOross amounbs supplied to distribution
systems serving hill and mountain areas and valley £i11 areas have been
determined separately as have the amounts of water from each basic sovurce
(i.e.s import, ground vater and surface diversion) which comprise the gross
water available for distribution in each hydrologic subarea.

Net deliveries for use have been taken as thé total of all waters

délivered to agricultural, residential, commercial and industrial areas and
are based primarily on the amounts of metered sales to customers. Use of
water for operational spills ahd spreading operations and leoss of water in
the water system have been evaluated separately.

Gross Delivered Water in the Upper Los Angeles River Ares
Anrmgl amounts of groas delivered water have been determined

for each year of the 1928-29 through 1957-58 period as the sun of the.
total import shown in Table B8, local ground water extractions shown

in Table 15, and local surface diversions shown in Table 16, less net
-exportations of ground watey shown in Table 19, The nst effect of
precipitation and local runoff inflow plus wabtér withdrawn from storage
in S5an Fernando, Chatsworth and Encine reservoirs, have been addsd to
the foregoing to evaluate the gross delivered waber listed in Table 20,

§
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Gross Delivered Water on Valley Fill and Hill and Mountain Areas.

The anpual amounts of delivered water served to acreages in the hill and
movntain areas were estimated on the bagis of the acreage served and the
duby of water as set forth in Appendixes J and K. Gross delivered water
on the valley £ill area is the tobal gross water delivered within the Upper
Tos Angeles River area less gross deliveries to the hill and mountain areas.
Deliversd water derived from each of the basic sourcee {i.s., the import,
extractions and diversions) was determined for portions of the major water
gervice areas conbained in each hydrologic subarea (see Appendix J),
Deliversd water derived from each of these basic sources was determined for
each hydrologic subarea as the sum of the above portions. Gross delivered
water on the valley fill area thus determined for each hydrologic subarea
iz set forth in Table 21,

Gross Available for Distribution

The gross delivered water and gross available for distribution are
identical. for hill and mounbtain areas. In the valley fill area the gross
deliversd excesds the gross availgble for distribution by the amount of the
reservoir evaporation from the {hree major water supply reservoirs of the
City of lLos Angeles located around the edge of the valley fill. The historic
variation in pross available for distribution on the valley f£1ll area is
shown on Figure 2, page 140. Aonual amounts of gross water availsble for
distribution on the valley £i1) area are shown by ordinates on Figure 2 and
are tabulated in column 18, Table 20,
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TABIE 20
‘SIMMARY OF GROSS DELIVERED WATEA AND -GROSYS AVAIIABLE FOR DISTRIBUTTON
In Agre-Feet

Vo T e B
: =

' Dround | Uround © Crownd °© Surfape © Prosa i *? (rose wvallabile
P smter ! unter | weter ! water | mport dildvarpy 1 JedErvOLr 2 O
Yo3¥ optongtions 1 sxport | pamaintng. } divercions! P Tvmter (RORRMON o ihutden
s (1) s (@) () () 2 (8)  i(EeQe(S)e(6): . (7)1 (6)-(7)ed)
1920-29 89,720 Eh,530 3,690 8y 195,750 1,280 5,270 136,040
230 9250  BLE 350980 B 113,00 2,820 51350 1l 270
9I0-31 96,410 Ey,LE0 35,950 i 118,290 155,850 5,990 249,860
N3 69,420 ;320 38,100 o 1820 ﬁo,gsm I;600 156,070
DR R Lm Ie o mE  EE R L
-3 f g { 13y 210 138,150
Th Tk ies  om i e 210,080 Ly2s0 135,750
1935-36 88,260 Lo,600 38,660 o0 12,926 163,970 h;830 159,140
363 83,670 Wld®  39.2h0 60 69,270 1m0 143700 s
37-38 ¥230 38,760 L3,Lv0 50 93,2h% 137, Ly 500 132,880
38-3%  BL,250 36,450  LY,780 Bob 1.‘%%3 152, Li; 900 1l7,970
3940 86,380 38,090 LB,290 760 By 135,050 1,800 136,250
1940-L1 87,990 ho,970  h7,000 1,070 78,100 126,290 k170 122,000
Wik 8560 aﬁ.-sso 52,830 1020 218,850 %e:m Iy 7h0 15579
243 99,330 11270 ,050 1,220 3A,400 187,600 u,gg 167,560
f'.ﬁ'}'.lsl 10h,530 h7,6h0  %5,890 T 113,580 171,540 hs 157,400
-hs 122,230 £2,200 60,030 1,230 16,700 279,960 U, hiko 179,520
ol 133,270 ,2h0 65,030 50 1,1 197,00 11,560 152 490
1547 137,20 13,450 83,750 780 139,871g 20, 2,0 L;720 199,630
Mo Moo Gom e B Wate  BMR MR I
JiE-4y g 3 (PR ¢ g 3 L2
1950 10 2,790 68,300 % e #11,560 1620 Soe 2u0
1950-51 135,050 5,300 68,670 350 1s6,L30 235,450 L,570 230,060
B.87 130,270 63,00 67,230 50 0,180 218,210 L1850 3368
52.5% 156,270 61,950 73,390 i 168, o 2h2,620 b, 760 237,880
53-5L 155,560 83,511 $0710 o 270 238,980 I, 260 23,700
W55 151,560 o, 2 71,390 ©S0 166,630 238,270 4,680 233,590
1955-56 15l ,660 b0 70,660 200 16h,680 235,540 44,050 2,450
5657 143,270 50,750 12,520 160 80,500 253,580 630 218,950
£7-58 17,520 §3,260 S2Ud 270 175,420 239,930 1,80 235,130
29-Year
Ayerage . L ; .
1929-57 111,920 57,600 5h,320 &%  178,h50 1,k30 hys0 78,690

Source &nd derivation of values by calwmn. nuibars:

Column Ho.

Ir
2
Jh

)

7.

Tayle 15, Column ¥,
Table 19,. Column 3.
Tabla 14, Column 3.

Table 3, Colwm 3 mimus .annual change in reservolr staruge, Tablp H-1, CoYum k, Appandiz
plus rain on Feservairs and Tunoff into reservéir, Tabls ¥4-1, Columns S and 6, Appendix M.

Table M-1, Solumn 11, Appendix k.
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TABLE 20
SUMMARY OF QROSS NELYVERED WA'TER AND GROSS AVATLANLE POR DISTRIBUTION

{oontinned)
Tn Acre-Fost
3 W weee E FTRaE -
‘” =__."_'E.1‘;_““"_"“!?._— Gr.-nnq m:l.nmd: i yHain "‘d Growny. l Surface tﬁmu dn’limd iorass 1“”"’1’
Yerr | Tmport ;sm;ma 4n Delivered From, } Inpost [rusatt te; wter 1. TCAT GFORR EECT
. . Wls ; valley flsor , (9)'{1“,‘11). , :uan-mir u:tnefdma +023)¢ 0l ’(15)’ niat.ribut:lou
3 [9) 2 jl_m _'_: _{E) 1 (13‘=. (lh_j z 28] {18} 5 )= (17 _: {17)-{7)=(18
1528-29 ° 10 2,450 2,300 104,770 980 32,590 8ho 138,580 133,710
2930 ] 16 3,640 3',650 12,080 ‘950 32,330 430 50970 1y, 620
1930-31 20 by 340 1,370 Wrakd 1230 32,600 610 151,380 1!;5 496
a3 P 16 1,550 L3I0 120880 300 30,360 T 136,000 51,500
22 8 0z 2 = DM 32 B Ly M
A35 6o 20 Lde 510 iG55 1 3,530 i EroR 1’311250
1935-38 %0 20 4,890 5.000 123,220 1,810 33,750 hao 158,970 15!1,1110
3637 e 20 5530 2,560 94,020 5,40 33,790 &00 133,550 m,a
B2 OB 0O5 &m0 ER .Em MR omR o= omm s
-0 160 ) . To1k0 8,150 1,680 13,310 760 ¥t 123,130
194p-b1 150 ® 8,470 6,720 88,770 9,140 4,90 1,070 119,hj0 315,308
k2 g20 & 1.h20 75700 07,10 1,520 f‘}?’ 50 1,020 6,000 160,260
Liz<h3 280 () 8, 8,940 127 3s B, 1,220 180,70 175,020
L3~ 36 100 s solia 109,890 3,390 50,170 1,470 16k 5 500 160, 360
bhi-hs £,5% 7,150 118,7 1,530 53,310 1,730 172,800 168,
19ki5-Ub 50 150 7:980- 8,880 129,280 3,10 56,900 B 188,1° 183,810
k7 s 1k 61250 73 10 LD 2380 e stae  avawe
ey @ kmo G W R ogm o ok ol
W30 1820 250 7,320 $,350 11,9 s so.810 130 aim 197,550
1950-91 2,530 290 $,930 9,750 163,120 i £1,450 %0 b 21,390
a2z 33 0 7,020 10,520 U326 b4,00 59,880 500 a0 2031220
S2.83 1,750 390 1,360 11,500 163,520 1070 SBU0 Hﬂ 231,120 226,360
53-5L 5,30 hiso 6,500 32,340 150,030 1,130 4020 0 226,620 722,30
Sl-gs 950 Lo ;L0 13,80 158,580 1,09 #2510 250 22,130 219,750
183555 7,630 650 6,38 1h,67¢ 155,500 1,5 63,630 200 . 26,020
%57 931 #% 5] 1630 170,730 i £5.070 160 'ass'.g% 232,360
ST-58 11,000 1,060 5,840 17,920 160,820 3,580 57,3u0 270 22,010 17,210
29-Taar Average

1929-57 1.510 180 5,880 1,670 12h,650 24300 I8 ;260 (4] 175,760 171,020

Solivos -and darivetion of valuey by colwm numbers:
Eglumn Ko,
T 9y Tadle .l-l], Appendix J.
10. ‘Tsble 1%, Column &,
1. Delivérsd ground witer bo hil) arsis, Table J=13 cinus Colwmn 10
3. Téble 8, Coluwn J mimus change in ressrvoir shorage, Table B-1; Column k;
Aﬂglpmdtxgx almia colmn ? heavedn. Coltisin 13 squals Uclumn 5 mipus
wnnt 9 and
. 1, Sum of Columps 5 md B, Table ¥=1, Appandiz ¥.
15, Colwin 3 mipus Columns 10 and 11,
16: Tabile 16, Golumn 3.
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Owens River water delivered by the Tos Angeles Agueduct is the
only inport supply of which a part 1s spread for divect recharge of the
ground water. The City of los Angeles commenced this operation in 1928-29
with the experimental spreading of 589 acre-feet in the wvicinity of Vanowen
Street and Whitsett Avemue near Tujunga Wash during that year, Including
the 1928-29 experimental work, the City has spread water at its Tujunga Wash
and Gravel Pits spreading grounds durdng 20 ysars of the base period, In
addition to direct -spreading the City rediverts Owens River water from the
Los Angeles River Channel to the Headworks spreading grounds for infil-
tration to an underground gallery (Deep Gallery). Water collected by this
gallery is then extracted through well 388LG.

The location and description of the spreading grounds and Deep
Gallery are shown in Table 22 and on Plates 12 and 21. Annual amcunts of
Owens LIiver water spread for direct rechargé of the ground water at the
Tujunga and Gravel Pits spreading grounds &long with the amounts diverted
to the Headworks spreading grounds from the log Anpeles River are shown
in Table 23, It should be noted that the amounts of river water diverted
to the Headworks spreading ground are comprized primarily of Owend River
water which has been released, spilised or returnsd thereto from the Owens
River distribution system including return from the early operation (i,e.,
prior to 1540) of the Los Angeles Department of Water and Power Coldwater
Canyon Power Plant, line bloweff, and opérational apills from reservoirs.
The amounts of these diversions are included in the ground water extractions
by the City of los Angeles in Table 13,
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TABIE 23
OWENS IMPORT SFREAD
In Acre~Feet

Yoar

Headworksa
B S )
1928"29 ) ' .
29-30 o -3~ Table 22, 0
& 0 o
1930-31 o 7,280 7,280
31-32 20,337 11,406 31, Lo
32-33 3 26,873 ,556 33,430
3334 E'fg 20,855 20,860
34-35 2h,77h 6, 030 30,800
ey 8§ e e Slb
36«3’ @ | 0
37-38 " 8,731 1,58) 7,320
38-39 9,662 12,259 2,652 :I.h,?lo
39-40 10,977 3,022 385 3,L10
19)0-11 11,001 3,LL6 , 3,150
-k 13,258 :u129o- - 11,290
A B
Mils 21,028 - -
1545-h6 21,141 .0 0
hé-l7 18,738 1,687 o 1,650
L7-48 19,016 0 N 0
1i8-L9 6,l51 0 B 0
149=50 7,691 762 = 760
I950~51 L, 917 2,354 L 2,350
$1-52 1,52 7,281 7,280
52=53 75h2h 0 0
53-5l; 6,848 0 0
Bl-55 10,867 0 0
1955-56 6,553 1,610 o 1,610
2657 k, 78L "o o "0

57-58 6,278 0 w 0

a, Diversions to Headworks Sprgading Grounds are c¢ome
posed primarily of Owens River water released,
spilled or otherwise tributary to the los Angeles
River, Amounts pumped from the gallery under the
spreading grounds are included in ground water
extractions of City of lLos Angeles,

b, Rounded off toc nearest 10 acre-fect,

¢. HExperimentel spreading in the vicinity of Vanowen

12 Street and Whitsett Avernve during 1928-29 only.
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Operational Releases, Net Deliveries and Water System lLosses

Operational releases of Owens River import, comprised of spills
from reservoirs, return from power plant operations and line blowoff, are
indicated in Table 2l under the caption, Operational Releases.

The net amounts of water delivered to the valley fill area have
been primarily determined from metered water selés to customers when the
water is transported to the customer through a distribution system, For
systems comprised of a single well and for emall companies where the
distribution system is not extensive and sales records wére not available,
tlis gross amounts and net amounts have been taken as identical since in
these instances the water system loss is minor. Net delivered water does
not include water spread or spilled.

Water system loss is composed of leakage from the distribution
system; unmetered water (including sewer flushing water) and meter slippage;
and is equdl to the gross amount of water availsble for distribution minus
net water delivered, water spread and water =pilled. The annual amounts of
the foregoing items and the resulting water system loss for the Upper Los
Angsles River area are shown in Table 24, Tle water system loss 15 dlso
shown therein (column 7) as a percent of the gross water available for
distribution.

The percent water system loss was assumed Yo apply equally to
valley 411 ahd hill areas. The total wabter system loss was split between
the valley £ill and hill apeas on the basis of the gross amounts of water
available for distribution in each area (see Table 20), The net delivered
water on the valley £ill area (Table 2li) is the gross svailable for distri-
bution less water spread, spilled and system loss for thie valley f£i1l area..
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Sevage .and Vaste

A1l of the sewage exported from the Upper Los Angeles River
area, with the exception of occasional overflows and discharges inte the
ios Angeles River, is conveyed through the City of Los Anpeles sewerage
system to the city's treatment plant. Small amounts of ground water
that infiltrate the sewer mains are also exported throngh the sewerage
system as are minor amounts of delivered water used to flush the sewer
1ines: A large number of individusl local sewage dispnsal systems,
mainly cesspools and septic banks, have been and still are in use im the
area. The effluent from these represent a significant source of recharge
{0 the ground water reservoir; also, industrial waste and sewage that
have been discharged into the Los Angeles River result in minor amounts
of recharge in the river channel. The methods of determining sewage
sxport from the major water service areas withiin the Upper Los Angeles
River area are listed in Table 25. The methods of estimating cesspool
recharge in these areas is also shown in Tsble 25.
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The City of Tos Angeles North Outfall Sewer (Plate 26) which
was placed in operation in 1926 was the first trunk sewsr conveying sewage
out of the Upper Los Angeles River area and initially served the Cities of
Burbank, Glendale and the portion of los Angeles south of Glendale,
Commencing in 1929, portions of the City of los Angeles west of Burbank
were connected to the North Outfall Sewer, The City of San Fernando
operated its own treatment plant and discharged the effluent inte Pacolma
Wagh until 1952 at which btime its sewerage system was connected to the
City of los Angeles systen.

Rapld growth of the San Pernando Vallsy caused a rapid increase
in the amounts of sewage belng expsrted, The capacity of the North Outfall
Sewer was exceeded in 1952-C3 #nd =mall amounts of sewage overflowed into
the Los Angeles River at & point downstream from itz confluence with the
Verdugo Wash, The Valley Settling Basin was constructed on the south bank
of the los Angeles River south of the City of Burbank in 1954 to provide
storage during pesk sewage flows, On brief occasions when the capacitise
of the trunk sewer and the Valley Settling Basin were both exceeded, the
stored sewage was chlorinated and discharged into the Tos Angeles River,
The amounta of sewage overflowing or discharged into the Los Angeles River
are listed in Table 26,

The San Fernandp Valley Relief Sewer Turnel (Plate 26) was
completed in June 1956, The amount of sewage conveyed through this sewer
trunk iz not measured; therefore, export of sewage from the Upper Ios
Angeles River area for the period 1955-56 through 1957-58 was estimated on
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the basis of the number of sewer connections and the éxpected sewage flow
per comnection (see Appendix X),

The amount of flow through sewer mains leaving the Upper Los
Angeles River area is based on the records of sewage gaging stations of the
City of Los Angeles. Location of these stations is indicated on Plate 26,
Although the sewage gaging stations opérate for only one week per month,
the weekly measured flow has been accepted by the clties as being the
average weekly flow for the month. Amounts of sewage overflowing into the
Tos Angeles River are estimated from partial records of the State Department
of Public Health. Discharges from the Valley Settling Basin, showm in
Table 26, are based on operational records of the City of Los Angelss.

Estinated Cesspool Recharge and Sewage from Hill Areas

In areas that were not complstely sewered, sewage export and
cesspool recharge were scparated by debermining the sewape discharge per
house ¢onnection or the percent of delivered water becoming sewage, Studies
detailed in Appendix N show that L5 percent of the delivered wateér becomes
sewage and the sewage flows per house comnection varied fion 0,17 acre~foot
in 1928-29 to 0,28 acre~foot in 1957-58 and averaged 0.20 during the 29~year
base period, Neither of the above values imclude infiltration of water into
the sewers. The methods utilized to debermine $he amounts of sewape export
and cesspool recharge in sach area are discussed in Appendix N, Amounts of
cesspool recharge and sewage from hill arsas so estimated are shown in

Table 26,

-1L5~



ort of Sewer Infiltration and Flush

The amounts of water entering the sewer maing as inffltration
were determined by comparison of the tremnds in sewage per connection for
sach of the gaged areas (see Appendix N). The ampunt thus determined for
the City of Glendale was the sum of infiltration and flushing water, The
amounts of unmetersd delivered water discharged into the City of Olendale's
sewers as flushing water constitute a portion of the city's water system
loss, The water flowing through the flushing devices amounted to 25,3
percent of the gross deliveries in 1954-55. The oity commenced removing
the flushing deviess in 1957 with the repult that the water system loss
was reduced to 7,2 percent in 1958-59. A comparison of the water distri-
bution systems of the City of Burbank, which does not provide sewer
flushing water, and the City of Glendale indicates that the twe systems
are otherwise comparable and that their water losses should therefore be
approximately the same, The amourits of flushing water in the City of
Glerdale sewer mains were estimated by f£irst comparing the water sysbem
loss in Glendale with the averape water sysbem loss for Burbank {see
Appendix N) and then comparing this amount with the combined quantity of
infiltration and flushing water previously estimated, Estimated amounts
of mewer infiltration and flushing water exported in the sewer trunks are
showii in Table 26,
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Indusirial and Sanitary Wastes
Industrial wastes discharged into the Los Angeles River were com-

puted for the 1946-47 through 1957-58 period from permits issued by the City
of Los Angeles, and for the years 1939~L0 through 1946-47 by extrapelation,
Industrial wastes dlscharged into the Burbank-Western storm drain were
estimated from low flow measurements for the 195152 through 1957-58 period
and by extrapolation back to 1939-40. Sewage discharged from the North
Outfall Sewer and Valley Settling Basin and the total industrial wastes
discharged inmto the Ios Angeles River are shown in Table 26A. Waste dis-
charges are discussed further in Appendix N. Industrial waste from thé City
of Los Angeles Valley Steam Plant is spread on adjacent land and is included
as deep percolation on commercisl and industrial land use areas (see Appendix

1).
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ESTIMATED WASTE DISCHARGES
TO THE STREAM SYSTEM

TABLE 264

In Acre-Feet

: g U | Indnstridl wastes
Year 1 Ingua::zslal , Sevage x:z::és ; in total wastes,
. . . a : in percent
I * ) s f2) o+ (3) ()
1939-40 0 o
1940-11 540 540 100.00%,
L3-h2 1,090 1,090 100.00%
h2-3 1,640 1,600 100.00%
L3-Lihy 2,190 2,190 100.00%
hb-Ls 2,740 2,7h0 100.00%
1945-L6 3,290 3,290 100..00%
L6-U7 3,840 3,840 100.20%
L7-L8 Ly, 090 L,090 100.00%
Li8-L9 L,660 L,660 100.00%
L$-50 b4, 7ho by 74O 100.00%
1950-51 4,810 4,810 100.00%
51-52 5,280 5,280 100.00%
52-53 6,080 10 6,090 998l
5}4-55. 6,350 5 8L0 11,150 55.75%
56=57 5,580 60 5,640 98.94%
57-58 5,750 2ho 54990 95.99%.

Source and derivation of values by ¢olumn mumbers:

li
2.
3.

»

Wi

Table N-10, Golumn 3, estimated to be nil prior to 1940-h1.
Table N-10, Column L, estimated to be nil prier to 1952-53,

Table N-10, Column 5.

Column 1 divided by Column 3, expressed in percent.
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The drainage basin of the Upper los Angeles River area is comprised
of 329,137 acres of which 205,709 scres are hill and mountain lands, The
surface flow in the streams in the area originates as storm runoff from hill
and mountain areas, storm ruroff from impervious areas on the valley floor,
operational spills of imported water, industrial and sanitary waste discharges
and rising water in the Los Angeles River.

The drainage system of the area is made up of the los Angeles River
and itg tributaries. The important changes that have taken place in the
drainage system in the past 30 years have previously bsen noted in Table 16.
The changes that have occurred from the period when the area was easentially
undeveloped to its preseént urbanized state may be readily seen by comparing
the drainage system of 1893 as depicted on Plate 11 with that of 1958 as
shown on Plate 12. As was noted in the discussion of channel improvement,
the reduction in the length of pervious channels has been large.

The gaging statdons at which surface flows in the drainage system
are measured are shown on Flate 9 and listed as to location and length of
record in Table 27, Surface ouiflow from the area has been measured by Ios
Angeles County Flood Control Distriet at gaging station P57 by a continuous
water stage récorder, begimming in December 1929. In the period Jamuary to
August 1929, only weekly measurements were available. During the remaining
months, October 1928 to Decenber 1929, no precipitation and thérefore no

storm runoff occurred. Variows published references have been made as to
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the amownt of water flowing in the los Angeles River from 1898 to 1929.

Some references as to the amouni of water flowing in the los Angeles River

are found in the "Annual Réports™ of the Ios Angeles Department of Water

and Poweyr. However, the values presented in these publications lacked
sufficient companion information to determine what these values represent.
1t is questionsble as to whether they reflect the swmer or average flow
in the river or the amounts diverted or pumped. These were considered as
incomplete data and were therefore not used.

Hydropraphs of the surface flow of the Los Angeles River at
paging station F-57, prepared from daily records; were utilized o
separate the surface flow into base low flow which is made up of rising
water and waste discharges, and surface runoff which is composed of storm
runoff and operational spills of Owens River water. The separation of the
surface flow into its constituent parts is derived in Appendix 0. The
results of the study are presented in Table 28.

153~



TABLE. 27

WADN STREAN DAQING STATIONS,
UPFER 105 ANOKLES RIVER RHER

Eﬁg’: ; loecation : P&r_iod of ﬁcnﬁ
7 Byovne Canydn Wash at Devonshire Avenve, Chatsworth Dacaniber 1925 ~ Septenber 1952
October 1936 - September 1539
§  .Los Angelsi River below Sapulveda Dam Dicembey 1928 ~ March 1952
-2 Yeydugd Storm Drain at Glen Diks Boulevard, Olemiale Dedenbier 1928 - Navembier 1333
15 Pacoima Wash st Vin Nuys BouZavard October 1952 - September 175B.
15  Prcoims Wash at Parthenia Street Detenber 1528 « Augveb 1552
1y Littlm Tujunge Wash ab Poothill Bowleyard Decenbay 1928 - Saptember 1958
43 ‘Sycamnre ‘Danyon (hannél above Solway. Street Dctober 1938 - Septeaber 1958
lik ‘Sycamore Uagyon Ghsinpe) &t Adama Sguars Degtenber 1927 - Saptember 1939
Octeber 1536 - April 1937
Ootober 1538 ~ September 1958
S7  1os Angeles River abové Arvojo Seth Deceribér 1929 - September 1956
ws Tojungd Wash at Yappolia Boulevard !Lug:::r 1?328 F:’;rr:airymlgja
105 Tujuriga Wash below Noorpark Strest Ootober 1950 -~ Beptenber 1958
196 Tyjunga Wash - Cenbral Brénch ot Magnolia Boulévard August 1930 - Pabrmy 1938
Wovembar 1541 ~ September 2958
110 Big Tijwigs — Yox Créck, one-fourth mile above motith Oototer 1930 « Septenber 1937
111 Big Tujungs Drsek below Mill Cresk Decenber 1930 - September 1958
118 Vacaima Ureek Mlume bélow Pacoima Dam Maich 1916 ~ September 1350
oy timekiln Breck at Devonshire Street Hovénber 1939 = Saptember 3957
152 Alipe Wash below Nordhoff Strest Hovember 1939 - August 1947
Septevber 1948 - Sepbember 1956
158 Bip Tujungs Lreek below Big Tvwiunpa Dam Degenber 1931 - October 1932
’ Jarmary 1938 — September 1558
213 Big Tujunga Creek ahpva fiald Canyon Ditober 1932 < Septenber 1950
2Lly Varduge Uhantiel at. Don. Garlds Street Datcembar 193h - Septerber 1938
g5 Verdugs Chaymel at Estelle Avenue April 1936 - September 195F
2566 Leg Angeles River at Mariposa Stroey Nenember 1938 « Sapbahnr 1958
270 Culpbagas Cresk it Veniura Bowlevard Pébovary 1940 — November 1950
a8y Ia Tuna Oreek below Debris Pasin: Ootober 156 — September L1958
29¢  lLos Angeles River ab Raiiford Avenus Fobirnary 3950 ~ Sepbenber 1958
i Tos Anpeles River at Tujunga Averue May 1950 - Scpbember 1958
385 Pacuima Bivorsion st Brantord Strsst October 1953 ~ Sepbenber: 1968
Eu5-0 1os Angeles Jtiver below Sepulveda Dam Mry 1543 - Sephamber 1958
‘E-20-5 Yujunga Wash abpveAlen Dakes Baulevard mﬁam m;;{m 'l:]?:'BIBSG
B-24% Burbsnk-Wastern Bbtoym Urain &t RMverpide Urive Detober 1Y50 - Septemhar 1958
=12 Haines Creek above mouth of anyon Febyuiry 1917 - Septenber 193U

Distobex 1935 Septepher 1556

# LACFCD geging station nunber. See Flate 9 for locatien.
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SEPARATION OF SURFACE FLOW AT GAGE F-57

TABLE 28

In Acre-Feet
T Pase low f1oW _ t____ Surface yaneff s _Measured
Year * R:.sing : “Waste dischar@s 3 nwens Hiver : Net storm @ 01:’!;‘31 )
: water : Ipdustrial : Sewage. @ ter s yunoff g CSvALOW
: () 1 (2) = (3) ¢ (:h) s (5 3 (6
1928-29 0 0 0 550 2,950 3,600%
29-30 0 0 0 330 1,330 1,660
1930-31 0 D 0 260 3,710 970
31-32 60 0 o 1, 550 13,630 1.35‘:21;0
32-33 Lo 0 0 10,200 20,640
33-3Y 1,670 0 0 1 750 26,400 29,820
3L-35 760 0 o gre 11,350 12,550
1935-36 720 0 0 560 L5590 5,770
3%-37  1,L30 o 0 1,770 21,270 2l.h70
37-38 7,740 0 0 1,690 123,210 132,640
i A A
- N | 76 1,780 39,590
who-la 25,770 200 o 0 138,990 164,960
-le 28,600 10 0 5,160 20,630  Sh,800
h2-4k3 25,490 620 0 8,680 89,600 12h,39o
i %8 na o ¥ men  imin
- 5018 440 1y2dl 0593
19u5-46 10,500 1,250 0 Ly100 20,010 35,890
k7 9,700 1,460 0 5,560 1,210 3,390
Ly7-L8 7,270 1,670 0 0 5,950 11,890
L8-L$ 2,40 1,880 0 710 12,580 17,610
L5-50 0 2,090 0 0 8,670 10, 760
1950-51 © 1,890 0 1,080 4,870 7,8L0
51-52 3,110 1,750 0 1,430 101,750 108,040
[T %] 0 1,400 0 1,650 15,430 18,480
53-8l = 230 30 290 19,750 21,000
gli-58 0 BBa 670 0 16,720 18,270
1955-56 0 1,350 1,040 0 —
2-57 0 ‘0 10 o W W
57-38 0 1,220 50 0 89,750 91,020
29-Year Average
192957 6,810 T10 60 1,580 30,790 39,940

# Partially estimated.
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Native Water Spread
Early protection from f£lood waters was provided by the construc-

tion of Pacoima and Big Tujunga Reservoirs in 1929 and 1931, respectively,
by the Les Angeles County Flood Contrel District., Subsequent additional
flood protection was provided on thée valley floor area by the construction
of Hansen and Sepulveda floed contrel veservoirs by the U, S, Corps of
Engineers in 1940 and 1941, respectively.

Pacoima, Big Tujunga and Hansen Reservoirs have besn operated
for water conservation as a secondary function along with flood control..
The location of these reservoirs and the spreading grounds situated down-
gtream thereof are depicted on Plate 12. During the base period controlled
releases from these reservoirs have been spread to recharge ground water.
Four spreading grounds with an aggregate area of 266 acres havs been con-
structed and operated for this purpose since 1932-33, 'The locations and
descriptions of these, namsly, the Pacoima, Hansen, Loper and Branford
spréading grounds, are shown in Table 29, Annual amounts of mnative water
spread to recharge the ground waters at each of these grounds during the
period 1928-29 through 1957-58 are shown in Table 30.
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TABLE 30
NATIVE RUNOFF SPREAD
In Acre-Peet

7
-li3=lily 7,223 | 7,220
bh-4s 1,467 7,651¢ 9,120
15456 sk 2,268 2,780
46-437 3,763 8, 725 12,h9o-
h7-48 0 _
18-49 o o o
L49-50 2L5 0 250
195051 0
£1-52 6,121 15, 780 22,900
52-53 1,651 1,271 2,920
5351, 1,891 1,01h 2,910
5l-55. 205 210
195556 0 566 2 570
56-517 2pd A4 .. 0 38'fii S40
57-58 1,030 10,92k 18,407 20 30,380

a. FRounded off to nearest 10 acre-feet,
b, First used in 1932-33,
¢, First used in 194)-Li5,
d. First uwsed in 155657,
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Subsurface Flow

Subsuyface flow leaves the Upper Los Angeles River area at two
locations, one southerly through the Los Angeles Narrows (Gage F-57 on
the Los Angeles River) and the other sasterly across the topographic divide
in the vicinity of Pickens Canyon,

Subeurface flow takes place through the relatively thin section
of water-bearing material shown as Section L-L' on Plate 5D (in vicinity
of Gage F-57), Computation of anmual quantities of underflow at this
point by the slope area method is discussed in Appendix P, Subsurface
flow from the Verdugo ares sasterly to the Monk Hill Basin was estimated
for high and low ater table conditions at the narrowest section of the
valley £ill east of the Verdugo Subarea boundary {about midway between
Pickens Canyon Wash and the topographic boundary), The anmual flow values
were then determined from these data and water level comditions as indicated
by well hydrographs, The total estimated annual amounts of underflow leaving
the Upper Los Angeles River area near gaging station F-57 and in the vicinity
of Pickens Canyon are presented in Table 31.

Conditions limiting subsurface flow between hydrologic subareas
have previously been described in Chapter III, Apmual amounte of such
flow are discussed in Appendix P and swmarized in Table 32.

2)
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ESTIMATED. SUBSURFACE QUTFIOW,
UPPER 10S ANGELES RIVER AREA

TABIDL 31

In Acre-Feet.
Yeﬁr | :Near (:age F< 57 f;chﬁtcgﬁwm : Toi.al*
¢ (1) t {2) : (3)
192b-2 3 250 600
930 36 220 500
1930-31 210 250 li50
31-32 3h0 250 60D
32-33 Li50 250 700
33-3l 450 250 700
3h-35 500 250 750
1935-36 Lo 300 750
36-37 130 300 750
37-38 1410 300 700
3839 k30 Lo0 850
39-40 Loo Loo 800
19h0-11 350 400 750
la-l2 360 hoo 750
he-li3 330 Lo 750
Li3-hk 3lo oo 750
el 350 400 750
191;5-146 330 100 750
h6-47 330 Yoo 750
47-448 330 300 650
L8-ly 300 300 600
Lig=50 280 300 600
1950-51 320 250 550
5152 260 250 550
52-53 290 300 600
£3-5l; 260 250 500
5h-55 300 250 550
1955-56 330 250 600
56=57 190 250 5o
57-58 160 250 400
29~Year
Average ,
1929-57 3Lo 650

# Rounded off to nearest 50 acre-reet.
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TABIE 32
ESTIMATED UNDERFIOW BETWEEN HYDROIOGIC SUBAREAS

In Acre-Foetb
: “SyIlmar oubarea o ’
ok San Fernazco Subarea .Verduga anrl Bagle ROO‘f-'
Year ,"Fagoima 1 S7lmar 1 —, Subareas %o San
. Notcha : Nobech @ Totall . Fernando Subarea
(1) e (2) = (3) )
1928-29 160 550
29-30 160 B 550 .
1930-31 160 o 850 5
31-32 160 > 550
32-33 150 550
33-3Y 1o o 550
3L-35 200 : 600
1935-36 120 500
36-37 320 700 M
37-38 25@ » 650 2
38-39 & 600
39-40 150 iy 550
1940-41 300 ' T00
ha-y2 210 ) 600
42-)3 290 2 700 o
3=kl 250 o £50
=143 200 m 600 *
1905-46 200 o 600
46-U47 170 o 550
L7-h8 110 =t 500
118=49 60 450
L19-50 10 9 450 o
1950-51 20 Lyoo ®
5152 190 ® £00 *
52-53 90 0 500 0
5354 0 o 1450 E
5l-55 8o . 500 -
1955-56 80 b 500 o
56"57 60 - }450 P
57-58 150 ' 550
29-Year
verage
1929-57 160 Loo 550 0

2. Values £sevms submerged dam impervious below slevation
of 1,200 feet. For values under other assumptions

see Appendix P,
b, Rounded off %o nearest 50 acre-fest
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Changes in Ground Water Storapge

Water in excess of other demands remains in the area, percolates
to the water table and results in increased ground water in storape.
Conversely, water must necessarily come from ground water storage if all
demanids in excess of other supplies are to be met. The resultant change
of ground water in storage is indicated by rising ground water levels as
water goes into storage and falling lewvels a= water comes out of storage.
Water in trarsit to the water table is not feasible of ewvaluation and en
the average has been removed from consideration since both the start and
end of the base period are preceded by dry years causing this unaccounted-
for water to be relatively minor.

The volume of material saturated or drained is the product of the
area and the mean change of ground water levels ococurring therein, The
resultant change in storage was evaluated as the product of this volume and
the mean specific yisld of the material. WMNethods of determining the
specific yields utilized are discussed in Chapter ITI and Appendix D.

In general the change in storage computation procedure consisted
of determining the change in each of 52 separate storage units selected so
that each area contained homopeneous hydrologic and geologic characteristics.
Change in storage within a hydrologic subarea was computed: as the supmation
of the Ehmges in the group of storage units contained therein. Details
of this procedure are described in Appendix Q.

Water level data on a large numbsp of weélls were available for
the area within the boundary of the valley £i1l. The loeations of wells

having water level measursments during at least a portion of the 29-year

=142«



123

base perdod are shown on Plabtes 27 through 30. The elevations of the water
surface of the ground water reservoir are shown by ground water contours
for the years 1931, 1938, 194k and 1958 on Flates 27, 28, 29 and 30,
respectively, Areas on the foregoing plates labeled "area of no conbtrol”,
and where ground water contours are dashed, are areas in which a deficiency
of water level pecord existed. Mesasurements for adjacent areas and isolated
readings within the area were utilized to estimate the change in storage
therein, The years 1931 and 1958 are the earliast and latest years for
which sufficient reliable data were available. The maximum amouvn: of ground
water in storage during the 29-ysar base period occurred during 19U3-Lij. The
anmigl ground water levels are shown for selected wells in ths hydrologic
subareas on Plates 3l4A, 34B and 34C.

The fluciuations of water levels are shown on Plates 31, 32 and
33 for the respective periods, fall of 1931 to fall of 1958, fall of 193k
to £all of 1949 and fall of 194h to fall of 1958, The change from 1931 to
1958, although not of the greatest magnitude during the basé period, is of
importence since it illustrates the large increase of extractions that has
occurred in the eastern portion of the San Fernando Hydrologic Subares,
This shift of pumping from west to east is further illustrated by Plates
314 and 31B, which show the respective distribution of ground water extrac-
tions for 1930-31 and 1957-5B. The period 193} to 1949 is included gince
it is a period during which the net change in storage was at a minimum.
The maximum change in water levels during the 1928-29 through 1957-58 period
occurred in the 1S54l to 1958 period (Plate 33).
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Ground water levels used for change in storage were generally
measured in October of each year, The beginning of the water year was
considered the best anmual reference point because at this time the water
surface had genarally recovered fram localized effects of heavy sumer
punping and it was wsually prior to winter rainfall which might cause
abnormalities in the ground water surface, In several instances where
measurements in October were not &vailable, measuremente in November and
December wers utilized resulting, in some cases, in the use of measurements
taken after appreciable precipitation had ocourred. In these cases, the
computed changs in storage may be in erroy for that year and subsequent
hydrologic years bacause of the influence of rain on pumping drafd and
velated water level effects., The error, however, will compensate over a
period where comparable water levels were obtained; this is believed to be
no greater than two years during the base period and is of major consequence
only in the period 1§55-56 through 1957-58,

Free ground water conditions dre generally found to exist in the
major portion of the valley £il11 including the San Fernando and Verdugo
Hydrelogic Subareas. Confined ground water conditions are indicated in the
Eagle Rock and Sylmar Hydrologic Subareas; thum change in storage in these
gubareas was considered to have occurred only in the free water table or
forébay portion thereof, A paucity of well date préecluded a determination
of the forebay extent in the Sylmar area and changs in storage in this
area was determined from water level changes and specific yields occurring
throughout that eubarea, It is believed that this approximation gives
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rosults which will not grossly affect the accuracy of the overall deter~
mination of change in storage in the combined subareas because of the
relatively small specific ylelds used and the relatively moderate cyolic
varistion of water levels which has oceurred in the Sylmar Subarea during
the base period,

The Eagle Rock forebay area comprises 535 mcres or 69 percent
of that small hydrologic subarea. Specific ylslds for this area were
obtained by correlation of existing geologic information with specific
yield data determined for the neighboring vallasy £ill in the vicinity of

Anmual and cunmlative amounts of change in storage in the valley
£111 material of the Upper Los Angeles River area thus determined are
shown in Table 33,
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TABLE 33

CHANGE IN GROUND WATER STORAGE IN THE VALLEY FILL
OF THE UPPER I0S ANGELES RIVER AREAS

In Acre-Feet
Yoar —Bun 5 Tagle BRI Ll L AW les Riv "”‘é;
ear ¢ San t Bagle = : os n 5 River a
¢ Fernando ¢ Rogk ¢ yimar , Verdugo, uald ¢ Gumulative
s (1) &+ (2) = (3) & (b) = (5) (6
1928-29 - 11,510 = 93 - 65 =1,370 - L3040 - L3,040
29-30 - 15,60 - 93 294 -1,370 - 16 860 ~ 59,900
1930-31 - 26,322 - 93 1,0L9 -1,1431 - 26,830 - 86,730
31-32 67,033 276 2,458 61 69,8h0 - 16 890
32-33 26,837 =93 - 52 - 261 25, 760 8 870
33-3; « 28,558 - 9.3 - 76 1,611 - 27,120  -18,250
3h-35 36,038 -1,127 1,670 38,’5&0'- 20,330
1935-36 998 - 93 - 732 31 510 20, 840
36-37 30,663 185 1,377  L,016 36,240 57,090
37-38 Ak 185 1,868 7,94 76420 133,516
38-39 =~ 12,545 <185 16 2,180 - 10,100 123, koo
3950 - 32,650 185 «3,855 =2,116 - 38 610 84,800
1940-1 116,852 93 6,042 5,030 128,020 212,81u
-4 - 31,230 93 -1,609 «1,408 = 34,150 178,660
he=)y3 31,029 93 20 1,3%0 32,530 211,190
W3-hl 47,205 93 1,493 330 19,120 260, 310
W=l = 7h,177 0 -~ 296 2,673 - ?7,150 183,170
1945-L6 =~ 33,296 185 966 =5,676 - 38,190 144,980
Y7 - Ll,202 93 A1,B26 -B,261 .ig860 97,120
47-u8 - 52,768  -185 -2,478 6,682 - 62,110 35,010
IB=l49 - 56,360 L&k -L,27 -8,220 - 69,320 - 34,310
l9-50 = 143,390 0 24 2,251 - 45,620 - 79,930
1950-51 - 53,288 185 - T - 337 - 54150  -134,080
©g2 33,728 o18 3,938 9,ke1  L7,360 - 86,720
52‘53 bl 68:276 y 93 “2:;‘5‘633 “1,597 = 72;530 '159,.-250
53-8 « 56,769 185 - 782 3,148 - 60,510  =219,760
S4-55 - 51,368 - 93 - 596 €85 - BLL70  ~271.2k0
1955-56 = 71,391 - 93 2,275 2,342 = TL420  -3%2,650
56«57 ~ 6,279 93  «1,505 3,934 - 3,760 -346,410
§7-58 - 9,159 93 229  L,56¢ - L2710 -350,680
29:!0:.1'
1929-57 - 11,675 ~ 6 -1 - 9 - 11,950

a, Yéluea derived in Tabie Q~4. Minug indicatez a re&mt:l_ﬁn of water
in. storage and positive values indicate an increase in storage.

b.

-.-1-66-.-

Rounded off to nearest 10 acre-feet from Table Q-k.
c. JIncludes portion of Monk Hill Basin within Upper Los Angeles River Area.
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Consuinptive use or disposal of water to the atmosphere through
evapotranspiration aceounts for a large portion of the water diminution
in the Upper Los Angeles Hiver arsa. It includes the amounts of water
evaporated by ndatural or industrial processes, the water transpired by
plants and the relatively minor guantities of water incorporated in plant
fiber, industrial products and household uses.

Total consumptive use is computed in this chapter as the differ-
ence between already determined items of water supply and disposal by
equating all such items in an inflow-outflow water inventory for the area.
The various items of supply and disposal used are shown diagrammatically
on Figure 3 to illustrate their physical relationship and composition.
This procedure for determining consumptive.uze is called the Inflow-Outflow
Method and the values derived by this methed are shown in Table 34.
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CHAPTER VI. HISTORIC GROUND WATER RECHARCE

To determine the effect of import on the safe yisld of the ground
wvater reservolr of the Upper Los Angeles River area, a determination of the
amounit of recharge to the reservoir originating from supplies imported to
the area is required. In Table 34, page 169, an evaluation has been made
of the disposal of the cembined supply of native and imported water to the
valley £i1l srea, To identify the proportion or amount of the imported
supplies which reaches the ground water reservoir as recharge, requires a
breakdown of consuuptive use gquantities on the basis of whether the use
was made from native or imported supplies and the proportion of the supply
which contributed to recharge through deep percolation.

The "Integration Method" for determination of consumptive use
provides the means of making the required breakdown and in addition provides
a check on the combined consumptive use herstofore determined by the "Inflow-
Outflow Method." The ground water reservoir of the Upper Los Angeles River
area consists of weter-bearing materials in the valley fill area as deter—
mined on Plate 5, The maximum water in storage within the range of water
levels in materials watered and dewatered during the period 1928-29 through
1957-58 octurred in 1943-44, The minimim occurred in 1957-58.
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Consumptive Use by Integration Method

Armual amounts of congumptive use are determined by the Integration
Method through the use of data on unit evapotranspiration or consumptive use
of water for each culture type and on the acreage devotsd to that culbure.
The tobal consumptive use ocourring on the valley fill lands is determined by
this method as the swmmation of the parts. These parts are the product of
unit consumptive use and area of each type of land use, the consumptive use
of water system losses and the excess conenmptive use on high ground water
aréas. The sum of these parts, each of which is separately derived, is the
total consumptive use on the valley fill area.

Computations of unit consumptive use have been made by determining
the supply of mative and deliversd water avallable to the areas devoted to
gach culture type or land use class and computing the portions of the supply
disposed of through evaporation, runoff, transpiration, deep percolation and
storage in the soil.

Recognition of seasonal effect on consumptive use is made by com-
putlng the consumpliive use by months for the winter season of October throigh
Apri) when the supply is largely uncontrolled rainfall, and 38 a lump sum for
the stmmer months of May through September when the use is almost exclusively
from delivered water to which a relatively uniform irrigation efficiency is
applicable.

Unit values of consumpbive use have been determined as described in
Appendix 1 and separate computations of unit consamptive use for each year are
summarized for each culture or land use class in Tables I~13, L-1l and L-15.
Methods of compubation are illustrated on Figures L-1 and L-2,
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water surface areas were determinied for each year of the base period from
serial maps, photographs and field surveys as described in Appendix K,

Eyaporation

Evaporation is a function of vapor pressure which varies with
umidity, temperature and wind movemsnt. The evsporation pan is sensitive
to these factors and is comionly utilized to determine rates of svaporation
from water surfaces. Molet surfaces, such as saturated soils and wet
impervious areas, have been considered to have an evaporation rate equivalent
to that of a water surface, Average daily rates of evaporation were determined
for each month for days of rain and for days of no rain, The average daily
rates of evaporation were applied separately to pervious and impervious
areas with the maximum evaporation allowed being 0.60 and 0,50 of an inch,
respectively, during and following each storm (see Appendix L).

_ 3 n Water. The evaporation of irrigation
water 1s estimated to be 15 peicent of the delivered water and is included
in the consumptive use.

Residual Rain on the Valley Fill ivea. Precipitation falling on
the pervicus portions of the valley f£ill area is assumad to be either con-
suited or to percolate while precipitation falling on the impervicus portions
will either evaporate or bscome runoff. This runoff originating on impsrvious
areas is termad regidual rain. A portion of the residual rain percolates in
transit to Gage F-57 and the remainder becomes part of ths storm flow paesing
Gage F-57.
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Irrigated, Native and Residen_ﬁial land Use dreas

Computations of congumptive use For land use clagses containing
areas of vegetation were made for two sepavate periods: (1) the winter
season of October 1 through April 30 and (2) the swmmer period May 1 through
September 30. Two separate periods were ussd because of the different rate
of plant growth and the variation in the amount of water available to the
plant during the two periods, During the winbter season large variations
occur in the amounkts of precipitation; therefore, the winter season comipu-
tations were made monthly by first determining the water received by the
soil, which was thus available for plant growth. This wag taken as the sum
of precipitation and delivered water resaching pervious areas less the evapo-
ration of eachs The water available, thus determined, was considered to
be first utilized in satisfying the monthly tramspiration requirements
of the crop and secondly to satisfy any deficiency in the soil moisture
within the root zone., The remainder was conzsidered as deep percolsation
recharging the ground water.

Transpiration rates of the crops found in the area were determined
from field investigations made in the San Fermando Valley by the Soil
Conservation Service during the late 19L0's or by transposing a value deber-
mined in another area similar to the Upper los Angeles River area. The
amount of soll moisture that could be held in storage within the root zone
was determined from investigations made by the Soil Gonservaticn Service and
from published information on rooting depths and moisture-holding capacities
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of soils. In months when water available to the plant was less than the
transpiration requirements, water was taken from storage within the root
zonie,

Consumptive use on irrigated lands during the summer season. was
determined by applying an irrigation efficiency for the particular crop to
the known water delivexies. Depths of water delivered for each crop during
the winter months and the summer growing seasecn for each year of the base
period are determined in Appendix J., The irrigation efficiency was based
on work done by the Soll Conservation Sexrvice in the area and on discussions
with Mr, H, ¥, Blaney who was in charge of the work, The consumptive useé as
determined for each of the périods was split dnto the parts derived from
precipitation and delivered water in proportion to the amcunts of each
supply available. The sum of the consumptive use of each supply for the two
periods is applicable to the net area of the land use and was adjusted to
the gross area by weighting the net values for percent of each crop or im-
pervious area included in a land use class. Unit values of consumptive use
deternined by the above methods for sach of the hydrologic subapeas are
shown in Tables 1~13, I-1) and L-15 in Appendix L, ih which further details
of the computations are set forth, Average annual consumptive use during

the 29-year base period from irrigated agriculture and residential land

use classes overlying the valley £i11 was 105,410 and 60,430 acre-feet ’

respectively,
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Consumptive use by industrial and commercial areas varies with
the type of industrial process and was estimated on an annual basis. The
annusal depth of water consumed on industrial and commercisl areas was
based on vdlues published in Bulletin 2, sntitled "Water Uiilization and
Requirements of California®, State Water Resources Board. Bulletin 2
gives values of 0.40 to 1.Li acre-feet per acre for consumptive use by
industrial and commercizl areas, based on total water delivered to this
type of land use less mewage discharged into a sswerage mystem.

On the basis of the sbove valuss and 1958 land use data, the
Reforee selected the value of 0.85 aore-foot per acre ss being represent-
ative of the difference between delivered water and sewsge discharped to
the sewerage system for industridl and commercial areas (see Appendix L).
Therefore, the 0.85 acre-foot per acre represents consumptive use plus
industrial wastes discharged to the stream system, Racords of water
sales indicate that defense industries in Burbank, Glendale and the Los
Angeles Narrows used larger amounts of delivered water dmring the war
Years; therefore, the depth of consumptive use was increased during the
war years (see Appendix L). Water sales mscords for the breweries and
stean plant in the valley show that these plants need water greatly in
excess of the amount estimated by the above method. The additional use
by these plants affer 1952-53 is estimated in Appendix I.

Deep percolation of water delivered to commercial and industyial
areas oscurs primarily from the discharge of industrisl wastes in the
channels of the stream system with minor amounts écéurring on commercial
and industrial land use areas. The amount occurring in the stream
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system are equal to the difference between industrial wastes discharged
to the stream system (Table 26A, page 151b) and wastes passing Gage F-57
(Table 28, page 153). A relatively small amount of deep percolation has
been found to occur in the ares of use at the Valley Steam Flant of the
City of Los Angeles (see Appendix L, page L-40).

The anmual consumptive use by commsrcial and industrisl areas
aversged 6,710 acre-feet during the base period, comprising less than
seven percent of the total average consumptive use of delivered water.

In areas where ground water is within 10 feet of the ground
surface, an incremental evaporation octurs from moisture brought to the
surface by capillary sctlon in the soil and certain plants increase their
transpirational use because of the more readily svailable supply.

Areas of high ground water have existed in the San Fernando Subarea
and in the lower portion of the Sylmar Subarea. Extent of the high ground
water area in the western portion of the San Fernando Subarea was dstermined
from water level measurements at wells and piezometers observed for this
purpose by the U. S, Soil Conservation Service in cooperation with the City
of Los Angeles. The extent of the high ground water area in the fall of
15}, 4s shown on Plate 29. Due to the pavcity of water level data in the
western portion of the Sylmar Subarsa, the extent of this area where excess
consumptive use of ground water occurred was determined from the relative
concentration of calcium carbonate existing in the eoil. Using these data
to limit the area, excess consumptive use during the base period was caleu-
lated by using water level observations at wells of the City of San Fernando,
the Mission Well Field of the City of Ios Angeles, and test hole data.
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Characteristics of soils and their relationship to past vegetative and i
water table conditions in the cienaga of the Sylmar Subarea were investi-
gated by the Department of Water Resources in cooperation with the Referee.
The Department's report is set forth in Appendix C and on Plates 7 and 8,
The depth of consumptive use in high ground water areas in excess
of that which would normally cccir was estimated as the difference between
consumption based on high water table conditions and the normal consumption
shown in Tables I~13 through L-15. Consumption under high ground water
conditions is based on experiments in the Lower San Iunis Rey Valley. The
basic data and procedurss utilized in these studies are get forth in
Appendix L, The 29-year average anmual consumptive use of ground water
{exvess consumptive use) in areas of high ground water is 2,640 acre-feet.

{see Table 1-22, page I-T70).

Riparian Areas

Consumptive use by riparian vegetation, located in and adjacent
1o stream chammels, has occurrsd during the base peried mainly in the lower
reaches of the Ios Angeles River. The total anmal depth of censumptive use
for this type of vegetation was taken as equal to the amual transpiration
rate for similar type growth in the Upper Banba Ana Valley, transposed by
mean temperatures, plue the evaporation of rain. The annual depth of con-
sumptive use of ground water was taken as the total arimal depth of -é:onstinq:tiv%
use less the precipitation and is shown in Pables 1«13 and I~15 (see Appendix L),
The average arinual consumptive use of ground water on riparian areas during
the base period is 2,000 acre-feet.
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consimptive Use of Water System lLosses

Water system losses are comprised of sewer flushing water, distrib-
ution loss and other loss, UOnly the latter two items. contain portions that
may become consumptive use. The amount of sewer flushing water exported in
sewer mains bas been evaluated in Chapter V (see Table 26). Data available

ori comparable systems indicated that the maximum contimous pipe system

leskage, or distribution loss, to be expected was approximately six percent,

computed ds 4 percentage of the gross available for distribution.

Foliage and plant growth along the roadways is estimated, on the
average, to overhang approximately 20 percent of the paved area underlain
by the pipes of the distribution system; thus, it is believed that the root
system of this vegetation would have access to and transpire approximately
the equlvalent percentage of distribution losses,

The system loss in excess of sewer flushing and distribution loss
is termed other loss and is comprised of meter &lippage and unmetered de-
liveries, This porticn of the system loss is taken as consimptively used
in the same propertion as is water applied o the land use classes {i.e.,
net delivered water less sewage and wastes). The remainder of the system
1oss was considered as- deep percolation. Negative values shown in Table 36
indicate that the amounts shown as available were less than the amounts
shown as delivered, The negative valies are retained in this and following
tables to permit an accounting that is mathematically cortect. During the
base period consumptive use of water system losses averaged 3,250 acre-feet
pEr year.
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Sumary
The annual amount of consumptive use on the valley fill area is
the summatiosi of the annual amount cccurring on land use ¢lass areas, ex-
cess consumptive use, and consunptive use of water system losses. The annusl
amount of consumptive use on land use classes and excess consumptive nse are
shown in Table 35. The corisumptive use of water system losses is shown in
Table 356, The total amount of consuspbive use on the valley £ill area is
the total of the amounts in Tables 35 and 35 and is shown in Table 37.
During the 29-year base period, consumptive use on irrigated
lands and on residential aveas averaged L6 and 26 percent, respectively,
of the average total consumptive use on the valley £ill area. The
effect of urbanization fs shown by the averages for the base period and
the 9-year period (19,9-50 through 1957-58). During this labter period
consumptive use on irrigated lands and on residential areas averaged 31
and U3 percent respectively.
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TABLE 35

SUMMARY OF INTRBORATED CONSUMPTIVE -USE-AND DEEP PERSCTATIONS
OV LAND USE AREAS WITHIN BOUNDARY of VALLEY 7iii
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8. Bxplédsi Abep percolation in the stresm system.
b. Inciudes miscellanequs, fry fdrs and polive wagstation, water surface svaporatiosi and ripacian vepetation.

Sourcd and derivation of valoes by colusn numbersi
Column Ho.
1
through. X ) . ) B .
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TABLE 35
SRMARY -0F TNTEGRATED COMSUMPTIVE (SE AND DEEP PERCOLATION
ON LAND USE AREAS Fm:imugr’im 0P ‘VALLEY ¥ILL
gohtitne

In Anre-Feet
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TABLE )6

WATER SYSTEM LOBSES WITHIN BOUNDARY CF VALLEY FILL

2. Takle 28, Colunn 5.
E_. Calumn. ) winv@ Colvowm 2.
+ Columi 3 with a maximum of six percent of
Table 2L, Coluwm B,
5. Twanty pardent of Column L
6. ficlun-l minvg Colum S.
7. tolwmm 3 minus Colwvn b.

Note: Nepative vEluss wers retaimed Top mathesstical puiposea.

8.
10
11,

dosses (Galumn 7) multy
une of delivered water

F;.i.

sble 35) to the sun of

In Aere<Foat
R L R ] onose _ ¢ Other Yoseew 1 Taal 1 I6Gal
S9N climhtng 5 wnd c s e s ol
Yoar | 1085 | yever sother lossse: O i men 3 percdlgbien 3 TOMI (TR et ae ipareeiition
KT A N NI (S WSO 3 M Tl (1 W R s M Wt -7 v W) 1
1928-29 800 D 800 800 160 80O 0 0 9 166, 640
29-30 2,250 320 1,930 1,930 350 2,540 o o 0 90 1,540
I930-31 10,150 Ligo (D670 B,730° 1,750 8,980 st 770 270 2,520 1,150
31-2 15,570 Bib 18,760 1, 7,270 8,670 5,780 1,80 7,060 8,770
3233 o 50 L3570 h;570 o 3,980 0 9 0 990 13,980,
33 10 - - 80 - o - 550 g 9 X - W - sse
She3g - 1 000 b0 =~ Lb70 - 1Lh7e  ~ 290 ~ 1,180 0 0 ° - 290 - 1,380
193835 £40 560 8,080, £,080 1,020 hs060 0 0 0 1,000 b, 080
%3 140 200 1200 Lo aén 15020 0 0 0 260 1,020
-M B 250 8,090 %,m 2,520 ;070 S0 2Bg 120 1,900. 65190
3839 3,270 200 2,970 ,970 0 2,380 0 o ] 590 2,380
39-lo g 250 7,580 3 350 1,400 1910 156 150 ko 1,830 5,950
bL7 S R ) 50 5,860 5,80 1,170 Liitg0 2 B 0 1,370 li, 5590
la-l2 11,830 170 11,560 2,620 1,920 7410 2,0l 1,760 200 3,680 70980
ka3  do,79a 0 10,790 10,560 2,120 8.Lko 230 1Bo 50 2,300 8,70
la:hhh 10,20 0 agh 9 2,930 7,690 80 620 180 2,550 7,870
fh-hs 2, %0 1,8 10,100 . 8,060 L,no ,40. 100 &,030 B,780
19lgk6  A1,7i0 500 N2 13,000 2,20 8,810 190 _ 160 30 2,370 8,800
i 3,230 13,00  1,5% 2:1?58 5,220 Lk 1,240 20 3,50 9,460
S M im M ouae bR MR R ODR R i ue
B B L% e RER IR oo 3E0 3080 Lo 5,550 9,920
199081 19,920 1,520 18,400 13,270 3,850, 10,420 5,130 1,630 400 7,280 11,ip6
Q’?’;—gia D20 2,590 10,70 W00 2300 B,570 "a o o 2,0 .570
52483 20,310 4,096 16,280 13,580 2,780 0,860  L,70 Li,150 -5hD 6,880 a1,
B3.8), 2,080 2,620 18,Lg0 13,340 2,670 10,570 5,120 L3 790 7,000 k60
sheds 20,940 2,2h0 28,720 13,190 2,809 19,550 5,530 L,v20 410 7,560 11,160
1955-56 18,930 J,660 15,770 13,010 2,500 10,430 2,260 1,910 30 s530 20,70
ks 9 e 10 Do 2% 50 1,850 3o 200 ¥ap ;30
T7-S8 17,050 1,650 15,ulo 13,030 2,514 o, l=o 2,lap 2y 350 4,850 10,780
29-Yoar
1926 13,280 1,060 10,220 B, )0 1,680 6,720 1,830 1,530 260 3;250 5,970
-Source and derdyation of valuss: by column nmhers
Bolwmn
e
A, Takde 3L, Colemn 9. B, Conmmptive use of other Insses eguals the totid of othep

ad by the ratis 4f consimptive

sopsumptive upe and deep pergolatinn of delivaved uster

(Table 35).
Colomin T winue Colums 8.
Colmin § plus Oplump 8,
Column & plus:Columh §¢

3



TABIE 37

TOTAL CONSUMPTIVE USE ON VALLEY FILL AREA
BY INTEGRATION METHOD

In Acre-Fest
) ' Con ive use
) ¢ Onland use : ©Of water system 1 ‘
Tear . T classes ¢ 103_&:’ :  Total
4 3 (1) 3 (2) s (3)=(1)+
1928-29 219,370 160 219,530
29~30 218,740 390 219,130
1930-31 233,890 2,520 236,110
3n-32 231,570 7,040 238,610
32-33. 18,630 990 185,6zo
33=3L 158,800 - 140 198,66
3h-35 255,h30 - 290 255,1ho
36-37 zw,sho 260 2&9 900
38-39 2h9,910- 590 250,506
19110'1!1 257,330 1,170 25&:5@
1-}2 226,080 3,680 229,760
h2-h3 217,690 2,300 219,990
Li3-Lih 247,290 2,550 249,840
hh=kS 233,210 6,030 239,2ho
1945-1i5 225,970 2,370 228,340
L5-Ly7 237,360 3,550 240,910
L7-L8 203,990 7,810 211,800
18-49 211,930 3,660 215,590
k9-50 216,030 5,550 221,580
1950-51 216,700 7,280 223,980
51-52 262,910 2,140 265,050
52-53 229,2l0 6,880 236,120
53+5] 215,670 7,000 223,670
5h"55 231 sBoo 7,5& 239 ,360
1955-56 222,030 L,530 228,560
56-57 217 170 4,130 221, 300
57-58 25h, 810 h,660 259,170
29-Year Average » |
1929-57 227,780 3,250 231,030

Sourcs of values by column number:
Column No.
1. Table 35, Column 18,
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= Comparison of Consumptive Use Values
Determined by the Inflow-Outflow and Intepration Methods

The anmual and cumilative amounts of consumptive use as deter—
mined by the Inflow-Outflow Method (Table 3h, page 169) and by the Inte-
gration Method (Table 37, page 18l) are shown in Table 38. The average
annual ponsumptive uses for the 29-year base period arg 227,200 acye-feet
{inflow-outflow) and 231,000 acre-feet (integration). The difference of
3,800 acre~feet between the two average values is approximately one and
one~half percent of the average consumptive use and well within the
agouracy of the data. The anmual differences betwéen the two consumptive
use values are shown in column 5, Table 38. The anmal consumptive use
as determined by each method and the annual and eumulative differences
are plotted on Figure L.



TABLE 38
COMPARISON OF CONSUMPTIVE USE AMOUNTS DETERMINED
BY INFLOW-OUTFLOW AND INTEGRATION METHCODS
In 1,000 Acre-Feet

:, Bnnsm_ptim use 3 Di-i"ta P——
Year sInflow-putflow method: Integatinn method : R .
¢ Annual :Curmlative: Anpual :Cumulative: Anpual  ¢Cummlative
s (1) & (@) 3 (3) : (b)) (1)-(3)=(5): (5)
zs-.ao 191.2 Lo1.8 219.1 Li38.6 - 27.9 - 3.8
1930-31 228._3 630.1 236.k 675.0 - 8.1 - k.9
32-133 181 9 1,066.1 185.6 1,092.2 - 3.7 - 33.1
33-34 202.2 1,268.3 198.7 1,297.9 3.5 - 29.6
3-35 223.3 1,491.6 255.1 1,553.0 - 31.8 - 61}
1935-36  200.6 1,6%2,2 21.8 1,76h 8 - 1.2 - 72.6
36-37 30h8  1,997.0  249.9  2,01h.7 54.9 = 17.7
37-38  255.2 2,252.2 232.5 2,272 22.7 5.0
-39 2587  2,510,9  250.5  2,l97.7 8,2 13.2
39-k0 213.9 2,724.8 220.6 2,718.3 - 6.7 6.5
1940-11  309.0 3,033.8 258.5 2,976.8 50.5 57.0
-h2  19h.7 3,228.5 229,8 3,206.6 - 35.1 21.9
he-h3  323.9 3,552 250.0  3,456.6 73.9 95.8
W3-kl  25h.0 3,806.h  215.8 3,706.L L.2 100.0
ldl-hE 252-1 h,055 5 239 2 3;9’-‘5 6 ]_.'2-.9 112Q9
1945-L5  199.0 L,257.5 228.3 h,173,9 - 29.3 83.6
h6-h 2374 h,h9h.9 2L0,9 lab 8 - 3.5 80.1
119"'50 1’81'-6 53037 l-l 221 -6 5’063-8 - hﬂqo = 21‘»-6
1950-51 195.9 5,233.3 224.0 5,287.8 - 28,3 - 54.5
51-52  312.1 5,545.4 265.0 5,552,8 7.1 - 7.k
52-63 22h6  5,770: 0 236.1  5,788.9 - 11.5 - 18.9
53-5h 221.2 9,991 223.7 6,012 -6 - 2.5 ~ 21.h
5455 26,2 6,207 .h 239.L  6,252:0 - 23.2 - bk.6
1955-56 238.9 6,hh6 '3 2266 6,h78.6 12.3 - 32.3
5657 d.  6,587.7  220.3  6,699.9 - T79.9 -112,2
57-58  299.4 6;887.1 259.5 6,959 .11 39.9 -'72.3
29-Year
Average *

Soﬁrce of vslues by column numbers
Column No .

1. Table Bh’ Column 13.
3. Tgble 37, Column 3.

Note: Negative values indicate that velues determined by integration method
are in excess of vilues determined by the inflow-outflow method.
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Adjustment of Consumptive Use
‘The consumptive tse shown in Table 3l and summarized in Table 38

is based on items of inflow, outflow and change in storage. The items of
inflow and outflow are based directly or indirectly on measured items.
Variations that could exist in the caloulation of these items are small
4n coniparison to the amount of the difference. The change in storage of
sufface reservoirs is measured indireetly and is mmall. Adjustment of the
computed change in ground water storage would require an adjustment of
water Levels and/or specific yisld values, Wabter levsls are influenced,
ag discussed in Chapter V, by the change in pumping rate from year to year
during the pericd water levels are being measured and by taking measure-
meobs at different times from year to year. Both of these possible varia-

tions in ground water measurements produce some differences in pround water
caleulations.

It appears from the above disemssion that the difference batween
the two computations of consumpbive use is more likely to be caused by
inaccuracies in the integration method. The inflow-outflow method is sised
as a guide to make refinemerts in the integration method,

The trends of cumulative différences {Figure ) are similar to
the anmal Fluctuations of water levels {Plate 34A-C) and the mass disgram
of precipitation {Flate 10), It is concluded that the item or items to¢ be
adjusted are related to precipitation. The consumptive use (pius the
residual value, deep percolation) in the basin is large compared to any of
the obher disposal items (see Table 3) and is known to be responsive to
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wet and dry periods. The depths of consumptive use and deep percoclation of
precipitation, developed in Appendix L, were determined mainly by the use of
average monthly winter transplration rates and constant summer irrigation

efficiencies. The use of average monthly transpiration rates rather than

daily rates is necessary due to 2 lack of water supply data on a daily
basis, This tends to cause the computed consumpiive use to be high during
dry periods and low during wet periocds,

The relationship betiween precipitation on the valley fill and the
difference betiween the consumptive use as determined by the two methods was
ascartained as follows:

1. The amount that the annmal precipitation on the entire valley
£111 area exceeded or was less than the annual average during the 29-year
base period was computed in acre-feet for each year of that perdod.

2. The sane computation was aleo made for precipitation occurring
on the pervious portion of the valley fill area.

3, The cumlative amounts thus determined by each of thess com-
putations were compared with the cumulative difference in consumpiive use
dotermined by the Integration and Inflow-Outflow Methods.

From the foregoing it was found that trends in the differences in
amount of consumptive nse most closely approximated those indicated by ab-
normality of precipitation on the pervious portion of the valley fill found
in Ttem 2 above. A value of 30 percent was selected as the parameter giving
the closest match., The anmual adjustment fo the consumptive use of rain

-18 9=



(Table 39) may therafore be expressed as 30 percent of the difference between
annual precipitation on the pervious valley fill area in acre-feet and the
29-year average precipitation thereon,

The effect of the consumptive use of rain adjustment is shown by
¢umilative corves on Figure 5. The magnitude of the remaining difference
shown on Figure 5 is within the accuracy expssted for a hydrologic study.
There is, however, a slight trend indicating that the total adjusted gem-
sumptive use as determined by the Integraiion Method, still axceeds that
of the Inflow-Outflow Method.

Since the adjustments to the consumptive use of rain did not
fully correct the difference, it is assumed that adjustments in the con=
sumptive use of delivered water may also be necessary. The consumptive
nse of irrigated crops was based on irrigation efficiency during the
summer growing season and average transpiration rates during the winter
season. Residential lawn grass on the other hand was based on expsrimsntel
values developed in the Raymond Basin Reference:. The lawn grass values
were obtained under conditions of optimum moisture being available and
would produce maximum consumptive use values. Therefore, it is assumed
that the computed values for consumptive use of residential lswn grass are
too high. The cumulative difference remaining, after the adjustment of the
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consumptive nse of precipitatjon has been made (Figure 5), is an increasing
function. The acreage put to residential use is &lso an increasing fune-
tion while lands used for irrigated and nonirrigated crops have been
decreasing. Both the method of determining consumptive use of residential
lawn grass and the land use irends indicate that the adjustment of the
consumptive use of delivered water is related to residentisl delivered
water. An adjuetment equal to five percent of residential deliversd water
applied to land areas (excluding sewage) was found to be the best mateh to
the remaining differsnce and was adopted as the adjustment to the consump-
tive use of delivered water.

The annual and cymilative adjustments of the consumptive use of
precipitation and delivered water and the sum of both are shown in Taeble 39.

These adjustments are applied $o the consumptlve use as determined by

the integration method. The effects of the adjustments are to increase
the consumptive use of precipitation during wet years and to decrease
it during dry years, and to decrease the consumptive use of delivered
water for all years. The adjustmentz are transfers of water between
the amounts of consumpiive use and deep percolation computed by the in-
tegration method; therefore, the sum of consumpiive use and deep perco-
lation is unchanged,
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The total cumlative adjustments to the integrated consumptive
use and the cummlative difference remaining between the adjusted integrated
consumptive use and Inflow-Outflow Method consumptive use are shown on
Figure 6,

The cumlative difference curve which represents the chronological
accumlation of all differences betwéen the two values of consumptive use
after adjustment shows that the adjustment formula are applicable throughout
the range of precipitation influences and other effects concerming delivered
water octurring throughout the base pericd..
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The anmal amounts of co’ncunptin use of precipitation and of
deliversd water adopted by the Referes ars shown in Table 4O and are equal
to the amounts obtained by the Iribegration Method (Table 37, page 18L) modi-
fied by the anvual adjustments (Table 39, page 192), For the purposes of
hydrologic inventories, the unit values of consumptive use of precipitation
shown in Tablea L-13, 1-1} and L-15 must be used along with the adjustment
to the consumptive use of precipitation {see page 190). The unit values of
consumptive use of delivered water contained in Tables 1-313 through L-15,
with tle exception of those for residential areas, may be used without ad-
Justment. The wnit values for consumptive use on residential land vss areas
must be decreased by five percent of the difference between residential de-
Tivered water and residentinl sewage (or five percent of consumptive use plus
deep percolation). The sbove unit values are shown in Appendix H.

The total consumptive use adopted by the Raeferee ia the sum of ad-
Justed conswuptive uss of precipitation and delivered water, the consumptive
use of ground water, and evaporation of runoff into Hansen Dam. The 29-ysar
averages of adjusted consumptive use and their sources are as follows:

1,000
ae'_z’:e--réet’ Sonrce

Adjusted consuaptive uss of precipibation 122, Page 197

Adjusted consumptive use of delivered witer 102,2 Page 197

Consumptive use of ground water b6 Page 1~70

Congumptive uze of runoff (Hansen Dam) _0:3 Page 1~Tia
Total 229.5
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Historie Ground Water Recharge

The itemé comprising recharge to and draft on the ground water
reservolr are shown on Figure 7. Recharge of delivered water is showm
in Table 4l and is computed as surface supply to the valley £ill area
less consumptive use, exporte and outflows of that supply. Recharge
from native water is shown in Table 42 and is computed in three parts:
that ccourring on land use classes; that cccurring in channels of the
stream system; and that resuliing from the spreading of native water.
The first portion equals the precipitation on land wse class areas on
the valley £ill area less consumptive use and residual rain (i.e., pre-
eipitation not retsained on land use class areas). The secord is the
rechatrge from native water in transit across the valley £il1l to the
point of surface escape and is equxl {0 the amounts of native water
tributary to the stream channel system less diversions for spreading
and uge and storm outflows abt Gage F-57. Rechargé of delivered water
in the stream channels has been inclided in the total recharge of
delivered water.

Ground Water Diraft

The draft on the grouhd water reservoir, shown in Table )3,
is composed of well extractions, for use on the valley £111 area and
for export, and natural Gepletions.

Ground Water Inventory

The basic equation for ground water inventory (Figure 7) is
ground water supply mirmms ground water draft equals change in ground
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water storage. Since the difference between congumptive use determined by
the inflow-outflow and integration methods was riot completely removed by
the adjustments made to the integrated consumptive use, the remaining
imbalance (Teble 39, column 10) must be added to the basic equation. The
ground water inventory for the period 1928-29 through 1957-58 1ists annual
ampbunts of supply, disposal, change in storage and the remaining difference
and is shown in Takle h3.

The sffects of urbanization on the average recharge ¢f delivered
water to the ground water reservoir are shown below by comparing the aver-
ages for two periods of average precipitation on the valley £i11 area; i.e.;

the 9-year period (19L9-50 through 1957-58) and the 29-year base period.

In 1,000 Acre-feet

T 9-year : 20~year:
Ttem * average : average: Difference

_ 2 (1) = (2 :(3)=(1)-(2
Gross delivered waters 222.0 75.8 2
Gross recharge of _ _

delivered water® 57.9 Lo.y 8.5
Grpss recharge as a

percent. of delivered _
Cesspool recharge’ 16.8 9.3 7.5
Gross recharge of

delivered water less

cesspool recharge 1. Lo.a 1.0
Gross recharge of

delivered water less

cesspool reéchargevas

a percent of delivered

water 18.5% 22.84 h.3%

a. From Table 41.
Y. From Tahle 26
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