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This chapter contains the debtermination of the safe yield of
the ground water resezrvoir of the Upper los Angeles River area based
on cultural conditions existing during the water years 1949-50, 195h-55
and 1957-58. The effect of the importation of Toreign waters on the
safe yield is also determined, These determinations &re made to satisfy
Paragraph I, 2, H. cf the Order of Refereuce:
"The safe yield, and the effect thereofi of the importa-
tion of foreign waters, shall be determined for ths water year
immedistely preceding the £i1ing of the report for which data
is availdble, and for the water years ending 1950 and 1955,
The safe yield of the ground water reservoir of the Uppew
Los Angeles River ares is defined as the maximum average annual ground
water extractions which can be continually withdrawn for useful purposes
under-a given set of conditions without causing an undesirable result.
Conditions imposed herein for the determination of safe yield are
sunma rised in Table 555 page 246b, and the maximun average annual grours
water extractions which ¢ould be taken under these cohditions without
the undesirable ogcurrence of continued lowering of the ground water

levels is determined as the safe yield,
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Iimitations and Factors |
Analysis hds been regtricted to the two potential limitations

on ground water yield which are believed pertinent within the scope of

the reference. These are the amount of the ground water recharge from

pative and imported water sources under conditions imposed for determi-
nation of safe yield, and the sbility of the ground water reservoir to

regulate this supply under those copditions.

The amount of the safe yisld is dependent upon the average
amount of water which can be stored in and wsed from the grewid waler
reservoir over a period of rormal water supply under a given set of con-
ditions. Thus, safe yleld is related to factexs which influence or com-
trol ground water recharge and to the amount of storege space available
to carry over recharge occurring in yeare of sbove average supply to
years of deficient supply.

Recharge, in turn, depends on the available surface uater
supply and the factors influencing the percolation of that supply to the
water table. The 29-year base periecd, 1926-29 through 1956-57, has been
adopted as repressntative of normal native water supply conditions
because the magritude and ccourrence of anmial water stpply from precipl~
tation is representative of the long-time mean, The major land use trend
of the base peried is from agricultural to urban development and has
resvlted in an increased proportion of impervious area affecting rain re-
charge to the ground wabter reseryoir through increased runoff and reduced
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opportunity for consumptive use, Concurrent improvement of drainage channels
has partislly removed & major medium of ground water recharge from the native
supply. Reduction in recliarge from thesé changes has been offeet to some
extent by the construction and operation of spreading works during the bage
pericd to incredse the native water recharge. Urbanisation of the valley
also has affected the ground water recharge frow import pupplies, meinly
through increased sewage outflows and changes in potential consusptive use,
The above conditions have been considered in the determination of safe yleld.

The change in ground water storage in the valley fill of the Upper
Loa Angeles River area from 19lL3-Ll to 1957-58 ground water levels wis o
reduction of 611,000 acre-feot (see Table 33, page 166), An operational
study of the ground water reservoir, using the conditions under which safe
yield 1s determined, indicates that a maximum of gbout 380,000 acre-feet of
storage is required for regulation of supply over the 29-year base period.
Under such operation, about 210,000 acre-fest of this maximum amcunt was
found to be required above the 1957-58 levels and about 150,000 acre~feet was
found to be required below these levels, The data available since 1957-56
indicate that a total of at least 150,000 acre-feet has been taken from
storage below the 1957-58 levels, Therefore, the availability of gromnd
water storage space is not a limitation on safe yleld under the conditions
adopted.
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Conditionz for Safe Yield Determination

Safe yield is determined herein by evalumation of the averasge net
ground water recharge which would occur if the culture of the safe yleld
year and the average historic import and export for the safe yisld year
hadl existed each year over a period of normal native supply. The average
gross recharge of average historic import is obtained by (1) detertdning
tha average delivered water required by the culture and conditions of the
safe yleld year; (2) caleulating the average gross recharge therefrom
as a percent of the average delivered wabter; and (3) applying this per~
centage to the average historic import. In evaluating the average amounts
of each item of supply and disposal, consideration has been given not only
1o the historic variation of the item but also to the factors cansing the
vardiation,

Gross recharge from native scurces oceurs as peércolation from
precipitation on 1lsnd use areas on the valley £ill, percolation from runcff
in the stream system and percolation of native spread water, and is deter-
nined under normal precipitation and runoff conditions with the culture
axisting during the safe yleld year,

In order to debermine safe yields on a comparable basis with
regard to availability of regulatory storage capacily and items dependent
‘thereon, such as rejected recharge and rising water, the ground water
levels existing as of 1957-58 are used a2 & beginning point For basin oper-
stion in the evalusbtlon of safe yield for each of the three years.

The annual depths of water delivered to land use classes (Tables
J-8 and J-12) during the 1932-40 period are small when compared to the
amounts delivered in the 1949~58 period, which includes the safe yleld
years, This difference in depths of delivered water is believed related
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to changing economic conditions and in particular to the economic dapres~
slon of the early 1930's. To eliminate this sconomic effect from the safe
yield computations, the determinaiion of recharge from delivered water for
items responsive to both precipitation and economi¢s is based on the §-year
period from 1949<50 through 1957-58, Ttems dependent only ap precipitation
on the valley £ill area are évaluated over the 29-year base period, This
9-year period compares favorably with the 29-year base period and has an
average precipitstion on the valley floor that differs from the normal by
less than one percent. The remaining items are based on historic amdournts
for the safe yield year adjusted by use of trend curves, In all instances
the amount derived is the best average Por the stated condition; i.e.,

the culture of the safe yleld year existing over a period of normal supply

Conditions Affectin Becha.r - £rom

The annial ampunts of water consumed and percolating on land use
clags areas (except commercial and industrial areas) are affected by, but
not directly related to, the ammal amounts of precipitation. The average
amounts are therefore best obtained by averaging the historic amounts over
a period of normal precipitation which contains the safe yisld years, thus
algo including the effect of economic conditions. The 9-year period,
194950 through 1957-58, hests these requirements and is used to obbain
averaga values of net recharge for all affected land use classes except as
noted. The average adjusted deépths of consumptive use snd déep percolation
for residential land use differ from the historic values in that they are
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adjusted to yeflect the percent of the residential area that was pervious
during the safe yield year, The average ammmal amounts of consumpbive use.
and deep percolation for safe yield determination are therefore compubed
as the product of thése adjusbed 9-yedr average depths (see Table B-2)
and the acreage of each type of land use existing during the safe yield
year,

Commsredal, and industrial consumptive use is not affected by
variatione in precipitation. To obtain the daverage vopsumptive vse and
deep percolation on this land use class for the sife yield years, the
anmual amounts are plotted on Figure B and a trend curve drawn. The
amounts for the safe yield years are then taken from the trend curve on
Pigure 8.

Evaporation from water system repervoirs (Table M-1) is depend-
ent on climate and was computed for each year. The 29-year period average
1s used as representative of normal. The portlon of this evaporation
agsigned to precipitation is taken as the 29-year average rain on the
reservoirs (Table M-1). The remainder of the evaporation is taken to be
imported water.

A summary of averiage amounts of consumptivé usé and dsep perco-
lation of delivered water on land nse class areas thus determined is
shown in Table i along with & reference to the source and derivation of

the values.
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TABLE Ul
SVERAGE AMOONTS OF CONGUWPTIVE USk. aND DREP PERLOLATIUN
OF DELIVERED WATER RaQUILD BE THEK LAND USE OF THE
VALLEY FILL ARBA FOR THE BAFZ YIRLD YRS

In Acre~Feet

3 . _Sate yield year

i . 520 o 3RSy
Land vse  acnEwmpeT Deop Totel  FConBuRB=; Derp ¢

e ML 1’3@.; , :
: sConsung-1? aep Y el

Totkeld

tlass tive useipercolation: stive nsetpercolations __ttive useipsrenlations
‘ 2 (1) s (23 (i)sQ)ededs (Wy s (5}  s(6de(h)erS): (7)) ¢ {(B) :{9)st7)e{8)
1. Deciduouz 1,390 220 14810 1,760 280 2,040 1,320 229 1,540
2. Citrus 17,020 3,980 21,000 12,840 3,008 15,850 7,h80 1,750 9,230
3. Welmts 6,420 1,070 7,190 b, 200 730 b ;930 1,670 290 1,960
4. Trupk g,h30 3,230 12,650 T80 2,50 2,960 b0 2,180 8,650
5. Alfaifs 16,190 2,280 18,570 8,090 1,190 9,280 5,070 7ho 8,810
6. Vineyard #30 hp 270 1,0 10 170 50 10 100
7, Lawn grass 4,040 1,130 5,170 5,20 1,150 6,470 5,980 1,340 7,300
b e 3,360 o 3560 3960 0 3560 3,560 o 3,560
& cni;:;:ﬁ:}aim 5,930 o 5,930 9,5L0 $70 10,910 12,50 2,000 14,L50
10. Resldentiald 48,68 10,360 59,040 s§. 260 12,b60 0,660  §7,250 13,58 Bo.B30

11, Totsl 115,53 22,410 136,000 111,520 22,210 133,8% 113,30 22,110 133,430

Source and derivaiien of values by ites. numbef.

Tiem
number

1 through 7 )
and ;g ’ Avsrage ambunbs of consunptive use and deep percoletion of delivered witer For these liund uss
ereas are the producis of the S-yesr avernge {15L9<50 through 1957~58) mean meighted dapths.
{Tatls R-2) and the screaga -of shch typs pf land uss (Tsble K-6).
4, Average tota) cansumptive uze of delivered water in water supply reservoirs in the 29-year
iwarage total eyaporation for water supply rdservoirs (cdlumn. 11, Table M-1) mivus the
29-yeur average prenipitatien on the rarepvoirs (eelumn #, Tablp p-1),

9, Averapa ameunts of consumptive use and deep percolation for industrisl and commsreiel sreas
ara from trand curves on Flguve B.
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Indugtrisl Wastes. Waste discharges from industrial plants to
the stream channels vary anmuslly. To obtain the average amount of
industrial wastes discharged to the stream channels for each of the safe
yield years, the snnual amounts (Table 26A, page 151b) are plotted on
Figure 8 and a trend curve drawm. The smotnts of industrial waste dis-
charged to the streem channels for each of the safe yield years are taken
as the ordinate of the trend curve for that year.

Anringl. smounts of industridl wastes passing Gage ¥-57 are dlso
plotted on Figure 8 and a trend curve drawn. Comparison of industrial
waetes discharged and the amounts paseing Gage F-57 shows that a larger
portion of these wastes percolated during the years after 19L9-50. For
safe yield cumputations the amount of industrisl waste passing Gage F-57
1s taken as the ordinate of the trend curve for that year.

Total Sewage, Sewage Export and Cesspool Recharge. The total
amounts of séwage dischsrged to sewer lines and to cesspools have increased
with the urbarization of the aresd and are dependent on the population of
the area, The historic variation in amounta of total séwage (Table 26)
is plotted on Figure 9. The trend curve 1s & close approximation of the
historic points and is nsed to determine the average amounts for the safe
yield years. Annual amounts of cesspool recherge and sewage export (plus
sewer flushing water) are also plotted on Figire 9 and trend curves con-
structed. Sewage discharged to the Los Angsles River is considered es a
random ocourrence that would not reeur and these amcunte are included in
Bewage export. Amounts of sewer infiltration and sewer flushing water
are riot included in total sewagé but are ftreated separately.
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FIGURE 9
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Spread Import. Imported water has been spread only by the City
of Los Angeles (Pable 23, page 143). During the $-year period, 19L,9-50
through 1957-58, the Los Angeles Aqueduct has operated st or neir capacity
with spreading oceurring during four of the ning years. Spreading of
import occurring during this period is considered to be caused by opera-
tional procedures; therefors, these amounts, which averaged 1,330 acre-fest
per year, are included as @n augmentation of operational releases, discussed
hereafter, aud the average amount of water imported for the purpose of
spreading for each of the safe yleld ywars is taken as zero.

Operational Releases. The anmual amounts of opsrational releases
of Owens River water to the stream system (Table 2, page 145) and the por-
tion paseing Gage F-57 (Table 28, page 155) are plotted on Figure 10. The
anrual variations were considered to be too irregular o permit use of a
trend curve; therefors; the averages of these two items, based on & period
of normal wetness (1949~50 through 1957~58) subsequent to the Los Angeles
Aqueduct resching capacity (oirca 1949); are used. For the same reason the
average amount of import spread due to opersatiemal procedures iz also based
on the 1949-50 through 1957-58 period. The average amount of operational
felease for sach of the safe yield yeayrs is taken as the sum of average
operatlonal release of Owens River water (i.e., 3,300 acre-feet per year,
Figure 10), and an additionl operatiopal ralesse in lleu of spreading which
averaged 1,330 acre-feet per year (i.e., average of annual import spread
shown in Table 23, page 143, for the 9-yedr pertod 19L9-50 through 1957-58).
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Water System Loss. Water system lose for safe yield determi-

nation is computed as the sum of three parts; sewer flushing water, con-
sumptive use of water system loss, and deep percolation of water mystem
loss. The annual historic amounts of these items are shown in Table 36
and plotted on Figwe 10. Trend curves wers constructed to obtain
average values and the amounts for safé yleld conditions were obtained
from ordinates of the curves for each mafe yield year.
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Conditions Affecting Becharge
Pracipitation on Land Use Areas

The amounts of wateér applied either through deliveries or rainfall
and the percent of the area that is impervious have an affett on the con-
sunptive use of rain. The percentage of residential land that is impervious
has increased, while agriculturdl areas have remained unchanged in this
réspect during the base period. The type of use on pervious residentisl 4reas
has also changed during the base period and has affected the residential use
of delivered water and precipitation,

The mean depths of consumptive use for the land use claes areas are
shown for the 29-year and 9-year perieds in Tables 1<13 threugh 1-15 and Table
R-2 respecbively. The 29-year average unit values of consumptive use of pre-
cipitation are approximately three percent greater than the 9-year average
values for the land use classes that are predominantly pervious. Average unit
values for residentisl areas for the 29 and P-year periods cannot be compared
due to the variation in percent pervious. The best approximation of recharge
Irom precipitation on the valley £ill area under safe yield conditione is
obtained by the combination of normal precipitation from Table 1, 9-year aver-
age tonsumptive use of precipitation derived in Table LS5, and the 29-year
average residual rain shown in Table 45. The 9-year average unit censumptive
use values are compatible with normsl precipitation on the valley £ill area
and include the influence of changing amounts of delivered water on copsump-~
tive use. The, 29~-year average is used For unit residual rain valuves becauss
residual rain is unaffected by economic conditions and to provide continvity
with the computation of recharge in the stream system which is based on the

29-year average.
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TABIE L5
AVERAGE AMOUNTS OF CONSUMPTIVE USE OF
PRECIPTTATION ON LAND USE AREAS AND RESTDUAL
BAIN ON VALIEY FILL AREA FOR SAFE YIELD YRARS

In Acre-Feet

Ttem

w wl

Consumptive use by land use class
1. Deciduous 1,150 1,520

Citrus 1,560 8,740

3.  Walnubs L,670 3,220

Truck 640 1,970

5.  Alfalfa 9,770 1,500
6. Vineyard 230 150

Lawn grass 2,040 2,130

8,  Dry farm and native 34,570 33,990
9. Miscellansous 1,890 1,920

Riparian 70 lico

11, Commercial and industrial 9,120 5,820

16, Total of consumptive use and

3.  Water Surface 1,320 1,320

1,150
5,100
1,280
310
3,070

2,110
32,760
2,350
320
SJ 950

Residential 33,010 37,630 141,610

1,320

Total consumptive use of

precipitation 112,580 106,710 101,750
15, Residual rain 30,590 _36,L20 42,330

resigual rain 143,170 143,130  1k,080

Source and derivation of values by line mumber:

1.
through
12,

dverage amounts of consumptive use of precipitation for
these land use areas are the products of the H-year
average (1949-50 throngh 1957-58) depths {Table R-2)
and the acreage ‘of land use (Table X-8),

The svaporation of precipitation is the 29-year mean
procipitation on water supply reservoirs (Table M-1),
and Hansen Dam Reserwvolr,

Sum of Tiems 1 throngh 13,

Summation of the products of the 29-year average depth
of residurl rain (Tables L-13 through L-15) and the
impervious area for the safe yield year (Table R-5).
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Conditions Affecting Native Recharpe in the Stream System

Recharge of native waters in the stream system is tased on the
assunption that the condition of the stream system existing during the
gafe yield year prevailed over a peried of normal runcff. The avallakle
data on supply to and reeharge from the stream System are shown in Table
b2, page 202, for the 192B-29 through 1957-58 period. These dita are
plotted on Figure 11 and the relationghip between .annual ameunts of
supply and recharge for each of the safe yield years is determined in
the form of a curve. The average amount of recharge of native water in
the stream system is based on the 29-year base period, since runoff from
hill and mountain areas is normal for thls period,

To ascertain the relationship between native supply to the
river system and deep percolation therein, the annual amounts of native
supply less amounts diverted and spread are plotted against annual
amounts of deep percolation on Figure 11. The deep percolstion, as plot-
ted on Figure 11, shows a decrease with time and in general varies
inversely with the amount of improvements made to chamnels. The historic
improvements made to the main charnels are summarized in Table 18, page
131. The decreasing percent of the total length of main channels remaining
unpaved is an indication of the loss of percolation capacity of the strsam
system. In order to construct curves showing the relationship between native
supply and deep percolation of that supply, the years are grouped on the basis
of length of charnel remaining wipaved as follows:
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Channels with Percent with

Perdod paved bottons -open bottom
1928-29 through 1936-37 Miles Percent
1929-30 0.3 0.2 99.8
31-32 6,8 h,9 98.1,
32-33 7.3 5.3 9&.
35-36 17.h 12.6 BY. h
1937-38 through 1950-51
1937-38 23,0 3.6 7 83.3
39-1,0 26,1 ,16 9 811
Lol 26 1 18.9 81.1
1047 27.6 20,1 79.9
4 7-8 29.3 21.3 78.7
195 51 s 75
50-81 35.8 26.0 .0
1951-52 through 195)-55
1951-52 u7.7 3h4.7 65.3
52~53 58.7 42,7 57,3
51_‘;—55' 8.5 46.9 £3.1
1958-56 through 1957-58
1555-56 86.0 48.0 2.0
56-57 é?.e k9.3 50.7

The curves for the above periods are shown on Figure 11 and are con-
stricted by plotting the data on both logarithmic and rectangular coordinates,
draiing average trend curves, and spacing the curves on the basis of the
amounts of wipaved chamnels remaining during the pericd. The resulting family
of curves on FMgure 11 &ll intersect a line representing 100 percent persola-
tion of supply at decreasing values of supply for the more recent years and
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all diverge for increasing amounts of supply. The spacing of the curves
indicates reduced percolation with reduced length of open bottom channels.
The curves for the 1949-50 and 1954-55 safe yield years were drawn by Inter-
polating between historic curves on the basis of the relative amounts of
open bottom channels remaining during the safe yleld year. The. curve for
1957-58 is drawn in a similar marner by extiapolation.

The net supply to the stream system is the sum of hill and
mountain runcff and residual rain draining off the valley f£ill area mimus
the rimoff reaching water system reservoirs, native water spread, and sur-
face diversions. Modifications of rumoff items to conform to safe yleld
conditions are derived in Appendix R. These conditions differ from his-
toric due to increased impervious aveas in the hille and diversions works
(constructed after 19)1) which bypass runoff around water system reservoirs.

During the base peried the amounts of surface water diverisd on
the vallsy fill area (Table 16, page 125) have not excesded 500 acre-feet
and have averaged 180 acre-feet per year. Swface diversions were not made
during the 1949-50 through 1957-58 period. The amount of surface diversions
on the valley £111 axrea for sach of the safe yield years has therefore been
‘taken as zerc, The amount of native water spread is bhat amount which would
‘have been spread if the spreading grounds existing during the safe yisld year
{see Table 29, page 157) had mxisted over the period of normal eupply
{29-yenr period),
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Conditions Aﬂ‘ectigg Natural Degletions
from the Ground Water Reserw

Natural depletions consist of riming water, subsiurface outflows,
sewer infiltration and direct consumption of ground water on land use areas
{riparian and excess consumptive mse). The average amounts of rising water
passing Gape F-57 are controlled by the relative position of the strean
channel invert and average ground water surface configuration. The latter
1s in turn dependent on basin operation. To provide a uniform basis for
camparigson of the safe yield for the three years, basin operation for esach
of the three years is assumed t¢ commence with configwration of ground
water levels tlie same as existed during 1957-58, Operation of the ground
water réservoir under safe yleld condiiions requires a maximum of approx-
imately 210,000. acre-feet of storage space above the 1957-58 water levels.
This amount of storage space is required for the 19L9-50 safe yileld condi-
tion with the other two safe yleld years requiring lesser amounts.

Historic rising water passing Gage F-57 is plotted against storage above
1957-58 levels on Figure 12, This relationship indicates that the rising
water outflow which would occur within the storage fluctuation noted above
is nil; therefors, for the three safe yield years, average rising water
has been taken as zeéro.

Subsurface outflows (Table 31) at Gage F-57 are plotted on Figure
13. The annual amounts have declined gradually from 500 acre-feet in 1934~
35 to 160 acre-feet in 1957-58, Tha average amounts for the safe yield
years have been taken from the ourve. Estimated annual subsurface flows
oiit- of the Upper los Angeles River area in the vieinity of Pickens Canyon



have varied with the amsunt of natural supply and within a narrow range
{250 to 40O acre-feet) during the 29-ysar period; thersfove, the 25~year
average has besn used for the sibsurface outflow in this vieinity,

Annual amounts of sewer infiltration (Table 26, page 151) are
glotted on Figure 13 and the trend curve, drawn to. represent average sewer
infiltration, reflects the general decline in ground water levels during
the 1940's and increase in length of sewer lines during the 1950's. For
safe yield compntations; average values were taken as the prdinate to the
4rend ocurve for the safe yield ysar.

Improvement of channels made in 1938 through 1540 and the 1938
flpod removed & large amount of riparian growth from the stream channels.,
The trend curve on Figure 13 from 191 to 1547 shows a mmall increase in
riparian nse followed by a: steady decline. The annusl higtoric amounts of
excess consumpiive use presented in Table I~17 are for a depth to ground
water interval of O to 10 feet. The area which had a depth to ground
water of less than four feet is presently subdivided. It s believed that
recurrence of a very high ground water table will be aveided since exten-
&sive damage bo the homas would result. For this reason the trend curve
for excess consumptive use shown on Figure 13 is baséd on the hilstoric
amounts for a depth to ground wabter interval of L to 10 feet. Average
valner for safe yleld conditions were taken as the ordinate to the trend
curve for the safe yield yeur.
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FIGURE 13
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sred Watey Beguiz-msﬂt.
¢ Yield Oonditions

Average delivered water required by the culture of the safe
yield year over a period of normal native supply is the sum of average
demands and uses of delivered water by the ciulture of the safe yield
year. The condltions governing these average demarids and uses of
delivered water are discussed in the preceding sections of this chapter.
The average amounts of the demands and uses along with their source and
derivation are shown in Table L6.

The average delivered water requirement for the 1957-58.
culture conditions is 34,000 acre-feet greater than for the 1949-50
conditions. This change results from urbgnization of the arsa and is
refiected in the increass in the total of sewage export and cesspool

recharge shown in Table L6.
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TABLE L6

AVERAGE DELIVERED WATER
REQUIREMENT UNDER SAFE Y1ELD CONDITIONS

In 1,000 Acre-Feet

_ Tbem

1. Consumptive use plus deep
pereolation on land use class

areas 136.0 133.8 133.4
2. Industrial wastes u.9 6.0 5.7
3. Total sewage {sewage expori plus . ‘

cesspool recharge) 39.6 60.5 73.3
L. Operational releases L.6 .6 h.6
5. Spread import 0 [ 0
6. Water system loss 17.5 19,4 19.5

7. Average delivered water
requirement under safe yield _
conditions 202,6  224.3 236.5

Source and derivation of values by item number.

1

Ifb‘e.m No.

1. Table by, 3ine 11, Columns 3, 6 and 9.

2. From Industrial waste discharge trend curve, Figure 8.

3. From total sewage curve, Figure 9. .

k. Average for 9-year pericd (1949-50 through 1957-58) of the
sum of operationsl releases {Table 2l, page 145) and epread

_ import (Table 23; page 143). | |

5. ‘There was no planned spreading in the 9-year period 1950-58.

6. Sum of amounts from trend curves foir sewer flushing water,
consumptive use of water system loss and deep psreolation of
water system loss, Figure 10.

7. Sum of Ttems 1 through 6.
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Ground Water Recharge Under Safe Yield Conditions

Gross ground water recharge under the safe yield é¢onditions hereto-
fore sstablished has been evaluated as the supply from deliveries and native
sources less consumptive use and outflows including sewage export. Net re-
charge has been determined as the gross recharge less natural ground water
depletions under safe yield vopditions. Oross recharge of tha delivered
water requirement is computed as a Jump sum while gross récharge of native
water is calculated in three parts: from land use areas; from the stream sys-

tem and from native spresd water.

Gross Recharge of Delivered Water Required by the Oulture

The gross recharge from the average delivered water requirément
under safe yield conditions is shown in Table )7 and is the differsnce between

the average delivered water and its consumptive uses, outflows and exports.
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TABLE L7

AVERAGE GROSS RECHARGE WITH SAFE YIEID
CULIURE WATER REQUIREMENT SATISFIED

In 1,000 Acre-Feet

Ttem

1, Average ddlivered waber requirement _
for the safe yield year 202,6 224.3 236.5

2. Consumptive uge on land use areas 113.6 111,5 111.3
3. Consumptive use of water system loss 5.2 5.9
L. Industrial waste passing Gage F-57 2.0 0.9 ]
5. Owens River water passing Gage F-57 0.5 0.5 0.5
6., Sewage export (including sewei , ,
flushing water) 28.9 5.1 55.0
7. Total consumptive use and putflow 150.2 163.7 173,9

8. Gross recharge of average delivered
waber requirement 2.4 60,6 62.6

9. Gross recharge in pereent of average
delivered water requirement 25.9 27.0 26.5

Item No.

1. Oross deliversd water is Item 7, Table Lo.

2. Consumpbive use of delivered water from Table L, Item 11,
columns 1, 4 and 7.

3. Consumptive use of water system loss is from curve, Figurs 10,

L. Industrial wiste passing Gage F-57 is from curve, Pigure 8.

5. Operationzl release of Owens River water passing F-57 is the
"aversge of historic amounts in column 4., Table 28; page 155,
for the 9-year period, 1949-50 through 1957-58 (&lso see
Figure 10). ,

6. Bewsge export (including sewer flushing water) is from curve,
Figure 9.

7. Total consumptive use and outflow is the sum of Items 2

, through 6. - _

8. Oross recharge of delivered water is the difference between
Items 1 and 7. _

9. Oross recharge in percent of average delivered water requirement
is Ttem B divided by Ttem 1, times 100,
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Gross Recharge of Precipitation on Land Use Areas
The gross recharge of precipitation on land use areas is the

normal precipitation on the valley i1l area {Table 1) minue the consump-
tive use and residual rain on the land use sreas (Table 45). The average
amounts of thess itenis, their source, and the resulting gross recharge
pre listed in Table LB for each of the three safe yield years.
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TABLE L8

AVERAGE GROSS RECHARGE ON LAND USE ARFAS FROM
NORMAL PREGIPITATION UNDER SAFE YIELD CONDITIONS.

In 1,000 Acre-Feet

" Them

1. Normal precipitation, valley
£I11 area 167.7 167.7 167.7

2. Consumptive nse of normal
pracipitation plus residual
rain on the valley Fill ah3.2  _1h3.1 1.3

3. Gross reeha;_-g__e of normal
precipitation, valley f£ill

aren 4.5 24.6 23.6
L. Gross recharge in percent of , ¢
nofmal precipitation 1k.6% 1k, 7% 1h.3%

Source and derivation of values by item number:

Ttem
Nmi;ber

1. BS-year mean precipitation for valley fill Table 1.

2. Total of average consumptive wse of precipitation
and residusl rain from Table li5, line 16.

3. Ttem ) minus Item 2.

L. Ttem 3 divided by Item 1 times 100.
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Gross Recharge of Native Spread Water

The historic amounts of net water spread ut the four spreading
grounds operated by the los Angeles County Flood Control District are
shown in Table L9. The average amount of native water spread is the esti-
mated amount of waier that would have been spread if the spreading grounds
existing during & safe yield year had operated during a period of normal
supply. 'The 29-year base period is the only period of near normsl precip~
itation and runeff having adequaté petords. The amount of surface runoff
which may be spread at these basins is a funcetion of the occurrence and
intensities of ralpfall and the operating procedures of Pacoima, Big
Tujunga and Hansen £lood control dams, Pacoima spreading grounds have the
longest period of record, with operation commencing in 1932-33. Hansen
spreading grounds were completed and began operation in 1ShL-4% with Lopes
and Branford being completed in 1955-56. TUrbanization has been miner in
areas tributary to the spreading grounds; therefore, the amount of native
water spread historically during a given year has been used as the amount
which could have been spread during that year under safe yield oonditions,
Estimation of spreading during the remainder of the 29-year base peried is
based on the historic amounts spread.

Water spread at Pacoima spreading grounds from 1928-29 through
1931-32 was taken as squal to stream runoff at Gage 118 multiplied by the
average ratio of the annual amounts of water spread for the period of
record (1932-33 through 1957-58) to. the annusl amount of hill and mountain
runeff from Pacoima Canyon, measured at Gage 118 (see Plate 9 snd Table 27).
The annual estimated amount which could have beéen spread at the Lopez
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In Acre-Fest

TABLE L9
ACTUAL AND COMPUFIED NATIVE WATER SPREAD

ar ' Dhcoima  Hansen ¢ iopea ¢ Bramford : Total
T v @ () NS N 5
1928-29 3&0* T10% 303 204 1,090%
29-30 360% BOO% 30% 20 1,230%
1930-31 3hox  TIOw 304 10 1,050%
31-32 3,300  6,900% 260% 130 10,590%
32-33 30 So% Ox Ox 803
33-3) 230 180w 20% 10 Th0%
3435 1,200 2,500% 100 508 3,850%
1935-36 2,000  L,200% 260% B0 6,Ll0%
36-37 k4680 9,B00% 3ro% 190% 15,040
37-38 3,840 8,2.00% 3108 150% 12,4003
38-39 3 7601 30% 10 1,150%
39-10 910  1,500% 0% Lo 2,920%
1940-41 9,760 20, hOU* 780* 390 31,350%
L1-L2 4O 80w Ox 120%
h2-13 3,740 _T,900% 300* 1506 12,090%
kh~h5 1,470 7,650 120% 60% 9,300%
1945-Li6 510 2,270 Lox 20 2,80
L6-L7 3,760 8,730 360% 150  12,950%
L7-48 0 O% on O
48-1,9 0 o o% o o
49-50 250 0 20% 10% 280%
1950-51 0 0 O ok
5152 6,120 16,780 L90% 2,04 ag,ésm
52-53 1,650 1,270 130 0% 3,120%
535 1,890 1,010 150% 8o 3,130%
5h~55 210 0 20 103 2L,0x
1955-56 570 0 0 0 570
56~57 180 0 30 50 550
57-58 10,920 18,410 1,030 20 30,380
29-Year Average , g .
1929-57 1,907 )y, 069 151 76 6,203

# Estimated amounts of runoff which would have ’t_’:seﬁ spread
had spreading grounds been constructed and operated

guring these years.
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grounds was taken as equil to the amount spread at Pacoima (as extended)
miltiplied by the average ratio of water spread at Iopez to the amount
spread at Pacoima, both taken over the period of concurrent records. Estl-
mated amounts spread ab Hansen and Branford were computed in a similar
manner. Anounts of spreading, both estimated and ef record, at the four
spresding grounds are shown in Table L9. Comparison of amounts of »uncff
available for spreading with the amounts estimated as spread indicates
that sufficient supply for the estimated spreading was historically avail-
able. In determining the amounts of native water spread under safe yield
conditions, only the estimated amounts spread at Pacoima and Hansen spread-
ing grounds weré included in the 19L9-50 and 195L4-55 safe yield years. In
the 1957-58 safe yield year, the estimated amounts for all four spreading
grounds were utiliged. The averape amounts of native water sgread for the
safe yield years are listed in Tsble 50.

TABLE 50

ESTIMATED AVERAGE NATIVE WATER
SPREAD UNDER SAFE YIELD CONDITIONS

e e oS S

Then s

Spreading grounds Pacoima Pseoima Pacoima
Hansen  Hanessn  Hansen

Lopes

Branford

Estinated average annual amoont 6.0 6.0 8.2
spread, in 1,000 acre-feet :




gé of Native Waters From the
om, of the Vailey Fill Area

The supply to the stream system is made up of hill and mountain
runoff and residwal rain from vallsy £ill areas. The net supply available
for recharge from the stresm system on the valley i1l area 3m the total
supply winus amounts spread, diyerted and flowing into water systen reser-
woirs. The ammal amounte resuliing in the met supply are shown in Tabls
51 for each of the three safe yield years. The residusl rain is based on
the 29-year average depth of residual rasn for impsrvions arsas (Tables
1-13 through 1~15) wnliiplied by the impervious area for the safe yleld
year. 11 and wountain runoff ia the historic amnual amount adjusted to
reflect the culture of the safe yield year, Runoff t6 reservoirs is the
annual historic amount corrected for the effect of drainage channels con~
structed around water supply reservoirs to bypass runoff, Evaporation of
rinoff at Hansen Dam cannot be accurately estimated for each year under
safe yield conditions but can be estimated as an average valué based on
the 1949 through 1958 perded (9-year average = LS0 acre-fest).

The average recharge in the siream system is the average of the
sun of the anpmal amounta of recharge for the 29-year bage period. The
anmual amounts of recharge are obtained by entering the ammual amounts of
nat supply and ueing the appropriate curve for the safe yield year on
Figure 11, Average amcunis of recharge in the stream aystem thus obtained
for exch of the sale yleld years are shown as the 29-year average deep per~
colation in Table 51 and after cerrectlon for evaporation at Hansen Dam are
31,200, 27,900 and 26,700 acre-feet for the respective safe yleld years of
1949-50, 1954-55 and 1957-58.
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letions from the Ground Water Reserveir

The average annusl amcunts of natural ground water depletions
over s period of normal supply, along with their source and derivation,
are shown in Table 52. Average amounts of natural depletions consisting
of subsurface outflows, rising water, sewer infiltration and consumptive
usa of ground water are, with the exception of average subsurface outflow
in the vieinity of Pickene Canyon (29~year average), based on ths trend
curves. The conditions governing thess items are discussed in preceding
portions of this chapter.



TABLE 52

NATURAL GROUND WATER DEPLETTON
UNDER SAFE YIELD CONDITIONS

In 1,000 Acre-Feet

Seinsiof Mapienige P mﬁnm@ffs'

1. Subsurface outflow, passing Gage P-57 0.3 0.3 0.2
2, BSubswrface outflow, vicinity of

Pickens Canyon 0.3 0.3 0.3
3. Consumptive nse of ground water by

riparian vegetation 1.0 0.7 0.5
L. Consumptive use of ground water in _

high ground water areas 1. 0.9 0.5
6. Sewer infiltration 1.5 243 3.1

7. Total natural ground water depletion .6 L.5 L7

Soures and derivation of values by item number:
Item No.

1. Subsurface outflow at Gage F-57 from trend curve, Figure 13.

2. ©Bubsurface outflow in wicinity of Pickens Canyon taken as the
29~year average from Tabla 31, page 140.

3. Consumptlve use of ground water by riparian vegetation from

~ trend ourve, Figure 13.

Li. Consampiive use of ground waber in high ground water areas
from trend curve, Figure 13.

5. Riming water from curvs on Figure 12, Maximum increase in
storage above 1957-58 level under safe yield conditions
over & period of normal native supply is 200,000 acre-fest.

6. Sewer infiltration fyom trend curve, Figure 13.

7. Total of columns 1 through 6.



Net Recharge of Native and Delivered Waters
The net recharge from normal native mupply and average delivered
water requirement 1s determined in Table 53 and is equal to the difference

between the gross recharge and naturil ground water depletion. The deber-
mination of net recharge demonstrates the affect of urbanization on recharge.
The average gross recharge of native water wes spproximately 5,000 ncre-feet
greater for 1949-50 safe yleld conditions than for the 1957-58 conditione,
The average gross recharge of the delivered water requirement was approxi-
mately 10,000 acre-feet loss for 1949-50 conditions than for 1957-58 condi-
tiens. The decrease in recharge of native water is primarily due to improve-
iment of the drainage system. The increase In rocharge of delivered water is
due to the increase in cesspocl recharge which has accompanied urbanization
of the area. The average natural depletions are approximately the -same for
the three safe yield years. The resulting average net rscharge for 1954-55
safs yield conditions ie approximately 5,000 acre-feet greater than for the
1949-50 conditions and has remained about the same for 1957-58 conditions.
The incrsass in recharge of deliversd water has theérafore kept pace with the
decrease in recharge of native supply. It shenld be noted that if the entire
args were comnected to the sewer system the recharge of delivered water would
be considerably lsss.
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TABLE 53

NET RECHARGE FROM NORMAL NATIVE SUPPLY
AND AVERAGE REQUIRED DELIVERED WATER

In 1,000 Acre-Feet Per Annum

Ttem

1. Aversge gross recharge from precipi- , - o
+ tation on land use areas 2k.5 2h.6 23.6

2. Averags gross recharge from native _
spresd water 6.0 8.0 6.2

3. Average gross recharge from native
water in the stream system on the o _
valley £111 area 3.2 27.9 26,7

h. Average gross recharge of native
waters (total native except
Tunoff to reservoirs)

6.7
g ‘“&ﬁ':;ﬁ:hﬂp from average: 52,4 60.6 2.6

11h,1

b

6. Average gross recharge of delivered
and native waters

7. Average natural deplations of greund

water A5 L.7
8, Average net recharge of native and _ _
delivered waters 109.5 1146  11h.4

Source snd derivation of values by item number:

1. Prom Table 48, Item 3.

2, Tron Table 50,

3, From Table 51, Column 9 (29-ywar average).
h. Totsl of Ttems 1, 2 and 3.

S. From Table 47, Ttem 8.

6. Total of Ttems L and 5.

Te From ‘l‘ibla 52, I't.en Ts
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Evaluation of Safe Yield

‘The average nst recharge from normal native supply and from average
delivered water requirement can be the safe yleld only if the deliversed waber
requirement of, and export from, the valley £i11 area is met by import and
ground water yield of imported and native waters. Thms, the amount of safe
yield 1s affected by both the import and export conditions adopted for its
determination,

Since the Order of Reference requires a debermination of the effect
of import on safe yield, and since export is related to import and also to
the use of water in the City of los Angeles cutside the valley f111, the
average hisboric amounts of import and export are used as a safe yield condi-
tion., The historlc amounts of import to and export from the valley f£ill area
are plotted cn FPigure Ui and trend curves representing the averages drawn.
The ground water export (sum of columns 6 and 1, Table 3h) includes amounts
exported to hill and mountain areas and to areas ocuteide the Upper los
Arigeles River area. The annual amounts of import (eolumn 1, Table 3h)
plotted on Figure 1l sre those amounts availsble on the valley £ill ares
after correciion for changes in reservoir storage and &o not include
amounts of rain and runcff entering the water supply reservoirs (eclumn
13, Table 20). Tt is apparent from Figure 1l that the historic amounts
of each are influenced by both precipitation and operabional procedures
of wmnicipal water supply systems. The average amounts of import and
export taken from Figure 1h and the difference bebwesen them are shown
in Table Sk

-2l



&

096561

+H 96-¢s61

f.‘.;‘, EmmE

:

1
1
k|

7 N O il
gt
ol

| gyethbt

e

P,

P Aren:

HERST

WATER YEAR

e

it

Taport to the Valley

Grownd WataF Export from Valley Fill Area

B
1T
RENN

-T¢61

T

4
:
B

180
160

g 83 8 2 8 g
3081 aJoy OOQ'T

THE VALLEY FILL ARBA
245

TREND CURVES FOR IMPORT TO AND EXPORT FBROM

ald



TABLE Sk

___AVERAGE JMFORT AND EXPORT
CONDITIONS FOR SAFE YXELD DETERMINATION

In 1,000 Acre-Feet

1. Import (Figure 14) 146.8 161.0  168.0
2, Export {Figure 1) _19.5 _90.5 93.5
3. Import minus export 67.3 70.5 h.5

Safe Yield

Computation of safe yleld fivst requires the evaluation of net
recharge from native and imported water under safe yleld conditions. Net
recharge from these sources is the gross recharge less natural ground water
depletions. Net recharge has bean thus derived under Ifem 9 of Table 55,
Since there is no return ficm ground water pumped for exportation, ths
total safe yleld is equal to export plus the remaining net recharge con-
verted to equivalent pumpage. Amounts of safe yisld thus derived in Table
55 are 100,800, 100,400 and 97,600 atre-feet for 1949-50, 195455 and
1957-58 respectively. The safe yield of normal native supply and of average
historic import are shown in Table 55 and have been determined by splitting
the total safe yleld in the ratio of gross recharge from both sources with
the recharge from runoff to reservoirs being included under native supply.
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TABLE 55
SAFE YIEID
In 1,000 Acre-Fest

Ttem

AVERAGE  GROSS GROUND WATER RECHARQE
OVER A PERIOD OF NORMAL NATIVE
SUPPIX

1. Gross recharge of average import 38.0 k3.5 Lh.5
De’bamtned i‘rom . _
b, Pement m‘.‘ delivered water » _
becoming gross recharge 25.9% 27.0% 26.5%
2. Gross recharge of rmnoff to
reservoirs 0.2 0.2 0,2
Determined from:
a8, Adverage yunoff to

_ reservoins 0.6 0.6 0.6
b. Parcent of delivered watser _ _ , ,
becoming gross recharge 25.9% 27.04 26,54

3. Gross rechsrge of normal native
supply exclusive of runcff to

reservolps 617 58.5 56,5
L. Total average gross ground water B
recharge 99.9 102,2 101.2

AVERAGE GROUND WATER DRAFT OVER A
PERTOD OF NORMAL NATIVE SUFPLY
5. Average natural ground water

dePlﬁbiO!lB 4.6 4.5 L7
6. Average ground water export ,
from the valley £ill area 79.5- 50,5 93,5
7. Subtotal - ground water o ' .
_ depletions and export BL.1 95.0 98.2
8. Net recharge remaining for use N -'
ag deliverad water on walley
£417 15.8 1.2 3.0
9. Net recharge remaining {Ttem §) -
converted to pumpage 21, 2.3 hel
Determined from: '
a. Percent consumed or
leaving valley fill area
sxclusive of ground o S
| water export %1% 73.0% 13.5%
SAPE YIEID
10, Safe yleld of average impoit and _
normal native supply 100.8 200.4 97.6
Prorated intos
a. Safe yleld derived from _
average import 38.7 2.7 42.9
b, Safe yield derived from _ ‘
normal native supply 62,1 57.7 5h.7

Source and derivation of amounts shown on rblio#ring page.
«2}6b~
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TABIE 55

SAFE YIEID
{continued)

Source and derdvation of amounts by item. number:

1.
la.

9a.

10a,
10n,

Product of Ttems la and 1b,

Trend curve on Figure 1l, page 245,

Ttem 9, Table 47, page 23).

Product of Ttems 2a and 2b.

29-year average in Column 5, Table 51, page 238.
Ttem 9, Table h?) age 2,31!

Ttem k4, Table 53, page 2L3.

Sum of' Ttems 1, 2 and 3.

Ttem 7, Table 52, page 2lil.

Trend gurve on Figure 1L, page 245,

Sum of Ttems 5 and 6

Ttem 4 minus Ttem 7.

Ttem 8 divided by Item 9a and miltiplied by 100.
100 percent minus Ttem 1b.

Sum of Items 6 and 9.

Ttem 1 multiplied by Ttem 10 and divided by Item L.
Ttem 10 less Ttem 10z,

~2}47-



The relationship between delivered water required under safe yisld
conditions and the deliversd water available under the same conditions is
get forth in Table 56. The water requirements are those determined in Table
16 plus the export of ground water from the valley Fill area., The availabla
water 43 the sum of native surface water diversion, imported water, and
puniped ground water which is limited o the safe yleld. Since the availsble
water is less than the required water, it is apparent that under the import
and export conditions set forth, a greater amount of ground water has his-
torically been extracted than was replanished by recharge fiom normal native.
supply snd average import. The result of this condition has been & progres-
give annnal reduction of ground weter in storage. To sliminate the deficiency
that would exist between the water requirements under safe yield conditions
and water supply under safe yleld conditions, it would be necessary to adopt.
one or a combination of the following:

1. A reduction in extractions for exp
Table 56, while meeting average import and delivered water requiremerts.

2. An additicnal import in the amount of Item 12, Table 56, while

rt in the amount of Item 12,

meeting average export and delivered water requirements,

3. A reduction in extractions for delivery to the valley £111
area in the ampunt of Ttem 10, Table 56, while meeting average import.
and export requirements,

~28=
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TABLE 56

RELATTONSHIP BETWEEN WATER HEQUIREMENTS
AND WATER SUPPLY UNDER SAFE TIELD CONDITIONS

Iten

WATER REQUIREMENTS
1, Average delivered water requirément,
valley £111. area
2, Average export from valley £111 area
3. Total water requirement

WATER SUFPLY

Lk, BSurface diversion

5. Runoff to reservoirs

6, Safe yield derivad from native sources

7. Average import

B. Safe yield derived from average import

9., Toetal water available to satisfy
average delivered water requirement
and average export

DEFICTENCY

10. Portlcn of the total water requirement
not satisfied by total water
available

11. Percent of delivered water consumed or
1saving valley £ill area exclugive
of ground water axport

12. Water requirement deficiency expressed
as delivered water consumed opr
leaving valley fill area exclusive
of ground water export

202.6 22).3 236.5
282.1 31k, 8 330.0
0.0 0,0 0.0
&3 s st
62,1 24 > - T
146.8 161.0 168.0
38.7 2.7 k2.9
2}8.2 262,0 266.2
33.9 52.8 63,8
74.1% 73.0% 73.5%
25.2 46.8

38.5

Source and derivation of amounts by item rumber:

Ttem No.

1. Tiem 7, Table 45, page 229, Ts

-2‘ M B‘llm, ma lh.’

page 245, 8.

3. Sum of Items 1 and 2.

. Aspamed to be zero (see 9.
page 222), 10.

5. 29-year average in column 5, 11,
Table 51, page 238. 12,

6. Item 10b, Table 55, page 2libh.

-2{;9-

Trend curve, Figure 1,
It;’:ggoa Takle 56
o,

page
Som of Items i through 8.

Ttem 3 minus Jtem 9.
Item 9a, Table 55, page 2L6b.
Ttem 10 multiplied by

Ttem 11.



That the foregoing amcunts represent a consumptive demand thab
would not be satisfied under conditions of average import and export, is
shown in the following example for the 1949-50 safe yield year be comparing
the consuiptive use and outflous of delivered water and ground water to the
water avallable to satisfy these demands.

The consumptive demand consigts ofi

consumptive ise and outflows of delivered water
ot 150,200 acre-fect (Tiem 7, Table L7, page 231).

A natural depletions of ground water of 4,600

am-rmtem 7, Table 52, page 2j1).

Average export of ground water of 79,500 acre-feet

(Item 2, Table Sh, page 21;6).

For & total consumptive demand of 23k,300 acre-fest:

The water avallable to satisfy the above demand consists ofi

Average grose recharge of native waters of 61,700 acre-feet

{Ttem 3, Table 55, page 2hibb).

Average runoff to reservolrs of 600 acre-feet {29-year
average in Column 5, Table 51, page 238).

Average import to the valley £111 area of 146,800 acre-feet
{Ttem 1, Table 5L, page 2L6).

For a total avallsble water of 209,100 acre-feect.

The éexcess of consumptive demand over available water amounts
to 25,200 mere-feéb and is eguivalent to the 25,200 acre-Peet
determined as Ttém 12 in Table 56,

Effect of Import on Safe Yield

Importation of foreign waters increased the safe yield of the
ground watsr reservoir by 38,700, 42,700 and 112,900 acre-feet for the
respective safe yield years of 1§49-50, 1954-55 and 1957-56, 4As a result
there wvag a decrease in deficisncy of supply to wmeet the water requirements

of the culture existing during the mafe yield years to less than the deficiency

which would have occurred had local sources bheen the sole supply.
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CHAPTER VIII. THE USE OF WATER BY
THE: CITY OF LOS ANGELES AND ITS INHABITANTS
The scope of this chapter is limited to an evaluation of the
gross water nse from all sources by the City of Los Angeles and its
irhabitants within the territory of the original Pusblo (since 1948) and
within its expanded toundaries, and of the amounts of water distributed
by the City of Ios Angeles for use outside its boundaries, and satisfies
£he requirements of Papragraph I-5 apd I-6 of the Order of Reference.

Use of Water by the City of Log At_l_ggles
Within the Territory of the Original DPueblo

The priginal Los Angeles Pueblo area contained four square
leagues, the Spanish squivalent of 17,756 acres. However, the title of
the land given to the City as a snccessor to the Pueblo, as surveyed in
1858, was only 17,172. The boundaries of the original Pueblo are
delineated and recorded in the Book of Patents Number 3, pages 64 and 65,

The amount of water delivered by the City of Los Angeles for
use within the originsl Pueblo boundary, as shown on Plate 36, has been
determined by the City of Ios Angeles for the period frem 1949-50 through
1957-58. These values, ipcluding both measured and estimated amounts,
consist of metered sales to customers, water pumped by the Uity Department
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of Recreation and Parks for irrigation of Elysian Park, and unaccounted-
for water donsisting of pipeline lsakage and other minor losses. These
values, tabulated in Table 57, do not include reservoir evaperation of
approximately 175 acre-feet por year and a minor amount of pumpage from
private wells within the pueblo area.

TABLE 57

USEDFWATERBIMGMOFMSMEIES %
TE’EIIN!IKETERRI’MH()F'MEQBIGINALPUEBID

Hydrologic year Deiiveriéa_, .:I.n» acre-feet

1949-50 73,533

1950-51 65,445
St &5
535l 86,771
sh=55 62,564

1955-56 63,673
56-5T 61,368
5758 60, 592

# 45 per Patent 3, pages €4 and €5, enconpassing
17,172 acres.
By applying the water requiremenbs given in State Water Resources
Board Bulletin No. 2l to the acreage of the various types of culture as
determined in 1955 by thé Department of Water Rescurees, the values deter-
mined by the City of los Anpeles. appear reasonable, The existing culture
1s predominantly residentlal and Indusirial and commercial and includes &
small amount of irrigated agriculture.
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Use of Water by the City of Los Angeles
Within its Expanded Boundaries

The total use of water by the City of Los Angeles within its
expanded boundaries, including the original Pueblo, is considered to be
that quantity of water which has been delivered to its distribution system
to supply demands for all uses within the boundary in existence at that
fime. The present boundary of the City of Los Angeles and the changes in
the boundary that have occurred from time to time are shown on Plate 36.
In addition to consumer deliveries, use ineludes operational losses and
use by the several city departments. Records of ground water pumpage by
all private parties for use within the city!s boundaries are not readily
available and therefore are not included in the values of total use pre-
sented herein. Water distributed for use outside the city boundaries is
discussed subsequently and included in the total use.

Water delivered to the City of Los Angeles distribution system
includes the major portion of Owens-Mono Basin import measured in San
Fernando Valley, Colorado River water measured at the several connections
to Metropolitan Water District feeders and all local extractions by the
several city departments in the Coastal Plain and in San Fernando Valley.
Owens-Mono Basin water which is spread in San Fernando Valley and that

which is splilled into the Los Angeles River were not considered to be in
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the distribution system and were subtracted from the measured import.
Exchange of water between the City of Los Angeles and The Metropolitan
Water Distriet has occurred in several instanges where the city supplies
other agencies and is reimbursed with Colorado River water. That guan-
tity has been subtracted from the city's Colorado River import. Measuved
change in storapge in the surface reservoirs within the city's boundaries
has also been included in the determination of total use.

Table 58 shows the water use within the expanded boundaries of
the City of Los Anpeles along with the items .of supply %o the distribu-
tion system and the modifications that were made in arriving at the use
values.

A portion of the water used by the City of Ios Angeles is
extracted from the ground water supply of Central and West Coast Basins
in the Coastal Flain. There sxigts, however, a state of overdraft in
each basin (References: State Water Resources Board, "Central Basin
Igvestigation®, Bulletin No. 8, March, 1952; Department of Public Werks,
Draft of Report of Referse, West Coast Bawin Reference, February, 1952).

The amounte of ground waler extracted by the City of Los
Angeles from areas outside the Upper Los Angeles River area and used by
the City of Los Angeles within its boundaries, are listed in Table 59.
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TABLE 59

GROUND WATER EXTRACTED BY CITY OF LOS ANGELES FROM
AREAS OUTSIDE THE UPPER LOS ANGELES RIVER AREA

In Acre-Feet

3 Gmnngl water axtract.tnns outsm
Year ’;' . 165 Rive
1928-29 17,984 839 18,823
29-30 18,950 839 19,799
1930~31 15,567 839 16,406
32-33 8,531 330 9;361
33-3); 9,805 Blio 10,61:5
3h-35 10,583 67 11,350
1938=36 3’591 903 L, ioh
36-37 2,983 850 3,833
37-38 3,23 762 14,185
38-39 2,k82 921 3,403
39-h0 2,195 1,090 3,285
1940-41 2,392 1,000 3,h02
L1-}2 2,785 516 3,301
L2-13 3,633 172 3,805
L3-Ll; L,552 109 h 661
Lh-L5 6,52L 5 6,529
19U5-i6 9,113 85 9,198
Le-h7 By 39k 1n3 8,507
L7-48 8,113 503 8,916
18-4i9 7,800 780 8,580
Li9-50 10,496 98 11,iak
1950-51 1,597 3N 1ly, 968
51-52 14,881 iz 15,302
£3-5l 19,130 289 19,719
5h=55 18,035 262 18,297
1955-56 16,798 262 17,060
56<57 17,172 262 17,43k
5750 .16,1;36 h8 15,48)

a. From wells owned and opnratad by the City of
Los Angeles and their predecessors in Central,
West Coast and West Coastal Plain-North Bazing..
b. Airports and Harbors (see Table §1),
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W

Water Distributed by the City of Loz Angeles
¢ Zfor Use Ouiside Its Boundaries

Records of watsy distributed by the City of los Angeles for use
outside its boundaries, but not indluding unmeasured distribution along
the Los Angeles Aqueduct or exchange water supplied to obhers for The
Metropolitan Water District, are readily available only for the period from
1950-51 through 1954-55 and for the year 1959-60. The water so distribubted
during the 1950-51 through 195455 period is grouped into fotir categories:
(1) acquired services are those served by a water company purchased by the
Bity, (2) governmental services are élther Fedeval, State, County or City
agengies, (3) miscellaneous services are those in unincorporated areas and
() reciprocal services are those in adjacent incorporated mnieipalities
and in County Water Works District Ne. 3 supplied by the City and, in
return, the City of Ivs Angeles is given a like amount by the entity in
which ‘the services are located, The water distributed during 1959-60 is
shown as a tobal of these groups.

Amcunts of water delivered by the Gity of Los Angeles for use
to parcels partially outside and to parcels eompletely outside its bound-
aries for the S5-year period from 1950-51 through 195455 are shown in
Table 60. The total amcuni merved to both types of parcels is also shown
in Table 60 for the period 1950-51 through 1955-60,
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TABLE 60

WATER DISTRIBUTED BY THE CITY OF LOS ANGELES T0
AREAS OUTSIDE AND PARTTALLY OUTSIDE ITS BOUNDARIES

In Acre-Feet

mis‘hrl'buted to s

“Distributed 4o

{Distributed to Parceis

Year :parcels outside: parcels partially a wholly and partully
¢ city boundary 'auts:lde eity bcundaz;y .nutszlde city boun

1950-51 4,316 1,489 5,805
195152 1,865 1,169 6,33L
1952-53 5,260 1,800 7,061
1953-54 55386 1,868 7,251
195L=55 5,362 2,0k 7,406
1955-56 - - 7,699°
1956-57 - - 7,993
1957-58 = = 8,286°
195859 - - 8,580°
1959~60 - - 8,873

a. Includes water deliversd within the city boundary.

b. No data available, amounts estimated by interpolation

between 195L-55 and 1959-60

72252 B-52 350 SP0
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