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APFENDIX A

GEOLOGY

The geology reported herein has been limited primarily to those
geologic features and conditions within the watershed of the Los Angeles
River above its confluence with the Arroyo Seco, insofar as they affect
the occurrence and movement of ground water, The features and formations
described herein are shown on Plate L, Areal Geology, and on Plates 5, and 5A

through 5H, Geologic Cross Sections.

Previous Investigation

Several bulletins and papers have been published dividing the
area under investigation into numerous basins and subbasins. For the most
part these divisions were made at or near locations where there is a change
in ground water storage capacity, a drainage divide and/or structures that
delay to varying degrees the flow of underground water toward the los
Angeles Narrows,

These bulletins and papers dealing with the geology in the
vicinity of the area of investigation pertain mainly to the sedi-
mentary and crystalline rocks in the hills and mountains around the edges

of the valley fill,

Division of Water Resources Bulletin No. bEl/ contains a detailed

and broad coverage on the geology of the area of investigation and its

effect on ground water, Particular reference is made to the geologic
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features of the valley fill and tc the water-bearing series. This work
has been studied in detail and data pertaining to specific yield and
storage capacity have been modified and utilized in the present investi-
gation as shown in Appendixes D and Q respectively. The modjifications

are based on an additional 25 years of records and data.

Regional Geology

The main valley floor is in general an alluvial-filled bas?n
approximately 23 miles long and 12 miles wide, Based on physiography
and/or geologic features, the valley fill contained within the hydrologic
boundary of the basin has been divided into four hydrologic subareas (see
Chapter III). Little is known of the depth of valley f£ill in the central
and eastern part of the San Fernando Hydrologic Subarea where the depth of
£ill may exceed 1,000 feet in the area to the west of the City of Burbank.

The geologic events which affected the valley floor and the
bordering hills and mountains as a whole during the formation of the
structural features must be considered as well as features now expressed.

by surface topography in order to depict their effect on the occurrence

and movement of ground water.

Geologic Formations
The geologic formations may be divided into two groups, the

nonwater-bearing series and the water-bearing series.
The nonwater-bearing series do not absorb, transmit or yield

water readily. They are the Basement Complex rocks and the Cretaceous and
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Tertiary sediments of the Chico, Martinez, Domengine, Topanga, Modelo
(Puente), Repetto and Pico formations.

The water-bearing series which absorb, transmit and yield water
readily, consist of the alluvial deposits of Quaterpary age occurring in the
area and are classified as the Saugus formation, Older alluvium (terrace
deposits), and Recent alluvium. This study deals mainly with the character
and extent of the water-bearing series.

The stratigraphy of the area of investigation is shown in
Table A-1.

The geological mapping performed by many previous workers has
been compiled and supplemented where necessary by work of the staff of the
Board and is presented as Plate l, entitled "Areal Geology". The
references utilized in the compilation of the map are listed in the biblio-

graphy as Nos. 1 through 18, inclusive,

General Geologic History

The metamorphosed pre-dJurassic sedimentary and igneous rocks
found in the Basement Complex in the mountains and hills to.the north, east
and south of San Fernando Valley indicate that these rocks were intruded,
faulted, and metamorphosed prior to the intrusion of the pre-Cretaceous
granitics,

The Cretaceous rocks found in the hills and mountains in the

southern and western portion of the area and their absence in the eastern

portion indicate the presence of a sea in the western porticn of the valley
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Tertiary
nwater-bearing)

Cretaceous

Quaternary

(water-bearing)

(no

(nonwater-

bearing)

Upper
Pleistocene

Lower
Plelstocene

Upper
Pliocene

Lower
Fliocene

Upper
Milocene

Ficdle
and/or
Lower
Mlocene

Middle
Eocene

Lower
Eocene

Upper
Cretaceous

Geologlc formation

Alluvium

Older alluviun,
terrace deposits,
and slightly lolded
Pacoilma formation.

Saugus formation
(Sunshine Ranch
formation included)

Pice formation

Repetto formation

Modela formation
(called Puente
formation at

Los Angeles River

WY WITIDN 1o% ANGELES RIVER WATKROHED ABOVE CONFLUENGE WITIL ARROYO SEGO

Narrows, Bulletin L5)

Topanga formation

Domengine formation
{Meganos formation
Bulletin L5)

Martinez formation

Chico formation

Granodiorite
Granite
Quartz Diorite, etc.

Santa Monica Slate

Pelona schist,
Placerita serles,
etc,

TABLE A-1

Description

Poarly soried, urconsolidated, coalescing
2lluvial [an deposits of sand, gravel
and clay. Generally undissected and
undeforned.

Local unconformity

Alluviel terrace deposits around hasin
margin and thick series of poorl™ con-
solidated continental gravels, sands and
c¢lays, Characteristic red or btrown
weathered surface, Deformation penerallv
slight at surface but increases with
depth. Some layers of fossil soils.

al unconformity

Continental and marine poorly consoli-
dated folded conglomerates, sands, silts
and clays.

Local unconformity

Blue sandy shale and siltstons with sand-
stone and conglomerate lenses. Frincipally
marine. Consolidated and cemented.

Marine blue and brown siltstone and
mudstene, arkose, sandstons and
conglomerate, Some fossiliferous
and petroliferous teds.

Local unconformit,

Alternating marine snele and sandstone
rmemters. Thin-bedded cherty silicecus
shale, diatomaceous shale ard diatomite
varying to clayey and sandy facles. Thick
coarse massive arkosic sandstone and
conglemerate with interbedded fine sand-
stone and shales. Sharp local variations.
Assoviated with intrusive and extrusive
basalt and other igneous rocks.

Local unconformity
Northern portion of valley continental
arxose, conglomerate,red and vellow
beds. Intervedded andesite and basalt
flows. Souttern and western portion of
vellev principallv marine with some
continental beds in lower part.
Unconformity
Marine gray to greenish hard calcareous
sandstone and conglomerate.
Local unconformity
Marine greenish-black sandstone, dark
shale, coarse conglomerate.,
Unconformit~
Upper portion marine massive hard coarse
conglomerate with some sandstone and shale;
lower portlon soft red conglomerate and
sandstone probably continental deposit.

Unconformity

Granitic intrusion

Black slates with schist facies

Undifferentiated metamorphic and granitic
rocks, schiets, gneiss and variety of
crystalline rocks.

Remarks

Yore gravels in eastern part of
valley and fine grained with high
clav content in western portion

of vallev.

Generallw more clayey and
compacted than Recent alluvium,
Yore rravelly in east and more

clayey in west.

Continental alluvial fan deposits
along north central portion of
valley; marine finer sediments to
Yiot found aleong southern
or eastern portlon of valley.

weat,

Found only aleng narthern portlon

of valley.

Found only along northern portion

of valley.

Found sround the perimeter of the
vallev and probably underlies

vwhole valley.

5mall outcrops in hills and
mountains in northwestern portion

of valley.

Found along DeMille fault in San
Gaoriel Mountains and in Simi
Hills at western tip of valley.

Found in hills and mountains
sround westerr portion of valley.

Santa lonica Mountains southerly

of Encino Reserveir

Found in San Gabriel Mountains,
Santa Monica Mountains, Verdugoe
Hills and San Rafael Hills

LN1lCKess,

in feet

0-100%

0-2000%

0-6000%

1500-3000%

1.00-3000%

14000-7000%

+

700-7500-

250-900%

250-900%

5000-7000=



during the Cretaceous. It is quite probable that during this period of
submergence the eastern portion of the valley was above sea level and
undergoing erosion,

For the most part the whole area was undergoing erosion during
Bocene time, with the exception of portions of the Santa Monica Mountains,
Simi Hills and the Santa Susana Mountains where relatively thin sections
of Martinez and Domengine were deposited.

During lower to middle Miocene time, continental deposits of
red and yellow arkose, conglomerate, and interbedded volcanic flows were
deposited in the northern and eastern portion of the valley. These beds
appear to grade westward and southward into shallow water deposits of the
Topanga formation., Fragments of Santa Monica slate (Triassic ?) are
found in the Topanga formation along the southern portion of thé valley,
indicating that these sediments were derived from the ancestral Santa
Monica Mountains.

In middle Miocene time, seas of the Ventura Basin extended over
most of the area and by upper Miocene time had extended to a shoreline on
the foothills of the ancestral mountain ranges around the margin of the
basin now existing as the San Fernando Valley. In thesec seas were de-
posited the sediments of the Modelo formation. The upper Miocene marine
deposits (Puente formation) found in the Los Angeles Narrows area are
similar to and are the same age as the Modelo but were probably deposited
by an arm of the sea extending from the south. '

At the close of the Miocene epoch, some movement took place on

the San Gabriel and related faults and the Modelo seas receded slightly.
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Tt was in this relatively shallow sea that the nonwater-bearing Repetto
and Pico formations were deposited. During middle and upper Pliocene time
there was significant uplift of the area, accompanied by some faulting and
folding., Middle Pliocene seas extended eastward from the Ventura Basin as
far as Sunland. Pliocene deposits are noticeably lacking in the Santa
Monica lMountains.

Rise of the San Gabriel Mountains and other ranges and hills was
accelerated during lower Pleistocene time. The water-bearing Saugus
formation (including Sunshine Ranch formation ~ Oakeshott, 1958)2/ is
represented by fluviatile and alluvial-fan sediments derived during the
lower Pleistocene from the then existing San Gabriel Mountains which
merge into marine sediments derived from the Santa Susana Mountains to thne
west., There is no evidence of a similar deposit along the base of the
Santa Monica Mountains, indicating that during Saugus time this porti;n
of the area was undergoing erosion.

The mid-Pleistocene orogeny was the major event in building of
the modern mountain ranges and hills around the perimeter of the valley.
At that time, the Saugus and all older formations were intensely folded and
large movements took place in the San Gabriel and other fault zones at the
northern edge of the valley. The Santa Monica Mountains, Simi Hills and
Santa Susana Mountains were elevated with the latter two cutting off the
San Fernando Valley from the Ventura Basin, The major streams accelerated

their erosion and incised deep canyons in the mountains. Some of the first

products of post-Saugus erosion are represented in the dark brown and
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reddish fanglomerate of the Pacoima formation (Oakeshott, 1958).2/ Strata
of this formation have been locally folded in and near fault zones, parti-
cularly in the fault zone west of the Veterans Hospital north of the City
of San Fernandoe,

Post-Saugus erosion of the higher lands has continued through
upper Pleistocene to the present time. Erosion during this time has been
modified, accelerated, or interrupted by repeated near-vertical elevation
of the mountain masses. A succession of terraces produced by deposition
from the various streams have been developed and then incised or eroded as
the stream gradient was modified, Most of the terrace deposits parallel
present drainage courses and were, therefore, quite evidently left by these
streams in earlier cycles of erosion.

Erosion and elevation of the land mass has continued to the present
time. The alluvial £ill during this time has been derived from two types of
material which have a profound effect on the permeability of the aquifers
end on the quality of the water. West of the vicinity of San Fernando
Reservoir and along the southern portion of the valley, loc;l streams from
the hills have deposited debris from predominantly sedimentary rocks of
that region forming relatively tight deposits that have low specific yields.
Easterly of San Fernando Reservoir, Pacoima, Little and Big Tujunga,
Verdugo, and other streams along the northern edge of the valley have
deposited alluvial cones consisting almost entirely of coarse crystalline

debris of high specific yields from the San Gabriel and Verdugo Mountains,
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The coalescing alluvial fans from the major tributaries to the
north have pushed the Los Angeles River to the southern edge of the valley

and indications are that these conditions existed in the past.

Nonwater-Bearing Series

The nonwater-bearing series, which is made up of relatively
impervious formations that underlie and surround the more pervious for-
mations differs from the water-bearing series essentially in three respects:
(1) the nonwater-bearing series is for the most part relatively impervious
and, therefore, stores comparatively little water which it yields to wells
very slowly; (2) where pervious beds or zones occur within the nonwater-
bearing series the movement of ground water and recharge from surface
outcrops is generally so restricted by faults, structural position, or
physical character of the materials that supplies obtained from such beds
or zones are too limited and of too uncertain permanence to be comparable
to ground water supplies obtainable from the water-bearing series; and
(3) the quality of the water found in these formations is usually poor to
unusable.

Several types of openings occur in the nonwater-bearing series,
the principal ones being: (1) original interstices in porous beds of
the sedimentary rocks; (2) interstices in the weathered zone; (3)
fractures and joint openings below the surface (including openings along
bedding planes and planes of schistosity); and (L) openings caused or

enlarged by solution of the country rock.
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In most places both the sedimentary and crystalline rocks are so
tight that they yield very little water to wells and consequently are of no
value except for domestic or stock-watering purposes, The limited amount
of water contained in the nonwatefJbearing series in the hill and mountain
areas is available for transpiration and evaporation and support of effluent
stream flow, Since the rate of movement of water through the nonwater-
bearing series is generally slow, water derived from one season!s precipi-
tation may be held over for use in ensuing years. In a few places pervious
strata or fracture zones in the nonwater-bearing series may yield water
freely to wells, However, in most cases such production is short lived

because of the relatively small storage capacity and inadeguate recharge.

Basement Complex

Basement complex is a term applied to the o0ld, pre-Cretaceous
series of crystalline and metamorphic rocks that comprise the basal for-
mation within the region. It is chiefly composed of igneous granitic rocks
and various intrusive dikes, together with their related metamorphic phases,
such as schists, gneisses and slates, It comprises the main mass of the San
Gabriel Range and Verdugo Hills to the north, as well as portions of the
San Rafael Hills to the east of the area, and the Santa Monica Mountains to
the south. These rocks have an average porosity of less than one percent.
The permesble openings have developed since the formation of the rocks.
Below the soll mantle, the openings are principally joint fractures, cracks
along the planes of schistosity and fractured materials near faults. Joint

cracks are confined chiefly to the zone of weathering and die out rapidly
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with depth. Cracks along planes of schistosity diminish in number and
become tighter below the weathered zone.

The schistose rock, which includes gneisses, schists and slates,
has a relatively poor yield of ground water but is better than the more
massive granites, Rocks of these types crop out principally in the Santa
Monica and San Gabriel Mountains. Small continuous flows are obtained from
a number of tunnels which have been driven into these rocks along the
southern base of the San Gabriel lMountains., Water seeps into the tunnels
from cracks in crushed zones or along planes of schistosity. Experience
in driving tunnels into these banded crystalline rocks has shown that water
pockets exist in crushed zones with water stored under rather high heads.
As the stored water drains, the flow gradually diminishes, Permanent flows
from tunnels up to 700 feet long in this rock unit seldom exceed 20 to 30

gallons per minute.

Upper Cretaceous Sediments

The Chico férmationg/ found in the hills and mountains around the
northwestern perimeter of the valley floor consists of compacted and
cemented marine deposits of massive, hard, coarse conglomerate with some
sandstone and shale in the upper portion and soft, red conglomerate and
sandstones of probable continental origin in the lower portion, In most
cases the original pores have been closed, making these rocks similar in
water-bearing properties to the Basement Complex. Widely spaced jointing,
cracks along planes of bedding, and fractures furnish practically the only

avenues for percolation of ground water and most of these die out with depth.
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Lower and Middle Eocene Sediments

The lower Eocene Martinez formation and middle Eocene Domengine
formation found in small outcrops in the mountains around the western and
northern portion of the valley floor are for the most part cemented marine
shales, sandstones and conglomerates. Their water-bearing properties are
similar to the upper Cretaceous Chico formation. These formations are not -

extensive and for the most part are impervious, therefore are unimportant

as possible sources of water.

Miocene Volcanics

Throughout the Topanga formation, volcanic flows and breccias
associated with intrusive sills and dikes are common. The flows and sills,
like the Basement Complex, are crystalline rocks but the breccias are
clastic deposits with high original porosity. Thin beds of impervious
bentonitic tuff are relatively common in the Modelo formation.

Jointing due to shrinkage that accompanied cooliné and subsequent
deformation of the solid lavas has shattered many of them to such an extent
that they have become more or less permeable. The breccias agd tuffs are
noﬁ completely cemented and are also permeable. It is possible that where
lavas lie beneath the water table but are within reach of shallow wells,
good domestic supplies, and in a few instances sufficient water for local
irrigation purposes, may be obtained.

Distribution of the volcanics, which generally occur in
comparatively thin beds and often in positions unfavorable for storage of

water, limits the usefulness of these rocks as ground water reservoirs in
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the area. Supplies available from this source are relatively small and in

U

terms of total water available are considered negligible.

Unner Miocene, Shales, Sandstone and Conglomerates

The Modelo (Puente) shales which crop out over a large part of the

intermediate hills and Santa Monica Mountains are characterized topo-

The scil mantle is only a few feet thick, is very clayey and overlies a
relatively thin weathered zone, The original pore spaces in the shales
have in large part been closed by cementation but where they still exist
they are too small to permit percolation of water through them, Production
¢ weter from the shales is very limited., Some deep wells obtain small
quantities of water from the Modelo in the Calabasas area. Water from this
scurce is of poor quality as it exceeds the recommended limits for total
dissclved solids (1,000 ppm) sulfates (250 ppm) and magnesium (125 ppm) as
set forth by the U. S. Public Health Service.

iMe liodelo (Puente) sandstones are interbedded with the shale
members. Their outcrops are bolder and their slopes are steeper than the
shale but otherwise their topography is similar. The sandstones as a rule
are rather massive and well cemented. At the surface their weathered out-
crops are yellowish brown with prominent partings along contacts between
beds and are cut by widely spaced joints., Generally the unweathered sand-
stone is gray, well cemented and has such a low porosity and permeability
as to be considered impervious, There are some sandstone beds that are

poorly cemented, These beds permit the storage and movement of small



quantities of ground water. Ground water in the sandstones, like that in
the shales, originates from rainfall. The conglomerates of the Modelo for-
mation are generally confined to the lower portion of the formation. A
basal graywacke is well developed where the Modelo formation overlies the
Santa Monica slate. The graywacke is massive and is resistant to weather-
ing. It commonly crops out in a vertical wall 20 to 30 feet high.lg/
The conglomerates are well indurated and have a relétively low permeability.

Although the greater part of the Modelo sandstones and conglomer-
ates are comparable to the shales in their lack of water-bearing properties,
outcrops of pervious sandy and gravelly beds indicate that the sandstones
are not entirely impervious throughout.

The presence of many faults and enclosed structures, together
with the lenticular nature of the permeable beds, prevents deep circulation
and replacement of the original (connate) salt waters of the formation by

fresh surface water.

Pliocene Deposits

Pliocene deposits of the Repetto and Pico formations consist of
clay and silty shales, and soft, fine sandstones which undeélie the water-
bearing series beneath portions of the valley floor and are exposed at
various places in the hills in the northern portion of the area.

Generally, the pore spaces of the Repetto and Pico formations are
too small to permit any appreciable movement of ground water through them;
however, poorly consolidated marine sandstones and conglomerates with high
porosity are present. Although the Saugus beds of this type (Sunshine Ranch

formation) are considered to be a part of the water-bearing series, these beds
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are separated from the water-bearing portion of the Saugus formation by
thick shale members, and belong to the nonwater-bearing series.

The ground water contained in the pervious beds near the surface
is derived principally from rainfall, and percolation from stream beds.
Pervious beds of the Repetto and Pico formations beneath the water-bearing
series, but separated from them by shale bodies, generally contain waters
too high in dissolved solids to be used for domestic or irrigation purposes.
Because these beds outcrop as lenses between finer deposits and have both
small recharge of usable water and limited storage capacities, they are

unimportant sources of ground water.

Water-Bearing Sediments
Ground water occurs in three principal water-bearing series: the
Pleistocene Saugus formation (including upper Pliocene Sunshine Ranch
formation), late Quaternary Older alluvium (including Pacoima formation and

terrace deposits), and Recent alluvium.

Lower Pleistocene Saugus Formation

The Saugus formation in the San Fernando Valley is generally
restricted to marine and terrestrial deposits of probable lower Pleistocene
age (Oakeshott, 1958)3/ usually lying with angular unconformity on forma-
tions of all ages from the Basement Complex to the Pico formation.

The Saugus formation crops out in the hills and southern flanks
of the mountains along the northern portion of the valley floor and under-

lies the other water-bearing sediments. The maximum thickness is 6,400 feet
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as measured on the east side of Lopez Canyon. Two miles east of Little
Tujunga Canyon the formation thins rapidly to 2,000 feet. The formation
also thins in a southwesterly direction to about 3,000 feet at San
Fernando Reservoir. There are no outcrops of the Saugus formation in
the Santa Monica Mountains, Simi Hills or Verdugo Mpuntains, indicating
that the formation is restricted to the northern poFtion of the vralley.

The water-bearing portion of the Saugus formation consists of
light-colored, poorly sorted, loosely consolidated conglomerate and
coarse sandstone, commonly crossbedded, which were deposited as fluvia-
tile and alluvial-fan sediments. Throughout the Saugus formation layers
and lenses of clayey gravel were formed by in-place weathering of the
original materials.

In general, the water-bearing capacity of the Saugus formation

is somewhat lower than the Older alluvium (terrace deposits).

Upper Pleistocene Older Alluvium (Terrace Deposits)

The lower, more folded portions of the Older alluvium ha&e been
differentiated by some investigators from the less folded deposits and
the name, Pacoima formation, (Oakeshott, 1958),2/ has been proposed for
this early-to-middle Pleistocene depesit. Except for the more pronounced
folding and overthrusting of Basement Complex, there 1s little difference
between this unit and the remainder of the Older alluvium.‘

The Older alluvium was derived from deposits left by modern
streams in earlier cycles of erosion with the sources little different

from those of the present streams. With the exception of the remnants

A-19



uplifted and partially eroded around the periphery of the valley floor,
deposition has been nearly continuous to the present time.

Lithologically, the materials in all the Older allyvium and
terraces are broadly similar, consisting of brownish-to-grayish, dirty,
unsorted, angular-to-subangular detritus entirely of local origin. There
are numerous breaks in the deposition of the material during‘'which time
extensive weathering took place, forming horizons of ancient soils.
Consolidation is poor and the deposits are only locally cemented.
Deposition of alluvial materials now taking place indicates that topography
and drainage were closely similar when the Older alluvial deposits were
being laid down. The belts of terrace deposits are broader than present
streanm deposits in some places and were probably formed by streams flowing
at slightly lower gradients and in broader valleys. This would be a logical

explanation, in part, for the finer-grained nature of some of the Older

alluvium as compared to the Recent deposits. The main explanation for the
higher clay content is the formation of residual clays by weathering.

The water-bearing character of these deposits is variable,
depending upon the source area. West of the vicinity of San Fernando
Reservoir and along the southern boundary of the valley, local streams from

the hills have deposited fine debris from the predominantly sedimentary

rocks of that region. East of San Fernando Reservoir, Pacoima, Big Tujunga,

ittle Tujunga, Verdugo, and other streams have deposited alluvial cones

which consist almost entirely of coarse crystalline debris from the moun-

tains to the north.
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Recent Alluvium

Rejuvenation and increased gradient of the streams tributary
to the Los Angeles River at the close of Pleistocene time have accelerated
erosion from the mountains and deposition in the valley. Recent deposits
east of Pacoima Wash and north of the Los Angeles River consist of pre-
dominantly coarse, thick accumulations of boulders, gravels, and sands
in coalescing alluvial fans, becoming finer grained as distance increases
from the canyon mouths. West of Pacoima Wash and south of the Los Angeles
River the sediments are derived from predominantly sedimentary rocks and
are finer grained, and deposited in much the same manner as the underlying

Older alluvium.

Character of Quaternary Water-Bearing Alluvium

As previously stated, the sediments in the western portion of
the valley floor are of a different nature than those found in the eastern
portion and, therefore, have different water-bearing characteristics.

From the logs of wells available, it was not possible to dis-
tinguish the Saugus formation from the Older alluvium, with the exception
of the Sylmar Hydrologic Subarea, so it was assumed that in all other
ereas the two formations had similar water-bearing characteristics.

Well logs show the western part of the valley floor to have an
average of about 75 percent ciay, 5 percent sand, and 20 percent gravel.
Although the smaller streams of this area pfobably bring down consider-
able fine material, the low percentage of sand compared to gravel sug-

gests the finer grained components have been decomposed to clay. These
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sedimentary materials probably break down more readily under the influ-
ence of weathering than do the crystalline rocks in the eastern portion
of the valley. An average analysis of material from wells of the coarser
crystalline material in the eastern portion of the valley floor shows 20
.percent clay, 35 percent sand, and LS percent gravel. These deposits
were originally coarser than those farther west and apparently do not

break down as quickly through weathering.

Structural Features

The structure-of the Upper Los Angeles River area is rather
complicated. The rough surface topography of the Basement Complex and
extensive folding and faulting of the rocxs in the hills and mountains
indicate that the older rocks beneath the alluvium of the valley are
folded and possibly faulted; therefore, the overlying alluvium has a
variable thickness. With the exception of the faulting and folding along
the northern half of the valley, there is no definite evidence that any

of the other fauvlts or folds have influenced the Recent alluvium.

Faulting
Structure of the area is dominated by the San Gabriel fault

system. The north dipping, reverse or thrust faults of the Sierra Madre
fault zone of the San Gabriel Mountains and Santa Susana thrust fault in
the Santa Susana Mountains on the north, and the faulted anticlinal

structure of the Santa Monica Mountains on the south, are also important
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features. The locations of the faults described herein are shown on Plate

i and appear in the cross sections shown on Plates 5, and 5A through SH.

San Gabriel Fault Zone., The San Gabriel fault zohe has strong

topographic expression, the faults appearing prominently on aerial photo-
graphs because of displaced geclogic units, offset drainage, strike val-
leys, notched ridges, subparallel faulting, fracturing and folding. The
major fault plane can be seen in Pacoima Canyon along Little Tujunga Road
where the fault zone is marked by slivers of the lower Eocene Martinez
formation sliced into crystalline rocks. There is no evidence to indicate
activity on the San Gabriel fault in Recent time, and even late Quaternary

terrace deposits seem unaffected,

Verdugo Fault Zone. The Verduge fault zone along the south edge

of the Verdugo Mountains, approximately parallel to San Fernando Road, and
the Eagle Rock fault to the east appear to be a part or related to the San
Gabriel fault system. Good exposures of the Verdugo fault can be seen at
the base of the mountains Jjust nortn of Burbank., It is plainly exposed

on either side cf a ravine for 50 to 75 feebt; it dips 70 degrees south.
Older reddish brown consolidated Quaternary gravelly sand 1s sharply down
faulted against Basement Complex., Brecciation, gouge and calcitic vein
material all occur in the fault. This fault extends under the alluvium
along a line extending along the southern foot of the Verdugo Hills to

the south of the Pacoima Hills, an outlier of the Verdugo block.
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Subordinate to this major fault, but possibly important to controlling
grourd water movement, is another fault that strikes along the course of
La Tuna Canyon and epparently merges with the Verdugo fault near the

intersection of San Fernando Road and Sheldon Street.

Sierra Madre Fault Zone. The Sierra Madre fault zone is a series
of discontinuous reverse or thrust faults from the Santa Susana fault on
the west to the Rowley fault zone on the east. These comprise, from west
to east, the Santa Susana, Grapevine, Sombrero, Hospital, Buck Canyon-Watt,
an unnamed fault in upper Kagel Canyon, Lopez, Sunland, and Rowley fault.g/
"Sierra Madre" comes from an old name for the San Gabriel Mountains, not

from the town of Sierra Madre.

The fault zone is a series of curved, convex southward, reverse
faults, which separate nonwater-bearing sedimentary and pre-Tertiary
crystazlline rocks on the north from the Cenozoic sedimentary formations on
the south. The faults are discontinuous and of variable dip from 15 degrees
to vertical; all dip northward with the older sedimentary and crystalline
rocks thrust upward toward the south over sediments as late as the mid-
Pleistocene Pacoima formation of the water-bearing series. Displacements
have essentially been of the dip-slip type and are as great as 2,000 feet
on any one fault. Displacement rapidly dies out as a strike of each of

these reverse faults changes from the general east-west trend to a more

northerly trend.

Northricge Hills Fault. The Northridge Hills fault is a high-

angle fault. Its existence is based primarily on the numerous oil test
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holes which have been drilled in the Northridge Hills, Iogs of these wells
indicate that the Modelo formation has been displaced between 500 and 1,000
feet along the dip of the fault. The apparent movement along the fault has
been dip-slip with the north block down. Numerous small drag folds in the
form of anticlines and synclines have been formed along the fault. The
apparent surface trace of the fault can be found in the Cretaceous Chico
formation northerly of the town of Chatsworth. Sparse information indicates
an effect on the movement of ground water west of Sepulveda Boulevard.

There is no apparent effect of the fault east of Sepulveda Boulevard. This
could be explained by the removal of materials and subsequent depogition of
the coarse-grained deposits by Pacoima and Tujunga Washes. The Northridge
Hills fault may be an extension of the Verdugo fault or the La Tuna Canyon
fault as the structural pattern suggests; however, there are no data to sub-

stantiate this hypothesis.

Mission Hills Fault. A minor fault zone comprising three faults

is perfectly exposed in Sepulveda Boulevard road cuts Just east of Lower
San Fernando Reservoir in the Mission Hills, It is believed that these
faults are related to both the San Gabriel and the Sierra Madre fault
system. Most southerly of these fault planes is a 60-degree south dipping
reverse fault with rocks of the Modelo formation on the north limb of the
Pacoima Hill anticline thrust over the lower Pliccene Repetto formation.
The next fault north dips 55-degrees south and has thrust Repetto sandstone

over fossilifercus sandstone of the middle Pliocene lower member of the
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Pico formation. The most northerly of the group is a normal fault dipping
75-degrees north, with upper Pliocene beds dewn dropped., A north dipping
Mission Hills thrust fault south of Lower San Fernando Dam is postulated
on the basis of an anomalous geologic section reported for Universal
Consolidated 0il Company Panorama 1 (Ozkeshott, 1958)g§/ If such a fault
exists, it might be expected to have similar features to faults of the
Sierra Madre zone. That is, its trace should be convex southward, its
trend should turn to the north around the eastern end of Mission Hills, it

should dip about LO to 50 degrees, and it should die out within a mile or

two, both east and west.

Pacoima Hills Fault, A well-exposed east trending normal fault
dipping 50 degrees north in the Pacoima Hills has brought Basement Complex
up on the south side against sedimentary and volcanic rocks of the Topanga
formation., Four miles east in the Verdugo Mountains, these formations are
in unconformable contact. It is believed that this fault may be of small
displacement. Bailey and Jahns (195h)g/ projected this fault five miles
east as a buried extension along the south side of Tujunga Valley. However,
the most reasonable structural section shows no necessity for a Tujunga

/

2
Valley fault (Oakeshott, 1958).-

Raymond Fault, The Raymond fault separates the Topanga formation
in the northern upthrown block from the Puente formation in the south block.
It is mostly concealed by the Older alluvium along York Boulevard but evi-
dence of its approximate location is given by outcrops near the fault zone.

This fault is very likely a high-angle reverse fault, as shown by overturned
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beds in the Topanga formation along the Arroyo Seco. Overturned beds are
also present east of the area of investigation at Raymond Hill. Immediately
east of the Arroyo Seco the fault forms an escarpment 50 to 100 feet high
in Older alluvium; however, the surface of the alluvium west of the Arroyo
Seco apparently has not been displaced. Recent studies in the Eagle Rock
Subarea seem t; indicate that Older alluvium may have been displaced and
deformed by movement on the Raymond fault. The throw on this fault may be
in excess of 10,000 feet; however, only a small portion of this has occurred
in post alluvial time.

Studies made of the bedrock configuration of the Los Angeles
River channel indicate that movement along the Raymond fault has formed a
small knob in the center of the chamnel to the north of the fault and a
down-dropped area to the south. This is shown on Plate 6, entitled
"Contours on the Base of Valley Fill". This feature may cause a constric-
tion and may be the cause of the rising water which has been noted in the

past in the vicinity of Los Feliz Boulevard.

Eagle Rock Fault. The Eagle Rock fault separates the Basement

Complex rocks to the north from the Topanga formation to the south. It

is a vertical or high-angle reverse fault with the north block up.E/ No
alluvium has been displaced by the Eagle Rock fault, indicating that
movement on this fault stopped before movement stopped on the Raymond
fault. The questionable extension of the Eagle Rock fault westerly to the

Verdugo fault is based on a step-like grourd water cascade in the mouth



of Verdugo Canyon. The general structural pattern also suggests that the

Eagle Rock fault may be related to the Verdugo fault system.

Effects of Faulting on Ground Water Movement. There are numerous

ways in which faulting may affect the movement of ground water. Some of
the more important are listed as follows:

1. Impervious rock may be brought into contact with the
water-bearing series thus reducing the underflow cross-sectional area.

2. Continuous pervious strata in the alluvium may be offset
and made discontinuous.

3. Impervious gouge may be formed as a result of the grinding
action during a recurrent movement along the fault.

Li. Repeated uplift and depression of one or both sides of a
fault block may allow alternate weathering of the surface deposits with
resultant formation of largé quantities of impervious residual clay in
the vicinity of the fault.

S. Strata may be folded or overturned so that their position
is unfavorable for percolation of water through them.

6. Fault fractures may be sealed by chemical deposits.

7. Brittle material may become cracked or brecciated thus
creating a more permeable condition along the line of faulting which allows
the zone to act as a conduit and carry water. This condition has been
observed to exist to a minor extent in the vicinity of the water supply
tunnels in the Verdugo Subarea.

A combination of all but the first and last phenomena is

believed to have resulted in the formation of an impediment along the
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Verdugo and La Tuna Canyon faults, Extensive research and work has been
done by the Los Angeles County Flood Control District on the effect of these

&/

faults on their spreading operation of water from Hansen Dam,=

Folding

In the San Fernando Valley regional dips of the sedimentary
formations are away from the pre-Cretaceous crystalline rocks which form
the hills around the valley., Unconformities between the successive
Cretaceous, Tertiary and Quaternary formations show that orogenic movements
took place locally at varlous times, but the mid-Pleistocene orogeny
overshadowed all of the others in intensity. During the faulting and the
accompanying folding the crystalline rocks behaved essentially as a com-
petent block undergoing infermittent elevation with adjustments within the
block accompanied by fauwlting, shearing and fracturing. Around the margins
of the Basement Complex the sedimentary strata reacted according to their
competence and the local intensity of the stresses applied by developing a
series of discontinuous folds closely related to the faults, uCommonly,
local synclines are developed on the down-dropped fault blocks and anticlines
on the upthrown blocks.

The dominant fold structures affecting the storage and flow of
underground water in the San Fernando Valley are located only along the
northern border of the valley. Inasmuch as the other folds have little or
no effect on the ground water, no extensive study was made of them.

The Little Tujunga syncline (Plate 5J), located between the Verdugo

Mountains and the San Gabriel fault, is one of the principal structural
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features along the north edge of the valley. The axis of this fold closely
parallels the trace of the Sierra Madre fault zone, following it with a
west northwest trend in the area from Tujunga to the Veterans Hospital at
Pacoima Canyon, where it has been overridden by the crystalline rocks

along the Hospital fault. Continuing westward, the axis changes to a south-
west trend paralleling the northeastern end of the Santa Susana fault. For-
mations along the south limb dip northward at angles from 25 degrees to 80
degrees; the north limb is very steep to overturned and has minor folds
superimposed on it. Saugus beds are overturned in several places along the
Lopez fault, particularly in upper Lopez Canyon. Overturning of the Saugus
formation is general along the Sunland fault where the north limb of the

syncline has been almost completely cut out by the fault.

The Verdugo Mountains, Pacoima Hills and Mission Hills comprise
the remnants of an elevated, faulted anticlinal block trending north 75
degrees west across the northern part of the valley. Structurally, the
highest part of this block is in the central part of the Verdugo Mountains,
where granitic rocks are exposed, This structure is flanked by the Topanga
and Modelo formations, plunges westward to the vicinity of Hansen Flood
Control Dam, is faulted up to expose granitic rocks and the Topanga for-
mation in the Pacoima Hills, and plunges west downward to an estimated
8,600 feet in the next four miles (Oakeshott, 1958).2/

The most prominent fold of the Mission Hills is the east trending
Mission Hills anticline just south of lower San Fernando Reservoir, which

exposes diatomaceous shale of the Modelo formation at the southeast end of



N

the reservoir, This fold may be the result of drag on the Mission Hills
thrust fault. The strong westward plunge of this structure is indicated
by Repetto, lower Pico and upper Pico beds which successively overlie
exposures of the Modelo formation on the north, west and south limbs of

the anticline. The north and south limbs are faulted and complicated by
numerous minor folds in the incompetent Modelo shale. For two miles north-
west of the Mission Hills anticline, Saugus beds dip continuously northward
on the south 1limb of the western expression of the Little Tujunga syncline.
To the west of San Fernando Reservoir, the sediments of the water-bearing
Saugus formation are folded into a series of anticlines and synclines
trending about north 70 degrees west.

Geophysical studies of nonwater-bearing formations in the western
portion of the San Fernando Hydrologic Subarea made by various oil companies
show a series of three synclines with two intervening anticlines in the
nonwater-bearing formations that have an easterly plunge. This structure is
somewhat simpler than was originally postulated by Eckis in Bulletin bS.l/

The Elysian Hills anticline, which is located on the southerly
side of the Los Angeles River Narrows, is of interest in that continued
movement on this feature after the mid-Pleistocene orogeny may have caused
the "reversed gradient" on the base of the water-bearing series in the
Narrows area; however, there is no evidence of movement in Recent time.
This "reversed gradient" feature shows the profile on the base 6f water-
bearing materials lower in elevation near Colorado Boulevard than at
Figueroa Street or Gage F-57. This is shown on Geologic Cross Section M-M!

and Plate 6, Contours on the Base of the Valley Fill. Another explanation
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of this feature could be that the Arroyo Seco flowed northerly into the
San Fernando Subarea for a period of time in the mid-Pleistocene.

A small anticline in the Modelo formation in the Hidden Hills
area north of Calabasas is worthy of description. This fold is fairly
tight and is best traced by a sandstone bed. This fold plunges steeply
toward the north. Water wells drilled into the flanks of the anticline
yield very little water, while wells drilled along the crest encounter
fractured rock and have much better production (80-100 gpm). This water
is of poor quality. Continued production of water in this area has re-

sulted in an abnormally high decline in water levels.

Confiruration of Base of Valley Fill

The configuration of the base of the valley fill is shown by the
contours on Plate 6. The contour locations were developed from logs of
approximately 200 wells in which elevations of the base of the water-bearing
materials could be determined. The determination was made by subtracting
the thickness of the water-bearing materials indicated in the well logs
from the surface elevation of the well. The elevation of the well was de-
termined either by survey methods or interpolated from the U.S.G.S. 7-1/2
minute quandrangles that cover the valley area. The nonwater-bearing
materials noted in the well logs were shale, sandstcne, conglomerate or
granite. Since it was not possible tc Jocate the poorly consolidated
Saugus formation from the well logs it is assumed that this formation is
included in the volume of water-bearing materials in the San Fernando

Hydrologic Subarea. The Sylmar Hydrologic Subarea is entirely underlain
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by the Saugus formation, which extends, in the northern part of the
subarea, to a depth in excess of 6,000 feet,
No Saugus formation has been detected at depth in the Verdugo or

Eagle Rock Hydrologic Subareas,

San Fernando Hydrologic Subarea

The contours on the base of the valley £ill (Plate 6) in the
western portion of the subarea in the vicinity of Arroyo Calabasas and Bell
Creek seem to indicate the existence of an old drainage system which was
located somewhat southerly of the present drainage channels. This ancient
drainage appears to have flowed northerly, east of Aliso Canyon Wash into
the deep portion of the basin which is traversed by the Southern Pacific
Railroad (S.P,R.R.).

The depth of water-bearing material is unknown in the central
and eastern portion of the subarea, but probably extends to depths of
1,000 to 1,500 feet. An anomalous dome-like feature is present. in the
vicinity of Lankershim Boulevard and Vanowen Street. The cause of this
feature is unknown; however, its presence is indicated on Figure H-1,
Appendix H, Geophysical gravity studies by Corbato,Z/ also show this
anomaly, The Tujunga Wash area is underlain by nonwater-bearing formations
at depths to about 90 feet below ground surface. South of Hansen Dam,
well U90LA, which is 226 feet deep, failed to reach nonwater-bearing for-
mations, The exploratory work performed for Hansen Damé/ indicates the

presence of Modelo formation at depths of 90 to 170 feet along the axis

of the dam.
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The amount of offset in the nonwater-bearing materials along the
Verdugo fault south of Hansen Dam is not known due to a lack of deep wells
with logs., In the Sunland area, which is adjacent to Pig Tujunga Wash,
there is an offset in the nonwater-bearing formations amounting to about
30 feet, The location of this offset is in grid coordinates L983. This
feature may be due to faulting which is evident in the hills to the north-
east and southwest of this feature.

In the vicinity of the confluence of Verdugo Wash and the Los
Angeles River, the depths to nonwater-bearing material rapidly decreases
as the Los Angeles River enters the Los Angeles River Narrows, The reason
for this rapid change in the bedrock profile is not known; however, it has
been postulated that this feature is caused by a westerly extension of the
Eagle Rock fault, the scarp of which was modified by erosion prior to burial,
This feature is located in grid coordinates 3904, 391L, 392L and 393L and

shown on Plate 6,

Sylmar Hydrologic Subarea

The subarea is almost entirely underlain by the folded Saugus
formation which extends to great depth. Immediately below the Saugus for-
mation are the nonwater-bearing Repetto and Pico formations, The Repetto
formation is exposed in both banks of Pacoima Wash at the Pacoima submerged
dam, located in the vicinity of well 59894, These outcrops and their westerly
extension constitute the eastern portion of the scuthern boundary of the
subarea, Although the Saugus is underlain by the Pico formation in the
Mission Hills, the western portion of the southern boundary is believed to
be within the lower Saugus formation where impervious beds prevent lateral

movement of ground water. The Repetto, Pico and Saugus formations dip
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approximately 60 degrees to the north and drop rapidly in elevation
under the water-bearing materials.

The Stetson Sombrero No. 1,l2/ drilled by Sunray 0il Corporation
(1950) in the proximity of well 5937 in the northern part ;f the subarea,
penetrated 12,027 feet of sediments reported to be gontinental Saugus,
Dipmeter records of the hole indicate formation dips of about L5 degrees:
These data indicate that the thickest section of Saugus in the area is in
the vicinity of this test hole., The Little Tujunga syncline plunges

toward this location from both the east and west.

Verdugo Hydrologic Subarea

Contours of the base of the valley fill (Plate 6) in the Verdugo
Hydrologic Subarea show several interesting features. The.most important
of these is the existence of the buried channel eroded into the Basement
Complex of an ancestral Pickens Wash draining easterly into the Monk Hill
area, Under low water table conditions this buried channel carries all
tributary subsurface water. Under high water table conditions the south-
westerly bank is overtopped and subsurface flow in a westerly direction
is presumed to occur,

A second feature is the depression in the buried bedrock surface
in the vicinity of well 5058J, The bedrock elevation at this location is
somewhat lower than the bedrock surface in Verdugo Canyon. This depression
may be due to displacement on the La Crescenta Valley fault. It is
interesting to note that the maximum depth of water-bearing materials is
about 5l feet at Verdugo well (3963) adjacent to the Verdugo submerged dam,

while upstream approximately 1-1/2 miles the depth of fill material has
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increased to a maximum of 190 feet, This decrease in the thickness of the
water-bearing materials is related to tilting associated with movement
on the Verdugo fault and/or the normal thinning of deposits at the toe

of an alluvial fan.

Eagle Rock Hydrologic Subarea

The configuration of the base of the valley fill in the Eagle
Rock Hydrologic Subarea is not shown in detail on Plate 6 due to the small
area involved and to the 100-foot contour interval which was utilized on
the plate. A more graphic representation of the subarea is shown on
Geologic Cross Section S-S' on Plate CH. This section shows the deepest
portion of the basin to be located in the vicinity of the Raymond fault
and in the area of extraction from the confined artesian portion of the
basin. The configuration of the base of the valley fill along Colorado
Boulevard in the subarea is not known; however, the depth to bedrock for
a well located just northwest of the intersection of Colorado Boulevard
and Fagle Rock Boulevard was stated as 140 feet (well No. 333, U.S5.G.S.
Water Supply Paper 219 field notes).gg/ The depth of the water-bearing

materials near the Raymond fault is about 200 feet,

Geologic Conditions Affecting
Occurrence and Movement of Ground Water

Geologic features greatly influence the occurrence and movement
of ground water within the Upper Los Angeles Kiver Basin. TFeatures such
as faults, folds and lithologic variations have pronounced effects on

the water surface elevation and direction of movement.
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The source of ground water supply to the hydrologic subareas is
percolation of direct rainfall, surface runoff from valley areas and hill
and mountain areas, spread waters, Imported waters, and a minor amount
of underground percolation of water from the mountain masses to the
alluvium, Disposal of the supply, other than by export, evaporation,
consumptive use and surface runoff, is by relatively small amounts of
underflow out of the area at the lLos Angeles Narrows and in the Pickens
Canyon area,

Both the Basement Complex pre-Quaternary sediments and volcanics,
which are known to underlie the area, are deep-seated and relatively
impervious and any contribubion by ground water movement from them must
thersfore be small. The investigation has revealed no evidence of sub-
surface outflow conduits other than through the Los Angeles Narrows to
the Los Angeles forebay of the Central Basin, and the subsurface underflow
from the Pickens Canyon area to the Monk Hill Basin of the Arroyo Seco

drainage system.

San Fernando Hydrologic Subarca

For purposes of discussion the San Fernando Hydrologic Suharea
is best divided into two general units on the basis of the type of alluvial-
£111 material present in each part. The valley fill of the western portion
of the area is essentially fine-grained material derived from the
surrounding sedimentary rocks. The fine-grained nature of these materials
allows water to bé transmitted at a relatively slow rate, whereas the
eastern portion of the subarea has high ylelds and high permeabilities

and is composed of coarse detritus eroded mainly from the granitic Basement
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Complex., This eroded debris is generally very coarse; in places boulders
up to three feet in diameter are relatively common. The deposits are
essentially sand and gravel with some fines in the interstices. These
materials constitute about one-third of the surface area of the ground
water reservoir and contain about two~thirds of the water in storage in

the San Fernando Hydrologic Subarea,

Western Portion. the western portion of the subarea, there
are several faulbts which may or may not have an effect on the movement
of ground water in the vicinity of Devonshire Street and Topanga Canyon
Boulevard in the proximity of the town of Chatsworth. The most prominent
of these faults extends northeasterly beneath the valley fill, This
fault has displaced the nonwater-bearing materials forming a ground water
cascade on the order of 80 feet in height., The area is underlain at
shallow depths by Cretaceous sandstones northwest of the fault and the
}lodelo shale at greater depth south of the fault, The small northwesterly
trending fault in the water-bearing series in this area must be inferred
in order to contour the ground water elevations in a logical manner. It
is not known whether the water-bearing materials have been affected.
This feature is parallel to the Northridge Hills fault and lies south
of it. Both faults have cut the nonwater-bearing Cretaceous sandstones
to the north.

The effect of the Northridge Hills fault on the movement of
ground water is unlmown; however, the fault forms a barrier or partial

barrier to the movement of ground water either by offsetting permeable



beds or by bringing less permeable materials closer to the surface. The
upper portion of the easterly extension of the fault has presumably beep
removed by erosion by the combined action of Pacoima and Tujunga Creeks.

The small arcuate fault shown westerly of the intersection of
Balboa Boulevard and Ventura Boulevard has no known effect on the movement
of ground water. The existence of this fault is based primarily on the
apparent vertical offset of the upper member of the Modelo formation that
crops out on the north side of the fault.

An area of shallow ground water levels is present in the western
portion of the hydrologic subarea, The area is bounded on the east by
Reseda Boulevard, on the south by the Los Angeles River and to the west by
De Soto Avenue. The northern boundary is somewhat L-shaped following
Saticoy Street to the vicinity of Tampa Avenue then northerly to Parthenia
Street. This area was studied in detail by the United States Department
of Agriculture Soil Conservation Service, Research, during the period
1947 through 1950.22/

Their investigation pointed out the following conclusions: water
level fluctuations in the piezometers installed by the Soil Conservation
Service are cyclic with precipitation; these water levels also respond to
irrigation water applied in excess of the consumptive use; and deep artesian
and/or pressure wells within the area leazk into the shallow zone to the
extent that small ground water mounds were developed around certain wells.
The source of the confined water appears to be from aquifers in the Saugus
formation. The Saugus formation presumably underlies the alluvium at
relatively shallow depths. These aquifers are recharged by precipitation

on the surface exposure of the Saugus formation to the north.
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Small localized pressure effects found in the western portion

of the subarea are due to gravel lenses confined by clay strata.

‘Eastern Portion. The permeable character of the alluvial-fan

deposits below Hansen Dam has been altered by faulting. Gravel beds
displaced by thin clay seams in the fault planes have been observed at
the 130 foot level in the Arrow Rock Products gravel pit south of well
L916B, These sheared gravels do not represent the main trace of the
Verdugo fault; however, they illustrate how the associated faults may act
as partial barriers to the movement of ground water,

There are two steps in the water surface in this area. The
first step is immediately below Hansen Dam and appears to be a ground
water cascade flowing over the northerly dipping Modelo sandstones and
into the deeper portion of the area near the gravel pits. Well L91l,
located about 1,000 feet south of Hansen Dam, and the exploratory drill
holes for the dam indicate that water-bearing rocks are at about 900 feet
elevation, whereas approximately 10,000 feet south of Hansen Dam near
the Verdugo fault zone the base of the water-bearing series is about 600
feet deeper, lying between elevation 200 and 300 feet above sea level.
The water surface drops about 300 feet in elevation between the axis of
the dam and wells in grid 4916,

As of January 20, 1945, there was a 75-foot difference in the
elevation of the water table observed between wells 4895 and L90SA, These

wells straddle the Verdugo fault and are 3,000 feet apart, The difference

A-L0



in ground surface elevation between the wells is 28 feet. Considering
the high permeability of the aquifers tapped by these wells and the lack
of heavy draft in the area, a water table with an overall slope of 150
feet per mile, about 2-1/2 times as great as the surface slope, seems
improbable when compared to the normal water table slope in the northern
part of San Fernando Valley which is about 15 feet per mile or about one-
third the surface slope. These facts alone warrant the assumption that
the Verdugo fault zone is a partial barrier to the free underflow of
water. Observations of this condition were initially reported by Warren
N. Thayer of the Los Angeles County Flood Control District in a report
dated March 15, 19L5, entitled "A Resume of Present Knowledge of Ground
Water Conditions in the Vicinity of Hansen Spreading Grounds";é/

Between the southeastern corner of the Mission Hills and the
southwestern side of the Pacoima Hills, there is a very sharp break in
the water surface of approximately 250 feet. This discontinuity in water
levels is discernible between wells L4841 and U842, This feature is
assumed to be a ground water cascade due to a difference in the elevation
of the nonwater-bearing materials. Very little is known about this
feature due to a lack of well data in the vicinity.

Another ground water cascade is present in the Sunland area

adjacent to Tujunga Wash. This cascade apparently is due to faulting in

A-l1



the nonwater-bearing series with the water surface being about 50 feet
lower on the Tujunga Wash side of the feature.

A step-like water surface is present below the Verdugo submerged
dam of the City of Glendale. The steps in the water surface are due to
offsets in the Basement Complex along the Verdugo fault zone. No evidence
of the faults forming a barrier to the movement of ground water has been
found. The water surface elevation at Verdugo well 39634 is generally about
90 feet higher than well 3963, which is located about two-thirds of a mile
downstream, and the water levels at well 3951 are 250 feet lower than at
well 3963. Well 395L is about two-thirds of a mile downstream from well
3963.

The water-bearing deposits of the Los Angeles River Narrows are
very permeable. The City of Los Angeles has two well fields in the area.
Due to heavy pumping, large depressions or pumping holes have been created
in the ground water surface. The largest of these pumping depressions is
located at the large bend in the Los Angeles River where the river begins
its southerly course through the Narrows. This well field, called the
Crystal Springs well field, and the City of Glendale Grandview wells irme-
diately north of the Crystal Springs well field, have created the pumping
depression indicated on Plate 30. The second pumping hole, created by
heavy pumping of the Pollock well field of the City of Los Angeles, is not
shown on the plate due to its being developed during 1959 and 1960.

The rising water which has occurred historically is due in part

to the reduction in the cross-sectional area as the stream approaches the
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F-57 gage. The maximum depth of water-bearing materials at Huron Street
(Gage F-57) is about 110 feet, whereas the maximum depth at the Pollock
well field is 260 feet. A comparison 6f the two areas is shown by sections
K-K' and L-L' on Plate 5D. ~

Scme instances of rising water have been noted in the past in
the vicinity of Los Feliz Boulevard. This occurrence is probably due in
part to a constriction or reduction of the cross-sectional arsa of water-
bearing materials. The constriction is caused by the small buried hill
of nonwater-bearing material which is depicted on Plate 6, Contours on the

Base of the Valley Fill, and is located just downstream from Los Feliz

Boulevard.

Movement of Ground Water. The slope of the water surface and

direction of ground water movement in the unconfined zones of the San
Fernando Hydrologic Subarea is easterly téward the Los Angeles River
Narrows. Ground water contours for the fall of 1931, 1938, 19LL and 1958
are shown on Plates 27, 28, 29 and 30, respectively. The direction of
movement of ground water is normal to the contours and downslope thereffom.

The waters in general move away from the surrounding hill and
mountain groups where the runoff percolates into the porous portions of the
alluvial fans. The water then in transit moves downward to the main water
body.

Water level fluctuations in the San Fernando Subarea are depicted
by the hydrographs of wells shown on Plates 3LA and 34B. The location of

the following wells utilized are shown on Plate 18:
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2771H 3740 391LH

3600 3753 39388
36914 and C 38308 4,838
Sylmar Hydrologic Subarea .

Formations. The nonwater-bearing rocks that form the northern
boundary of the subarea are composed essentially of Basement Complex;
however, in the northwestern portion of the area, rocks of the sedimentary
Repetto formation are faulted against the Basement Complex. The Repetto
formation also occurs along the southeastern boundary and again in ‘the
Mission Hills (see Plate L), where it is overlain sy a thin section of
nonwater~bearing Pico formation,

The water-bearing deposits in the Sylmar Subarea consist of the
Saugus formation, Older alluvium and Recent alluvium. The Saugus formation
is about 6,400 feet in thickness and is composed of strata that vary greatly
in terms of porosity and permeability. Some members of the formation make
good aquifers while others are agquicludes., The Older alluvium may have a -
maximum thickness of between 500 and 1,000 feet west of the San Fernando
Vetérans Hospital. These materials are composed of coarse detritus derived
from the Basement Complex; however, in some places residual clays have
developed as a result of weathering. The Recent alluvium attains a
thickness of 50 to 60 feet in Pacoima Wash where the erosive action of
the stream has incised the previously mentioned water-bearing units and
then backfilled the eroded area with very coarse granitic debris, In the
remainder of the subarea, where Recent alluvium occurs it constitutes only

a thin veneer on top of Older alluvium and Saugus formation,
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Structure. The geology of the Sylmar Subarea is greatly
complicated by faulting and folding. The nonwater-bearing materials to
the north of the subarea have been faulted and in part thrust southerly
over portions of the water-bearing Saugus formation. The compressive
forces that are related to the thrust faulting are also related to the
formation of the Little Tujunga syncline,(Plate 5J)the most important
feature of the subarea. At least 6,000 feet of Saugus formation and an
even greater thickness of older nonwater-bearing sediments have been
folded into an asymmetric syncline with the north limb overturned. This
syncline has been truncated by erosion and covered by a veneer of Older
and Recent alluvium., The southeastern boundary of the subarea, as hereine-
before noted, is formed by the steep, north-dipping beds of the nonwater-
bearing Repetto formation that is part of the same synclinal structure.
The Repetto formation is exposed in both banks of the Pacoima Wash at the
topographic constriction, which is the site of the Pacoima submerged dam
located about 2.5 miles south of Pacoima Dam. These strata continue
westerly under the cover of Older alluvium and are exposed in roadcuts
near the intersections of Gladstone Avenue and Maclay Avenue, and Fcothill
Boulevard and Fernmont Streetb (see Figure A-1), All of the previously
mentioned outcrops have similar attitudes, From the intersection of
Foothill Boulevard and Fernmont Street to the Mission Hills there are no
outcrops of the Repetto formation; however, the logs of wells 59698 and
1,850B, located in this section indicate materials thought to be Repetto

formation at depths of 310 and 321 feet, respectively., These depths
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indicate that the wells are located westerly of the projected trace of the

Repetto strata and are within the Sylmar Subarea,

Field Investigation, Within the section between Foothill

Boulevard and Mission Hills there, is a very marked discordance in water
levels. In order to locate more accurately the break in the water surface,
20 bucket auger holes were drilled, Nine of the twenty holes were drilled
under the direction of and at the expense of the City of San Fernando, five
by the City of Los Angeles, and the remaining six by the Referce.
Representatives of the Board were present at the drilling of all holes and
brepared detalled logs of each boring. The location.of the test holes is
shown on Figure A-1l. The logs of the test holes are included in the well
log section of the basic data. The results of the drilling program were -
utilized to construct a peg model which aided the analysis. The boundary
¢f the subarea was delineated in the gap area on the basis of water levels.
The analysis of available water level data, data obtained from the test
holes and the geology of the area indicate the following:

l. Water levels northwesterly of the break in the water surface
are about 50 feet higher than those to the southeast of the break (see
Plate 30).

2. Water levels northwesterly of the break are related to the
eroded ends of confined aquifers in the Saugus formation.

3. Water levels southeasterly of the break are free ground water
levels and are associated with coarse alluvial deposits which had the
Pacoima drainage as a source area.

L. The discordance in water levels is related to the eroded
south flank of the Little Tujunga syncline which has been covered with a

thin veneer of alluviunm.
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5. Subsurface flow from the Sylmar Subarea to the San Fernando
Subarea has been found to ocour only at two places: namely, the Sylmar and
Pacoima Notches (see Plates 5 and SH). There is hydraulic continuity
between the confined aquifers a.nd' the veneer of alluvium that overlies the
eroded south flank of the Little Tujunga syncline.

6. Continuity exists between the Sylmar and San Fernando Subareas
through the. saturated alluvium in the two notches.

7. The configuration of the break in water surface through the
Sylmar and Pacoima Notches is not sharp as would be caused by a fault but is

a steep gradient which is similar to that found in a ground water cascade.

Occurrence and Movement of Ground Water. The information obtained
from the test holes greatly aided the understanding of the occurrence and
movement of ground water within the subarea. The noticeable pressure rise
of the water surface which took place in several of the test holes during

and immediately after drilling, coupled with the fact that there are
historic records of artesian flows for the Mission well field and the City
of San Fernando well field at Fourth and Hubbard Streets, indicate that a
confined water system exists within the Sylmar Subarea. A free ground water
area is present between the aforementioned well fields as determined
during the test drilling. All wells in the subarea derive their water
supplies from the confined aquifers of the Saugus formation. In 12 of the
test holes, the Saugus formation was penetrated before saturated materials
were reached.

There is a decline in water levels in the free ground water area

in the Sylmar Subarea coincident with heavy pumping of the Mission well field.
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Therefore, on the basis of the short period of record available, it is
concluded that the free ground water area is in hydraulic continuity
with the confined aquifer.

The Sylmar and Pacoima Notches (Plate 5H) are the principal
areas of subsurface escape from the subarea. The slope of the water
surface through the Sylmar Notch is suggestive of a ground water cascade
where small quantities of water are spilling over a relatively impermeable
lip or barrier. Data on the slope of the water surface below the Pacoima
Notch are not available. These two features are described in detail in
Appendix P.

The exact location and extent of the forebay or recharge area
for the confined aquifers are not definitely known; however, the porous
alluvial deposits in Pacoima Wash are in a favorable position to recharge
the dipping aquifers of the Saugus formation which are in contact with
the stream gravels in the incised and backfilled portion of Pacoima Wash.
These permeable deposits act as a sponge, holding water for release into
the aquifers of the Saugus formation. Ground water contours (Plates 27
through 30) indicate that there is a slope of the water surface from
Pacoima Wash toward the lower portion of the subarea where the majority
of extractions are made. Routing studies made by the staff of the Board
on the Sylmar Subarea indicate that the water supply from Pacoima Creek
that could remain in the water-bearing materials above the Pacoima sub-
merged dam would not be sufficient to maintain the water levels in the area

through a period of wet and dry years. Deep percolation of precipitation,
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applied water and runoff from hill and mountain areas are also major sources
of recharge. Such recharge would percolate through the alluvial blanket and
enter some of the truncated aquifers of the Saugus formation.

The hydraulic gradient under static conditions indicates that it
is improbable that Lower San Fernando Reservoir contributes water to the
subarea. Records of well 1830, about 2,000 feet east of the reservoir, show
that water levels have dropped below elevation 1,120 feet (high water surface
of Lower San Fernando Reservoir) only six times between 1932 and 1954. Under
punping conditions, the water levels are lowered about 90 feet and a favorable
gradient can be developed in various aquifers that strike between the Mission
well field and the Lower San Fernando Reservoir. Information now available is
insufficient to support a conclusion that flow occurs under pumping conditions.

It is possible that movement of ground water in a westerly direction
can occur in the Saugus formation from the vicinity of Kagel and Lopez Canyons
which lie immediately to the east of Pacoima Wash, since a favorable hydraulic
gradient exists and the synclinal structure of the Saugus formation plunges
wesbterly, The amount of water that could be derived from the Kagel-Lopez area
would be relatively small since the area of tributary drainage adjacent to the
permeable formation is small. Wells of the Glenhaven Cemetery, located in the
upper Kagel Canyon area, penetrated the Saugus formation to depths of approxi-
mately 90C feet, Since the yields of these wells are very poor and water

levels zre declining, it may be inferred that a ground water mining operation

exists.
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Since the recharge from the Pacoima Wash area, coupled with deep
percolation of precipitation and delivered water on the remaining surface
of the subarea, appears to have been of sufficient magnitude to maintain
water levels at their historic levels, historic recharge from Lower San
Fernando Reservoir or Kagel and Lopez Canyons is improbable. However,
substantial withdrawal from the subarea might bring about conditions more
favorable to recharge from Lower San Fernando Reservoir,

Water level fluctuations within the Sylmar Subarea are
represented by hydrographs of wells 5939, 5969 and 5989A, which are shown
on Plate 34C. Water levels in the lower portion of the subarea have only

declined about 25 feet below the 194l high water level.

Verdugo Hydrologic Subarea

The water-bearing materials of the Verdugo Subarea are surrounded
by a complex of granitic and metamorphic rocks which have been highly
fractured. Previous geologic work by Miller (l93h)ll/ mapped the rocks
in two main groups, the Wilson granodiorite and the San Gabriel formation.
These units have been, for purposes of the report, called Basement Complex
because of their general lithologic similarity and nonwater-bearing
characteristics, The Basement Complex yields only small amounts of water
to springs and tunnels from fracture systems which in turn are supplied by
infiltration of precipitation. The overall average flow from each of these
tunnels and springs was estimated to be about 20 gpm during September 1959,

The valley f£ill is composed essentially of coarse detritus which

has been deposited in a series of coalescing fans. The principal source
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area has been the San Gabriel Mountains. Well logs indicate a fairly high
content of sand, gravel and boulders; however, numerous notations indicate
that there is considerable clay in the matrix of some of these materials,

It should be noted that the material in the area north of Foothill Boulevard
has a lower specific yield. Wells in this portion of the basin have much
lower production than those located in the lower portion of the basin
(vicinity of Verdugo City and Montrose).

The northern portion of the ground water basin is traversed by a
member of the Sierra Madre fault zone. This fault is not known to have dis-
placed any of the valley f£ill materials., The La Crescenta Valley fault
bounds the southern portion of the valley £ill., This fault is inferred on
the basis of topograpny. The depression in the bedrock surface as shown on
Plate 6, Base of Water-Bearing Series, may be related to the existence of
this inferred feature.

Numerous faceted spurs along the Verdugo Mountains furnish addi-
tional criteria for postulating the existence of the fault., Miller (193&)15/
extends this Tault dewn into Verdugo Canyon; however, evidence for such an
extension appears to be tenuous.

The main portion of the Verdugc Basin represents a‘graben between
the Sierra Madre and La Crescenta Valley faults. This graben has been modi-
fied by ercsion and connected to the San Fernando Basin by Verdugo Canyon.
In the canyon, bedrock is much nearer to ground surface at the submerged dam
than at the Glorietta well field, which is located in the upper reach of

Verdugo Canyon, This may be related to tilting caused by movements of the
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Verdugo fault. Historically, the occurrence of springs in the area above
the present day submerged dam is probably related to this reduction in
cross-sectional area of permeable material.

The Verdugo and La ‘Crescenta Valley faults are not known to have
affected the water-bearing series. There are no known natural impediments
to ground water movement other than a bedrock ridge which extends between
the mouth of Goss Canyon and the granitic outcrop located at the inter-
section of Foothill Boulevard and Briggs Avenue in the Verdugo Subarea.

A series of cross sections and bedrock contours drawn through the
subarea indicate that the bedrock is lower in the La Canada-Pickens Canyon
area and that a buried ancestral Pickens Wash slopes to the Monk Hill
Basin. Available ground water levels indicate that the ridge obstructis the
flow of ground water to the Verdugo Subarea under low water table conditions
such as in the fall of 1958; however, the water is above the ridge in high
water table years such as 19LL.

Geologic studies to date do not indicate that there are any
sources of native ground water other than that which is derived from precip-
itation. No indications of juvenile water or water transported from outside

the watershed along faults or fracture systems have been found.

Direction of Ground Water Movement. The ground waters in the

Verdugo Subarea move southerly from the mouths of canyons in the San Gabriel
Mountains toward Verdugo Canyon. The majority of extractions of ground
water are made by wells of Crescenta Valley County Water District along

the southwest side of the area, by the City of Glendale in Verdugo Canyon
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at the Glorietta well field (3971), at the Verdugo submerged dam and finally
by the Verdugo well (3963A), There is also some movement of ground water
from the Pickens Canyon area into the Monk Hill Basin, which is discussed

in more detail in Appendix F. '

Water level fluctuations within the Verdugo Subarea are

represented by the hydrograph of well 5058, which is shown on Plate 3lC.

Eagle Rock Hydrologic Subarea

The Eagle Rock Hydrologic Subarea is treated herein as a separate
ground water unit; however, it should be noted that.the computation
description of hydrologic items for. this subarea were included with the

data for the San Fernando Subarea.

The Eagle Rock Subarea is located in the eastern portion of the
Los Angeles River drainage basin adjacent to the lLos Angeles River Narrows.
The surface drainage flows generally towards the vicinity of Eagle Rock
Boulevard then southwesterly to the Los Angeles River. The total tributary
drainage of the area above thglRaymond fault and its intersection with

Eagle Rock Boulevard is about 2,910 acres,
The subarea is an artesian basin in which all present-day pumping

is located at the lower end of the pressure area in the vicinity of York

Boulevard,

Formations. Topanga and Puente (Modelo) formations are the
principal nonwater~bearing rock units cropping out in the area surrounding

the water-bearing series, Highly fractured Basement Complex is present in
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the hill area north of the Eagle Rock fault and a small severely broken
knob of the same material occurs on the north side .of York Boulevard
between Mt. Pleasant Street and Avenue L9.

The water-bearing materials are essentially composed of older
alluvial deposits of sand, gravel and considerable clay. Recent alluvium
only constitutes a thin veneer along the stream channels.

The Eagle Rock and Raymond faults are the main fault features of
the area., The Eagle Rock fault separates the Basement Complex to the north
from the Topanga formation to the south and is a vertical or high-angle
reverse fault with the vertical movement in the magnitude of several
hundred feet. No alluvium has been displaced by the Eagle Rock fault.é/

The Raymond fault separates the Topanga formation in the northern
upthrown block from the Puente formation in the south block. The trace of
the fault is concealed by the Older alluvium along York Boulevard but an
approximate location is indicated by outcrops near the fault zone., This
fault is very likely a high-angle reverse fault as indicated by the deformed
beds in the Topanga formation along the Arroyo Seco. There is no surface
indication that movement on the Raymond fault has affected the Older
alluvium; however, some movement must have occurred prior to the deposition
of the gravelly aquifer materials to cause the change from the -essentially
fine~-grained materials of the lower aquiclude. It is quite probable that
traces of such movement have been buried during the deposition of the

upper aquiclude material (see Plate SH, section S-S!),

A-55



Occurrence and Movement of Ground Water, A detailed study of
well logs, water level data and geology has lead to the conclusion that a
simple artesian basin exists in the Eagle Rock Subarea. The lower end of
the aquifer abuts against the Raymond fault and the nonwater-bearing Puente
formation., The pressure area extends northerly toward Colorado Boulevard.
Evidence for hydraulic continuity was established between well 3986B
Jocated on Ridgeview Avenue and the only active wells (3987A, 3987B, 3987C,
3987D, 3987E and 3987F) in the subarea, which are located 3,000 feet to the
south along the north side of the Raymond fault. A water level recorder
was installed on well 3986B during 1937 and 1938 by the Los Angeles
Department of Water and Power. These records indicate a definite recovery
pattern vhen the active wells were not pumping over week ends and holidays.
The recorder charts for the weeks ending Merch 1, 1938 and March 8, 1938 are
interesting in that they show a recovery of 2.85 feet in LO hours during
the storm of March 2, 1938, This recovery took place during the period of
the storm and indicates that the forebay or recharge area for the pressure
aquifer is in the near vicinity. Another water level recorder was installed
by the Referee on the same well from June 3 to June 6, 1960 and a record
was obtained that verified the earlier recovery pattern exhibited by the
Los Angeles Department of Water and Power recorder charts as being due to
cessation of pumping over a week end. The starting or stopping of the
pumps of the wells at the lower end of the area affected the pilezometric

surface in well 3986B within one hour.
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Due Yo a lack of data in the upper portion of the pressure area
northerly of well 3986B and in the forebay, an accurate determination of
the extent of the pressure area cannot be made at this time. For the pur-
poses of this study, it is estimated that the pressure area has an area of
approximately 250 acres and the forebay has an area of about 530 acres.
Based on the above 250 acres in the pressure area, a thickness of 10 feet
and a specific yleld of 19 percent, the storage in the pressure aquifer
is estimated to be L75 acre-feet. All wells located within the assumed
pressure area have had a record of artesian flows.

Study of the U. S, Department of Agriculture Soil Survey of the
Los Angeles Area, California, 1919,23/ indicates a long, narrow area of
Chino clay loam extending northerly in the vicinity of Eagle Rock Boulevard.

This organic soil probably represents an area in which there were
phreatophytes and hydrophytes. The water to sustain these plants would
represent the overflow from a full pressure aquifer. The aquifer being
full and having no additional capacity for the storing of water, any addi-
tional water would be rejected and would occur as effluent flow near the
upper limit of the pressure area., Pumping by the various defendants in
the lower portion of the pressure area would in effect create available
storage and would decrease the amount of effluent flow, thus decreasing the
amount of water that would be lost in evapotranspiration or consumptive waste.
Another area of Chino clay loam is located on York Boulevard to the east of
the area covered in this report. It is not considered to be related to the

Eagle Rock Subarea as it is adjacent to the Avenue 50 drainage which is



tributary to the Arroyo Seco. This feature is of interest in that its
presence has been caused by a constriction in the Older alluvium which would
exclude any appreciable amount of underflow from the east along York
Boulevard., Any underflow entering the Eagle Rock Subarea wguld have to pass
through a limited cross-sectional area that has a low average permeability
and under a very low hydraulic gradient of 0,003 which may or may not exist
between the Arroyo Seco and well 3987F,

The Eagle Rock artesian system is supplied from percolation of
runoff and deep percolation of applied water into the forebay area. This
area extends along Colorado Boulevard and easterly of Eagle Rock Boulevard
along Yosemite Drive, These waters recharge the pressure aquifer which
has lost about four feet of pressure head since 1941 (measured at well
3986B), This indicates that the draft on the system has not been excessive
and that the subarea probsbly has not been pumped in excess of the safe

yield within the base period.

Direction of Ground Water Movement. The ground waters in the

Eagle Rock Subarea move southerly from the forebay areas into the pressure
area. The direction of movement within the pressure aquifer is southerly
to the vicinity of the pumping wells located along York Boulevard, There
is no known subsurface escape of ground water from the pressure aquifer,

Water level fluctuations in the Eagle Rock area are represented
by the hydrograph of well 3986B, which is the only well in the subarea

with a long period of well measurements.
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Ceologic Defenses

In compliance with Item I, 2, of the Order of Reference, a
detailed geologic study has.been made in connection with those affirma-
tive defenses, hereinafter referred to as geologic defenses, claimed by

certain defendants. The defenses are-listed as follows:

A - Defendant has independent water sources
below bedrock.

B ~ Defendant has independent water sources
in stratigraphic traps,

C - Defendant has independent water sources
in fault block reservoirs,

D . Defendant takes water from source
unrelated to the Los Angeles River.

For purposes of this investigation, the preceding geologic
defenses have been analyzed and defined in accordance with accepted
geologic definitions,

Bedrock has been defined in Appendix A as constituting the
formations grouped within the nonwater-bearing series. The formations
within the nonwater-bearing series do not absorb, transmit or yield water
readily. These formations are:

Basement Complex rocks.,

Cretaceous and Tertiary sediments of the
Chico, Martinez, Domegine (Meganos),
Topanga, Modelo (Puente), Repetto and
Pico formations,

Stmatigraphic trap is defined in the American Geological
Institute Glossary of Geology and Related Sciences, 1957, as "A type of
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trap which results from variation in lithology of the reservolr rock, a
termination of the reservoir (usually on the updip extension) or other
interruption of contimuity."

The American Geological Institute further defines trap as
"A body of reservoir rock completely surrounded by impervious rock; a
closed reservoir. Some traps are structural, having been formed by
movements of the earth's crust; others are varying permeability
('stratigraphic') traps in which the change in permeability is due to
original sedimentation, ground water actiﬁity, or by truncation and
sealing. Many traps are created by a combination of varying permeability
and structural agencies."

Fault block is defined in the American Geological Institute
glossary as "A mass bounded on at least two opposite sides by faults; it
may be elevated or depressed relatively to the adjoining region,. or it may
be elevated relatively to the region on one side and depressed relatively to
that on the other." For purposes of this investigation fault block
reservoir is defined in terms of a reservoir within a fault block.

Tt should be noted at this point that the terms "stratigraphic
trap" and “fault block reservoir! are not generally accepted as terms
applicable to ground water geology. These terms are widely used and
accepted in petroleum geology and it must be appreciated that differences
arising from the very distinct and different respective properties of oil
and water can result in entirely different concepts and meanings in the

interpretation of geologic features.

A-60



In the application of the terms "stratigraphic® and "fault
block trap", as used in the affirmative defonses with respect to ground
water geology, it is tacitly ,assumed that the traps are sealed above,
below and laterally, It is then further assumed that waters within a
trap are not replenished from any external source after entrapment.

In each of the geologic defenses, the defendants have claimed
"independent water sources" deep in the earth, completely unrelated to
water sources of meteoric origin originating within the Upper Ios Angeles
River Basin, This is interpreted to mean that the waters within the
alleged "stratigraphic" and "fault block traps" claimed by the defendants,
originated at sources tcpographically outside of the Upper Los Angeles
River area or from deep-seated sources developing Juvenile or similar
water (see Appendix H).

The tabulation and brief summary in Table A-2 include a list of
defendants claiming geologic defenses, their well numbers including well
numbers of test holes or other wells (active or inactive), the geologic
defense claimed indicate& by "X", and summary of the physical facts found

in connection with the defendants' geologic defenses.
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APPENDIX B

SOILS

S0il surveys of the San Fernando Valley area have been made in
considerable detail by the United States Department of Agriculture. The
results of the surveys are contained in two reports, entitled "Soil Survey
of the San Fernando Valley Area, California", 1917, and "Soil Survey of
the Los Angeles Area, California', 1919. These reports have been reviewed
and the maps and data contained therein used in a broad classification of
the soils of the basin.

The soils which are described in the above noted publications
were placed into three groups according to their relative infiltration
capacities. The system used to group the soils is similar to that
utilized by Musgrave (Water, The Yearbook of Agriculture, 1955, U.S.D.A.,
page 151) and takes into account the depth of soil, relative drainage,
ability to retain moisture and degree of permeability based on grain size.
The three groups and the soils included therein are as follows:

A = High Infiltration Group

Riverwash Hanford loamy, coarse sand
Holland stony loam Tujunga stony sand

Holland coarse sandy loam Tujunga gravelly sand
Holland loam Tujunga sand

Ramona stony, sandy loam Tujunga sandy loam

Hanford stony, sandy loam Tujunga fine, sandy loam

Hanford gravelly, sandy loam

B = Medium Infiltration Group

Ramona sandy loam Yolo gravelly, sandy loam
Hanford sandy loam Yolo gravelly loam
Hanford fine, sandy loam Yolo sandy loam

Hanford silty loam Yolo fine, sandy loam



C = Low Infiltration Croup

Atamont clay, loam Yolo silty loam
Diablo clay, adobe Yolo clay, loam-
Diablo clay, loam Yolo silty eclay, loam
Ramona fine, sandy loam Dublin loam

Ramona loam Dublin clay, loam
Sites sandy loam Dublin clay, adobe
Yolo loam Chino clay, loam

The areal distribution of the soils within the foregoing three
groups, based on the aforementioned soil surveys of the United States
Department of Agriculture, is delineated on Plate 3. The general extent
of each group with respect to its source material is described below.

The coarse-grained soils of High Infiltration Group A are in
general derived from source areas in the Basement Complex rocks. The
principal streams depositing such material are Pacoima, Little Tujunga
and Big Tujunga Creeks. These deposits cover much of the valley floor
surface in the vicinity of North Hollywood and Burbank. The riverwash
classificatlion, found along the channels of these streams, has the highest
relative infiltration capacity of soils within the group. Materials
deposited by Verdugo Wash in the vieinity of Glendale are also derived
from Basement Complex rocks but have been included in the Medium Infiltra-
tion Group B because they are older deposits and have been subject to a
long period of weathering.

The soils of the Medium Infiltration Group B appear to be derived
from the harder sedimentary rock units, and in part result from the
reworking of the coarse-grained Pleistocene deposits such as Older.
alluvium and Saugus formation. Areas in this soil group are foﬁnd in close

proximity to the Cretaceous sandstones in the vicinity of Chatsworth and
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northerly of the Encino Reservoir where Topanga conglomerate is a source.
4 north-south band of soils in this group, located in the vicinity of
Pacoima Wash, appears to result from an interfingering of the fine
alluvial materials of the western portion of the valley with the coarser-
grained deposits of the eastern portion of the area.

The fine-grained soils of Low Infiltration Group C occur in
the western portion of the San Fernando Valley westerly of Pacoima Wash.
Soils in the vicinity of Reseda are typical of this group. These materials
are derived for the most part from sedimentary rocks which are relatively
fine-grained. ‘

The Eagle Rock area overlies alluvial materials derived from
the coarse-grained sources. However, because of the higher degree of
weathering of soils in this area there is a greater proportion of clay
with a resultant lower infiltration rate. Soils in this area were p}aced

in the medium infiltration group.

The finer soils of Group A predominate within Sylmar Subarea,
whercas the coarser soils in Group A are found along the Tujﬁnga and

Pacoima Washes where they traverse the San Fernando Subarea.
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CHARACTERISTICS OF SOILS AND THEIR RELATIONSHIP
TO PAST VEGETATIVE AND WATER TABLE CCNDITIONS
IN SAN FERNANDO CIENAGA AREA

Authorization for Investigation

This report was prepared by the Department of Water Resources
in response to a request for technical assistance from the State Water
Rights Board. This request, outlined in State of California Interagency
Agreement No., 60-SWRB-23 dated December 11, 1959, calls for the
following:

1. Accomplish the necessary field and laboratory work required
20 ascertain existence and extent of old swamp conditions in Sylmar
Subarea in vicinity of City of San Fernando, as evidenced by determinations
off proportionate amounts of carbonaceous material and other soils informes-

tion pertaining to such a condition in said vicinity.

2. Methods and procedures used and scope of work done under the
agreement to be approved by representatives of the State Water Rights Board.

3. Results of investigation to be set forth in a report to the

State Water Rights Board including copies of all pervinent neasurements
and observations.

This report describes the investigation made to determine
the past location and extent, and probable vegetative and water table

conditions in an old "cienaga'™t occurring near the westerly corner of the

s: Cienaga--a térm, probably of Spanish origin, indicating a limited area
showing growth of water-loving plants in otherwise arid surroundings,
occasionally giving rise to flowing springs. As discussed throughout
this report, the term "cienaga' is used to include all areas or soils
apparently affected by a water table. See "Glossary of Geology and
Related Sciences" published by the American Geological Institute,

1957,



City of San Fernando (Figure C-1). Soil formation and development proc-
esses are discussed as they relate to morphology of soils found in the
general area. The investigation included a detailed soil survey of the
general area to a 5-foot depth, supplemented by a limited study of
deeper strata to a 1lli-foot depth. Also included is a discussion and
interpretation of the results of some 1,700 laboratory determinations
mace on 200 soil samples taken in the investigational area. The analy-
£es are included in the basic data section of this report.

In addition, 20 holes drilled in a geological investigation of
the area were logged by the State Water Rights Board and were available
Tor study. These data are not included here, but are available in the
Basic Data filed with the Report of Referee.

nd Morphology
©innal Area

In order to interpret the significance of findings of the soil
survey of the investigational area, it is helpful to review the basic
concepts concerning soil formation and morphology which are pertinent %o
analysis of soll characteristics revealed in the study.

The character of a natural soil is determined by six broad
influences., These are: (1) barent material from which the soil is formed,

(2) climate, (3) relief (particularly as this influences erosion and



deposition), (L) vegetative and animal life, (5) depth of water table, and
(6) the length of time these factors have been acting together, To these
six factors, in the case of the San Fernando cienaga area, a seventh must
be added-~the effects of man's activities.

The total effect of these influences varies with depth and this
tends to produce differences within the soil. Such differences give rise
to layers called 'horizons" and the Sequence of horizons taken together
is called the "soil profile" to any specified depth, Very young soils
have had too little time to develop horizons, but as they become older
their horizons become increasingly distinct. A significant aspect of soil

horizon formation is that it is a developmental process, requiring a

considerable time duration under the particular physical, chemical, and
biological conditions occurring at a site, This developmental process
may occur either on rock material weathered in place or upon'materials
that have been transported by water or otherwise and deposited at some
new location. Scils too youthful to have developed horizons may be highly
stratified (layered) due to the depositional process by which they were
laid down., True horizons are distinguished from such layers by structural
and chemical features associated with soil developmental processes., Thus,
while depositional strgta may strongly affect moisture, fertility, tillage,
and other characteristics, they do not reveal the trend of soil forming
forces with time,

In the formation of the surface horizon, referred to as the “A"

horizon, the accumulation of plant remains tends to enrich the mineral soil
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in organic matter. At the same time, weathering forces are apt to be most
active at the surface. Mineral matter is weathered into clax and soluble
material which, in turn, is leached downward by rain or flood water. The
subsoil or "B" horizon is formed by accumulation of material leached from
the surface and added to any clay that may have formed at this depth.
Beneath the subsoil are horizons of partially weathered ("C" horizon) and
unweathered parent material.

Characteristics of the horizons thus depend upon factors such as
the rate of formation and decomposition of organic material, the amount
and depth of leaching, and the type and solubility of the mineral parent
material. Downward leaching is reduced or prevented where the ground water
table is shallow. If the water table is close to the surface, upward water
movement caused by evaporative forces may far exceed dovmward movement due
to rainfall. The exact depth to water table at which upward movement
begins to exceed downward movement varies with the climate and the soil
profile but in general, under conditions similar to those in the cienaga
area, may be expected to occur at about L to 6 feet. Vegetation may
considerably increase this depth by root extraction of water from the moist
soil, thereby increasing the upward hydraulic gradient as well as by
consumptively using rainfall before it has a chance to leach downward to
the water hLable.

Salts of various kinds accumulate in the soil above the water
table when upward movement exceeds downward leaching, affecting both

chemical and physical characteristics. The amoynt and kind of salts that



accumulate depend upon the quality of ground water, the depth to water,
the length of time the high water conditions persist, and the amount of
downward leaching that occurs from time to time by rainfall.

In warm humid climates weathering is intense and wherever drain-
age is not limiting, soils are leached to great depths at a relatively
rapid rate, leaving only the least soluble and generally less fertile
material behind. In arid climates, weathering is slow and soils are
leached only a few inches in depth unless excess water from sources other
than rainfall happens to be present.

The San Fernando Valley falls between the two climatic extremes.
Weathering is relatively slow and only the very oldest soils in the valley
have been leached extensively. Under this climate, natural vegetation is
rather sparse and organic matter decomposes rapidly so that the soils are
normally low in humus. Where moisture conditions are such as to permit
more lush growth, organic matter (humus) accumulates in the soil. The
darker colors commonly associated with soils in the moist areas in a dry
climate zone are due to increased humus. It should be pointed out,
however, that the accumulation of humus in soils under natural conditions
takes many years since by far the greater portion of all plant remains
decomposes into gases, water, or soluble material and thus disappears.
More detailed discussion of various aspects of soil formation and morpho-
logical processes can be found in reference 6 through 11 at the end of

this report.
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A consideration of soil formation and developmental processes in
the investigational area would be incomplete without reference to man's
activities. During the period of agricultural use some minor leveling of
the soil surface by cuts and fills occurred in areas which were irrigated.
Development of the area as an urban site increased cutting and filling
activity and has permanently obscured an important fraction of the soil
surface area with buildings, streets and railroads. Fill material from
outside the investigational area has been spread over or mixed with the
surface soil in a few places. Frequent and liberal use of fertilizers and
soil amendments of every description, applied by owners of small plots and
yards, has unquestionably affected chemical soil characteristics in some
places. Finally, soil moisture conditions in the investigational area have
been altered by a lowering of the water table. As discussed later in this
report, the influence of some of these activities could explain certain

variations in the data.

The Soil Survey

Soil surveys classify soils into "soil series" on the basis of
their profile characteristics. A soil series is a group of soils alike in
position, mode of formation, parent material, sequence of horizons, age,
degree of development, color, and all other morphological features except
surface texture. Texture refers to the proportion of sand, silt, and clay
that occurs in the soil. Variations that occur in the surface texture
within the series are separated as "types". On the map, delineations are

made on the basis of soil types, each different separation having a
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combination name giving the series and type, as "Chino (series) fine sandy

loam (type)", "Hanford sandy loam", or "Diablo loam',

YMethods

The soil survey was made by examining the soil profile to a five-
foot depth, at a large number of locations, by hand boring with an orchard
type auger. Sites for borings were selected to reduce as far as possible
effects of cuts, fills, and other umnatural circumstances, Simple field
tegts for texture, structure, color, presence of calcium carbonate, etc.,
were applied to each auger full of soil. Information thus gained was
interpreted in terms of soil series and types and was plotted on a large
scale (1"=400') aerial photograph. The investigation shows that many of
the soil profiles in the vicinity are closely similar to soil series
already established and described as occurring under similar sites in
California by soii correlation staffs of the University of Califormia and
the U. S. Department of Agriculture.

Tn addition to the large number of holes studied to determine
the soil series characteristics and the soil boundaries, 33 special holes
were drilled for collection of soil samples for laboratory studies. These
noles were located to form a series of approximately straight lines or
transectsit across those pérts of the investigational area that appeared to
have been most strongly affected by a high water table., Location of these

tvransects is shown on Plate 7. Plate 8 indicates the surface elevation

T Trancect-—a line drawn across any chosen area, along which, at intervals,
any soil property is measured and graphically presented. See
Reference No. 6, Page 29 (C-33).
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profile of each transect, with a graphical presentation of significant
chemical data plotted above each hole location. Logs of these holes and
the laboratory data on the samples are included in the basic data section
of this report. Logs of several deeper holes drilled during a preliminary
reconnaissance of the area are also included in the basic data section.

The limits of the survey were arbitrarily fixed by determining
which areas appeared to have been affected by a wgter table and then
extending the mapping far enough into adjacent unaffected areas to estab-
lish relationships between the soils. |
Description and Extent of Soils
in the Clenaga Area

Plate 7 is the soil sur&ey map and shows the major separate soil
bodies as delineated in the field investigation. Table C-1 swmmarizes the
cdatz on the soils shown on Plate 7. From examination of the profiles and
consideration of topegraphic relationships, it is apparent that the cienaga
area soils are predominantly derived from granitic alluvium washed in from
higher-lying deposits to the northwest,; north, and northeast.

The normal soils developed up-slope on this alluvium are deep,
well-drained, and show little or no profile development. Too little time
has elapsed for the relatively stable minerals to break down due to
weathering and thus there is no accumulation of any physical or chemical
weathering products at any place in the profile. Because a walter table
has not been close to the surface, soluble minerals have not -accunulated
frem that source. Under the climatic conditions prevailing, natural

vegetation consists of a relatively sparse cover of grasses and shrubs.



TABLE C-1
CHARACTERISTICS CF SOILS IN
THE SAN FERNANDO CIENAGA AREA
. :Approximate: .
Soil type +  acreage : Characteristics

Soils strongly affecte

d by a water table

Chino fine sandy loam 190

Merrill fine sandy 2.3
loam

Foster sandy loam 3.2

Grangeville fine 93

sandy loam

Subtotal 288

Calcareous throughout, very strong CaCQ3
in subsoil, high in orgahic carbon,

dark color, dominant soil within cienaga
area, strongly affected by water table.

Calcareous throughout, CaCl3 hardpan in
subsoil, high in organic carbon, dark in
color, represents a further stage of
Chino development, strongly affected by
water table,

Calcareous throughout, CaCOy variable in
amount, several bodies too small to map,
dark color, represents more recent
deposits in the cienaga area, strongly
affected by water table,

Calcareous throughout, CaC03 usually
less than in Chino, little accumulation
of CaCO3 in subsoil, relatively high in
organic carbon, dark color, moderately
to strongly affected by water table,

Strongly affected by water table.

Transitional soils, slightly affected by a water table

Hesperia 157

TOTAL Acreage Lhs

Slightly to moderately calcareous in
subsoil, little or no organic carbon
accumilation beyond that in Hanford,
light color, slightly affected by
water table,
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Natural organic matter is thus low. They are mapped as typical Hanford
series soils, light brown to light grayish brown in color and neutral
throughout in reaction. The map symbol (Plate 7) is "F-1', The Hanford
soils extend for considerable distances in all directions around the
cienaga area, with the exception of the area occupied by the Mission Hills,
and no attempt was made to map a particular area or acreage,

The dominant soils within the area considered to have been
affected most prominently by a high water table are of the Chino series.
This series, as established by the correlation staffs of the Universiﬁy
of California and the U. 5. Department of Agriculture, is described as
occupying & semibasin or gently sloping position and belonging to the
Wiesenboden Great Soil Group. Wiesenboden, or gley, soils owe their dis-
tinctive characteristics to the presence of a ground water table at or
near the surface. Accumulation of calcareous material occurs in the pro-
file due to the upward movemenp of water and precipitation of the salts
as evaporation or evapotranspiration by plants takes place.

The Chino soils in the cienaga area have a dark gray or dark
brownish gray surface which is basic or slightly calcareous. They are
slightly developed, the subsoil or "B" horizon having been enriched in
clay by action of water. This accumulation of clay changes the texture of
the "B" horizon at most by only one textural class from that of the surface.
Structure of the subsoil usually changes from granular to subangular blocky.
The "B" horizon is gray and has a strong accumulation of carbonates., Car-

bonate concretions are common in the lower portion of this horizon.
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Three separate bodies of Chino soils are delineated on Flate Ts
each being indicated by the symbol "B-1". The main bédy covers abouat
173 acres and extends all the way from the vicinity of the Mission well
field to San Fernando Reservoir, indicating that in times past a high
water table extended from the so-called "east" cienaga to the "west™"
clenaga, This includes several small areas of Foster soils (see below).

The second and much smaller area of Chino soils occurs near
Fourth and Hubbard Streets and covers approximately 13 acres.

A third (3.7 acres) body of Chino occurs just south of the south-
east corner of the main Chino area. This is separated from the main body
by recent deposits of Foster-like soils along San Joaquin Ravine.

The Foster soils occur in association with the Chino soils.
They are found in and near the water courses where relatively recent
deposition has occurred, In this area some bodies are so small and thin
that sites were noted but no effort was made to delineate the extent.

The Foster series is recent granitic alluvium having a dark gray basic
surface and dark brownish gray calcareous subsoil, It is also classed as
Wiesenboden, or gley, scil, The single body delineated, 3.2 acres in
extent, is located at the southeast edge of the main Chino body and is
indicated by the symbol "B-3",

A small area of the Merrill series, about 2.3 acres in extent,
occurs near the large drainage which crosses San Fernando Road about one-
fourth of a mile north of Hubbard Street. The mapping symbol is "B-2",

These soils are similar to the Chino soils, but are more strongly developed
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and have a calcium-magnesium carbonate hardpan. This pan probably was
formed slightly above the top of a high water table by precipitation of
CaCO3 and MgCO3 as a result of capillary rise of water containing calcium,
magnesium, and bicarbonate ions.

Along the northeastern edge of the main body of Chine soils is
an area of soils with characteristics similar to the Grangeville series.
The Grangeville soils are recent alluvial deposits from granitic sources
which are light gray to light brownish gray in color, and have developed
under restricted drainage conditions. The color and presence of carbonates
in the profile indicate that this land was moist for considerable periods
due to capillary rise of water occurring beneath it, although apparently
it was less strongly affected by the water table than the Chino soils,

The single body, carrying the symbol "SB-1" on Plate 2, covers approxi-
mately 93 acres.

Running across the entire northern edge of the cienaga there is
a transitional strip of land between the well-drained Hanford soils lying
un-slope, and the Chino-Grangeville body. Soils in this strip are the
Hesperia, Pachappa, Hanford over Chino, and Hanfcrd over Pachappa. This
group has a common characteristic, in that the surface soils do not con-
tain carbonates, whereas carbonates are found in the subsoils or "B"
horizons (horizon of accumulation) at depths less than five feet. On the
map they are indicated as "T1l", The Hesperia soils differ from the Hanford
soils in that there is a slight accumulation of carbonates found in the
subscil. Pachappa soils represent a stage develorment slightly greater

than the Hesperia.
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The transition zone was influenced by the flow of underground
water to the degree that capillary rise resulted in the precipitation and
accumulation of carbonates below the surface of the soil but above a depth
of 60 inches., The main body of these transition soils covers approximately
150 acres. A smaller body of similar soil occurs near Second and Hubbard
Streets and includes about seven and a half acres.

In contrast to this transition zone north of the cienaga is the
situation to the south along San Fernando Ravine and Hubbard Street at the
railroad, Here there is an abrupt change from the soils developed under
wet conditions to the Hanford or Greenfield soils. There is also an abrupt
change in the depth to water as determined by drilling investigations and
in wells. The deep deposit of coarse material, south of what geological
studies by the Referee have indicated, is in effect, a constriction of the
alluvium, allows water to penetrate to such depths that surface soils are
well-drained and free of carbonates, Hanford soils are mapped with the
symbol. "F1" and Greenfield with "F2". ©No effort was made to find the

areal extent of these soils,

Unrelated Soils Adjacent to the Cienaga

Immediately south and west of the study area the Mission Hills
rise abruptly above the alluvial fill that comprises the cienaga. These
hills have contributed a few small alluvial bodies lying above the basin,
but only a little material has washed into the cienaga area itself. The
hills are largely occupied by residual soils formed in place on the Saugus

formation or by elevated old terrace soils. None of these soils show any
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close relation to soils in the cienaga. Although the different series are
separated on the map, the soil bodies were not closed off so that areal
extent was not determined.

The residual soils on sedimentary material are the Altamont
and Diablo soils. They are similar to each other, but Diablo soils
(symbol "US") have a dark gray surface and Altamont (symbol "UL") have
brown surfaces. The parent material sometimes contains carbonates but
not consistently. Both soils are free of carbonates in the surface.

Zamora solls are found on small alluvial fans deposited by
drainage from the Altamont soils. These soils are dull brown in color,
slightly developed and generally free of carbonates. However, occasional
profiles do contain small carbonate concentrations in the lower portion of
the "B" horizon due to weathering of the soft, occasionally calcareous,
parent materials and increased .leaching by runoff from surrounding hills,
They are mapped as "UL",

Chualar soils, indicated by "U2" on the soil survey, are dark
brown, moderately developed on older granitic alluvium, and are found in
terrace positions between the residual Altamont and Diablo soils and the
lower-lying cienaga. Included are some areas of Ramona soils, similar to
the Chualar but with a slightly redder color, All are {ree of carbonates.
On one or two of the higher terraces Placentia soils were found. These
represent an older, more advanced, stage of weathering than the Chualar-
Ramona, and have a strong clay accumulation in the 'B" horizon and

occasionally some calcium carbonate beneath the "B", Their symbol is "U3".
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Laboratory Studies

Phvsical Analyses .

Physical analyses of soil samples in the laboratory were confined
to tests of particle size distribution {mechanical analyses). Table C-2
summarizes the limited data obtained, Detailed data are contained in the
basic data section of this report. There is a definite tendency for the
well-drained soils (Hanford and Greenfield) and the most recent deposits
in the wet area (Foster) to have a higher proportion of coarser fractions,
vhile the Chino, Merrill, and Grangeville soils tend to be higher in fines.
This interpretation is consistent with field observations and is also
apparent when the data are analyzed in conjunction with field logs. It is
probable that some of these textures have been artifically modified through
activities such as cutting, filling, or incorporating fill material from

outside the area. The data are too limited toc be in any sense conclusive

L

and serve principally to support the numerous field tests which éstablished
the trends mentioned.

It may be pointed out, that in theory, the wet area soils might
be expected to be slightly finer than related Hanford, Hesperia, or
Greenfield soils because of the tendency for soils that are more or less
moist and carry a heavy vegetative cover to "weather! and break down at
a more rapid rate., However, during the limited period that these soils
have been in place, not enough time has elapsed for the rather stable

granite minerals to break down very extensively.
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series

Chino

Hanford

Chino

Greenfield

Chino

Herrill

Merri)l

Chine

Crangeville

Hesperia

Hanford

MECHANICAL ANALYSES CF REPRESENTATIVE SOILS
IN THE CIENAGA AREA

3Sample
t hole :
snumber:

4

25

30

31

32

33

(in percent of total dry weight)

$

0-2.5*
L=5

7-9
12,3-12,7
12,7-13.8

0-1!
1-3-5
365=5e5
5e5~7s

0-61
6-9.5
9.5-11.2
12,5-13

01!
1-2
2-3
3=
h=5

o-1t
1-2
2-3
34
h=5

0-1t
1-2
2-3
34
h=h.5

01t
1-2
2-3
3-4.2
he2-5

0-1!
1-2
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Chemical Analyses

Laboratory chemical determinations were made on samples from
35 profiles. Analyses included organic carbon, calcium carbonate, cation
exchange capacity, and determination of principal cations and anions in
saturated extracts, Organic carbon was determined by the wet combustion
process described by Allison (Reference 1) using the "direct" procedure,
Calcium carbonate was determined by the manometric pressure method
described by D. E. Williams (Reference 12). Other determinations were
made by standard methods described in Agriculture Handbook 60
(Reference 11). Detailed data are included in the basic data section of
this report.

Study of the above data indicated that the organic carbon,
calcium carbonate, and total salt concentration in the saturation extract
shoyed several important relationships between the soil groups. Table Cc-3
summarizes most of the data in such a mamner that significant differences
and similarities between the various soil groups are readily apparent.

The laboratory method of determining the organic content of
the soil gives results in terms of organic carbon expressed as a
percentage of dry soil weight. These results may be converted to terms
of total organic material (a method of expression sometimes used) by

multiplying by the constant 1.8,
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Discussion and Interpretation of
Soil Survey and Laboratory Studies

Analyses of data presented in Table C-3 brings out important
differences between the Chino-Merrill-Grangeville soils and the related

alluvial soils up-slope and down-slope from the cienaga area.

Significance of Organic Carbon

As previously mentioned in this report, organic matter in soil
comes chiefly from decomposition of plants that once grew on the land.

Plant cover and density depend largely on moisture, temperature, and soil
characteristics. If conditions for vegetative growth improve, organic
matter gradually accumulates until it reaches a constant value with decom-
position equaling accumulation. If, however, the vegetative cover is
removed (for example by plowing, or removal of the moisture supply) the bulk
of organic material decomposes very rapidly, compared to the time required
for its accumulation. After the initial rapid decline the more stable
fractions, often called "humus", will continue to decompose at a much slower
rate. It would take a very long time for these latter fractions to com-
pletely disappear even if no new material were added.

Comparison of the organic carbon content in Chino, Merrill,
Grangeville, and Foster samples with that in samples from adjacent soils,
indicates that at one time plant cover was considerably more lush in the
cienaga area than in surrounding areas., Accruals of organic material to
these cienaga area soils for the past few years approximate those to

adjacent Hanford soils and are thus too small to cause or maintain their
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TABLE C-3

SUMMARY OF SIGNIFICANT CHEMICAL ANALYSES DATA ON SOIL SAMPIES
TAKEN IN THE SAN FERNANDO CIENAGA INVESTIGATION AREA

depthy: vavuy . . P ovmvug 3 : i uawu P oumeug g P i vavug :
+ 4n~ :0Orgaric; Electrical ;  ipn” ;Organic; Electrical ; 1 ° :Orgenic:; Electrical ; in ~ :Organic; Electrical : 4, ~ Organic; Electrical
inchesd jpercent; 05 rbond, conductivity :D““nt:cirhmﬁ":uunduc‘.i'litjb=“r“nt:carbonﬂ:uanductivityb:“,.“n“carbonﬁ:cnlvduetlv!tyb:ue,.“nt:ﬂAl‘\"One:eurduotlvityb

Kerrill (28) Yerrill (29) Fostor (22) Foster-HanCord (26) Chino (12)
0-12 12 2,06 0.58 12 1.74 0.55 Lo 5.80 0.97 0.8 1.18 1.37 [US 1.bo 0,74
12-24 17 1.62 0.51 17 1.ls5 0.60 66 b, 1.03 [R) 0.61 0.52 1.7 1.09 n,88
2u~36 20 1.8k 0.59 n 1.66 0,65 72 5.35 1,20 0.1 0.40 0.5 3.5 1.11 0,56
36-L8 27 1.67 1.06 29 1.96 0473 38 09 2,64 0.0 0.26 o.uz 8.7 0,90 0.57
Le_60 28 1,27 1.23 3l 2,20 0.94 b1 1,55 5.04 0.0 0.16 0,43 9.7 0,66 0.64
Shino (1 Shino (21} Chino (27) Chino (30} Shino 36)
0-12 0.2 1.8% 0.9 0.1 1.65 0.57 3.5 1.95 0.67 7.1 1.6l 0,76 10 1.4o 0,66
12-24 2,1 1,38 0.57 2,2 1,46 0,54 2,2 1.53 0.60 12 1.29 1.89 21 1.42 0,78
24236 3.4 1,19 0.35 12 0.75 0.75 7,1 1.28 0,65 18 0,90 1,00 25 1.67 1.72
%18 7.9  0.87 o,b1 16 0,81 0,54 9,0 0.4 0.51 15 0.96 0.72 2k 1.54 2,67
ug-60 10 0,96 0,42 16 0.51 0.48 0.9 0,15 0,50 13 0,66 0,64 20 1.30 3.71
Grangeville (31 Crangeville (37) Grangeville (38
0~12 .4 1,28 0.66 1.4 1.7 0.68 7.1 2,01 1,30
12.2L 2,9 1.09 0.b47 1.3  0.95 1.40 1.1 1,07 0,87
2436 7.7 0.54 0,42 6.1 0,58 0478 0.2 0,77 0,8l
36148 3.9 ol 0.4%0 5.5  0.31 0.61 0.0 0.59 0.87
L4g-60 3.9 0.34 0.39 b8  o0.27 0,56 0.0 0,39 0.95
Hesperia (ln Hssperia (20 Hegperia (132 Hesperia ‘25[ Hanford-Pachappa 161
0-12 0.1 0,93 No data 0.2 1.12 No daeta 0.1 0.60 0.35 0.0 0.97 No data 0.0 0.87 No data
12-24 0.0 0.73 No date 0.1 1,10 Ko data 0,0 0.51 0.29 0,0 0.63 No data 0.0 0.78  No data
24-36 0.0 0,65 No data 0.7 0,45 Yo data 0.5 0,32 0.l 0.0 0.35 Ko data 0,1 0,61 Ko data
36-48 0,1 0M3 No data 4,2 0,30 No data 1.9 0,18 0.35 0.0 0.25 No data 0,6 0.52 Ko data
48.60 0.5 0,25 No deta 3.3 0.22 lio data 1.7 0.11 0,35 0.6 0.18 No data 1.4 0,39 Mo data
Hanford {14) Hanford (15) Hanford (19) Hanford (33) Hanford (34)
0-12 0.2 0.68 Ko data 0.1 Mo data MNo data 0.1 0.95 No data 0.0 0,71 0,60 0,0 0.98 Ko data
12-24 0.1 0.56 No data 0.0 Ko data Mo date 0.2 0.70 to data 0.0 0.52 0.51 0.0 0467  No deta
2436 0,0 0,50 No data 0.0 No data No data 0.2 0.4l No data 0.0 0,50 0,74 0.0 0,52 No data
36-18 0.0 0.4y Ho data 0,0 No data No date 0,1 0,36 No data 0.0 0,38 0.2 0.0 0,91 Mo data
L4860 0.1 0.b3 No deta 0.1 No data Mo data 0.2 0.30 No data 0.0 0.29 0.54 0.0 0.38 Ho data
Hanflord !}22 Greenfield (252
0-12 0.0 0,68 No data 0,1 0.7 2,38
12-24 0,0 0,48 Ho dota n.o 0.4y 2.50
2u-36 0.0 0.39 Ko data 0.0  0.30 1.06
3= 0,0 0,27 No data 0.1 0,20 0.66
4860 N0 0422 No date 0.1 0.15 0,53
Zamora (11 Zamora (24 Zamora (42) Chuslar (18) Placentia {10},
0-12 0.0 1,05 1,12 0.1 Mo data Mo data 0.0 0.77 0.4g 0.2 0,72 No data 0.1 No data No data
12-24 0.0 0,81 0.4c 0.1 No data No data 0,0 0,68 0.35 0.1 0.54 No data 0,1 Yo dats No data
24-36 0.1 0.31 0.66 0,0 No data No data 0.0 0.57 0.32 0.1 0.52 No data 0.1 No data Mo data
36-L48 0,9  0.1b 1.13 0.2 Mo data No data 0.1 0.29 n.61 0,1 0,21 No data 0.4 No data No data
L8-60 1,2 0,06 0.59 Mo data No data No data 0,1 0.21 0,82 0.2 0,12 No data 0.0 No data No data
Plagentia () Altamont (23) Diablo (40)
0-12 0.1 0.58 0,80 0.1  1.23 0.9 0,0 2.31 0.55
12-2h 0.1 0,40 0,26 0.1 0,39 0.30 0.1 1.56 0,48
24-36 0.1  0.23 0,26 0.1 0,19 0,34 0.1 0,97 0.37
36-Lg 9.1 0411 0434 ——— = — 14 0.75 0,46
Le-6o 0.1 0,11 0.35 15 0,36 0.52

a., Orgenio oarbon in percent.
be Electrioal conductivity in millimhos per oubio centimeter of seturation extract.
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relatively high organic content. For this reason, it can only be a fraction
of what was present at one time.

The distribution of the organic material with depth in the Chine
and Merrill (and to a lesser extent in the Grangeville) soils may also be
considered indicative of a aifference in moisture source to the vegetation
when compared with the depth distridbution in Hanford-Greenfield soils. The
average surface foot organic content in Chino and Merrill is 1.71 percent
while from two to three feet it is 1.30 percent or 76 percent of the surface
amount, In the Hanford-Greerfield soils the surface foot averaged only
0.81 percent and the two to three foot depth only 0.LlL percent or Sk percent
of the surface content. The greater actual and relative abundance of
organic carbon in the deeper layers of Chino-Merrill soills indicates that
the plants were probably getting water from a water table, while water for
plant use on the well-drained soils probably penetrated from the surface

downward folleowing rainfall or overland flow.

Significance of Celeium Carbonate

Under the prevailing climate in the San Fernando Valley, calcium
carbonate could accumulate in the soil profile under only three types of
natural processes. These are: (1) weathering of calcium-bearing parent
materials; (2) periodic flooding of soil with calcium-bearing waters
followed by transpiration and evaporation; and (3) precipitation resulting
from transpiration and evasporation of calcium-bearing water from a high
water table. A fourth possible process, not a natural one, is addition

through man's activities. However, the nature, amount, and distribution of



the material eliminates this method as a major cause within the clenaga
area.

The first process, in granitic alluvium, requires long periods of
time during which other soil morphological changes occur. These include
accurulations of clay size particles and development of Pronounced "BY
horizons and structural patterns. Neither the parent material, the soil
morphology, nor the age of material in the cienaga area indicate that such
a process caused an appreciable part of the calcium carbonate found there.

The second process that might cause accumulation of calcium car-
bonate 1s flooding the soil periodically with calcium-bearing waters,
followed by evaporation. Salts more soluble than calcium carbonate, which
would also accumulate in this process, could be leached from the soil by
subsequent rainfall. This process may account for a small part of the
accumulation, but is not a major factor for the following reasons:

(1) areas up-slope and down-slope from the cienaga which were also subject
to such flooding should have accumulated calcium carbonate, but both field
and laboratory tests show this did not occur; (2) surface slopes in the
cienaga area are not flat enough to trap surface water flowing down from
above, so that this factor could not have caused appreciable increases in .
the amount of water entering the soil; and (3) the accumulation in many
pblaces is so large that very great quantities of water were required to
supply the calcium carbonate. A high flood frequency over long ages would
be required for this process, and other features of the soil morphology as
well as the physiographic relief would have been considerably modified

under such conditions.
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The preponderance of evidence indicates that the calcium
carbonate present in these soils must have accumulated prineipally by
the third process mentioned, evaporation or transpiration from a high
water table. The conclusion that such a water table existed is further
substantiated by the historical record of springs and artesian wells in
the area,

Since evaporation and transpiration are greatest near the soil
surface, maximum salt accumulation also may be expected in the surface
zone, However, the vertical distribution pattern of CaCOs3, shown for
cienaga area soils in Table C-3, indicates higher concentrations in the
subsoil than in the surface, This pattern may be related to the tendency
of this salt to precipitate from solution because of small pH or con=-
centration changes. Such changes result from normal activity of roots
at depths where samples were secured, In addition, downward leaching-
probably occurred intermittently during wet periods and may have caused
part of the subsoil accumulation, During the years the water table has
been at considerable depth a small additional amount of leaching also
has occurred,

While quantitative data on accumulation below the 5-foot
depth are not available, some qualitative observations made during the
study are chown in Table C-lL. .It is evident that considerable accumu-

lation did occur below 5 feet in at least part of the area.
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Variations in chemical and physical characteristics within the
same soil body, as well as between the different bodies, suggest that water
table depth and depth fluctuations were not consistent throughout the area.
In some places, such as the vicinity of the old San Fernando Mission water
gathering works, where it may be assumed that the water table must have
been close to surface, calcium carbonate accunulations below the surface
foot are negligible because free water was always present. The first
twelve inches in that location, obviously modified to an indeterminate
extent by man's activities, is very high in calcium carbonate. That the
accunulation is still not as great as occurs in some other places is
probably due to more frequent leaching, either upwards or downwards in
this very wet location. Thus if an attempt was made to correlate calcium
carbonate content and evapo-transpiration, it would be necessary to eval-

uate such local conditions separately before deriving averages.

Soluble Salts

Soluble salts also tend to accumulate while calcium carbonate
is building up. However, the electrical conductivity of saturation extracts
(recognized as a basic measure of soil salinity) of samples from 1l of the
profiles shows values in the range for normal soil unaffected by salts
(Table C-3). This is explained in part by the much greater tendency of
caicium carbonate to precipitate from solution because of its low
solubility. It is probable, however, that these more soluble salts did

accumulate in the soil during the periods these soils were subjected to
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TABLE C-L

SUMMARY OF CHEMICAL DATA OBTAINED ON SOIL SAMPLES
FROM DEEP HOILES IN THE SAN FERNANDO CIENAGA AREA

Soil series: :
CaCO3, ., Electrical

. Depth, .
aiﬁﬁggie " in feet .in percent:conductivity*; Remarks
Chino 0-1 12 1.94
Hole No, 1 2-3 0.2 1.12
3-L.5 0.6 1.26
6.5-8 0.2 2.87 Limonite mottlings.
10.8-12.3 0.0 0.99 Sand, limonite mottlings.
13-14.5 1.2 1.43 Saugus formation, limonite
mottlings.
Chino 0-2.5 18 1.05
Hole No. 4 L-5 18 3.72
7-9 25 2.L0
12.3-12.7 0.2 No data Some limonite mottlings.
12.7-13.7 0.8 3.98 Saugus formation, limonite
mottlings.
Chino 0-10.5 Calcareous No data Strong CaCO3 by field test.
Hole No. 6 No laboratory test.
10.5-13.5 Noncalcareous No data
13.5-1h Noncalcareous No data Saugus formation, limonite
mottlings.
Chino 0-6 1L 1.09
Hole No. 9 7-9.5 0.h 1.33 Some limonite mottlings.
9.5-11.2 0.2 0.80 Very slight limonite mottlings.
12.5-13.0 0.4 0.55 Saugus formation, limonite
mottiings.
Hanford 0-1 0.2 0.79 Little or no calcium carbon-
Hole No. 1-2.3 0.2 0.71 ate or limonite mottlings
2.3-5.5 0.2 0.L5 in this profile by field
7-10 0.4 0.37 tests.,
10-11.5 0.h 0.31
12-14.5 0.0 0.31 Saugus formation, limonite
mottlings.
Hanford 0-1 0.0 0.30 Some gravels in profile.
Hole No. 8 1-3.5 0.0 0.42 Appears recent deposit
3.5-5.5 0.0 0.32 coarser with depth.
5.5=7.5 0.0 0.51 Stopped by gravels - hand

auger.

% Electrical conductivity of saturation extract in millimhos per

cantimeter.
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high water table conditions and varied in concentration in accordance with
any fluctuation of the w#ter table. These highly soluble salts were
subsequently leached away during periods of above normal surface water
supplies following a lowering of the water table, Some surface salts
would be washed away by surface flows down San Fernando Ravine while

the majority would be leached and removed by underflow through the Sylmar
Notch. In an unpublished report by the Soil Conservation Service, in

1941 (Reference L), mention is made of the fact that a few small saline
spots were noted in this vicinity. Apparently these spots bave'been .
leached free of salts since they were not found in this investigation.

At the request of the Referee a comparison was made of the
chemical data obtained on cienaga soils with similar data on samples
taken from a nearby presently high water table area. The comparison
area, Elizabeth Lake, is an intermittently flooded dry lake bed about
30 miles northeast of San Fernando, Climate is reasonably similar to
that in San Fernando and the water table is believed to have been within
a few feet of the surface for many years,

Soil samples were taken both in the dry lake bed and on an
adjacent alluvial fan where the water table was influenced by the lake,
but has probably seldom been within five feet of the surface of the

soil, Analyses of these samples are included in Table C-5.
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Due to the high water table conditions and lack of subsurface
outflow, leaching has not removed the highly soluble salts from the ary
lake bed. On the alluvial fan, leaching from rainfall (and probably some
irrigation) has moved the soluble salts into the subsoil. Because sub-
surface outflow at the lower end of the alluvial fan adjacent to the lake,
where the samples were taken, is also limited, considerable soluble salt
has accumulated at the greatest depth sampled, Calcium carbonate content
in the dry lake samples is similar to that found in the subsoils of
several of the Chino and Merrill profiles so that the concentrations of
this salt found in the cienaga area are believed to be representative
of values found under extreme conditions of evaporation from a high
water table,

Included in Table C-5 are results of analyses of samples from
ciensga area hole No, 22, This hole was drilled near the margin of San
Fernando Reservoir and represents the extreme values of both CaCO3 and
organic carbon found in the investigation area. The values found are
so extreme that it is possible some additional unknown causative factor
is involved, Additional samples would be necessary to determine whether

the values shown are representative of a mapable area.

Transects

Areal distribution of soil series in the cienaga area has been
shown on the soil survey mep (Flate 7). Topographic relationships are
indicated on Plate 8 showing a series of profiles or transects across the

area, Soil sampling holes were chosen along the transects, and data on
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organic carbon and CaCO3 from these samples were plotted above each sample
hole located on the transect. Plate 8 graphically illustrates the degree
to which different areas were affected by the water table and the topo-

graphic relationships among these areas.

Conclusions

1. As a result of a soil survey described herein, LLS acres of
soils located near the City of San Fernando, in the Sylmar Subarea of the
Upper Los Angeles River area, were found to have appreciable accumulation
of calcium carbonate as compared with surrounding areas which were practi-
cally devoid of calcium carbonate accumulations.

2. A relatively high concentration of organic carbon was also
found in soils having a high concentration of calcium carbonate, indicating
that a high vegetative density existed within this area.

3. The large amount of calcium carbonate found in the soils of
this area resulted from evaporation and transpiration of calcium-bearing
water from a high ground water table.

L. An area of LLS acres in the Sylmar Subarea of the Upper Los
Angeles River area has been affected at some time and to some extent by a
high ground water table as evidenced by appreciable accumulation of calcium
carbonate and organic carbon not found in soils of surrounding areas.

5. Included in the total area of LL5 acres of soils which have
been affected at some time and to some extent by a high water table, there
are 288 acres which have been strongly affected, as evidenced by a relative-

ly larger accumulation of calcium carbonate and organic carbon therein.
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APPENDIX D
SELECTION OF SPECIFIC YIELD VALUES

To select specific yield values applicable to the various
materials described in driller's logs in the area of investigation, the
Referee made a detailed study of previous investigations. To show the
reasons for and data considered in the selection of the specific yield
values for computing change in storage, this appendix is broken into three
sections: Definitions, Previous Determinations and Selection of Specific
Yield Values for the San Fernando Valley area, The application of specific

yield in evaluating change in storage is discussed in detail in Appendix Q.

Definitions
The specific yield of a rock or soil is defined herein as:
The volume of water drained by the force of gravity from a saturated
material over a reasonably long period of time, expressed as a percentage
of the total volume of the saturated material. The specific retention of
a material is the ratio, expressed as a percentage, of the volume of water
which after the saturated material is drained will be retained by it

against the force of gravity to the total volume of such material.

Previous Determinations
The following are extracts of information concerning evaluation

of specific yield as determined in previous investigations.



Basic information concerning the various types of water-bearing
mat?rial must be derived from well logs in which the materials encountered
are described by the driller. Because of the variety of individuals
involved and the fact that the driller in many instances is primarily
interested in the relative permeability of the materials penetrated, there
results a great number of descriptions for similar types of materials.
These circumstances, when combined with the paucity of measurements of
specific yield, require that considerable judgment be experienced in the
evaluation of the extent and storage capacity of equivalent types of
water-bearing materials.

The purpose in presenting the following information concerning
other investigations is to set forth the scope and circumstances of those
in which specific yield has been measured and to indicate the various
categories to which measured values have been applied. Thus, by com-
parison, the degree of judgment exercised by the Referee in selection and
application of the specific yield values utilized in this report will be

-apparent.

South Coastal Basin Investigationl/

The South Coastal Basin of California includes the coastal plain
areas of Los Angeles and Orange Counties, together with the inland drain-
age areas of the Ios Angeles, San Gabriel and Santa Ana Rivers, exclusive
of the San Jacinto River drainage area which is tributary to the Santa

Ana River.
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The geological investigation included several lines of study.
These are outlined briefly as follows:
1. Experimental Work - Several hundred samples of
typical gravels, sands and clays of the South Coastal
Basin were dug from surface exposures and obtained from
post hole borings. About 2,000 samples of similar
materials were collected from wells as they were being
‘drilled. Porosity determinations were made of the samples
taken in place and of those which came intact from wells.
Further experimental work was done to determine the water-
yielding capacity of various materials. The co;rser
sediments were classified by mechanical analysis.
2. Subsurface Studies - About 5,000 well logs from
all parts of the South Coastal Basin were collected.
Nearly 300 wells were observed as they were being drilled.
The well logs were grouped and the materials classified
with the aid of notes from wells observed during drilling.
Thus by grouping the well logs and averaging the materials,
the vertical and horizontal distribution of water-bearing
materials was estimated. Combining this information with
yield values obtained by the experimental work, storage
capacities of the basins were computed.
The unaltered materials upon the alluvial cone surfaces were
studied in detail. Distribution of the various types (sands, gravels and

clays) was noted, and the water-yielding properties were estimated by
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field and laboratory investigation, The water-yielding properties of
these unaltered materials were classified according to coarseness, the
maximum 10 percent grade size belng used as an index of coarseness.

The nature and amount of alteration by weathering that the
water-producing deposits have undergone was studied, and the effect of
this alteration upon the epecific yield was evaluated, All subsurface
materials were considered to have undergone scme alteration.

The specific yields of weathered altered materialé could not
be successfully classified from measurements on actual samples because
of the nature of variation. Therefore, specific yields were assigned
by making an arbitrary divsion according to the degree of alteration.
Tight gravel was given a yleld value of two-thirds that of unweathered
subsurface gravel and gravelly clay one-third the specific yield value
of unweathered surface gravel. Probably the typlcal residual clay which
does not occur in this area has a yield of zero, but since it is highly
variable in composition it undoubtedly contains streaks of more permeable
materials that will yield small quantitier of water, It was, therefore,
assigned a specific yield of one to indicate a probable slight yield

throughout the well sertion, These yields are set forth in Table D-1



TABLIE D-1

ESTIMATED SPECIFIC YIELD VALUES FOR SEDIMENTS
OF THE SOUTH COASTAL BASIN

(After Table 5);/

Percent yield

256+  36L4-256
mm.’ = m.,
sboulders: coarse:medium:fine :mediums

Unweathered-
Surface alluvial (1) 13.6 1L.2 20.5 26.5 30.9 21,2 10 1
Subsurface alluvial (2) 13 1l 20 25 28 16 5 1
Weathered subsurface-
Tipht? 3) 9 9 13 17 16
Clayey® L s 7 8 5
Residual clay® (5) 1 1 1 1 1

a, Lime cemented gravels are included in tight gravels.

b, Lime cemented sands are included in clayey sand.

c. The yield of one mzkes allowance for small sandy or gravelly
streaks,

In the San Fernando Valley area, contours of specific yield for
a zone averaging 100 feet thick for 50 feet above and 50 feet below the
water of January, 1933, show the highest yields to be in the eastern and
southeastern parts of the basin where a peak of about 16 percent is reached.
The yleld decreases to about three percent along the south and west margins,
and to seven and eight percent along the north and northwest margins of the

basin.

Mokelumne Area Investigationg/
In the Mokelumne investigation, intensive field studies were

undertaken to determine the specific yield of water-bearing materials,
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Two methods were used to determine specific yield. In the first method,
the volume of material saturated and unwatered by alternate addition and
withdrawal of measured volumes of water from columns of undisturbed soil
was determined for materials from 13 localities. This is a direct volu-
metric method for determining specific yield. In the second method, the
difference between the porosity and the specific retention of undisturbed
material was determined on 16 samples, in duplicate, after drainage
periods as long as 390 days. This is an indirect method similar to those
employed by Eckisl/. In generél, these averages agree with the values
obtained for the specific yield of valley fill in the South Coastal
Basin,l/ although that intensive study dealt chiefly with coarser materials.
The specific yield values for three general classes of material obtained

by the foregoing methods and the averages for the two methods are set forth

in Table D-2,
TABLE D=2
SPECIFIC YIELD
MOKELUMNE INVESTIGATION
Material
Gravel and coarse sand 35 3L.5 34.8
Medium and fine sand 26 22.5 2L.2
Very fine sand, silt and clay 3.5 5.0 L.2



Salinas Basin Investigationé/

The indicated average specific yield for a change in ground
water storage of 50,000 acre-feet in the free ground water areas at the

water levels prevailing 19LL-L5 is approximately 13.8 percent.

Sacramento Valley Investigationg

On the basis of the South Coastal Basin Investigatiohl/ and
Mokelumne Area Investigation,g/ together with less detailed studies by
others, the specific yield values shown in Table D-3 were assigned to
the five groups of material classified in the well logs of the

Sacramento Valley.

TABLE D-3

SPECIFIC YIELDS OF SEDIMENTS
IN SACRAMENTO VALLEY

Specific yield

Material ; (percent)
Gravel 25
Sand 20
Fine sand 10
Clay and gravel 5
Clay, silt, sandy clay, lava rock 3
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Ventura County Investigationé/

With slight variations, the values determined in the South
Coastal Basin Investigationl/ were used., Estimated wéighted average
specific yields by basins are: Piru Basin, 16.7 percent; Fillmore Basin,
12.2 percent; Santa Paula Basin, 10.0 percent; Oxnard Forebay Basin,
16.5 percent. The specific yield values utilized in the Ventura County

Investigations are listed in Table D-l.

TABLE D=l

SPECIFIC YIELDS OF SEDIMENTS
IN VENTURA COUNTY

(After Table B-l)é/

. :Specific yield
Material : (percent)

Soil, including silty clay 3
Clay, including adobe and hard pan 0
Clayey sand, including sandy silt 5
Clayey gravel 7
Sand 25
Tight sand, including cemented sand 18
Gravel, including gravel and sand 21
Tight gravel, including cemented gravel il

Santa Margarita River Investigationé/

The values of specific yield assigned are those set forth in
Table D-5 and were derived largely from the laboratory investigations

of the South Coastal Basin Investigation.l/
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TABLE D-5

ASSIGNED SPECIFIC YIELD VALUES,
SANTA MARGARITA INVESTIGATION

(After Table B-LL)é

/

sSpecific yield

Type . Description of material svalue assigned
Clay Carbonaceous-silt Hard pan 1
Decomposed granite Adobe
Hill formation
Soil Loam Lake bed L
Clay-sand Sand and clay Clay with lime rocks 5
Muck Cemont
Sea mud and packed sand Sandy clay
Silty clay Cemented sediment
Silt Sandy soil 10
Sand Fine sand Quicksand 28
Coarse sand
Tight Sandy-soil Sand and mud 16
sand Silty-sand Cemented sand
Unsorted angular sand Dirty sand
Sand with trace of clay
Gravel Gravel and sand Cobbles and sand 22
Boulders Fill
Tight Cemented gravel Sandy clay with 15
gravel Gravel with clay layers gravel
Dirty gravel Packed sand with
rocks
Gravel- Conglomerate (partially cemented) 7
clay Clay and boulders
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Specific yield values have been assigned to the sediments in
the Tia Juana Basin based upon previous studies of similar materials in
South Coastal Basin.l/ A direct determination of specific yield was
made by the drainage of core samples within essentiaily homogenous
materials of the Tia Juana Basin in order to ascertain the degree of
correlation existing between the samples taken and those of the South
Coastal Basin}/ sediments based on maximum ten percent grade sizes. Two
indirect determinations of specific yield were also made in this investi-
gation by pumped well methods, the results of which compared fairly well
with the dirsct determinations. Although the origin and mode of
deposition of sediments in Tia Juana and South Coastal Basins differ,
the specific yields of sediments sampled in Tia Juana Basin were found
to be only slightly higher than those in the South Coastal Basin. Values

so selected are indicated in Table D-6
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TABLE D-6

SPECIFIC YIELD VALUES
APPLIED TO SEDIMENTS IN TIA JUANA BASIN

(After Table 0_2)1/

Average sUndifferentiated: Average

Déﬁggiznt}ated sspecific : descriptior  :specific yield
ption : N
of material :yield, in: of b : value used,
: ent® ¢+ material ent

Clay 1 Clay 1
Sandy clay 5 Sandy clay 5
Silt 10 Silt 10
Very fine sand 17 Fine sand 21
Fine sand 25
Medium sand. 30
Coarse sand 32 Sand 30
Very coarse sand 31
Gravelly sand 28
Fine gravel 26
Medium gravel 23 Gravel 22
Coarse gravel 18
Very coarse gravel Boulders 1

and boulders 1L

a. Determined from maximum 10 percent grade size of
cored samples.
b. As contained in drillers' logs.

San Joaquin Valleg;lnvestigationg/

Data collected by the Geological Survey on the character of
materials underlylng the San Joaquin Valley include drillers! logs of
nearly 6,000 water wells that were field located, geologists' logs and
core records of 6l Bureau of Reclamation test holes, and more than

1,000 electric logs of water wells and 0il wells. The logs were used
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for two important purposes; a study of the geology of the materials
penetrated by the wells, and classification of the maperials according
to their specific yields for the purpose of estimating ground water
storage capacity.

A total of 300 drillers' terms were grouped into five principal
classes and one minor class of material for use in the storage estimate.

A distinction between ill-sorted gravelly material and ill-sorted sand

was important at many places in the geologic studies, although the
specific yields of the two types of materials were considered sufficiently
similar so that they could be combined in a single category in the storage
study.

Facilities were not available in this investigation for making
either aquifer-rating (pumping) tests or field or laboratory drainage
tests of samples to determine specific yield. As in the Sacramento Valley
and in most other ground water basins in California where storage studies
have been made by the Geolcgical Survey, it was necessary to assign esti-
mated specific yields to the various classes of materials reported in
well logs. The values chosen for specific yield were based largely on
previous work by other investigators in California, with certain rational
modifications to fit conditions in the San Joaquin Valley.

The grouping of drillers' terms into the five major and one

minor specific yield categories are listed in Table D-7,
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GROUPING OF CRILLERS! TENNS USID TN ESTIMATING SPECIFIC YIELD
(rfter Table 3)8/

crvstalline Bedrock (fresh)

Specific yleld zero

tlard boulders
liard granite

Hard rock

Graphite and rocks

Recv (if in area of known
crystalline rocks)

Specific yleld 3 percent

Ariabe
Rrittle clay
Caving clay

ay, occasional rock
Crawbly clay

Cube clay

secomposed granite
Dirt

Gumho clay
tard clav
Hardpan (H.P.)
ilardpan shale
Hard shale
Hard shell
Joint clay

cl

~AVA

Loose shale
Huck

Mud

Packed clay
Poor clay
Shale

Shell

Slush
Soarstone
Soapstone [loat
Soft clay
Squeeze clay
Sticky
Sticky clay
Tigetr clay
Tight clay
Tule nud
Variable clay
Volecanic Tock

and Similar Materials

Specific yield S percent

Cemented gravel (cohbles)
Cermanted gravel and clay
Cemcntod gravel, hard
Cement and rocks (cobbles)
Clay and gravel (rock)

Clay and boulders (cobbles)
Clay, pack sand, and gravel
Cobbles in clay
Conglomerate

Dry gravel (below water table)
Gravel and clay

Gravel (cement)

Gravel and sandy clay
Cravel and tough shale
Gravelly clay

Rocks in clay

Notten cement

Rotten concrete mixture
Sandstone and float rock
Silt and gravel

Soil and boulders

Corented sand
Cemented sand and clay
lay sand
Dry hard packed sand
Dry sand (below water table)
Dry sand and dirt
Fine muddy sand
Fine sand, streaks of clay
Fine tight muddy sand
Hard packed sand, streaks of clay
Hard sand and clay
Hard set sand and clay
Muddy sand and clay
Packed sand and clay
Packed sand and shale
Sand and clay mix
Sand ard tough shale
Sand rock
Sandstone
Sandstone and lava
Set sand and clay
Set sand, streaks of clay
Cemented sandy clay
Hard sandy clay (tight)
Sandy clay
Sandy clay with small sand
streaxs, very fine
Sandy shale
Sel sandy clay
S5ilty clay
Soft sandy clay
Clay and fine sand
Clay and pumice streaks

Clay and sandy clay

Clay and silt

Clay, cemented sand

lay, compact loam and sand
Clay to coarse sand

Clay, streaks of hard packed sand
Clay, streaks of sandy clay
Clay, water

Clay with sandy pockel

Clay with small streaks of sand
Clay with some sand

Clay with streaks of fine sand
Clay with thin streaks of sand
Porphyry clay

Quicksandy clay

Sand--clay

Sand shell

Shale and sand

Solid clay with strata of cemented sand

Sticky sand and clay
Tight muddy sand
Very fine tight muddy sand

Dry sandy silt
Fine sandy loam
Fine sandy silt
Ground surface
Loam

Loan and clay
Sandy clay loam
Sediment

5ilt

S11t and clay
Silty clay loam

Silty loam
Soft loam
Soil

Soil and clay

Soil and wmud

Soil and sandy shale
Surface formation

Top hardpan soil
Topsoil

Topsoil and sandy silt
Topsoll--silt

Decomposed hardpan
Hardpan and sandstone
Hardpan and sandy clay
Kerdpan and sandy shale
Hardpan and sandy stratas
Kard rock (alluvial)
Sandy hardpan
Semi=hardpan

Washboard

Clay and Gravel, Sandy Clay, and Sinilar MYaterials

{continued)

Ash

Caliche

Chalk

Hard lava formation

Hard mnice
Porphyry

Seepage soft clay
Volecanic ash

Fine 3and. Tisht Sand, Tizht Gravel, and Similar Materlals

Specific yleld 10 percent

Sand and clay

Sand and clay strata {(traces)
Sand and dirt

Sand and hardpan

Sand and hard sand

Sand and lava

Sand and pack sand

Sand and sandy clay

Sand and soapstone

Sand and soil

Sand and some clay

Sand, clay, and water

Sand crust

Sand-Jittle water

Sand, mud, and water

Sand (some water)

Sand streaks, balance clay
Sand, streaks of clay

Sand with cemented streaks
Sand with thin streaks of clay

Coarse, and sandy

loose sandy clay

Medium sandy

Sandy

Sandy and sandy clay

Sandy clay, sand, and clay
Sandy clay--water bearing
Sandy clay with streaks ol sand
Sandy formation

Sandy muck

Sandy sediment

Very sandy clay

Roulders, cemented sand
Cenent, gravel, sand, and rocks
Clay and gravel, water bearing
Clay and rock, some loose rock
Clay, sand, and gravel
Glay, silt, sand, and gravel
Conglormerate, gravel, and
boulders
Conglomerate, sticky clay,
sand and gravel
Dirty gravel
Fine gravel, hard
Gravel and hardpan strata
Gravel, ccmented sand
Gravel with streaks of clay
Hard gravel
Hard sand and gravel
Packed gravel
Packed sand and gravel
Quicksand and cobbles
Rock sand and clay
Sand and gravel, cemented streaks
Sand and silt, many gravel
Sand, clay, streaks of gravel
Sandy clay and gravel
Set gravel
Silty sand and gravel (cobbles)
Tight gravel

Sandy loam

Sandy loam, sand, and clay
Sandy silt

Sandy soil

Surface and fine sand

Cloggy sand

Coarse pack sand
Conoacted sand and silt
Dead sand

pack sand

quicksand with alkali streaks
sand

sand, loose

pack sand

sand

sand and streaks of sandy
clay

ilard sand rock and some water sand
llard sand, sofl stresxs
Loany fine sond

Medium nuddy sand

Mil% sand

Yore or less sand
Muddy sand

Pack sand

Poor water sand

Pouder sand

Punice sand

Quicksand

Sand, mucky or dirty
Set sand

Silty sand

Sloppy sand

Sticky sand

Streaks fine and coarse sand
Surface sand and clay

Tight sand

Brittle clay and sand

GClay and sard

Clay, =and, and water

Clay with sand

Clay with rand sireaks

Yore or less clay, hard sand
and boulders

¥ud and sand

Mud, sand, and water

Cand and rud with chunks of clay

Silt and fine sand

Silt and sand

Soil, sand, and clay

Topsoil and lipht sand

Water sand sprinkled with clay

Float reck (stone)
Jaminated

Pumice

Scep water

Solt sandstone
Sirong seepage

fravel. Sand  Sand and Gravel. and Similar Materials

Specific yield 25 per cent

Boulders
Coarse gravel
Coarse sand
Cobbles
Cobble stones
Dry gravel (ir above water
table
Float rocks
Free sand
Gravel
loocze gravel
Loose sand
Rocks
Water pravel

Cravel and sand
Gravel and sandrock
Vezdium sand

Rock and gravel
running sand

Sand

Sand, water

Sand and boulders
3ard and cottles
Sand and fine gravel
Sand and jravel
Sandy gravel




San Luis Obispo County Investigationg/

With slight variations, the values determined in Bulletin
No. LS were adopted for computing the change of storage estimates in
this area.

The task of assignhing specific yield values to the sediments
appearing in drill logs was simplified by dividing all basin sediments
into eight general categories. These included soil, clay, clay and sand,
clay and gravel, tight sand, tight gravel and gravel. Sand, gravel, and
clay which constitute the bulk of the basin sediments were generally
found to be well differentiated on the drillers' logs. Combinations of
these materials, however, were frequently described by such unique or
local terms as "ooze", 'muck", "cement", etc. Materials so described were
placed, based on the judgment of a geologist, into one of the above eight
categories. The Paso Robles formation is generally more compacted and
weathered than the alluvium and some specific yield values were lowered
accordingly. Estimated weighted mean specific yield of the Paso Robles
formation and alluvium is eight percent. The specific yield of the
alluvium of the Salinas River is estimated to average 15 percent.

The specific yield values assigned to the general categories

of material encountered are shown in Table D-8.
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TABLE D-8

SPECIFIC YIELDS OF SEDIMENTS
(After Table B-2)2/

Material : . :
: Alluvium ¢ formation
S0il, including silty clay 5 5
Clay, including adobe and hard pan 3 3
Clay and sand, including sandy silt 5 5
Clay and gravel 7 7
Sand 25 20
Tight sand, including cemented sand 18 15
Gravel, including gravel and sand . 21 18
Tight gravel, including cemented gravel FIN 13

Selection of Specific Yield Values

Review by the Referee of the results of prior investigations and
consultation with the Engineering Advisory Committee resulted in an agree-
ment to base the specific yield values on data presented in Bulletin L5,
South Coastal Basin Investigation,l/ and the work sheets used in pre-
paration of that bulletin. The specific yield values so selected by the
Referee are shown in Table D-~9 and are based on results of the Bulletin L5
investigation with the following modifications:

Ground water inventories such as developed in Bulletin 12,
Ventura County Investigation,i/ utilizing the specific yield values as
published in Bulletin L5, have been found to be out of balance with
insufficient water going in and out of storage for corresponding
fluctuation of the water surface. The lack of balance indicates that

the specific yield may be too small.
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TABLE D-9

SPECIFIC YIELD VALUES SELIECTED FOR USE

Hard granite rock

Adoba

Boulders in clay
Cerantod clay
Clay

Clay loam
Dacomposed shale
DMrt

Oranits clay
Hard olay

Cemented sand
Clay and gravel
Clayey sand
Clayey silt
Conglomerats
Decomposed granite
Oravelly clay
Loam

Rotten conglomerate
Rotten granite
Sand rock

Cemented boulders
Cemented gravel
Cemented sand and gravel
Dead gravel

Dead sand

Dirty pack sand

Hard gravel

Boulders

Broken rocke
Coarse gravel
Ocbbles and gravel
Gravel and boulders

Fine sand
Heaving aand
Quicksand

Sand and gravel

Dy gravel
Qravel
Gravelly sand
Loose gravel

Ocarse sand
Fine gravel

IN SAN FERNANDO VALLEY REFERENCE

0 Percent

3 Percent

5 Percent

10 Porcent

14 Percent

16 Porcont

19 Parcent

21 Percent

26 Porcent
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Soil rock

Hard pan

Hard sendy shale
Hard shell

Muck

Sandy clay loam
Shale

Shaley alay
Shell rock
Soapatone

Sandstone
Sand and clay
Sandy ¢

Sandy 5};{
Sediment
Shaley gravel
St

8ilty clay
511ty loam
Soil

Soft sand

Hard sand

< Heavy rocks

Sandy loam

Soft sandstons
Tight boulders
Tight cosrss gravel

Large gravel
Rocke

Send and gravel, silty

Tight fine gravel
Tight medium gravel

Sand and boulders
Tight sand

Hediun gravel

Sand

Water gravel

Hodium sand



Based on the foregoing indications and the fact that specific
yield for fine materials suggested by Bulletin L5 were not supported by
experimental data, the Referee has utilized a higher value of three percent
for clay as being more appropriate than the value of one percent used in
the prior investigation.,

‘ The value of sand and gravel, not mentioned in Bulletin L5, was
set at 19 percent through a trial and error method. This method consisted
of utilizing a series of assumed values for the specific yleld of sand and
gravel and working out the average specific yield values for well groups
identical with those of the work sheets of Bulletin 45, until the average
of the reworked groups closely approximated the average specific yield
values indicated by the Bulletin LS5 studies. During this work it was noted
that in numerous places on the Bulletin U5 work sheets pertaining to the
San Fernando Valley the value of sand and gravel was arbitrarily assigned
a value of 19 percent. Study of these same work sheets also noted that the
majority of gravel strata mentioned were reduced from 25 percent specific
yield to values of 19, 20 and 22 percent. No explanation of this devalu-
ation was found in the work sheets and the text of the bulletin does not
reflect such a change.

The values for medium and coarse sand were reduced from 28
percent Eo 21 and 26 percent, respectively, since it was felt that a 28
percent value was more applicable to poorly graded or more uniform sedi-
ments found in the lower basins of the South Coastal area. The sediments
in the lower basins were subject to a better degree of sorting over the

longer distance of travel from the source area, while the sediments in
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the San Fernando Valley area show a better gradation allowing the finer
particles to fit between the coarse ones, thus reducing the amount of
voids with a resultant decrease in specific yield.

Slichter's classical study of the Theoretical Investigation of
the Motion of Ground Water,lg/ points out that when dealing with uniform
spheres arranged in a cubic fashion, which is considered loose packing,
the porosity is equal to L7.6L percent. When the same spheres are arranged
in a rhombohedron in the most compact or tightly packed condition, the
porosity is reduced to 25.95 percent. Observation of a great number of
samples taken from wells and in deep cuts indicates that well-graded
fairly compact materials are the most prevalent in the San Fernando Basin.

During the investigation of storage capacity reported in
Bulletin 45, there were 350 samples procured and analyzed primarily from
shallow surface pits; about 29 of these were obtained in the San Fernando
Valley. Mean specific yield was determined at 3L well groups from about
200 well logs. Data gathered for the present investigation comprise 560
usable well logs which were utilized in 52 well groups or storage units.

A comparison of mean specific yield values for three typical well groups
computed, using the Bulletin L5 values and the values used in the San

Fernando Valley Reference, show very little difference as indicated in

Table D-10,
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TABLE D-10

COMPARISON OF MEAN SPECIFIC YIELD VALUES
FOR SELECTED WELL GROUPS

t  Mean Specific tield : Mean opecific Yield
Well group: Bulletin L5 Work Sheets : San Fernando Reference

: in Percent in Percent
3600 5.72 6.57
3800 12.58 12.23
3752 6.70 . 6.96

It should be noted that in Well Group 3600 the mean specific
value increased from 5.72 percent to 6.57 percent. This is due primarily
to the increase in specific yield of clay materials froﬁ one percent to
three percent. A comparision of the specific yield values selected by
the Referee with those utilized in other investigations is shown in

Table D-11.
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APPENDIX ¥

PRECIPITATION

Quantities of precipitation on the valley £3ill and on the hill
and mountain areas were evaluated separately. The valley fill area was
divided into three sections, referred to as the San Fernando, Sylmar and
Verdugo Hydrologic Subareas and the precipitation was evaluated separately
for each subarea. Precipitation on the hill and mountain areas was
evaluated separately for the watersheds of Big Tujunga, Pacoima Creek and
Sycanmore Canyon, for which runoff records are available, and for each of
12 subdivisions of the remaining hill and mountain areas (see Appendix F).
Each of the latter units is comprised of small watersheds having one or

more outlets at the edge of the valley fill.

Precipitation Stations and Records

The 85-year Isohyetal Map of Los Angeles County, prepared by the
Los Angeles County Flood Control District for the period 1872-73 through
1956-57, is based on 130 master precipitation stations, of which 37 are
within or are immediately adjacent to the Upper Los Angeles River area.
Three factors were considered in the selection of master stations;
(1) length of record, (2) location and (3) accuracy of record. The mini-
rum length of record of the valley f£ill stations used was 20 seasons and

of the mountain area stations 1l seasons. Master stations were also



selected to give representative areal distribution of precipitation on the
entire county. The 85-year isohyets,.derived from the records of these
stations are shown on Plate 9., -

The Los Angeles and Pasadena precipitation stations are the only
stations that have continuous records for the 85-year period. The records
¢l the other master stations have been extended by the Los Angeles County
Flood Control District to 85 years, based on indices of selected longer
record stations, taking the stations in descending order of their length
of record.

The extended 85-year rainfall of a station was computed by a
direct proportion, using the indices of wetness of a known master station
for the corresponding years of unknown record at the station being
extended, The formula used is as follows:

B

R =mx 8,500

where: R = estimated total rainfall for 85-year
period at station being extended.,

A = sum of indices of wetness of longer
record station for unknown period of
station being extended.

B = Sum of rainfall for period of record
of station being extended,

When more than one station was used to extend a record, the indices of
wetness used were either averaged or weighted inversely with respect to
the distance of each from the station being exteﬁded.

Table E-1 lists 37 of a county-wide total of 130 master stations

which are within or adjacent to the Upper Los Angeles River area along with

Llli
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L0S ANGELES COUNTY FLOOD CONTROL DISTRICT
WITHIN OR ADJACENT TG SAN F:

10s Angeles County

Floed Control District: Name
715 Los Angeles
610 Pasadena
32 Newhall-Soledad Division
' Headgquarters
28 San Fernando Lemon Association
165 Glendora - west
63L Santa Monica = City Hall
35U Highland Park
179 ESierra Madre
761 heton-Escondido Canvon
1137 Sawtelle - Soldlier's Home
250 heton Camp
s3° Colby's Ranck
130 torth Hollywood
517 Andersen Ranch
2950 Glendale
178 Valyermo
17 La Canada
21k Brant Rancho-Girard
33b Pacoima Dam
36LP Haines Canyon - Lower
373 Briggs Terrace
540 loomis Ranch - Alder Creek
155 Little Rock Creek
250 Northridge~indrews
2558 Chatsworth Patrol Station
23b Chatsworth Reservoir
150 Van Nuys - City warehouse
L6 Big Tujunga Dam
b Roscoe-Yerrill
11 Upper Franklin Heservoir
139 Brang Park
17 Sepulveda Canvon
393 Olive View Sanitorium
665 Tujunga Canyon - Vogel Flat
LOS Soledad Canvon-Zckles
L2 hcton-Aliso Canvon
Ly Sanua Clara Ridge

b.

The following stations used by the Referee as

12°
290

3cb
L7

251t -

Lok

7050

Fount Gleason

Franklin Caryon
Granada Pump Flant

Sylmar

Clear Creek-City School

La Crescenta

Tujunga-Mill Creek

Alder Creek-Paradise Ranch

TAELL L-1

Period of :

record

1872-58
1872-58

1876-58
1877-58
1830-58
1R85-58
189758
148358
1854-58
1896-55
1879-99
1929-32
1933-37
1938-58
1897-58
1906-38
1606-32
1942-58
1909-53
1911-58
19:2-58
1912-58
191556
1917-58

1915-16
1918-58
1917-19
1920-2?
1923-58
1920-22
1928-58
1920-58
1929-58
1925-38
1925-56
9M7-21
1927-58
1927-58
1927-58
1928-58
192858
153458
1935-59
1936-58
1937-58
1937-58

ASTER RAINFALL STATICHS
DO VALLEY

Station used for extension
of recordd

Los Angeles

Los Angeles (0.66)

Pasadena

los Angeles

Pasadena (0.36) ané Los Angeles (0.15)

Pasadena (0.36) ard Glendora (0.15)

Average of Fasadena and Newnall

tversge of Los Angeles and Santa ¥onica City Hall
Acvon-Escondido Canyon

Average of Pasadena, Sierra Madre and Haines Canvon - Lower
Average of los Angeles and San Fernando Lemon Association
Valyermo

kverage of Los Angeles and Highland Park

Acvon-Escondido Canyon

FPasadena

Average of Los Angeles and San Fernando Lemon Association

San Fernando Lemon Association

los Angeles {0.17), San Fernando Lemon Association (0.10) and
Pasadena (C.19)

Average of La Canada and Haines Canyon - Lower

Colby's Ranch

hverage of Valyermo and Acton Camp

Average o1 San Fernande Lemon Association and Brant Ranch

Horthridge

Average of Brant Ranch and Northridge

Average of North Hollwwood and Northridge

Average of Haines Canyon-lower and Colby's

Average of North Hollywood, San Fernando Lemon Associatlor and
Pacoima Dam

Sawtelle (0.20) and YNorth Hollywood (0,25)

Glencale

Upper Franklin fleservoir

tverage of Pacoima Dam and San Fernando Lemon Association

Big Tujunga Dam

kverage of Acton-Escondide Canyon and Acton Camp

Average of Mount Gleason, Actor. Camp and Little Rock Creek

Average of Big Tujungz Dam, Pacoima Dam and Soledad Canyon

consrolling statiens are not Master Rairfall Stations, as designated by the
Los Angoles County Flood Control District, but the EY-vear mean precipitation was computed for each by the District for use in
deriving the 55-year Isonyetal Map.

19°7-58
1927-58

1919-58

1527-58
1925-58
19L1-58
15k2-58

Sawtelle (0.17) and North Hollywood (0.33)

Average of San Fernarndo Lemon Assoclation snd Chatsworth Patrol
Station

Average of San Fernando Lemon Association and Olive View
Sanitoriun

Big Tujunga Dam

Briggs Terrace .

Average of Loomis Ranch and Acton-iAliso Canyon

Average of Loomis Hanch and Actor-Aliso Canyon

Mumbers in parenthesis are weighved coefficients used by Los Angeles Countr Flo d Control District to determine indices

of wetness for the unknown record of the station.
Controlling stations used by the Referee in compuiing quantities of precipitation.



+the stations which were used to extend the record of the master stations.
Seven additional stations, utilized by the Referee in computipg the annual
amounts of precipitation, are also listed in Table E-1 along with the
master stations of the Los Angeles County Flood Control District heretofore
mentioned.

In computing mean annual precipitation for the Upper Los Angeles
River area, 22 precipitation stations, all located within the water-
shed, were utilized in conjunction with the 85-year isohyets of the Los
Lngeles County Flood Control District. These stations are identified in
Table E-1 and their locations shown on Plate 9. These stations were
selected to reflect areal distribution as well as representative depth of
precipitation. The minimum length of record for stations on the valley
£i11 was 29 seasons (through 1957-58) and 16 seasons (through 1957-58) in
the hill and mountain areas. Table E-2 gives the elevation, period of
record, 85-year mean precipitation, and the recorded maximum and minimum

precipitation of the 22 stations utilized.

Quantity of Precipitation
In computing the 85-year mean seasonal precipitation, the Isohyetal
Method was used within polygons of a Thiessen network. The Thiessen net-
work determined the area of influence of each controlling station and was
used to facilitate annual pfecipitation computations. It was constructed
by locating the stations on a map and drawing the perpendicular bisectors
to the lines connecting the stations. The polygons thus formed around each

station are the boundaries of the area considered controlled by its station



TABLR o=2

YEAN, MAXDUN AND MINIMUM SERCCHAL FRECIPITATION
OF CONTROLLING STATIONS USZD BY THE REFEREE

sonal prooipitasion,) and minimum

in {nchaa 1 Seasdn 1 Inchen
1?2 Franklin Canyon 1,100 1927-26 18,71 19L0-U1 L6.15
1957-58 15L7-L8 8.85
13 North Hollywood 593 1906-07 16,90 19L0-41 39.68
v 1957-56 1907-L8 7,10
1k foscoe-Merrill 1,050 1927-28 .51 19040-41 35.99
1957-58 19L7-L8 7.25
15 Van Huys Warghouse 625 1925-26 15.20 29L0-h1 39.77
1957-58 1550-51 7.67
17 Sepulveda Canyon 1,bL25 1928-29 19.22 19L0-k1 L7.9¢
1957-58 19L7-LE 8.36
21 Brart Ranch»Girard R91 1°12-13 k.38 1943-01 36.29
1957453 19L7-48 6.57
23 Chatsworth iteservoir 865 . 1925-26 1L.x2 1940-11
1957-58 194L7-L8
1 Norikridge~Andrews 795 1920-21 1.59 1940-L1
1957-58 1923-2h
Granada Pump Plant 1,150 1927-28 17.10 19L0=L1
1957-58 1948-L9
Sylmar 1,250 1915-20 16.70 19L0-01 38,77
1957-58 19L8-L9 8.7
33 Pacoima Dam 1,500 1515-16 18.9hL 19L0-U1 10,02
157-56 1947-18 e.L6
L7 Clear Creak-Cily School 3,200 1927-28 32,01 19L0-l1 61.72
1357-58 1950-51 10,33
53 Golb*s Ranch 3,67 1397-98 30.13 1921-22
1957-58 189E-39
54 Loomis Rinch = Alder Creek 4,370 1517-18 20.90 1950-41
1957~58 1950-51
210 Brand Park 1,250 1925-29 19.15 12L0-h1
1957-58 1947 -L8
1550-51
251 La Crescenta 1,565 1929-30 23,6k 19L0-4L1
1957-58 1947-k8
239 Chatsworth Patrol 1,254 1929-30 17.77 19L0-~h2
. 1957-5¢ 19L8-L9
295 Glendale 530 1917-13 17.93 1940-L1 1.63
1957-58 1923-2k 8.0k
36L Hainesa Canron-Lower 2,h50 1917-18 2L.30 19L0-k1 53.07
. 1957-58 19L7-L8 11.12
L1y Santa Clara Ridge-Mount Gleason 5,L50 1937-38 2.8 19L0-l 52.98
1957-58 1950-51 10,15
L7 Tujunga-Kill Creek k,600 19L1-L2 17.63 1951-52 28,99
1957-58 195051 8.00
705 Alder Creek-Paradise Hanch 2,330 19L2-43 20.70 1951-52 35.55
1957-58 1950-51 10,26

a. As of September 1958.



because any point in such a polygon is closer to the controlling station
than to any other station.

The 85-year mean seasonal isohyets were superimposed on the
Thiessen network and the Isohyetal Method was then applied to each polygon
in computing the mean seasonal precipitation, The area between successive
ischyets in each polygon was determined with a planimeter. The areas of
cach subarea or watershed were kept separate and designated by station
number and letter when more than one existed within the polygon. The area
in acres between two isohyets multiplied by their weighted precipitation
in feet gave the quantity of mean precipitation on the area between the two
isohyets in acre-feet. The weighted value used was the average of the
boundary isohyets except in the few instances vhere the area was controlled
by the previously noted arbitrary boundaries., The summation of all these
increments within a polygon or portion thereof was taken as the 85-year
mean seasonal precipitation in the polygon or portion thereof, The area
and mean seasonal precipitation of each polygon are presented in Table E-3
and of each hydrologic subarea and drainage unit in Table E-l.

The precipitation for a specific season in a polygon was computed
by multiplying the 85-year mean seasonal precipitation of the polygon or a
portion of the polygon by the index of wetness of the controlling station
for the specific year. The indices of wetness for each controlling
station are presented in Table E-5. To arrive at the annual precipitation
in subareas of the valley £ill and in hill and mountain watersheds, the

precipitation in the appropriate polygons or portion of polygons were



TABLE E-3

85-YEAR MEAN PRECIPITATION BY THEISSEN POLYGONS

LIJ“L'COF..C‘D.
number for
controlling

12
13
14
15
17
21

f 85~year-mean X
‘precipitation,,

, in acre-feet |

6,452
17,562
32,155
29,083

95593
32,774
12,281
30,126
10,619
28,691
23,934
31,403
36,388
38,096
11,086
21,898
35,534
27,867
37,448
13,378
43,715

54k, 846

. ;Precipitation: L.4.C.F.C.D.
sArea, in: by polygon s 85-¥e§r mgan
¢ acres sprecipitation,

- : Feet :Inches: din inches
4,238 1.52 18,27 18,71
12,720 1.38 16.57 16.90
24,110 1.33 16.00 14,61
22,262 1,31 15.68 15,20
6,231 1.54 18,47 19.22
2L,462 1.34 16,08 14,38
10,331 1.19 14,26 14,12
23,609 1,28 15.31 14.59
6,673 1.59 19.10 17.10
19,455 1.47  17.70 16.70
14,812 1.62 19.39 18,94
12,852 2.44  29.32 32.41
15,726 2,31 27.77 30413
17,925 2.13 25.50 20.90
9,021 1.64 19,64 19.15
5,709 1.94 23,30 23,64
13,898 1,58 18.91 17.77
24,559 1,45 17.36 17.93
13,791 2,02 24,25 24, 30
16,616 2.25 27.04 24,48
7,694 1.74% 20,86 17.63
22,443 1,95 23.37 20.70
329,137



TABLE E-L

85-YEAR MEAN PRECIPITATION
BY SUBAREAS AND DRAINAGE UNITS

Ui Area, : U85-year mean precipitation,
nit : in acres: in acre-feet
Hydrologic Subarga
San Fernando and Eagle Rock 112,85 149,884
Sylmar 5,565 8,149
Verdugo? 5,009 9,706
Subtotal 123,428 167,739
Drainage UnitP
Lower Tujunga - 21,833 37,085
Big Tujunga 68,111 151,059
Pacoima 18,090 38,714
Unit I 19,238 28,520
Unit II 6,l6 9,336
Unit ITI 17,594 23,573
Unit IV 17,582 27,892
Unit V 5,873 10,639
Unit VI _ 1,786 2,587
Haines Canyon ' 971 2,115
Sycamore Canyon 1,733 2,890
Unit VII ] 13,104 19,042
Unit VIII L,928 7,057
Unit X 7,029 14,180
Subtotal 205,709 377,107
TOTAL 329,137 Shh,846

a. Includes precipitation on the portion of Mork Hill Basin within the

Upper Los Angeles River Area.
b. See Appendix F for descripticn of drainage units.

E-10



ECIPITATION
HS

ANNUAL FZRCENT OF
CF CONT:

1930-31 96 90 93 102 101 95 101 91 9k 101 97
31-32 123 120 139 126 129 120 119 123 128 126 128
32-33 87 91 Bl 88 8L 72 8 72 89 76 a2
33-3L 105 115 81 8L 100 67 90 81 86 88 87
3435 127 130 126 19 117 115 135 125 119 125 133

1935-36 82 72 70 65 86 78 87 83 86 92 ol
36437 153 141 1L 1y 153 150 161 Uk L6 152 155
37-38 171 163 L7 57 176 152 5L 151 1h2 1.9 172
3839 17 121 131 136 137 136 118 1,2 130 135 16
29410 93 9l 116 10k 97 110 105 111 10} 10L 96

1440-L1 247 236 206 261 250 252 260 243 237 232 213
L1-L? 85 e3 920 87 7 86 80 80 76 79 77
213 153 151 157 159 161 14E L5 155 1h9 153 160

3-ll; 133 129 163 15k 135 16l 162 172 1S 1h7 148
hehs 3 75 9% 7h 83 9% 92 93 87 92 97

15L5-L6 83 78 87 #1 88 86 87 s 85 89 89
L6-L7 9% 80 103 93 65 82 89 .87 88 99 110
L7-LE L? Mk S0 51 b 13 L7 L7 50 L9 50
LE-L 3 LS 56 L7 53 L7 50 L7 Sk 59 63
li9~50 &5 5 & 57 65 66 78 69 8 80 7L

1550-51 56 50 5. u7 L 1 65 57 69 67 62
5152 189 192 170 188 194 187 194 192 186 197 193
52-53 76 61 68 73 71 7k 79 40 69
53-5L 83 78 76 81 89 83 9L 85 86 87 Al
5L-35 76 Bl 85 9 78 90 93 88 8l 8L %

195556 97 9% 93 9k 8k 115 nk 11 119 121 EN
56-57 70 % el 79 76 73 88 83 83 83 83
57-58 146 k1 151 156 153 20l 212 190 154 18l 161

?9-vear

TOTAL 2,950 2,895 3,007 2,901 3,006 2,986 3,127 3,069 3,023 3,117 3,053
29=Year

Average

1929-57 103.1 95.8 103.7 102.8 103.7 103.0 107.8 105.8 10k, 2 107.5 105.3

AWNUAL FERCENT OF 85-YZiR MEZAN PRASCIPITATION
OF CONTROLLIG STATIONS

{continued)
. : L7 353 : ShL s 210 ¢ 251 i %9 : 295 Tz 36k '+ T 19 v WO st 05T -
tear :CTear Crcew~: ColbyTs :loomis nanch-: Brand : La 3+Chatswortn: H Raines sSanta Clara:TGjunga-FIII: Alder Creck-
1Citv School : Ranch t: Alder Creek : Park :Crescenta: Patrol ; Olendale sCanvon-Lower: Ridre 3 Creek tParadise kanch
192R-79 &5 58 63 82 753 760 82 69 é5¢ é5¢ é5¢
29-30 65 63 86 63 67 81 67 66 73¢ 73¢ 73¢
1630-31 71 61 8G t7 Tu 47 i 7S5 76¢ 78¢ T8¢
=32 102 102 109 115 11k 134 117 121 112¢ 112¢ 110¢
32-33 & 55 66 75 76 70 76 2 76¢ 76¢ 76¢
33-3L 75 69 56 105 105 98 11C 82 7he 7h¢ 7he
3i:-35 120 121 116 126 129 132 116 120 122¢ 122¢ 122¢
1935-36 83 61 58 81 82 &l a3 70 73¢ 13¢ ne
36-37 151 135 1 139 1hs 159 134 143 wse 15¢ 1hs¢
37-38 158 137 155 150 17k 160 1h3 155 193 155¢ 155¢
38-39 98 91 108 117 112 105 114 11k 109 105¢ 105¢
39-10 k&) 63 3 81 68 99 €3 8L 9k 78¢ T3¢
19L0-1) 1%0 185 194 229 204 236 232 218 216 200¢ 200¢
W12 60 617 72 77 7L 72 71 71 81 8L 69¢
Lzw-i3 152 165 165 115 178 167 137 164 162 1h1 1L8
121 137 17 122 12k 1ho 125 150 175 15k 154
80 9l 96 89 102 98 86 85 106 102 98
89 Sh 78 43 0 82 95 110 &8 £8
107 93 103 9h 102 a7 98 112 121 9k 99
18 W7 57 b7 LS L9 L7 Lé 59 58 1
65 LS L9 50 61 S7 53 61 65 67 59
6l 62 S3 55 7 79 67 72 61 sS 69
32 3k L2 u7 50 3] L8 1:8 il L5 50
162 153 13 191 177 165 186 183 15 16L 172
L9 L3 55 70 57 a3 61 56 L8 6l 55
45 76 70 76 95 92 79 75 83 79 78
65 62 65 78 73 88 79 79 60 79 76
79 62 6l 87 93 113 95 86 75 77 8h
71 6L 50 7L 75 83 17 79 58 66 70
167 156 1h2 1hé 152 202 1h1 165 1Lt hInh 150
':AL 2,673 2,h94 2,638 2,837 2,911 3,0m 2,639 2,869 2,886 2,773 2,776
29=Year
hverare
1929-57 92,2 86.0 91.0 97.8  100.L 105.9 97.9 98.9 99.5 95.6 95.7

a, Average index of Stations 1L, 30, 33 and 295,
b, Average index of Stations 23, 25 and 29.
c. Average index of Stations 33, L7, 53, Sb anc 3€u.

E-l1



totaled. The annual amounts of precipitation derived in this manner are
tezbulated by year in Chapter IV of this report. Percent of normal precip-
itation on the valley £ill, hill and mountain areas and entire watershed
for each year of the base period are also shown in Chapter IV.

Monthly precipitation was computed only for the San Fernando,
Sylmar and Verdugo Hydrologic Subareas on the valley fill and shown in
Teble E-6. The product of the monthly recorded precipitation in percent
of the seasonal record at each controlling station and the annual precip-
itation in its respective polygon, resulted in the monthly precipitation
used for each polygon. The monthly amounts of precipitation in each
wolygon were totaled by subareas and converted to average depths of monthly

precipitation in inches.
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13.h
15.2

May
sthrough: Total

: Mar, : Apr.

: Peb.

(continued)
In Inches

TABLE E-6

MONTHLY PRECIPITATION ON VALILEY FILL AREA
: Nov. : Dec. : Jan.

: Oct.

29-30

Year
928-29
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: Feb. : Mar. : Apr. :through: Total
: : ¢ Seot. :

(continued)
In Inches

: Jan.

MONTHLY PRECIPITATION ON VALLEY FILL AREA
: Dec.

1923-29
29-30
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APPENDIX F

HILL AND MOUNTAIN RUNOFF

The hill and mountain areas producing runoff that flows onto the
valley fill' are comprised of 205,709 acres. The location of hill and
mountain masses is shown on Plate 2, Physiography. The ungaged hill and
mountain areas are composed primarily of small canyons and low hills. To
facilitate computations, adjacent watersheds which had similar geologic
and runoff characteristics and were tributary to the same hydfologic sub-
area, were grouped together into "Hill and Mountain Groups". The location

and extent of these groups are shown on Figure F-1.

Availability of Data Used

The only watersheds gaged throughout the base period are those
of Big Tujunga Creek above Gold Canyon and Pacoima Creek above Pacoima
Dam, their combined area being equal to 86,201 acres. Of the remaining
119,508 acres, only two small watersheds, Sycamore and Haines, have reli-
able gaging records of significant duration. Haines Canyon data were not
used because of the existence of several ummeasured diversions from the
watershed.

The available data within the watershed consist of:

1. Measured runoff from Big Tujunga and Pacoima
Creeks during the period 1917-1958, inclusive.

2. Measured runoff from Sycamore Canyon during the
period 1938-1958, inclusive.
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3. Precipitation on all hill and mountain areas.
(Extension of records by Los Angeles County
Flood Control District covered an 85-year
period back to 1872).

L. Culture survey of hill and mountain areas made
by the Referee in 1958.

The method of computing precipitation on hill .and mountain groups
is described in Appendix E. Annual precipitation so detemmined is listed
in Table F-1.

Runoff measurements and records of dam operations were obtained
from the Los Angeles County Flood Control District, U. S. Geological Survey
and City of Los Angeles Department of Water and Power.

In order to have all runoff data on the same basis, the Big

ujunga runoff was corrected to unimpaired runoff by adjusting for change
in storage in Big Tujunga Dam. The precipitation and runoff data for
Tujunga, Pacoima and Sycamore watersheds are shown in Table F-2. The area
of each watershed gaged is shown in Table F-3.

The three gaged watersheds in the area were not considered a
sufficient number on which to base a study. The gaged watershed determined
to be most similar to the hill and mountain areas of the area of investi-
gation was Spunky Canyon, which is tributary to Bouquet Canyon and in the
Santa Clara River watershed. Runoff and precipitation records for this
geged area of 1,230 acres have been maintained by the City of Los Angeles
since 1932. The 85-year mean water crop for the Spunky watershed was
determined from the Los Angeles County Flood Control District!s 85-year

isohyetal map.
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TABLE -2

PRECIPITATION, RUNOFF, RETZNTION, AND INDICES OF WETNZSS
FOl
PACODMA, TUJUNGA, SYCAMORE, AND SPUNXY WATERS{EDS

1917-18 28,31 3.19 25,12 110 110 29.68 391 25.77 112 121
18-19 19.48 0.76 18.72 7% 76 19.88 1.01 18.687 75 81
17-20 2L.7h “.50 . 18.24 1] 97 27.h9 2.92 2l 77 104 13

1820-21 26,39 L.8L 23.55 111 111 28,12 1.85 25,27 106 115
21-22 LL.73 25.69 19.0L 17k 175 L9.50 18.15 31,35 186 202
20-23 k.37 5.22 19.15 95 95 25,96 2.59 23.37 98 106
23-24 ., 13.32 0.3 12.9% 52 52 1h.3%6 0.45 13.71 5L 59
2L-25 18.00 0,52 17.38 70 70 19.91 0,05 19,26 75 81

1525-26 34,29 5.17 29.12 13 13 37.63 3.Lb 3L.19 U1 15k
2f.27 28.47 3.80 2l;.87 112 112 25.03 3.77 25,25 109 19
27-28 16,27 0.L0 15.85 63 53 16.7) 0.85 15.88 43 (8
28.29 17.95 0.58 14,37 6 67 16,76 0.73 14,03 53 68
23-30 19.00 0.7k 18.26 7h 75 19.1% 0.77 18.39 7 78

1930-22 20.80 0.72 20,08 81 82 19.59 0,5L 19.15 7h 80
31-32 29.53 5.80 23.73 115 11% 28.7h 3.15 25.59 108 11
32-33 19.77 1.L3 18.3L 77 78 18,90 1.30 17.40 71 77
33-30 19.52 2.29 17.23 76 7 18.3% 1.L6 14,90 49 75
=35 31,84 3.59 28.15 124 12¢ 31.93 2.84 29.09 120 130

1935-34 19.52 2,05 17.47 hd 7 18,09 1.15 15,94 £8 7h

37,75 10.43 27.32 17 19 37.79 451 31.18 12 15L
Lh.Ls 17.16 27,27 173 175 L1.78 U.7% 27.02 157 170
27.73 2.3 25.39 108 109 27,14 2,55 2k.59 102 111
22.3h 2.13 20,21 87 88 19.96 1.91 18.05 75 81
53.0:1 17.11 35,30 208 211 s2.h2 13.91 38,51 197 213
19.2% 1.27 17.99 75 76 10.87 1.78 17.11 n 77
L0.0% 13.73 2,33 154 158 L2.31 13.39 28.92 159 172
L1, 3 9.95 31.39 11 153 38,58 10,32 28.26 1ks 157
26,94 3.23 22,71 101 102 25.01 3.23 21.78 ol 102
2L.91 3.05 21,86 97 98 25,01 2.87 22,1 9l 102
28.25 2,89 . 25.3% 110 111 27.41 3.37 2,.0L 103 112
13.87 0.25 13,72 L 55 14.10 0.6 13.Lb 53 7
15.92 0.8 15,04 42 “3 14.50 0.52 1,38 54 51
17.21 0.71 16.50 A7 ~8 15.97 0.5. 15,43 60 és
12.33 0,09 12.24 L8 L9 10.38 0,20 10.18 39 L2
L2.89 11.2 31.75 17 169 L1.25 7.L9 33.75 155 168
pH 0.6L 13.L8 55 54 13.57 0.90 12.57 51 55
20.80 1.96 18.8k 81 82 20.L9 1.L7 15.02 77 83
Si-55 17.98 0.50 17.48 70 7 17.5° 0,59 16.87 44 72

1955-5° 21.0%5 0.97 20.09 82 83 18,89 0.76 18.1) 71 77
5 -57 17.21 0.368 16.83 £7 48 17.30 0.L5 16.8, 65 70
57-58 38.78 10.49 28.29 151 153 Lo.L5 6,94 33.51 152 165

29-Year Average

1929-57 25.37 k.06 21.31 99 2L.56 3.6 21.10
Year :Precipitation,: Unimpaired ¢ Rainfall : don 1 Based on :Precipitation,: Unimpaired : Rainfall “on

: in inches : runoff, ¢ retention, 13 year & 29-ysar t in inches & runoff, : retentlon, : 85-year : 29-yecar
an 1 mean t ¢ in inches 1 in inches : wean ¢ mecan

1928-29 16.h1 82 83
29-30 13.11 67 68

1930-31 17.21 86 88
31-32 23.L1 n7 120
32-23 15,21 76 78 10.19 [} 10.19 61 62
13-3L 22,01 110 112 12.39 0.0k 12.35 7h 76
3-35 23.h1 117 120 19.8L 0.37 19.L7 119 11

1935-36 16.61 83 85 .04 0.11 13.93 8k 86
36-37 26.81 13, 137 22.73 2,12 20,61 134 139
37-38 29,61 18 151 25.48 5.21 20,27 153 155
38-59 22.81 0.97 21.8Y 11 116 15.11 1.23 17.88 11k 117
39-L0 16,61 0.69 15.92 83 85 13,3k 0.26 13.08 80 [

19L0-h1 L6,L2 5.98 Lo.hb 232 237 31.5h 5.3h 26,20 189 192
L1-L2 .21 0.72 13.49 71 730 12.59 0.83 11.7% 7% 7
L2=h3 27.L2 7.88 19,53 137 140 26,10 5.5k 20.56 156 159
L3-uk 25.01 2,69 22,32 125 128 26,64 7.28 19.36 160 162
Wli-Ls 17.21 0.73 16.L8 86 88 15.19 1.9L 13.25 91 93

1905-L5 16.L1 0.37 16,04 82 '} 16.96 0.78 16,18 102 103
L4-h7 19.61 [ X 18.77 98 100 17.02 0.60 16.L2 102 104
L7-hB 9.L0 0,06 9.3L L? L8 8,01 0.01 8.00 L8 L9
LE-L9 10,61 0.05 10.56 53 sk 9.99 0.03 9,96 60 61
L9-50 13.21 0.23 12,98 66 67 13.03 0.01 13.02 78 79

1950-1 9.60 0.19 9.1 L8 L9 7.1 0 7.1k L3 Lk
£1-32 37.22 7.75 29.47 186 190 28.92 3.89 25.03 173 176
52-53 12.21 0.60 11.61 61 62 9.15 0,25 8.90 55 54
£3-5L 15,61 0.48 19.33 79 61 .37 0.38 13.99 86 8
5h-55 15.61 0.32 15.29 78 80 11.61 0.0L 11.57 70 71

195556 19,01 0,85 18,16 95 97 . .02 0.0L 13.98 8Y 8s
5857 15,41 0.5L 1.87 71 79 13.36 0.03 13.33 80 61
57-58 28.21 2.2 25.79 ua pin i 31.17 3.27 27.90 187 150

29=Year Average
192957 19,58 -



Extension of Date

In order to compare runoff characteristics of Spunky watershed
with other watersheds during‘the selected 29-year base period, it was
necessary to estimate the appropriate 29-year mean precipitation for the
Spunky watershed.

A summary of the relationship of the average precipitation during
the 29-year period 1928 through 1957, the 26-year period 1932 through 1958
and the 18-year period 19L0 through 1958, to the normal precipitation and
the average precipitation during the 29-year base period is shown in

Tzble F-3 for the Sycamore and Spunky watersheds.

TABLE F-3

MEAN PRECIPITATION FOR
SYCAMORE AND SPUNKY WATERSHEDS

ean precipitat

Watershed
Sycamore, 1,733 acres 20.01 19.58 20.22 19.59
percent of 85-year mean 98 101 98
percent of 29-year mean 103 100
Spunky, 1,230 acres 16.7 (16.4)3 17.07 17.05
percent of 85-year mean (98)b 102 102
percent of 29-year mean (104 )@ (104)a

a. Computed values.
b. Assumed.

Since’ the characteristics of the Sycamore and Spunky watersheds
were not greatly dissimilar, it was assumed that the relationship betwsen

the 29-year and the 85-year mean precipitation for both watersheds would

=
1
O



be the same, Therefore, in Table F-3 the 29-year mean for Spunky was

taken as 98 percent of the 85-year mecan.

Precipitation -~ Runoff Relationships
In investigating the relationship between precipitation and
runoff a review was made of Bulletin 5 of the State Department of Public
Works, entitled "Flow in California Streams", 1923. In Bulletin 5 the
relationship between wetness and runoff as shown graphically on Plates
XVIITI to LIII, entitled "Curves of Probable Runoff" is shown as index of
wetness versus runoff wherein:

Annual precipitation x 100

Index of wetness= et ;
Mean precipitation

The relationships depicted by these curves are described in

Bulletin 5 as follows:

"These curves show the trend of the relation between the
'index of seasonal wetness'! and the run-off from each drainage
basin. They pass through many of the plotted points, but due
to the variable weather in successive seasons which causes
different fractions of the precipitation to evaporate before
running off the collecting area into the stream channels,
some of the points fall to the side of the mean curves. The
sequence of the storms, their intensity, the weather conditions
between the occurrence of storms, and the character of
successive seasons, all influence this relation to an indeter-
minate degree. For seasons in which these conditions favor a
greater fractional part of the meteoric waters evaporating to
the atmosphere, the points tend to lie on the lower side of
the mean curve, and for seasons favoring a small evaporation,
the points tend to lie on the upper side, Successive seasons
of drought or heavy floods may also influence the position of
the points, for the quantity of ground water feeding the
streams does not change immediately with variations in the
annual precipitation. Instead, there is a certain tardiness
in response which places these points on either side of the
mean curve, according to very recondite relations that obtain
in the sequence of seasonal rains and snows, and any one
seasonal precipitation may affect the quantity of ground water
reaching a stream for a period as long as three years.

F-10



"Although there are these minor influences which tend to
make the relation between the 'index of seasonal wetness' and
run-off an approximate one, revcritheless the data reveal that
when a reasonable number of mersurements of seasonal run-off
are at hand, a mean curve may be drawn which will not change
much in position by procuring and plotting additional
measurements, "

The above approach has the distinct advantage of allowing
comparison of runoff characteristics of different watersheds and was
adopted by the Referee to determine by a set of curves the annual mean
runoff which might be expected from a given amount of precipitation under
conditions of native culture,

The first step was to reduce precipitation to a dimensionless
number, The index of wetness based on the mean of the 29-year base period,
1928-1957, was utilized for this purpose and is listed for each year and
hill and mountain group in Table F-l.

The second factor utilized in the study is rainfall retention;
i.e., the amount of precipitation that does not pass out of hill and
mountain areas as runoff,

The runoff, rainfall retention and indices of wetness for the
four study watersheds are listed in Table F-2,

The above data were plotted for each of the four watersheds with
the index of wetness (based on a 29-year mean) as the abscissa and runoff
and rainfall retention as the ordinate. The lines of best fit were drawn

simultaneously for runoff and for rainfall retention and then adjusted so

that the following requirements were me%:

F-11



1, For the base period (1928-29 through 1956-57), the summation
of the annual runoff values obtained from the curve equaled the swmmation
of annual measured runoff values,

2, For a specific year the sum of the runoff and rainfall
retention values for the curve equaled the precipitation (index of wetness
multiplied by mean precipitation).

The plots of those data and the resultant curves are shown
on:

Figure F-2 Pacoima
Figure F-3 Tujunga
Figure F-L Sycamore
Figure F-5 Spunky

Review of the above curves led to the conclusion that when
precipitation is below an index of wetness of LO no runoff would normally
be produced, and, therefore, the rainfall retention curves would become
tangent to a line of 100 percent rainfall retention at an index wetness
of 4O,

The scattering of the plot of points above an index of wetness
of between 150 to 200 indicates that during extremely wet years the mean
rainfall retention tends to reach an optimum value and become a constant,
This results in the runoff curves becoming a tangent above the index of
wetness of between 150 to 200, with the tangent representing 100 percent
runoff of all additional precipitation,

For comparison, the rainfall retention and runoff curves for the

four watersheds were plotted together as shown on Figure F-6. The result

F-12
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is a family of curves having similar shapes and being controlled by these
factors:

1. Rainfall retention/curves tangent to the line of 100 percent
rainfall retention at index of wetness of LO. This indicates that on the
long-time average no runoff can be expected below an index of wetness of LO.

2. Runoff curves tangent to the line of 100 percent runoff at
index of wetness of 200.

3. The intercept of the 100 percent runoff lines with the
abscissa, or index of wetness at zero runoff for a given watershed is
equal to maximum mean rainfall retention divided by the 29-year mean
precipitation.

Construction of Runoff Curves
for Hill and Mountain Groups

The set of curves in Figure F-6 was used as the basis to
construct the curves for runoff of hill and mountain groups.

The first step was to select a parameter to space the rainfall
retention curves. The mean retention of precipitation is an indication
of the ability of a watershed to retain water and was found to be 91 percent
for the two smaller watersheds of Sycamore and Spunky. The 29-year mean
rainfall retention, based on 91 percent of mean precipitation, was selected
as the parameter to space the portion of the mean rainfall retention curves
above index of wetness of 200. The parameters are shown on Figure F-6.
Utilizing these parameters, a mean maximum rainfall retention was obtained

for the hill and mountain group. The intercept of the 100 percent runoff
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line with the abscissa was obtained by dividing the mean maximum rainfall
retention by the 29-year mean precipitation, The 100 percent runoff line
for the group was then constructed and is used as the tangent for the upper
portion of the runoff curve,

The lower portion of the runoff curve for the group is drawn
tangent to the abscissa at index of wetness of L0, The middle portion of
the runoff curve was then drawn in preliminary location by using the curves
of the four gaged watersheds as a guide, The final position of the middle
portion of the curve was fixed so that the sum of the annual mean runoff
values for the base period obtained from the curve equaled nine percent of
the mean precipitation for the same period. The final curves for mean run-
off are shown on Figure F-7 for groups I through V and Figure I'=8 for the

remainder of the groups,

Oorrection of Mean Runoff to Final Runoff

To obtain runoff values that could be used in an annual hydrologic
inventory, it was necessary to determine what deviation from the mean runoff
values could be expected in each of the years in the 1928-58 period.,
Corrections to the mean runoff were made by applying the weighted average
deviation of Sycamore and Spunky watersheds expressed as a percent of the
29-year mean precipitation to the mean runoff of the groups,

Deviations for the four gaged watersheds are shown on Table F=5,
Deviations for Sycamore and Spuﬂky watersheds in years having no runoff

records were estimated by correlation to the deviation of Pacoima and then
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further adjusted by trial and error so that the summation of deviations for
each watershed during the 29-year base period was equal to zero.

The deviations of Sycamore and Spunky were then converted to
percent of 29-year precipitation and averaged to obtain the correction
factor to be applied to mean runoff. The correction factor multiplied by
the 29-year mean runoff gave the correction in inches to be added or sub-
tracted from the mean runoff to obtain the final runoff value, Table F-6
shows for each year (1928-1958) and for each group, the precipitation, mean
runoff and adjusted runoff.

The final unit runoff multiplied by the acreage of each unit

resulted in the annual runoff for native conditions as shown in Table F-7.

Additional Runoff Due to Development

As hill and mountain areas become transformed from native culture
to residential ireas the runoff from these areas will increase with the
additional amount of impervious area resulting from this transformation.

The method of determining additional runoff was to compute runoff
from impervious areas and then to subtract the runoff previously determined
for native conditions, The resulting additional runoff is congidered due
to drainage conditions to be for the most part carried to the valley floor
without opportunity for percolation,

Table F-8 lists the yearly values of items used in the esti-
mation of additional runoff, the method of computation and the amount of

additional runoff for the hill and mountain areas.
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TABLE F-5

ADJUSTMIENT OF MEAN RUNOFF VALUES

Deviation? I ¢ of 29
in i -ye ea
Year (in inches) . i pergggci;itatignar nesn
;rujunga: Pacoima :Sycamore: Spunky :Sycamorei Spunky :Cg:Zigzéon
1928-29 0.1 -0.2 B -1¢ - 1¢ -1
29-30  -0.3 -0.L § - 2¢C - 2¢ 2
o~

1930-31 -0.8 -0.6 ) - 3¢ - 3¢ -3
31-32 -0.4 1.6 7 = ge ge 8
32-33 0.2 0.1 0 -0.1 1¢ -1 0
33-3L 0.6 1.1 § -0.1 5¢ -1 2
34-35 -1.8 -1.5 R ~1.2 - 7¢ -6 -7

9.

1935-36 O.L 0.9 -0.2 Le 1 2
36-37 -1.0 1.8 -0.5 9¢ 3 3
38-39 -0.4 -1.3 - 0.k 0 -2 0 -1
39"}40 005 003 002 0 1 - l 0
L1-Y2 0.7 0.1 0.5 0.6 3 L 3
L2-L43- 2.6 3.6 5.2 1.3 27 8 17
)-lB—)-Lh 2.3 -1.0 0.8 2.8 h 17 10
Ll-L5 0.8 0.2 | 0.2 1.5 1 9 5
L6-4L7 0.3 -0.8 0.1 -0.1 0 -1 0
L7-L8 0.2 -0.1 0 -0.1 0 -1 0
L8-L9 0.1 -0.1 - 0.2 -0.2 1 -1 -1
L49-50 0 0.1 - 0.2 -0.3 -1 -2 -1

1950-51 0 -0.1 0.1 0 0 0 0
51-52 -2.5 -1.1 --1.5 -2.0 -8 -12 <10
52-53 0.5 0.2 0.3 0.2 2 1 1
53-54 0 0.5 0.1 0.1 0 -1 0
54~55 -0.1 -0.5 - 0.1 -0.2 0 -1 0

1955_56 "'0.3 -Oos Ool -003 O - 2 - l
56~57 ~0.3 -0.4 0.2 -0.2 1 -1 0

‘ 57"58 "2 05 1-3 - 0.6 ""LLOB = 3 -26 ‘-']JJ.

a. Actual runoff - mean runoff (from Figures F-2 through F-5).
b. Weighted average composed of 1 part Sycamore and 1 part Spunky.
c. Based on deviation of Pacoima and summation of deviations for

29-year base period = O.

F-24



e
]

ILL AND FOUNTAIN GROUP

TARBLE F-b
Tn Inches

PRECTPITATION D EUNOFF, H

e
o c

e P
Qo

own

-

o
oo

< H N
O.J 10

@D

0 \JS‘.J (=]

WM
027/10

~@ Qo
oocCcoo

FO g
00000

-
700

1.6

17.5
2L.6

1.7

3.9

18.3
25.L

2.1
1.9

1.9

HILL AND MOUNTAIM GROUPS*
20.2

(contirued)
2.1

1.8
In Inches

2.1

F-25

20.1
PRECIPITATION AND RUNOFF

1.8

1.5
1.8

1.5
1.6

1.6
1.6

18.1

17.5
Aunoff under conditions of native culture,

27-30
“

2§-Year Average
1928-29

29~Year Average

1929-57
1929-57



TABLE P-7

RUNOFF FROM HILL AND MOUNTAIN GROUPS BASED ON NATIVE LAND USE

Year T eIl
1926-29 L30
29-30 0

1930-31 0
31-32 5,780
32-33 860

33-34 1,930

3h-35 [+]

1935-36 1,710

36-37 6,850
37-38  12,la0
38-39 3,000
39-bo 1,280
19L0-11 22,680
ln-Lk2 1,930
L2-L3 12,200
L3=Lh 8,950
LL-ls 3,000
19L5-L6 860
L6-L7 860
L7-L8 210
L8-L9 [¢]
L9-50 210
1950-51 210
51-52 11,560
52-53 1,070
53-5L 860
Sh-55 860
1955-56 1,070
56-57 6L0
57-58  U,%20

29-Year Average
1929-57 3,500

1928-29 50
29-30 0
1930-31 o
31-32 1,960
32-33 200
33-3L Lho
3L-35 3%0
1935-36 L90
36=37 2,790
37-38 L, 350
38-39 8
39-L0 290
19L0~L1 3,130
L2 0
L2-l3 L,Loo
b3l 3,130
Ll-Ls 830
19L5-L6 200
Lé&-k7 390
L7-L8 50
LB-L9 0
Lg-50 100
1950~51 100
51-52 3,860
52-53 250
535k 200
Su-55 200
1955-56 290
56-57 200
57-58 1,660
29~Year Average
1929-57 1,020

Note: San Pernando Subarea includes Eagle

IIr

150

150
3,960

bl

1,290
730

1,030
5,860

880
880
12,000
1,170
8,650
6,600
2,050
590

590
1,030
8,500

2,270

.
290
0

0
5,270
Lo

1,320
Lko

1,170
6,740
9,520
1,910
1,030

12,310
1,320
11,130
7,330
2,200

590
730
150

0
290

290
8,500
880
590
590

1,610

590
8,90

2,660

In Acre-Feet
20 220
o 0
0 0
Lgo 3,170
60 uho
120 1,090
120 330
130 870
670 3,3%0
1,180 6,010
160 1,310
80 660
510 9,830
120 980
1,100 6,660
750 4,700
220 1,530
60 LLo
150 760
20 110
0 [
20 0
30 110
880 5,900
80 550
60 Lho
50 Lho
50 110
60 uho
270 550
1,740

1uo

0
1,550
220
830
10

Lo
1,610
3,160

61

220
5,160

Lo
3,000

1,90
780

220
390
60

60

60
3,Uko0
220
220
220

170
220

880

190

7,k10
60

1,520
1,140

1,520

190

190
11,780

760
760

570
3,990

3,580

RUNOFF FRGM HILL AND MOUNTAIN GROUPS BASED ON NATIVE LAND USE

racolma

880
960

860
8,390
1,790
2,530
5,140

3,060

14,530
21,250

3,060
3,180

25,830

1,980

20,390
15,L50

L,910

2,890
6,020

6,030

(Continued)

In Acre Feet

Subtotal X
930 20
960 0
860 0
10,350 350
1,990 50
2,970 160
5,530 60
3,530 %0
17,320 Llo
31,600 780
3,890 150
3,70 50
28,960 1,2L0
2,520 120
2k, 790 780
18,620 v ko
5,7L0 170
3,090 S0
6,100 [i1o]
390 10
7ho 0
1,120 0
175 10
16,220 970
3,750 60
3,140 50
9L0 ko
1,540 50
970 50
17,540 50
7,050

Verdugo Subarea includes the portion
the Upper Los Angeles River Area,

Rock Subarea.

120

2,050
250
6L0
290

530
2,870
5,040

230
6,270
5,570
3,280

000

290
590

60

60
k,920
230
230
230

180

230
1,6k0

1,260

of Monk Hill Basin within
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Subtotal

1.0
Y

4,230
k,350

3,070
17,900
7,550
7,680

14,840

7,6L0
36,260
83,950
13,690
10,990

78,8L0
10,690
76,0L0
57,990
17,370

17,160
18,960
L,6L0
2,L60
2,960

1,500
11,320
6,510
8,2L0
3,580

k4,700

2,290
39,420

19,560

5,5L0
1,350

3,070
L5,530
10,770
15,780
17,710

1,510
70,310
139,310
23,50
16,090

153,510
18,550
13l,550
101,120
30,190

20,870

I mourntain

akat

6,510
5,310

3,920
58,280
13,100
19,550
23,550

18,660
90,910

176,730

28,200
19,8L0

189 980

21,780

165,690
123,750

37,100

2L, 300
31,230
5,990
3,200
5,200

2,920

113,650

14,990
15,320
8,300

11,080

6,80
86,780

42,970



TABLE 7-3
ADDITIONAL RUNOFF FROM HILL AND MOUNTAIN AREAS DUE 70 URBANIZATION

Tributary to San Fernando and Eagls Rock Hydrologic Subarea

i Precipitation :

Tue, [ Percont ¢ runeflf,
1928-29 .7 5.0 9.7 0.2 9.5 1,500 35 L20
25430 12.0 3.3 8.7 0.0 8.7 1,539 335 390
1930-31 15.4 L.l 11.3 o 0.0 11.3 1,550 35 510
31-32 21,0 5.2 15.8 2.7 13.1 1,600 35 610
3233 13.6 2.5 11.1 0.4 10.7 1,630 35 510
33-3k 19.8 2.L 17.L 1.2 16.2 1,670 35 810
3L=-35 20.8 6.4 b 0.1 .3 1,710 35 710
1935-36 .3 I 10.k 0.8 9.6 1,740 35 L90
fe 2k, 5.9 18.2 3.0 15.2 1,780 35 799
37-38 26.5 5.1 21.4 5.7 15.7 1,810 35 830
38-39 20,5 L. 16,1 1.2 1.9 1,850 35 800
39-ho W.9 u,9 10.0 0.5 9.5 1,890 35 520
26L0-41 1i1.6 6.L 35.2 5.9 29.3 1,930 35 1,k20
L1-L2 12.7 .9 6.8 0.5 6.0 1,980 35 150
L2-k3 2.5 .8 19.7 5.5 .2 2,040 35 8so
BN 22,5 L.9 17.6 3.8 13.8 2,090 35 8l:0
Lh-hs 15.L k.6 10,8 1.L 7.6 2,190 35 600
19h5-h6 .8 [ 10.L 0.L 10.0 2,300 Lo 770
LE-L7 17.5 5.0 17.0 0.5 15.5 2,LLo Lo 1,30
L7-u8 8.5 3.4 5.1 0.1 5.0 2,620 Lo i.0
LBk 9.5 L.6 L. 0.0 L.9 2,830 L L50
L9-50 12,0 L.g 7.5 0.1 7.0 3,160 4O 780
1950-51 8.6 L.6 L.0 0.1 3.9 3,510 L5 510
51-52 33.h 6.9 256.5 5.8 20.7 3,930 L5 3,050
52-53 11.0 5.1 5.9 0.k 5.5 L,k50 LS 920
53<5L .7 L.0 10.2 0.l 9.8 5,070 Lg 1,860
555 .2 6,5 7.7 0.k 7.3 3,70 LS 1,570
195556 17.0 L.B 12.2 0.k 11.8 6,510 50 3,200
56-57 13.8 3.8 10.0 0.3 9.7 7.3h0 50 2,970
57-58 25.2 6.5 18.7 1.2 17.5 8,130 30 6,070
Tributary to Verdugo Ifydrologiec Subarea
T Precipltatlon 1 < veloped | +  Additiecnal
Year ¢ Station 251, & Evaporation®, : arca, Percent B runoff,
¢ 1n inches ¢ 1in inches :
19L9-50 18.2 s.L 12.8 0.1 12,7 70 Lo 30
1950-51 - 1.7 5.8 5.9 0.1 5.8 100 :S 20
51-52 1.9 7. 3h.5 8.5 26,1 130 Lg 139
52253 13.6 S .2 0.k 7.8 160 Lg 50
53-5k 22.3 L.7 17.6 0.h 17.2 200 L5 150
5L-55 17.3 7.2 10,1 0.h 9.7 24,0 L3 9
195556 22,0 5.0 7.0 0.3 16,7 276 50 190
c6a57 17.6 5.2 12.h 0.k 12,0 330 50 170
$7-58 35.9 6.9 29.0 z.8 26,2 380 50 L20
Tributary to Total Valley Fill€
192829 L20 19L0-L1 1,L20 1950-51 530
29-30 150 L1-L2 3350 f1e52 3,180
B u2-h3 £50 270
1930-31 510 13-k 8Lo 1,990
31-32 610 ¢ Lh=bks £00 1,40
32-33 510
33-3k 819 19L5-L6 770 3,390
3hi-35 o LAL7 1,30 3,10
L7-h€ Lho 6,490
1935-36 150 L8-LY .60
337 790 L9-50 810 29-year
37-38 830 average
30-39 800 1929-57 1,0h0
39-L0 520

a. Evaporation on impervious areas on valley floor in 5San Fernando tydrologic
Subarea.

b. Average of groups I + TI and VII + Sycamore fron Table F-5.

¢, Bvaporation on imgervious areas or valler (loor in Verdugo ilydrologlc Subarea.

d. Group X, Table F-5.

@. Development of areas tributary to Sylmar Hydrologic Subarea was minor and
additional runoff due to urbanization of these areas was nil.
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Runcff into Reservoirs

Surface runoff into San Fernando, Chatsworth and Encino
Reservoirs becomes a part of the amount of water available for use in the
Owens water service area, This additional amount of supply to the reser-
voirs, computed as described herein, is utilized in the accounting made of
Owens River water in Appendix J. The amount of surface runoff attributable
to hill and mountain areas is also computed, since this amount of runoff
wuld not be available for percolation in the stream system above Gage F-57,

The areas tributary to each of the three reservoirs are listed in

Table F-9,
TABLE F-9
AREAS TRIBUTARY TO SAN FERNANDO,
CHATSWORTH AND ENCINO RESERVOIRS
San Fernando San Fernando Iv 5,311 8ok 1915-1942
TOTAL - 1915 through 1942 6,115
Sylmar San Fernando v 986 778 1915-1958
San Fernando Chatsworth III 1,940 0 1919-1958
San Fernando Encino I+1II 1,0L0 0 1921-1958
TOTAL - 1921 tkrough 1958 L, 7LL

Annual runoff from hill and mountain areas tributary to the
reservoirs was computed as runoff per acre for .the hill and mountain group

in which the area was located times the acreage of the area, Annual
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amounts of runoff from each hill and mountain group are set forth in
Table F-7. This amount was then corrected for any difference between the
85-year mean rainfall for the entire group and for the tributary area by
the ratio between the 85-year precipitation on the two areas. The hill
and mountain areas tributary to the reservoirs are undeveloped; hence no
correction for urbanization is necessary.

Runoff from valley lands was estimated as equal to the residual
rain on impervious areas determined as set forth in Appendix L. This amount
was corrected for differences between the 85-year mean precipitation of fhe
entire valley fill and of the tributary area in the same manner as hill
and mountain runoff described above. Correction factors utilized were:
ten percent increase for valley runoff in San Fernando Hydrologic Subarea
tributary to San Fernando Reservoir; ten percent decrease in hill and
mountain runoff tributary to Chatsworth; and ten percent increase in runoff
tributary to Encino Reservoir. Other tributary areas did not require
correction. Culture maps shown on Plates 22 through 25 were used to
determine the culture on the valley fill areas during the periods involved.
The portion of the tributary valley fill in the Sylmar Hydrologic Subarea
was found to be ten percent impervious (1928-1958), while the portion in
the San Fernando Hydrologic Subarea was five percent impervious (1928-19L2).

Percolation of the combined flows of hill and mountain runoff and
residual rain on valley fill areas enroute to the reservoirs was estimated

as follows:
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l. Area of percolation was limited to stream channels
plus roadside ditches.

2. Percolation rate during flow was 0.4 inch per hour.i/

3. Flow occurred only during days when rain exceeded
0.50 inch.

Estimated areas in which percolation of runoff could take place
was approximately six acres in each of the valléy fill areas tributary to
San Fernando Reservoir., This acreage used with a percolation rate of 0.L
inch per hour was used to determine percolation of runoff, which was then
subtracted from total runoff to yield the net surface inflow to reservoirs.
The total runoff from hill and mountain and valley fill areas tributary
to the reservoirs less the percolation is shown in Table F-10.

The total surface inflow from each tributary area was split into
that originating in hill and mountain and in valley fill areas in the same
ratio as runoff developed in hill and mountain and in valley fill areas.

Surface inflow due. to runoff from hill and mountain areas is shown in

Table F-1l.

}/ United States Department of Agriculture 1955 Year Book of:Water,
page 157.
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TABIE F-1C

ESTIMATED TOTAL SURFACE INFLOW
INTO OWENS RIVER SYSTEM RESERVOIRS

In Acre~Feet

¢ San Fernando Hvdrologlc Subarea :Sylmar Hydrologic:

Yoar Reservoir .3 Subarea 2 Total
H . ¢ San Fernando :
:San Fernando= Chatsworth Encino :  Reservoir
(
1928-29 60 20 20 0 100
29-30 0 0 0 - 10 10
1930-31 0 0 0 20 20
31-32 1,530 400 250 370 2,550
32-33 120 Lo 10 " 70 280
33-34 400 130 80 120 730
34-35 100 70 0 80 250
1935-36 320 120 80 100 620
36-37 1,990 590 300 550 3,430
37-38 2,8L0 800 550 880 5,070
38-39 580 90 130 230 1,030
39-10 280 90 60 70 ’500
19L0-11 3,640 1,2C0 1,000 630 6,L70
L1-42 370 120 80 80 650
L2-l3 * 870 540 910 2,320
L3-LkL 660 Hele} 650 1,710
hL-L5 210 130 170 510
194L5-46 60 Lo 70 170
L6-L7 60 L0 90 150
L7-L8 20 10 10 L0
L8-4L9 o) 0 0 0
49-50 30 10 30 70
1950-51 30 10 10 0
51-52 620 510 810 1,940
52-53 90 50 Lo 180
53-5l 70 Ite) Lo 150
5l-55 60 Lo 30 130
1955-56 100 50 90 210
56-57 60 30 10 100
57-58 850 220 360 1,430
29-Year
TOTAL
1929~1957 12,240 6,610 4,490 6,170 29,510
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TABLE F-11

ESTIMATED SURFACE INFLOW INTO OWENS RIVER SYSTEM
RESERVOIRS FROM RUNCFF ORIGINATING IN HILL AND MOUNTAIN AREAS

In Acre-Feet

Year . . ., Total
.San Fernando, Chatsworth . Encino . ngszgzgi?do :
1928-29 Lo 20 20 0 80
29-30 0 0 0 0 0
1930-31 0 0 0 0 0
31-32 1,480 Loo 250 290 2,120
32-33 100 Lo Lo 30 210
33-3L 360 130 80 60 630
3L4=35 70 70 0 30 170
1935-36 290 120 80 60 550
36-37 1,930 590 300 150 3,270
37-38 2,780 800 550 7580 11,890
38-39 520 90 130 130 870
. 39-L0 250 90 60 30 430
1940-41 3,530 1,260 1,000 L60 6,190
L1-L42 340 . 120 80 60 600
L2-L3 870 5L0 770 2,180
L3-Lh 660 L00 530 1,590
LL=L5 210 130 120 160
19L5-L6 60 Lo .30 130
L6-L7 60 L0 Lo 140
L7-L8 20 10 0 30
L8-L9 0 0 0 0
49-50 30 10 10 50
1950-51 .30 10 0 Lo
5152 620 510 650 1,780
52-53 50 50 20 160
53-5) 70 L0 10 120
5),~55 60 L0 10 110
1955-56 100 50 Lo 190
56-57 €0 30 0 90
57-58 850 220 2l0 1,310
29-Year
TOTAL
1929-1957 11,690 6,610 L,l90 4,590 27,380
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APPENDIX G

IMPORT TO UPPER LOS ANGELES RIVER AREA BY
CITY OF LOS ANGELES
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APPENDIX G
IMPORT TO UPPER LOS ANGELES RIVER AREA BY
CITY OF 105 ANGEIES

Water Su

The Los Angeles aqueduct system of the City of Los Angeles
Department of Water and Power, the general plan and profile of which is
shown on Plate 1li, was constructed to utilize the water supply of Owens
River and Mono Basin in serving the demands ‘of the City of Los Angeles,
Construction on the agqueduct began in 1907 and the first water was
delivered to Los Angeles from the Owens Basin in November 1913, but dis-
tribution within San Fernando Valley did not begin until May 1915. In
1940 the aqueduct system was extended to include the Mono Basin and since
that time aqueduct diversions have been made from both basins. Conditions

and capacities stated herein are as of 1959 unless otherwise noted.

Description of Project

Mono Basin is a closed basin east of the Sierra Nevada Mountain
Range draining into Mono Lake, Owens Basin is a closed basin draining
into Owens Lake and is separated from the Mono Basin by a low flat divide.
Diversion of the entire fiow of Owens River into the aqueduct during the
dry period from about 1920 to 1936 caused the bed of Owens lLake to become
almost completely dry. Since that time, except for the period from 1936-37

through 1938-39, the flows into Owens Lake have been small.
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The upper part of the aqueduct system starts in Mono Basin at
Leevining Creek with a covered conduit to Walker Creek having a capacity
of 300 cubic feet per second (cfs), as indicated on Plate 1, Walker
Creek may be diverted across or into the conduit., The capacity of the con-
duit from Walker Creek to Parker Creek is 325 c¢fs, Parker Creek may also
be diverted across or into the conduit. The capacity of the conduit from
Parker Creek to Crant Lake is 350 ¢fs. Rush Creek flows directly into
Grant Lake, The storage capacity of Grant Lake Reservoir is L7,525 acre-
feet and facilities are provided by which water may be returned to Rush
Creek below the reservoir. A covered conduit conveys the diverted water
from Grant Lake to the Mono Craters Tunnel through which the Mono Basin
water reaches Owens River Basin. The capacity of Mono Craters Tunnel is
365 ofs. Existing municipal water rights under Application 8042, Permit
5555, of the City of Los Angeles to waters in Mono Basin are conditioned
so that simultaneous diversions shall not exceed 200 cfs from the four
gources consisting of Leevining, Walker, Parker and Rush Creeks.

The City of Los Angeles has no controls on Owens River above
Long Valley Reservoir; however, by agreement it is restrained from
releasing water through the Mono Craters Tunnel when such release would
cause the flow of the Owens River between the outlet of the tunnel and
Long Valley Reservoir to exceed LOO cfs.

The capacity of Long Valley Reservoir is 183,L65 acre-feet,
Water from the reservoir passes through a series of three power plants

located in the Owens River Gorge (see Plate 1L)., The power plants have



a capacity of 690 cfs, but when use is made of the spillway and auxiliary
outlet the discharge capacity from the reservoir 1s unlimited, Pleasant
Valley Reservoir, located downstream from the power plants, has a storage
capacity of 3,885 acre-feet and is used as an afterbay for regulating
hydroelectric power peaking flows. Flow from this reservoir is usually
steady. From Pleasant Valley Reservoir to Tinemaha Reservoir water is
conveyed in the natural river course and there are no flow limitations
other than minimum and rate of change restrictions imposed in the interest
of fish 1life. The capacity of Tinemaha Reservoir is 16,405 acre-feet and
is used to regulate flow into the Aberdeen intake of the aqueduct by
holding valley runoff during shutdown for maintenance and by controlling
flood waters., It is not used as a long-term storage reservoir.

The aqueduct below Aberdeen intake, which is situated downstream
of Tinemaha Reservoir, is open canal in earth section to the Alabama Hillg
and concrete lined from there to Haiwee Reservoir (see Plate 1). The
maximum capacity in this section is 700 c¢fs, There are numerous streams
intercepted in this area and also several waste gates that are used to
dewater the aqueduct for maintenance. Haiwee Reservoir, with a capacity
of 58,525 acre-feet, is the lowermost reservoir in the aqueduct system
in Owens Valley. Its storage is utilized to equalize flows into the
conduit which delivers thq water into the City of Los Angeles,

From Haiwee Reservoir to Fairmont Reservoir, which has a storage
capacity of 7,507 acre-feet, the aqueduct is covered conduit or pipe

section having a maximum capacity approaching 500 cfs. The conduit
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requires careful operation and maintenance to sustain this capacity. From
Fairmont Reservoir to Dry Canyon Reservoir the capacity of the aqueduct is
approximately 1,000 cfs, The Fairmont Reservoir outflow is varied to meet
power peaking demands at the San Francisquito Power Plants of the City of
Los Angeles and reregulated at Dry Canyon Reservoir to the constant rate
required by downstream aqueduct capacity. The capacity of Dry Canyon
Reservoir is 751 acre-feet. Bouquet Reservoir, with a capacity of 36,505
acre~-feet, is on a spur from the aqueduct between Fairmont Reservoir and
the San Francisquito Power Plants (see Plate 1), It is used as a reserve
supply when the aqueduct between Haiwee Reservoir and Fairmont Reservoir
is out of service., Between Dry Canyon Reservoir and San Fernando Reservoir
inlet, the latter being the terminus of the aqueduct system, the maximum
capacity is U85 cfs. This capacity establishes the maximum rate at which
water can be delivered to Los Angeles.

Historical operation of the aqueduct indicates that all sections
of the system are shut down approximately seven percent of the time for
inspections and repairs, This out-of-service period must be taken into
consideration in computing annual capacities,

For a limited period, the City of Los Angeles extracted water
from deep wells in Owens Valley to augment its aqueduct supply. These
wells were pumped continuously from May 1928 to December 1931 and were
last used in January 1935. The record of Owens Valley deep wells includes
all pumped and free flowing artesian water from city-owned and operated
wells reaching the aqueduct from January 1918 through March 1959, There

is no recorded differentiation between pumping and nonpumping periods, but
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inspection of the available records indicates that during pumping periods
the rate of flow is considerably greater than during nonpumping periods,
During the pumping periods the total quantity taken into the aqueduct
system was approximately 398,000 acre-feet. During years in which there
was no pumping, in the period 1918 to 1958, the annual artesian flow from
wells reaching the aqueduct varied from 4,848 to 30,880 acre-feet with
the average for such years approximating 11,500 acre-feet,

Since the initial aqueduct project was completed in 1913, the
following improvements have been added:

Time or period
of installation Description of improvement

October 1928 Tinemaha Reservoir was completed and initial
storage of water began in March 1929,

1930~33 Smooth lining was placed in the closed section
of the aqueduct below Haiwee to increase
the capacity,

April 193} Bouquet Reservoir placed in service.
December 1940 Mono Basin Extension completed,

April 1941 Storage began in Long Valley Reservoir.

1952 | Owens River Gorge power plants completed.
July 1956 Pleasant Valley Reservoir placed in service,

Quantity Diverted and Used

The quantity of water diverted by the City of Los Angeles from
the Mono Basin-Owens River system is considered to be the inflow to Haiwee
Reservoir, which is the sum of the diversion from the Owens River measured

in the vicinity of Cartago at the Cottonwood Power Plant gates plus the
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Cartago Station and Haiwee Reservoir. This quantity is also considered as
the inflow to Haiwee Reservoir.

Diversion by the city into the aqueduct system, measured as
described above for each hydrologic year of the period of record, is shown
in colum 1 of Table G-1, The annual amounts of water diverted from Mono
Basin through the Mono Craters Tunnel are tabulated in column 6 of Table
G-2. The amounts of water released from Haiwee Reservoir for delivery
to the city ranged from 34,290 acre-feet in 1913-1k4 to 358,L70 acre-feet
in 1957-58, The Mono diversion from the Mono Basin into the Owens River
system ranged from about 600 to 108,415 acre-feet during the period of its
operation from 193L4-35 through 1957-58.

Also shown in Table G-1 is the dispesition of aqueduct water
between Haiwee Reservoir and San Fernando Valley., Haiwee Reservoir outflow
prior to July 1931 was measured at Little Lake and subsequent thereto at
the Haiwee Reservoir outlet (see Plate 20). There are several unaccount-
able factors which may cause a difference in values of the Haiwee Reservoir
outflow and the City of Los Angeles import shown in Table (G-1. These
factors are listed as follows:

1, Seepage and evaporation losses from the aqueduct and
reservoirs. (The evaporation from Fairment, Bouquet Canyon and Dry
Canyon Reservoirs is approximately 4,800 acre-feet a year).

2. In measuring large quantities of water, the accuracy of a
meter may vary by two percent, more or less. These measuring differences
have been aggravated at times in the past when the flow into San Fernando

Valley was the combination of three measurements.
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TABLE G-1

QUANTITIES DIVZRTZD AND USED BY THE CITY OF LOS ANGEIES
FROM OWENS VALLEY AND MGNO BASIN

In Acre-reet
: divertad : Outflow : Change :5pill into : into

Year :into Haiwee:from Halweet in  :Santa Clarar Los
: Reservoir : Reservoir :storage®:River Basin:
: : (L) :

{1} B (2) s ()
1913-1  3bL,2%0 - 30 . 1935-3%  2L7,6E0 257,5L0 - 2,120 2,040 234,540 20,680
U-15  Lh,650 + 10 3%6-37 239,250 229,620  + 1,160 0 205,670 21,790
37-38 283,050 2L7,670 + 950 2,910 209,080 3,730
1915-16 66,290 - 60 L3,710 38-39 261,510 293,20¢ - §,2L0 19,850 237,250  L2,330
1%-17 95,930 81,910 ¢ 140 68,160 13,590 39-L0  2L.0,870 2th,720 - 840 w0 217,180 27,970
17-28 19,730 159,8L0  + k4,150 129,330 25,350
18-19 154,820 193,6L0 - L3O 176,030 18,240 19L0-b1 279,540 213,800  + 5,669 8,070 200,980 29,130
19-20 211,980 185,990  + 1,L10 202,260 =16,680 L1-k2 293,610 298,560 - 2,700 16,860 216,350 38,050
L2-L3 297,270 285,070 - 7,020 1,320  24L,L0o0 27,370
1920-21 191,840 1£9,950 + 220 167,720  -17,990 L3-LL 307,580 303,760  + 9,120 1,310 274,500 18,830
21-22  2L5,310 207,70 + 150 20L,620 2,690 LL-LS 286,210 289,860 + 330 2,150 267,20 19,940
22-23 19%,800 203,200 - 1,160 186,110 16,250
232l 157,750 158,3L0  + 1,070 149,460 7,610 19u5-Lé 307,050 306,680 - 1,600 10 283,970 2L,300
2L-25 172,790 131,020 - 3,510 127,820 7,110 L5-L7  338,0L0 329,170 - 950 11,270 291,020 27,830
h7-Lk8 326,670 320,L80  + 2,210 o J0s,L60 1,610
1925226 191,350 205,570 412,310 149,700 23,560 L8-L9  308,9L0 311,780 - 2,900 0 298,L50 14,220
26-27  2Lk,260 20,860  +18,4630 173,490  12,7LO L9-5s0 315,050 323,180  + 6,160 0 305,400 11,620
27-28 220,780 225,730 -26,800 194,710 57,850°
28-29 204,760 205,920  + 1,700 190,100 15,126 1950-31 356,610 323,L00 - 2,L10 0 217,370 5,390
29-30 245,550 204,310 + 30 198,130 6150 51-52 330,690 335,120 - 2,160 3,970 314,570 16,7LO
S2-53 339,950 331,870 + 3,880 o] 320,920 7,070
1930-31 215,650 225,900 + 90 215,750 10,060 93-5L 322,180 329,600  + 1,320 0 318,59 9,690
31-32 258,200 2h1,200 - 6LO 238,200 3,5L0 sL-55  339,L30 331,L10 - 1,260 0 316,320 16,350
32-33  2L3,800 239,780 - 330 228,430 11,480
33-3L 235,920 27L,750 +17,810 185,560 21,30 1955-56  3h2,730 338,L%0 + 650 0 321,240 15,570
W-35 261,230 231,760  +1L,700 195,920  22,1L0 56-57  32L,330 332,690 -~ 700 170 318,390 1,630
57-50  338,L70 335,850 - 6,220 Lo 325,390  1L,€LO

a. Summation of Falrmont, Bouquet, Dry Canyon and St. Francis feservoirs. Plus indicates water into storage and ninus water from storage.
b. Unaccounted for water includes seepage and evaporation losses, inaccuracies of measuring devices, operational losses and distribution

along the aqueduct.
o. Includes 37,990 acre-feet spilled from 5t. Francis Reservolr.

TABLE G-2

STREAM RUNOFF TRIBUTARY TO LOS ANGELES AQUEDUCT DIVERSICN
WORKS IN HONO BASIN IN EXCESS OF HISTGRIC DIVERSIONS

In Acre-Feet

:leavining:Walker:Parker: Rush : Sub- :FloW through:cess of diver- :Leevining:Walker:Parker: Rush : Sub- :Flow through:cess of diver-
Year : Creck reak :Creck : Creek : total :Mono Craters:sion from Year : Creck :Creek :Creck : Creek : total :Mono Craters:asiom from
: s : Lt : Tumel® :Mono Basin : : : : : Tunnel?®  :Moumo Basin
Y e Y 0D s (BY P (5) (A) 1(5)=(6)=(7) ~(6)=(?)
193L=-35 50,535 3,709 8,280 59,113 121,537 622b 1945-L5 52,504 5,209 8,627 62,869 129,211 13,853 115,358
T ls-h7 3h,22L L,058 6,89 15,890 90,921 25,759 65,162
1935-3%5 57,058 L,682 7,584 67,L53 136,847 2,736 L7-L8 27,793 3,630 6,272 16,h93 SL,188 92,245 1,923
36-37 51,895 L,909 7,761 56,73L 121,299 2,L12¢ L8-Lb9 30,738 3,675 6,593 53,979 9h,985 10L,LL3 0
37-38 82,03k 8,614 10,919 99,55k 201,131 5,553¢ L9-50 37,317 3,15L 5,750 L9,1h1 95,362 10L,598 0
38-39 L3,665 L,279 7,261 LS,567 100,772 7,3764
59-L0 52,160 5,003 8,039 53,167 128,L19 15,2588 1950-61 53,168 6,117 7,824 LB,030 115,1L1  107,h73 7,668
51-52 66,282 €,9k1 9,978 83,783 166,98k  ho,521 126,153
19Lo-L1 65,873 7,480 9,Lsé 79,538 162,357 50,775 111,982 52-53 L3,789 L,530 6,786 52,L33 107,338 75,870 31,658
bi-L2 65,77L 6,943 9,882 76,681 159,230 18,395 1L0,885 §3-Sh 25,159 3,505 5,598 38,993 73,252 6h,730 8,522
L2-L3 76,329 6,579 8,918 6L,570 156,39 23,829 132,567 sk-55 29,081 3,35 6,079 LL,7h8 83,253 85,259 0
L3-bl L6,933 L,308 7,168 L7, 7L 105,173 70,2L0 35,933
bl-h5 51,383 6,090 9,100 73,608 1L0,181 26,286 113,893 1955-56 56,377 7,663 9,872 83,826 157,738 108,l15 L9,323
56-57 L5,318 L,791 7,391 56,786 11L,286 61,908 52,378
57-56 50,790 6,974 10,L28 70,362 138,55L 32,689 105,865

a. Includes tunnel make varylng from 16 to 23 ¢fs, of which 60 percent originates on the Mono Basin side of the hydrologic divide.

b, June through September only.

e. No record for August, September and October of 1937.

d. Tunnel holed through near the end of April. Mono Basin water could not enter COwens Valley before this time.

e. Tumnel lining completed February 19L0. Before completion Owens Valley as well as Mono Basin water was pumped from shaft adits and flowed
back inlo Mono Basin. Computations by the City of Los Angeles have been made to the "Balance Point" which was found to be in
February 1940. At this time the accumulated total of Mono Basin water transferred to Owens Valley excesded the accumulated Qwens

Valley water pumped into Mono Basin.



3. Varying amounts of water are lost in operational procedures.
These losses are small and, with the exception of the water spilled into
the Santa Clara Basin, are not measu?ed. An additional unmeasured
quantity of water was discharged in the Antelope Valley desert area during
the period 1940-L6 under a Court injunction to do everything possible to
prevent water from reaching the Owens Lake bed. These losses have been
kept to a minimum since 1947 when demands have necessitated keeping the
aqueduct flow at a maximum,

L. Some water is distributed to customers directly from the

aqueduct.,

Quantity Available for Diversion and Use

The quantity of water availabple for diversion and use by the
City of Los Angeles was considered to be the sum of the following four
guantities:

1, Flow in aqueduct measured at the Cartago Station,

2, Flow into Owens Lake measured in Cwens River at the Mt.
Whitney Bridge from July 1908 through October 1918 and at the Keeler
Bridge from January 1927 throughout the period of study (see Plate 14 for

location of statiéns).

3. Change in storage in Long Valley, Pleasant Valley and
Tinemaha Reservoirs. Plus change was added and negative change subtracted.

L. Runoff in Mono Basin in excess of historic diversions by the

City of Los Angeles,
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Tt is possible for the City of Los Angeles to divert with
its exisﬁing works the entire Mono Basin supply from Leevining, Walker,
Parker and Rush Creeks, as measured above points of diversion on these
streams (see Plate 14). The city owns all of the affected irrigated
lands and water rights pertaining thereto, which are situated below the
points of diversion. Therefore, the estimated amount of water available
for diversion by the Citx’of Los Angeles from Mono Basin in excess of
historic diversions was considered to be the combined supply of the four
creeks measured as described above minus the amount entering-Owens Valiey
through Mono Craters Tunnel. The measured flow through Mono Craters
Tunnel includes a tunnel make varying from 16 to 23 cfs, of which L0
percent is Owens Valley water and has not been separated in this compute-
tion., Table G-2 shows the computation and the stream runoff in excess
of the city's diversion in Mono Basin. Supply values are shown for the
period of record But computations of the amounts available began in 1940
when the .tunnel lining was completed and it was placed in service.

Table G-3 indicates the total quantity of water so estimated to
be available in the Owens and Mono Basins for diversion by the City of

Los Angeles through its aqueduct system.
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APPENDIX H
WATER QUALITY

A general water quality evaluation of the Upper Los Angeles
River area was made in compliance with Item I, 2, E, of the Order of
Reference, The purpose of the study was to ascertain the quality of

surface and ground water and effect of import thereon.

Source of Data
All available water analyses were collected from California
State Department of Water Resources, Los Angeles County Flood Control
District, Department of Engineering of Los Angeles County, the Plaintiff
and the defendants, Additional analyses were obtained from various other
individuals during the well survey conducted by the Referee. Supplemental

analyses were also made by the Referee.

Compilation of Data
Surface water analyses were collected and arranged in stream
mile order beginning at the confluence of the Los Angeles River with the
Arroyo Seco, The stream mile numbering is shown on Plate 12 and was
taken from the Official Stream Mile Maps of the California State Department
of Water Resources, The ground water énalyses collected were tabulated in
numerical order by location number., The well location number system and

the location of wells are shown on Plate 18.



Complete analyses utilized generally contained the following
determinations: Specific electrical conductance, concentrations of total
dissolved solids, hydrogen ion content (pH), calcium, magnesium, sodium,
potassium, carbonate, bicarbonate, sulfate, chloride, nitrate, fluoride,
boron and total hardness as CaCOj.

Specific electrical conductance measures the ability of water to
conduct an electrical current and is a measure of the salts in solution.
The standard determination of this value is given as electrical conductance
(EC) x 10% at 25° centigrade and is expressed as micromhos. Some of the
older analyses are stated as EC x 105. These values have been increased by
a factor of ten to adjust them to the present day standard of EC x 106 in
the tabulations., When total dissolved solids are not given in an analysis
an approximate amount can be calculated by multiplying the EC x 106 by 0.62.

Hydrogen ion concentration (pH) shown in the tabulation is that
made in the laboratory, Where field and laboratory values were indicated
on collected data, only the laboratory values have been utilized although
field (pH) may more accurately represent field water conditions,

Bicarbonate values reported in analyses made by the City of Los
Angeles Department of Water and Power were in terms of alkalinity as CaCOs.
To make the sums of cations and anions more nearly balance the reported
values were adjusted to ppm of HCO3 by dividing the reported value by 50.05,
the equivalent weight of CaCO3, and multiplying by 61,02, the equivalent

weight of HCOs.



Some of the analyses collected and not utilized in the study were

in terms of hypothetical combinations in grains per gallon,

Methods of Classifying Waters

The most widely used criteria for determining the suitability of
water for domestic and municipal use are the 1946 U. S, Public Health
Service Drinking Water Standardsl/ (u.S.,P.H.S.). The standards have also
been adopted by the California State Department of Public Health, Limits
for mineral constituents in water are divided into mandatory and recom=
mended criteria and are shown in Table H-1,

Total hardness is a significant factor in the determination of
the suitability of a water for domestic and municipal use., Waters con-
taining 100 ppm or less of hardness (as CaC03) are considered "soft"
while those with more than 200 ppm are considered '"very hard".

The quality of delivered water has effects on both plant growth
and ground water quality. A detailed discussion of water quality effects
is contained in California State Department of Water Resources Bulletin
78.%/

Methemoglobinemia has been related to nitrate in water supply
and is a basis for the California State Department of Public Health
recommended tentative limit of 10 parts per million nitrate nitrogen

(L ppm NO3) for safe domestic waters.
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TABLE H-1
QUALITY CRITERIA FOR DOMESTIC WATER

BASED ON DRINKING WATER STANDARD
U. S. PUBLIC HFALTH SERVICE, 194

Mandatory limits:

Lead (Pb) 0.1 ppm
Fluoride (F) 1.5 ppm
Arsenic (As) 0,05 ppm
Selenium (Se) 0,05 ppm
Hexavalent chromium (Cr6+) 0.05 ppm

Nonmandatory, but recommended, limits:

Copper (Cu) 3,0 ppm
Iron (Fe) and Manganese (Mn)

together 0.3 ppm
Magnesium (Mg) 125 ppm
Zinc (Zn) : 15 ppm
Chloride (C1) 250 ppm
Sulfate (soh) 250 ppm
Total dissolved solids (TDS)

Desirable 500 ppm

Permitted 1,000 ppm



Ground Water

Thomas and Whiteﬂ/ point out that " .., a basic distinction
between meteoric and nonmeteoric waters is suggested by the fact that the
hydrologic cycle includes a distillation Process of vaporization and
Precipitation that has no counterpart in the development of nonmeteoric
waters except volcanic steam. Thus meteoric water is more likely to be
fresh and fresh water is much more likely to be meteoric than nonmeteoric."

Approximately 1,500 ground water analyses which were obtained
from various sources and 32 analyses which were made by the Referee have
been studied in detail, The chemical character of these waters indicates
that they are meteoric in origin; that is, water of the hydrologic cycle
which involves evaporation, atmospheric circulation, Precipitation, runoff
and subsurface movement., None of the analyses indicate any sources of
Juvenile or magmatic waters that originate deep within the earth, the latter
two types being generally recognized by their highly mineralized character.
Volcanic waters are distinguished by a higher temperature and by relatively
high contents of fluorine, silica, boron, sulfur, carbon dioxide and
antimony and by a relatively low content of calcium and magnesium as

compared to waters of meteoric origin,



The ground waters occurring in the valley fill of the area of
investigation are generally within the recommended limits as set forth in
the U. S, Public Health Service Drinking Water Standards, 1946. The
principal exceptions are those waters in the vicinity of Calabasas, which
are derived from wells that penetrate the Modelo formation, and some wells
in the lower part of the Verdugo Hydrologic Subarea. The nitrate content
of ground water in the Verdugo Subarea has increased at a rapid rate during
recent years. This phenomenon is discussed in detail later in this
appendix.

The ground waters of the hydrologic subareas in general would be
classed as moderately hard to very hard. The character of the water in the
western portion of the San Fernando Hydrologic Subarea is predominantly
calcium sulfate while in the eastern portion and in the Verdugo and
Svimar Hydrologic Subareas it is calcium bicarbonate. Plate 15 represents
geochemical charts on which the percentage characteristic of waters in
various locations in the basin have been plotted, These plots show that
all of the natural waters are the calcium, magnesium, sulfate, bicarbonaté
or "hardness" group, A comparison of the plots for 1932 and 1956-57
indicates that the ground waters have remained in the same hardness group
during the 24-year period.

The ground water in the Calabasas area which is pumped from the
Modelo formation has total dissolved solids values ranging from 1,000 to
3,22 ppm, magnesium values as high as 150 ppm and sulfate values as high
as 1,392 ppm, All of these values exceed the U, S. Public Health Service

Drinking Water Standards, 1946, recommended limits.



Sources of Nitrates in Ground Water
Elemental nitrogen exists throughout nature in combination with
other elements. It occurs in very slight quantities in igneous rocks, it
constitutes about four-fifths of the atmosphere, and it is an essential
constituent of living organisms. These nitrogen sources often form
nitrates through bacterial action or when subjected to weathering processes.
In water, nitrogen can occur in several forms depending on its
state of oxidation. These forms are listed as follows:é/
1. Gaseous nitrogen (N2)’ dissolves in water to some
extent but has no major significance in water
quality.
2. Organic nitrogen (N--).
3. Nitrite (NO,-) as (N+++),
L. Nitrate (NO3-) as (N+++++). Nitrogen exists in
its highest oxidized and most stable form as
nitrate.
An extensive review of available literature establishes that the
significant sources of nitrate contributions to ground water are sewage,
organic wastes, fertilizer, rainfall and the nitrogen fixation processes.

A discussion of sources is presented as follows.

Rain Water
An analysis of rain water at Riverside, California, as published
in the Division of Water Resources Office Report on the El Cajon Valley,

1955,é/ revealed, as shown in Table H~2, a total nitrogen concentration
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of 0.803 parts per million and a nitrate concentration of 0.388 parts per
million. It was also noted that these values may be as low as one-tenth
the values reported in other éfeas, the difference being dependent upon

the occurrence of atmospheric electrical discharges.

TABIE H-2

AVERAGE RAINFALL AND AMOUNTS OF VARIOUS NITROGEN
FRACTIONS (AS NO3) IN RAIN WATER, 1933-3hé/
(At Riverside, Galifornia)

verage

rajnfall, . ; .

in inches NHy ; Nop ., Noj  Total
12.98 0.L02 0.013 0.388 0.803

Igneous Rocks

The occurrence of nitrates in igneous rocks was reported by
Clarke, 192h1/ and by Lord Rayleigh, 1939.§/ According to Lord Rayleigh,
igneous rocks contain on an average 0.00L63 percent nitrogen. This
nitrogen appears to be mainly in chemical combination, perhaps as

ammoniacal nitrogen.

TABLE H-3

NITROGEN IN IGNEOUS ROCKS
(After Lord Rayleigh)gl

Rock : N-(ml/g)
Dunite, average 0.0L45
Gabbro 0.037
Cranite, average 0,037



Research conducted by Stevenson, 1959,2/ revealed that the
nitrogen content of granitic rocks is generally lower than the values
reported by Rayleigh for igneous rocks as shown in Table H-3,

Several arguments have been set forth in an effort to explain
the presence of ammonium salts found in volcanic emanations. Clarke,
192h,z/ reports that the nitrogen in lava is an original constituent, and
not a result of organic origin. Rankama, 1950,§/ on the othér hand,
reports that nitrogen in lava may be of secondary origin, formed in the
reaction between hot lava and atmospheric nitrogen.

No detailed information is available on the exact manner or mode
of occurrence of nitrates found in some magmatic rocks. It is believed
doubtful that nitrates occurring in igneous rocks can be of any material

significance to the pollution of ground water in the area of investigation.

Sedimentary Rocks

Noble and Mansfield, 1922,19/ report that in certain desert areas
of California, nitrate deposits as sodium nitrate have been found. These
deposits occur in caliche layers about five inches thick and are associated
with other water soluble salts, primarily sodium in character. Generally
the nitrate deposits are associated with shale or clay formations laid down
in lakes during Tertiary and Quaternary ages, and occur as a result of
physical conditions reflecting climate and soil character rather than from

a unique geologic formation or condition.
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The sodium nitrate occurring in the caliche deposits found in
California, particularly those of the Amargosa region, average less than

2.5 percent of sodium nitrate.

Nitrogen Fixation

Nitrogen fixation is defined as the process by which certain soil
bacteria, such as those living symbiotically within the root nodules of
various leguminous plants, have, the power of bringing free nitrogen into
combination. The bacteria in these root nodules first produce proteins
which later decompose and ultimately yield nitrates.

Nitrogen fixation is not limited to this special case. Nearly
all soils contain bacteria, both aerobic and anaerobic species, which
assist in the decomposition or rotting of vegetable and animal matter with
the ultimate formation of ammonia. The ammonia is converted to nitrites
by nitrosifying bacteria, and then to nitrates by nitrifying bacteria, both
of which are found in soils. Both of these steps are actually oxidations
of the nitrogen compounds and they occur in connection with the life cycle
of the bacteria. An example is farm manure which contains nitrogen as
urea (CO(NH2)2) and proteins. When the manure is spread on soil, bacteria
in the air and in the soil act to decompose the manure. The urea is
hydrolyzed to ammonium carbonate and the proteins are changed by aerobic

bacteria into ammonia. The final result is the development of nitrates.

Fertilizers
Commercial fertilizers used for agricultural purposes have been

found responsible for nitrate pollution in several agricultural areas.
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Nitrate concentrations have been reported in the Redlands area in Califor-
nia as high as 160 ppm.El/

The State Water Pollution Control Board's Publication No. 913/
reports that commercial fertilizers develop nitrate by percolation through
soils with some decrease in total nitrogen and that ammoniacal nitrogen,
applied to soils on the surface, appears to be oxidized to nitrite and
nitrate while passing through the soil. The report also notes that the
passage of nitrogen through soils takes place in two steps. First, the
ammonium ion is absorbed on any colloidal matter Present, and secondly,
if the pH is above 5,0, bacteria operates to oxidize the ammonium ion to

nitrate,

Cesspool and Septic Tank Effluent

Nitrate development in septic tanks and cesspools is described
as the mineralization of nitrogenous organic matter, or as the final
product of the biochemical oxidation of ammonia. The nitrate concentration
is generally thought to be low or nonexistent in septic tanks and cesspools
because of anaerobic conditions existing in this enviromnment. Nitrates
appear to develop under the aerobic conditions existing after the sewage
effluent is discharged from the cesspool or septic tank and allowed to
percolate through soils, where oxygen is available. (An analysis made of
fresh cesspool liquor sampled by the Referee in Verdugo City revealed the

complete absence of nitrates).



Studies conducted by the Sanitary Engineering Research Project
of the University of California at ILodi, California,lé/ indicate that
nitrate accumulation did not begin until a depth of four feet below the
bottom of spreading basins filled with sewage effluent.

As a result of nitrification, nitrate concentration increased
several hundred percent during the percolation through 13 feet of alluvial
materials. The nitrogen available in the form of ammonia and nitrites
plus the presence of oxygen would lead to conditions favorable to the
biological oxidation of reduced forms of nitrogen., Nitrites present on
the surface rapidly disappeared with depth, this being consistent with the
appearance of nitrates.

According to data presented in the State Water Pollution Control
Board Publication No, 9,22/ the average nitrate concentration of sewage in

sewer mains attributable to domestic use of water is 20 to 4O parts per

million total nitrogen or 88 to 176 parts per million nitrate.

Synthetic Detergents in Ground Water

Synthetic detergents have largely taken the place of soap as the
household cleaner since their advent on the market after World War II. In
1948, syndets represented only 16 percent of the total annual soap and
detergent sales; however, in 1957 syndets represented over two-thirds of
the total sales and comprise approximately 75 percent or more of the sales
today. This wholesale use of syndets in homes today has introduced a new
product into sewage effluent. Unlike soap, surface active agents utilized

in synthetic detergents are bioclogically resistant organic material,
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The normal wash day synthetic detergentég/ is generally a heavily
built synthetic powder and usually consists of 20 to 22 percent of surface
active matter compound with about 35 to LO percent phosphates, mainly
sodium tripolyphosphate; up to 10 percent silicates; 5 percent of sodium
perborate; 1 to 2 percent of sodium carboxymethylcellulose; and the remain-
der of various other compounds, including foam stabilizers, corrosion
inhibitors, etc.

Of the basic synthetic detergents available commercially,
approximately 80 percent of the total volume marketed utilized the
sulphonate type surface active agent, more specifically alkyl benezene
sulfonates (ABS). Most of the ABS are derived from propylene. They are
inexpensive and possess excellent deterging properties making them popular
in household detergent formulas. |

BOD studies conducted on polypropylene benezene sulphonates by
Sawyer and Ryckman, 1957,25/ show them to be extremely resistant to
biological attack,

Water pollution problems related to ABS have been found
responsible for foaming, taste, and odor at about one part per million.
Cohen, 1959,29/ reports that as little as 0.8 parts per million syndets
will foam water and that colorimetric procedures have proved to be the most
valuable method for determining the microquantities of ABS concentrations
in water. In most analytical procedureé for ABS, methylene blue is added
to a water sample and compared to a previously calibrated concentration

with a spectrophotometer.
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The basic weakness with this colorimetric method is low spec-
ificity. Naturally occurring materials also react to the dyes, which can
lead to erroneously high results., Certain organic sulfates, sulfonates,
carboxylates, phosphates and phenols react to methylene blue. Inorganic
compounds, such as cyanates, nitrates, thiosulfates and thiocyanates, also
interfere with this method; however, these interferences have not proved
too inconvenient since the concentration of interfering substances is
generally low. To make ABS values comparable with other reported values,
a standard reference surfactant material is made available by the
Association of American Soap and Glycerine Producers.

A longer, more complex infrared method for determining ABS
concentrations has been developed; however, no laboratories in this area
are equipped to handle this type of analysis.

A1l available evidence points out the fact that synthetic
detergents in water originate only in sewage, and their presence in well
water definitely establishes contamination by sewage discharge.

In addition to the contamination problems related to ABS, the
large percentage of phosphates used in household synthetic detergents may
afford a medium for bacterial survival in ground water and their presence
in ground water should be considered.

What overall relationship, if any, synthetic detergents have with
nitrates is not known; however, their introduction to the domestic house-
hold coincides with the advent of increasing nitrate ion concentrations in

the study area.
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Interpretation of Analyses

The tabulated data were utilized in several methods of inter-
preting changes in water quality. These methods included line graphs,
trilinear geochemical charts, and isoplethic (lines of equal value) maps.

Isochlors (variety of isoplethic) were drawn for two separated
periods, namely 1931-32 and 1951-53. These periods were selected as having
the best general basin-wide coverage. The results did not show any con-
clusive change in chloride concentrations.

The historic presence of the boron ion was investigated since
relatively high boron waters were imported from the Owens Valley for a
period of time during 1932. At that time there was concern that these
waters, in which the boron content reached a reported maximum of 1.4} ppm,
might have adversely affected sensitive crops in the area of use.

The relative presence of boron was gaged by utilizing the boron
factor (boron in ppm/EC x 103). This factor was conceived by J. S. Logan
of the United States Bureau of Reclamation in studies in the southern part
of the San Joaquin Valley and was employed as a tool to separate waters
from different sources. The following is a tabulation of various boron

factors from diverse sources as compiled by Logan:
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Source Boron Factor Fb

Ocean water 0.09
Major San Joaquin streams 1.30
Petroleum brines (average) 1.30
Petroleum brines (maximum) 3.90
Sulphur Bank Hot Springs 62.00

Highest boron in water well
in Arvin area 6.73

Maps showing lines of equal boron factors were prepared for
1931-32 and 1951-53. The boron factors in the 1931-32 period varied from
0.03 to 1.62 and averaged O.L1. Variation for the 1951-53 period was from
0.008 to 1.61 with an average of 0.33. A ocomparison of the two periods
indicated no pattern of increase or decrease and no appreciable change in
the boron content of the ground water.

The ground waters of the western portion of the San Fernando
Hydrologic Subarea are predominately sulfate type, while those in the
eastern portion are bicarbonate type. In an attempt to delineate the areas
of the two types of water, an isoplethic map of sulfate-bicarbonate ratios

was prepared. The ratio is expressed as:

S0y, (epm)

Pep = HCO5 (epm)

A value of one would be obtained when the constituents were equal.
Numbers greater than one indicate a greater amount of sulfate present in

the water, while numbers less than one indicate a dominance of bicarbonate.
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The computed ratios were plotted in their proper location on
a map and lines of equal sulfate-bicarbonate ratio (Rgp) were drawn as
shown on Figure H-1. This study indicated that the distribution of the
two mentioned types is much more complex than originally assumed.

Graphs, plotting parts per million versus years, were made of
wells with records of analyses for a period of years at selected loca-
tions throughout the area of investigation. These graphs (Plates 17-A,
17-B, 17-C, 17-D) show the variation in total dissolved solids (TDS),
sulfate (SO,), chloride (Cl) and in some instances where records were
available, nitrate (NO3).

The constituents plotted were selected as being those impor-
tant in domestic and municipal water systems. The graphs indicate that
in general there has been no substantial change in ground water quality
other than would normally occur due to return of irrigation water. An
exception to this is found in the Verdugo Hydrologic Subarea where large
increases in nitrate concentrations have taken place. This problem is
discussed in detail in the following section. °"In other portions of the
area of investigation analyses of ground waters indicate that some wells
have abnormal concentrations of nitrate. Wells with nitrate concentra-

tions of 20 ppm or greater are listed in Table H-L.
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TABLE H-l

NITRATE ION CONCENTRATIONS OF WELLS,
SAN FERNANDO AND SYIMAR HYDROLOGIC SUBAREAS

: Nitrate

Well ¢ concentration Date

number . — sampled
3566 30.4 8-15-54
3701B 20 10- 8-57
37854 37 7-31-57
3790 20 6-11-58
3790D 20 6-11-58
38324 Ll 7-26-57
3833F 35 9-2L4-57
38L54 30.8 2- 8-52
38LSF 32.L 7- 2-56
393L 23 12- }-56
3947A 62 7-11-56
39L7B Ll 7-11-60
39L9B 20 L- 9-58
3954 32 1-15-60
3958C 3k 5- 6-60
39874 31 1-29-60
3987B 35 1-29-60
3987¢C 23 5- 5-60
3987D 21 2-10-60
3987E 23 2-10-60
3987F 35 1-29-60
L6SL 3L.h4 7-31-58
47358 22 12- L-56
L735C 24 5-27-5L
L896A 30 6-12-57
L973J ‘93 6-27-58
L983F 28.5 9-15-53
59884 3h 7-2L-57
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Occurrence of Nitrates in the
Verdugo Hydrologic Subarea

The analyses used in this study were made by various laboratories.
The methods and laboratory techniques used by these laboratories vary con-
siderably. The Robert A. Taft Sanitary Engineering Center in Cincinnati,
Ohio, reports in the 1958 "Analytical Reference Service" that the
"phenoldisulfonic acid method", used by most laboratories, gives results
that are almost uniformly low and that this method does not give reliable
results for most operators. Statistical data presented indicate that the
results of the PDA method may vary as much as 27.81 percent from the
actual value. Hem,E/ reports that the "phenoldisulfonic acid method" is
best adapted for nitrate concentrations under 30 ppm, although the proce-
dure may give rather tenuous results. For values over 30 ppm the method
is inaccurate. All of the analyses available to the Referee are by the
PDA method or an earlier method of similar reliability.

The nitrate ion concentrations of wells having nitrate records
in the Verdugo Hydrologic Subarea have been plotted for the period 1951-52
to 1958-59 on Figure H-2 on the following page. The plots indicate sharp
increases in nitrates except for well 5075, which is in the upper portion
of the subarea. Since the increases in nitrates are recent they cannot be
of natural causes and must therefore be due to:

1. Fertilizers applied to lawns, gardens and golf
courses.

2. Oxidized cesspool and septic tank effluent.
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Fertilizer as a Source of Nitrate

A general reconnaissance of the study area revealed that
commercial fertilizers are beigg used to some extent on small private lawns
and gardens and very extensively on the Oakmont Country Club turf and golf
greens. The quantity of fertilizer used on private lawns and gardens is
very small and no abnormal fertilizing practice was obvious in any of the
residential areas.

At the Country Club, a direct relationship between fertilizers
and ground water might exist. This area is sewered and serviced by
Glendale Public Services. Well water pumped by the City of Glendale from
well No. 3971 reflects a present nitrate concentration of LO ppm. An
irrigated tﬁrf of 110 acres located 1,500 feet upstream is fertilized with
20 tons of a 20 percent ammonia fertilizer three times per year. An addi-
tional acre and a half is treated with sulfate of ammonia, a 21 percent
nitrogen fertilizer, every two weeks.

An average of about 30.5 acre-feet per month of water is applied
to the golf course and greens. This figure represents about 0.25 acre-foot
per acre-per month.

The nitrates developed in soils through nitrogen fixation and
fertilization are available to vegetation for consumption and/or reduction
to nitrogen by denitrifying bacteria and released to the atmosphere, or
they may be leached from the soil by irrigation water and rainfall per-
golating to ground water.

The amount of nitrates leached from a soil is governed by the

soil-type method of fertilization, cropping practice, climate and the
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amount of applied water and rainfall. A review of the preceding practices
suggests that sufficient nitrates are developed on the golf course to
effectively contribute some nitrates to the ground water of the study area.
However, sufficient water is applied through irrigation and rainfall to
continually leach applied concentrations of nitrates on the ground surface
and in the root zone, thereby eliminating the possibility of any very

concentrated slugs reaching the water table.

Sewage as a Source of Nitrate

The portion of the Verdugo Hydrologic Subarea discharging sewage
into cesspools and septic tanks was occupied by approximately 35,800
persons in 1951 and 55,300 persons in 1958.

Average nitrate concentration attributable to the domestic use
of water in the study area may reach 88 to 176 parts per million.ll/ Thus,
if the disposal of effluent from domestic sewage through septic tanks and
cesspools constitutes a continuing major source of ground water recharge,
the ground water concentration will be influenced accordingly.

A study was made to determine the relationship between pumped
water and cesspool effluent within a 500-foot radius (estimated average
cone at depression of a pumping well) of six wells in the Verdugo
Hydrologic Subarea. A house count was made on large-scale aerial photo-
graphs within the established radius and the cesspool effluent determined
on the basis of 3.7 persons per dwelling: These results were compared to
the pumpage of the respective well and indicated that from four to eight

percent of the water pumped could be cesspool effluent falling within the

H-26



assumed cone of depression around each well. What effect this volume of
effluent has on the nitrate concentration in water produced in the various
wells is not known exactly; hoﬁever, it does suggest that cesspool effluent
with a nitrate concentration in the range previously indicated may have an
appreciable influence on concentration of nitrates in this water supply.

Noting the location of the high nitrate wells it is seen that
these wells are situated parallel to Verdugo Wash. Topographically, and
by an inspection of Plate 6, Base of Water-Bearing Series, it becomes
apparent that these wells are situated so as to effectively intercept a
portion of the subsurface drainage of the upper portion of the subarea.
This area is coincident with the unsewered portion of the study area.
Further, the area immediately around the high nitrate wells is served by
the high nitrate waters pumped from these same wells.

From the preceding it is concluded that the high nitrate ion
concentrations found in the Crescenta Valley County Water District wells
are definitely related to the physiography and this explains the absence
or very small nitrate ion concentration in wells 5076 and 5077B, located
upstream.

The review of chemical analyses of well waters in the study area
also revealed an increase in chloride ion, a general decrease in pH, and a

recent occurrence of synthetic detergents.
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The chloride increase supports the conclusions that the nitrate
pollution is originating from sewage effluent or re-use. Analysis of
well No. 5058E shows a chloride concentration of 11 ppm in 1949 and 33 ppm
in 1958. The nitrate concentration for this same well was 15 ppm in 1949
and 81 ppm in 1958. The decrease in pH would be expected as a result of
the increase in acid salts, e.g. nitrate and ghloride. A brief study on
this point indicates that considerably more salts are being deposited in
the subarea since 1950 than are being exported. This situation also
corresponds to the rapid increase in nitrate ion concentration in the

subarea.,

Traces of synthetic detergents detected in all of the wells in
the study area appear to establish sewage effluent as the source of
nitrate pollution. A recent analysis of water from well No. 5047D noted
a concentration of 0.37 parts per million synthetic detergent determined
as alkyl benzene sulphonate. Most of the other wells in the study area,
particularly those with high nitrate concentrations, also have concen-

trations of syndets.

Conclusions

Research and investigation by the Referee leads to the following
conclusions regarding the Verdugo Hydrologic Subarea:

1. Nitrate concentrations occurring in the native ground waters
of the Verdugo Hydrologic Subarea prior,to 1950 were substantially below

the California Department of Public Health recommended limit.
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2. A review of existing well logs and geology indicates that
nitrate yielding rocks or formations do not occur in significant quantity
anywhere in the subarea.

3. The abnormal increase of nitrate ion concentrations in the
ground watér of the subarea is coincident with the postwar residential
development of the subarea.

L. High nitréte concentrations in the well waters of the subarea
are coincident with the topographic lows in the subarea.

5. The present high nitrate ion concentrations appear to be a
result of cesspool effluent and the recirculation of high nitrate well
water pumped within the subarea. These conclusions are corroborated by
the coincideht increase in chloride concentration and existence of

synthetic detergents in the well waters.
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APPENDIX I
HISTORY OF DEVELOPMENT OF WATER SOURCES BY PARTIES,*
METHODS OF DETERMINING CAPACITY OF DIVERSION WORKS AND
METHODS OF ESTIMATING AND MEASURING EXTRACTIONS AND DIVERSIONS
The information contained herein was obtained primarily by
interviewing representatives of the various parties and together with the
basic data sections form the basis for the tables in Chapter V, which list

the capacity, extractions and diversions of diversion works and joint

interest in sources of the parties,

Method of Determining Capacity of Diversion Works

The capacity of the diversion works has been interpreted to be
the maximum rate of extraction or diversion for each entity. Vhenever
possible these values were determined from actual tests made by the
representatives of the Board, or if recent tests had been made by other
persons who in the opinion of the Board staff were qualified to perform
such tests, the data were accepted.

The production rates of most of the entities, whose annual
extractions amounted to 100 acre-feet or more, were measured by the Board
staff in 1959. Due to pecularities of a few systems which extract over
100 acre-feet, the capacity of these systems could not be measured without

undue hardship or damage to the system.

# Plaintiff and all defendants named in the Amended Complaint and
in subsequent actions prior to July 1, 1960.
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In measuring the production rate of a system an attempt was made
to perform the test under the same conditions under which that system would
normally operate, Two basic methods were utilized to measure the production
rate of a system.

The principal method used was measurement with a Simplex or Cox
pitot tube and manometer., Measurements made with these instruments were
in accordance with the operational manual supplied by the manufacturer,

The second method utilized was by noting the time required to fill a
known volume.

Due to the complexity and operatlonal difficulties involved, the
pumping capacity of the City of Los Angeles in the Upper los Angeles River
area could not be measured directly and was taken at its rated capacity of
350 cubic feet per second., To check the rated capacity, the maximum monthly
extraction of each of the City of Los Angeles' well fields during the period
1954-55 through 1957-58 was obtained. The sum of these monthly maximum
amounts was 280 cubic feet per second.

For small plants, estimates were based on the owner's statement

of the production rate or the manufacturer's rated capacity for the pump.

Measur

Where actual records of the volume of water extracted or diverted
were not available, estimates were made based on average duties, hours of

pump operation, power consumption, water sales or plant production,



depending upon the particular data available. In many cases more than one
method was utilized for the same party in accordance with information

available for the respective period of time.

Metered Extractions and Diversions

A number of entities measure their water extractlons and
diversions directly. Where the amount has been metered with a reliable
device, the measured quantities were considered to be the best information

available and those records have been used.

Production Rate and Hours of Operation

An estimate of the amounts diverted by certain entities was made
by using the production rate of the system determined by representatives of
the Board and the number of hours of operation. The hours of operation
were obtained from logs maintained by the plant operator. If logs were not
available, the number of hours of operation of the plant was cbtained from
the plant operator.

In cases where estimated amounts diverted, computed by duty of
water and by production rate, gave widely differing results, the amount

based on duty of water was considered more reliable.

Duty of Water
Frequently, when the only data available were type of use, area
of crop irrigated, number of units served, and number of people or live-

stock served, an estimate of the amount extracted or diverted was based on
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the average values of duty of water for each use. Duty figures applicable
to San Fernando Valley conditions have been developed from a study of local
water use by the Board staff, in conjunction with the collection of data
from the parties, These values were utilized in estimating the amount
extracted or diverted by the parties. The average values of duty of water

utilized are showm in Table I-1,

TABLE I-1
AVERAGE VALUES OF DUTY OF WATER

Use Duty
Alfalfa 3.5 acre-feet per acre
Berries Li.5 acre-feet per acre
Citrus 2.8 acre-feet per acre
Permanent pasture .5 acre-feet per acre
Truck 2.8 acre-feet per acre
Vineyard 1.0 acre-feet per acre
Hay and barley 0.8 acre-feet per acre
Nursery 2.8 acre-feet per acre
Per capita (inside use only) 50 gallons per day
Dairy cows 30 gallons per day per head
Poultry 0.25 gallons per day per head
Range cattle and horses 15 gallons per day per head
Hosing out dairy barn 35 gallons per day per head

The type of use was determined from data obtained from the parties
or from the culture data noted in Appendix K.

The average values listed in Table I-1 were used when no other
data were available. In many instances, when the amount of water diverted

by a party was determined for a short period from measurements of production
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rate and hours of operation, a duty of water was computed for this period.
This value was then applied to those years when only the size of the

service area or the number of units served was known.

Power Consumption

The electrical power supplied to a well was used to compute the
production of a well for a few entities. This method was possible only
when the power meter readings and billings were made specifically for the
well, Based on the records, the amount of water extracted per kilowatt
hour was computed from pump tests made by the power company or the Board
staff,

Estimates of the production of a well prior to its being
abandoned were made where power records were available by assuming a plant
efficiency and pumping head, The make, type of pump and operating con-
ditions were obtained from the owner or plant operator. The plant efficiency
was then estimated by the Board staff, based on a comparison with similar

plants of known efficiency,



History of Use and Development of Water

Plaintiff - City of Los Angeles

iThe Pueblo of Los Angeles was established on the west bank
of Porciuncula River now known as the Los Angeles River in 178l. The
first water system was a brush ™toma" or dam across the river which
diverted water into the "Zanja Madre' or mother ditch, and other open
canals delivering water to irrigated fields. The water system was a
gravity system with the dam being located at a place on the river
upstream from the town.

On April.l, 1850, the Pueblo of Los Angeles was incorporated
as the City of Los Angeles (see Plate 36). The primitive water system
which had changed very little since its conception was inherited by
the city. In 1854, a water department was established in the city and
the water system was placed in charge of a Yzanjero" or water overseer,
Various improvements to the water system were initiated including the

construction of reservoirs, water wheels and distribution mains.



From 1865 through 1867 the domestic water works were leased to
private individuals for the distribution of water. In 1868, the city
entered into a 30-year lease with four individuals to manage the distri-
bution of water in the city. Additional water supply to the city was
developed in 1886 when water was diverted from the river at Crystal
Springs and conveyed to Buena Vista Reservoir.

In 1902, following expiration of the 30-year lease and
negotiation for the purchase of the Los Angeles City Water Company, the
City of Los Angeles acquired title to all properties of the company and
affiliate corporations., At this time the city's water supply was
obtained from a ditch which diverted the surface water of the Los Angeles
River located near the present Headworks Spreading Grounds, and infil-
tration galleries located above the present Los Feliz Boulevard. The
infiltration galleries were used for domestic supply while the water
diverted by the ditch was used for irrigation., By this time the city
had grown to an area of 43,26 square miles with a population of greater
than 100,000 persons.

In 1903, the Zanja system which had been in operation for 123
years was officially discontinued. Between 1903 and 1915 additional
wells were drilled in and above the Los Angeles Narrows and in the
southern portion of the city at the Slauson Avenue property near Compton

Avenue., Additional infiltration gallery capacity was also provided.



During the years 1911, 1912 and 1913, nineteen private water
systems were acquired. From 1910 to 1940 the city acquired 198 private
systems. Small portions of some of these private systems were outside
the city and its annexations and required the city to serve water out-
side its boundaries.

In 1906 the Reclamation Service of the United States Government
abandoned its Owens Valley Pfoject in favor of the city. This cleared
the way for Los Angeles to obtain rights of way and control of surface
waters in the Owens Valley. Work first started on the Los Angeles
Aqueduct at the south portal of the Elizabeth Lake Tunnel on

September 20, 1907.

The first Los Angeles Aqueduct water reached the San Fernando
Valley on November 5, 1913. By June 30, 191k, the aqueduct was delivering
between 18 and 20 second-feet directly into the distribution mains in the
area south of the Santa Monica mountains; however, it was 1915 before
delivery of water for irrigation within the valley was started. With
the completion of ILower San Fernando Reservoir and Franklin Reservoir,
service was extended through the San Fernando Valley by means of the
72-inch City Trunk to Franklin Reservoir in April 1915. The area south
of the Santa Monica Mountains was then served Owens Valley water from
Franklin Reservoir.

Completion of the Chatsworth High Line in 1916 provided a
supply for the northwest portion of the Owens service area. In 1917, the

Maclay High Line and Reservoir extended the service area of Owens Valley
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water to the northeast portion of the Owens service area in the San
Fernando Valley. Chatsworth Reservoir was completed in 1919 to provide
storage. Encinc Reservoir was added to provide annual regulation in 1921,
Stone Canyon Reservoir and Lower Hollywood Reservoir, completed in 1921
and 192L, respectively, provided regulating storage for the area south

of the Santa Monica Mountzins,

During the fiscal year 1925, a total of fourteen 20-inch wells
called the North Hollywood Wells were drilled in the vicinity of Vanowen
Street from Fulton Avenus to Foster Avemue., In 1930, the North Hollywood
Wells were first pumped into Hollywood Reservoir, A Sl-inch pipeline was
added to the system from the North Hollywood Pumping Plant to Hollywood
Reservoir in 1931 to convey both ground water and Owens Valley water.,

To further develop ground water resources in the San Fernando
Valley, the River Supply Conduit (194L) and Extension (1949) were con-
structed., The River Supply Conduit Extension transports water from North
Hollywood Wells, Verdugo Wells (1949), Whitnall Wells (1952), and Erwin
Wells (1955) to Silver Lake Reservoir. In addition, the River Supply
Conduit and Extension may be used to convey Owens Valley water to that
reservoir.

Colorado River water was first delivered to Los Angeles in 1941,
With the completion of the Eagle Rock Reservoir and the Eagle Rock-Hollywood
Conduit in 1954 (see Plate 21) it became possible to deliver Colorado

River water into Hollywood, Silver Lake and Baldwin Hills Reservoirs.,
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Presently, the Los Angeles area south of the Santa Monica
Mountains receives a mixed supply of native ground water, Owens River water
and Colorado River water. Areas being supplied with unmixed Owens River
water are the San Fernando Valley, excepting the Narrows, Sunland-Tujunga
and Mission Wells service areas, and a portion of West Los Angeles which
is supplied exclusively from Lower Stone Canyon and Franklin Reservoirs.

The Upper Los Angeles River area remains the major source of
ground water supply for the city. Development of this source has continued
since 1902 when the city regained management of the waterworks. As of 1958,
the city was operating 95 wells and two gravity diversions within the area

of investigation and ten well plants outside the area of investigation,

Defendant No, 1 - City of San Fernando

At the time the City of San Fernando was incorporated on
August 31, 1911, two water companies were supplying the area. One of these
was the Maclay Rancho Water Company which operated under the name of
Consolidated Securities Company. The other company was the San Fernando
Mission Land Company whose predecessor prior to 1905 was the Porter Land
and Water Company, In 1919 the City of Los Angeles purchased the Mission
Land Company. In 1920 the City of San Fernando acquired éhat portion of
San Fernando Mission Land Company and the Maclay Rancho Water Company
systems lying within its boundaries. A total of seven wells have been

operated by the City with six active in 1958,
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Defendant No, 2 - City of Glendale

In 1883 the Verdugo Canyon Water Company was incorporated and
distributed water to various smaller companies serving the Glendale area.
In 1906 a portion of the Verdugo Canyon Water Company and other water
companies serving the Glendale area merged to form the Glendale Consolidated
Water Company, The City of Glendale was incorporated on February 16, 1906,
On September 29, 191L, the Glendale Consolidated Water Company was
purchased, at which time the city began operation of its own water
department, The city has since purchased the distribution and supply
systems of the following water companies: (1) Miradero Water Company
(that portion supplying City of Glendale) in 1915; (2) Verdugo Springs
Water Company in 1915; (3) Verdugo Pipe and Reservoir Company in 1915;

(L) North Glendale Distributing Company in 1916; (5) Tropico Water System
in 1915; (6) Forest Grove Water Company in 192L; and (7) Sparr Water
Company in 1927, By 1932, the city had purchased interest from ali of the
shareholders in the Verdugo Canyon Water Company. In 1954, the Highway
Highlands Mutual Water Company, which served that area annexed by the city,
was purchased., A total of 22 wells have been operated by the city with

1l wells presently in operation in addition to one gravity diversion in

Verdugo Canyon.
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Defendant No, 3 - City of Burbank

The City of Burbank was incorporated on July 15, 1911. In
July 1913, the city purchased that portion of the Miradero Water Company
within its boundaries along with the company's one well. In August 1913,
the city drilled its first well., A total of 18 wells have been operated

by the city. Eleven wells were active in 1958.

Defendent No. li - Burbank City Unified School District

The well listed for this defendant was completed ifi about 1907.
It was used for the irrigation of berry and truck crops and was operated
by Mr. C. A. Thomson until 1938. When the property was acquired by the

defendant this well was abandoned.

Defendant No. 5 - Glendale Junior Col

The well for which this defendant has been named as having an

interest is owned and operated by the City of Glendale, Defendant 2.

Defendant No. 6 - Los Angeles County Flood Control District

This defendant acquired the property on which the listed well is
located by condemnation. The well was last operated by the City of

San Fernando in 1927 and has not been used since,

Defendant No. 7 - La Canada Irrigation District
The District was formed on April 2k, 1924, On January 31, 1925,
the La Canada Water Company was leased by the District and in November 1929,

it accepted the deed to the company together with the ownership to
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Pickens Canyon surface diversion. On December 1, 1925, the District
acquired the Snover Canyon Water Company and its diversion in Snover Canyon.
Within the Upper Los Angeles River area the District operated two
wells and diversions in Pickens and Snover Canyons. Presently the
diversions and one well, 5069D (designated 5069 in Raymond Basin Report

of Referee), are in use,

Defendant No. 8 - Crescenta Valley County Water District

The Crescenta Valley County Water District was formed in 1950 and
included the service area of the Crescenta Mutual Water Company and the
Mountain Water Company which were organized in 1916 and 192l, respectively.

As of 1958, the District was obtaining its supply from twelve
wells and three surface diversions. Eight of the wells were previously
owvned by Crescenta Mutual Water Company, two wells and three surface
diversions by the Mountain Water Company. Of the remaining wells in
operation one was obtained from Verdugo Woods Estate in 1954 and the other

drilled by the District in 1951. -

Defendant No. 9 - State of California

This defendant acquired the property on which a well operated by
the Mollin Investment Corporation, Defendant Doe Corporation L, is located,
by condemnation., For remarks concerning use of water, refer to Defendant

Doe Corporation L.



Defendant No, 10 - Aetna Life Insurance Company

This defendant was named as having an interest in property owned

by George A, and Louise J. Burns, Defendants 128 and 129,

Defendant No, 11 - American Savings and Loan Association

This defendant was named as having an interest in property owned

by Lester R, Schwaiger, Defendant 195,

Defendant No. 12 ~ American Security and Fidelity Corporation

This defendant was named as having an interest in property owned

by Forest Lawn Company, Defendant 39,

Defendant No. 13 ~ The Andrew Jergens Company

The defendant drilled two wells in 1943 to obtain water for
cooling purposes, Water was extracted from one well and the other well
was used for the injection of waste water into the ground water basin.
This method proved unsatisfactory since warm waste water was being recycled.
The injection well was abandoned and the waste water discharged into the
Los Angeles River system,

In 1947 water was obtained from the City of Burbank to supplement

the supply from the well, The use of well water was discontinued in 1956

and the well destroyed in 1958,

Defendant No. 1)} - Bank of America
National Trust and Savings Association

This defendant was named as having an interest in the property on

which the City of Glendale drilled a test well, Defendant was also named as
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having an interest in a well owned and operated by Livingston Rock and

Gravel Company, Defendant 53.

Defendant No. 15 - Beatrice Foods Company

A well operated by the Meadow Gold Dairies, a Division of Beatrice
Foods Company, was first used in 1939 by the Valley Dairy Company. The well
and purchased water from the City of Glendale were used in the operation
of a dairy plant. Since 1956, the well has only been used for watering a

smell lawn area,

Defendant No. 16 - California Bank

The defendant has held a trust deed on the property owned by the

Sportsmen!s Lodge Banquet Corporation, Defendant 80.

Defendant No., 17 - California Bank

Same as Defendant 16.

Defendant No. 18 - California lMaterials Company

The defendant has owned and operated this well since 1941. The
water from this well and water purchased from the City of Los Angeles is
used in processing rock and gravel, Used water is dumped into a sump

located within the gravel pit area.

Defendant No. 19 - California Trust Company

This defendant was named as having an interest in property owned

by Drewry Photocolor Corporation, Defendant 36.
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Defendant No. 20 - California Trust Company

Same as Defendant 19.

Defendant No. 21 - Carnation Company

McGraw Colorgraph Company, a division of Carnation Company,
operates a well which has been used since 1940, The water from this well
together with water purchased from the City of Burbank is used for a
cooling system and in plant operation. Industrial waste water is returned
to the ground by use of an injection well., When the capacity of the return
well is exceeded, excess water discharges into a storm drain.

Defendant No. - Citizens National
a oI Los

This defendant was named as having an interest in property ouned

by the City of Glendale, Beatrice Foods Company, Desco Corporation, Oakmont

Country Club and G. Henry Stetson, Defendants 2, 15, 35, 63 and 200,

respectively.
Defendant No. - Citizens Wational
S ]

Same as Defendant 22.

Same as Defendant 22,
Defendant No. - Citizens National
=l (o] S

Same as Defendant 22.
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Defendant No. 26 - Citizens National
rust and Savings Bank of Los Anwve

Same as Defendant 22.

Defendant No, 27 - Citizens National
Trust and Savings Bank of Los Angeles

Same as Defendant 22.

Defendant No, 28 = Citizens National
Trust and Savings Banlk of Los Angeles

Same as Defendant 22.

Defendant No. 29 - Color Corporation of America

Color Corporation of America is the former name of Houston
Fearless Corporation which is the parent company of the Houston Color Film

Laboratories, Inc., of California, Defendant L6.

Defendant No. 30 = Consolidated Rock Products Company

Three wells, orerated by the Consolidated Rock Products Company,
are owned by thé Valley Park Company, successor to the Los Angeles Land
and Water Company. Water from the wells is used to wash gravel and is then
discharged into a sump in the gravel pit. The Consolidated Rock Products

Company has been in operation since 192k,

Defendant No. 31 -~ Corporation of America

This defendant was named as having an interest in property on
which a test well was drilled by City of Glendale and a well owned by

Livingston Rock and Gravel Company, Defendant 53,



Defendant No, 32 ~ Corporation of America

Same as Defendant 31,

Defendant No, 33 =~ Corporation of America

Same as Defendant 31.

Defendant No. 3L - Deep Rock Artesian Water Company

The comﬁany is presently owned by Paul E. and Evelyn M. Pendleton,
Defendants 186 and 187. The original owner was Manuel Rattner who started
the company in 1927 and sold it to the Pendletons in 1947. The water
obtained from two wells is bottled and sold., Los Angeles city water is

also used in the plant.

Defendant No. 35 - Desco Corporation

The well was drilled in 19LO by the previous owner of the
property now owned by Desco Corporation. The present owner used the well
for one year and then capped the well in 195L. Water from the well was

used for filling a swimming pool.

Defendant No. 36 - Drewry Photocolor Corporation
Beginning in 1946 the defendant has used the water from one well

in the operation of a film processing plant., Waste water is discharged

into the sewer.

This defendant is the owner of three wells opsrated by the

Oakwood Cemetery Association, Defendant 6.
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Defendant No. 38 - Forest Lawn Cemetery Association

This defendant is a user of the water extracted by Forest Lawn

Company, Defendant 39.

Defendant No. 39 - Forest Lawn Company

The Forest Lawn Company owns and operates various wells. for the
irrigation of cemetery lawns. The company supplies the water for irrigation
for Forest Lawn Memorial Park Association and Forest Lawn Cemetery
Association at two locations.

The oldest well, dating back to 191k, delivered water to the
cemetery located in the southeasterly portion of the City of Glendale.
Water extracted from five wells has been used to supply the cemetery at
this location. In 1958, the company had three active wells supplying the
water for irrigation of the lawms.

The company also supplied irrigation water for its cemetery
1ocated north of Griffith Park. Seven wells were drilled at this location
with only one well placed in production in 1951, Production of this well
was discontinued in 1958. The water presently used for irrigation is

purchased from the City of Los Angeles.,

Defendant No. LO - Forest Lawn lemorial Park Association

This defendant is a user of the water extracted by the Forest

Lawn Company, Defendant 39.
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Defendant No. Ul - Freshpuro Water Company

The Freshpuro Water Company has been purchased by Leonard W, and
Margery J. Block, Defendants Doe 16 and Doe 17, and the name has been
changed to Pur-0-Spring Water Company. These companies have sold bottled

water since 1930. Water is obtained from one well located on the premises,

Defendant No. L}2 - Glendale Towel and Linen Supply Company

The Glendale Towel and Linen Supply Company is owned by Donald G.
and Dorothy N. Cowlin, Defendants 135 and 136. Water extracted from this
well 1s used for laundry processing and all waste water is discharged into

the sewer. This well was placed in operation in 1941.

Defendant No. 43 - Glenhaven lMemorial Park. Inec.

Prior to 1943 the land now occupied by Glenhaven Memorial
Park, Inc., was devoted to farming. Beginning in 1943 the land was
converted to a cemetery. A total of six wells have been used to irrigate

cemetery lawns. Presently only four wells are in operation.

Defendant No, Lh - Hidden Hills Corporation

In 1950, the Hidden Hills Corporation established a water supply
in conjunction with the development of a residential subdivision. In 1957,
this corporation relinquished its interest in the wells and distribution

system to the Hidden Hills Mutual Uater Company, Defendant L5.

Defendant No, L5 - Hidden Hills Mutual Water Company
This mutual water company was established in 1957 to relieve

the Hidden Hills Corporation, Defendant No., Lk, of the responsibility

I-22



supplying water. In 1958, this company had twelve producing wells, two

1

o
of which are outside the watershed of the Upper Los Angeles River area.

These wells supply water for domestic use to approximately 230 services.

Defendant No. 46 - Houston Color Film Laboratories, Inc. of California

The defendant is a division of the Houston Fearless Corporation
and uses the water from a well owned by Benjamin B. Smith, Defendant 197.
The well and City of Burbank water was used for processing color film
from 1940 through 1954, The well was abandoned in 1955 and water supplied
from the City of Burbank is being used exclusively. Industrial waste

water from the plant is discharged into spreading ponds.

Defendent No. L7 ~ Intervalley Savings and Loan Association
This defendant was named as having an interest in property ouned
by Lester R. Schwaiger, Defendant 195, and property owned by E. E. Mahannah,

Defendant 16l.

Defendant No. L8 - Knickerbocker Plastic Company, Inc.,

The well owned by the defendant has been in use since 1953.
The water is used for cooling mechinery in a manufacturing plant.
Los Angeles city water is also used in a ¢losed air conditioning system.

Waters from both sources are injected into two return wells.

Defendant No, 49 - Lakeside Golf Club of Hollywood
Three wells were drilled for the irrigation of a golf course.

Two of these wells have since been abandoned, From 1928 through 1948 a



go?.f course was irrigated with well water. After 1948, City of Los Angeles
wat.gr and well water have been used by the defendant.

In addition to the above wells the defendant operated a well
previously used for truck farming in 1936. This well was used to maintain
the water level in the easterly portion of Toluca Lake. This well was

destroyed in 1953.

Defendant No, 50 = Lakewood Water and Power Company -

This defendant was named as having an interest in wells owned by
the George E. Platt Company, Defendant 67; however, defendant states they

do not operate in the San Fernando Valley.,

Defendant No. 51 - Land Title Insurance Company
This defendant is the trustee of property owned by Donald G. and

Dorothy N. Cowlin, Defendants 135 and 136.

Defendant No. 52 = Land Title Insurance Company

Same as Defendant 51.

Defendant No. 53 - Livingston Rock and Gravel Company

Mary L. and Peter J. Akmadzich, Defendants 111 and 112, are the
previous owners of the property and well now owned by Livingston Rock and
Gravel Company. This well was drilled in 1932 and the water used primarily
for processing gravel. Waste ‘water from the processing is dischatrged into

one of the gravel pits and is re-used.

The company acquired another well drilled in 1951 by the Arrow
Rock Company which is owned by M, F. Joyce. The water extracted from this

well is also used for processing gravel.
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Defendant No. 5S4 - Lockheed Aircrait Corporation

Since 1940, the defendant has operated four wells. Two of the
defendant's wells are located on property owned by the Federal Government.
The water from two wells was used in a closed air cooling system and the
waste water discharged into return wells. Recently only one well used for
air cooling was active.

The remaining two wells were used as a standby water supply for

fire protection. These wells are presently abandoned.

Defendant No, 55 ~ Los Angeles Land and Water Company

This defendant is the previous owner of property on which the

Consolidated Rock Products Company, Defendant 30, operates three wells.

Defendant No. 56 - Los Angeles Pet Cemetery

Two wells have been drilled by the defendant, one in 1929 and the
other in about 1938. The water from these wells has been used to irrigate

a pet cemetery.
Defendant No. Los Angeles

The defendant is trustee for the heirs and devisees of Harry
Kiener, deceased, former owner of property owned by Maxine Duckworth,
Defendant 141, and John W. Duckworth, Jr., Defendant 1h2.
Los Angeles
st e sit

Same as Defendant 57.
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Defendant No. 59 - Metronolitan Lile Insurance Corpany

This defendant formerly held a trust deed on property owned by
Elton and Florence H. George, Defendants 146 and 147. The City of Glendale,
Defendant 2, has an easement on this property on which the city can drill

and operate a well.

This defendant was named as having an interest in property

which a well is owned by Kisag Moordigian, Defendant 173.

Defendant No. 61 - Monteria Lake Association
A well was drilled in 1953 by the cdefendant and is used to

maintain the water level in Monteria Lake, This lake is a privately-owned

recreational site.

Defendant No. 62 - Mulholland Orchard Company

The defendant drilled two wells in 1925 and two additional wells
in 1926 and 1949. These were used in conjunction with Los Angeles city

water to irrigate walnut and citrus orchards. Presently one well is active

and the remaining wells have been capped.

Defendant No. 63 - Oakmont Country Club

The well for which the defendant was named is owned and operated

by the City of Glendale, Defendant 2.
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Defendant No. 6, - Oakwood Cemetery Association

Three wells ovmed by Frank X. Enderle, Inc. have been operated
by the Oakwood Cemetery Association to irrigate cemetery lawns. One well
was drilled in 1932 and abandoned in 1953. Two additional wells were

drilled in 1946 and are presently operating.

Defendant No, 65 - Pacific Fruit Express Company

The defendant operates wells owned by the Southern Pacific

Company, Defendant 76.

Defendant No. 66 -~ Pacific Lighting and Gas Supply Company

The defendant operated one well from 1928 until'1950 for the
domestic supply of two houses. The well was abandoned in 1950 and since

that time Los Angeles city water has been used,

Defendant No. 67 - George E. Platt Company

From 1915 to 1955 the defendant operated a total of 10 wells
for domestic, irrigation, stockwatering, and industrial uses in the
operation of a dairy. Since 1955 only one domestic well has been
operated for the domestic supply for three houses. In 1958 another well

was drilled to replace the domestic well.

Defendant No. 68 - Polar Water Company

The defendant purchased the property and a well from Andre Borgia.
The well was completed in approximately 1888 and was used until 19L7, at

which time a replacement well was drilled.
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From 1888 until 1923 the well was used to irrigate truck crops.

Since 1923, well water has been bottled and sold by the Polar Water Company.

Defendant No. 69 - Richfield 0il Corporation

This defendant was named as having an interest in wells owned

by Walt Disney Productions, Defendant 105.

Defendant No. 70 - Riverwood Ranch Kutual Water Company

A well was drilled about 1912 for oil. From 192L to 1936 the
well was owned by Judge Garvin Craig and used for irrigation. In 1933
the well was abandoned and water was diverted from Big Tujunga Wash.
The surface diversion was destroyed during the 1938 flood and the well was
reactivated. The property was owned by Michael J. O'Meara from 1936 to
about 1941 and Hal B. Hayes, Defendant 151, from about 1941 to 19L7.
The well has been owned by Riverwood Ranch Mutual Water Company since 1949

and is used as a domestic supply for 35 residences.

Defendant No. 71 - Roger Jessup Farms

A well was drilled in 1931 to supply the Roger Jessup dairy.
In 1943 a second well was drilled to replace the original well which caved
in. In about 1955 use of Los Angeles clty water was initiated to supple-
ment well water. In 1959 the well was abandoned and city water has been

used exclusively since then.
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Defendant No. 72 - Sealand Investment Corporation

This defendant was named as having an interest in property owned

by Kisag Moordigian, Defendant 173.

Defendant No. 73 = Sealand Investment Corporation

Same as Defendant 72.

Defendant No. 7L - Sears, Roebuck and Comvany

A well owned by Sidney M. Barton was drilled in 1938 and has been
operated by the defendant since that time. Well water is used in a closed
cooling system at the Sears, Roebuck and Company store in Glendale., Used

water is discharged into return wells.,

Defendant No. 75 - Southern California Edison Company

The defendant obtained possession of a well drilled in 1931 by
the Wildwood Trout Resort since the well was located within the defendant's
transmission lines. rights of way. Wildwood Trout Resort used the water
extracted from this well and from one drilled in 1890 to supply water for
a fish pond and hatchery. In 1937 and 1938 these wells were inactive.

In 1939, Pop's Willow Lake commenced operation at this site.
Both wells were reactivated to supply water to a lake and swimming pool
until about 1952 when Pop's Willow Lake was abandoned. The defendant's
well was destroyed in 1957 and the other well has since been capped and

used for observation of the ground water levels.



Defendant No. 76 = Southern Pacific Railroad

Flve wellg owned by the Southern Pacific Company have been
operated by Pacific' Fruit Express Company, Defendant 65. The first well
was drilled in 1920 and subsequent wells were drilled in 1923, 1939, 1942
and 1945, Water is used at an ice plant and in the defendant's shops.
Oné well is used as a standby and for fire protection. Industrial waste

water is discharged into the channel of the Los Angeles River,

Defendant No. 77 - Southern Service Company, Ltd.
The defendant doing business as the Premier Laundry owns a well
which was drilled in 1940. The well has been used to supply the laundry.

Ay

The laundry waste water is discharged into the sewer.

Defendant No. 78 - Sparkletts Drinking Water Corporation

Sparkletts Drinking Water Corporation began operating in 1925,
purchasing water from a well that was drilled in 1880. The defendant
drilled three additional wells in 1928, 193L and 1946, respectively. A1l
of these wells have been replaced by three replacement wells which are
presently in operation. Part of the water is bottled and sold and part is
used to wash and backflush the water treatment system. Los Angeles city

water is also used in the plant's operation, All of the water not sold is

discharged into the sewer.

" Defendant No. 79 = Spinks Realty Company

Two wells are located on the defendant's property. One well was

originally drilled in 1898 for oil and since no oil was found the well was
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perforated at a level from which water flows under pressure. In 1914

another well was drilled for water. Both wells are used for irrigation
in addition to a supply obtained from the City of Los Angeles. The

defendant acquired the property about 1936,

Defendant No. 80 -~ Sportsmen's Lodge Banquet Corporation

The defendant and predecessor have operated two wells at the
location. One well was drilled in 191k and abandoned in 19k8. The second
well drilled in 1938 is presently active.

The property is presently owned by the defendant and is used to
supply water to the trout ponds. Used water in the ponds is discharged

into the Los Angeles River channel.

Defendant No. 81 = Sun Valley National Bank of Los Angeles

This defendant was named as having an interest in property owned

by Florence S. Plemmons, Defendant 188.

Defendant No. 82 - Technicolor Corporation

The original well, which supplied a ranch, was drilled prior to
1938. Beginning in 1938 it was used to supply water for film processing.
In 1946 and 1947 two wells were drilled and the original well was
abandoned. Presently water from both wells and City of Burbank water are
used. Industrial waste water is discharged into the Los Angeles River,

Previous owner of the property was Color Corporation of America,

Defendant 29.
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Defendant No, 83 - Title Insurance and Trust Company

This defendant was named as having an interest in property

by the Hidden Hills Mutual Water Company, Defendant LS.

Defendant No. 81 - Title Insurance and Trust Company

This defendant was named as having an interest in property

by George A. Burns, Defendant 128.

Defendant No. 85 ~ Title Insurance and Trust Company

This defendant was named as having an interest in property

by Paul E. Lancaster, Defendant 161.

Defendant No, 86 - Title Insurance and Trust Company

This defendant was named as having an interest in property

by the Hidden Hills Mutual Water Company, Defendant LS.

Defendant No. 87 - Title Insurance and Trust Company

This defendant was named as having an interest in property

by Valhalla Memorial Park, Defendant 10l.

Defendant No., 88 - Title Insurance and Trust Company

This defendant was named as having an interest in propertr

by E. E. Mechannah and Hazel E. kahannah, Defendants 16l and 165.

Defendant No. 89 - Title Insurance and Trust Company

This defendant was named as having an interest in property

by Knickerbocker Plastic Company and Leo L. White, Defendants L8 and
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Defendant No, 90 - Title Insurance

and Trust Comvany

This defendant was named

as having as interest in property owned

by Donald G. and Dorothy N. Cowlin, Defendants 135 and 136.

Defendant No. 91 - Title Insurance

and Trust Company

This defendant was named

by Florence S. Plemmons, Defendant

Defendant No., 92 - Title Insurance

as having an interest in property owned

188.

and Trust Company

This defendant was named
which a well owned and operated by

is located.

Defendant No. 93 = Title Insurance

as having an interest in property on

the City of Glendale, Defendant 2,

and Trust Company

Same as Defendant 92,

Defendant No. 9l - Title Insurance

and Trust Company

This defendant was named

as having an interest in property owned

by Lester R. Schwaiger, Defendant 195.

Defendant No, 95 - Title Insurance

and Trust Company

This defendant was named

as having an interest in property owned

by the Hidden Hills Mutual Water Company, Defendant L5,

Defendant No, 96 - Title Insurance

and Trust Company

This defendant was named

as having an interest in property owned

by Benjamin B. Smith, Defendant 197.
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Defendant No. 97 - Toluca Lake Property Owmers Association

The defendant owns two wells, driiled in 1931 and 19:9. The
wells have been operated to maintain the water level in Toluca Lake, a
privately-owned recreational park. The outflow from the lake discharges

into the Los Angeles River. Presently only cne well is active.

Defendant No. 98 = Union Bank and Trust Compeny of Los Angeles

This defendant was named as having an interest in property owned

by Leonard W. and Margery J. Block, Defencants Doe 16 and Doe 17.

Defendant No, 99 - Universal Pictures Company

Two wells operated by Universal Pictures Company are 1oc§ted on
property owned by the Lakeside Golf Club of Hollywood. Both wells were
drilled in 1916 and were used until 1958 to supply the Universal Pictures
Studio. Use of Los Angeles city water commenced in 1957 to supplement the

well supply and has been used exclusively since the fall of 1958.

Defendant No, 100 - Valhalla Mausoleum Park

This defendant was named as having an interest in property owned

by Valhalla Memorial Park, Defendant 10l.

Defendant No, 101 ~ Valhalla Memorial Park

The defendant has presently two wells in operation to supply
water for irrigating a cemetery. The property was acquired by Valhalla
Memorial Park in 1922, A total of six wells have been developed and

operated by the defendant.
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Defendant No. 102 - Valhalla Properties

The defendant was named as having an interest in property owned

by Valhalla Memorial Park, Defendant 10l.

Defendant 103 - Valley Lawn Memorial Park

This defendant was named as having an interest in wells listed
under George E. Platt Company, Mark Boyar and Michael Diller, Defendants

67, 126 and 139, respectively.

Defendant 104 - Van de Kamo's Holland Dutch Bakers, Inc.

The defendant owns one well which was drilled in 19L1. The water
from this well is used to supply the bakery. A supplemental water supply is

obtained from the City of Los Angeles.

Defendant No., 105 - Walt_Disney Productions
The major portion of water pumped from two wells, drilled in
1938, is used in a closed air conditioning system and discharged to the
0ld river bed adjacent to the lined chamnel of the Los Angeles River.
The remaining portion of the well water together with City of Burbank water

is used for miscellaneous purposes throughout the motion picture studios.

Defendant No. 106 - Warner Bros. Pictures, Inc.

The property on which the picture studio is located was acquired
in 1927. An existing well placed on the property in 1901 supplied a
ranch operated by S. A. Martin. This well was used by the defendant until

19LL. A replacement well was drilled in 1947 and was used until 1952,
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when it was abandoned., Both of these wells supplied a reservoir used in
taking underwater pictures.

A well used primarily for air conditioning was drilled in 1937
and operated until 1953. Water from this well was discharged into the

Los Angeles River.

‘Defendant No. 107 - Western Mortgage Company

This defendant was named as having an interest in property owned
by Elton and Florence H. George, Defendants 146 and 147, on which a well

owned and operated by the City of Glendale, Defendant 2, is located.

Defendant No. 108 - Leo W. Adair

The property on which a well existed belongs to the City of
Glendale. The well was drilled in 1941 and used for irrigation until 194k,
During the period 194l to sometime Ifollowing 1951 the well was used by the
defendant to water several horses and supply a single residence. The date

on which the well was last used is unknown. The well is now destroyed.

Defendant No, 109 - Catherine Adams

This defendant was named as having an interest in properties
owned by Maxine Duckworth, Defendant 1L1, and John E., and Marvel Elizabeth

Mullin, Defendants 181 and 182.

Defendant No, 110 -~ Catherine Adams, Guy Knupp,
Security First National Bank of Los Angeles

Same as Defendant 109.
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Defendant No. 111 - Mary L., Akmadzich

The defendant is the previous owner of property of thé

Livingston Rock and Gravel Company, Defendant 53.

Defendant No. 112 - Peter J. Akmadzich

Same as Defendant 11ll.

Defendant No. 113 - Margaret E, Arine

This defendant was named as having an interest in property owned

by Celeste Louise McCabe, Defendant 168.

Defendant No. 11l - Helen Babikian

This defendant was named as having an interest in property owned

by Kisag Moordigian, Defendant 173.

Defendant No. 115 - B. A. Bannan

This defendant was named as having an interest in property owned

by Benjamin B. Smith, Defendant 197.

Defendant No. 116 - Clotilde R. Bannan

Same as Defendant 115.

Defendant No. 117 - William O. Bartholomaus

The defendant owns one-quarter interest in the property and
1len S. Dubois owns three-quarter interest. Three wells were drilled in
1885, 1899 and 1906 and used to irrigate various crops. The well drilled

in 1906 is still active.
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Defendant No. 118 - Barbara Becker

This defendant is a previous owner of property owned by

Leonard W. and Margery J. Block, Defendants Doe 16 and Doe 17.

Defendant No. 119 - Bert Becker

Same as Delendant 118.

Defendant No., 120 - Henry W, Berkemeyer

The defendant acquired the property in 19L42. A well drilled in
1920 has been used for irrigation and domestic purposes. The property was

previously owned by Mr. Andrews.

Defendant No. 121 - Hildur M. Berkemeyer

Same as Defendant 120.

Defendant No. 122 - Elfrieda M. Bishop

In 19LL the defendant acquired the property from C. E. Crosby.
A well located on the property was drilled in 1933. The well was used
for irrigating pasture and watering stock until 1955. Since 1955 the well

has been used for watering the yard ol one residence.

Defendant No. 123 - W. E, Bishop

Same as Defendant 122.

Defendant No. 12l - Andrea Borgia

The defendant is a former owner of the Polar Water Company,

Defendant 68.
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Defendant No. 125 - Frances Borgla
This defendant was named as having an interest in property owned

by the Polar Water Company, Defendant 68.

Defendant No. 126 - Mark Bovar
The well which was drilled in 1948 is owned by the defendant,
Michael Diller, Defendant 139 and Frank Knapp, Jr., nondefendant. Water

is used by the three residences for domestic purposes.

Defendant No. 127 - Stella M. Brown
The well located on the defendant's property was drilled in
about 1905. Previous owner of the property was R. P. Waite. Since 1936

the well has been used to irrigate pasture. Prior use is unknown.

Defendant No. 128 - George A. Burns
The well was drilled in 1918 by the defendant for domestic
use and was abandoned in 1955. Los Angeles city water replaced the

well .water.

Defendant No. 129 -~ Louise J., Burns

The defendant was named as having an interest in property owned

by George 4. Burns, Defendant 128.

Defendant No. 130 ~ Rodney E. Busk

This defendant was named as having an interest in property owned

by Paul, E. and Evelyn M. Pendleton, Defendants 186 and 187.
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Defendant No., 131 - Aurora Carlson

This defendant was named as having an interest in property on
which a well operated by Crescenta Valley County Water District,

' i !
Defendant 8, is located.

~ Defendant No, 132 ~ William M, Chace

The well was drilled in about 1910 to supply the Bruckman Ranch.
The defendant acquired the property in about 1939 from Louis Julius.
Since 1915 the well has been used to supply a laundry. Industrial waste

water is discharged into the sewer.

Defendant No, 133 - William M. Chace

Same as Defendant 132.

Defendant No. 13l - Emma S. Clauson

Two wells have been drilled on the defendant's property, one in
about 1900 and the date of the other is unknown. Both wells were used for

domestic purposes and abandoned about 1947.

Defendant No. 135 - Donald G. Cowlin

The defendant is co-owner of Glendale Linen and Supply Company,

Defendant L2.

Defendant No. 136 - Dorothy N. Cowlin

Same as Defendant 135.
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Defendant No. 137 - Josgghiqegﬂ%gi_Cowlin

The defendant is holder of trust deed on Glendale Linen and

Supply Company, Defendant L2.

Defendant No, 138 = Cecil B. De Mille

The De Mille property consiz?s of four separate parcels of land
located in Little Tujunga Canyon, all ;f which are supplied by wells and
springs.

In 1920 the defendant acquired a parcel of land on which a well
existed. This well together with another well drilled in 1938 has been
used to irrigate a citrus orchard and supply a single dwelling, Since 1955
water has been purchased from the City of Los Angeles to irrigate a portion
of the orchard.

A portion of another parcel was acquired in 1937 from John W,
Ross and the remainder acquired from Dorothy Bennett in 1955, Two wells
located on this parcel existed prior to acquisition of the property by
the defendant., A spring supplies three houses and together with the two
wells is used for irrigation of pasture and stockwatering.

Another parcel receives water for domestic use from a spring
developed in about 1908. A well drilled in 1938 was operated until 1950
to irrigate a citrus orchard on this property.

On the fourth parcel, a well was drilled in 1951 and has been

used for domestic purposes.
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Defendant No. 139 - Michael Diller
Same as Defendant 126,

Defendant No, 140 ~ Ellen S. DuBois

Same as Defendant 117.

Defendant No. 1) - Maxine Duckworth

A well located on the property referred to as the Davis Ranch
and later known as the Keiner Ranch was acquired by the defendant. Three
wells have been drilled on the property, the first of which was drilled
in 1926, All three wells are presently active. One serves as a domestic
supply and the others are used when insufficient water can be diverted from
Pacoima Wash for irrigating citrus orchards (see Defendant Doe Corporationl;).
Use of water prior to 1937 is unknown. The defendant also supplies water

to the adjacent land owners referred to under Defendant 181,

Defendant No. 142 - Maxine Duckworth

Same as Defendant 1h41.

Defendant No.: 143 ~ Richard Erratchuo

One well located on the property owned by the defendant was

drilled in 1933 and used for domestic purposes until 1953.

Defendant No. 1l - Ada H. Fitz-Patrick

This defendant was named as having an interest in property owned

by Valhalla Memorial Park, Defendant 101,
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Defendant No. 1L5 - C, C. Fitz-Patrick

Same as Defendant 1Ll.

Defendant No. 146 ~ LElton George

The defendant has no interest in water diversions in the area of
investigation., A well owned and operated by the City of Glendale is

located on the defendant's property.

Defendant No. 11,7 -~ Florence H., George

Same as Defendant 1L6.

Defendant No. 148 - Howard Barton Griffith

A well was drilled by the defendant in 1953 and has been in use

since then for irrigation. Previous owner of the property was Nelson Gray.

Defendant No. 149 - Irene W. Guyer

This defendant was named as having an interest in property owned

by Florence S. Plemmons, Defendant 188.

Defendant No, 150 - George Hanna

The defendant has no interest in water diversions in the area

of investigation.

Defendant No, 151 - Hal B. Haves

The defendant is former owner of property owned by Riverwood
Ranch Mutual Water Company, Defendant 70. The defendant has also

operated a gravity diversion since about 195l for domestic use.
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Defendant No. 152 - Forrest W, Hicks

This defendant was named as having an interest in property owned

by Donald G, and Dorothy N. Cowlin, Defendants 135 and 136,

Defendant No, 153 - Neva Bartlett Holmgrin

The well owned by Neva Bartlett Holmgrin was drilled in

approximately 1949, and has been used since for domestic purposes.

Defendant No, 15l -~ Marguerite Rice Jessup

The defendant is a member of a copartnership with the Roger

Jessup Farms, Defendant 71.

Defendant No. 155 - Marguerite Rice Jessup

Same as Defendant 15L.

Defendant No. 156 - Roger Jessup

Same as Defendant 15l.

Defendant No. 157 - Nathan Kates

The defendant is coexecutor of the estate of John W. Duckworth.

Defendant No. 158 - June Kelley

The defendant has no interest in water diversions in the area

of investigation,

Defendant No. 159 - Victor H. Kelley

Same as Defendant 158,



Defendant No. 160 -« Samuel P, Krown

This defendant was named as having an interest in property on
which a well operated by the Crescenta Mutual Water Company was located.

The well was abandoned in 1937.

Defendant No. 161 - Paul E. Lancaster

This defendant was named as having an interest in property owned

by Florence S. Plemmons, Defendant 188.

Defendant No. 162 - William Lancaster

Same as Defendant 161.

Defendant No. 163 - Lucille Mack

The defendant is a member of the copartnership, the Mulholland

Orchard Company, Defendant 62.

Defendant No., 16l - E., E. Mahannah

One well owned by the delendant and his wife, Hazel E. Mahannah,
Defendant 165, has been operated since 1953 for domestic purposes. Prior

to 1953, water was obtained from the Briggs Terrace Mutual Water Company,

Defendant No. 165 - Hazel E, Mahannah

Same as Defendant 16L.

Defendant No. 166 - Blanche M. lMangan

The defendant has no interest in water diversions in the area

of investigation.
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Defendant No. 167 - Nicholas Manpan

Same as Defendant 166.

Defendant No. 168 - Celeste Louise McCabe

A well was drilled in about 1910 and since 1931 has been used
for bottled drinking water. Another well was drilled in 1951 to replaca‘
the original one and is used for the same purpose. The property is leased
from the defendant by the Magnolia Bottled Water Company who cperates

the well.

Defendant No. 169 - Marian Y. McDougal

The defendant has no interest in water diversion in the area

of investigation.

Defendant No. 170 - Murray McDougal

Same as Defendant 169.

Defendant No. 171 -~ Irene Minkler

The defendant is a joint owner of property on which a well is

owned and operated by Crescenta Valley County Water District, Defendant 8.

Defendant No. 172 - Dean Peter Moordigian

The defendant was named as having an interest in property owned

by Kisag Moordigian, Defendant 173.

Defendant No. 173 -~ Kisag Moordigian

The property was acquired in 1938 from the Porter Estate. One
well is located on the property which was drilled in 1933 for irrigation.
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Since 1938 the defendant has operated the well for irrigation. In 1958

the well was idle.

Defendant No. 17! - Eloise V. Mosher

The defendant is co-owner of Polar Water Company, Defendant 68.

Defendant No., 175 - W. E. Mosher

The defendant is co-owner of Polar Water Company, Defendant 68.

Defendant No. 176 - Perry iulholland

The defendant is a member of the copartnership, the Mulholland

Orchard Company, Defendant 62.

Defendant No, 177 -~ Perry Mulholland

Same as Defendant 176.

Defendant No. 178 - Rose Mulholland

Same as Defendant 176.

Defendant No. 179 = Rose Mulholland

Same as Defendant 176.

Defendant No. 180 -~ Thomas Mulholland

Same as Defendant 176.

Defendant No, 181 - John E. Mullin

This well was drilled in 1949 and is owned by John E, and

Marvel E. Mullin and E. R. and Irene Gill. Use is for irrigation and
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domestic purposes, Vater is also used from the diversion systems ovmed

by Maxine Duckworth, Defendant 1l1.

Defendant No. 182 -~ Marvel Elizabeth Mullin

Same as Defendant 181.

Defendant No. 183 ~ Charles liureau

The well was drilled in 1885. From 1945 until 1952 it served
a public school in the Las Virgenes School District. Use prior to 1945
is unknown. In 1953 the property was acquired by the defendant. From
1953 to 1957 it was used for domestic purposes. From 1957 to present a

private school, the Marie Culter Preschool, is served by the well.

Defendant No. 18L - Marie lurray

This defendant was named as having an interest in property owned

by Florence S. Plemmons, Defendent 188.

Defendant No. 185 - Julia N. Nathan

The defendant was formerly trustee of property purchased by

Leonard W. and KFargery J. Block, Defendants Doe 16 and Doe 17.

Defendant No, 186 - Paul E. Pendleton

This defendant was named as co-owner of the Deep Rock Artesian

Water Company, Defendant 3L.

Defendant No. 187 - Lvelyn lM. Pendleton

Same as Defendant 186.

I-L8



Defendant No, 188 -~ Florence S. Plemmons

A well was drilled in 1920 and supplied water to an olive
processing plant until 1953 when the property was acquired by the
defendant. The well was capped in 1955.

In 1952 the defendant acquired another well which was drilled
in 1930. Water from this well was used for recreation through 1955.

In 1957 the well was capped.

Defendant No. 189 - John R. Plemmons

This defendant was named as having an interest in property owned

by Florence S. Plemmons, Defendant 188.

Defendant No. 190 - Charles Pryor

This defendant was named as having an interest in property owned

by Eloise V. and W. E. Mosher, Defendants 17l and 175.

Defendant No. 191 - Pleasant Thomas Renfrow

This defendant was named as having an interest in property owned

by Drewry Photocolor Corporation, Defendant 36.

Defendant No, 192 - Mary Mildred Renfrow

Same as Defendant 191.

Defendant No. 193 - Helen Rushworth

Same as Defendant 19L.
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Defendant No. 19l - Lester Rushworth

In 1943 the defendant and his wife, Helen Rushworth, Defendant

193, purchased the property on which a well was located from Warren and
Merritt Hull. The well was dug in 1940 and in 1947 another well was drilled

to replace the original well. Both wells have been used for irrigation

and domestic purposes.

Defendant No. 195 - Lester R. Schwaiger

The well was drilled in 1928 and little is known of its use
except that in 1955 it was used to fill a duck pond. In 1956 the well

was destroyed.

Defendant No. 196 - Cecil A. Schwaiger

This defendant was named as having an interest in property owned

by Lester R. Schwaiger, Defendant 195.

Defendant No. 197 - Benjamin B, Smith

The defendant is owner of property on which a well was operated

by Houston Color Film Laboratories, Inc., Defendant Lb.

Defendant No. 198 - Sidney Smith

The defendant owns a one-fourth interest in the flow of water
from a tunnel in Pickens Canyon. The remaining interest is owned by
Crescenta Valley County Water District, Defendant 8. Water is used by the

defendant as a domestic supply for several residences.
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Defendant No. 199 - VWalter W. Stavert

This defendant was named as having an interest in property owned

by the Desco Corporation, Defendant 35.

Defendant No. 200 - G. Henry Stetson

One well was drilled in 1915 and a second in 1927. The well
water is used in conjunction with Los Angeles city water for irrigation

of a citrus orchard and for domestic purposes.

Defendant No, 201 - Steve Urguidez

The defendant is a joint owner of property cn which a well is
owned and operated by the Crescenta Valley County Water District,

Defendant 8.

Defendant No. 202 - William Urquidez

Same as Defendant 201.

Defendant No. 203 ~ Grace C. Valliant

This defendant was named as having an interest in a well which

is owned and operated by City of Glendale, Defendant 2.

Defendant No. 20L ~ H. M. Warner

One well was drilled in 1910 and a second in 1924 on property
of the Brant Ranch., Operation of the wells was discontinued in 1935.
In 1951 the defendant began using the wells in conjunction with Los Angeles
city water. In 1957 interest in the property was transferred to the

Warner Ranch Company. Both wells were last used in 1958, at which time
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they were abaondoned. The wells have been operated to supply water for

irrigation and stockwatering.

Defendant No. 205 - Elizabeth A. Wheeland

The defendant owns and operates a well drilled in 192L by the
former owner Juan Erratchuo. The well has been used for irrigation and

domestic purposes.,

Defendant No. 206 - H. W, Wheeland

The defendant was named as having an interest in property owned

by Elizabeth A. Wheeland, Defendant 205.

Defendant No. 207 - Constance Ray White

This defendant was named as having an interest in propertf of

the Knickerbocker Plastic Company, Defendant L8.

Defendant No, 208 - Leo L. 'hite

The defendant has an interest in property of the Knickerbocker

Plastic Company, Defendant L8.

Defendant No. 209 - Ray C, Wilcox

The defendant was a previous co-owner of property owned by

Benjamin B, Smith, Defendant 197.

Defendant No, 210 - E. C. 'loodward

This defendant was named as having an interest in property owned

by Beatrice Foods Company, Defendant 15.
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Defendant No. 211 - Alice M. Wright
A well was drilled in 1940 for the defendant and the co-owner,
J. Marion Wright, Defendant 212. It has been used since then for

irrigation and stockwatering.

Defendant No. 212 -~ J. Marion Wright

Same as Defendant 211.

Defendant No. 213 - Donald M. Young

This defendant was named as having an interest in property owmed

by the City of Glendale, Defendant 2.

Defendant No. 21l - Marcia S. Young

Same as Defendant 213.

This defendant was named as having an interest in property

formerly owned by Lester R. Schwaiger, Defendant 195.

Same as Doe Corporation 1.
Defendant No. oration 3 - Verd
s ssoc ation

Same as Doe Corporation 1.
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Defendant No, Doe Corporation L - Mollin Investment Corporation

The property on which the well is located was formerly known as
the Ford-Craig Ranch. Operation of the first well began in 1896 with
operation of other wells commencing in 1907 and 1926, In addition to well:
water a surface diversion from Pacoima Wash was operated when water was -
available until about 1953 when its use was discontinued. First use of
the diversion was prior to 193L. In addition to the above diversions,
sewage effluent from the United States Veterans Hospital has also been used,

A1l sources of water have been used for irrigation of a citrus
orchard. Since 1940 only one of the wells has been operated. Use of this
well was discontinued in 1958 and replaced by water purchased from the
City of Los Angeles. This well is located on property owned by the State

of California.

This defendant was named as having an interest in property owned

by the City of Glendale, Defendant 2.

Defendant No. Doe Corporation 6 ~ Title
nsurance st C

Same as Defendant Doe Corporation 5.

Same as Defendant Doe Corporation 5.
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Same as Defendant Doe Corporation 5.

Same as Doe Corporation 5.

Defendant No. Doe 1 - Emily Louise Hermann
In 1940 the defendant acquired the property on which a well was

located, The well was used for domestic purposes until 1959 at which time

it was capped.

Defendant No. Doe 2 - Henry R. Wheeland

This defendant was named as having an interest in property owned

by Elizabeth A. Wheeland, Defendant 205.

Defendant No, Doe 3 - Kenneth M, Morgan
This defendant was named as having an interest in property

previously owned by Lester R., Schwaiger, Defendant 195,

Defendant No. Doe L, - William M. Bell

Same as Defendant Doe 3.

Defendant No., Doe 5 - Sallie C, Bell

Same as Defendant Doe 3,

Defendant No. Doe 6 - Anne Morgan

Same as Defendant Doe 3.
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Defendant No. Doe 7 - Irene Evelyn Wright

A4

Same as Defendant Doe 3.

Defendant No. Doe 8 - Ralph Carver Wright

Same as Defendant Doe 3.

Defendant No. Doe 9 - Thelma M. Meeker

This defendant was named as having an interest in proberty owned

by City of Glendale, Defendant 2.

Defendant No. Doe 10 - Carl H. Meeker

Same as Defendant Doe 9.

Defendant No. Doe 11 ~ Laura J. LeGuay

Same as Defendant Doe 9.

Defendant No. Doe 12 -~ Gladys J. Amador

Same as Defendant Doe 9.

Defendant No. Doe 13 = Joseph E. Amador

Same as Defendant Doe 9.

Defendant No. Doe 1lli - Lester Townes Hope

A well owned by the defendant was drilled in 1951 and has been
operated to irrigate the lawn of a golf driving range. The well was

abandoned in 1959.°
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Defendant No. Doe 15 -~ Dolores Defina Hope

Same as Defendant Doe 1L,

Defendant No. Doe 16 - Leonard . Block

The defendant and Defendant Doe 17 are owmers of the Freshpuro

Water Company, Defendant Ll.

Defendant No, Doe 17 - Margery J. Block

Same as Defendant Doe 16.

!
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APPENDIX J
DELIVERED WATER IN
UPPER LOS ANGELES RIVER AREA

Delivered water consists of the amount of water utilized in a
water supply“ﬁistribution system. It is comprised of ground water
extractions, surface water diversions, water imported into the area and
rain and surface runoff which is captured by terminal distribution storage
reservoirs. Gross delivered water is defined herein as the total of the
foregoing items in contrast to net delivered water, which equals the gross
reduced by the amount of water system losses and reservoir evaporation
involved in delivering the water to its place of use., Gross and net amounts
of delivered water and water system losses for the Upper Los Angeles River
area and the valley fill area therzof ars evaluated in Chapter V. This
appendix deals mainly with determination of delivered water by water service

area and contains detailed computations in support of Chapter V.

Water Service Areas

A major portion of the water delivered within the area of
investigation is distributed by six agencies. The area served by these
agencies includes land within the boundary of the valley fill as well as
hill and mountain areas. The location and extent of these water service
areas, the names of which appear below, are shown on Plate 19.

l. City of Burbank

2. City of Glendale

3. City of San Fernando



L. City of Los Angeles
a, Owens Service Area
b, Narrows Service Area
¢, Mission Wells Service Arsa
d. Sunland-Tujunga Service Area
5. Crescenta Valley County Water District
6. La Canada Irrigation District
The place of use of 77 other entitles, including individuals,
corporations and small water companles extracting ground water, operating

within and outside the major water service areas, is shown on Plate 20.

Available Data
The extent of data available concerning gross and net amounts of
delivered water for the foregoing six agencies is shown in Table J-1. The
amount of water delivered from private wells and small companies was
obtained from field investigations by the Referse as detailed in Appendix I.

Amounts of extractions and diversions by parties are described individually

in Chapter Ve
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Gross Delivered Water

The gross delivered water shown in Table 20, page 138 is the sum
total of the amounts of ground water extractions, surface water diversions,
imported waters that remain in the basin, annual fluctuation in terminal
storage, rain on reservoirs and runoff into reservoirs that is-available
for use., The gross delivered water by service areas was determined for
each of the service areas in the area of investigation. Service areas
located solely outside the valley fill as delineated on Plate 2 are not
included herein; however, extractions and diversions by individuals and
companies in these areas are listed in Chapter V.

Within a service area, gross delivered water is defined herein
as the water produced from within the service area by pumpage or surface
diversion plus water entering the service area derived from imported
supplies, less any waters transferred out of the service area. Annual
amounts of gross deliveries by service areas, derived from information
contained in Appendix M and Chapter V, are listed in Table J-3. The
summation of the gross amounts of water for the Owens water’service area
is equal'to the sum of the various supplies less water transferred out of

the service area and is itemized as follows:

1. Water extracted by the City of Los Angeles measured at the

wells within the Owens service area of the City of Los Angeles.

2. Owens River water imported by the City of Los Angeles

measured near its point of entry into the service area.

J=7



3. Water extracted by private wells and small water companies in
the area.

Less the sum of:

1. Ground water transferrsd out of the service area by the City
of Los Angeles and others.

2. Owens River water transferred out of the service arsa by the

City of los Angeles.

Gross Available for Distribution

The gross water available for distribution differs from the gross
delivered water by the amount of evaporation which takes place at San
Fernando, Chatsworth and Encino Reservoirs. The City of Los Angeles water
system is the only system which has an appreciable amount of reservoir
evaporation. To obtain a uniform delivered water value for each service
area and to put the values of each service area on a par with each other,
the gross available for distribution was adapted for this purpose. With.
the exception of the.Owens service area of the City of Los Angeles the gross

delivered water is equal to the gross available for distribution.

Net Delivered Water
Net delivered water is defined herein as the amount of deliveries
which are ultimately applied to the culture within the area. This amount
of water is delivered to the consumers or inhabitants and is disposed of
through consumptive use, deep percolation, sewage or waste. Net deliveries

have been primarily evaluated from the amounts of metered water sales to



individual consumers when water is transported to the consumer through a

distribution system, as in a municipal water system. However, where the

system is not extensive, such as an individual well or small company, the
gross delivered amount is utilized bince in these instances the water

system losses are minor.

Water System Losses

The difference hetween the gross available for distribution and
the sum of net amounts of delivered water, import spread and operational
spills, are defined as water system losses. These losses are made up of
meter slippage, leaks and breaks in water mains and unmetered water for
municipal uses such as construction, sewer flushing and fire protection,

As noted in Table J-1, only the Cities of Burbank and Glendale
water service areas and the City of lLos Angeles west of Burbank have records
of metered water sales throughout the base period. The remainder of the
water service areas have only a limited number of years wheg the amount of
net delivered water is available, For periods in which the net delivered
vater is not measured, an estimate was made based on the gross delivered
and the average water system losses for the period of available records.

The water system loss for the entire City of Los Angeles has been
computed by the City of Los Angeles, Department of Water and Power, Water
Control Section. These values are available only from 1950 through 1959.
The average water system losses so determined during this period were
6.1 percent, The water system losses for the four water service areas of

the city in the investigation area were computed utilizing the percent



loss for the entire ecity for the period of known record and the average
percentage loss for period of no record.

The water system losses have been expressed-herein as a pesrcent
of the gross delivered water. _The annual water system losses for the
various water service areas varied from O to 25 percent. The mean water
system losses for these areas with the number of years of data for which

the percent losses could be computed are shown on Table J-2.

TABLE J-2
MEAN WATER SYSTEM LOSSES

Service area tloss fgirgzgzod;dzizfogegis:loss fggr;::;od
‘ s of record : 1949-58

City of Burbank 7.0 30 5.5
City of Glendale 12,5 30 18.6
City of San Fernando 1.5 16 a
City of IosEAngelesb 6.1 9 6.;
Crescenta Valley County

Water District 13.0 3 a
La Canada Irrigation

District 12.7 15 a

a. Incomplete data during the period.
b. Includes all service areas within entire City of los

Angeles.

'
4
i

For small or private water systems where the place of use' is
small and adjacent to the well or point of diversion the water system

losses have been considersd as negligible.
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Delivered Water by Water Service Areas

Tables J-3, J-L4 and J-5 are compilations of the gross and net
delivered water and the estimated water system losses for nine major water
service areas including a breakdown of the City of Los Angeles into its
four component service areas within the Upper Los Angeles River area.

Table J-3 shows the amount of water delivered to the water
service areas encompassing the combined San Fernando-Eagle Rock Hydrologlc
Subareas, Tables J-L énd J-5 list similar information for the Sylmar and
Verdugo Hydrologic Subareas. The determination of the gross and net
delivered water and the water system losses in each water service area was
compiled from the available data shown in Table J-1 unless otherwise noted.
The general equation for determining the three categories is as follows:

gross delivered water or gross available for
distribution = net delivered + water system losses

The method used to determine the gross and net delivered water
and the water system losses for each water service area is pabulated in
Table J-6. With the exception of the Owens water service area, the gross
delivered water is equal to the sum of the net dellvered water plus the
water system losses. In the Owens water service area gross delivered
water is equal to the sum of net delivered water, spread water, spilled
water, water system losses and reservoir evaporation, The various items
entering into the delivered water and water system lo;ses in the Owens

water service area are discussed in Appendix M.
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1928-29
29-30

1930-31
J1-32
32-33
33-3L
3h-35

1935-36

19L0-41
L1-h2
L2443
L3-hk
Lli=t5

19L546
L6-L7
L7-L8
L8-L9
L9-50

1950-51
5152
52-53
535k
SL=-55

1955-56
56-57
57-58

1928-29
29-30

1930-31
1-32
32-33
33-3k
3b-35

1935-36
36-37
37-38
38-39
39-Lo

19Lo-11
12-13
XA
bi-bs

3945-L6
L6-L7
L7-L6
LO-L9
L9-50

1950-51

1955-56
56=57
57-58

2,010 Loo

2,000  L70
2,030 600

1,760 1,060
2,220 1,120
1,500 1,710

101,990
109, €00

115,280
122,330
115,220
101,970
100,690

120,830
95,880
90,680

1,270
83,250

75,050
114,840
125,820
108,340
113,150

123,670
129,180
136,620
135,970
13L, 740

154, 710
136,560
152,840
1,8, 820
147,920

1Lk, 720
156,240
151,620

ZL.
IN SAN PERNANDO AND EAGLE ROCK HYDRCLO

=
ARZAS AND TRISUTAAY ARZAS

In Acre-Feet
5,990 107,980  89,L90 5,990  95,L80 590 8,250 2,680
5,350 115,140 92,820 5,360 96,180 0 11,480 k4,550

5,160 120,LL0 69,190 5,160  $L,350 7,280 4,660 13,000
5,950 128,280 68,010 5,950 73,950 31,7k0 3,250 15,360
6,500 121,720  T.,070 6,500 77,570  33,L30 1,920 7,650
6,080 108,050 76,380 6,080  82,h50 20,860 2,010 1,020

6470 107,160 68,320 6,470  7h,750 30,800 L0 - 560
6,610 127,lL0  89,bLO 6,510 96,050 22,720 560 6,500
6.260  102,1L0 60,500 6,260 86,760 9,310 1,920 - 990

6,980 97,560 70,680 6,980 77,660 7,320 1,760 1,130
7,60 108,730 77,L20  7,L60  BL,B80  1L,910 3,L20 * 3,070

6,990 90,2L0 68,740 6,950 75,730 3,l10
5,110 80,L60 63,590  5,k10 69,000 3,L50

$,%0 120,70 83,270 5,900 689,170 11,290 6,270 12,490

5,020 130,80 92,200 5,020 97,220 12,130 8,700 8,820

5,370 113,710 89,690 5,370 95,050 3,190 2,860 9,210
0

5,720 118,870 95,470 5,720 101,190
L,950 178,660 103,20  L,990 108,230

0
3,600 132,870 105,210 3,690 108,900 1,690 7,660 13,360
0

3,650  1L0,270 115,230 3,650 118,880

3,300 139,270 119,930 3,300 123,230 o 1,h60 13,970
3,200 137,950 115,730 3,210 118,90 760 1,30 185,970

2,6l0 157,350 129,L20  2,6L0 132,060 2,350 3,9L0 18,220
3,33¢  1i1,910 115,570 3,330 118,900 7,280 2,830 8,800
[s]

3,L00  156,2L0 129,830  3,L00 13),230 5,20 16,530
3,710 152,530 126,600 3,700 130,310 [} 3,180 17,910
3,810 151,730 122,800 3,810 126,620 0 7,860 16,160
3,560  1L8,300 124,520 3,580 128,100 1,610 4,000 13,0L0
3.690 159,930 1L0,550 3,690 1kbh,2ko 0 1,570 13,090
3,040 « 154,660 135,610 3,00 138,650 0 o 12,h20

DELIVERED WATER
IN SAN FERNANDO AMD EAGLE ROCK HYDROLOGIC SUBAREAS AND
(continued)

In Acre-Feet

100 100 530 50 586 510
8o 80 590 %0 élo 570
60 60 650 50 700 620
50 50 720 50 770 690
30 30 730 % 760 700
60 60 770 20 790 730

100 100 6L0 20 660 610

120 120 720 20 L0 680

100 100 780 20 800 7.0

130 130 950 20 970 500

130 130 1,010 20 1,030 950

130 130 990 20 1,010 930

160 160 970 20 990 910

150 150 1,10 20 1,160 1,070

130 130 1,h20 20 1,Lko 1,330

150 150 1,470 20 1,0 1,360

180 180 1,550 20 1,570 1,LLO

170 170 1,880 20 1,900 1,770

150 150 1,500 20 1,920 1,800

160 180 2,330 20 2,350 2,190

180 180 2,Lko 20 2,l6c 2,270

160 160 2,L60 20 2,l80 2,300

160 36 190 1,950 570 2,520 1,800

180 0 180 1,90 380 2,320 1,790

200 S0 250 2,270 1,590 3,860 2,090

160 Lo 200 2,160 1,0 3, 2,000

166 50 210 2,10 1,080 3,220 1,980

170 100 270 2,530 1,020 3,5% 2,310

210 110 320 2,500 1,080 3,580 2,280
150 170 320 3,030 630 3,66c 2,760

J-12

TRIBUTARY AREAS

SEE88 3BT IVIIY IYBVBEE B

530
350
1,L60
1,2L0
1,000

930
570

2,9€0
3,2L0
3,330

1,

Lo

0
650
650
160

1,230

1,

860

2Lo

310
310
330



TABLE J-3

DELIVERED WaTER
IN SAN FERMANDO AND EAGLE ROCK HYDROLCGIC SUBAREAS AND TRIBUTARY AREAS

(contimued)
In Acre-Feet

1928-29 8,160 2,430 10,590 7,900 2,k30 10,330 260 260
29-30 8,200 27650 11,090 7,940 208% Joldye 260 260
1930-31  9,L60 2,750 12,200 9,160 2,70 11,%00 300 300
31-32 8,870 2,260 11,130 8,580 2,260 10,8L0 290 290
32-33 8,860 2,30 11,220 8,560 2,360 10,920 300 300
33-3 9,060 2,7%0 11,870 8,760 2,790 11,550 J20 320
-35 8,120 2,890 11,010 7,820 2,890 10,710 300 Ny
8,600 2,820 11,l20 8,250 2,620 11,110 310 310

9,430 2,780 12,210 9,100 2,780 11,880 330 330

10,L10 2,530 12,540 10,0L0 2,530 12,570 370 370

1,580 2,430 14,000 11,160 2,430 13,590 k20 L20

11,020 2,670 13,69 10,600 2,670 13,270 L20 120
194041 10,320 2,670 12,990 9,900 2,670 12,570 L20 20
b2 11,3.0 2450 13,730 10,830 2450 13,280 510 510
L2y 11,590 2,800 1k,3% 11,080 2,800 13,880 510 510
L3-kL 11,60 2,790 14,250 10,940 2,790 13,730 520 520
Lhls 11,760 150 2,810 14,720 11,130 10 2,600 10,080 630 10 Lo
19L5-b6 13,L30 870 280 17,580 12,890 820 3,280 16,990 54O S0 590
167 11,850 1,270 3530 16’50 1100 1,210 310 16,000 L6o &0 520
47-48 12,400 1,330 3,L00 17,130 11,830 1,250 3,L00 16,L80 570 80 650
Lb-b9 12,650 1,300 3,500 17,90 12,000 1,250 3,500 16,750 650 90 7L0

L9-50 12,300 k8o 1,300 3iko 17,520 11,720 450 1,220 3,4L0 16,830 580 30 8o 690

50-51 11,560 660 2,160 3,370 17,850 11,050 610 2,000 3,370 17,030 610 50 160 820
5132 10,610 890 2,l60 3’470 17,30 10,020 820 2,270 3 i70 16,580 5% 70 190 850
52-33 11,30 1,180 2,070 3’360 18,150 10,660 1,080 2,090 3’360 17,190 80 100 180 960
93-sL 8,lk0 L,500 1,520 3 30 17,770 8,030 1,170 L,L10 3,310 14,920 410 330 110 850
=55 5,70 6,530 1,590 3,260 17,120 5,520 6,050 1,470 3,260 16,300 220 L8o 120 820

1952-56 6,350 5,190 1,770 3,360 16,670 6,000 L,7L0 1,620 3,360 15,730 U0 L0 150 L0

§6.57 5,600 6,370 2,250 3’0 17,800 5,350 5,820 2,050 3,680 14,800 250 550 200 1,000
57-58 3,170 7,050 2,50 3)o10 15,770 3,080 6,b20 2,310 3,010 1,820 90 630 230 950

DELIVERED WATER
IN SAN FERNANDO AND EAGLE ROCK HYDROLOGIC SUBAREAS AND TRIBUTARY AREAS
{contimued)

In Acre-Feet

Total | System

1928-29 8,10 220 8,360 7,560 220 7,780 560 $80 1,000 1,000 860 880 120
29-30 9,140 260 9,l00 8,10 260  8,L00 1,000 1,000 1,030 1,030 910 910 120
193031 9,660 280 9,950  8,h60 280 8,7b0 1,200 1,200 1,070 1,070 940 90 130
n-32 8,850 280 9,130  7,L80 280 7,760 1,370 1,370 1,080 1,080 950 950 130
32-33 8,660 280 8,980  7,L00 260 7,680 1,260 1,260 1,160 1,160 1,010 1,010 150
333, 9,100 250 9,35 7,830 250 8,080 1,270 1,270 1,200 1,200 1,030 1,030 170
3h-35 7,90 210 8,150 7,000 20 71,210 9ko 940 1,100 1,100 950 950 150
9,280 260 9,550 8,120 260 8,380 1,160 1,160 1,300 1,300 1,150 1,150 150

9,130 230 9,30 8,310 230 8,540 820 820 1,310 1,310 1,130 1,130 180

9,130 260 9,990 8,70 260 9,000 990 990 1,260 1,280 1,110 1,110 170

10,790 270 11,060 9,770 270 10,040 1,020 1,020 1,L00 1,L00 1,200 1,200 200

10,740 260 11,000 9,770 260 10,030 970 970 1,390 1,390 1,240 1,2b0 150

19L0-L1 10,640 270 10,910 9,760 270 10,030 880 880 1,360 1,380 1,210 1,210 170
u1-h2 11,530 260 11,830 10,590 280 10,870 960 960 1,590 1,590 1,350 1,350 2L0
L2-3 12,520 310 12,830 11,640 310 11,950 880 ggo 1,700 1,700 1,470 1,k70 230
L3-bk 12,810 280 13,090 12,110 280 12,390 700 700 1,630 1,630 1,LL0 1,Lk0 190
ui<bs 13,360 300 13,660 12,350 300 12,650 1,010 1,00 1,700 1,700 1,570 1,570 130

1945-Lé 15,170 270 330 15,770 13,670 250 330 1,20 1,500 30 1,530 1,790 1,790 1,6L0 1,6L0 150
L6-47 16,100 1,000 420 17,520 13,940 870 L20 15,230 2,160 130 2,290 1,880 1,880 1,660 1,660 220
47-b8 17,800 510 L10 18,720 1L,900 430 o 15,7k0 2,900 80 2,980 2,160 2,160 1,510 1,510 250
L8-49 18,590 60 L70 19,120 15,2L0 50 470 15,760 3,350 10 3,360 2,290 2,290 2,140 2,10 150
L9-50 16,030 270 Lso 16,750 13,770 230 450 ah,kso 2,260 L0 2,300 2,20  2,2L0 2,010 2,010 230

1950-51  16,L60 920 LOO 17,780 1L,010 780 Loo 15,190 2,b70 10 2,610 2,230 2,230 2,000 2,00 220
5182 15,l00 1,230 370 17,000 13,2L0 1,060 370 1L,700 2,120 170 2,290 2,110 2,110 1,950 1,950 160
52-33 17,620 1,080 330 19,030 1L,5L0 890 330 15,760 3,080 190 3,270 1,800 1,800 1,590 1,590 210
sa-sn 17,590 1,550 310 19,450 1L,3k0 1,270 310 15,920 3,250 280 3,530 1,760 1,70 1,560 1,560 200
She55 19,630 780 300 20,700 14,700 580 300 15,580 4,970 200 5,170 2,160 2,160 1,910 1,910 250

1995.96 17,790 1,960 330 20,080 13,550 1,500 330 15,380 L,2L0 .60  L,700 2,730 2,730 2,10 2,Ll10 320

%6-57 19,910 2,050 390 22,350 15,010 1,550 390 16,950 L,900 00  5,L00 2,320 2,320 2,060 2,060
57-38 15,390 1,260 320 16,970 13,160 1,080 320 1L,560 2,230 180  2,L10 2,580 2,560 2,260 2,280 300
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TABLE J-3

DELIVZRED WATER
IM SAN FEREANDO AND EAGLE ROCK MYDROLOGIC SUBAREAS AND TRIBUTARY AREAS
(contimied)

In Acre-Feet

1928-23 2,560 790 3,350 2,360 750 3,170 180 180

29-30 2,900 810 3,710 2,510 610 3,35 360 350
1930-31 2,810 810 3,620 2,550 810 3,360 260 260
31=32  2,L60 €10 3,270 2,280 610 3,690 180 180
3233 2,510 €10 3,320 2,310 820 3,120 200 200
3334 2,820 950 3,770 2,580 950 3,530 2L0 2k0

335 2,7L0 790 3,530 2,l90 790 3,280 250 250 -
1935-36 3,030 750 3,780 2,730 750 3,Lé0 300 300
36-37  3,1L0 980 L,120 2,9L0 9E0 3,920 200 200
. 37-38 3,8h0 1,250 5,090 3,520 1,250 4,770 320 320
38-39 5,380 1,260 6,660 L, 800 1,260 6,080 580 580
3940 6,250 70 1,560 7,880 5,710 60 1,560 7,33% 5hLO 10 550
19h0-41 7,20 250 1,L80 9,150 7,0u0 240 1,lLé0 8,760 380 10 390
k12 10,220 L0 1,370 12,010 9,590 390 1,370 11,30 630 30 660
L2-k3 11,570 1,200 1,520 14,290 10,890 1,150 1,520 13,560 680 50 730
L3<hl 12,720 70 1,b70 14,890 12,10 680 1,70 14,290 570 30 600
uils  13,7u0 610 1,560 15,910 12,930 570 1,560 15,060 810 Lo 850
9hs-6 13,590 1,070 1,480 16,340 12,710 1,000 1,k€0 15,190 880 70 §50
L6-47 13,220 2,200 1,680 17,100 12,590 2,090 1,660 16,360 630 110 Lo
L7-48 15,730 700 1,6%0 18,120 13,860 620 1,690 16,170 1,870 80 1,950
L8y 16,050 330 1,80 18,220 15,330 ;20 1,8L0  17,k%0 720 10 730
L9-50 16,310 210 1,85  18,l00 15,650 200 1,85 17,700 690 10 700
17,760 L0 1,920 20,520 16,680 790 1,920 19,39 1,080 50 1,130
18,020 1,660 2,25 21,930 17,080 1,570 2,2%0 20,900 9.0 9 1,030
19,900 2,570 2,530 25,000 18,010 2,330 2,530 22,870 1,890 2Ll0 2,130
20,780 2,L30 2, 25,870 19,930 2,330 2,660 24,920 850 100 950
21,520 1,L30 2,630 25,580 20,290 1,350 2,630  2L,270 1,230 60 1,310
1955-56 20,760 1,700 2,370 24,830 19,800 1,620 2,370  23,7% 960 80 1,040
56-57 20,670 3,070 2,090 25,830 19,780 2,940 2,090  2hL,810 8%0 130 1,020

57-58 19,050 3,320 2,h70  2L,8l0 18,00 3,140 2,470 23,650 1,010 180 1,190

Note: Minor amounts of surface vater diversiona are

a, Extracted by City of Los Angeles.
inoluded under the columns entitled ground water.

b, Extracted by cther than City of Los Angeles.
¢. Extracted by City of Burbank,

d. Extracted by other than City of Burbank,

e, Extracted by City of Olendale.

£, Extracted by other than City of Olendale.

g. Bxtracted by City of San Fernando,

10utside major service area
Year : Ground water

1928-29 300 300
29-30 300 300
1930-31 300 300
31-32 300 300
32-33 300 300
33-3L Lso Lso
k=35 390 3%0
1935-36 350 350
3637 330 330
37-38 370 370
38-39 Loa L00
39-40 510 510
1940-41 L30 L30
L1-b2 570 570
L2-L3 L90 490
B3-lb 580 580
=S 9Lo 9Lo
19L5-L6 1,010 1,010
L6-u7 980 980
L7-u8 960 960
LB-L9 980 980
L9-50 990 990
1950-51 1,070 1,070
51-52 1,080 1,080
52-53 1,130 1,130
53-5k 1,130 1,130
5L-55 L20 L20
1955-56 6L0 6L0
56-57 880 830
57-58 1,050 1,050
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1928-29 3,760 1,270 5,030 3,610 1,270 L,880
29=30 3,210 1,270 b,b

1930-31 3,010 1,270 L,280 2,880 1,270 4,150
31-32  2,l90 1,270 3,760 2,380 1,270 3,650
32.33 3,390 1, L,530 3,230 1,10 4,370
33-3L 2,980 1,350 h,330  2,8l0 1,350 4,190
3L-35 2,960 1,100 ,060 2,810 1,100 3,910

650 1
53-5L 5,350 1,060 6,110  L,950 1,060 6,010
sL-55 5,650 1,060 6,710 5,230 1,060 6,290
1955-56 5,l80 1,040 6,520 5,000 1,040 6,040
6-57 6,530 1,030 7,560 5,960 1,030 6,990
57-58 5,620 930 6,550 5,120 930 6,050

Hote:r Minor amounts of surface water diversions are inoluded
under the columns entitled "ground water",

a. BExtractod by Defendante and nonparties. Includes total
amounts extraoted by Defendants Numbers 14l and 181
vho are partially cutaide the service area.

bs Extracted by City of San Permando.

¢ Extracted hy other than City of San Fernando.

TABLE J-k

DELIVERED WATER
IN SYLMAR HYDRGLOGIC SUBAREA AND TRIBUTARY AREAS

In Acre-Feet

150 100
130 10
130 110
110 110
160 120
140 120
150 10
210 1Lo
180 1o
1.0 130
170 150
160 10
170 140
220 160
160 180
270 170
3Lo 180
310 190
310 200
Loo 220
Ls0 2Lo
370 230
L50 230
3% 220
500 190
Loo 180
L20 220
Lo 280
570 2u0
500 270
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Year

1928-29
29-30

1930-31
.32
32-33
33w3k
35

1933-36
36-37
37-38
36-39
39-L0

19L0-L1
Li-k2
L2-b3
Li3-hk
LL-L5

19L5-L6
L6-L7

1528-29 750
29-30 750
1930-31 750
J1-32 710
32-3) 730
33-34 890
3h-35 660
1935-36 60
36-37 690
37-38 750
38-39 800
39-L0 850
1940-L1 790
L1-b2 1,020
h2<L3 9L0
L3-hb 1,110
LL-kS 1,00
19L5-Lé 1,360
Lé-u7 1,6L0
L7-L8 2,210
L84 1,900
L9-50 2,000
1950-51 2,210
51-52 2,L00
5253 2,760
$3-5L 2,960
5h-55 2,30 L9o
1955-56 2,250 890
55-57 2,290 1,010
57-58 2,670 620
B uivon . o
s0round: 3 sGround: 3
raatercs MWDo, TOtal oy e, KeH.D. | Totsl
500 500 60 u60
570 570 510 510
630 630 550 550
6L0 6L0 ) sLo
710 710 610 610
9.0 Lo 810 810
930 930 820 820
990 990 870 870
1,130 1,130 1,030 1,030
1,180 1,180 1,060 1,060
1,250 1,250 1,130 1,130
1,L30 1,30 1,300 1,300
1,350 1,350 1,240 1,2L0
1,560 1,560 1,430 1,430
1,700 1,700 1,580 1,580
1,700 1,700 1,610 1,610
1,800 1,800 1,660 1,660
2,070 2,070 1,870 1,870
2,180 2,180 1,890 1,890
2,160 2,160 1,810 1,810
2,190 2,190 1,800 1,800
2,300 2,300 1,980 1,980
2,h90 70 2,560 2,140 60 2,200
2,090 80 2,170 2,030 70 2,100
2,810 80 2,890 2,10 60 2,470
3,3L0 150 3,h90 2,810 120 2,930
3,L60 60 3,520 2,690 Lo 2,730
L,080 310 L,390 3,130 2Lo 3,370
L,L430 350 4,780 3,30 270 3,610
5,060 350 5,110 L,330 300 1,630

TABLE J-5

DELIVERED WATER
IN VERDUGC HYDROLCGIC SUBAREA AND TRIBUTARY AREAS

In Acre-Feet

1,740
1,920

2,L00
2,580
2,030

1,940
2,020
2,310

DELIVERED WATER
IN VERDUGO MYDROLOGIC SUBAREA AND TRIBUTARY

L30

770
890
5u0

(continued) *

In Acre-Feet

‘Wim_dfﬂin—
Tvavere; HeW.D. ! Total
10 L0
60 60
8o 8o
100 100
100 100
130 130
110- 110
120 120
100 100
120 120
120 120
130 130
110 110
130 130
120 120
90 90
L0 1L0
200 200
290 290
350 350
390 390
320 320
370 10 380
330 10 3L0
510 20 330
6L0 30 670
910 20 930
970 70 1,040
1,090 80 1,170
730 50 760
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120
280
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Lso

650
650

650

AREAS

230

L10

250
310

60
120
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TABLE J-5

DELIVERFEN WATER
IN VERIUGO HYDROLOGIC SUBAREA)AND TRIBUTARY AREAS

(continued

In Aere-Feet

1928-29 70 70 70 70
29-30 80 8o 8o 80
1930-31 90 90 90 90
31-32 100 100 100 100
3233 100 100 100 100
3334 110 110 100 100 10
3lie35 90 90 90 90 0
1935-36 100 100 90 % 10
36-37 110 110 100 100 10
37-38 130 130 120 120 10
38-39 U0 pH 130 130 10
39-L0 10 1%Lo 130 1)0 10
194041 130 130 120 120 10
Ll-h2 160 160 150 150 10
L2+43 190 150 180 180 10
L3-LL 200 200 190 190 10
Lii=bg 210 210 200 200 10
19L5-L6 260 260 2L0 2L0 20
Lé=L7 260 260 250 250 10
L7-48 320 320 300 300 20
L8-L9 330 330 310 310 20
L9=50. 330 330 310 310 20
1950-51 270 80 350 250 70 320 20
51=52 270 50 320 250 50 300 20
52.53 310 220 530 280 200 L8o 30
53-5k 290 1680 L70 270 170 LLo 20
SL-55 290 150 Lo 270 Lo Lo 20
1959-56 350 10 Lso 320 130 Lso 30
5657 3o 150 Lgo 310 Lo L0 30
57-58 410 90 500 370 80 L50 Lo
a. Extracted by Crescenta Valley County Water Distriot.
b. Extracted by other than Crescenta Valley County Water Distriet.
0. Extracted by City of Glendale, .
d. Extraetad by La Canada Irrigation Distriet,
o+ Extracted dy City of Los Angeles,
£. Imported from Menk Hill Basin.

Notes Minor amcunts of surfaoe vater diversions are

inoluded under the columna entitled ground vater.
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Service area

Wasion Wells

Sunland-Tujunga

San Fernando

Crescenta Vallay County
Water Distriot

la Canada Irrigation
Datriot

TABLE J-6
METHOD OF DETERMINING GROSS,

NET DELIVERED WATER AND WATER SYSTEM LOSSES

Oross

Rxtraotions and maasured Ovans
River vater entering the
aervice srea.

Extractions, surface diversions
and measured Owens River water
entering the service area.

Owens River water remaining in
service area plus change in
reservolr storage, rein and
surface runoff into reservoirs,

Measured amounts of water
entering the area from
various City of Los Angeles
reservoirs plus extractions
from private wells,

Ground vater extractions by
the city and private wells
plus imports.

Oround water extreotions by
the olty and private wells
plus imports.

Ground water extrsotions by
the oity and private wells
plus imports.

Oround water extreotions by
the District and private
wells plus imports.

Ground vater extrastions by
the District and private
welle plus isports.

L

Totinated by subtrastion of
water system losses.

Eatimated by subtraotion of
water system losses.

Measured metered sales for
City of Los Angeles west of
Burbank plus spilled and
spread Owens River vater
legs the net deliversd

to the Mission Wells and
Sunland-Tujunga servics
areas.

Estimated as discusesed in
Appendix M.

Heasured metered sales.

Heasured watered sales

Partially measured and
partially estimated.

Partially measured and
partially estimated.

Fartially measured and
partially estimatad.

J-18

¥atér system losses

Peraent of the averags annval vater
system lossep for the City of Los
Angelea

Percent of the averags annual water
gsystem losses for the City of Los
Angeles.

Difference batween gross available

for distribution and net delivered

plue spread and spilled Owans River
wvater.

Percent of the average annual water
system losses for the City of Los
Angeles,

Differsnce between gross and net
delivered water.

Difference betwean gross and net
delivered vater.

Average percentage vater aystem
losses for years when the net
dolivered water is not measured.

Average percentage water system
losses for years when the net
delivered water is not measured.

Average percentage water system
loases for years when the net
delivered water is not measured.



Consurer'!s Use of Water

The net delivered water to the consumer may be divided into three
groups:

1, Irrigation.

2., Domestic (including water used for irrigation

of lawns and gardens in residential areas).

3+ Commercial and industrial.

The City of Los Angeles tabulates its billlings according to
irrigation, domestic, commercial and. industrial; however, the billings are
based more on the type of electrical service supplied rather than on land
use classifications utilized by the Referee.

Commercial billings include multiple dwellings where the water
service is measured on a master meter and paid for by the landlord or
proprietor. Such dwellings would be classified in the residential
category in the Referse's culture survey and should be considered as

such from a water use viewpoint.

The City of Los Angeles! industrial classification includes
services supplying water to industrial plants which manufacture products
from raw materials., The definition for industrial classification by the
City of los Angeles is more restrictive than the definitlon used by the
Referee., Because of these differences in definition no distinction is
made herein between commercial and industrial delivered water.

The City of Los Angeles west of Burbank is the only arsea where

the records of the monthly amounts of water delivered for domestic,

J-19



irrigation and commercial classifications, compiled from billings, are

available and complete throughout the base period.

Irrigation

The use of water for irrigation at the beginning of the base
period constituted a major portion of the total net delivered water. With
the increase in urbanization the use of water for irrigation diminished
until today it represents only a small part of the net delivered water.

In 1928-29, the City of Los Angeles west of Burbank contained
approximately 97 percent of the total irrigated crop acreage in the San
Fernando and Sylmar Hydrologic Subareas. In 1957-58, it still contained
9l percent of the total acreage in irrigated crops even though the total
acreage was greatly reduced. .Whter is supplied for irrigation in the area
by the City of Los Angeles and by pumpage from private wells.

The total amount of irrigation water used in the San Fernando and
Sylmar Hydrologic Subareas was determined as the sum of three parts. The
first of these parts is the metered irrigation water delivered in the City
of Burbank and in the portion of the City of Los Angeles west of Burbank.
Second is the amounts of extractions from private wells used for the pur-
pose of irrigation. The third part is irrigation water used in service
areas in which irrigation water is not separately metered. In th;se areas
the amounts were estimated based on the adjusted duty of water for each
crop in the service area (see Table J-9, page J=27).

The adjusted duty of water for irrigated crops was derived from
data compiled by Frank Carr, an employee of the Los Angeles Department of
Water and Powers From 1925 through 1942, the acreage and amount of water

delivered to the farmer’s headgates were recorded by Mr. Carr for the Citvy
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of Los Angeles west of Burbank, His records, extending from 1927 through
1942, were utilized to cbtain an average duty of water for various crops.
The period from 1927 through 1942 was selected because the precipitation
cycle during this period represented a more normal rainfall than the 1928
‘through 1942 period. The average monthly depth of application"of irri-
gation water on crops determined by the use of the Frank Carr!s data is

shown below in Table J-7,

TABLE J-7

AVERAGE MONTHLY DEPTH OF APPLICATION
OF IRRICGATION WATER#*

In Feet

Crop Oct.,

Jan. Feb. : Mar. Apr. sthrough:Total

¢ Sepnt. :

Nov, Dec.

ss ©9 o8

Deciduous 0.2 0.18 0.19 0,11 0.12 0,17 0.25 1.55 2.81

Citrus 0.32 0.29 0.22 0,18 0.17 0,19 0.2Lh 1.81 3.k42
Walnuts o.24 0.30 0.26 0,16 0,14 0,19 0,24 1,58 3.11
Truck 0.3, 0.26 0.20 0,22 0,22 0,25 0.31 2.09 3.88

Alfalfa and
‘pasture 0.30 0.25 0.20 0.20 0.22 0.25 0.31 2,02 3,75

Vineyard 0.17 0.1 0.06 0,03 0.03 0,11 0.,22 1,38 2.11

% Based on Frank Carr's monthly records of water delivered and acreage
served.



The average monthly depths of irrigation water shown in Table J=7
were utilized to prorate the total available water used for irrigation to
each crop irrigated in the San Fernando and Sylmar Hydrologic Subareas.,
The amount of water applied to sach crop was then adjusted to an annual
depth of irrigation water, The annual adjusted depth of irrigation water
for each crop was further proportioned to the percentage of the total
. annual irrigation water delivered during each month f£rom October through
April and during the summer season from May through September.

The amount of irrigation water for each crop and each year in
the base period was adjusted by the above method. Sample Calculation A
for the year 1928-29 illustrates the msthod of distributing the available

water between the various crops,
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»(B
Applicati

Crop

Acreage,
in acres

Average annual

depth of
irrigation,
in feet
(from Table
J-7)

Calculated
irrigation
water, in
acre~feet
= (1) x (2)

SAMPLE CALCUIATION A

ed Irrigation Water
h of
Subareas)
Year 1928-29

Alfalfa
and

Deciduous Citrus Walnuts Truck pasture Vineyard Total

L,470 9,960 8,480 23,920 8,050 1,L90

2.81 3.2 3.11 3.88 3.75 2.11

12,560 3L,060 26,370 92,810 30,190 3,10 199,130

Adjusted duty,*

in feet

Adjusted duty,
in inches

1.26 1,54 1,L0 1.75 1.69 0.95

1.1 18.5 16.8  21.0  20.3  1l.L

% Total irrigation water delivered to Owens Service Area by City
of Los Angeles = 89,090 acre-feet,

89,090 . ¢ ).

: [ JON- 48 B Ale
Adjustment factor 199,130

0.5 x 2.81 = 1.26 feet for deciduous

J-23



The adjusted monthly depths of applied irrigation water wers
computed as shown in Sample Galculation B and are compiled in Table J-8

for each crop and each year in the base period and 1957-58.

SAMPLE CALCULATION B

Monthly Distribution of Delivered Irrigation Water
City of Los Angeles West of Burbank

Depth of irrigationP

Year Metered sales, Percentage of? for deciduous,
928-29 in acre-feet annual delivery in inches
5,662 6.8 1.0
2,530 3.0 0.5
601 0.7 0.1
1,110 1.3 0.2
168 0.2 0.1
1,050 1.3 0.2
3,5L0 L.3 0.6
9,513 11.4)
11,925 1h.3§
19,015 22.9% 82.4 12.4
18,137 21.8;
September 9,977 _}2;93 —
TOTAL 83,228 100,0 15,1

a, Monthly delivered water divided by annual delivered water.
b, Annual duty times percent of water delivered,
(i.e. 15.1" x 6,8% = 1.,0M),
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TABLE J-8

MONTHLY DEPIHS OF DELIVERED IRRICATION WATER FOR IRRIGATED CROPS

In Acre-lnches pur Gross Acre
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HONTHLY DEPTHS OF DELIVERED IRRIGATION WATER FOR IRRIGATED CROPS

In Acre-Inches per Gross Acre
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(continuod)

DELIVERED IRRIGATION WATER FOR IRRIGATED CROFS

MONTHLY DEPTHS OF

In Acre-Inches per Groas Acre

HKar, ; Apr.

: Jan, : Pab, :

Dec,

oct, . Nov.

Total '

¥ar, | Apr.

! Nav. ! Dec. . Jan. . Fob. |
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The adjusted duty was computed for each crop for each year in
the period 1928-29 through 1957-58 by the method shown in Sample
Calculation A, The mean annual adjusted duty for the base period thus
derived is shown in Table J-9. These vzlues on the average are slightly
higher than those reported in Table 24 of Bulletin No. 51, "Irriéation
Requirements of California Crops", California State Division of Water
Resources, 19L5. Bulletin 51 notes that certain duties such as deciduous
appear extremely low and that the values for shallow rooted crops appear

more consistent with other crops in California.

TABIE J-9
MEAN ANNUAL ADJUSTED DUTY FOR IRRIGATED CROPS
In Feet

‘ : N ¢ San Fernando Valley
Grop | Adjusted duty | poovetin 51 (1930-37)

Deciduous 1.35 0.54-1.07
Citrus 1.63 1.81
Walnuts : 1.20 0.84
Truck 1.85 ~1.03-2.07
Alfalfa and

pasture 1.81 1.86
Vineyards ‘ 1.05 0.50
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Delivered Water Available for
Residential Lawns and Gardens

The portion of water delivered to residential meters for use on
lawms and gardens was estimated to determine the consumptive use and deep
percolation on residential areas. From 1936-37 through 1957-58, the total
sales to residential meters were not tabulated separately except for the
City of Loé Angeles west of Burbank and the City of Burbank. The amount
of water used on residential lawns and gardens was therefore estimated by
taking the total net delivered water and deducting the delivered water
applied to irrigated crops and commercial and industrial classifications
and the net sewage (sewage export plus cesspool recharge minus sewer
infiltration). The residual amaunt was assumed to be applied to the
residential lawn and garden areas. |

The depths of applied irrigation water for irrigated crops in
Table J-8 and the acreage for each crop, as discussed in Appendix K, were
utilized to determine the total use on irrigated crops. The amounts of
delivered water required by commercial and industrial areas and the portions
consumed or percolating are discussed in Appendix L. It is assumed that
no deep percolation of delivered water occurred in this classification
except in particular instances where it could be evaluated, (i.e. City of
Los Angeles Valley Steam Plant and industrial waste discharges to the Los
Angeles River) since this classification is primarily impervious.

The available data did not permit the evaluation of sewage
contributed from residential, commercial and industrial areas to be

separated. The amount of water available for residential lawns and gardens
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vas estimated by subtracting the total sewage and waste, consumptive use
and deep percolation of commercial and industrial fram the water dslivered
to residential, commerc¢ial and industrial zareas.

The annual amount of water estimated as being delivered to
residential lawn and garden areas anc the estimated component am;unts of
delivered water are shown in Table J-10. The monphly depth of water applied
to lawns and gardens was based on the mcnthly percentage distritution of
the domestic metered sales in the City of Los Angeles west of Burbank.

These calculations were made in thé same manner as shown in Sample Calcu-
lation B for the monthly depth of irrigation water. The monthly percentage
of water delivered to domestic meters and the monthly depth of water applied
to residential lawns and gardens are shown in Tables J-11 and J-12,
respectively. The annual depth of waterldelivered to residential lawn and
garden areas was utilized for the determination of consumptive use and deep

percolation on residential areas as discussed in Appendix L.

J-29



TABLE J-10

DISPOSITION OF NET DELIVERED WATER BY TYPE OF USE2

In Acre-Faet

ar ‘Rg id ti Iiuuum;;\u.-;i Irri- . Se & T 1 lR. “ ‘ llvm"gcllil Iﬂ‘io 1 ] 3 1] Ebmr:lﬂL(I"i_ i L
' tResidential: a ‘¢ i Sewage : Total :Reeidential: a ] 1 Sewage ¢ Total tResidentials and 1 1Sewage: Total
) rindustrialr B0 | s ' iindustrials S0%EO0 1 ) 1ndustrials B4ON, '

1928-29 16,810 2,490 89,670 10,L20 119,390 100 30 L, 790 180 5,100 350 30 600 320 1,300
2930  20,L10 2,890  89,9L0 11,290 12L,530 150 30 Li,210 190  L,580 Lzo 30 550 370 1,370
1930-31 20,080 3,270 85,920 12,370 121,6L0 170 30 3,970 210 L,380 kso Lo 520 L10  1,L20
31-32 1,110 3,670 68,060 12,990 98,830 120 30 3,530 200 3,880 LLo Lo 510 390 1,380
32-33 13,890 L,070 70,910 13,0L0 101,910 120 30 L,2u0 220  h,610 500 Lo 500 Lo 1,L80
33-% 15,800 L,k70 75,530 13,260 109,060 150 30 L,0u0 200  L,L20 590 40 180 600 1,810
W35 22,500 L,860 69,170 13,380 99,910 130 30 3,760 210 4,130 580 L , L6O 510 1,590
1935-36 15,610 5,250  88,3.0 14,190 123,390 170 30 k,680 200 5,080 590 50 500 520 1,660
36-37 16,090 g,650 78,580 15,110 115,L30 170 30 L,1%0 210  k,500 710 50 490 620 1,870
37-38 17,690 6,0l0 68,730 16,350 108,810 190 30 3,910 220 4,350 780 60 L60 680 1,980
38-39  22,L60 6,130 73,120 17,950 119,960 290 30 k,2L0 260  L,B20 870 60 Ls0 770 2,150
39-ko 22,270 6,830 62,600 19,550 111,250 280 30 3,800 260  k,370 950 70 L2o 860 2,3L0
19L0-41 19,350 8,l90  56,2L0 21,600 105,680 240 30 L,050 2L0  L,570 900 70 L70 790 2,230
w2 2k,%20 10,290 73,300 22,810 __}31 ,320 330 30 kL, 760 300  5,L20 1,130 80 LBO 990 2,680
L2-k3  29,5u0 10,820 78,300 23,3L0 2,Loo Lso 30 5,250 90 6,120 1,200 90 L90 1,060 2,8L0
L3-bk 31,790 1,360 74,890 23,720 1h1,760 L%o 30 5,290 L300 6,2L0 1,330 90 k70 1,160 3,050
LL<hs 3k, 3L0 11,600 718,160 25,250 149,630 550 30 5,360 Lo  6,k20 1,310 90 L70 1,10 3,010
19LS-b6  L3,120 10,790 81,170 27,060 162,140 710 30 . 9,620 610 6,970 1,610 100 500 1,L00 3,610
L6-h7 16,000 9,560 78,050 30,360 163,970 , 850 30 6,190 720 7,790 1,770 110 500  1,5L0 3,920
L7-b8  L8,300 9,950  81,0L0 33,500 172,790 5L0 30 - 6,260 800 8,030 2,0L0 120 500 1,760 L,L20
L8L9 52,670 10,30 79,120 36,620 178,750 1,150 30 5,900 880 7,960 1,920 130 Ls0 1,660 4,190
L9-50  56,8L0 10,u90  68,8L0 39,430 175,600 1,130 Lo 5,160 950 7,280 2,070 uo Lo 1,840  L,L90
1950-51  60,L70 10,650 75,530 LkL,890 1%93,SLO 1,280 50 5,000 1,080 7,L10 2,330 U0 450 2,020 L,9L0
51-52 58,210 12,710 58,270 L9,300 178,L%0 1,320 60 3,780 1,120 6,280 2,310 150 80 2,040 5,010
5253 70,550 12,910 62,540 52,180 198,180 1,640 70 3,830 1,390 6,930 2,870 160 Lso 2,L80 6,000
53-5L  72,L20 13,60 51,920 568,L%0 196,L70 1,770 80 2,870 1,500 6,220 3,210 180 L70 2,770 6,630
5L=55  T1,010 16,980  L1,090 61,700 190,780 1,940 90 2,870 1,640  6,5u0 3,010 190 Lso 2,620 6,270
1955-56 71,550 18,160  34,3u0 68,L90 192,540 2,050 110 2,Ll60 1,740 6,30 3,530 200 460 3,050 7,2L0
56-57  8L,7.0 19,130 35,970 72,40 211,980 2,390 130 2,690 2,030 7,2L0 3,720 200 610 3,210 7,7L0
57-58 75,520 19,220 30,230 76,610 201,580 2,110 U0 2,290 1,800 6,3L0 4,210 210 630 3,610 8,660

a, Includes tridutary drainage area within major service areas.
b. Includes Bagle Rock Subarea.



TABLE J-11

SERVICES IN I0S ANGELES WEST OF BURBANK:*

1y

MONTHLY DISTRIBUTION OF WATER DELIVERED TO

DOMESTIC

In Percent

:through
Sept

: Feb, Apr.

Oct, Nove : Dec.

Year

1928-29
29-30

oooooo

P A
coo

O NN
- * L
O N

Tncludes combination services and excludes sewage,
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In Inches
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* Based on percentages in Table J-11,
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TABLE J-12

DEPTH OF WATER APPLIED TO .
(continued)

RESIDENTIAL LAWNS AND GARDENS:

In Inches

tthrough: Total

: Apr,

Mar,

1928-29
29-30

ccccc

nnnnn

00000

N
coo

* =
o HO

wma o~
O 40O

ST
— o

L3
RARANeAY

1955456
56-57
57-58

* Based on percentages in Table J-11.
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Delivered Water to Hydrologic Subareas

The amounts of gross delivered water for each subarea are shown
in Table 21, page 139 and are obtained by the summation of the amounts shown
in Tables J-3, J-L and J-5. Mény water service areas cross over subarea
boundaries, thus necessitating a split of the water served in the area.

The southerly boundary of Sylmar Hydrologic Subarea divides the
Owens River and the City of San Fernando water service areas into two parts.
Although the gross deliveries to both of these water service areas is known
(see Table J-1). Gross delivered waier within the boundary of the Sylmar
Subarea is not measured. Estimates of the amount of the net delivered water
to this subarea were based on the historic acreages of areal culture and the
adjusted depth of delivered water for each land use classification. The
annual amounts of water were then adjusted to include water system losses
to obtain the gross delivered water.

Approximately nine percent of the areal extent of the City of
San Fernando is in Sylmar Subarea and the remainder in the San Fernando
Subarea. The gross delivered water for the City of San Fernando was thus
proportioned according to the areal extent within each subarea.

Verdugo Hydrslogic Subarea contains all of the Crescenta Valley
County Water District service area and portions of the City of Glendals,
La Canada Irrigation District and the City of Los Angeles Sunland-fujunga
service areas. The gross delivered water to the service areas, which are
partially in Verdugo Subarea, was estimated.

The Crescenta Valley County Water District serves a small portion
of the City of Glendale in the La Crescenta area, as shown on Plate 19.
The gross delivered water to this area was included with the delivered
water for Crescenta Valley County Water District.

The City of Glendale in Verdugoe Subarea delivers water from four
water service levels or pressure levels because of the large differences in
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the surface elevation in. its service area. A large portion of the two
higher levels and a small portion of tho next lowsr pressure level are
in Verdr~o Hydrologic Subarea. The gross delivered water ﬁé the City of
Glendale in the Verdugo Hydrologic Subarea is based primarily on the
amount of water raised to each service level,

During the earlier part of the base period the two higher
pressure levels obtained their water supply from the Glorietta Wells and
had to be pumped to a higher elevation through booster pumps, The meter
readings of the flow through these booster pumps represented the amount
of water delivered to these levels. The gross delivered water to the
lower pressure level was estimated by determining the number of meters
in this pressure level and multiplying the number of meters by the
amount of water delivered per meter based on the gross annual delivery
per meter in the City of Glendale. The sum of these quantities repre-
sented the total water delivered by the City of Glendale in Verdugo

Hydrologic Subarea,
The amount metered by the City of Glendale booster pumps includes

water sold to the Crescenta Valley County Water District and the La
Canada Irrigation District during periods of drought. These amounts were
deducted from the total delivered water to the City of Glendale's service

area in Verdugo Subarea and added to the respective districtis,

Delivered Water to the Hill Areas
During the latter half of the base period an increasing number

of homes were built along the hillsides above the valley floor. In the
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1958 Land Use Survey made by the Referee, there were 8,700 acres in the
residential classifications in the hill and mountain areas. A large part
of this acreage was in the Narrows and the Owens River service areas (see
Appendix K).

Due to the limited amount of usable land on which a house can be
constructed, the area of lawns and gardens is considerably less than the
area of residential lots on the valley floor. It did not appear reasonable
to apply a duty of water per acre of residential for the valley floor to
the rosidential acreage in the hill and mountain area.

An estimate of the amount of water delivered to residential areas
in the hills was compiled from "Read Books" in the Owens River and Narrows
service areas. In the selections of the "Read Books" only areas completely
developed and in the hills were utilized, thus eliminating the necessity of
any correction., The data from these "Read Books" were compiled for 1956-57
and 1957-58. Data prior to 1956-57 were incomplete since the area covered
by each "Read Book" changes from time to time.

The average amount of water delivered to each lot for 1956-57 and
1957-58 was 0.50 acre-foot per lot or approximately 1.5 acre-feet per gross
acre. This is 23 percent less than the delivered water per meter in the
Cwens River service area for the corresponding period, which contains a
larger area of lawns and gardens. It was therefore apparent that a large
percentage Sf the residential delivered water was for inside use and the
value for delivered water when applied to the hills during the earlier

period could be higher than that actually delivered. It was therefore



assumed that the values found in the 1956 through 1958 period are more
representative of the gross delivered water and were thus utilized in this
way to determine the delivered water to the hills over the base period.

The Owens River service area constitutes another area in which
residential development in the hill and mountain area occurred. "Read
Book" areas in the Santa Monica Mountains were selected to obtain the
gross delivered water per acre of residential. The average depth of
water delivered to these areas was 1.57 feet per acre for 1956-57 and
1957-58, This value compared favorably with the value found in the
Narrows service area and was applied to the area of residentlal acreage
in each of the service areas with the exception of the Narrows service
area where additional data were available.

In the Narrows service area, the acreage of residential in the
hill and mountain areas varied from approximately 1,400 acres in 1929 to
2,250 acres in 1958. The density of the number of lots per acre has
increased from 2.4 to 3.5 lots per acre during the base period, with an
average of 3.0 lots per acre. The density of the number of lots per acre
was determined by enumerating the number of sewer house connections for
every five years from 1930 to 1955 for the Narrows service area and
dividing the number of sewer connections into the acreage in the hill area
for the corresponding years. The number of lots per acre determined above
are plotted on Figure J-1 showing an increase in density throughout the
base period. This increase is in accordance with the increase in popula=

tion and popularity of hillside homes.
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The annual net delivered water to the hill area in the Narrows
service area was calculated by multiplying the density by the delivered
water per lot and the product multiplied by the acreage of residential

in the hills,

The estimated amounts of water delivered to each service area in
the hill and mountain areas are shown in Table J-13. Also included in the
table are the totals of water delivered to the hill and mountain areas
from the valley floor for the remaining land use classifications and

extractions from wells outside the major water service areas,
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APPENDIX K
LAND DEVELOPMENT AND USE

The area of investigation has undergone rapid changes in land
use and population during the past 30 years, To determine the variation
of culture historically, the Referee has collected data on culture and

population from various sources,

Source and Extent of Data

Historical data utilized in the determination of areal culture

include:

Land Use Surveys. Land use surveys by the State Department of

Public Works, Division of Water Resources, were available for the years
1932 and 1942, The 1932 Land Use Survey was part of the South Coastal
Basin Investigation.l/ In that survey data were obtained as summaries

of land use contained within the area covered by the 6 minute series
'U.5.6.S. quadrangle sheets. The 1942 survey determined the changes that
had occurred between the 1932 survey and 1942, and the data were obtained

in the form of a map.,

The Los Angeles Department of Water and Power conducted a land
ﬁse survey for the years 1949 and 195L. ‘The 1949 survey was made on over-
lays of 7-1/2 minute series U,S.G.S. quadrangle sheets while the 195L
survey was made on Los Angeles County index maps at a scale of 1" = 600!,

The data collected by these surveys were utilized in State Water Resources



Board Bulletin No. 2&.2/ Both the original’ survey work sheets for 19L9 and
195l and the tabulations in Bulletin No. 24 were utilized by the Referee.
The types of culture surveyed in 1932, 1942, 19L9 and 1954 are

tabulated in Table K-1.

Agricultural Crop Survey. Records of the acreage ‘and water

applied to various crops in the City of Los Angeles west of Burbank were
maintained by the Los Angeles Department of Water and Power for the period
1925 through 1942 on a monthly basis. These records are referred to as
Carr's records and also include the same data for lands in the area served
by private pumpers. These records are available only on summary sheets,
the original field notes no longer being in existence. Representatives

of the Referee interviewed Mr. Carr in 1959 to detemine the methods he
used to obtain the data and as a result concluded that the aforementioned
records were representative of Mr. Carr's observations.

Annual crob reports compiled by the Los Angeles County
Agricultural Commissioner for the period 194l through 1958 were utilized
to supplement the various land use surveys. The original purpose of these
reports was to determine the value of the various crops grown in the San
Fernando Valley and Saugus-Newhall area and contained the number of bearing
acres in each area. The écreages reported therein were found to agree
with the observations made in the land use surveys of 1949, 1954 and 1958

and were considered representative of the full period reported.



Year

1932

1942

1949

1954

‘'TABLE K-1

LAND USE GROUPINGS USED BY
OTHER AGENCIES

Agency conducting
survey

Garden and fie
Citrus

State Department of Public

Works, Division of
Water Resources

State Department of Public

Works, Division of
Water Resources

Los Angeles Department
of Water and Powers#

Los Angeles Department
of Water and Powerit

EXIX

I

Walnuts

Deciduous

Trriecated srass

and industrial

Domestic, commercial
Fallow

Truck
Vacant

X

X

|

o

o

o

21
o THla
8 Dig
Q S u0lb
~ St Qi
A7 BLooc

P @25 P
20 E@d
8 ounndid
HETSY g8
PESAREERA
2382524

XXXXX XXX

XXXXXXXX

# Reported by State Water Resources Board, Bulletin 2L.
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Census. The United States Bureau of the Census ‘conducted its
general census for the years 1930; 1940 and 1950, Special censuses were
made for the City of Los Angeles in 1946, 1953 and 1956 and the Cities
of Burbank and Glendale in 1957, An estimate of the population in water
service areas, shown in Table K-2, was made from combinations of records

of the various census tracts covering the area,

TABLE K-2

POPULATION BY WATER SERVICE AREAS

Iiir :City of:City of zcjty of L?Swggie$25:01gZ£of ;C La ) i rotal
census:Burbank:Glendale: Narrows - Burbank :Fernando: rescen a:

1930 16,662 62,736  67,L95  SL,217 7,567 6,971 215,6L6
1940 34,337 82,582 77,136 112,001  9,09L 10,686 325,836
1916 -- -- Incomplete 176,008 - - --

1950 78,577 95,702 91,560 311,116 12,922 37,009 626,886

1953 == - 89,254 455,872 - - —
1956 -- -- 83,749 571,563 - -
1957 86,775 11L,Lé0 - - —
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Aerial Photographs, Aerial photographs of the Upper Los

Angeles River area, taken by Fairchild Aerial Surveys, Incorporated, in
1928, 19L9 and 1956, were also utilized to determine the acreage of

varipus culture classifications in the area.
\

1958 Land Use Survey. The land use survey made by the staff of
the State Water Rights Board was mapped on overlays of 1956 aerial
photographs at a scale of 1" = 400!, In undeveloped hill and mountain
areas the mapping was done on U.S.G.S. quadrangles at a scale of 1" =
2,000!t,

The field mapping was done in detail utilizing approximately
150 separate classifications. Boundaries of water service areas and
hydrologic subareas were added to the overlays as they were determined,
Prints of the overlays were made and cut and weighed to determine the
area of each classification. In the cutting process, classifications
with similar water use characteristics were combined, reducing the
number of classifications to 37. Computations of'areas within each
photograph were controlled by the area compuﬁed from the grid coordinates
printed on .each photograph.

The data on the 37 classifications were coded as to photograph
number, water service area, hydrologic subarea, location in valley fill
or hill area and type of culture, and punched onto tabulating cards. The
" areas in acres for each classification within a photograph were computed
by machine and the results were then tabulated by water service area and

hydrologic subarea. The 37 classifications were then placed into the major

groups listed in Table K-3.
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Land Use Classiiications

The grouping of various land use classes was accomplished by
combining on the basis of relative consumptive use the classifications
developed by the State Department of Water Resources according to water
requirements. Groupings of classes utilized by the Referee are shown in
Table K-3, The major groupings do not conform to those utilized in the
previous land use surveys referred to in Table K~1; therefore, inter-
pretation of previous surveys was necessary in order to obtain consistent
historic culture changes. TFor example, an area placed in the "fallow!
category in the 1932 survey would be placed under "dry farm and native
vegetation" in the adopted classification system. Acreages shown

herein for each of the land use classes include streets and roads.

Methods of Determining Areal Culture
Table K-l presents a summery of the methods and data sources
utilized in the determination of arcal culture on the valley fill., The

term areal culture as used herein is synonymous with land use.

Irrigated Crops

Carr!s records covered the City of Los Angeles west of Burbank.
Since this area contained most of the irrigated crop acreage, the remainder
of the valley fill was détermined by subtracting Carr'!s values from the
anmual values determined by the 1932 and 1942 surveys, Values for the
remaining years between 1928 and 1942 were obtained by straight line

interpolation and extrapolation of the 1932 and 1942 data.



oplden

Single and duplex
Multiple

Commercial and Industrial

Officea

Hotels

Hospitals

Prisons
Reformatories
Asylums

Schools

Power receiving stations
Kennels

Drive-in theaters
Wineries

Brick yards

200 area
Auditoriums

Miscallaneous
Churches
Sani tariuns

Circus he
Rock crushers

Irrigated Crops

Alfalfa and Irrigeted Pasture

Alfalfs
Clover

Citrus
Orapefrmuit
Lemons

Pl Vo
Apples
Apricots
Olives
Cherries
Nectarines

Walnuts

Truck
Artichokea
Asparagus
Boans‘f:rnn)
Broccald

Cabbage
Cauliflower

Corn, gresn

Carrots

Celery
Vinezard

Table grapes
Lavm Grass

Parks

Lakea

Riparien Yogotation
Swamps

Farm and Natdve Ve. tion

Grass land
Brush

Tinber forest
Barley g

Wheat
Oats

TABLE K-3
LAND USE CLASSIFICATION

Motels
Tradler courts

lots
Hard surface sarth yards

Hovie sets

Cemeteries
Resarvoirs

.
Headowland

Rye

Grain hay
Miscellaneous hay
Vacant lots

Railway righte of wvay
Utility righte of vay

K=10

Estates
Farmsteads (1/3 of total acreage)

Open storage yards
Substations

Railroad marshaling yards
Truck loading

Adrfields

Sav mills

011 refineries

Paper milla

Meat packing plants
Steel and alwdmm mills
Canneries

Movie studios

Power plants

Debris basins .
Paved channels - paved areas
Freeways

Native pasture
Avocados

Miscellaneous declducus

Home orchards

Almonds

Miscellaneous nuts

Farmsteads (1/3 of total acreage)

Raisin grapea
Qolf courses
Rivers

Brush in stream channels
Brush and trees in stream charnals

Wash areas

Mne tailings

Barren land, rooky

Idle (being cleared = being levaled)
Farmsteads (1/3 of total soreage)



Year

1928-29
29-30

1930-31

195041
L1-L2
L2-13
L3=Ll
bb-L5

19L5-46

-0

TABIE K-L

METRODS AND DATA UTILIZED FOR DETERMINATION OF AREAL CULTURE

LITIEAYOA 2 posidential 1 PITSICMAL 87 ! pygcellaneous | TPITNT. ! water surface [ VY YT 10T
a 1 i m n o
a J 3 n n °
a J 3 n n o

aand b J and b J and b m n o
a m n o
a m n °
a o n Qo
a T n -]
a m n °
a n n o
a n n [
a m n o
a m n o

aand ¢ Jandc j and ¢ m n °
d J m n [}
e J n n o
e b m n o
] J m n o
e J m n o
e J m n o
r £ m n °
e J n n ]
e h] m n o
e 3 m n [}
] J m n 1
4 g m n °
e J m n ]
] J m n o
e J m n o
h h h

Frank Carr's record for the City of los Angelss.

1932 Department of Water Resources Land Use Survey. Also used as check on other data,

19L2 Department of Water Resources Land Use Survey. Also used as check on other data,
Average of the year preceeding and following,

Los Angeles County Agricultural Commission's Annval Report.

19L9 Land Use Survey by Los Angeles Department of Water and Power, adjusted to inc¢lude roads.
195L Land Use Survey by Los Angeles Department of Water and Power, adjusted to include roads.
1958 land Use Survey by Keferee.

Planimetered area from 1928 Aerial Pnoto.

Straight line interpolation between yeara with data.

The annual change in acreage of the Miscellaneous classification was determined by deducting the areas of

of freeways, unds and ted during a given ys
acreage dete 958 Land
Riparian veget 958 Land The snnual -change 1 ion
was estimate arian ve nd 1n 1958 survey, th
annually by 8 Angele 1938 through 1958. an

vegetation from 1928 through 1937 was then assumed comstant.
Based on 1958 survey, excaept water surface area back of Haneen Dam was eubtracted thersfrom to determine

the acreage existing in the period 1928-19L0.
Difference between the sum of the acreage of known culture and the total valley f£ill area.
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Irrigated crops in the Sylmar Subarea were determined from maps
prepared by Frank Carr for the Los Angeles Department of Water gnd Power
showi?g the location and area of the various crops grown in the City of
Los Angeles west of Burbank. These maps were available for 1929, 1931,
1934 and 1938. The area of each crop shown on these maps was planimetered
to obtaln the acreage. Thus, with Carr's data and that from the five land
use surveys, including 1958, a total of nine years of record was known.

The remaining 21 years were determined by interpolation of the ratio of
crop acreage in Sylmar to crop acreage on the valley floor.

To obtain the acreage of irrigated crops in the Verdugo Subarea,
the 1932, 1949, 1954 and 1958 land use surveys were utilized and the annual
émounts irrigated were obtained by following the annual trend of irrigation

for the total valley fill area.

The acreage of irrigated crops in the San Fernando Subarea was
taken as the difference between the sum of the acreage in Sylmar and

Verdugo Subareas and the totgl acreage for each crop on the valley floor.

Residential
The rate of growth of residential areas in the Sylmar and Verdugo

Hydrologic Subareas has differed throughout the base period. The population
data for each subarea indicate that the Verdugo Subarea has increased at a
uniform rate wﬁile the population of the Sylmar Subarea first grew slowly

and then in the late 30's or early LO's had a rapid increase. This relative
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difference in the rate of population increase in Sylmar and Verdugo
Hydrologic Subareas is indicated on Figure K-1 which contains a plot of
the population in these areas versus time throughout the base period,
Utilizing the acreage of residential in 1928, 1949, 1954 and
1958, the annual increase in acreage was interpolated between these years

to correspond to the rate of increase in population for each subarea.

Commercial and Industrial

Commercial and industrial acreages were combined to form one
classification because of the various interpretations for industrial
classifications, Data are available for the years 1928, 1949, 1954 and
1958. The method of interpolating between the years of data for Sylmar

and Verdugo Subareas is the same as for residential,

Dry Farm and Native Vegetation

The sum of all acreages in all classifications in the three
hydrologic subareas equals the total acreage on the valley floor, The
dry farm and native vegetation class was determined as the difference
between the sum of the acreages of known culture, evaluated as described

heretofore, and the total area in each subarea.

Residential Development in the Hill and Mountain Areas
During the latter part of the base period residential development

in the hill and mountain areas has shown a rapid increase. The only land

K-13
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FIGURE K-I

YEAR

ESTIMATED BY THE LOS ANGELES CITY AND
COUNTY REGIONAL PLANNING COMMISSTION

SAN FERNANDO VALLEY REFERENCE

ESTIMATED POPULATION
SYLMAR AND VERDUGO HYDROLOGIC SUBAREA
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use survey which extended into the hill areas was the one made by the

State Water Rights Board staff in 1958, In the 1958 Land Use Survey, the
najor portion of the 8,7L0 acres of residential in the hill areas was in
the San Fernando Subarea, primarily in the Santa Monica Mountains and the

hills in the Los Angeles Narrows, Residential acreage on the hills within

cach subarea during 1958 was as follows:

San Fernando 8,27L acres
Sylmar 33 acres
Verdugo 397 acres

Within San Fernando Subarea, 82 percent, or 6,775 acres was in
the Owens and Narrows service areas. The latter service area contains one
of the oldest residential hill areas in the area of investigation. An
estimate of this residential acreage was made by prorating the area
surveyed in 1958 on the basis of the population census. The population
in the Narrows area has since 1930 increased approximately LO percent,
as shown on Figure K-2. The acreage in residential found in 1958 was
thus decreased directly with the percentage change in population, based

on the 1930 and recent census values,

In the Owens service area, most of the residential development
is in the Santa Monica Mountains, The same methed was utilized in this
area for estimation of residential acreage in the earlier years as

heretofore described for the Narrows service area.

Table K-5 lists values of residential acreage in the hills,

estimated in this manner for each year of the base pericd.

e
1
4

AVAT



% INCREASE OF 1930 POPULATION

FIGURE K-2

CITY OF LOS ANGELES
WEST OF BURBANK

SAN FERNANDO VALLEY REFERENCE

INCREASE IN POPULATION FOR CITY OF LOS ANGELES
WEST OF BURBANK AND NARROWS AREA
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TABLE X-5

ESTIMATED HILL AND MOUNTAIN RESIDENTIAL AREAS

In Acres
Year Narrows Santa Monica ggﬁiia?ilirzigs Total
1928-29 1,500 0 0 1,500
29-30 1,530 0 0 1,530
1930-31 1,550 10 0 1,560
31-32 1,580 20 0 1,600
32-33 1,600 30 0 1,630
33-3L 1,630 Lo 0 1,670
3L-35 1,660 50 0 1,710
1935-36 1,680 60 0 1,7L0
36-37 1,710 70 0 1,780
37-38 1,730 80 0 1,810
38-39 1,760 90 0 1,850
39-40 1,790 100 0 1,890
1940-11 1,810 120 .0 1,930
L1-42 1,840 11,0 0 1,980
L2-13 1,860- 180 0 2,0L0
Li3-l) 1,890 200 20 2,110
LL-L5 1,920 24,0 30 2,190
19L5-L6 1,940 300 70 2,310
L6-L7 1,970 360 130 2,060
L7-4L8 1,990 Ll0 220 2,650
L8-L9 2,020 530 330 2,880
L9-50 2,050 700 L80 3,230
1950-51 2,070 900 6L0 3,610
51-52 2,100 1,120 8L0 l,060
52-53 2,120 1,420 1,070 L,610
53-5l 2,150 1,800 1,320 5,270
5L-55 2,180 2,200 1,600 5,980
1955-56 2,200 2,700 1,890 6,790
56-57 2,230 3,250 2,190 7,670
57-58 2,250 3,920 2,510 8,710
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Table K-§ is a compllation of the acreages for each classifica-
tion in San Fernando (including Eagle Rock Subarea), Sylmar and Verdugo
éubareas and the total valley fill area. Table K-7 gives the acreages
of each land use classification on the valley fill area within each of
the major water service areas and with respect to its location in each of
the subareas. Due to the small area of Eagle Rock Subarea, the acreages

of land use have been combined with San Fernando Subarea.

l/ California State Department of Public Works, Division of Water
Resources. '"Value and Cost of Water for Irrigation in Coastal
Plain of Southern California". Bulletin No. L3, South Coastal

Basin Investigation. 1933.

2/ California State Water Resources Board. "Los Angeles County Land
and Water Use Survey, 1955". Bulletin No. 2L. June, 1956.
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TABLE K-6

AREAL CULTURE
WITAIN BOUKDAKY OF THE VALLEY FILL

SYL¥AR HYDROLOGIC SUBAREA
(5,600 Acres)

In Acres
Trrigaied crocs H H H
3 s Alfalfa : 3 :Commercial: tRiparian:
nd tMiscellay: vege=- :
1,710 1,000 L0 330 160 Lo 80 3,360 120 Lo 150
1,210 1,080 Lo 300 150 Lo Lo 2,960 160 Lo 150
1,000 1,160 Lo 270 L0 Lo 30 2,580 200 Lo 150
1,050 1,200 10 250 120 Lo 30 2,740 230 LO 150
1,470 1,230 L0 2L0 110 Lo 60 3,190 260 Lo 150
33-34 1,220 1,240 Lo 220 100 Lo S0 2,930 300 Lo 150
3:=35 1,L20 1,290 Lo 200 90 Lo 30 3,110 30 Lo 150
1935-34 1,5L0 1,320 Lo 180 80 Lo 20 3,220 370 Lo 150
-3 1,430 1,130 Lo k20 60 Lo 20 3,1L0 L0o Lo 150
37-38 1,180 950 Lo 650 Lo LO 20 2,920 LLO Lo 150
36-39 900 990 Lo L0 50 Lo 20 2,780 L8o Lo 150
35-L0 760 1,040 Lo 820 50 Lo 20 2,770 510 Lo 150
19.0-41 1,210 1,080 30 910 Lo Lo 20 3,330 sho Lo 150
L1-L 920 1,120 30 1,000 Lo Lo 20 3,170 580 Lo 150
L2-L 980 1,040 30 1,020 Lo Lo 20 3,180 820 L2 150
L3-LL 1,030 970 30 1,070 30 Lo 20 3,150 650 Lo 150
Lb=L5 1,030 890 30 1,110 30 Lo 20 3,150 680 Lo 150
19h5-L5% 1,030 810 30 1,150 20 Lo 20 3,100 720 Lo 150
L5-47 1,030 740 20 1,180 20 Lo 20 3,050 760 Lo 150
L7-L8 1,010 660 20 1,220 20 Lo 20 2,990 750 Lo 150
LE-LS 720 580 20 1,260 20 Lo 20 2,660 820 Lo 150
L9-50 570 590 20 1,060 30 Lo 20 2,330 900 50 150
1950-51 570 600 20 860 50 Lo 10 2,150 990 50 150
£1-52 760 610 20 650 60 L0 10 2,10 1,070 70 150
52453 750 620 20 L0 80 Lo 10 1,980 1,150 80 150
£3-5L 760 530 10 260 90 40 30 1,820 1,230 90 150
S4-55 780 580 10 260 80 Lo 30 1,780 1,310 110 130
1955-55 7L0 530 10 250 & Lo 30 1,460 1,390 130 120
58-57 L8o Lgo 10 2Lo S0 Lo 30 1,330 1,L80 150 100
57-58 590 L30 [} 2k0 Lo Lo 20 1,340 1,560 170 80
AREAL CULTURE
WITHIN BOUNDARY OF THE VALLEY FILL
{continued)
VERDUGO KYDROLOGIG SUBAREA®
(5,000 Acres)
Irrizated crovs H : H B
H : : : i Alfalfa : : H : :Comrercial: sRiparian:
Year :Deciduous: Citrus :Walnuts: Truck : and : Lawn :Irrigated: Total : Resi- and tMiscella~: vege-~
3 : H H : pasture : grass®: vinevard: : dential :industrial: neous : tation
1928-29 Lo 50 10 100 300 510 Lo 320 30
29-30 110 50 10 100 270 sko Lo 320 30
1$:0-31 €0 50 10 100 2L0 570 50 320 30
31-32 90 S0 10 100 250 590 50 320 30
32-33 80 50 10 1C0 2h0 620 50 320 30
33-3L 70 Lo 10 100 220 450 S0 320 30
3435 80 Lo 10 100 230 480 50 320 30
1935-34 80 L0 10 100 230 700 60 320 30
3537 80 Lo 10 100 230 750 60 320 30
37-38 &0 Lo 10 100 210 810 70 320 30
38-39 50 30 10 100 190 850 70 320 30
39-L0 Lo 30 10 100 180 920 80 320 30
19L0-k1 70 30 10 110 220 1,030 80 320 30
Llei2 50 30 10 110 200 1,080 50 320 30
50 30 10 110 200 1,190 100 320 30
50 20 10 110 190 1,300 100 320 30
50 20 10 110 1%  1,Loo 110 320 30
60 20 10 110 200 1,510 120 320 30
50 20 10 110 190 1,450 130 320 30
50 20 10 110 190 1,780 150 320 30
Lo 10 10 110 170 1,850 150 320 30
30 10 10 110 260 2,030 160 320 30
1950-51 30 10 10 110 150 2,140 170 320 30
51.52 L0 10 10 120 180 2,320 180 320 30
52-53 Lo 10 10 120 180  2,L30 190 320 30
53-5L Lo 10 10 120 180 2,590 210 320 30
SL-55 10 20 20 120 160 2,750 220 260 20
1955-56 10 10 30 120 170 2,860 230 200 20
55-57 10 10 Lo 150 210 3,020 2Lo U0 20
57-58 10 10 60 150 230 3,200 250 80 20
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: Dry farm
Water :and natlve

1,930
2,290

2,530
2,LLo
1,960
2,150
1,960

1,820
1,870
2,050
2,150
2,130

1,540
1,660
1,610
1,570
1,580

1,590
1,600
1,630
1,930
2,170

2,250
2,150
2,2L0
2,310
2,270

2,300
2,540
2,430

;i Dry farm
: Water :and native
:surface:veretation

3,800
3,800

3,790
3,760
3,740
3,730
3,690

3,660
3,600
3,550
3,530
3,70

3,320
3,280
3,160
3,060
2,950

2,820
2,680
2,540
2,Ll0
2,300

2,150
1,970
1,850
1,870
1,590
1,520

1,370
1,220



TABLE K-6

AREAL CULTURE
WITHIN BOUNDARY OF THE VALIEY FILL
(contimed)

SAN FERNANDO AND EAGLE ROCK HYDROLOGIC SUBAREAS
(112,800 Acres)

] t [} 1Commerciali tRipariant t Dry farm
Year i1Deciduouss Citrus sWalnutss Truck ¢« and 1 Lawn rrigateds Total ) Resi- 1 and  iMiecella«r vege< t Water tand native

926-29 2,700 8,960 B,ll0 23,50 7,890 1,670 1,,10 54 s720 18,410 | 2,9% 1,110 1,370 8.0 33,b20
9=30 2,130 9,220 7,860 23,210 7,59 1,670 810 52,k 19,55 3,L00 1,110 1,370 ] 3,030
193-31 1,610 9,850 7,270 22,970 6,590 1,670 630 50,490 20,710 3,850 1,110 1,370 8.0 34,230
31-32 1,720 9,580 7,270 18,760  £,780 1,670 470 46,250 21,880 4,320 1,110 1,370 8Lo 37,030
32-33 1,060 9,450 6,570 18,900 7,£20 1,670 9.0 L4,230 23,040 4,750 1,110 1,370 8Lo 35,k20
33-3L 900 9,620 7,260 20,510 6,850 1,670 980  L7,790  2i,1% 5,260 1,470 1,370 8u0 31,880
-3 1,00 9,510 7,250 20,600 7,100 1,670 550  L7,790 25,330 5,720 L,k70 1,370 810 30,280
6,180 1,470 1,370 8Lo 26,340

1935-36 1,120 10,000 7,720 21,610 7,50 1,670 L9o 0,100 26,500
)6-37 1,050 10,640 7,190 21,210 6,520 1,670 Loo 48,680 27,630 6,650 1,70 1,370 8Lo 26,160
37-38 870 10,930 6,810 16,340 7,750 1,670 Llo  Lh,780 28,750 7,100 1,470 1,370 8Lo 28,480
38-35 660 10,930 6,890 14,100 7,970 1,70 3l L2,5% 29,890 7,570 1,500 540 8.0 29,680
3940 $50 10,920 6,090 13,530 7,350 1,670 290 L40,L00 31,020 8,030 1,550 370 auo 30,590

19,0-L1 890 10,750 5,270 1,520 6,170 1,780 280 39,760 32,100 8,L50 1,550 370 960 29,570
k-2 680 10,720 5,890 17,160 6,950 1,760 320 43,500 33,230 8,950 1,550 370 960 2L,2L0

he-L3 710 1L,L60 5,700  1,L90 7,60 1,780 300 L2,080 30,300 9,410 1,550 370 960 24,130
b3l 790 12,200 5,530 11,810 8,330 1,780 290 L0690 35,380 9,880 1,550 370 960 23,970
blhls 750 12,330 5,470 11,010 8,330 1,780 270 39,940  36,k60 10,330 1,550 370 960 23,190
19L5-L6 750  12,4L00  S,L70 8,760 9,990 1,760 260 39,L10 37,530 10,790 1,700 370 960 22,040
L6-h7 750 11,960 §,h60 6,170 8,780 1,780 20 35,160 38,570 11,250 1,700 370 960 2k,790
L7-L8 7,0 12,200 5,480 5,520 9,770 1,780 220 35,710 39,630 11,710 1,730 3h0 960 22,720
LB8-L9 520 10,510 L,k50 5,610 10,430 1,780 210 33,510 L0,700 12,160 1,770 300 960 23,400
19-50 Lzo 10,L80 4,230 [,870 8,770 1,780 190 30,70  L2,060 12,340 1,770 300 950 24,630
1950-52 L10 10,210 4,240 5,980 8,970 1,760 190 31,780  L3,k20 12,530 1,780 250 960 22,0L0
51-52 550 9,950 3,600 1,960 9,640 1,860 170 30,940  4L,760 12,710 1,790 280 960 21,310

860 150 28,750 k6,150 12,500 1,800 270 960 21,970
860 120 27,570  L7,L90 13,070 1,800 270 960 21,610
860 100 21,830 49,840 13,10 1,900 250 960 24,870
as0
0%0
0%0

%0 19,130  $2,2.0 13,210 2,080 260 960 211,920
70 14,830  5L,570 13,280 2,590 230 960 26,340
60 1,580 56,900 13,350 2,720 200 960 2L, 090

AREAL CULTURE
WITHIN BOUNDARY OF THE VALIEY FILL
{continued)

TOTAL VALLEY FILL AREA
(123,400 Acres)

. H H [l 3 Alralia ] ] 1 tCommerciali sRipariant t Dry farm
and 1Mlscella~y vege- ¢ Water iand native

1928-29  L,610 10,010 B,LB0 23,930 8,050 1,810 1,L90 58,380 19,0,0 3,010 1,580  1,L,00 840 39,156
29-30 3,550 10,350 7,900 23,520 7,7,0 1,810 850 55,720 20,260 3,L80 1,580 1,400 aLo Lo,120
1930-31 2,690 11,060 7,310 23,250 6,030 1,810 660 53,610 21,L80 3,940 1,580 1,L00 80 40,550
-3 2,870 10,830 7,310 19,020 6,90 1,810 500  L9,2L0 22,700 b, L10 1,580 1,400 8,0 43,230
32-33 2,630 10,730 6,610 19,150 7,730 1,810 1,000 19,650 23,920 L,880 1,580 1,400 8L0 L1,120
333k 2,190 10,920 7,300 20,7L0 6,950 1,810 1,030 50,940  25,1L0 5,350 1,940 1,400 8L0 37,790
335 2,550 10,900 7,290 20,810 7,190 1,810 580 51,130 26,350 5,810 1,90  1,k00 840 35,930
1935-36  2,7,0 11,400 7,760 21,800 7,530 1,810 510 53,550 27,570 6,280 1,90  1,L00 eho 31,820
36-37 2,560 11,610 7,230 21,640 6,560 1,810 L20 52,050 28,790 6,750 1,540 1,L00 8Lo 31,620
37-38 2,110 11,920 6,850 17,000 7,790 1,810 L3o 47,910 30,010 7,210 1,9L0 1,400 8L0 3k,090
3839 1,610 11,950 6,930 1,850 8,020 1,810 360  L5,530 31,230 7,680 1,970 590 aLo 35,560
39-40 1,350 11,990 6,130 14,30 T7,L00 1,810 310 k3,350  32,L50 8,150 2,020 Loo 8L0 36,190
wWho-b1 2,170 11,860 5,300 15,540 6,210 1,930 43,310 33,670 8,610 2,020 Loo 950 3b,L0
L1-h2 1,660 11,870 5,920 18,170 6,990 1,930 b0 u6,870  3L,8%0 9,080 2,020 Loo 960 29,180
L2-43 1,70 12,530 5,130 15,530 7,680 1,930 320 bL5,L60 36,110 9,550 2,020 Loo 960 28,900
Li-lh 1,830 13,190 5,560 12,890 6,360 , 1,930 310 LL,O70 37,330 10,020 2,020 Loo 960 28,£00
Lh<s 1,830 13,2l0 5,500 12,130 8,360 ‘1,930 290 43,280  38,5.0  10,L80 2,020 Loo 960 27,720
hs4é 1,840 13,230 5,500 9,920 10,010 1,930 280 12,710 39,760 10,950 2,170 400 960 24,L50
Lé<l7 1,830 12,720 5,500 7,360 8,800 1,930 260 38,L00 40,980 11,k20 2,170 Loo 960 29,070
L7-l8 1,800 12,880 5,500 6,750 9,790 1,930 2,0 38,850 42,200 11,890 2,200 370 960 26,890
b8y 1,280 11,200 L,L70 6,880 10,450 1,930 230 36,30  L3,L10 12,350 2,2L0 330 960 27,770
L9-50 1,020 11,080 4,250 5,940 8,800 1,930 210 33,230  uh,990 12,950 2,2L0 330 960 29,100
1950-51 1,010 10,820  L,260 6,650 9,020 1,930 200 34,090 46,570 12,760 2,250 320 960 26,L50
§1-sz 1,350 10,570 3,630  S.650 9,900 2020 180 33,300 L6350 12, 2,260 30 960 250
5253  1,3L¢ 9,910 3,620 5,940 7,920 2,020 60 30,910  L9,730 13,170 2,270 300 960 26,060
$3-54, 1,350 9,100 3,220 5,700 8,030 2,020 150 29,570 51,310 13,370 2,270 300 960 25,20

SL55 1,300 8,370 2,920 L,630 li,h00 2,020 130 23,770 53,900 13,L70 2,290 260 960 20,720

1956-56 1,230 7,600 2,600 L,090 3,300 2,020 120 20,950  55,L90 13,570 2,L00 200 960 28,7.0
5557 800 5,90 1,720 3,940 2,0L0 2,280 100 16,370 59,070 13,670 2,830 250 960 30,250
57-58 960 1,880 1,150 L,030 2,750 2,280 80 16,170 61,660 13,770 2,860 220 960 27,740

& Does not include residential lawn grass arees.
b. Izcludes the portion of Mook Hill Basin within the Upper Los Angeles River Arsa.
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TABLE &-7

VALLEY FILL ARZA
"EA WITHIN EACH SUBAREA

In Acres
152B-29 320 270 80 2,120 1,000 20 11,150 30 50 30 Lo 3,170 a70
23-30 250 270 &0 2,1.0 1,010 20 b,190 20 S0 30 Lo 3,210 900
190 270 80 2,150 1,020 20 4,220 20 5o 30 Lo 3,2L0 920
200 270 80 2,1€0 1,030 20 4,160 20 50 30 Lo 3,280 950
g %0 80 2,210 1,0L0 20 L, 270 20 50 30 Lo 3,510 980
70 250 80 2,2L0 1,050 20 1,250 10 so 30 Lo 3,350 1,010
8o 250 80 2,260 1,070 20 4,200 20 50 20 Lo 3,380 1,0L0
80 2Lo 80 2,250 1,080 20 L,170 20 50 20 Lo 3,L20 1,060
&0 230 go 2,320 1,090 20 L,1ko 20 50 20 Lo 150 1,050
50 220 80 2,350 1,100 20 1,120 10 50 20 Lo 3,150 1,110
50 210 80 2,38 1,110 20 h,110 10 50 20 Lo 3,520 1,1L0
L 210 80 2,L00 1,130 20 1,080 10 5 10 Lo 3,560 1,150
70 200 130 2,L30 1,1Lo 20 3,970 10 S0 10 Lo 3,590 1,160
50 1%0 130 2,k60 1,150 20 3,960 10 50 10 Lo 3,630 1,170
30 220 130 2,620 1,250 20 3,650 20 Lo 10 Lo 3,670 1,170
Lo 2to 130 2,790 1,370 20 3,370 20 30 10 Lo 3,700 1,180
Lo 260 130 2,950 1,L80 20 3,080 20 20 120 Lo 3,740 1,190
19h5-L& Lo 280 130 3,120 1,5%0 20 2,760 20 10 10 Lo 3,770 1,200
ud-L7 Lo 300 130 3,280 1,700 20 2,450 20 0 10 Lo 3,800 1,200
L7-L8 Lo 320 130 3,k50 1,810 50 2,160 20 0o 10 Lo 3,8L0 1,210
18-L9 30 3L 130 3,610 1,920 50 1,880 10 0 10 Lo 3,870 1,220
1:9-50 20 300 130 3,750 1,%L0 50 1,770 10 0 10 Lo 3,910 1,220
1950-51 20 270 130 3,900 1,950 S0 1,6k0 10 o] i0 Lo 3,920 1,230
51-52 30 230 160 L,0L0 1,970 50 1,h80 10 0 10 Lo 3,5L0 1,2L0
52-53 30 200 160 L,190 1,580 50 1,350 1 0 10 Lo 3,970 1,24¢
5354 30 160 160 l:,330 2,000 50 1,230 10 0 10 Lo 2,980 1,2L0
SL-55 30 120 160 L,lh70 2,010 90 1,080 10 0 20 Lo 3,990 1,250
1985-56 20 90 160 4,610 2,030 120 930 10 o 20 Lo k4,020 1,260
26-57 20 S0 170 L,750 2,0L0 160 770 10 [¢] 20 80 L,030 1,260
57-58 20 10 170 L,890 2,050 190 620 10 0 30 80 L,0Lo 1,250
AREAL CULTURZ OF VALLEY FILL AREA
BY WATER SERVICE AREA WITHIN EACH SUBAREA
(continued)
In icres
Year © H H : H s Irri- fp 0 oie L i uormarelals,, . B
:Deciduous: Citrus : Walnuts : Truck : Alfalfa : gated =La::: Irrigated, pocidential @ and :Klscal-:i
: H H H : ipasture 16T :vineyard H :industrial:laneous:vi
2,310 8,300 8,lho 24,930 7,880 1,270 1,170 10,160 150 gco Lg8o
1,790 8,560 7,860 22,550 7,580 1,270 670 11,1%0 250 800 1 ¢%
1,3Lo 9,190 7,270 22,310 6,680 1,270 520 12,20 680 800 1,270
1,Llo 8,920 7,270 18,100 6,770 1,270 250 13,250 1,100 8oc 1,L20
Béo 8,770 6,570 18,260 7,610 1,270 7680 1L,2v0 1,520 800 9Lo
730 8,920 7,260 19,880 6,840 1,270 820 15,290 1,910 1,160 920
830 B.8L0 7,250 19,990 7,090 1,270 L0 16,310 2,310 1,150 1,350
900 9,290 7,720 21,010 7,uL0 1,270 L1o 17,320 2,710 1,150 1,L20
830 9,870 7,190 20,610 6,510 1,270 330 18,330 3,120 1,140 1,500
720 10,160 6,810 15,760 7,7L0 1,270 350 19,310 3,520 1,160 1,490
53  10,1k0  6,8% 13,530 7,950 1,270 280 20,300 3,930 1,1k0 1,5L0
LLo 10,100 6,090 12,970 7,340 1,270 2Lo 21,300 L,3b0 1,0L0 1,580
720 9,910 5,270 14,080 6,160 1,310 230 22,2L0 k,750 1,040 1,580
550 9,860 5,890 16,630  6,9L0 1,310 270 23,220 5,170 1,00  1,5L0
53 10,660 5,700  13,9L0 7,630 1,310 250 23,970 5, L8e 1,010 770
slo 11,kLko 5,530 11,260 8,320 1,310 2Lo 2k, 730 5,800 1,040 1,530
sko 11,530 5,470 10,460 8,320 1,310 220 25,510 6,080 1,040 1,330
SLo 11,750 5,470 8,200 9,960 1,310 220 26,260 ,380 1,00 1,0.0
slo 11,380 5,L680 5,610 8,770 1,310 200 27,000 6,710 1,0L0 890
530 11,660 5,L8o L, 960 9,760 1,310 180 27,70 7,020 1.,0L0 660
370 10,010 i,lso 5,050 7,690 2,730 1,310 170 28,450 7,320 1,080 150
310 10,030 4,230 L, 360 7,690 1,070 1,310 160 29,560 7,LLO 1,080 L70
300 9,820 L,2k0 5,510 7,910 1,00 1,310 150 30,60 7,570 1,050 160
Loo 9,590 3,610 L,570 8,2L0 1,560 1,320 1L0o 31,720 7,700 1,100 500
Loo 8,970 3,600 5,100 L, 5k0 2,870 1,320 120 32,820 7,8:0 1,110 520
Loo 8,190 " 3,210 5,110 5,360 2,520 1,320 1c0 33,900 7,960 1,10 510
360 7,560 2,910 L,080 2,630 1,600 1,320 80 35,990 7,980 1,130 510
360 6,890 2,590 3,560 1,6L0 1.550 1,320 70 38,120 7,990 1,250 Leo
210 4,870 1,710 3,60 1,L80 L50  1,3L0 60 10,190 8,020 1,690 50
270 ¢ L,350 1,160 3,600 1,130 1,520 1,340 50 L2,270 8,0Lo 1,780 60

1,L%0
1,L30

1,380
1,310
1.250
1,190
1,130

1,070
1,010
940
900
860

820
770
730
700
630

_ t ury tarm

22,150
2?2,L30

27,320
25,310
2L,

21,080
19,220

15,L30
15,010
18,500
19,320
2¢,170

19,Lk70
1h,3L0
15,L30
15,020
14,850

1L, 560
17,530
16,L50
17,710
19,120

15,760
16,360
17,230
17,120
20,450

21,000
23,330
21,320



Year

1928-29
29-30

1930-31
3n-32
32-33
33-3L
3h-35

1935-35
36-37
37-38
38-39
39-L0

19Lo-L1
la-L2

1955-56
56-57
57-58

Year

1928-29
29-30

1930-31
31-32
32-33
33-3L
3h-35

1935-36
36-37
37-38
38-39
39-L0

1940-L1
L1-L2
L2-L3
L3-LL
Lkels

TABLE K-7

AREAL CULTURE ON VALLEY FILL AREA
BY WATER SERVICE AREA WITHIN EACH SUBAREA

(continued)
In Acres
v [ Bl t t ] 1Commercialy t Dry farm 1 1 Irri- 3 1 1UOTTeTCLad s 5 1 ury 1am
Decld- Lawn . Reai- scel- Lawn _° Renie Hiecel-' Riparign
: uous :9,_“”._' Trusk ' g:-nl‘:dul'n,iLl.:.,,,,,',",.d,,4 _,!?‘mm-f:'_‘ﬂ_f:ﬁ:f Truok :"f::‘::‘__: sﬂll‘:dontil f._‘_‘,:’_,‘,flln-wu_wptltionf,‘_ﬂf_[‘ff‘ff:
20 310 190 10 300 Lo 20 1,530 60 0 260 1,bko 520 150 20Q 2,L60
10 o 190 10 320 Lo 20 1,520 60 0 260 1,kLso 650 160 200 2,130
10 310 190 10 Lo 50 20 1,L50 60 o 260 1,060 860 140 200 2,110
10 310 1%0 10 30 S0 20 1,k70 60 0 260 1,L%0 a7 160 200 2,070
20 330 190 10 380 50 20 1,L20 50 0 260 1,510 860 160 200 2,0L0
10 350 190 10 400 60 20 1,380 50 [} 260 1,5L0 900 160 200 2,000
20 EY() 190 10 L20 60 20 1,330 ko 0 260 1,560 910 160 200 1,970
20 3% 1% 10 Lko 60 20 1,290 Lo 0 260 1,590 930 160 200 1,920
20 L0 200 10 ° 20 1,230 Lo ) 260 1,610 9Lo 160 200 1,890
10 Lo 200 10 Léo 70 20 1,210 30 0 260 1,6L0 960 160 200 1,860
10 Lko 200 10 500 70 20 1,170 30 0 260 1,660 970 210 150 1,830
10 Leo 200 10 S20 70 20 1,130 30 0 260 1,690 990 360 o 1,780
10 L8o 200 20 sLo 80 20 1,070 20 0 250 1,710 1,000 360 0 1,760
10 500 200 20 560 80 20 1,030 20 0 260 1,740 1,020 360 0 1,710
70 L70 1%0 20 610 90 20 950 20 (4] 260 1,770 1,0L0 360 [} 1,6L0
70 Luso 180 20 670 100 20 910 20 0 260 1,600 1,060 360 0 1,580
70 L20 170 20 720 1o 20 890 10 0 260 1,830 1,080 360 [} 1,5L0
70 3% 160 20 780 120 20 860 10 0 260 1,860 1,100 510 0 1,3L0
70 360 150 20 830 120 20 850 10 0 260 1,890 1,120 510 o 1,290
70 A0 U0 20 880 130 20 620 0 0 260 1,920 1,130 510 0 1,260
50 310 130 20 9lio uo 20 810 0 0 260 1,950 1,130 510 0 1,220
Lo 280 120 20 990 150 0 800 [v) [+ 260 1,980 1,160 510 0 1,190
Lo 250 10 20 1,0L0 160 20 7680 0 10 260 2,010 1,180 510 ] 1,130
S0 230 100 20 1,100 170 20 730 0 10 300 2,030 1,190 510 o 1,050
5% 200 90 20 1,150 180 20 710 0 20 300 2,060 1,210 510 0 990
S0 170 80 20 1,210 150 20 680 0 30 300 2,080 1,220 510 0 950
50 wo 70 20 1,260 1%0 20 670 0 Lo 300 2,110 1,2L0 510 0 890
S0 120 60 20 1,310 200 20 6LO [} Lo 2,130 1,250 510 0 870
kY 90 50 20 1,370 210 20 630 0 s0 L% 2,160 1,270 sho 0 630
Lo 60 0 20 1,b20 220 20 600 [} 60 L50 2,180 1,280 SLo [+] . 5%0
AREAL CULTURE ON VALLEY FILL AREA
BY WATER SERVIGCE AREA WITHIN EAGH SUBAREA
(continued)
In Acres
"~ Commeroialt t farm 1 ' t t Irri- ¢ ' ' ' 1 1ommercials _1 ury rarm
:Basidenuall and m’cel'lagsynativexDe"'id':citrus:Truck: gated 1CitrustTrucktAllalfa;“®" aResidentials  and x;iscel tand native
N sdndurtrial ( 180€0UB o ot ations UOUE : ivineyard: t ' 1grass, 1industrial 118N9%U8; vgpatation
830 120 30 970 6 20 50 2Lo 280 & 10 10 3% 150 30 190
860 120 30 1,050 S0 20 50 Lo 2680 60 10 10 390 190 30 190
8%0 130 30 1,050 Lo 20 50 1o 280 60 10 10 3% 190 30 190
920 130 30 1,050 Lo 20 S0 80 280 &0 10 10 3% 190 30 1%0
950 130 30 900 8o 20 50 160 260 60 10 10 390 190 30 1%0
980 1o 30 870 T 20 50 160 280 60 10 10 390 190 0 1%0
1,010 10 0 890 80 30 S0 90 280 60 10 10 390 150 30 190
1,050 150 30 850 80 30 50 8o 280 60 10 10 390 190 30 190
1,070 150 30 850 8o 30 Lo 70 260 70 10 10 390 190 30 180
1,100 150 30 8Lo 60 B Lo 70 270 70 10 10 390 190 0 190
1,1L0 160 30 810 50 0 Lo 60 270 70 10 10 3%0 190 30 190
1,160 160 30 800 Lo Lo ko 50 270 70 10 10 3%0 190 30 190
1,200 170 30 720 70 Lo Lo 50 270 70 10 20 3%0 190 30 100
1,230 170 30 710 50 Lo Lo 50 270 70 10 20 3%0 190 0 180
1,250 170 30 710 0 Lo Lo 50 250 70 10 20 lno 200 30 170
1,260 170 b 690 Lo Lo Lo 50 2Lo 60 10 20 L30 200 30 170
1,270 180 30 670 Lo Lo Lo S0 220 60 10 20 Lo 210 30 170
1,280 180 30 680 W 3 Lo Lo 20 60 10 20 160 220 30 150
1,300 180 0 660 Lo 30 Lo Lo 190 50 10 20 L70 220 30 170
1,310 180 30 650 Lo 30 Lo Lo 170 50 10 20 L%o 230 30 160
1,320 1680 30 60 30 3 Lo Lo 160 Lo 10 20 510 230 £ 160
1,340 1% 30 6Lo 20 30 Lo 30 Lo Lo 10 20 530 2Lo 30 150
1,360 1%0 30 630 20 20 Lo 30 120 Lo 10 20 sLo 250 30 150
1,370 190 X 610 30 2 Lo 30 1o 30 10 20 S0 250 30 150
1,380 190 30 600 30 20 Lo 30 90 30 10 20 580 260 30 10
1,390 190 0 600 30 20 Lo 20 80 30 10 20 600 270 30 120
1,l10 200 ko] 570 30 20 Lo 20 60 20 10 20 610 270 30 140
1,420 200 30 s80 20 10 Lo 20 Lo 20 10 20 630 280 30 130
1,L30 200 30 580 20 10 Lo 10 10 10 30 640 280 B 130
’ 200 3 570 20 10 Lo 10 10 10 10 30 660 290 30 120



A\

193536

1928-29
29-30

1930-31
l-32
32-33
33-3k
3L-35

1935-36
35-37
37-38
38-39
39-Lo

19L0o-L1

19h5-Lé
L6-L7
L7-L8
L8-Ly
L9-50

1950-51
51-52
52-53
53-5L
sk-55

1955-56
§6=57
57-58

760

1,210
920
960

1,030

1,030

1,030
1,030
1,0i0

570

570
760

760
780

740
Lso
590

580

530
Lso
L3o

Q0000 ©Co

OCCO0O0OO feli=foNoNe) oo0oCcoo0

280
260

130

800
870
950
1,000
1,080

1,150
1,230
1,300
1,380
1,L60

1,520
1,600
1,700

oo [oleNaNoNa)

BY WATER SERVICE AREA

20
30

S0
90
80
£0
Lo

BY WATER SERVICE AREA WITHIN EACH SUBAREA

AREAL CULT
Lo 8o
Lo Lo
Lo 30
Lo 30
Lo 60
Lo 50
Lo 30
Lo 20
Lo 20
Lo 20
Lo 20
Lo 20
Lo 20
Lo 20
Lo 20
Lo 20
Lo 20
Lo 20
Lo 20
4o 20
Lo 20
Lo 20
Lo 10
Lo 10
Lo 10
Lo 30
Lo 30
Lo 30
Lo 30
Lo 20

oN v

(continued)

In hcres

80
120

160
190
220
260
300

330
360

LLo
L70

500
5L0

610
630

670

7L0
770
850

930
1,010
1,050
1,170
1,250

1,330
1,la0
1,L90

L AREA
EACH SUPAREA

AREAL CULTURE ON VALIEY FILL AREA

120
120

120
120
120
120
120

120
120
120
120
120

120
120
120
120
120

120
120
120
120
120

120
120
120
120
100

80
30

(continued)

In Acres

1,€Lo
1,860

1,870
1,850
1,8Lo
1,820
1,810

1,790
1,770
1,70
1,730
1,690

1,610
1,590
1,5L0
1,80
1,L30

1,340
1,280
1,150
1,130
1,050

980
880
810
720
670

610
530
k30

88888 883888 8%

150
150

150

130

120
100
80

T H
:Residential:a

Lo
Lo

Dry farm
nd native

20
8o

80
80
80
80
€o



TA3LE K-7

AREAL CULTURE ON VALLEY FILL AREA
BY WATER SERVICE AREA WITHIN EACH SUBAREA

(continved)
In Acres
. 1 Riparien ] Dry fam s 1
t Dagiduous ¢t Citrus o Truok 1 Residential ¢ t vegetation l EE. ',’ff'f:‘_' l Residential '

1928-29 b[] 50 10 &0 10 10 LLo 20 300
29-30 20 50 10 70 10 10 LLo 30 2%
1930-31 20 so 10 70 10 10 bLo 30 290
31-32 20 50 10 70 10 10 uho 30 290
J2=33 20 50 10 80 10 10 k30 30 2%0
333 10 Lo 10 80 10 10 uso 30 290
3L-35 20 Lo 10 90 10 10 Lo 30 290
1935-35 20 Lo 10 90 10 10 L30 30 290
36-37 20 Lo 10 100 10 10 L20 Lo 280
37-38 10 Lo 10 100 10 10 k30 Lo 280
38-39 10 30 10 110 10 10 L30 Lo 280
39-L0 10 30 10 120 10 10 L20 Lo 280
19L0-11 10 10 130 10 10 k1o 50 270
- 10 30 10 o0 10 10 Loo °0 270
L2-1L3 20 30 10 150 10 10 380 260
L3=Lh 20 20 10 160 10 10 360 60 260
Lli=b5 20 20 10 180 10 10 350 70 250
19LS -LS 20 20 10 190 10 10 350 70 250
L6=L? 20 20 10 210 10 10 330 8o 2Lo
L7-L8 20 20 10 220 10 10 320 80 240
L8-L9 10 10 10 2lo 10 10 320 % 230
L9-50 10 10 10 250 10 10 310 100 220
1950-51 10 10 10 270 10 10 2% 100 220
51-52 10 10 10 2%0 10 10 270 110 210
52-53 10 10 10 300 10 10 260 10 210
53-5k 10 10 10 320 10 10 2Lo 120 200
5L-59 o 10 10 3u0 10 10 230 130 1%0
195556 0 10 10 360 10 10 210 130 190
56-57 0 10 10 360 10 10 1%0 ko 180
§7-58 [} 10 10 Loo 10 10 170 150 170

as Does not include residential lavn grass areas.
b Inoludes the portiom of Monk Kill Besin im the Upper Los Angeles Hiver irea.

lote: Aresl oulture cuteide of the sajor water service areas is mot inoluded in this tabulation,
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APPENDIX L

PROCEDURES.FOR ESTIMATING AVERAGE CONSUMPTIVE USE

AND DEEP PERCOLATION ON VARIOUS LAND USE CLASSES

BY THE INTEGRATION METHOD

The methods described herein are utilized to develop annual
values for the depth of consumptive use and deep percolation of rain and
delivered water applied on the various land use classes existing within
the San Fernando, Eagle Rock, Sylmar and Verdugo Hydrologic Subareas.
Unit consumptive use values afe determined herein for use in the Inte-
gration Method as discussed in Chapter VI. For purposes of this appendix,
the Eagle Rock and San Fernando Hydrologic Subareas have been considered
as a single unit and the values thus.derived for the San Fernando Subarsa
are intended to also apply to the Eagle Rock Subarea.

The term consumptive use, as utilized in this report, is defined
as the amount of water used by the vegetative growth of a given area in
transpiration or building of plant tissue and evaporated from adjacent
soil. It also includes the evaporatign of precipitation intercepted by
vegetative growth or impervious area, the water evaporated in industrial
processes, household uses, or that which is permanently incorporated in.
the product. Delivered water as heretofore defined is water delivered by
man-made works to a given land use classification and has been discussed
in Appendix J. Native waters are defined as precipitation and hill and
mountain runoff.

Rainfall on the valley surface is partially disposed of as con-
sumptive use and deep percolation. The remainder, termed residual rain,
is runoff from the area on which the precipitation fell and contributes to

the total runoff out of the area of investigation. The deep percolation of

-6



residual rain and hill and mountain runoff in transit between the point of
application and the point of exit from the valley f£ill area is termed deep
percolation in the stream system. Delivered water is disposed of by con-
sumptive use, deep percolation, sewage and waste.

The annual depths of delivered and native waters which become
consumptive use, deep percolation and residual rain at the area of applica-
tion are treated herein. Available data concerning consumptive use comprise
average amounts of consumptive use measured under certain climatic and water
use conditions in various localities. In certain instances these data have
been transposed to the Upper Los Angeles River area by correcting for the
average temperature differences between the two localities. However, no.
satisfactory method has been developed to completely adjust these values
for all the effects of variations in seasonal rainfall, rainfall patterns
and fluctuations in the methods of applying delivered water in the two re-
spective areas., It is apparen#, therefore, that the values will give a re-
lationship as to the relative use of water between various classifications
but that the anmual consumptive use of water may require adjustment to
account for these effectis.

The division of rain and delivered water into consumptive use,
deep percolation and residual rain within the three basic hydrologic sub-
areas has been estimated for each of the culture classifications listed
in Appendix K. The depths of consumptive use, deep percolation and
residual rain as well as the sum thereof have been computed on a gross

acreage basis; that is, the value derived is applicable to the gross

L-7



acreage including the proportion which is impervious and hence relatively
nonconsumptive. Data utilized herein concerning precipitation, land use

and delivered water are from Appendixes E, K, and J, respectively.

Evaporation of Precipitation

Evaporation is a function of vapor pressure which varies with
humidity, temperature and wind movement. The evaporation pan is sensitive
to these factors and is commonly utilized to determine rates of evaporation
from water surfaces. The rate of evaporation from moist surfaces, such as
saturated soils and wet impervious areas, has been considered to have an
evaporation rate equivalent to that of a water surface. A study of evap-
oration pan records and meteorological data for various locations on the
valley floor indicates that conditions at Encino Reserveir may be considered
as representative of the valley floor.

Evaporation records for the 10-year period from 1946-L7 through
1955-56 for the 24-inch diameter screened ground evaporation pan located
at Encino Reservoir were utilized in determining rates of evaporation of
rainfall from the valley floor. During this period the screened pan coef-
ficient was 0.98 as determined by experiments at Encino Reservoir. This
period was selected from the longer record available because prior to
1946-LT the evaporation pan was operated under conditions wherein the pan
coefficient was uncertain, and subsequent to 1955-56 daily readings were
not made.

From the 10-year period of record, average daily pan rates of

evaporation were determined for each month of each year for storm periods
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and for nonstorm periods. In the determination of average daily rates of
evaporation during storm periods, small individual storms were neglected
when the daily evaporation rate exceeded the rainfall, The average daily
evaporation rate during storms was determined by averaging the daily evapo-
ration for the number of days that precipitation occurred. During June,
July, August and September, storms were not prevalent but the records indi-
cate that the evaporation rate during storms in these months was approxi-
mately 0.10 inch per day. The average daily rates thus determined are used
in computing the evaporation of rainfall during the base period and are as

follows:
AVERAGE DATLY RATES OF RAINFALL EVAPORATION™
In Inches
Month | GO stomm Honth | ung T IS
October 0,085 0,182 April 0,065 0.163
November 0.051 0.13L May 0.053 0.195
December 0,031 0.089 June 0.100 0.217
January 0.029 0.078 July 0.100 0.283
February 0,032 0,102 August 0.100 0.27L
March 0,057 0.130 September 0,100 0.251

* Based on record of 24~inch diameter screensd ground pan
at Encino Reservoir.
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The monthly evaporation shown in Table L-1 was computed as the
sum of the daily evaporation from individual storms occurring in the month.
Evaporation from individual storms on the valley floor was computed in the
following manner:

1. An individual storm was considered to be a periocd of rainfall
that is separated from another by at least two days of zero precipitation.

2. The daily rate of evaporation from all surfaces during and
after storm periods was assumed equal to the average daily pan rate during
like periods.

3. On pervious areas the evaporation computation consisted of
two parts: (1) during storm periods the evaporation was computed using the
daily evaporation rates shown on page IL-9 for storm periods for the number
of days in which precipitation occurred; and (2) after storm periods the
evaporation was computed using the after storm rate shown on page 1-9 up
to a total of 0,60 inch, if available, or until another storm occurred.

The sum of the two parts was the total evaporation for an individual storm
from pervious areas. The 0.60 inch maximum is based on data published in
State Division of Waber Resources Bulletin No. 33,0 which notes that
observations made in Southern California indicate that the average evapora-
tion loss from the topsoil is one-half acre-inch per acre after each
rainstorm, although the total evaporation after a storm may amount to 0.7
inch.

. On impervious areas the evaporation computation also consisted
of two parts: (1) during storm periods the evaporation was computed using

the daily evaporation rate shown on page L-9 for storm periods for the
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number of days in which precipitation occurred; and (2) after storm periods
the evaporation was computed using the after-storm rate on page L-9 until
the sum of the two parts amounted to a maximum of 0.50 inch or until another
storm occurred. The maximm of‘O.SO inch was exceeded only when the storm
period was sufficiently long so that the evaporation during the storm ex-
ceeded 0.50 inch. In such instances the evaporation after storms was con-
sidered to be zero. A study made of the Seco and Broadway Drains in the
Raymond Basin indicated that the average evaporation after individual storms
of more than one inch total precipitation on suburban areas is about 0.50
inch.

5. When the evaporation rate exceeded the daily precipitation

the amount of the latter was taken as the daily evaporation.

Transpiration Requirements

Transpiration requirements have been determined experimentally for
various types of crops in the area of investigation by the U. S, Department
of Agriculture, Soil Conservation Service. Winter transpiration requirements
for alfalfa and citrus only were available in the Upper los Angeles River
area. Values for the other crops were transposed to the Upper Los Angeles
River area from the place of measurement by the ratio of the mean temperature
and percentage of daylight hours at the two places,

Determination of monthly values of winter transpiration use by
alfalfa and by citrus was based on studies made in the San Fernando Valley

by the Soil Conservation Servicel/ E/ in 1940. Records of rainfall and

irrigation water were maintained and the soil moisture depletion was
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TABLE L-1

HONTHLY EVAPORATICN FOR PERVIOUS AND
THPERVIOUS AREAS ON THE VALLEY FILL AREA
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TABLE L-1

MONTHLY EVAPORATION FOR PERVIOUS AND
(continued)

IVMPERVIOUS ARE;S ON THE VALLEY FILL AREA
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determined by analyzing soil samples taken with a standard soil tube.
These values were used without modification.

Monthly values of winter transpiration use by walnuts in the
Upper Santa Ana River 6alley£/ were transposed for use in the San Fernando
Valley by means of the ratio of msan temperatures and percentage of daylight
hours of the two areas. In the San Fernando Valley the U. S. Weather_
Bureau station in San Fernando, which has a L2-year period of temperature
record, was used. In upper Santa Ana River Valley the temperature used was
the average of the Pomona and Fontana Kaiser U., S. Weather Bureau stations
which have L7 and 37 years of record, respectively. The ratio applied
during the winter months was computed as follows:

Mean Temperature
October through April

San Fernando 58.0° F
Pomona 55.0° F
Fontana Kaiser 56.4° F
10 = 58.0 -
Ratio 0 e 1.04
2

Since the percentage of daylight hours is nearly equivalent in the two
areas, the values of Upper Santa Ana River Valley were increased by the
factor of 1.0l to be applicable in San Fernando Valley.

Monthly values of winter transpiration use by deciduous trees in
Upper Santa Ana River Valleyé/ were transposed for use in San Fernando

Valley by the aforementioned factor of 1.0L, The transpiration use by



deciduous trees was derived by the Soil Conservation Servicelg/ from
measurements on Tuscan peach trees in the Ontario area, to which was added
the transpiration use by the winter cover crops. The transpiration use
values for walnuts are average for medium to large trees, considering that
50 percent of the orchard had winter cover erops.

The growing season of double-cropped‘truck was considered to
extend from April through October. Consumptive use during two months of
the winter period, October and April, was determined by the consumptive use
formula u = kfll/ in which u is the monthly consumptive use, k is the
monthly consumptive use coefficient and f is the monthly consumptive use
factor derived from mean monthly temperature and monthly percent of daytime
hours of the year. The value of k was taken to be 0.60 and the f value
for October as 5.1l and for April as 5.29, resulting in the following
values of u:

u (October) = 0.60 x 5.1L = 3.1 inches consumptive use.

u (April) = 0.60 x 5.29 = 3.2 inches consumptive use.
Transpiration use was then determined by subtracting evaporation which was
estimated to be 0.5 inch per month for both October and April. Transpira-
tion use during the remaining fiﬁe winter months was taken to Se 0.7 inch
per month as estimated by the Soil Conservation Service.g/

Monthly values of winter transpiration use by vineyards in Upper
Santa Ana River Valleyg/ were transposed for use in San Fernando Valley by
the aforementioned factor of 1.0L. It was considered that 75 percent of the

vineyard lands had winter cover crops as was the case in the Upper Santa

Ana River Valley.
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Annual consumptive use by dry farm and native vegetation
applicable to San Fernando Valley was computed by the Soil Conservation
Services/ from Santa Ana River Valley data.é/ Annual transpiration use
was determined ‘by subtracting the average annual evaporation, estimated
to be 5.0 inches, from the annual consumptive use. Monthly values of
transpiration use were computed by prorating the annual value in the same
proportion as monthly values determined for nonirrigated hay and grain in
Upper Santa Ana River Valley.ﬂ/

Monthly values of winter transpiration use by riparian vegetation,

derived from results of a field study by Troxell;g/

on the river bottom
lands in Santa Ana River Valley, wers transposed for use in San Fernando
Valley by the aforementioned factor of 1.0L. The average monthly winter
season transpiration requirements so determined for the aforementioned

culture in the area of inwvestigation are listed in Table L-2:

TABLE L-2

AVERAGE MONTHILY NET UNIT TRANSPIRATION
RATES DURING WINTER SEASON

In Inches
clag‘;ﬁ;‘z:tion ; Oct. | Nov. | Dec. : dJan. ; Feb. . Mar. , Apr.:igz;l
Alfalfa 2.9 2.1 0.9 0.9 1.1 2.1 2.2 12.2
Citrus 2.0 1.5 1.1 0.8 0.9 1.2 1.5 9.0
Walnuts 0.5 0.3 0.2 0.2 0.2 0.4 1.0 2.8
Deciduous 0.5 0.3 0.2 0.2 0.2 0.4 1.0 2.8
Truck - double crop 2.6 0.7 0.7 0.7 0.7 0.7 2.7 8.8
Vineyard 0.5 0.5 0.2 0.2 0.2 0.5 0.9 3.0
Dry farm and native
vegetation 1.0 1.2 0.8 0.7 0.7 1.2 1.8 7.4

Riparian vegetation 3.7 3.0 2.1 2.9 1.7 3.7 L.3 21.4
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Fall Soil Moisture Deficiency

Available soil moisture has been taken as the difference between
the field capacity or the maximum ability of a soil to store water above
the capillary fringe against the force of gravity, and the minimum moisture
content below which insufficient moisture is available to the plant to
support growth.

The fall soil moisture deficiency has been taken as the depth of
water in inches required to bring the soil back to field capacity upon
reaching the wilting coefficient. For any particular crop this amount may
be determined as the crop root depth in feet multiplied by the ability of
the soil to hold and release moisture to the roots in inches of water per
foot of soil. Except for lawn grass_in park and residential areas, it
was assumed that this deficiency existed for all irrigated crops in the
Upper Los Angeles River area at the end of the irrigation season on
September 30.

. The ability of soils to hold and release moisture is shown in
Table I-3 for representative California soils. Kramerz/ reports that this
ability varies from 0.50 inch per foot to 3.00 inches per foot. The Soil
Conservation Serviceg/ reports tﬁat the ability to hold moisture in the
area west of Sepulveda Boulevard varies from 1.22 to 2,0l inches per foot.

The depth of rooting for truck crops is shown in Table L-L.
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TABLE L-3

AVATLABLE WATER IN SOILs2/

Inch

Soil type

OzKley fine sand
Salinas fine sandy loam
Yolo fine sandy loam
Delano sandy loam

Fresno sandy 1

Aiken clay loam
Salinas silt clay loam

Salinas clay
Yolo clay

es Per Foot of Depth

Available water

oam

MOMNMOH
\»Co\rl-\'l\‘:).
AwwhH

TABLE L-l

OF ROOTING OF TRUCK CROPS

Brussels sprouts
Cabbage

Cauliflower

Celery

Lettuce, winter
Lettuce, summar and fall
Lettuce, Imperial Valley
Onions, intermediate
Onions, late

Potatoes, early
Potatoes, late

Radish

Spinach

Sprouting broccoli

Sweet corn

(After Table 1)8/

Moderately deep-rooted
(down to L feet)

Beans, pole

Beans, snap, spring
Beans, snap, fall
Beets

Carrots, coastal area
Carrots, Imperial Valley
Chard

Cucumber

Eggplant

Peas, winter

Peas, fall

Peas, Imperial Valley
Peppers

Squash, sumer
Turnips

L-18

0.3L
1.35
1.26
0.80

Deep~-rooted
(down to 6 feet)

Artichokes

Asparagus

Cantaloupes, inland
valleys

Cantaloupes, Imperial
Valley

Lima beans

Parsnips

Pumpkins

Squash, winter

Sweet potatoes

Tomatoes, inland valleys

Tomatoes, coastal areas

Watermelons



The fall soil moisture deficiencies listed in Table L-5, with the
exception of truck crops and lawn grass, are based on measurements made in

1/

the area of investigation by the Soil Conservation Service=' and from
agencies in other areas.g/ Thg fall soil moisture deficiency for truck
crops was determined by their rooting depthg/ and the moisture-holding
capacity of the soil. For lawn graséf the fall soil moisture deficiency
was adopted as one inch, dus to the general practice of applying approxi-

mately one inch of water per irrigation with frequent applications. This

results in a shallow rooting depth and a small fall soil moisture deficiency.

TABIE L-5

FALL SOIL MOISTURE DEFICIENCIES

In Inches
Crop
Alfalfa and irrigated pasture
Citrus
Deciduous

Irrigated vineyard

Lawn grass (residential areas)
Native vegetation and dry farm
Truc

Walnuts

Irrigation Efficiencies

Irrigation efficiency is the ratio of water consumed to water
applied expressed as a percentage. Investigations were made by the U. S.
Départment of Agriculture in 1939 and 19h01/ in cooperation with the City
of Los Angeles to determine irrigation efficiencies in the Upper Los Angeles
River area. The values listed in Table L-6 show irrigation efficiencies for

#Residential areas.
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various crops grown in the area of investigation and were based on results
of the investigation as well as conferences with Mr. H. F. Blangy who was
in charge of the work. The irrigation efficiencies listed were based én
the amount of water delivered to the customer and on consumptive use.
Evaporation of irrigation water, which is estimated to be about 15 percent

of the total delivered water, is included in the consumptive use.

TABLE L-6
AVERAGE IRRIGATION EFFICIENCIES

In Percent
Crop
Alfalfa and irrigated pasture
Citrus
Deciduous
Truck
Vineyard
Walnuts

Optimum Consumptive Use of Water by Lawn Grass

Optimum consumptive use of water by lawn grass was determined
from measurements of consumptive use by lawn grass made through the use of
experimental tanks installed in 1939 in the Raymond Basinwg/ Available
measurements were made during the six-year period starting October 1939 and
ending September 1945. Data from only six of the eight tanks were used.
Data from tanks Nos. L and 5 were not used because these tanks had a wider
rim at the surface and the consumptive use measured from these tanks was
consistently higher than from the remaining tanks during the growing

season. The rims of the tanks were set flush with the outside ground
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surface and the ground surface inside was one-half inch below the rim. The
ground sloped away from the tanks so that with appreciable rainfall, surface
runoff from the tanks was possible.

The following criteria were used in determining optimum
consumptive use values:

1. Only months where drainage through the tanks occurred were
considered because it was believed that for months of zero drainage the
supply may have been deficient and the optimum consumptive use not realized.

2. Data were eliminated for months where the preceding month had
zero drainage because of the possibility that a portion of the applied water
may have gone into soil storage rather than to drainage or consumptive use.

3. Data for months having high rainfall were also eliminated
because of probable surface runoff which was not measured.

L. Data for months in which drainage from the preceding month's
rain may have occurred were also not used.

5. Data were eliminated for months where the amount of irrigation
water shown, including rain, was less than the measured amount of rain
because of contradictory observations.

6. Months which had extreme variances between results from the
various tanks were not used.

Table L-7 shows the Raymond Basin data from which the optimum
values were selected for use in the Upper Los Angeles River area. Table L-8

shows a summary of the optimum values utilized in computing consumptive use

by lawn grass.
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TABLE L-7

DATA ON CONSUMPTIVE USE OF WATER BY LAWN ORASS FROM

EXPERIMENTAL TANKS AT MANZANITA AND MENTQNE STREETS, PASADENA, CALIFORNIA

In Inches
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, PASADENA, CALIFORNIA

DATA ON CONSUMPTIVE USE OF WATER BY LAWN GRASS FROM
(continued)

EXPERTMENTAL TANKS AT MANZANITA AND MENTONE STREETS

In Inchea

5.5L
1.55
3.99

Irrigation drainage
consumptive use

1

Irrigation drainage
eonsumptive use

eonsumptive use

Irrigation drainage

3

2.59
5.08
-2.49

7.63 .
0.L3
7.20

1,98
0,78
1.20

L.37
0.78
3.59

consumptive use

Irrigation drainage

6

1.98
0.0
1.58

h.37
1,02
3.35

Irrigation drainage
consumptive use

7

.37
.61
.56

b
0
3

Irrigation drainage
coansumptive use

Mgy through September 18,28
8,9

1.3°  7.30f st 16.3sf 776 2.32f
6 8 2.59 6.01
6 7 3.63
80 9 1.0k

3.74°

consumptive use

Irrigation drailnage

of Tanks 1, 2, 3,
N

6, 7 and 8

Meen consumptive uss

383

So3

888

WMo

888

wmown

k.95
09
86

1.
3.

Irrigation drainage
oongumptive use

H

0.80 7.38 2.59 17.59 n.n S.L1 0,05 0.01 0.02 0.02

.73

Rainfall

L-22



R

b

DATA ON COMSUMPTIVE USE OF WATER BT LAWN GRASS FROM

EXPERIMENTAL TANKS AT MANZANITA AND MENTO

FETS, PASADENA, CALIFORNIA
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{continued)

DATA ON CONSUMPTIVE USEZ OF WATER BY LAWN GRASS FROM
EXPERIMENTAL TANKS AT MANZANTTA AND MENTONE STREETS, PASADENA, CALI

In Inches
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TABLE L-7

, PASAENA, CALIFORNIA

DATA ON CONSUMPTIVE USE OF WATER BY LAWN GRASS FROM
{continued)

EXPERIMENTAL TANKS AT KANZANITA AND MENTONE STREETS

In Inches
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Irrigation drainage

2.55
0.00
2,55

2,69
0,00
2.69

Irrigation drainage
consuxptive use

é

Irrigation drainage
consmumptive use

8

May through September 9.28
2
0,
2.

8.37f 1037 a6t o780
55 4.15 .86
1 6,59 08
2.4 -2.lh 78

rE
NR
118
NR

2.
36
0.
3.

2,933

3.8L

0.00
8u

Irrigation drainage
consumptive use

of Tanks 1, 2, 3,
6, Tana 8

L

Mean consumptive usa

10.55 3.78 1.86
1.53 s.80 1.58
9.02 -2.02 0.28

8.37
0.10
8.27

EEE

EEE

.80
.00
:h

3
]
3

Irrigation drainags
consumptive use

5

0.03

10.55 3.78 0,02 1.63 0.31 0.00

8.37

0,18

0.32

Rainfall

, PASADENA, CALIFORNIA

(continued)

DATA ON CONSUMPTIVE USE OF WATER BY LAWN ORASS FROM
EXPERTMENTAL TANKS AT MANZANITA AND MENTONE STREETS

In Inches

Irrigation drainage
conmmptive use

1

EEE

consunptive use

Irrigation drainage

2

EEH

Irrigation drainage
consunptive use

EEg

EEE

R8H

éaao

83
—HOR~

NQ o

883

ASdA

[A8RK

nom

8

L.lo
L.ko

a8

AcA

888

O~

=282
0 O

283

O

Irrigation drainage
consurptive use

6

EEE

1.08
0.47
0.61

.8k
.00
-84

1
0
1

Irrigation drainage
consumptive use

7

EEE

288

283

Irrigation drainage
consumptive use

8

May through Septamber¥

6.92f 2129 1387 nwof 3389 o.syd

2.139

of Tanke 1, 2, 3,
6, 7and 8

Mean conswmptive use

EEE

EEE

585

~C A

A84
[T

Irrigation drainage
conaumptive use

4

EEE

L.Lo
0.13
L.27

1.69
0.27
1.42

Irrigation drainage
congumptive use

]

5.67 0.29 0.96 L.bo 3,38 1,08 0,41 o.11 0.00

0.06

Rainfall

The following footnotes indicate the utilization of the data from Tanks 1, 2, 3, 6, 7 and 6.

precipitation stations.

the preceding month,
Data not used because of zero or negligible drainage through tanks.

Data not used because, of zero drainage through Tanks é, 7 and 8.
Data not used because of incomplate record.

Data not used because of probable drainage from water applied

Data not used becauss rainfall did not agree with nearby

h.
i.
3
k.
m,

(Velue underlined.)

Partially estimated by interpolation.
Data not used because rero drainage occunrred in some months.

Data not used becausa probable srface runoff occurred.

Data not used because of extreme variance between tanks.

Data not used because irrigation was lesa than rainfall.

Data were utilized.
Estimated by comparison with Tanks 1, 2, 3, 6, 7 and 8.

a,
b.
Co
d.
e.
Lo
g
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The optimum consumptive use during the winter season could not
be accurately separated into evaporation and transpiration uses so that
gross values of rain and delivered water were combined before disposal by

consumptive use and deep percolation.

TABLE L-8

OPTIMUM CONSUMPTIVE USE OF WATER BY LAWN GRASS
FROM DATA OF RAYMOND BASIN TANKS 1, 2, 3, 6, 7, AND 8

In Inches
Date : Oct, Nov. Dec. Jan. TFeb. Mar. Apr. g:%{,
Wi 3.7
L2 1.95 3,21 2.72 27.1
L3
nn
L5

Average 3.8 2.3 1.6 1.6% 2.0 2.9 3.3 26,7 LL.2
% January considered comparable with December.

Irrigation Water

The depth of delivered water for each irrigated crop and the

methods by which they were obtained are shown in Appendix J.i

Weilghting Factors

Weighting factors used for the computation of consumptive use,
deep percolation and residual rain on land use classifications were derived
from a ratio of the pervious area to the total area. This ratio in effect

adjusted the net unit value of consumptive use, deep percolaticn and



residual rain so that the weighted unit values could be directly multiplied
by the gross acreage for each classification to determine the disposal of

water in acre-feet.

Irrigated Crops, Dry Farm and Native Vegetation

The weighting factor was found to vary with different types of
land use and hydrologic subareas. For irrigated crops, dry farm and native
vegetation on the valley floor, it was determined that approximately five
percent of the area was impervious in San Fernando Hydrologic Subarea and
ten percent impervious in Sylmar and Verdugo Hydrologic Subareas. The
percent impervious represented the areaAQf roads where no.deep percolation
could occur and consumptive use of rain limited to evaporation.

The percent impervious was determined for each hydrologic subarea
by the use of Frank Carr'!s maps showing areas for irrigated crops in the
City of Los Angeles west of Burbank. It is apparent that farms under
cultivation in the San Fernando Subarea are on the average twice as large
as those situated in either Sylmar or Verdugo Subareas. Roads in the
agricultural area of San Fernando Subarea are generally located every one-
half mile. The impervious areas in this one-quarter section include the
roadway, shoulder and farmhouse area. The impervious area is approximately
flve percent of the quarter section,

In Sylmar and Verdugo Subareas, the roads are spaced at approxi-
mately every one-quarter mile. Due to the increased roads, the impervious

area was increased to ten percent of the total irrigated acreags.
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Residential

The landscaping of residential lots has changed within the span
of the base period. This change not only affected the percent impervious
on lots but also altered the area of the lot under cultivation. These
changes are the result of smaller residential lot sizes and the increased
beneficial use of the lot. '

A_repreéentative sampling of residential lots in the four
hydrologic subareas was made by the Referee in 1959. The purpose of
this survey was to determine the relative amounts of impervious, irri-
gated lawn and garden, and native culture within the average lot. The
age of the house was also obtained to relate these data to the begin-
ning of the base period.

Based on this survey, it was found that the percent impervious
had increased due to improvements. The average percent impervious
existing in 1959 for homes in the area of investigation is listed in

TABLE L-9

PERCENT OF RESIDENTIAL LOT IMPERVIOQUS

: Percent
30 and older L2 32.7
10 - 1L . 53
5- 9 50.6
1- L 56.
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To adJust for improvements made to homes prior to 19L5, it was
assumed that 75 percent of the impervious area which existed on a lot in’
1959 was made subsequent to 1945. The increase in impervious areas due to
improvements on older homes was proportioned equally to the three periods
established after 1945. The percent impervious for each period was weighted
according to the age and acreage of residential in existence in the pricr
period and the increase in acreage of new residential areas. From the
survey, the percentage of lots containing lawn and garden, deciduous and
native areas was also determined. The composition and percentage of the

residential lots existing within the base period are shown in Table L-10.

TABIE 1-10
CULTURE BREAKDOWN OF RESIDENTIAL IOTS
In Percent

. . -t Lawn and : L. : .
Period  Impervious , garden : Deciduous , Native

1928-45 35 25 20 20
1946-50 Lo 30 15 15
1951-55 LS 30 15 10
1956-58 50 35 10 5

Commercial and Industrial

Commercial and industrial acreages were assumed to be 100 percent
impervious.,

Miscellaneous

Miscellaneous contains land use classifications which are

pervious and impervious. Based on the 1958 land use survey made by the
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Referee, it was found that approximately 50 percent of the area was

impervious and 50 percent native vegetation.

Disposal of Water by Irrigated Crops

Computation of the disposal of rain and delivered water by
irrigated crops is performed monthly in the winter season by use ‘of
evaporation, transpiration and soil moisture deficiency values. Disposal
during the summer season is accomplished by use of the irrigation efficiency
and the soil moisture carry-over values.

The procedufe'used on the irrigated crops listed in Table IL-5
is described by use of the sample computation made for alfalfa and irrigated
pasture for the year 1940-41. The sample computation and accompanying

detailed explanation are shown on Figure I-1.

Weighted disposal values shown at the end of the sample computa-
tion are the end product of the computations. These were obtained by’
weighting the disposal values according to the percent pervious and

impervious for each land use classification.

Disposal of Water by Dry Farm and Native Vegetation
This computation is done in the same manner as that for irrigated
crops. Values for delivered water are all zero since the only supply of

water to this classification is rain.
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FIGURE L-l
DISPOSAL OF WATER BY ALFALFA AND IRRIGATED PASTURE

In Inches Except as Noted

-Total to

Winter on
" geas September 30

' : -
. f g:::y Inches : Feet
_oa(1) 5(2) +(3) s(b) = (5) = (6) (7D s (B) : (9) : (0) : (W) : (12) : (13)
1. Gress Rainfall 1.3 0.3 6.2 2.7 12.7 10.0 39.3 0.3 39.6
2. Evaporation of Rain-
fall oa Impervious
hreas 0.5 03 1.1 0.9 0.8 13 L2 6.1 6.l 0.53 0,05 0.03
J. Net Rainfall on T
Impervious Areas 0.8 0.0 7.1 1.8 11.9 8.7 2.9 a3.2 33.2 2.77 0,05 0.1
L. Evaporation of Rain
on Pervious Areas 0.9 0.3 1,1 0.9 1.1 2.0 2.5 8.8 a.3 9.1 0.76 0,95 0.72
5. Net Rainfall on
Pervious Areas 0.L 0.0 7.1 1.8 11.6 8.0 .6 30.5 0.0 30.5 2,54
6. Total Irrigation ‘
water 1.8 0.6 0.6 0.0 0.0 0.0 3.1 13.9 17.0 1.h2
7. Evaporation of
Irrigation Water 0.3 0.1 0.1 0.0 0.0 0.0 0.5 0.5 0.0L
6. Net Irrigation Water 1.5 0.5 0.5 0.0 0.0 0.0 0,1 2.6
9. Total Water Avail-
v able on Pervious
Area 1.9 0.5 7.6 1.8 11.6 8.0 1.7

WATER DISPOSAL-FERVIOUS AREA

10, Soil Moisture Defi-

ciency, Firsi of R : DW
L.0 LO L. 0.0 0.0 0.0 0.0 0.5 3.5 3.0 0.3
12. Transpiration
Rate 2,9 2.1 0.9 0.9 1.1 2.1 2.2
12. Dieposal of Net Water
R _: W R _:DW R _: Dd R t M
a, Transpiration 1.9 0.5 0.9 0.9 1.1 2,1 1.7 91 BL 0.7 5.0 .8 UL IZ.5 0,10 L.0G 0.95 0,99 0,67
b. Soil Storage 0.0 0.0 Lo 0.0 0.0 0.0 0.0
¢. Deep Percolation 0.0 0.0 2.7 0.9 10.5 5.9 0.0 20,0 18.4 1.6 2.1 18.4 3.7 1.53 0.31 0.95 0.29 1.L5
d. Subtotal 1.9 0.5 7.6 1.8 131.6 8.0 1.7
13. Consumptive Use of
Water in Soil 0.0 0.0 0.0 0,0 0.0 0.0 0.5 0.5 0.5 0.0 3.2 0.3 3.7 0.3 0.310.03 0.95 0.03 0.29

Storage

Weighted consumptive use = 1.06' from delivered watar (sum of lines 7, 12a and 13),°
= 1.71' from rain (sum of lines 2,L, 12a and 13).

Weighted deep percolation = 0.29 from delivered water and 1.L5' from rain (line 12a).

Residuxl rain = 0.14' from rain (line 3). .

Winter Season

Columns 1 through 9
Line 1 ~ Monthly rainfall from October through April from Table E-6.

Lines 2
and L = Monthly evaporation of rainfall from Table L-1.
Line 3 -~ Monthly pet rainfall on impervioua areas (line 1 minus line 2},
line 5 -~ Monthly met rainfall on pervious areas (line 1 minua line L),
Line 6 ~ Monthly depth of delivered irrigation water in Table J-8 divided by percent pervious (95 percent for this crop).
Line 7 - Evaporation of delivered irrigation water (15 percent of line 6).
Lire 8 =~ Net irrigation water (line & minus line 7).
Line 9 = Total water available on pervious areas (line 5 plus line 8).
Line 10 -  Fall s0il moilsture deficiency as of October 1 is entered in column 1 (Table L-5).
Line 10 = Monthly transpiration rate (Table 1-2).
Honthly total water available on pervious areas is disposed o
moisture deficlency (1ine 10); and third, deep percolation.
is entered, The amount of transpiration (1ine 12a) cannot
is equal to line 9 or lina 11, whichever r. Any
Line 12a 1s placed in soll storage (12b) for use on (12a;
Line 12b the transpiration use requirement (11). aced in
Line 12¢ = of the soil molsture deficlency (10) for month., When water ie withdrawn from soil storage to satiefy the transpir-
line l2d ation rate, the amount is sntered in lin to the soil moisture deficiency for the followlng months. The water
Line 13 remaining after transpiration and soil storage are satisfied is entered in line 12c as deep percolation. The amount of tranepir~
atlon (line 12s), deep percolation {lines 12:% and c~nswmptive use of water in soil storage (line 13) are divided into their

source of supply derived from precipitation and deliversd water by the ratios of the subtotals for line 5 and line 8 to line 9
and entered in column 9. Line 12d 1s the sum of lines 12a, 12b and 12¢c and used se a check on the disposal of total water

available on pervious areas {line 9).

Crowing Sesson

Column 10
Line 10 - Soil moisture carry-over is equal’ to the amount in column 1, line 10, minus the amount in column 7, line 10, and is proportioned
only between precipitation and delivered water in the ratios of subtotals (column 9) for 1ine 5 and line & to line 9.
Column 11
Line 1

through 6 « Enter in column 11 as for winter season.
Line 7 = Not used. Evaporation of irrigation included in irrigation efficiency.
Line 12a =~ Consumptive use during the growing sesson is entered as the pro wct of line § times the irrigation efficlency end proportioned
according to the amounts of the source of supply derived from precipitation and delivered water (line 5 and line 6, column 11,

(respectively).
Line 12c - Same as line 12a except ths valuss are multiplied by the reoiprocal of irrigation efficiency.
Line 13 - Soil molsture carry-over on line 10, colwmn 10, becomes consumptive use during the growing season and 1s transferred to line 1),
oolumn 11.
Column 12
Sum of colwmns 9 and 11.
Column 13
Column 12 expresssd in feet.
Column 1

Weighting factor for percent of impervious or pervious areas.
Columne 15 and 16
Fioal weighted values for the various items with total appearing at the bottom of the table.
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Disposal of Water by Lawn Grassskt

Culture in this classification consists of the irrigated lawn

Portion of installations such as golf courses, cemeteries, parks, and
contains no impervious areas. ' '

The depth of delivered water used for lawn grass was taken to
be 3.2 feet based on irrigation records for this type of culture in the
area. Total annual consumptive use of 3.67 feet was based on records from
Raymond Basin Reference tanks. Consumptive use of rain and applied water
was computed on the basis of the amount of each available.

Deep percolation was computed as the total available water less
consumptive use. The deep percolation was proportioned into deep percolgf

tion of rain and delivered water on the basis of the amounts of each

available.

Disposal of Water on Residential Areas

The disposal of water on the three portions of residential
areas was made separately and the weighted values combined to give values
for gross residential areas. A sample computation for the impervious and
lawn area is shown on rigure L-Z.

On the residential impervious area consumptive use consisted
only of evaporation of rain. The remaining rain, less the portion of the
lot (10 percent of the lof) which drains to the pervious area, was consid-
ered residual rain. On the pervious areas the method used during the
winter is the same as that for irrigated crops. At the end of the winter
season the disposal items were divided into quantities of rain and irriga-

tion water based on the amount of each available during the season.

+#Does not apply to residential lawn areas
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1. Gross Rainfsll

2. Evapecration of Bain=
rall on Imperyious
ireas :

3. Net Rainfall on
Impervious Areas

L. Drainage of Imperviour
to Pervious

S. Irrigation Water

6. Net ¥ater Available
on Pervious Area

1.7

0.5

0.1
2.8

L.6

WATER DISPOSAL-PERVIOUS AREA

7. Soil Molsture
Deficiencv, FPirst
of Honth

ve  Consumplive Use
Fequirement

4o oisposal of HNet
water

2, Consuwptive
Use

b. To Soil Storage

c¢. Residual on
Parvious Area

d. Subtotal

10. Corsumptive Use of
water in Soil
Storage

3.8

0.8
0.0

u.6

0.7

0.2

0.9
1.k

2.1

0.2

2.3

2.1

0.9
0.0

2.1

6.6

1.5

0.7
11

8.l

0.k

1.6

1.6
o.L
6.l
8.1

3.2

1.3

1.9

0.3
0.4

3.9

0.0

1.6

1.6

0.0
2.3

3.9

0,0 0.2 0.9 0.0

FIGURE L~2
DISPOSAL OF WATER BY RESIDENTIAL IMPERVIOUS AND LAWN AREA
In Inches Except as Noted

Jeaeon ! Total te ! 3t

X ! Septembar 30 fwei::"":

o Maye ; . .

(September : Inches ‘ Fest ;fnct?r.
17.2 1.7 6.5 u7.6 0.3 1.9 3.99
11 1.3 1.4 7.6 0.3 7.9 0.66 2.35
16,1 10.L 5.1 0.0 0.0 10.0 3.3
2,2 1.5 0.7 5.5 0,0
0.0 0.2 0. 6,3 17.0 23.3 1,94
19.k 3.4 7.6 59.L 17.3

Rt D
0.0 0.0 0.6 0,0 1.0 AR
2.0 2.9 3.3
W R 3 W R o) R A

2.0 2.9 3.3 113 IS'F'ETE . %3 1.0 I5.F 18.8 I3 LI.56 0.25 0.39
0.0 0,0 0.0
17.4 10.5 L.3  U40.3 36.9 L3 0.0 0.0 360 L3 3.00 0,3 0.25 0.10
9.4 3.k 7.6 *
0.0 0,0 0.0 0.0 0.2 0.0 0.9 02 1,1 0.1 g0 0.0 0.25 0.0

“Jeiphted ccneumptive use = 0,39' delivered water and 0.591 rain,
‘Weighted deep percolation = 0,10' delivered water and 0,75' rain.

Weighted residuel = 1.05' rain.

Line L = 10 percent of line 3 is distributed over the lawn area which equale to 25 percent of the lot, therefore, line L « 193 of e 3 x 35%

\

0.23

0.3

r‘?.np



During the growing season it was considered that lawn grass consumed all
availabls water up to the optimum amount* and excess water, if any, was
considered to be deep percolation. It was assumed that the deciduous
culture consumed all available water up to the average May-September
consumptive use quantit& of 28.4 inches and excess water, if any, was
considered to be deep percolation. Native vegetation was considered to
consume all available rain and soil moisture carry-over during the groving
season.

The monthly depths of irrigation waters delivered to residential
lavns and gardens for San Fernando, Sylmar and Verdugo Hydrologic Subareas

are discussed and determined in Appendix J.

#* See pages 20 through 25.
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Disposal of Water in Industrisl and Commercial Areas

There is a large variation in the amount of water used by
different types of industries and commercial establishments in the area of
investigation. For this reason it would have been desirable to separate the
industrial and commercial wafér users into groups based on their relative
consumptive uses. However, a review of available land use surveys indicates
that this could not be satisfactorily accomplished, especially during the
earlier portion of the base period. Commercial and industrial acreages
have therefore been combined and treated as one group. Acreage of native
vegetation in these land classes has been included in the overall acreage
of native culture. Extensive lawn areas existing on the grounds of the
various industrial and commercial establishments have also been considered
separately and are included in the irrigated lawn grass category. TDisposal
of water applied to the pervious portion of the gross industrial and
commercial areas has thus been separately accounted for.

Disposal of the water supply on the remaining impervious acféége
in the industrial and commercial groups comprises evaporation of rainfall,
industrial or commercial process consumption either by evaporation or
incorporation into the product, sewage, evaporation froﬁ lined sumps, waste
disposed through surface channels, and deep percolation. Deep percolation
is a relatively small proportion of the industrial and commercial water
utilized because it may only occur in the relatively few instances where

waste is disposed to unlined sumps or channels and cesspools.
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The 1958 land use survey indicates the following relationship

existing between commercial and industrial acreage:

Water Service Area
Owens River - City of los Angeles
San Fernando Subarea
Sylmar Subarea
Mission Wells - City of los Angeles

Sunland and Tujunga - City of
Los Angeles

Narrows - City of Loé Angeles
City of Burbank

City of San Fernando

City of Glendale

San Fernando Subarea
Verdugo Subarea

Crescenta Valley County Water District

TOTAL

PERCENT

1958 Culture Survey

acreage
4,173
123
L5

19k
336
992
168

89L

133
7,241
55

acreage

3,311
8

78

939
1,069

108

The amount of water delivered to commercial and industrial users

is available for the City of Los Angeles service area west of Burbank for

the period 1928-29 through 1957-58 and in the City of Burbank from 1936-37

through 1957-58. 1In the City of Los Angeles, annual industrial and

commercial water deliveries are available as a combined amount, based on

the type of electrical power account.,
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Electrical sales accounts include in one category all sales for commercial
use, industrial use and some multiplé dwellings where the water is served
through one meter. The City of Burbank water sales records list commercial
and industrial users separately based on actual type of water use.

The amount of industrial and commercial water sales in the two
service areas is shown on Figure L-3, which indicates a sharp increase in
the delivery of industrial water in Burbank during the periods of beld-
War II and the Korean Police Action, while the deliveries of commercial
water to this area show a more gradual increase during these periods.

The amount of water delivered to the Los Angeles-Owens area,
depicted on Figure L-3, increased at a more or less uniform rate from 1928
through 1945. Commercial and industrial water sales increased rapidly
during the periods of expanding population and industry fqllowing the war,
as indicated by the uniform average annual increase in delivery of 1,300
acre-feet during the period 1947 through 1949 and 1,750 acre-feet during
the period 1953 through 1956.

The computation of the disposal of water for industrial and com-
mercial areas consists of the following; (1) evaporation of rain, (2) deliv-
éred water, (3) sewage, and (L4) industrial wastes. The disposal of delivered
water is based on data published in Table 11 of Bulletin 24, entitled "Los

Angeles County Land and Water Use Survey, 1955%, State Water Resources Board.

L-36



FIGURE L-3
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The unit values of delivered water less sewage as set forth in this bulletin
are: 0.4 foot for strip commercial, 1.1 feet fér downtown commercial and
1.4 feet for manufacturing industrial. These values were derived from
acreages for each land use class excluding street rights of way. For use

of these values with the land use survey made by the Board staff, the
percentage of commercial and industrial lots occupied by streets was taken
as 35 percent and 25 percent, respectively. The commercial acreages were
equally divided into strip and downtown commercial to conform with the land
use classification set forth in Bulletin 2L.

A mean value for cormbined industrial and commercial areas was
determined by weighting the aforementioned unit values with the area in each
category existing as of 1958, resulting in a mean value of 0.85 foot. This
value was applied to the combined industrial and commercial acreages for all
years of the base period except 1940-41 through 1945-L6 and 1951-52 through
195L4~55 when the use was increased because of war activity. "

Industries in Burbaﬁk, Glendale, and the Narrows service areas
are considered to have been affected similarly by defense contracts result-
ing in an increased use of water. Since the City of Burbank is the only
one of these service areas which measures industrial delivered water
separately, the following adjustments were made based on delivered

industrial water which occurred in the City of Burbank:

Increased Industrial Deliveries

Year in feet of depth
19L0-L1 0.85
194142 through 19LL-L5 1.70
19L5-L6 0.85
1951-52 through 195L-55 0.85
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The mean value of 0.85 foot for delivered water less sewage was
used for all years in the base period for San Fernando, Sylmar and Verdugo
Subareas, except for the areas and years noted above as having higher
deliveries. For the above years of increased deliveries a weighted value
for the San Fernando Subarea was determined by using 1.70 feet and 2.55
feet for the industrial dcreages in the Burbank, Glendale and the Narrows
service areas. The proportion of commercial to industrial acreages for
these service areas was based on the 1958 land use survey made by the
Referee. The weighted value thus derived for the San Fernando Subarea was
1.00 foot and 1.15 feet for the increased use of 0.85 and 1.70 feet,
respectively. The annual unit values of delivered water less sewage were
then applied to the acreage classified as industrial and commercial in each
of the subareas.

Industrial wastes discharged into the Los Angeles River, derived
in Appendix N, were deducted from the computed commercial and industrial
delivéred water less sewage resulting in the annual consumptive use of
commercial and industrial areas,

In the San Fernando Subarea an additional consumptivg use of
delivered water was added for the peried 1954-55 through 1957-S8. This
additional consumptive use, as shown in Table L-11, was attrituted to the
breweries and the valley steam plant which were in operation at that time

and was estimated as follows:



Plant:

Plant:

Anheuser Busch Brewery

Industrial area
Delivered water
Gross depth per acre
Sewage

Consumptive use
Plant in-operation

Joseph Schlitz Brewery

Industrial area
Delivered water

Gross depth per acre
Sewage

Consumptive use
Plant in operation

26 acres

1,032 acre-feet (1955-56)

39.7 feet ) .

421 acre-feet (March and April, 1955
spot measurements)

611 acre-feet

From March, 1955

17 acres

782 acre-feet (estimated by comparisca <o
amount of sewage from Anheuser Busch)

L6.0 feet -

395 acre-feet (March and April, 1955
spot measurements)

387 acre-feet

From March, 1955

Plant: Valley Steam Plant (Los Angeles Department of Water and Power)

Industrial area 110 acres
Gross Sewage Consump- Consuﬁp-
Delivered depth and waste, tive use,® tive use Deep per%o-
water, in per acre, in in per acre, lation,
Year acre-feet in feet acre-feet acre-feet _in feet  in acre-feet
1952-53 35 0.32 25 0.23 10
53-5L 68l 6.22 L93 L5 191
54-55 3,472 31.5 2,L99 22.7 972
1955-56 6,056 55.2 4,360 39.6 1,700
56-57 6,976 63.5 g 5»023 L5.7 1,952
57-58 7,000 63.5 1,917 5,083 L6.3 1,920
a. Based on 1958 percentage of delivered water.
b. Delivered water minus consumptive use.
¢. Estimated from calendar year measurements.
d. Estimated by the City of Los Angeles Department of Water and Power

from operational records.
to the sewers until October 15, 1958.

The Valley Steam Plant was not connescted
Prior to this date,

sewage and waste was discharged. into the city's Gravel Pits or

Tujunga Wash Channel.
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TABLE L-11

ESTIMATED ADDITIONAL CONSUMPTIIVE USE DUE TO

BREWERIES AND VALIEY STEAM PLANT

In Acre-Feet

fAnheuserf Joseph

: Los Angeles :
Valley

fBased on‘Additional

Year * Busch ' Schiltz ' Stean Daant : Total wnit consumptive
.Brewery . Brewery ;(L zag.w z; );‘ , values ; use
1952-53. 25 25 110 0
53-54 L93 L93 110 383
54-55 305 194 2,499 2,998 131 2,867
1955-56. 611 387 I, 360 5,358 130 5,228
56-57 611 387 5,023 6,021 130 5,891
57~58 611 387 5,083 6,081 130 5,951

Table L-12 shows the computation for obtaining the consumptive

use for commercial and industrial areas.

L-l1



TABLE L-12

COMMERCIAL AND INDUSTRIAL
CONSUMPTIVE USE OF DELIVERED WATER

In Acre-Feet

Delivered . Additional : Total commercial
Year water Inf&ffffal consumptive : and industrial
less sewage ive ?F?
1928-29 2,550 0 2,550
29-30 2,950 0 2,950
1930-31 3,3L0 0 3,3L0
31-32 3,740 0 3,740
32-33 L,1L0 0 L,1L0
33-3L L,5L0 0 L,5L0
3L4-35 L, 930 0 4,930
1935-36 5,330 0 5,330
36-37 5,730 0 5,730
37-38 6,130 0 6,130
38-39 6,520 0 6,520
39-L0 6,930 0 6,930
19L0-h1 8,590 540 0 8,050
L1-42 10,400 1,090 0 9,310
L2-43 10,9L0 1,6L0 0 19,300
L3-Lh 11,480 2,190 0 9,290...
Lh-L5 12,000 2,740 0 9,260
19L5-L6 10,920 3,290 0 7,630
L6-L7 9,700 3,8L0 0 5,860
L7-L38 10,100 4,090 0 6,010
L8-L9 10,500 L,660 0 5,8L0
L9-50 10,670 L, 740 0 5,930
1950-51 10,840 1,810 0 6,030
51-52 12,920 5,280 0 7,6L0
52-53 13,130 6,080 0 7,050
5]4"55 13,1420 6,350 2, 870 9, 9)-1-0
1955-56 11,540 5,880 5,230 10,890
56-57 11,620 5,580 5,890 11,930
57-58 11,700 5,750 5,950 11,900
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Consumptive Use of Riparian Vegetation

Riparian vegetation as set forth in Appendix K consists of

vegetation growing in swamps, meadowlands and stream channels. The annual

transpiration use for riparian vegetation, as heretofore established, is
equal to 3.68 feet. The total annual consumptive use is therefore equal to
the sum of the evaporation of rain on pervious areas and the annual trans-

piration use. Since the annual depth of precipitation cannot satisfy the

consumptive use requirements, the difference was assumed to have been

withdrawn from ground water storage. The annual consumptive use of riparian

vegetation was calculated by the following equation:
Consumptive _ Evaporation of rain on _ Annual depth of precipitation

Use pervious areas + 3.68 + withdrawal from ground
water storage

Unit Values of Consumptive Use and
* Deep Percolation for Culture Classes

The unit values of consumptive use, deep percolation and residual
rain, contained in Table L-13, L-1lL and L-15 for the San Fernando, Sylmar
and Verdugo Hydrologic Subareas, respectively, have been weighted for the

percent of impervious area and therefore are to be applied to gross acreage

in each land use class. Unweighted unit values of consumptive use and deep
percolation of portions of the residential land use class areas are shown
in Table L-15A. As previously noted, the Eagle Rock Subarea is combined

with the San Fernando Subarea and the units values of consumptive use and

deep percolation reflect the combined areas.
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TABLE L-13

FIRST TRIAL WEIGHTED UNIT CONSUMPTIVE USE AND DEEP PERCOLATIOR FOR
THE SAN FERNANDO AKD EAGLE ROCK HYDROLOGIC SUBAREAS

In Acra-Feat per Gross Acre

ivered:
water ¢

'Year

0.96
0.97

2530

1926-29
1930-31

1.19
1.38
1.06
1.57

32-33  0.99

31-32
33-3L
3L-35

VD QO
ANGNN
DOoO0O00

1,02
1.59

56-57
57-58

1955-56  1.26

Hean

1. 1.23 2,38 0.18 0.18 0. 1.03 1.37 2.ko  o.34 0.30 0.63 1.1k 1.30 2.h5 0,19 0.22 Q.41

1929-57

TABLE L=13

/MPTIVZ USE AKD DLEiP PERCCLATION FOR

(continued)

THE SAN FERNANDG AND EAGLE ROCK IIYDROLOGIC SUBAREAS

FIRST TRIAL WEIGHTID UL'IT CO

In Acre-Feet per Cross Acre

2,2
2.58

~\0

KRILLAS
ArAAA
no aN &
o~ Svin
< e s e a
AHooOMA
DD

cdcco

1,10
1.23

32-33 0,82
1.L6

1930-31
31-32
33-3L 0.91
3L-35

0.16
0.59

A Mnm
oA A
o330 ™
N~ OO
[=j=RojeRe)]

1,07 1. 2.4 0.26 0,51 0,77 111 1.03 2,73 0.22 0.27 0.L9  1.15 0.92 2.07 0.18 0,20 0.38

Mean
1929-57
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TABLD L-13

:al

s
5
2
2
1
1
1
1
7
:
2
L
2
7
0.33

Resicua

. rain
0.1
0.2

P S B AT o NYmMm RNO M HMONY ON.I-0 OO m
. ._m (=X ?Tux./?_l MI.. ~aoy N O NN Ao 1%232 J.mvzé _‘.D
H DRI S R AR TS b S P > .. JmAn aaanyg 2T N
1 & ©0 eocooo ©coco0oo HOCOO OCC0dso oodoos odao (=)
ﬂn ER SEI9ZN AYZERT A_NA REENY TLROR YR
57 09588 HE2ST SVIVE 999 H Bawdy Non ~ B85 FEAAW MNERI AAean Addda Shann G0
S Ar989g 999A9 A9HAS AACAd O8ANA Al ~ wE ©OO O0VO0 00000 HOOOO CTHO00 B6”N0S Sao
OO0 ©OO0OOO O0O0OO0O0 COO0O0O0O0 OO0C00 O0C0ds oSO o 3
e
£ N0 WNANODH OEHEMO LI AU NO 0D N0 « 4
W 9A AmAddAd OoFinNA HADWMING HHOOO OROMO NHR o~ K
= OO0 COoBBEQ 00000 HOCOO CC00d O60000d ood o % - Lud ) 22 N 2
- afo
- e - b 1 I “ne .0 . .
— HON WO MM HFHIWNIAQ oo~ I 0 A~ 8323@ oo o ww nm OO O0J200 0O0OQOO COOCO OO0 VDO0 O0CO000 OO0
2 |w WMo HA3MCE nAnnn ARG e~ = O o KD T ] el
g A AdddA AdAdA Addad o AddAaA deAda aee — -
Sl
Q
Sl
] P
—~ AHONg ™M -0 v wm ™ m P~ - m O din v N -
_.H D@D ~EaTA SaaikE [Ahggl nnw9111 NONAA HNO 2 o o
[ OO0 OO000O 0OCOLO 00COC OO0HMAdMA drAMAMA med o 2 2
e o
= pd ES
S =] Al s 3. .250VD O MO HHAMAS MO N F0O0 HIN W O©
HS d OIN 0N MEoNN GWRSN TeamT DNegd OO0 HS tel e MO TR OWUNO ROONOG N MO INY WRAHRD OB
5 N UNYH moaro Noanw Re3JWNG novdy .!.Aw.olu 5 g g S5 33384 Saodo H003d0 05003 SHSES Saod
S = CQ O000OHA O0HOHO HOOOC OO0OCO DHCOO o000 <) 2
g S
fA Rm o
"5 23 SAN
M3 W0 IININ M e MDD T JJNHM VO MION T o
2 Q6 00000 Vwoooo QQO0S ©QY00LW Cro0BOo O00d mh T ®E NYE2S NAgld =2a~sg FLBUY A958R =3
e T Tann WRESY 9Qeg9e g aao T e 4 RN et ol N A - g
OO0 ©OOO0O0 COCOO0OC COVLVO 0O0CO0OC O0VBOO0 Goo » . tar remies o0 SRRSO TANST 2Ty
M o e DM @ H I <3 |94~ n3I IJJg233 JIFF3IT IIITI S I I.I3.3 292
2 S g8 2 fl PR
D 7 Am ) .
= a i n NS 28248r HOVAY SWINAHT QAA®O ©CNAGD et
i~ 0 e e NG HNIDNS HAIATD SAMAAD S0Fam STARod ©an
i 8 o4 ~o On w v - " B 1A e 2 NN SN T8N0 kA
25t =39 S0S AR o = ) o) w83 ° MM NNNNN MANNEN AMOAM MAAAE A A e e
ESES S F ] P : - . [ =
ms.m g OO ©OO00O0OO0 OVOUVY HOOCY 0CVO0O ©0oCoOo ooo (=] -3 N:m W_.
Rl a EHE5 Vg VNt AONAED QA-TFY NMFs A0 OO O e
B398 ¢ 5 OE2E8 » AR NYYANM 9 hm MOGCoA ANBwm Rh®RoA mow
HJ(& Qe ] mwmaw K Ord HdAdddrd AAdodd MO A AA000C ONOMA AN
Sa h =X ;
sEp SE p
B g HA 13
H -
L.ww. I~ Nm = Neoal 12%79 53&07 o~ lu&w 5:&5” 1313(.”%& ,%/r.la.nw
= =] ND AV QHEN W NOAON OO NI ey 0. QI UW. 5 NTONRae RIS YRV E SO ANH mon ] P
A5 Q% NIoHn awgen 25338 QHves YUHoA o =P O OorAdooHd OHAHAD NOAHDO 00000 ONOOO OOod
gid OO0 Adrddd OoAddAA dArddd HAOO0O oMoMdm dad hm
8., "mm.F
R 0
=i AR 2NRZRY NYRQLD ONUSDO VYOO O F-TRwo Q- - =]
86 MY NN EA NINAn DVNUBWE URARE WD 303 3L 5 858
= 00 oroord ordAAdo NOHAAC 00000 onNGoo oo S &
wm =
A Rrd O DINAHDO N0 NVWVWAH  Wlnme~a FOA NN g
o A3 weahe 5583 A3 RN bSUlJ R2RZYA gu3d 3 [n) eT=T  aTqey @9g
OO0 OO0O0C VOVOO HOOOO OO03O0 Brooo oo =]
.
NM NIRRT MNNO TO AN M e MO - ~ D@ MM, [\
5 A7 R0aR OWYLN 39EgR S4098 43799 RLD A 3% AZERR K353 R333% HIBRG BRINE 984
= 00 00000 000338 MAAO0S BOBSE B808d oad o SO 000G 0d O0d883 B3038 SOdGS G883 Sdo
7 085 S5GLE SUEhE LLLGT SESEL TUUSS 555 S n VARG ANOIIN QD
32 S ] v SRR e “ =R 2% % R ARQAR BRRAS 4233 Y533R A9R3Rn B’ER
28 MM ANANM AMANA AanAR AaRaan Aaadm mne e a S AL ASLSL FAALT Al AN N N
> = N m3333 amnnn J3393 S3333F ,MSESS AN
@ a ~ 2 - A ~ —
» — On
o~
~n o o
Vo o~
wo o
oo —
aovy;
& [
9 '
W O n
&R 3%
Lol e

0.L%

2.82 L.20
L-45

1,38

0.98

0.40

Mean
1929-57



Walnuta

A

vitrus

TABLE L-1k4

In Acre-Feet per Gross Acre

FOR THE SYIMAR HYDROLOGIC SUBAREA

WEIGHTED UNIT OCONSUMPTIVE USE AND DEEP PERCOLATION
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TABLE L-15

WEIGHTED UNIT CONSUMPTIVE USE AND DEEP PERCOLATION

FOR THE VERUGO HYDROLOGIC SUBAREA

{continued)

In Acre-Feet par Oross Acre
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The unit values derived in this append

purpose of determining recharge for each source of supply; i.e., native and

10n

d by the Integrat

rmine

The total consumptive use dete

delivered waters.

Method as described herein and by the Inflow-Outflow Method, which is shown

in Chapter V, are not equal.

Adjustments which are made to the consump-

tive use as determined by the Integration Method are also discussed in

Chapter VI.
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TABLE L-15A

UNWEIGHTED UNIT DEPTHS OF CONSUMPTIVE USE AND

DEEP PERCOLATION ON RESIDENTIAL LAND USE AREAS

In Acre-Feet Fer Aore

0.20
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TABLE L-15A

UNWEIGHTED UNIT DEPTHS OF CONSUMPTIVE USE AND

DEEP PERCOLATION ON RESIDENTIAL LAND GSE AREAS

In Acre-Fest Per Acre

1.37 1.19 1.h6 0.L7
1.17 1.15 1.30 0.33

1928-29
29-30

0,38
0.39
0.33

0.58
0.L8
0.63

1955-56
56=57
57-58
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Consumptive use in high water table areas is greater than in
other areas of similar culture due to the evaporation of moisture brought
to the land surface by capillary action and the increased transpiration
rates brought about by greater available supply of water. Consumptive
use of ground water in these areas (excess consumptive use) is considered
to be the difference between normal consumptive use, as heretofore
discussed, and that by vegetation in high water table areas.

Figure L-l shows the relationship between consumptive use and
depth to water table determined from tank measurements in the Lower San
Luis Rey Vélley.lé/ Although the curve indicates consumptive use by
native vegetation under high water table conditions it was assumed that
it would be approximately representative of use by other types of culture
in areas of similar high water table elevation.

-San Fernando Valley, in comparison with Lower San Luis Rey
Valley, is less exposed to the coastal influence and more exposed to the
dry easterly winds; therefore, the curve for Lower San Luis Rey Valley was
adjusted to give consideration to these factors. The curve was adjusted
by using the relationship of the k (consumptive use coefficient) values of
alfalfa and citrus of the two areas. The k values in San Fernando Valley
are about 15 percent greater than in Lower San Luis Rey Valley so that the

curve values were increased by that amount.



FIGURE L-4
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When the depth to water tabls is between zero and three feet,
swampy conditions tend to exist and tank experiments in Lower San Luis Rey
Valleylé/ and near Victorville, Californialg/ indicate that the consumptive
use is 95 percent of the evaporation from a Weather Bureau type pan. In
this instance 95 percent of the Encino Reservoir Weather Bureau type pan
is 72.0 inches. This value, as shown on Figure L-L, has been extended to
include the depth to water of from zero to four feet.

Average net consumptive use values were computed for three

increments of depth to water table to facilitate computations and are as

follows:
Depth to Water Table, Average Net Consumptive Use
in feet Inches Feet
0- L 72.0 6.0
)-L - 8 )-’-009 3-)4-
8 - 10 22.0 1.8

High Ground Water Areas in San Fernando Hydrologic Subarea

Contour maps showing depth to ground water were drawn for high
ground water areas in San Fernando Subarea from piezometer and well measure-
ments for each year of available data. The contour maps for the years
1932, 1942, 1949, 1954 and 1958 were superimposed on culture maps construct-
ed from land use surveys. For each of these years the acreage of each type
of culturs within each increment of depth to water table was determined and
the total acreage of each increment of depth to ground water for the remain-
ing years was determined. The acreage of each culture class for these years
was computed on a straight line proportional basis of the percentage of each

as found in the years in which land use surveys were available.
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The average net values of consumptive use in high water table
areas were weighted with respect to the percent of pervious area for
each culture class. The difference between this value and the weighted
normal consumptive use for each culture class was considered to be
excess consumptive use supplied from ground water. In instances where
normal consumptive use exceeded the high water table consumptive use no
excess was taken. The excess depth of use multiplied by the acreage of
the particular culture class gave the acre-feet of excess consumptive
use.

The anmual acreages of high water table areas are shown in
Table L-16 and the annual excess consumptive use from 1928-29 through
1957-58 is shown in Table L-17. The areal extent of the high water table

area during 1943-Ll is shown on Plate 29.
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TABLE L-16

TOTAL ACREAGE IN HIGH GROUND WATER AREAS
IN WEST SAN FERNANDO HYDROLOGIC SUBAREA

In Acre-Feet

np————

Year
1928-29 250 1,500 1,0C0 2,750
29-30 165 1,109 1,1LL 2,418
1930-31 5 615 1,511 2,131
31-32 D12 792 1,322 2,626
32-33 0! 905 996 1,901
33-3L 18 1,182 8L6 2,0L6
3L4-35 320 1,5LL 669 2,533
1935-36 sL8 1,235 939 2,722
36-37 323 1,5L7 1,517 3,387
37-38 8ok 1,382 1,010 3,196
38-39 702 1,749 1,3l1 3,792
39-L0 613 1,503 1,697 3,813
19L0~L1 910 3,610 2,336 . 6,856
l1-L2 555 2,861 2,471 5,887
L3-Lh 2,550 6,289 3,501 12,3L0
Ll-L5 191 2,385 3,390 5,966
19L5-L46 177 2,550 2,036 L, 763
L6=L7 0 1,747, 2,378, 11,125
L7-L8 72% 1,507 1,836" 3,L15%
1,8-L9 15 1,267 1,294 2,706 -
L9-50 145 1,267 1,296 2,708
195051 80 1,399 1,11 2,620
51-52 263 1,8LL 1,321 3,L28
52-53 228 1,697 911 2,836
53-5L 127 1,200 890 2,217
54-55 11 1,106 1,057 2,174
1955-56 20 1,061 1,185 2,266
56-57 0 997 1,0L6 2,0L3
57-58 0 1,242 797 2,039

Average for 29-year period 1928-29 through 1955-57 = 3,7L6.

Average of 1946-L7 and 19LB-LY.
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TABLE L-17
EXCESS CONSUMPTIVE USE OF
GROUND WATER IN HIGH GROUND WATER AREAS
IN WEST SAN FERNANDO HYDROLOGIC SUBAREA®

In Acre-Feet

1928-29 851 Lo9 21 1,280
29~30 540 311 2L 880
1930-31 20 189 33 240
31-32 1,580 262 30 1,870
32-33 0 322 23 350
33-3L 6L LL8 20 530
3L-35 1,002 625 17 1,640
1935-36 1,685 529 2l 2,2L0
36-37 980 701 Lo 1,720
37-38 2,113 661 27 3,100
38-39 2,087 879 37 3,000
39-40 1,825 793 L9 2,670
1940-L1 2,667 1,987 68 4,720
L1-L2 5,920 1,6L3 7h 7,6L0
L2-43 8,439 1,8L3 87 10,370
L3-LL 7,419 Ly, 00k 98 11,520
Lh=L5 58L 1,593 91 2,270
1945-L6 532 1,686 " 53 2,270
L6-L7 7 1,206 59 1,270
L7-L8 250 1,082 Llh 1,380
1i8=L9 Lhs 9u5 30 1,420
L9-50 L31 1,137 72 1,6L0
1950-51 229 1,379 73 1,680
51-52 7h5 1,482 113 2,3L0
52-53 635 1,h13 96 2,140
53-5L 3L6 76L 11k 1,220
ShL-55 22 874 135 1,030
1955-56 60 632 127 820
56-57 0 517 110 630
57-58 0 6L9 8L 730
29-year average 2,550
1929-57

a. Does not include excess consumptive use in-
San Fernando Cienaga area
b. Rounded off to nearest 10.
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Estimated Reduction in C ve Use of Ground Water

Abstract

Extent of the aresa affected by the high ground water conditions in
the Sylmar Subarea was determined by studies set forth in Appendix C,
"Characteristics of Soils and Their Relationship to Past Vegetative and Water
Table Conditions in San Fernando Cienaga Area'. Maximum consumptive use of
ground water under predevelopment conditions was calculated by two methods.
The first used the relative elevation of the maximum concentration of
calcium carbonate to determine the maximm average predevelopment elevation
of the water table. The second method estimated maximum water table condi-
tions using historic records, surveys, court transcripts and other sources.
Using these estimated water table elevations in conjunction with values for
consumptive use of ground water under high water table conditions obtained
from the curve set forth on Figure L-L, maxinum evapotranspiration use was
estimated to be about 1,600 acre-feet per year (see Tables L-18 and L-19).
The closeness of these results indicates that the calcium carbonate content
of the soil reflects the approximate predevelopment water table conditions.
From this it was assumed that the relative magnitude of the maximum concen-
tration of calcium carbonate in a given soil profile is proportional to the
approximate period of time that water levels were at this elevation.
Inasmuch as there is no development in the westerly portion of the Sylmar

clenaga area and data are not available therein during the base period,

* Excess consumptive use of ground water caused by high water table
conditions as defined in this appendix.
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average predevelopment consumptive use was estimated in each area and is
about 700 acre-feet per annum for the eastern portion of the area and 200
acre-fest per annum for the western portion (see Table 1-25). This value,
compared with estimated consumptive use of ground water during the base
period determined from water level measurements modified to reflect soil
types, indicates an estimated average reduction of consumptive use of
ground water from predevelopment to developed conditions of about 600 acre-
feet per annum (see Tables L-20 and 1-21).

The areas affected by high water table conditions were considered
to be those delineated by the outer boundary of the soils described in
Appendix C and delineated as Types B-1l, B-2, B-3, SB-1 and T-1 on Plate 7.
The boundary between the East and West Cienaga areas has been taken as the
topographic divide near Lakeside Street. The western portion of the West
Cienaga is now inundated by San Fernando Reservoir.lZ/ Some water level
data are available in the East Cienaga area; however, no reliable water
levels are available for the predevelopment pericd in either area, and
therefore elevations of the predevelopment water table and'resulting con-
sumptive use of ground water under predevelopment conditions have been
estimated by means of the chemical analysis of the soil as hereinafter de-
scribed. Some water level data in the East Cienaga area are available during
the base periecd and these have been utilized in conjunction with the soil
chemistry information in estimating average consumptive use of ground water

under conditions of pumpage and water supply development existing during
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this latter period. The results cbtained are approximations but are be-
lieved to be indicative of the order of magnitude of use of ground water

for the conditions set feorth.

Estimated Consumptive 'Use of Ground Water

To determine the annual historic consumptive use of ground water
pricr to development and during the base pericd, an analysis was made of
the data set forth in Appendix C "Characteristics of Soils and Their
Relationship to Past Vegetative and Water Table Conditions in San Fernando
Cienaga Area" in order to define water table conditions during periods when
water level observations were not available. This information combined with
available data concerning unit consumptive use contained in this appendix
provided a means of estimating the limits of consumptive use of ground water
in the area.

Soil samples and chemical analyses described in Appendix C show
large quantities of calcium carbonate (CaC03) present in the soils. It was
concluded that the CaCO3 was precipitated from the ground water which was
concentrated through transpiration and evaporation under high water table
conditions. This deposition takes place in the root zone immediately above
the water table where ground water is being consumed by vegetationlé{ or in
the zone of aeration at or near the surface where water is lifted by capillary
action. The first condition is thought to have occurred in this area.
Although the zone of maximum transpiration is immediately above the water
table, it has been assumed that the depth to the zone of maximum CaCO3 depo-

sition indicates the average depth to water during the period of high water
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table conditions in which the accumulation of salts occurred. It is further
assumed that the relative quantities of CaCO3 deposited indicate the rela-
tive period of time that the water table was at that elevation and the
relative amount of water transpired. Thus it is possible to estimate depth
to water under predevelopment high water table conditions and the proportion
of time it was at that depth if it is assumed that during the subsequent
period, when the water table had been lowered by development of the ground
water supply, leaching of salts from the soils by deep percolation of rain-
fall and excess irrigation water had not been sufficient to remove or lower
the zone of maximum CaCO3 appreciably.

To determine depth to water in the area susceptible to high ground
water losses, the depth to maximum CaCO3 content at each boring in the area
was superimposed on the soils map depicted on Plate 7. This depth was taken
as indicating the average position of the predevelopment maximum water table
and contours of equal depth to water table were drawn. Acreages with equal
depth to water were measured and the unit values developed in this appendix
concerning consumptive use under high ground water table conditions were ap-
plied to determine theoretical consumptive use of ground water, assuming that
the water table was at maximum level at all times. It was further assumed,
for purposes of this study, that the outer boundary of Hesperia fine sandy
loam delineates the areal extent of the transition zone of soils affected by
high water table conditions (see Plate 7) and thus denotes the northern ex-
tremity of the moist area. The acreages and amounts of consumptive use of

ground water so determined are set forth in Table L-18.
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To ascertain the validity of the foregoing approach, high water
table conditions were determined after development of surface flows but prior
to appreciable ground water development from historic records available in
various publications, court transcripts and surveys. All references to
springs, ciendgas and seepages in these records have been taken as evidence
that the water table was at or near the surface. The location of each was
superimposed on Plate 7 and the use of ground water estimated on this basis.
Assumptions made in this analysis are as follows:

1. The water table would be at ten feet at the outer limits

of the Hesperia fine sandy loam which marks the northerly extremi-
ty of soils affected by high water table conditions and it would
be less than ten feet at all other limits.

2. Where springs or other evidence indicate that water was
at or near the surface, it was assumed that the depth to water in-
creased uniformly to the ten-foot depth at the outer limit of the
Hesperia fine sandy loam, |

3. The water table between springs and other indications of
high ground water would be relatively level and continuous.

L. Where no records were available in the western portion of
the study area, the edge of the Chino fine sandy loam was assumed
to coincide with water table depths of less than four feet, as in-
dicated in the areas where records were available, and the water
table sloped uniformly to the aforementioned ten-foot boundary.
The acreages and amounts of consumptive use of ground water estima-
ted under the foregoing assumptions and conditions are set forth in Table L-19
for comparison with results in Table L-18, which were derived by fixing maxi-
mum levels as indicated by location of maximum concentrations of CaCO3,
Values derived in Tables L-18 and L-19 reflect the maximum annual
consumptive use of ground water realized with maximum water levels continuously

maintained over a long-time period; however, the supply to the area, which is

basically derived from precipitation, varies as indicated by recorded periods
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TABLE 1-18

ESTIMATED MAXIMUM ANNUAL CONSUMPTIVE USE OF GROUND WATER
UTILIZING CaCO3 FOR DETERXINATICY OF HIGH WATER TABLE CONDITIONS
PRIOR TO ANY DEVELOFPMENT IN AREA

. . Average | Depth of * Consumptive® Net
Soila ;Acreage,, depth to gconsmnptive; Total, in . use of pre-‘ consunptive
type~ .in acres, water, | use,P . acre-feet 'cipitation 0  use of
. . in feet | in feet tin acre-feet=§§°:ndew;te€’
. : H . H cre-~iece
(1 = . = () s (L) :(5)=(2)x(L): (6)  :(7)=(3)-(6)
Bl 191.7 Less than L 6.0 1,150 26l 886
B2 2.3 less thanl 6.0 it 3 11
B3 3.2 Less than L 6.0 19 L 15
SBl 93.0 Less than 4 6.0 558 128 L30
T1 37.7  Less than 6.0 - 226 52 17k
Tl 23.0 5 L.16 96 32 S
T1 25.0 6 3.16 79 35 Lh
Tl 2L.3 7 2.5 61 34 27
T1 27.7 8 2.0 55 38 17
T1 20.0 9 1.75 35 28 7
TOTALS LL7.9 2,293 618 1,675

a. See Plate 7.

b. See Figure L-L.

¢. Product of average annual consumptive use of precipitation
(1.38 feet) and acreage in Colum. (2).

TABIE L-19

ESTIMATED MAXIMUM ANNUAL CONSUMPTIVE USE OF GROUND WATER
IN THE VICINITY OF THE SYIMAR HYDROLOGIC SUBAREA
UNDER HIGH GROUND WATER TABLE CONDITIONS

. * Average ° Depth of ! _ Consumptive’ Net
Soil, .Acreage,. depth to 'consump%ive' Total, in * use of pre-* consumpzlve
: use o

type .in acres’ water, use, : acre-feet ‘cipitation,®:
: :ground water,

! 4n feet * in feet ° *in acre-feet
: 3 : : : “3in acre-feet

1y + () ) = () (5)=(2)x{L): 6)  {(7)=(5)-(6)
Bl 191.7 Less than L 6.0 1,150 26l 886
B2 2.3 Less than 4 6.0 1l 3 1
B3 3,2 Iess than L 6.0

SB1 93.0 Less than L 6.0
T1 22.9 Less than L 6.0
T1 23.9 5 4.16
T1 2L .8 6 3.16
Tl 28.8 T 2.5 72 LO 32
71 28.8 8 2.0 58 Lo 18

Tl 28.5 9 1.75 0. . 39 11
Totals LLT7.9 2,235 617 1,618

a, b and ¢c. See Table L-18.
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of drought and abnormal wetness. During a normal precipitation cycle, such
as the 85-year perlod from 1672-73 through 1956-57, precipitation was above
normal for about one-thlrd of the time and subnormal the remaining two-thirds.
It was assumed that predevelopment ground water levels varied during a long-~
time period in accordance with precipitation trends; therefore, the maximum
quantities estimated for continuous high water table conditions, as shown in
Table L-18, were modified in proportion to the decrease in amounts of CaCO3
indicated at the zone of maximum accumulation in each boring sampled through-
out the area.

To determine this modification, and hence the average annual con-
sumptive use of ground water during conditions prior to development, it was
assumed that continuous deposition of CaCO3 occurred historically at rates
varying in proportion to the wetness or dryness of the period and that these
wet and dry cycles and the resultant water level changes caused by them are
related directly to the percent of CaCO3 deposited at the zone of maximum con-
centration within the top five feet of soil., These assumptions are supported.
by tree-ring studies of Schulman-—/ and Troxel-d/, which indicate that there
has been no major change in climatic patterns in Southern California for over
560 years, and studies by Doneenlé/ and others indicating that in situations
where ground water is available and is naturally transpired or evaporated,
the less soluble mineral salts therein are deposited in the zone of use.

Thus the procedures utilized are believed applicable for long-time conditions
and the concentration of Ca003 deposited would be proportional to the average
quantity of ground water consumed. Inasmuch as there are no records of water
levels in the West Cienaga area during the base pericd, the average predevelop-
ment consumptive use of ground water was calculated for each of the cienaga
areas so that a comparison could be made with consumptive use during the base

period.
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Available records indicate that the areal extent of the zone con-
taining 25 percent CaC03 within four feet of the surface coincides with re-
ported existence of perehnial springs, cienagas and damp areas during the dry
portion of the 1870's; therefore this area was taken as having a predevelop-
ment average water table within four feet of the-surface 100 percent of the
time. The average annual ‘consumptive use of ground water throughout the re-
mainder of the area was taken as proportional to the relative concentration
of CaCO3 at any place, compared to the aforementioned amnual use of ground
water determined for the area containing a 25 percent concentration of these
salts. For example, an area containing soils with a maximum concentration of
25 percent CaC03 in the top four feet of the soil profile was presumed to have
experienced average water levels within four feet of the surface for 100 per-
cent of the time, whereas an area containing soils with 10 percent concentra-
tion of CaCO3 within the top four feet of soil profile was assumed to have
experienced maximum water levels during only LO percent of the time, and areas
containing soils with five percent concentration of CaCO3 within seven feet of
the surface were assumed to have experienced maxirmum water levels at seven
feet for only 20 percent of the time. |

Areas which historically were effluent during dry cycles were con-
sidered ‘to have a water table within four feet of the surface 100 percent of the
time regardless of Ca003 content, The conditions causing variations in CaCOB
concentrations in these areas are set forth on pages C-24 and C-25 of Appendix C.
The greatest influence on salt concentrations was considered to be from the
flushing effect adjacent to continuously flowing springs.

In order to modify the maximum amounts set forﬁh in Table L-13, values

of the average percent Ca003 were superimposed on Plate 7 along with the contours
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of the maximum percent CaCO3 utilized for high water table conditions. Lines
of equal percentage were drawn for 100 percent, LO percent, 20 percent and
zero percent of time, based on CaCO3 content of 25 percent, equaling an aver-
age water table four feet from the surface 100 percent of the time., Soil
boundaries along with percent CaCO3 weré used to determine areas similarly
affected by high water table conditions in the area. For example, the 13-
acre area of Chino fine sandy loam located near Bradley Avenue and Hubbard
Street and similar soils near the Mission well field, which were strongly
affected by high water table conditions, were given more weight in the modi-
fication of the 100 percent contour than Grangeville finc sandy loam, which
is somewhat less strongly affected by high water table conditions. The outer
boundary of the Hesperia fine sandy loam, which marks the extremity of the
soils affected by high water table conditions, was taken as the boundary where
the water table was never high enough for consumptive use of ground water to
take place. The enclosed areas were measured and average consumptive use of
ground water was computed as set forth in Table L-20.

For the base period 1928-29 through 1956-57, water table measurements
are available only in the areas near and to the east of East Cienaga. Records
are available of water surface elevation at San Fernando Reservoir which now
inundates a portion of the West Cienaga but there are no ground water level
- measurements in the moist area surrounding West Cisnaga. It was not possible
to estimate consumptive use of ground water for this area during the base period.

To determine the consumptive use of ground water from the moist area'
surrounding the East (Porter) Cienaga during the base period 1928-29 through

1956-57, depth to water was plotted from all available records in the area for
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each year. It was assumed that the upturned ends of the Saugus formation
are in contact with the recent alluvium and that there is a free interchange
of water (see Appendix D).' Contours were drawn showing equal depth to water
and consumptive use of ground water was determined as heretofore described.
The amount of consumptive use so determined for each year under these con-
ditions is set forth in Table L-21 and can be compared with average pre-

development conditions in Table L-20.

TABLE L-21

ESTIMATED CONSUMPTIVE USE OF GROUND WATER FROM THE EAST CIENAGA
IN SYIMAR SUBAREA 1928-29 THROUGH 1957-58

In Acre-Feet

Consumptive use

: Consumptive use
Year : of ground water Tear of ground water
1928-29 less than 10 1945-L6 172
29=30 Less than 10 L6-L7 139
L7-L8 91
1930-31 60 L8-L9% 51
31-32 . 63 L9-50 Lé
32-33 255
33-3L 82 1950-51 L6
34=35 136 51-52 ILess than 10
52-53 Less than 10
1935-36 Less than 10 53-5L Less than 10
36-37 c8 5L-55 Less than 10
37-38 36
38-39 129 1955-56 Less than 10
39-40 121 56-57 Iess than 10
57-58 Less than 10
1940-L1 159
L1-42 2L2
L2-43 L2 Average about 85
L13-Ll 2L2
LL-L5 181 -
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Predevelopment Surface Water Supply

William Ham Hall in "Irrigation in Southern California", dated
1888, reported sufface flow from the area as 10 miners inches (under four-
inch pressure) at West Cienaga and 38 to LiO miners inches at East Cienaga.
He also reported a flow of 50 miners inches in San Fernando Creek located
to the west of the study area. It is noted in this respect that precipi-
tation was above normal during the mid and late 1880's. Since little or
none of the flow of San Fernando Creek is thought to have originated as
rising water in the study area, it was disregarded and the predevelopment
surface supply.-is thus computed as 50 miners inches or about 725 acre-feet

per annum.

Surmary and Conclusions

The estimated maximum theoretical consumptive use of ground
water with water levels assumed at maximum elevation 100 percent of the
time, as determined by maximum zone of accumulation of Ca003 and from
maximum historic water elevations, was about 1,400 acre-féet per year (see
Tables L-18 and L-19). An average annual consumptive use of ground water
under predevelopment conditions was estimated to be about 900 acre-feet
(see Table L-20).

During the base period the rate of consumptive use of ground
-water from the moist area surrounding East Cienaga averaged about 85 acre-
feet per year and since about 1951 has been negligible (see Table L-21).
Insufficient data are available for water-table conditions in the moist
area surrounding West Cienaga and no estimates were made for consumptive

use of ground water occurring there during the base period.
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To evaluate the effect of lowering the water table and the
resulting decrease in consumptive use of ground water, it has been assumed
that the ground water divide between East and West Cienagas located near
Lake Street, as shown on Plate 7, is coincidental with the topographic
divide. As previously stated, there are little data available on the moist
area in the viecinity of West Cienaga and it is not known what effect, if
any, pumping has had upon this area. Proceeding on this basis, the
average annual predevelopment consumptive use of ground water was estimated
for each area as set forth in Table L-20. The consuwptive use so estimated
averages about 700 acre-feet per year in the moist area surrounding East
Cienaga and 200 acre-feet per year in the area surrounding West Cienaga.
During the base period, consumptive use of ground water in the eastern
area was reduced to an average of about 85 acre~feet per year and an
unknown amount for the western area, for a reduction in consumptive use of
ground water 6f about 615 acre-feet per year in the East Cienaga area.

This figure is tenuous, but from the data available it is a good indication
as to the reduction of consumptive use of ground water in the East Cienaga
area.

In addition to the reduction in consumptive use of ground water,
the minimum surface flow from East Cienaga has been eliminated. Since
West Cienaga is inundated b& San Fernando Reservoir, it is not possible to
determine the reduction in surface flow, if any, since development of the
area. Thus, the total reduction in water leaving the East Cienaga area as

consumptive use of ground water and surface outflow during the base period,
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as compared to predevelopment conditions, is equal to the 615 acre-feet
reduced consumptive use plus the surface outflow reduction of LO inches or

580 acre-feet, comprising a total average annual reduction of about 1,195

acre-feet,

Consumptive Use of Ground Water
The consumptive use of ground water by riparian vegetation
and in high ground water areas has been hereinbefore discussed and is

summarized in Table L-22.

Evaporation From Water Surfaces

Evaporation from water surfaces consists of evaporation from
the City of Los Angeles terminal storage reservoirs and the flood control
storage reservoir located at Hansen Dam. Various types of evaporation pans
are installed at the three principal reservoirs of the City of Los Angeles.
San Fernando Reservoir is equipped with a U. S. Weather Bureau type pan;
Chatsworth Reservoir with a Los Angeles County Flood Control District
ground pan; and Encino Reservoir with a U. S. Weather Bureau type pan and
a Los Angeles Couﬁty Flood Control District ground pan. Records of evap-
oration from these pans extend from 1932 to the present and aré published
in the State of California Bulletin No. 54-A and 54-B, entitled "Evapora-
tion from Water Surfaces in California - Basic Data" and the Los Angeles

County Flood Control District's Annual and Biennial Reports on Hydrologic

Data.
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Year

1928-29
29-30

1930-31
31-32
32-33
33-3L
3L-35

1935-36
- 36-37
37-38
38-39
39-40

19h0;hl
L1-42
L2-43
L3-Ll
Lh-45

1945-L6
46-L7
L7-L8
1,68-L9
L9-50

1950-51
51-52
52-53
53-54
5L-55

1955-56
56-57
57-58

29-Year

1929-57

a*

TABLE L-~22

SUMMARY OF CONSUMPTIVE USE OF GROUND WATER

In Acre-Feet

ter Areas

60
60
260
80
1,0

60
Lo
130
120

160
240
2Lo
240
180

170
10
90
50
50

50

*

*

* %k ¥k

Average

Less than 10 acre-feet.

1,280
880

2Lo
1,870
350
530
1,60

2,2l0
1,720
3,100
3,000
2,670

L, 720
7,6L0
10, 370
11,520
2,270

2,270
1,270
1, 380
1,L20
1,6L0

1,680
2,340
2,140
1,220
1,030

820

630
730

L-70

Riparian :
¢ Other areas : Vegetation :

4,570
L, 310

L, 050
3,620
4,030
3, 920
3,850

L, 350
3,340
2,990
1,410
1,1L0

o
1,290
830
840
1,190

1,200
1,170
1,260
1,140
1,090

1,160
570
960
880
890

790
770
460

Total

5,850
5,190

L, 350
55550
L, 6L0
4,530
5,630

6,590
5,120
6,130
L, 540
3,930

5,320
9,170
11,L40
12,600
3,6L0

3,6L0
2,580
2,730
2,610
2,780

2,890
2,910
3,100
2,100
1,920

1,610

1,400
1,190

L,8L0



The pan evaporation for the U. S. Weather Bureau pan was reduced
to an equivalent reservoir evaporation by a coefficient of 0.77, which is
applicable to coastal areas in Southern California. With the Los Angeles '
County Flood Control District ground pan a coefficient of 0.81 was used
for data prior to October 1, 1946 and a coefficient of 1.0 subsequent to
that date, in accordance with studies made by the U. S. Department of
Agricllture. The evaporation from the city's reservoir was thus computed
based on these ;oefficients. The evaporation prior to 1932 was extrapo-
lated based on the period for which data are available. Evaporation from
the U. S. Weather Bureau type pan at Encino Reservoir was considered to be
representative of evaporation from the water surface in San Fernando Valley.
The mean annual U. S. Weather Bureau pan evaporation at Encino Reservoir
for the period extending from 1932 to 1954 was 75.79 inches and equivalent
to an evaporation of 58.3 inches from a water surface.

Precipitation on and total evaporation from water supply reser-
voirs is shown in Table M-l1. The annual water surface evaporation from
the flood control reservoir at Hansen Dam is based on the annual depth of
evaporation for the water supply reservoirs. For the water supply reser-
voirs and for Hansen Dam it is assumed that the rain on the water surfaces
is evaporated first. The difference between total evaporation and the
evaporation of precipitation is considered to be evaporation of delivered
water in the case of the water supply reservoirs and evaporation of runoff
in the case of Hansen Dam. The total evaporation on water surface areas

and the portions assigned to precipitation, delivered water and runoff are

shown in Table L-22A.
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TABLE 1-22A
CONSUMPTIVE USE CON WATER SURFACE AREAS
In Acre-Feet

onsumptive Use :gonsymptive use’Consumptive use

) Total. delivered water: AP : of runoff
Tear evaporation (32:Z§v§§§§%y : precipitation : (Hansen Dam)
1
1928-29 5,270 4,390 880 0
29-30 5,351 L,410 9L0 0
1930-31 5,991 1,880 1,110 0
31-32 L,597 3,240 1,360 0
33-3L 5,237 L,270 970 0
3L4-35 4,293 2,880 1,410 0
1935-36 1,830 3,8L0 990 0
36-37 L,698 2,990 1,710 0
37-38 L;,501 2,8L0 1,660 0
38-39 L,938 3,520 1,420 0
19L0-1 4,770 1,500 3,060 210
L1-42 5,420 3,870 1,010 540
L2-L3 5,390 3,070 1,500 L20
L3-LL 5,160 2,860 1,940 380
Ly-L5 5,080 3,L40 1,150 L90
1945-46 5,210 3,590 1,110 510
L6-47 5,390 | 3,670 1,210 510
47-48 5,680 L, 440 610 630
L8-L9 5,360 1,080 700 580
49-50 5,280 3,750 970 560
1950-51 5,220 3,840 810 570
51-52 5,200 2,390 2,450 360
52-53 5,440 3,870 1,000 570
S4-55 5,350 3,720 1,100 530
56-57 5,290 3,700 1,060 530
57-58 5,490 2,650 2,390 1,50
29-Year
Average
1929-57 5,130 3,560 1,280

. . . area of water surface
face reservoirs x
(1) Evaporation in water sur reserv e aTer STace Teser-

voirs

(2) Table 35, Column 10
(3) Table M-1, Column 6 plus rain on Hansen
(L) Column 1 - (Columns 2 and 3)
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Consumptive Use of Distribubion Losses

Water system loss is defined as being made up of leaks and breaks
in water mains, meter slippage and unmetered water. In addition it includes
a portion of the water used for fire protection and construction. Most of

the water system loss occurs under roadways within the root zone of trees

planted in-the parkways.

L-71b



From the data collected in the residential lot survey, it was
determined that approximately 15 percent of the impervious area within-
the right of way of the street is covered by the spreading branches of
trees. Since consumptive use is a function of the projected area of
foliage, it was assumed that the water available beneath this foliage was
consumed by trees. It was therefore assumed that 20 percent of the
distribution loss was consumed and the remaining 80 percent available for
deep percolation.

Disposition of Water Delivered to the Hills

The exact disposition of water delivered to the hill and mountain
areas cannot be determined' for the base period because of the lack of
culture data. The only adequate culture data available were collected by
the Board's staff in 1958. The acreages for the culture classifications

determined in 1958 are shown in Table L-23.

TABLE L-23

1958 AREAL CULTURE IN THE HILL AND MOUNTAIN AREAS
AND 29~YEAR MEAN WEIGHTED UNIT VALUES FOR
CONSUMPTIVE USE OF DELIVERED WATER

sssostion AT, | e ne e
Residential 8,710 0.78
Commercial and industrial LLo 0.92
Citrus | 723 1.36
Lawn grass (parks and

cemetery) 1,628 2.50

The 29-year mean weighted unit value for the consumptive use of

delivered water on the valley floor for San Fernando Subarea was used to
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determine the consumptive use of delivered water in the hill and mountain
areas. The 29-year mean weighted unit values for the land use classifica~-
tions are shown in Table I~23. Applying these unit values to the areas
determined in 1958 and the sewage contributed from residential areas as
shown in Table N~9, the disposition of delivered water can be itemized and

is shown in Table L-24.

TABIE L-2l

DISFOSITION OF DELIVERED WATER TO THE
HILL AND MOUNTAIN AREAS BASED ON 1958 CULTURE

In Acre-Feet

Residential 8,710 (acres) x 0.78 = 6,790
Commercial and

industrial LLO (acres) x 0.92 = L0O
Citrus 720 (acres) x 1.36 = 980
Lawn grass . 1,630 (acres) x 2.50 = 4,080
Sewage (Table N-9, 1957-58) = 6,550

TOTAL 18,800 acre-feet

Estimated deliveries in 1957-58 to
hill and mountain areas (Table J-13) 17,920

The total amount of water delivered to the hill and mountain
areas in 1957-58 was 17,920 acre-feet as shown in Table J-13. The amount
delivered is less than the estimated amount necessary to supply the consump-
tive use and sewage average requirements of the area based on unit values
determined from studies made on the valley floor. This difference was
expected since the mean rain in the hill and mountain areas is higher than
on the valley floor. Since the above difference exists, the amount of deep
percolation from delivered water to the hill and mountain areas is in all

probability insignificant and may be assumed to be nil during 1958 and also

during the 29-year base period.
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APPENDIX M

TRANSFERS OF IMPORTED WATER AND GROUND WATER

WITHIN AND.OUT OF UPPER LOS ANGELES RIVER AREA

The sources of waters imported to the area of investigation are
primarily the Owens and Colorado Rivers. Owens River water first reached
San Fernando Reservoir in 1913 through the los Angeles Aqueduct and was
exported to the City of Los Angeles for use. However, it was not until
1915 and after the major San Fernando Valley annexations to the City of
Los Angeles had been completed that Owens River water was delivered to
customers in the Owens water service area.

Beginning in 19L0, water distributed by The Metropolitan Water
District from the Colorado River was made available to its members in the
Upper Los Angeles River area. At the present time those members are the
Cities of Burbank, Glendale and Los Angeles and the Foothill Municipal
Water District which redistributes Colorado River water to the Crescenta
Valley County Water District and the La Canada Irrigation District.

Determination of quantities of imported water delivered to each
service area from each of the two sources of imported water are discussed

herein. The extent of each service area is shown on Plate 19.

Owens River Water
The quantities of Owens River water imported into the area are
measured at a current meter-rated gaging station in the lLos Angeles Aqueduct
below Dry Canyon Reservoir for the years preceding 1933. From 1933, the

discharge measurements consist of the sum of the discharges through the
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Penstock meter at the San Fernando Power Plant, the Maclay Highline meter
and the San Fernando bypass. The latter is a current meter-rated gaging
station, except for the years prior to 1942 when the flow was estimated.
The terminal storage reservoirs for imported Owens River water are the San
Fernando and Chatsworth Reservoirs (see Plate 21),

From San Fernando Reservoir, a portion of the Owens River water
is exported out of the Upper Los Angeles River area to Franklin, Hollywood,
Stone Canyon and Silverlake Reservoirs. The latter reservoir did not
receive Owens River water until the completion of the River Supply Conduit
Extension in 1949. The quantity of exported Owens River water is metered
at the inlet to Franklin and Stone Canyon Reservoirs and at the North
Hollywood Pumping Plant which discharges into Hollywood and Silverlake
Reservoirs (see Plate 21).

The major portion of the Owens River water remaining in the Upper
Los Angeles River area is delivered to the Owens service afea with small
amounts to the Mission Wells and Sunland-Tujunga water service areas to
supplement the ground water supply to these areas, During the base period
the average amount of Owens River water remaining in the City of lLos
Angeles west of Burbank was approximately 125,000 acre-feet per year.

An inventory of the Owens River water was made for the area
within the City of Los Angeles west of Burbank. Metered amounts of the
water were utilized wherever possible. Items included in the inventory
are the amounts of import to the area and transfers therefrom, sales to

the consumers, water spread in spreading grounds, change in surface storage,
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estimated amounts of rain on reservoirs, runoff into the reservoirs,
evaporation, spillage and water used for the generation of electricity in
the River Power Plant.

Determination of pracipitation and runoff are discussed in
Appendixes £ and F, respectively. Evaporation from the surface of
reservcirs was determined by the use of the U, S. Weather Bureau pan and
the Los Angeles County Flood Control District!s 2L-inch evaporation pan
located at the City's terminal reservoirs, when records were available, or
estimated by extending these records through the use of percent of daylight
hours and mean temperature when no evaporation msasurements were avalleble.

Water used in the River Power Plant was estimated using the
operational records of the plaat and the quantity of water necessary to
producs the power delivered by the plant. The operation of this plant was
discontinusd in 1940. The amounts of water used by the River Power Plant
are included under operational spills as is water discharged from
Chatsworth Reservoir for collection at ths headworks and blowoffs from
mains, Most of the spilled water was reclaimed at the headworks inflltra-
tion gallery and was exported cut of the Upper Lcs Angeles River area as
extracted ground water.

Teble M-1 is an inventory of the Owens River water in thé City of
Los Angeles west of Burbank, The difference betwsen the supply and

disposal is termed unaccounted-for water.
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Tinported Waters in the Narrows Area

The completion of the River Supply Condult Extenslon to Silverlake
Reservolr in 1949 engbled the City of Los Angeles to transport Owens River
water to Silverlake Reservoir. Thereafter, Owens River and well waters
were comningled at the North Hollywood Pumping Plant and in the River Supply
. Conduit Extension (see Plate 21 for location).

The source of supply to the Narrows area is from Sllverlake and
Eagle Rock Reservoirs. Eagle Rock Reservcir 1s the distribution ressrvoir
for Colorado River water received from The Metropolitan Water District.
Eagle Rock Reservoir distributes water to the Narrows service area and
the area to the east which is outside of the Upper los Angeles River area.
Through the Eagle Rock-Hollywood conduit, Colorado River water may be
transferred to Hollywood Reservoir.

The annual amounts of water delivered to the Narrows service
area from 1928-29 through 1957-1958 were estimated from the totals taken
from fiela meter reading books or "Read Books" of the City of Los Angeles
Department of Water and Power for each consumer and from trunk line metered
consumption. When a book extended outside the area of investigation, the
total amount of water recorded in the book was proportioned according to
the area in and out of the area of investigation.

An estimate of the ;mount of water from each source was made by
assuming that all the water commingled and the water was distributed
uniformly over the area. The amount of water from each source was deter-

mined by swming up the amount of water supplied to various service zones
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served by Silverlake and Eagle Rock Reservoirs, The percent of Colorado
River water was found by determining the percent of the total water which
is supplied froq Eagle Rock Reservoir.

The amount of Colorado River water delivered to the Narrows
service area was obtained by applying the percent of Colorado River water
calculated for the above area to the water delivered to the Narrows service
area. The remaining amount of water is supplied from Silverlake Reservoir
and consists of Owens River and ground water.

The amount of Owens River and ground water from Silverlaks
Reservoir delivered to the Narrows service area was proportioned according
to the percentage of the inflow of each supplied to the reservoir.

The annual quantities of Owens River import delivered to each

serviece area are shown in Table M-2,



TABLE M-2
IMPORTED OWENS RIVER WATER¥

In Acre-Feet

Fernando Subarea :Sy. :Verdugo :
:Subarea:Subarea : Upper
Year * Owens ‘Sunland=:Missioniygp.gyst ! Owens 19Un1and-ilos ingeles

‘Service 1uJUWIga : Wells tgorvice’ Total ‘Service® :Tujunga :  piyer
S ervice :Service: :Service @ Area

. Area . Area . Area Area : Area . Area
1928-29 98,790 0 0 0 98,790 3,760 0 102,550
29-30 105,860 0 0 0 105,860 3,210 0 109,070
1930-31 124,710 0 0 0 124,710 3,010 0 127,720
31-32 123,520 0 0 0 123,520 2,L90 0 126,010
32-33  11L,240 0 0 0 11L,2L0 3,390 0 117,630
33-3L 97,040 0 0 0 97,040 2,980 0 100,020
3L-35 97,LkLo 0 0 0 97,LL0 2,960 0 100,400
1935-36  12L,L60 0 0 0 124,460 L,080 0 128,5L0
36-37 89,410 0 0 0 89,410 3,390 0 92,800
37-38 81,980 0 0 o 81,980 2,570 0 8L,550
38-39 98,990 0 0 0 98,990 3,080 0 102,070
39-L0 8L,180 0 0 0 84,180 2,680 0 86,860
19L0-11 71,180 0 0 o 71,180 2,800 0 73,980
L1-42 108,160 0 0 0 108,160 3,590 0 111,750
L2-43 114,100 0 0 0 116,100 L,380 0 120,480
L3-LL 110,580 0 0 0 110,580 L,530 0 115,110
Lh-L5 106,000 0 0 0 105,000 L,790 0 110,790
1945-L6 120,610 0 0 0 120,610 5,290 0 125,900
L6-L7 127,050 0 0 0 127,050 6,160 0 133,210
L7-L8 139,080 0 0 0 139,080 6,500 0 145,580
18-L9 130,190 0 0 0 130,190 6,410 0 136,600
L9-50 143,130 0 0 1,300 142,710 5,750 0 148,460
1950-51 146,820 570 430 2,160 149,980 5,990 80 156,050
51-52 136,430 380 0 2,h60 139,270 5,120 50 1L44,LL0
52-53 149,650 1,590 650 2,270 154,160 6,150 220 160,530
53-5, 145,800 1,340 510 1,520 149,170 5,350 180 15L,700

54-55 147,710 1,080 650 1,590 151,030 5,650 150 156,830
1955-56 149,010 1,020 1,160 1,770 152,960 5,L80 140 158,580

56-57 149,670 1,080 1,230 2,250 154,230 6,530° 150 160,910
57-58 151,260 630 1,880 2,540 156,310 5,620 90 162,020

Gross amounts delivered to valley fill area and tributary hill
and mountain areas.
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Colorado River Water

Colorado River water was made availeble to the Cities of Burbank,
Glendale and Lo? Angeles in 19L0. The City of Burbank made immediate uss
of this water to supplement its primary water supply. The City of Los
Angeles cormmenced using Colorado River water in the area south of Glendale
in 1945 with the City of Glendale following in 1946. Upon formation cf the
Foothill Municipal Water District, Colorado River water was delivered %o
the Crescenta Valley County Water District and the La Canada Irrigation
District in 1951,

The amount of Colorado River water delivered to each city or
district, with the exception of the Narrows service area, Crescenta Valley
County Water District and the La Canada Irrigation District, was compiled
from the records of The Metropolitan Water District of Southern California.
For Crescenta Valley County Water District and the La Canada Irrigation
District, the amounts of Colorado River water purchased by them from the
Foothill Municipal Water District were utilized. The locations where these
cities and districts connect into The Metropolitan Water District and the
Foothill Municipal Water District distributlon lines are shown on Plate 21.
Annual amounts of Colorado River import delivered to each service area are

shown on Table M-3. The method used to determine the amount delivered to

the Narrows service area has been previously discussed.
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Water Transfers

The various water service areas in the Upper Los Angeles River
area do not cortrespond with the boundaries of the three hydrologic subareas.
The amount of water transferred from one subarea to another for each service
area, with the exception of the Mission Wells service area, was estimated
as discussed hereafter. Water transfers involving only ground water
extracted in one subarea and transferred to another subarea are shown on
Table M~L. Imported Owens River and Colorado River water were assumed to
be delivered to the subarea regardless of the actual location of the point
of delivery of these waters. This assumption was made to facilitate the
calculations in determining the transfer of imported waters between subareas.,
It is reasonable to assume that when imported waters are supplied at a

point in the system that this mixture is uniform over the entires service

area.

City of San Fernando Service Area

A major portion of the water extracted from the Sylmar Hydrologic
Subarea is exported to the San Fernando'Hydrologic Subarea., The City of
San Fernando's wells are located in Sylmar Hydrologic Subarea, while 91
percent of the service area of thét city is in San Fernando Subarea. No
measurements are availabie of the amount of water delivered to each subarea.
Accordingly, an estimate was made of the amount of water delivered to each
subarea, based on the percentage of the areal extent of the City of San

Fernando service area within each subarea,
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TABLE M-L

TRANSFERS OF GROUND WATER EXTRACTIONS
BETWEEN HYDROLOGIC SUBAREAS&

In Acre-Feet
: Transfers from : Transfers from San
Subarea to San :Verdugo Subarea : Fernando Subarea to
Subarea :to S Fernando : Verdugo Subarea
ubarea sSunlan
1928-29 2,460 1,150 3,610 1,800¢ 100 100
29-30 2,080 1,150 3,230 1,800¢ 100 100
1930-31 1,500 1,150 100 100
31-32 1,170 1,170 100 100
32-33 560 1,160 100 100
33-3L4 1,270 1,200 110 110
34=-35 2,0L0 1,090 3,130 920 90 90
1935-36 2,260. 1,300 3,560 1,030 100 100
36-37 2,010 1,310 3,320 920 110 110
37-38 2,380 1,280 3,660 1,320 110 110
38-39 2,270 1,L00 3,670 2,590 120 120
39-L0 2,220 1,380 3,600 2,370 120 120
19L0-L1 2,700 1,380 4,080 3,090 120 120
l1-L2 2,430 1,580 L,010 3,110 140 1Lo
L2-43 2,230 1,700 3,930 2,990 170 170
L3-LL 2,500 1,630  L,130 3,250 170 170
Ll=L5 2,5L0 1,700  hL,240 2,940 180 180
1945-46 2,900 1,800 220 220
L6-L7 2,990 1,890 220 220
L7-48 2,900 2,160 270 270
L8-L9 2,5L0 2,290 280 280

L9-50 2,460 2,2L0 4,700 280 10 290
1950-51 2,170 2,420  L,590
51-52 2,320 2,020  L,3L0
52-53 2,LLO 2,010  L,L50
53'5’4 2,160 2))430 )-l-, 590
54=55 2,190 2,260  L,L50

210 1,280 1,490
100 9Lo 1,0L0
100 1,260 1,360
90 1,630 1,720
100 1,290 1,390

30 2,740 2,770
200 3,150 3,350
200 3,670 3,870

1955-56 1,930 2,120 4,050
56-57 2,L30 2,160  L,590
57-58 1,690 2,530  L,220

e NeoN o (s NoNeoNoNo] o

a. Includes hill and mountain areas within the service area,
b, Water service areas of City of Los Angeles
c. LEstimated,



Mission Wells Service Area

The Mission Wells service area receives a major portion of its
supply from the Mission Wells in Sylmar Hydrologie Subarea. The total
émount extracted from this field 1s exported from Sylmar Subarea to the

Mission Wells service area in San Fernando Hydrologic Subarea.

Sunland-Tujunga Service Area

The Sunland-Tujunga service area in Verdugo Hydrologic Subarea
was treated similarly to the City of San Fernando service area. All of
the water extracted or diverted by the City of Los Angeles is in the San
Fernando Hydrologic Subarea. A small portion of the service area,
representing 12 percent of the areal extent of the service area, is in the
Verdugo Hydrologic Subarea. The quantity of water transferred from San
Fernando Subarea to supply the demands of the portion of San Fernando
service afea in Verdugo Subarea was proportioned according to the percentage

of the service area in Verdugo Subarea.

City of Glendale Service Area

The amounts of water transferfed into and out of the Verdugo
Hydrologic Subarea were estimated by assuming that all of the water
originating in Verdugo Subarea first supplied the demands of that subarea
based on the meter readinés of various booster pumps in the system
neceséary‘to supply the area. Any surplus water was exported from that
subarea to San Fernando Subarea to serve the remainder of the City of
Glendale. Also when the demand for water exceeded the supply originating

in Verdugo Subarea, water was transferred from San Fernando Subarea to

supplement the Verdugo supply.
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Transfers into and from the Verdugo Subarea, estimated on the
above assumptions, are listed in Table M~5. The amount of Colerado River
water imported into the Verdugo Hydrologic Subarea was proportipned according
to thg percent of water from this source to the total Glendale!supply. The
percentage of Colorado River water in the water transferred to Verdugo
Subarea was assumed the same as in deliveries to the San Fernando Subarea,
since the transfer is through the Glendale system wherein the two waters

are commingled in that proportion.

Export of Ground Water

In addition to transfers of Owens River water by the City of Los
Angeles, the ground water extracted from the River System wells of the City of
Los Angeles is also experted to reservoirs outside of the Upper lLos Angeles
River area from which a portion returns to the Los Angeles Narrows area. The
River System wells of the City of Los Angeles is comprised of the North Holly-
wood, Erwin, Whitnall, Verdugo, Deep Gallery, Headworks, Crystal Springs and
the Pollock wells or well fields. The quantity of water extracted from this
system is metered individually or as a well field and is shown in column 1 of
Table M-6 as water transferred from the Upper‘Los Angeles River area.

The amount of the ground water thus transferred, which is returned
for use in the City of Los Angeles Narrows water service area, has been
estimated as discussed under Iﬁported Waters in the Narrows Area, and the
estimated amount is shown in column 2 of Table M-6.

Net export of ground water from the Upper Los Angeles River area
has been computed as the difference between colunms 1 and 2 of Table M-6 and

is shown in columm 3 of that table.
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TABLE M-5

ESTIMATED TRANSFERS OF GROSS DELIVERED WATER BY
THE CITY OF GLENDALE BETWEEN VERDUGO AND
SAN FERNANDO SUBAREAS AND TRIBUTARY AREAS

In Acre-Feet
Eﬁwater‘: Suoply. f Amounts transfeégéd :ngfﬁffdth?ver water
1928-29 1,987 1,800
29-30 2,134 1,800
1930-31 639 2,180 1,841
31-32 639 2,154 1,515
32-33 730 1,781 1,051
33-3L 1,009 1,790 761
3-35 900 1,82k 92l
1935-36 1,025 2,059 1,034
36-37 1,168 2,083 915
37-38 1,186 2,507 1,321
38-39 1,271 3,863 2,592
L1-42 1,640 L, 750 3,110
- he-43 1,721 L, 712 2,991
Lh-L45 1,836 4,778 2,942
1945-46 2,152 L, 723 2,571
L6-L7 2,191 5,L97 3,306
L7-48 2,151 3,575 1,k2L
L8-L9 2,203 2,960 ICX
49-50 2,338 2,333 5 1,7 1
1950-51 2,665 1,281 5.8 n
2152 2,364 "ol2 8.5 80
52-53 3,212 1,258 6.5 - 82
5L4-55 3,621 2,327 1,294 L.k 57
1955-56 L,669 1,930 2,739 11.2 307
56-57 L,81L 1,667 3,147 11.1 3L9
57-58 5,596 1,929 3,667 9.L 345

# Percent of Colorado River water is the proportion of Colorado
River water in transferred supply.
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Year

1928-29
29=30

1930-31
31-32
32=33
33-3L
3l-35

1935-36
36=37
37-38
38-39
39-L0

19L0-41
L1-42
L2-43
L3=4l
. Lly=bL5

19L5-L6
L6=L7
L7-48
L8=L9
L49-50

1950-51
51-52
52-53
53-54
5L4=55

1955=56
56=57
57-58

a.
b.

$

TABLE M-6

EXPORT OF GROUND WATER FROM UPFER LOS ANGELES
RIVER AREA BY CITY OF LOS ANGELES2

water from

61,220
63,680

66,480
40,730
38,330
60,780
18,860

55,660
50,700
L45,L20
13,800
L5,070

47,560
41,680
52,500
56,030
70,740

77,070
82,210
76,990
76,160
81,610

74,600
70,720
90,400
89,160
83,140

87,910

93,630
8k4,320

Gross amounts,

-

In Acre=Feet

To Narrows service area.
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6,410
6,490

7,090
6,510
6,L20
6,720
6,0L0

6,150
6,430
6,870
7,5L0
7,210

6,860
8’350
8,570
8,730
8,8L0

9,0L0
9,040

9,180

9,270
8,870

8,220
7,680
8,420
5,650
2,970

3,910
2,880
1,040

export o
es :water from Upper Los

5L, 810
57,190

59,390
34,220
31,910
sL,060
42,820

19,510
Ll, 270
38,550
36,260
37,860

L0, 700
33,330
13,930
L7,300
61,900

68,030
73,170
67,810
66,890
72,7L0

66,380
63,040
81,980
83,510
80,170

8L,000
90,750
83,280



Expart and Import of Water by
la Canada Irecization District

The La Canada Irrigation District transferred water out of and
into the Upper Los Angeles River area due to the location of their water
service area (see Plate 19 ). A portion of their waier supply is obtained
from surface diversions and a well in Verdugo Subareca. Their remaining
supply is obtained from sources outside the area of investigation from
ground water and the Foothill Municipal Water District.

An estimate of the amounts of water exported and imported from
the Upper los Angeles River area was determined by estimating the amount
of water necessary to supply the portion of the service area in the Upper
Los Angeles River area. Of their total service area, 1,2 percent of the
areal extent of the district is in the Upper Los Angeles River area.

This percentage was applied to the total water supply of the district and
was assumed to be the demand of the service area in the Upper Los Angeles
River area.

The portion of the district's water supply obtained in Verdugo
Subarea was assumed to first supply the demand of the area and any amount
in excess was exported out of the area of investigation. Conversely, water
was imported when the demand was greater than the supply.

Table M-7 is an estimate of the amount of water exported and
imported by the La Canada Irrigation District based on the above

assumptions.,
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ESTIMATE OF GROSS DELIVERED WATER EXPORTED AND IMPORTED FROM THE
UPPER LOS ANGELES RIVER AREA BY LA CANADA IRRIGATION DISTRICT

In Acre-Feet

TABLE M-7

Year

1928-29
29-30

1930-31
31-32
32-33
33-3L
3L-35

1935-36
36-37
37-38
38-39
39-40

1940-l1
L1-L2
L2-L3
L3-Ll
Lh-L5

1945-L6
L6-L7
L7-L8
L8-L9
49-50

1950-51
51-52
52-53
53=5L
5L-55

1955-56

56-57
57-58

-3

Total :Water requirements:
in Upper Los

:supply of:

339
361

353
353
350
3L9
277

- 389
373
L21
L98
L73

L99
577
661
701

6L7

8l
897
1,023
1,118
1,191

1,310
1,362
1,71
1,802
1,739

1,861
1,997
1,898

W2
152

148
148
1L7
7
116

163
157
177
209
199

210
242
278
29l
272

354
377
430
L70
500

550
572
720
757
730

790
839
797

Water supplied
from Upper Los

160
227

217
eLs5
2h6
223
199

256
320
391
L37
L2l

L76
540
619
636
567

559
655
712
661
554

169
5L5
61
633
Lk9

279
L35
352

, ¢ Export :
sDistrict :Angeles River area:Angeles River area: :

18
75

69
97
99
76
€3

93
163
21l
228
225

266
298
3L1
3L2
295

205
278
282
191

5h

Imported Colorado River water purchased from Foothill
Municipal Water District.

=20

Import

81

27
1063
120
281

511
L0lst
L5
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APPENDIX N
SEWAGE EXPORT, CESSPOOL RECHARGE AND WASTE DISCHARGE

*History of Sewerage Systems

All of the sewage exported out.of the area of investigation is
conveyed through the City of Los Angeles sewerage system. Sewage treat-
ment and disposal for the Cities of Burbank, Glendale and San Fernando
is furnished by the City of Los Angeles through a contractual agreements.
The North Outfall Sewer was the first trunk sewer constructed to convey
sewage out of the Upper Los Angeles River area and was placed in opera=-
tion in 1926, Its general alignment is shown on Plate 26. Areas
sewered prior to the base period include portions of the Cities of Los
Angeles south of Glendale, Burbank, Glendale. and San Fernando,

The City of San Fernando, prior to 1952, maintained its own
sewage treatment plant and discharged the effluent into Pacoima Wash,
Since 1952, that city!s sewage has been transported through the City of -
Los Angeles sewerage system and exported out of the area of investigation.

The City of Los Angelés west of Burbank did not have sewers
installed until 1929: The rapid growth of this area soon caused the
capacity of the North Outfall Sewer to be exceeded. Spot measurements
made by the State Department of .Public Health indicate that the North
Outfall Sewer was overflowing into the Los Angeles River at various
locations in 1952 and‘l953. In 195 the Valley Settling Basin was
installed on the.south bank of the Los Angeles River south of the City

of Burbank. Its purpose was to store the peak flow until such time as

N=)i



it could be discharged back into the trunk sewer without exceeding the
capacity of the sewer. On brief occasions when the capacity of the trunk
sewer and the Valley Settling Basin were both exceeded, stored sewage was
chlorinated and discharged into the Los Angeles River, The estimated
amounts of sewage overflowing into the lLos Angeles River during 1952-53
and 1953-5l and the measured amounts of sewage discharged from the Valley
Settling Basin from 1954-55 through 1957-58 are listed in Table N-7,

In 1956, the San Fernando Valley Relief Sewer (see Plate 26)
was constructed through the Santa Monica Mountains to intercept sewage
originating west of the City of Burbank, No provision has been made for

measurement of sewage through this sewer,

Source of Sewage Records

Sewage gaging stations, the locations of which are shown on
Plate 26, are installed at strategic points for the purpose of determin-
ing the amount of sewage contributed to the City of Los Angeies sewerage
system by the Cities of Burbank, Glendale and San Fernando, Whenever
possible, the Referes determined the amount of sewage contributed by each
city from measurements made at these gaging statlions, The measurements at
these gaging stations are from continuous recording devices which are in
operation for a period of one week during the middle part of each month,
By mutual agreement between the cities these measurements are accepted as
being the average weekly flow for the month and billings for the cost of
treating this sewage are based on these measurements, The period of record
and source of data on sewage contributed to the City of Los Angeles

Sewerage system are shown in Table N-1.



RECORDS ON SEWAGE CONTRIBUTED

TABLE N-1

BY MUNICIPALITIES TO CITY OF LOS ANGELES

SEWERAGE SYSTEM

City

‘Period of record

Source-

Burbank
Glendale

Los Angeles
Upper Burbank gage
Lith and Hubbard Streets
gage

San Fernando Road and
Lth Street gage

San Fernando

Valley Settling Basin
(inflow) ‘

Discharges to Los Angeles

River

October 1928-
September 1958

October 1928~
September 1958

July 1930-
March 1956

October 1930-
September 1958

July 1958~
September 1958

October 1930~
September 1958

September 1954~
September 1958

September 195~
September 1958

Gaging charts and
billings

Billings

Gaging charts and
billings

Billings
Billings
Billings
Daily operational

records

Daily operational
records
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The amount of sewage exported from the City of Los Angeles west
of Burbank prior to June 1956 was obtained from the records of the Upper
Burbank sewage gaging station located west of the westerly city boundary
of Burbank, After completion of the San Fernando Valley Relief Sewer
Tunnel in June 1956, the sewage contributed by the City of Los Angeles
west of Burbank was estimated as the number of sewer house connections
multiplied by the expected sewage discharge per house connection., The
number of sewer house connections was tabulated from sewer permits issued
by the City of Los Angeles Valley District office. The mean sewage dis-
charge per house connection (Table N-2) for eadh year of record, 1930-31
through 1954-55, was calculated by dividing the annual measured sewage
originating in the area by the number of sewer house connections in service.
The average sewage per sewer house connection computed for the period
during which records were considered accurate, 1935-36 through 1954-55,
was 0,30 acre-foot, This mean value, which appears reasonable when compared
with the trend of values during the 1950's, was utilized as the expected
sewage per house connection in the City of Los Angeles west of Burbank for
the period after June 1956,

There are no records of sewage flow originating from the City of
Los Angeles south of Glendale, Sewage from this area, which has been
almost completely sewered since 1926, was estiﬁated from a count of the
number of sewer house connections shown on the City of Los Angeles '"y"
mébs for the area, The nuﬁber of sewer house connections was enumerated
for every five years within the base period and a straight line variation

was used for the intervening years, The annual unit sewage flows per
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sewer house connection derived from the area west of the City of Burbank,
ﬁiscnqaed below, were utilized to estimate the sewage from this area. -

i GThe annual amounts of sewage exported. from the Upper Los Angeles
River area, based on measured and estimated values thus determined, are

shown in Table N-T7,

Annual Unit Sewage Flows

The City of Los Angeles west of Burbank was used as a study area
to determine anmual unit sewége discharge per house connection, This area
contains a major portion of the area of investigation and receives a large
amount of delivered water, The percentage of commercial development is
relaﬁiVely low in the area; thus, the unit values derived are believed
applicable to sewage contributions from residential areas in all portions
of the area of investigation,

Flow in a sewerage system originates generally from two main
sources: (1) sanitary and industrial waste and (2) infiltration into the
sewers from surface and ground waters, To separate the sewage flows as to
each source, the amount of sewage discharged per house connectioﬁ for each
year was calculated for the study area by dividing the annual measured
sewage discharge by the number of sewer house connections in service during
the year. These annual values are shown in Table N-2 and plotted on
Figure N-1, The wide range in values for the measured sewage per house
connection occurred in the study area ranging from 0,17 acre-foot in,
1933-3) to 0.L47 acre-foot in 19h3-Ll, The amount of water delivered per

meter for domestic, combination and commercial and industrial meters was



TABLE N-2

COMPARISON OF UNIT SEWAGE AND WATER DELIVERIES, .
CITY OF LOS ANGELES WEST OF BURBANK

: Measured sewage : Per capita : Estimated sewage
Year per house : delivered water, : per house
: connection, in : in gallons per : comnection, in
acre-feet acre-feet
1928-29 9L 0.17
29-30 93 0.17
31-32 0.35 17 0.17
32-33 0.20 72 0.17
33-3L 0.17 69 0.17
34=35 0.20 6L 0.17
1935-36 0.18 68 0.17
36-37 0.21 70 0.18
37-38 0.21 79 0,18
39-40 0,27 93 0.18
19L0-U1 0.35 96 0.18
L1-42 0.36 109 0.18
L2-L3 0.46 121 0.18
L3-Lh 0.47 117 0.19
Ll=L5 0.43 117 0.20
1945-L6 0.35 125 0.20
L6-47 0.34 125 0.21
L7-18 0.26 127 0.21
L8-L9 0.2L 131 0.21
L49-50 0.23 126 0.22
1950-51 0,25 133 0.23
51-52 0.27 13hL 0.24
53-5L 0.27 145 0.25
54=55 - 0.28 139 0.26
1955-56 139 0.27
56-57 . 150 0.27
57-58 12 0.28
29-year average
1929-57 0.20
4
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also gpmputed for the study area., The trends of the anmual sewage discharge
psr hguse connection and delivered water per meter did net corre?pond with
each other, Analysis of the data indicated that a large amount éf water
from éombination meteré was used for irrigation purposes, To adjust for
this difference, only water delivered to domestic meters was utilized in
computinglthe per capita delivered water.

The population in the study area, as discussed in Appendix L,
was utilized in determining the per capita delivery of water., It was
assumed that the number of persons per meter was the same for both domestic
and combination services. The annual population for the study area was
defivgd from census values and was proportiloned according to the percentage
of domestic and combination meters in service for each year., The estimated
annual population using domestic meters was divided into the amounts of
water delivered to these meters to determine the per capita delivered
water. The annuallper capita delivered water thus computed is shown in
Table N-2 and shown graphically on Figure N-1,

Comparison of the delivered water per meter curve (Figure N-1)
with sewage flow per house connection curve (Figure N-1) for the Citj of
Los Angeles west of Burbank shows that these two curves do not have the
same long-time trend as expected, since an increase in water consumption
should have a direct effect on sewage discharges. During the period of
higher water leQels the two curves have dissimilar short-time trends,
.Since infiltration is a source of flow in a sewer main, the water levels
in the sewered area were compared with the annual sewage flow per house

connection (Figure N-2), The records of water levels in well No, 3770
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(Figure N-2) in the vicinity of Van Nuys were utilized for this purpose.
. Comparing the watsr level measurements and the annuval sewage flow per
house connection, it is apparent that the variation in unit sewage flows
from 1933-3L to 19L49-50 corresponds to the fluctuations of water levels.
A sharp increase in the anﬁugl unit sewage dischargé from 1937 to 19LL
occurred concurrently with increasing ground water levels, and the reces-
sion of water levels was accompanied by a similar recuction in unit
sewage discharges. This relationship, combined with the fact that certain
reaches of the sewer trunk invert were bslow the water table during the
period of high ground water elevations, leads to the conclusion that the
higher unit values were caused by the infiltration of ground water into
the sewerage system.

The contribution of ground water to sewage by infiltration was
estimated by using the per capita delivered water as an indication of the
iﬁcrease in both the residential use within the home and the resulting
increase in the annual unit sewage per house connection during the base
period. On this basis, the annual unit value for sewage per house connec-
tion was a minimum in 1935 and gradually increased thereafter to the end
of the base period. The amount that the measured unit value of sewage
discharge exceeded the estimated value was assumed to be the amount
contributed by infiltration. The portion of the cewage which is derived
from delivered water was estimated by multiplying the estimated sewage
flow per house connection in acre-feet by the number of existing sewer
house connections. The difference between the calculated and the measured

sewage oxport was assumed to havé originated from ground water infiitrated
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into the sewers. Table N-2 summarizes the annual measwred and estimated
sewage per house comnection and the adjusted per capita delivered water
for the City of lLos Angeles west of Burbank.,

The annual measured unit sewage flow per sewer house connection
for the Cities of Burbank and Glendale is somewhat higher than that founa
in the City of lLos Angeles west of Burbank. The data shown in Table N-3
and on Figure N-3 illustrate this relationship. The measured unit sewage
value prior to 19LL-L5S for the City of Burbank is high as a result of
industrial wastes being discharged into the sanitary sewers. This problem
was reccgnizeg by the City of Burbank when the total annual amount of
sewage being discharged was exceeding the contracted amount for sewage
treatment with the City of Los Angeles. An industrial waste pregram was
initiated to remove a large amount of industrial waste from the sanitary
sewers into the storm drain after proper treatment. This effect was
evaluated by comparing the City of Burbank's delivered water with the
resulting sewage. Since 1937 residential, commercial and industrial
meters in the Burbank system have been billed separately. Water delivered
to industrial meters constitutes, on the average, approximately 20 percent
of the total delivered water in the City of Burbank. An estimate of
industrial sewage was made by deducting the consumptive use for indus-
trial (see Appendix L) from the amount of industrial delivered water.

The total sewage discharge was then adjusted for the above amount and the
annual unit sewage discharge per house cohnection recalculated. The

adjusted wmit values for residential sewage thus computed were found to be



TABLE N-3

SUMMARY OF ANNUAL SEWAGE DISCHARGE
PER HOUSE CONNECTION

In Acre-Feet
Year :Gity °f°£°s Angelest ni4e  Glendale City  Burbank
29-30 0.42
31-32 0035 Oc,-l-h 0058
3233 0.20 0.4 0.51
33-3L 0.17 0.Lh2 0.L5
34-35 0.20 0.L8 0.53
1935-36 0,18 0.L8 0.49
36-37 0.21 0.46 0.L47
37-38 0,21 0.L45 0.36 0.62 0.57
38-39 0,29 0.145 0.38 0.6hL 0.58
39-40 0.27 0.L6 0.39 0.53 0.47
1940-41 0.35 0.51 0.k 0.6L 0.55
L1-42 0.36 0.49 0.42 0.51 0.39
L2-13 0.L6 0.43 0.36 0.L9 - 0.35
hB-hle 00h7 Oohh 0038 0.’42 0-30
Lk=L5 0.43 0.k5 0.36 0.35 0.25
19L5-L6 0,35 0.L6 0.34 0.33 0.27
L6=4T7 0.34 0.54 0.Lo 0.3L 0.29
L7-48 0.26 0.53 0.1 0.38 0.3
LB-L9 0,24 0.51 0.37 0.3L 0.30
49=50 0.23 0.L5 0.35 0.33 0.29
195051 0.25 0.42 0.30 0.34 0.29
51-52 0.27 0.L6 0.36 0.32 0.27
52453 0.25 0.Lh 0.32 0.33 0.27
53=5L 0,27 0.L8 0.33 0.35 0.29
S4=55 0.28 0.k 0.30 0.36 0.31
1955-56 0.50 0.35
5657 0.L8 0.36
57’58 0055 0.36
18-year average
1938-55 0.31 0.47 0.36 0.L2 0.35

a. Based on gaged sewage outflows.
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comparable to the values for the City of lLos Angeles west of Burbank for
the same period from 1937-38 through 1954-55.

In addition to the large amount of industrial waste being
discharged into the sewers, ground and surface water contribute to the
measured sewage from the City of Burbank. Sewer gaging stations are
locafed along the north side of the Los Angeles River at the westerly and
easterly boundaries of the city (see Plate 26). The period when the
annual measured unit sewage values were high corresponds with the period
when the water table was at an elevation equal to or above the invert of
the trunk sewer line, making it possible for ground water to enter the
sewer.

Annual measured unit sewage values for the City of Glendale were
also larger than those of the study area. It was found that a large
nunber of sewer flushing manholes had been installed in the city's sewer-
age system. These manholes were connected to the water maihs with no
means of measuring the amount of water used for flushing the sewers. Due
to the lack of proper maintainence, flushing devices were soon flowing
continuously thus increasing the amount of sewage discharged by the city.
In 1957, the City of Glendale commenced removing the water connections
from their flushing manholes. A rapid decrease in the water system
losses became apparent. In 1954-55, the City of Glendale's water system
loss was 25.3 percent. By 1958-59, the water system loss had been reduced
to 7.2 percent. The reduction in percent of water system loss between
1955-56 and 1958-59, if considered as being caused entirely by faulty

flushing devices, amounted to approximately 0.1 acre-foot per sewer house
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connection. An evaluation of the amount of flushing water entering the
sewers is contained in the section on infiltration.

Unit sewage discharge values for the Cities of Burbank and
Glendale, as measured and adjusted by removing industrial waste and flush-
ing water amounts, are listéd»in Table N-3 for comparison purposes. For
the 18-year period, 1937-38 through 195L-55, the average adjusted sewage
discharge per house connection for the Cities of Burbank and Glendale
agreed fairly well with the avefage value for the City of Los Angeles west
of Burbank for the same period. This indicates that the walues of unit
domestic sewage contribution derived for the City of Los Angeles west of
Burbank are comparable and may be utilized in determining the sewage con-

tribution from residential areas.

Delivered Water and Sewage

The amount of sewage originating from delivered water may be
estimated by assuming that none of the water delivered during months of
prolonged rainfall is used outside for irrigation on lawns and gardens;
thus, except for a small amount of water consumed by use within the
household, the remaining water becomes sewage during these months.

Listed in Table N-lL are the amounts of water delivered to resi-
dential and commercial meters in the City of Los Angeles west of Burbank
during months in which large amounts of precipitation have occurred over
prolonged periods. Assuming that all of the water delivered during these
months becomes sewage, the extension of this amount over a 12-month period
(see line 6, Table N-L) results in the annual amount of sewage contributed.

A comparison of actual total annual deliveries shown in line 7 of Table N-L
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and the estimated sewage for the year indicates that an average of |5
percent of the annual delivered water becomes sewage.

For comparison, during this.period there was an average of 3.7
persons per residential water meter, as determined from data supplied by
the United States Bureau qf the Census. Based on the above criteria, the
amount of sewage contributed from each person was 63 gallons per capita
per day, or 0,26 acre-foot per year per meter. Increased sewage during
the warmer summer months is believed countered by a decrease resulting
from other factors such as vacancies during the summer period; thus, the
L5 percent value was taken as representative of the average annual pro-
portion of sewage to water delivered for an average residential lot.

Where the number of meters or consumers is unknown, an estimate
of the amount of sewage originating from such an area was computed by
multiplying the annual net residential and commercial delivered water to

the area by L5 percent.

Cesspool Recharge

Individual sewage disposal units are scattered throughout the
area of investigation. The number of these units in operation for any
year must be estimated. The existence of a sewer line in an area does not
necessarily imply that all the homes are connected to the sewer, since
under present city and county ordinances the property owner is not required
to connect to a sewer line to which he has access until his sewage disposal
unit fails to function properly. Depending on the type of soil and the
amount of sewage discharged, the sewage disposal unit may function properly

indefinitely.
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The number of individual sewage disposal units was estimated by
calculating the difference between the number of consumer's water meters
and the number of sewer house cohnections. These data were obtained from
the various cities and agencies involved in this investigation. It was
assumgd that for every water meter there would be a connection draining
the waste products into a sewer or an individual sewage disposal unit.
With the number of individual sewage disposal units thus determined, an
estimate of the amount of sewage was determined by multiplying the esti-
mated annual unit sewage per house connection for each year, shown in
Table N-2, by the number of individual sewage disposal units estimated to
be in operation during the year.

When an area is partly sewered or contains individual sewage
disposal units, the total amount of sewage is computed as LS percent of
the net residential and commercial delivered water. The amount of cess-
pool recharge from a partially sewered area was determined by proportioning
the total sewage in the area according to the percentage of the areal
extent sewered and unsewered. This method was utilized to determine the
sewage originating in the Sylmar and Verdugo Hydrologic Subareas and the
Mission Wells and Sunland-Tujunga water service areas., If measurements
of the séwage discharge into a sewerage system were available, the amount
measured was subtracted from the total amount of sewage originating in
the area and the remainder was assumed to be cesspool recharge.

Effluent from sewage disposal units is usually discharged into
a cesspool or leaching field. The effluent from cesspools is usually

discharged at a depth that is below the root zone of most vegetation and
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becomes recharge to the ground water. Leaching fields are usually shallow
and the effluent may be available for consumptive use by the vegetation on
the surface. The number of disposal units using leaching fields in the
area of investigation cannot be determined, but it is believed that due to
the limited size of the residential lots in the area of investigation only
a small number of leaching fiélds exist.

The annual amounts of cesspool recharge determined for each water
service area and for each hydrologic subarea are listed in Table N-7, as

hereinbefore discussed.

Infiltration and Sewer Flushing Water

Infiltration is water entering the sewer either through its
Jjoints, abandoned house connections, or manholes. Sewer flushing water is
unmetered delivered water entering séwer lines of the City of Glendale
through faulty flushing devices. Due to the limitations in construction,
sewers are seldom laid with a watertight joint. If the sewers are laid
below the ground water level a certain amount of ground water will enter
through the joints or from poorly made and abandoned house connections.
No attempt by the Referee or other agencies has been made to measure
the amoun£ of infiltration entering the sewers in the area of investigation.
An estimate of the amount of sewer infiltration in the Burbank sewerage
system and the amounts of infiltration and sewer flushing water in the
Glendale system were determined in the same manner as for the City of los
Angeies west of Burbank, which has been discussed heretofore. The average
unit sewage value per house connection thus determined for the Cities of

Burbank and Glendale was 0.35 and 0.36 acre-foot per house connection,
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respectively. The difference between these average unit sewage values and
the measured annual unit sewage values was assumed to be infiltration and
sewer flushing water.

The amount of unmetered delivered water discharged into the
City of Glendale’s sewers constitutes a portion of the city's water system
loss.. The amounts of these discharges were required in the disposition
of water system losses in the area of investigation. A comparison of the
water distribution systems of the Cities of Burbank and Glendale indicates
that the two systems are comparable and that the water system losses should
be approximately the same for the two systems., This was demonstrated when
the City of Glendale commenced removing the faulty flushing devices and the
water system loss decreased to 7.2 percent in 1958-59. It was therefore
assumed that an average water system loss over the base period of seven
percent, which is equivalent to the City of Burbank loss, would have
resulted if the flushing manhole mechanism had been properly maintained.

The annual amount of water discharged into the sewers was esti-
mated as the difference between the actual water system loss and the aver-
age water system loss of seven percent of the gross delivered. If this
difference was greater than the calculated amount of infiltration plus
flushing water, the latter amount was taken-and assumed to consist of
sewer flushing water. Conversely, when the estimated amount of sewer
flushing water was less than the calculated infiltration plus flushing
water, it was assumed that the difference was contributed from the ground
water infiltrating the sewers. Table N-5 shows the estimated amounts of

infiltration entering the sewers, based on the preceding discussion.
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The occurrence of ground water entering the sewers is dependent
on the elevation water table. After 1952, the possibility of ground water
entering the sewers east of the westerly boundary of the City of Burbank
diminished due to the lowering of the ground water table below the invert
of the sewers. However, infiltration from storm runoff can enter during
the winter season through poorly constructed house connections or manholes.
The annual estimated amounts of infiltration shown in Table N-5
are reasonable if compared with the allowable infiltration in accordance to
specifications under which sewers are constructed. The maximum allowable
-infiltration for newly laid sewers, according to the City of Los Angeles
Standard Specification No. 151 for public improvements, is six-tenths of a
gallon per minute per inch of diameter for sewer per 1,000 feet of sewer
laid. For a new 8-inch sewer the maximum allowable infiltration for 1,000
feet amounts to L1 acre-feet per year. To obtain the maximum infiltration
of 6,290 acre~feet per year as shown in Table N-5, it would require 153
miles of 8-inch sewers. In the area of investigation there are approxi-
mately 2,200 miles of sewers as of July, 1959. This consists of sewers
whose diameter varies from 8 inches to over 48 inches. During the period
prior to 1952, it appears that 153 miles of sewers could have been at or
below the ground water table and infiltration into the sewers could have

occurred.
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TABLE N-5
ESTIIATED SEWER INFILTRATION AND FLUSHING WATER

-In Acre-Feet

: . . Sewer
Year : Sewer Infiltration :  Flushing

Burbank : Glendale : Los Angeles® : Total : Glendale

1928-29 70 270 0 3L0 0
29-30 120 0 50 170 320
1930-31 230 0 200 430 490
31-32 L0O 120 360 880 810
32-33 320 0 110 430 610
33-3L 220 70 20 310 700
3L-35 390 1,170 10 1,700 50
1935-36 3L0 1,180 50 1,570 560
36-37 3Lo 1,370 150 1,860 200
37-38 830 1,150 190 2,170 350
38-39 1,110 1,330 8L0 3,280 300
39-L0 920 1,650 680 3,250 250
1940-41 1,790 2,840 1,660 6,290 150
L1-L2 1,360 2,500 1,870 5,730 170
L2-L3 1,360 1,280 3,150 5,770 0
L3-Ll 930 1,680 3,500 6,110, 0
Lh-U5 220 1,800 3,290 5,310 %0
1945-L6 0 1,670 2,330 l;,000 500
L6-L7 130 2,780 2,350 5,260 1,230
L7-L8 800 1,990 1,250 1,040 1,900
L8-L9 180 1,280 860 2,320 2,290
L,9-50 0 910 330 1,240 1,320
1950-51 200 0 970 1,170 1,520
51-52 0 0 2,090 2,090 2,530
52-53 -0 0 950 950 2,090
53-54 0 0 1,840 1,8L0 2,620
5’4"55 ) 0 1, 950 1,950 2,2h0
1955-56 0 0 2,970 2,970 3,650
56-57 0 0 3,290 3,290 3,270
57-58 0 0 2,330 2,330 1,650

a. City of Los Angeles west of Burbank. Infiltration in Los
Angeles South of Glendale assumed to be nil.
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Sewage Exported from
Sylmar Hvdrologic Subarea

Part of the sewage originating in the Sylmar Hydrologic Subarea
is exported to the San Fernando Subarea. From 1928 through August 1951,
sewage originating in portions of Los Angeles and in-San Fernando was
treated in the City of San Fernando sewage treatment plant and discharged
into Pacoima Wash. From September 1951 to the present, sewage discharged
into sewers is exported from the Upper Los Angeles River area. Sewage from
the City of Los Angeles is measured by a gage located at Fourth and Hubbard
Streets in the City of San Fernando. Anh estimate of the sewage exported
from the Sylmar Hydrologic Subarea, originating in the City of Los Angeles,.
was obtained by using the Fourth and Hubbard Streets gage, and commencing in
July 1958, the San Fernando Road and Fourth Street gage. These gazes are
located in close proximity to the boundary of the Sylmar Subarea. With the
exception of a few house connections located along the northeasterly boundary
of the City of San Fernando and on San Fernando Road, these gages measure all
the sewage exported from the City of lLos Angeles in the Sylmar Subarea.

Sewage exported from the portion of the City of San Fernando in the
Sylmar Subarea was estimated based on the percent of the areal extent of the
city within each subarea.

Sewage Exported from
Verdupo Hydrologic Subarea

The only area that is sewered in the Verdugo Subarea is within the
City of Glendale (see Plate 26). The northerly boundary of the sewered area

is approximately at the southerly boundary of the Crescenta Valley County
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Water District service area. This area has had sewers available since 1926
and was assumed to have no individual sewage disposal units. Due to the
lack of measurements of the amount of sewage from this area, an estimate
was made by using L5 percent of the net delivered water to residential and
commercial classifications as sewage exported from the Verdugo Hydrologic

Subarea,

Imported Waters in Cesspool Recharge

To account for the disposition of imported water in the area of
investigation, an estimate of the amount of imported Colorado River water
in sewage was determined by utilizing the percentage of imported water in
each water service area. It was assumed that the imported water supplied.
to the service areés commingled with the native ground water used to supply
the area and the amount of imported water in the sewage was proportional to
the amount of imported water in the net delivered water.

Prior to the introduction of Colorado River water into their water

- supply, the Cities of Burbank and Glendale utilized extracted ground water
for their supply and therefore cesspool recharge and sewage exported by
these cities consisted entirely of ground water. The annual percent of
Colorado River water in each city's supply was applied to their respective
amounts of sewage export and cesspool recharge to determine the amounts
supplied from Colorado River water. In the City of Los Angeles west of
Burbank, Owens River water is used almost exclusively in the area and has

been discussed previously.
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Sewage from the Hill and Mountain Areas

The sewage measured at the various sewage gaging stations includes
sewage originating in the hill areas. To obtain values for the valley floor
areas, sewage originating from the hill areas had to be detefmined. Most
of the residential acreage in the hill areas is in the Narrows water service
area and in the Santa Monica Mountains. The acreage of residential in the
hill areas is found in Appendix K. To utilize the annﬁal unit sewage flow
per house connection, the number of sewer house connections in the Narrows
water service area was enumerated from the City of lLos Angeles Engineer's
sewer maps, as discussed previously, On the basis of tﬁia enumeration, it
was found that over the base period there was an average of 3.l sewer con-
nections per acre in the hill area. The sewered areas in the Santa Monica
Mountains were planimetered for 1955 and 1958 from Plate 26. The acreages
thus determined were plotted on a graph showing the acreage of residential
in the Santa Monica Mountains, A curve representing the acreage sewered
was extrapolated using these two points and the total acreage curve for
this area, as shown on Figure N-L. The sewage from the Santa Monica
Mountains was estimated by utilizing the number of lots per acre found in
the Narrows hill area and the annmual unit sewage flow per house connection.
Sewage froﬁ hillside residential areas in the other water service areas did
not constitu£e any significant amount of sewage being exported. It was,

therefore, assumed to all be on individual sewage disposal units.
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FIGURE N-4
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Sewage Export and Cesspool Recharge

The methods of determining and evaluating sewage export and-
cesspool recharge for each service area and hydrologic subarea, as previously
described, are presented in Table N-6. Summaries of sewage export and cess-
pool recharge for the area of investigation have been prepared for valley
floor and hill and mountain areas. For convenience, these vaglues are
presented by water service areas and by hydrologic subareas. The summaries
are presented in the following tables:

N-7 Cesspool Recharge by Water Service Area

N-8 Contribution of Sewage to Sewerage System by Water

Service Area
N-9 Sewage Exported from Hill and Mountain Areas
A summary of cesspool recharge in hill and mountain areas is not

presented since it is believed that this recharge is not a contribution to

the hydrologic subareas.
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TABLE N-7
CESSPOOL RECHARGE BY WATER SERVICE AREA

In Acre-Feet
! City of Burbank R CGity of San Fernando : lla Canada Irrigation District
Year °‘._oan fernando Subarea : T :oylmar :San Fernando: T a 3 -V ubarea
i :Petropolltan: : : :Subarea: Subarea : E— T B B T T
Ground; R . .Sub- _ * % . Sub- _ Total  Groun Ground -’ .
eter | piaer, ot Frotat® TN | T etale! vt T vater | later | Total
1928-29 550 50 Lo 380 h2o 10 100 110 530 190 1% 30 30
29-30 5& 560 Lo heo Lo 10 % 100 560 210 210 ko ko
1930-31 550 550 50 500 S50 10 90 100 650 230 230 Lo Lo
31-32 550 550 Lo L2 Lo 10 80 %0 550 210 210 50 50
32-33 Sho sko Lo 350 3% 10 70 80 L70 230 230 50 50
33-3L  5ho slo 30 230 20 10 60 70 330 300 300 50 50
3k-35 560 560 ko 350 3% 10 60 10 Lo 210 20 Lo Lo
1935-36 560 560 Lo 380 k20 10 50 ] uo 190 1% 50 50
36-37  6ko 60 L0 h20 h6o 10 60 70 530 220 220 50 50
37-38 790 790 50 Ll koo 10 5o 60 550 250 250 60 60
38-39 1,020 1,020 60 560 620 10 50 & 680 290 20 70 70
39-40 1,090 ] 1,090 60- 570 630 o] 50 50 680 310 310 70 70
194041 1,440 50 1,h%0 5o 530 580 0 50 50 630 290 290 40 60
hi-h2 1,310 60 1,370 so 500 550 [+} 50 50 600 360 360 % 920
h2-k3 1,1 130 1,2% S0 k70 520 10 50 60 580 330 330 100 100
13-k 1,020 60 1,080 Lo 360 ko 10 50- 60 460 L1o Lo 110 110
bb-bs 910 ko 50 uko Lso 0 50 50 540 370 370 100 100
w56 800 70 870 50 500 550 10 100 110 650 Lo 4% 130 130
h6=-47 960 170 1,130 60 530 590 10 110 120 710 580 580 1o 10
h7-48 860 ko 900 60 620 680 10 %0 100 780 79 790 1h0 o
8-k  s30 10 So 60 620 680 10 90 100 780 670 670 150 150
L9-50 kB0 10 ko 80 600 680 10 0 150 830 7h0 o 170 170
1950s51 390 20 110 100 980 1,080 10 150 160 1,20 830 830 1% . 150
51-52 30 30 370 20 190 210 210 900 900 160 ] 200
52-53 200 30 230 20 200 220 220 1,0L0 1,040 150 60 250
53-5h 180 20 200 20 230 250 250 1,130 1,130 180 60 2o
sh-S5 190 10 200 _ 30 250 280 280 890 190 1,080 150 70 260
1955-56 130 10 1.0 30 260 290 290 840 340 1,18 % 1680 270
56-57 50 10 60 20 2ho 260 260 860 380 1,20 8o 220 300
57-58 30 10 L0 30 2o 270 270 970 230 1,200 80 200 280
CESSPOOL RECHARGE BY WATER SERVICE AREA
(continued)
In Acre-Feet
: City of Glendale . .
Yoar ‘_VETGUES & :Don Fornando Subaroa: tSylmar e e e ey wazpe
o Owens 1T Wells :_Service Area :Service Area: Sarvice Area : Total
River® :Ground:Owens:Ground: Owens —: N : Total LGround @ s
iwater :River:water : River 0Wens River | watar o River: -
1928-2% 10 1,330 1,3l 0 130 160 370 1,630 2,290 10 10
29-30 10 1,200 1,210 o 0 220 180 1,h%0 2,330 10 10
1930-31 10 1,080 1,090 0 150 170 380 1,660 2,360 10 10
31-32 10 940 950 0 150 110 20 1,740 2,20 10 10
32-33 10 800 810 0 170 120 2k0 1,520 2,050 10 10
33-3k 10 690 700 0 160 120 250 1,570 2,100 10 10
335 10 600 610 [} 160 110 210 1,580 2,060 10 10
1935-36 10 550 560 o 150 140 270 1,620 2,180 10 10
36-37 10 510 520 s} 160 150 280 2,010 2,600 10 10
37-38 10 Lso 160 0 160 160 310 2,310 2,90 10 10
3839 20 Loo k2o 0 190 1% 350 2,570 3,300 10 10
39-4o 20 370 3% [5} 200 200 360 3,170 3,930 10 10
19ho-ln 20 350 370 0 1% 210 370 3,670 ki, ubo 10 10
L1-k2 30 420 Lo T0 180 250 Lho 1,100 k,970 10 10
h2-b3 Lo 350 3% 170 160 300 510 b, 250 5,220 20 20
W3-k ko 280 320 160 220 3% 580 b, 200 5,39 20 2
-5 50 300 350 20 190 400 560 l,680 ,830 20 20
195-46 60 300 10 370 32 230 L60 630 1,860 6,180 20 20
ub-l7 80 280 20 380 k1o 240 450 680 6,050 7,h20 30 30
L7-8 120 280 10 [BLs} 470 260 580 800 6,050 7,690 ko W
48-L9 140 220 a 360 510 300 750 880 6,130 8,100 50 50
h9-50 120 0 1ho o] 260 560 300 900 960 »2h0 8,400 60 60
1950-51 130 10 60 10 200 680 290 880 180 800 280 7,450 9,880 50 20 70
S1-52 120 10 60 10 190 670 ‘ 1,200 0 720 350 9,720 11,990 50 20 0
52-53 160 1} 90 10 260 830 1,09 290 30 8% 9,780 12,480 30 60 90
53-54 160 10 80 10 260 1,070 1,150 270 470  8Lo 11,180  13,%10 30 60 90
Sh-55 190 [+} 100 10 300 1,220 1,140 350 530 780 12,3% 15,190 Lo 60 100
1955-56  1Lo 10 60 10 220 1,330 970 590 60 680 13,450 16,330 50 Lo 90
56-57 1ho 20 60 10 230 1,610 570 660 820 610 ,090 16,750 50 50 100
57-58 320 30 160 10 520 1,310 390 320 1,10 230 14,330 16,410 100 20 120
a, Measured
b. Measursd Sewage Treatment Plant in San Fernando Subarea.
c. Estimated disposal unit,
d. Including
e. Exported Sylmar Subarea,
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Year

1928-29
29-30

1930-31
J1-32
32-33
33-34
=35

1935-36
36-37

19L5-L6
Lé=h7
L7-L8
L8-L9
L9-50

1928-29
29-30

1930-21

?
37-36
38-39
3940

19L0-4i1
Li-42
be-bL3
L3-bly
Llieb5

1945-L6
Lé=u?
147=L8

Li8-L9
L9<50

o

270
260

260
280
3o

TABLE N-8

CONTRIBUTION OF SEWAGE TO SEWERAGE SYSTEM BY WATER SERVICE AREA®

In Acre-Feet
L70 L7o 80
580 580 100
720 120 120
930 930 110
890 890 1L0
830 830 230
1,020 1,020 2o
1,040 1,040 260
1,150 1,150 330
1,70 1,780 350
2,290 2,290 380
2,20 2,h20 k5o
130 3,780 3,910 Lo
180 680 3,840 500
400 3,750 L,150 €70
240 ,120  h,360 580
180 3,980 h,160 600
330 L,070  kL,hQo 700
700 3,990  L,690 710
280 5,70 6.020 670
130 ,960 6,090 670
8o 6,190 6,270 750
330 6,10  7.0L0 20 830
1,150 1,270 610 6,370 6,980 30 760
1,700 1,880 920 6,50 7,500 20 930
1,360 1,500 900 7,90 8,390 Lo 1,120
1,260 1,390 560 , 8,610 20 1,050
1,110 1,230 750 8,120 8,870 90 1,270
1,130 1,250 1,240 8,150 9,390 100 1,3L0
1,200 1,320 1,350 7.460 8,610 180 1,710
CONTRIBUTION OF SEWAGE TO SEWERAGE SYSTEM BY WATER SERVICE AREA®
(continued)
In Acre-Feet
0 0 [ 3,180 3,180
50 50 100 3,230 3,230
200 200 Loo 3,290 3,290
350 360 70 3,350 3,350
$90 110 700 3,410 3,0
640 20 660 3,L60 3,L60
720 1L0 860 3,510 3,510
830 50 880 3,590 3,590
1,020 150 1,170 . 3,670 3,670
1,10 190 1,330 3,750 3,750
1,350 8Lo 2,190 3,830 3,830
1,660 680 2,3k0 3,920 3,920
1,950 1,660 3,610 3,950 3,99
2,150 1,870 k4,020 3,980 3,980
2,200 3,150 5,350 L,010 ,010
2,360 3,500 ,860 k,0lL0 h,0u0
2,830 3,290 6,120 70 b, 000 L,070
3,200 2,;30 5,530 360 3.760 k,1k0
3,780 2,350 6,130 520 3,690 L,210
5,240 1,250 6,480 540 3,740 4,280
6,900 860 7,760 550 3,800 L,350
9,790 330 10,120 200 sLo 3,680 b,420
12,580 970 13,550 270 880 3,340 L, k90
13,100 2,090 15,500 360 1,020 3,170 k,550
1k, 810 950 16,120 Lé0 880 3,280 4,620
18,230 1,8L0 20,340 1,810 610 2,270 4,690
21,7170 1,950 23,980 2,800 kg0 1,500 4,750
25,220 2,970 28,Lso 2,280 Lo 2,060 4,780
28,010 3,290 31,580 2,660 570 1,570 k4,800
31,040 2,330 3,10 3,230 680 960 L.870

104
k4,840
L, 5L0

60

240

L3%

9,750
9,570
8.390
8,630
8,830

9.100
10,680
11,100
11,470
10,210

9,170

9,940 -

9,770
10,320
10,240

10,400
10,370
12,320

13,070
13,100
15,490

6,320
7,100

8,kL%0
9,900
9,970
10,340
11,850

12,L50
13,230

30,3L0



TABLE N-9

SEWAGE EXPORTED fROM
HILL AND MOUNTAIN AREAS

In Acre-Feet
! : ' v Water Service Area :
Tear Owens ¥ Burbank : Glendale *  Narrows ¢ Total
1928-29 0 0 0 870 870
29-30 0 0 0 880 880
1930-31 0 0 0 900 900
31-32 0 0 0 910 910
32-33 0 0 0 920 920 -
33-3L 0 0 0 9Lo 9L0
3435 0 0 0 960 960
1935-36 0 0 0 970 970
36-37 0 0 0 990 990
37-38 0 0 ) 1,060 1,060
38-39 0 0 1,080 1,080
39-L0 0 0 0 1,090 1,090
19L0-L1 0 0 0 1,170 1,170
hl-L2 0 0 0 1,190 1,190
L2-43 0 0 0 1,200 1,200
L3-Ll 0 0 0 1,220 1,220
LL-L5 0 0 10 1,310 1,320
1945-h6 0 0 20 1,320 1,340
L6-L7 0 o) 140 1.410 1,L50
L7-L8 0 10 70 ' 1,L20 1,500
18-L9 10 10 110 1,L40 1,570
L,9-50 140 10 160 1,530 1,8L0
1950-51 300 10 230 1,620 2,160
51-52 Lo 20, 320 1,710 2,5L0
5253 730 30 Loo 1,730 2,890
53-54 - 1,090 30 520 1,830 3,470
5L-55 1,490 L0 640 1,930 1,100
1955-56 2,000 50 790 2,020 L, 860
56-57 2,510 60 920 2,050 5,540
57-58 3,240 70 1,100 2,140 6,550



Waste Discharge

An estimaté of the amount of industrial wastes be;ng discharged
into the Los Angeles River was made By using the quantity of industrial
wastes permitted to enter into storm drains which discharge into the
river. These amounts were in accordance with industrial waste permits
issued by the City of Los Angeles, Bureau of Sanitation, Industrial Waste
Division. The quantities being discharged under each permit were assumed
to begin with the date of issuance of the permit during the period 1946-47
through 1957-58. For the prior years, a straight line extrapolation was
used to extend these data back to 1939-40, at which time the amount of
waste being discharge@ was assumed to be negligible,

Industrial waste discharges are also present in the flow from
Burbank-Western Storm Drain., The low flow measurements of this storm
drain were utilized to obtain an estimate of the amount of industrial
waste tributary to Burbank-Western Storm Drain. Prior to 1951-52; no
measurements were available and a straight line extrapolation was used
assuning that waste discharges were negligible in 1939-40. = The estimated
amount of waste discharged into the Lo§ Angeles River is shown in

Table N-10.
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TABLE N-10

ESTIMATED DISCHARGE OF INDUSTRIAL WASTE
AND SEWAGE INTO RIVER SYSTEM

In Acre~Feet

" : Low flow of :City of Los Angeles: : :
:Burbank~Western: industrial waste : Total :Sewage*:'ro:;a1 waste
Year : " waste and sewage
: Storm Drain : permits : : N

(1) 2 (2) :(1)+(2)=(3): (L) :(3)+(L)=(5)
1939-L0 o) 0 0 0] 0
1940-11 2L0 300 540 0 5L0
Li-L2 Loo . - 600 1,090 0 1,090
L2-U3 740 900 1,640 0 1,6L0
L3-Ll 990 1,200 2,190 0 2,190
LL-45 1,240 1,500 2,7L0 0 2,740
19L5-L6 1,L90 1,800 3,290 0 3,290
L6=L7 1,740 2,100 3,8L0 0 3,8L0
L7-L8 1,990 2,100 ', 090 0 1,090
L8-L9 2,2L0 2,420 4,660 0 4,660
L9~-50 2,320 2,L20 L, 740 0 L, 7L0
1950-51 2,390 2,420 4,810 0 L,810
51-52 2,L60 2,820 5,280 0 5,280
52"53 2,530 3,550 6,080 10 63090
53=5L 2,430 3,550 5,980 190 6,170
5L-55 2,800 - 3,550 6,350 4,840 11,190
1955-56 2,330 3,550 ’ 5,880 L,5L0 10,420
56=57 2,030 3,550 5,580 60 5,6L0
57-58 2,200 3,550 " 5,750 2,0 5,990

# Overflow of North Outfall Sewer 1952-53 and 1953-54 and
discharge from Valley Settling Basin 1954~55 through 1957-58.
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APPENDIX O
SEPARATION OF SURFACE FLOW OF
THE 10S ANGELES RIVER AT GAGE F-57
Gage F-57 measures the surface outflow of the Upper Los Angeles
River area and is located approximately 0.2 mile above the confluence of

the Arroyo Seco and the Los Angeles River.

The surface flow of the river originates from four sources:
1. Storm runoff from precipitation.

2. Owens River water.

3. Rising water.

L. Industrial waste and sewage discharges.

Available Data

Surface outflow measurements at Gage F-57 are available from
January 1929 through September 1958. Records for Gage F-57 from
January 1929 through August 1929 were weekly measurementslmade at the
approximate location of the present gage. Subsequent records for Gage F-57
were compiled from the charts of a continuous type recorder maintained
by the lLos Angeles County Flood Control District. This agency also rates
the station with periodic current meter measurements. The mean daily
flows computed from theée records were utilized to construct a hydrograph
of the surface flow passing the gage (see Figure 0-1).

The occurrence of the surface flow passing the gage is influenced
by the operation of the Headworks Infiltration Gallery and the amounts of

Owens River water discharged into the Los Angeles River.
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The location of the Headworks Infiltration Gallery is shown on
Plate 12. The monthly amount of water diverted from the Los Angeles River
into the headworks was compiled’by the Los Angeles Department of Water and
Power from October 1938 through September 1958. Diversion into the head-
works inlet structure is made by the installation of a temporary dam across
the river. Due to regulations established by the Corps of Engineers, this
dam is required to be removed when the flow in the river increases due to
storm runoff. Beginning in 1958-59, a permanent Imbertson collapsible
rubber dam has been used. This dam remains in place and automatically
collapses when there is sufficient flow in the river.

The discharge of Owens River water into the Los Angeles River from
the River Power Plant, Chatsworth Reservoir and from blowoffs is discussed
in Appendix M. The monthly amounts of water discharged from these sources
from October 1928 through September 1958 have been recorded by the Los
Angeles Department of Water and Power. Annual amounts of these discharges

are shown in column 8, Table M-1.

Separation of the Surface.Outflow

The total surface outflow of the los Angeles River meéasured at
Gage F-57 was divided into two basic parts, the base low flow and surface
runoff. Base low flow ié the discharge of the river when runoff from pre-
cipitation has ceased and includes rising ground water, industrial waste
and sewage discharge. Surface runoff is the discharge derived from storm
runoff and any Owens River water which may be discharged to the river

during periods of high flow.
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In order to determine the amount of each component derived
from the four aforementioned sources, the monthly amount of Owens River
water discharged into the river, the periods when the Headworks
Infiltration Gallery was in operation and the monthly amount of rain
occurring at Gage 295 in the City of Glendale were noted on hydrographs
of the mean daily flow measured at Gage F-57. These various items were
utilized to separate the base low flow and the storm runoff into their

separate components.

Surface Runoff and Base Low Flow

It is assumed that during months of no rainfall the base low
flow makes up the entire flow of the river measured at Gage F-57. In
order to separate surface runoff due to precipitation from the total,

a straight line was drawn on the hydrograph from the end of one dry
period to the beginniﬁg of the following dry period. Allowance was made
for a period of recession after a wet season as indicated by the rate of
change in value of runoff subsequent to precipitation, as illustrated

on Figure 0-1.

From 1938-39 through 1957-58 when the headworks was in
operation, this line was adjusted during periods of storm runoff to
compensate for the increased amount of base low flow which would be
measured at the gage when the headworis was not diverting. It was assumed
that a major portion or the water diverted into the headworks would be
measured at the gage when the headworks diversion was shut down. However,

the amount of this increase in the base low flow was limited by the
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maximum monthly rate of diveréion into the headworks for each year, less
an estimated amount of Owens River water diverted by the headworks plus
rate of flow measured at the gage when the headworks waé in operation.
The éase low flow for each month was then coméuted from the
hydrograph and deducted from the total gaged amount, the remainder being

the surface runoff.

Owens River Water

The discharge passing Gage F-57 is at times composed partly of
Owens River water which has been‘discharged from the City of Los Angeles
River Power Plant, spillage from Chatsworth Reservoir and blowoffs from
Los Angeles City mains. It should be noted that the quantities of Owens
River water from blowoff discharges are estimated and that the exact
time and location wherélthey occurred are not all known. An inspection
of the record of the daily flows at F-57 indicates that portions of the
aforementioned Owens River water discharges do not reach F-57 as surface
Ilow, |

Available data indicate that_the disposition of Owens River.
water discharged into the river may be estimated under the foliowing

N

sets of conditions:

1. That all Owens River water discharged through the City
of Los Angeles River Power Plant during periods of high river flow

passed Gage F=57.
2. That all Owens River water released from Chatsworth

Reservoir, when the headworks spreading grounds were in operation, was
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diverted into the headworks.and when the headworks was not in operation
(1.e. during high flow periods) all such water would pass GQage F-57,

3. That all other Owens River water discharged into the Los
Angeles River flowed past Gage F-57 except during periods of djiversion
to the headworks. At times of these diversions it was assumed that all
available Owens River water up to the amount of the diversion was
diverted to the spreading grounds and did not reach Gage F-57.

Prior to October 1938, available information indicates that
Owens water releases were made predominantly during periods of high flow.

These releases include discharges from the River Power Plant and blowoffs.

Base Low Flow

As mentioned previously, the base low flow at Gage F-57
originates from rising water and industrial waste and sewage discharges
into the Los Angeles River. The relationship which exists between the
water in storage in the valley fill and the amount of the base low flow
is illustrated on Figure 0-2.

Water in storage in the valley fill was plotted by taking an
arbitrary value of 400,000 acre-feet in storage in 1927-28. The annual
changes in stor;ge, as computed from specific yield and water levels,
were accumulated and plotted on Figure 0-2. The base low flow was also

plotted on Figure 0-2 to illustrate the relationship with the change

in storage.
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Inspection of the hydrographs of the mean daily flow at Gage F-57
indicates a rapid increase in the base low flow after the March 1938 flood
coincident with the deepening of the river invert for its improvement by
the Corps of Engineers.

The base low flow from 1949-50 through 1957-58, with the excep-
tion of 1951-52, appears to have little or no rising water. It was there-
fore assumed that no rising water could appear at Gage F-57 when storage in
the valley fill was below the amount of water in storage in 1949-50, and
that the amount of the base low flow measured at Gage F-57 during this
period originated from industrial waste and sewage discharged into the
river. Sewage discharge from the Valley Settling Basin began in 1954-55;
however, the North Outfall Sewer is known to have been overloaded and dis-
charging sewage to the Los Angeles River in 1952-53 and 1953-5l.

There are no actual measurements of industrial waste discharged
directly into the river. Waste water discharged into the Los Angeles River
in any appreciable amount began during World War II with the expansion of
industrial development in the San Fernando Valley. There are no records of
significant amounts of industrial waste discharge prior to 1940 and it has
therefore been assumed that the annual base flow was equal to the rising
water at Gage F-57 prior to that date. The amount of industrial waste and
sewage passing Gage F-57 was estimated by using a straight line relation-
ship to extrapolate the amount of these waste discharges from 1940 through
1949. From 1950 through 1958 the amount of the base low flow is equal to

the waste discharges, with the exception of 1951-52 when the amount of
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water in storage was .greater than the amount of 1949-50, The amount of
wastes for 1951-52 was estimated by utilizing the average amount of
wastes estimated for 1950-51 and 1952-53,

The separation of the. surface outflow measured at Gage F-57

into its four sources is shown in Table 0-1,



TABLE 0-1

SEPARATION OF SURFACE FIOW AT GAGE F-57

In Acre-Feet
: Base low flow : Surface runoff : Measured
Year - ¢ Rising : Waste : Owens River : Net storm :
' : water : discharge : water runoff : Outflow
1928-29 0 0 650 2,950 3,600
29-30 0 0 330 1,330 1,660
1930-31 0 0 260 3,710 3,970
31-32 60 0 1,550 13,630 15,240
32-33 Lho 0 0 10,200 10,640
33-34 1,670 . 0 1,750 26,1,00 29,820
34-35 760 0 Lo 11,350 12,550
1935-36 720 0 560 Li,490 5,770
36-37 1,430 0 1,770 21,270 24,470
37-38 7,740 0 1,690 123,210 132,640
38-39 1,490 0 2,940 2,930 42,360
39-40 11,050 0 760 24,780 39,590
1940-L1 25,770 200 0 138,990 16l,960
L1-42 28,600 410 5,160 20,630 5,800
L2-43 25,490 620 8,680 89,600 124,390
L3-LL 26,500 830 2,850 79,650 109,830
Lh-L5 16,610 1,040 1,210 18,130 36,990
1915-L6 10,500 1,250 L,100 20,040 35,890
L6-47 9,700 1,460 5,960 14,210 31,330
L7-L8 7,270 1,670 0 5,950 14,890
L8-L9 2,40 1,880 710 12,580 17,610
L,9-50 0 2,090 0 8,670 10,760
1950-51 0 1,890 1,080 I, 870 7,840
51-52 3,110 1,750 1,430 101,750 108,040
52-53 0 1,400 1,650 15,430 18,480
53-54 0 960 290 19,750 21,000
S4-55 0 1,550 0 16,720 18,270
1955-56 0 2,390 0 33,500 35,890
56-57 0 830 0 2ly,060 21,890
57-58 0 1,270 0 89, 750 91,020
29-Year Average

1929-57 6,810 770 1,580 30,790 39,940

a.

b,

Includes industrial waste and sewage discharged into Los

Angeles River.

Partially estimated.
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APPENDIX P

METHODS OF DETERMINING UNDERFLOW
AT HYDROLOGIC BOUNDARIES

Subsurface Flow

Purpose of this appendix is to set forth methods and procedures
utilized in evaluating the subsurface flow out of the Upper Los Angeles
River area which has occurred historically in the vicinitylof Gage F-57
through a section at the lower end of the Los Angeles Narrows and also
in the vicinity of Pickens Canyon in the easterly side of La Crescenta
Valley. Evaluation of subsurface flow which has occurred between Sylmar'
and San Fernando Hydrologic Subareas in two locations and between the
Verdugo and San Fernando Hydrologic Subareas at one location, is also
included. There is little or no subsurface flow from the Eagle Rock

Subarea to the Los Angeles Narrows.

Methods
The quantity of subsurface flow was computed by the slope area
method through use of Darcy's Law which states that the rate of discharge
through a given cross section of saturated material, under laminar flow
conditions, is proportional to the hydraulic gradient and may be expressed

as follows:
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Q = PIA in which
Q = amount of {low in gallons per day
P = Meinzer's coefficient of permeability expressed
in gallons per day per square foot under a
hydraulic gradient of unity and existing ground
water temperatures

I = hydraulic gradient in feet per foot at the
section in a direction normal to the section

A

saturated area of the section in square feet

Subsurface flow may also be computed by the rising water method
where rising water (effluent seepage) occurs perennially and where the
cross-sectional area of saturated materials is unknown. The method has
been noted by Tolman in Ground Water, pages L90-91, 1937. This method
is also based on Darcy'!s Law and is dependent on the variation at
different times in the amount of perennial rising water with variation
in the ground water slope above the first appearance of rising water in

a restricted filled channel. The formula is

I (Qry)

Qu = —

where Qu = subsurface flow (constant as long as rising water occurs)
Il and I, the ground water slopes and Qry and Qr2 the amounts of rising
water at times tl and t2, respectively.

The rising water method was applied to the problem of solving
for the underflow at F=-57; however, thg results were found to be
unreliable due to the localized effects of pumping and waste discharges

by the Southern Pacific Company.
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Subsurface Outflow through
Los Angeles Narrows at Gage F-57

Subsurface flow can take place out of the San Farnando
Hydrologic Subarea in the vicinity of Gage F-57. Flow passes through
a relatively thin section of water-bearing material as shown in
Section L-L' on Plate 5D.

The underflow characteristics at this section are complicated
by two factors., First the water table slopes away from Arroyo Seco at
the eastern end of Section L-L', in the vicinity of Cypress Avenue and
Huron Street, with a drop 15 feet indicating that there may be some
influence on underflow at this section caused by the coalescence of
Arroyo Seco detritus and flows with those of the Los Angeles River. Data
with which to completely evaluate this effect are not available. Secondly,
an interlocking sheet pile cutoff wall located at the beginning of the
lined section (approximately 1,000 Teet upstream from Gage F-57) was
placed to a depth of 15 feet for the width of the lined channel in 1938
and presumably is still in place. The presence of this cutoff wall,
approximately 3,900 square feet in area, may cause an unnatural rising
water condition at this point. The underflow at Gage F-57 has previously
been estimated by Homer Hamlin in U.5.G.S. Water Supply and Irrigation
Paper No, 112 (1905). ' His estimate of 2.27 cfs was based on a total
cross-sectional area of 107,700 square feet (1896) and an elaborate
electrical velocity measuring device invented by C. S. Slichter. Review
of this estimate indicates that the value determined is high because the
results were based on permeability measurements in the more porous

portions of the channel.
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The data necessary to apply the slope area method were determined
to be:

1. The weighted average permeability for the total eross-
sectional area was calculated to be 1,132 gallons per day per square foot
under 100 percent hydraulic gradient. This determination was made by
constructing a geologic section from well and test hole logs and assigning

the following permeability values to the materials designated in the logs.

Gravel 2,000 gpd Silt 100 gpd
Sand and gravel 1,500 gpd Clay 50 gpd
Sand 1,000 gpd Cemented gravel 100 gpd

These values have been established in Southern California by
means of pump tests performed by State and Federal agencies. These are
generalized values; however, it should be noted that the weighted mean
permeability determined by the panel method with the assigned values
compared favorably with the results obtained at the Pollock well field
(Los Angeles Department of Water and Power) by time-recovery methods.

The pump test performed by the Referee on May 5 to 11, 1959, in
the Pollock well field utilized Pollock No. 3 (39L49B) as the pumping well
and Pollock Nos. 1 and 2 (3949 and 39L9A) as observation wells. The
discharge of the pumping well was metered at 3.7 cfs or 1,661 gpm.

Drawdown and recovery measurements were made on all three wells.
Inasmuch as boundary conditions (bedrock outcrops about 1,000 feet from
the pumping well) probably caused the erratic variation in the drawdown
curves, the recovery curves which were mére uniform were used to calculate

an approximate permeability.



Due to the 6-day period of pumping and the relatively long
interval of time before start of the drawdown test, time was plotted
directly against recovery in feet on semilog paper rather than time divided

by total elapsed time against recovery. The values thus obtained were used

in Wenzel's nonequilibrium equation:*

T= ﬁﬁ%%%-g where T = transmissibility, Q = discharge
of well prior to shut down in cfs
As = the distance in feet as measured from the tangent

to the straightest part of the recovery curve. This
measurement is expressed .as the difference in feet

per log cycle of time
A time recovery method was utilized in that it provides an easy
check on pumping tests and also implies a constant Q which is difficult to
control accurately in the field. A sample computation for Pollock well
No. 3 (39L9B) follows:
Q= 3.7, As =1.39

_2.303 x 3.7 . .
T="Lx3.1 x1.5 0.488 cfs or = 315,000 gpd

The well was perforated from 4O to 205 feet. The static water

level prior to turning on pump was LL.05 feet. This would give 160.95 feet

of saturated alluvium:

L 7. _ 315,000 _
P = Ssturatel Thickasss - “129.98 - 1,956 epd/square foot

The log of well 39L9B indicates that the majority of materials
penetrated are gravels. The pump test results and the assigned value of
2,000 gallons per day per square foot for gravel are in substantial

agreement .

# U. S. G. S. Water Supply Paper 887.
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Each log in the sgction was assumed to be characteristic of
the area halfway to the ﬁext log, The section is shown on Flate 5D as
Section LaL!,

2. The maximum hydraulic gradient above the section 1s limited
by the slope of the bottom of the channel (s = 0.003L4). Annual gradient
values were obtained from water level measurements of wells between the
section and a point 4,900 feet upstream, All large amounts of pumpage and
discharge are made above the reach of channel used in the computations,

3. The section has a total cross-sectional area of 312,600
square feet; 105,080 square feet of saturated cross-sectional area under
high water surface conditions; and 76,590 square feet of saturated cross=
sectional area under low water surface conditions, The saturated area
was determined year by year by using water level measurements along the
line of section.

Annual values of subsurface flow at Gage F-57 are shown in
Teble P-1, The average variatipns during each year amount to 0.015 to

0.030 cfs above or below the tabulated November values.

Subsurface Outflow at Pickens Canyon

From geologic studies it appears that a bedrock ridge, the
westerly bank of an ancestral Pickens Wash cut into bedrock, exisﬁs within
the area defined as the Verdugo Hydrologic Subarea, This bedrock ridge
begins at the mouth of the first canyon westerly of Pickens Canyon and
extends southerly to the granitic outcrop located near the intersectlon
of Foothill Boulevard and Pickens Canyon Wash. The location 1s shown on
Figure Q-1, Appendix Q, as the western boundary of storage unit V-2, while

a portion of its profile is shown in Section P-P on Plate 5F,
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TABLE P-1

SUBSURFACE OUTFLOW AT GAGE F-57

(Based on Measurements in November of Each Water Year)

Year : Gradient area, in :Cublc feet:
: square feet :per second:per year
1928~29 0.0026 102,550 0.L7 3L0
29-30 €.0020 102,550 0.36 260
1930-31 0.0016 102,550 0.29 210
31-32 0.0026 102,550 0.47 340
32-33 0.003L48 10L,420 0.62 450
33-34 0.003La 104,200 0.62 450
3L4-35 0.003L8 105,080 0.69 500
1935=36 0.003L23 102,440 0.61 Lho
36=-37 0.00348 100,570 0.60 L30
37-38 0.0032 100,570 0.56 410
38-39 0.003L2 100,570 0.60 1430
39-L0 0.003L2 91,990 0.55 Loo
15L0-11 0.003La 80,880 0.L48 350
Li2-L3 0.003L 76,590 0.L6 330
L3-lbL 0.00342 80,330 0.L7 3L0
LL=L5 0.00348 81,210 0.L8 350
19L5-L46 0.00342 77,690 0.46 330
L6=U7 0.00348 76,630 0.Lh6 330
L,7-48 0.0033 78,130 0.45 330
L8=L9 0.0030 77,250 0.1 300
119=50 0.0029 77,030 0.39 280
1950=51 0.0032 78,2L0 0.Lk 320
51~52 0.0028 78,570 0.38 280
52-53 0.0027 85,500 0.Lo 290
53~5L 0.0025 82,090 0.36 260
5L=55 0.0029 81,980 0.L2 300
1955-56 0.0032 81,320 0.L6 330
56<57 0.0018 82,970 0.26 190
57-58 0.0011 86,160 0.21 160
29-Year Average
1929-1957 3L0

a. Gradient adjusted downwards to grade of
Los Angeles River channel = 0.003L.

b. Based on weighted average permeability = 1,132
gallons per day (100% hydraulic gradient)
and rounded off to nearest 10 acre-feet.
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A series of cross sections and bedrock contours (Plate 6) drawn
through the subarea indicate that the bedrock is lower in the La Canada-
Pickens Canyon area and that the area east of the bedrock ridge slopes to
the Monk Hill Basin. Available ground water levels indicate that the
ridge obstructs the flow of ground water and -acts as a ground water
barrier under low water table conditions such as in the fall of 1958, but
not in high water table years such as 19Lh when the water is above the
ridge.

The amount of underflow from the Verdugo Subarea to Monk Hill
Basin and the amount leaving the area of investigation were calculated
at the narrowest section of the valley f£ill east of the boundary
between Verdugo and Monk Hill. This section crosses Foothill Boulevard
approximately halfway between the boundary of the area of investigation
and Pickens Canyon Wash. These calculations indicate that the amount of
underflow was approximately 250 acre=feet during 1928-29 and LOO acre=-
feet for 19L3-=ll. Values for individual years were estimated by
correlation to water levels in the area and are listed in Table P-2.

Subsurface Flow Between
an Fernando areas

Subsurface flow can take place between the Sylmar and San
Fernando Hydrologic Subareas at the Pacoima Notch in the Pacoima Wash,
and at the Sylmar Notch near the intersection of San Fernando Road and
Bleeker Street in San Fernando (see Piate 5 for location). In both
cases flow is in a southerly direction out of the Sylmar Hydrologic

Subarea.
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TABLE P-2

ESTIMATED UNDERFIOW FROM
VERDUGO HYDROIOGIC SUBAREA TO MONK HILL BASIN®

In Acre-Feet

Year | Underflow’ Year ; Underflow’
1928~-29 250 19L5-L6 Loo
29-30 250 L6-LT Loo
L7-L8 300
1930-31 250 L8-L9 300
31-32 250 L9-50 300
32-33 250
33-3k 250 . 1950-51 250
34-35 250 51<52 . 250
52-53 300
1935-36 300 53-5L 250
36-37 300 54-55 250
37-38 300
38-39 40O 1955-56 250
39-L0 Loo 56-57 250
57-58 250
190-41 LOO
L1-42 oo 29-Year Average
L2-43 Loo 1928-29 to
Li3-Lh Loo 1956~57 300
Ll-45 Loo
a. Based on hydrographs of wells 5077B
and 5078. :
b. Values rounded off to nearest 50
acre-feet.
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A third possibility for subsurface underflow out of Sylmar
Subarea exists in the vicinity of and through a gap immediately northwest
of the West Cienega. No data as to the depth of alluvial fill or
character of materials are available in this locale. Study of aerial
photographs of the area and subsequent field investigation indicates the
possible existence of a north northwesterly trending fault which crosses
the West Cienega. If this fault acts as a barrier or partial barrier to
the subsurface outflow a marshy condition would exist. The West Cienega
was in existence before the construction of Lower San Fernando Reservoir;
however, the surface water levels and ground water levels now vary with
the levels in the reservoir which is located to the west of the West
Cienega.

On the basis of the aforementioned, subsurface outflow in the
vicinity of the West Cienega and the gap immediately northwest thereof

is of small magnitude and therefore not significant.

Pacoima Notch

The Pacoima Notch is located in the Pacoima Wash where the
ancestral stream has eroded a notch to a maximum depth of 55 feet in the
nonwater-bearing Repetto formation (see Plate 5H). The Pacoima Notch
has an area of approximately 35,000 square feet as interpreted from the
drawing in Reservoirs for Irrigation, Eighteenth Annual Report of U.S5.G.S.,
Part IV, d, by James Dix Schuyler, dated 1897. The calculation of under-
flow at this point is somewhat complicated by the fact that the lower
portion of an old submerged dam is still in place and its effect on flow

through the porous Pacocima Wash deposits is not known.



The submerged dam was built by the Maclay Rancho Water Company
in 1888 and was reported to be the only submerged dam in the world at
that time. It was constructed of rubble masonry using Portland cement and
sand mortar. It was three feet thick at the base and two feet thick at
the surface. The maximum height of the structure was 52 feet with a crest
length of 550 feet. Two gathering wells were provided in the line of the
dam, each four feet in diameter. The structure was founded on the
relatively impervious sandstone of the Repetto formation. Schuyler
states:
"The dimensions and capacity of this novel reservoir

have not been definitely determined, but in round numbers

it covers an area of 300 acres and has a mean depth of

15 to 20 feet, and, although it lies on a slope of 100 feet

per mile, the water passes down through the gravel so slowly

that it is believed the yield is equivalent to the volume of

the voids in this area to the depth mentioned. As the gravel

appears to be loose and rather coarse, the voids may be

considered as about one-fourth of the volume and the

resultant capacity about 1,300 acre-feet of water."
This storage was in the volds of the porous channel deposits upstream from
the dam. Due to leakage problems in the structure the dam was abandoned
as a gravity source of water in 1915 by the Maclay Rancho Water Company.
In 1917 the San Fernando Water Company installed a pump in one of the
masonry gathering wells of the dam and pumped water for use in their
system until 1927.

A study of the water level measurements at the submerged dam

in one of the old gathering wells (5989A) indicates that during the base
period 1928-57 the water levels have fluctuated between the elevation of

1,199.08 feet (January 27, 1931) and 1,224.17 feet (March 19, 1938).
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The annual underflow through the Pacoima Notch as shown in
Table P-3 has been calculated on the basis that the old submerged dam is
still intact below 1,200 feet and that subsurface flow would occur only
between the 1,200 foot elevation and the static water level above that
elevation. The permeabilify was assumed to be.1,000 gallons per day per
square foot, which compares favorably with permeabilities of similar
materials below Hansen Dam which were determined by pumped well methods.

An estimate of the underflow through the Pacoima Notch under
unimpaired flow conditions, i.e., without the submerged dam acting as a
partial barrier was made. Utilizing an assumed permeability, as inter-
preted from well log 59894, of 1,000 Meinzer Units, which does not discount
for the effect of the portion of the submerged dam which is still in place,

the following computations of the underflow for the high and low water

surface conditions were made using the formula Q = PIA

High water surface condition (March 18, 1938)
P = 1,000, I = 0.0125, A = 34,500 square feet wetted area
Q = 431,250 gallons per day

= 1,32 acre-feet per day or LB2 acre-feet per year

Low water surface condition (January 27, 1931)

P =1,000, I = 0.0107, A = 20,200 square feet wetted area

Q = 216,140 gallons per day

0.66 acre-feet per day or 241 acre-feet per year
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These calculations indicate that for unimpaired flow conditions
the annual flow through the Pacoima Notch varies between 241 and L82
acre-feet per year and that a mean flow for the base period would be

approximately 350 acre-feet per year.

Sylmar Notch

The results of the exploratory drilling performed by the City
of San Fernando, the City of Los Angeles and the Referee indicate that a
notch, hereinafter called the Sylmar Notch, exists from which subsurface
flow can escape the subarea, (see Plate SH). This notch has been incised
in the Saugus formation to a depth of approximately L5 feet and back-
filled with Upper Fleistocene and Recent alluvial detritus. It is
located between the Mission well field and the intersection of Fourth and
Hubbard Streets, (see Plate 5).

The total cross-sectional area, as determined by the interpre-
tation of the test hole logs, is on the order of 96,000 séuare feet. The
wetted cross-sectional area, as of May 26, 1959, was planimetered to be
22,300 square feet. The gradient computed between test holes SF-1 and
SF-l; (Figure A-1), is 18 feet in 600 feet or 0.030 feet per foot. Based
on the average permeability values listed on page P-6 and an interpreta-
tion of the logs of tesf holes SF-L, SF-5 and WR-6, an average permeability

of L4OO Meinzer Units was selected for use in the formula Q = PIA:
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TABLE P-3
ESTIMATED ANNUAL UNDERFLOW THROUGH PACOIMA NOTCH®

Underflow®

Saturated area, in acre~feet

Year : Gradient in square feet

H H H péer vear
1928-29 b b (160)4
29-30 b b (160 @
1930-31 b b (160)4
31-32 b 10, 39L (160)4
32-33 0.021 6,429 150
33-34 0.020 6,311 140
34-35 0.020 8,85. 200
1935-36 0.021 5,270 120
36-37 0.022 12,908 320
37-38 0.02L 9,231 250
38-39 0.022 7,039 180
39-L0 0.021 6,52l 150
19L0-11 0.02L 11,122 300
L1-42 0.023 8,176 210
L2-L3 0.023 11,060 290
L3-Lh 0.023 9,L6lL 250
Wl=ls 0.023 7,599 200
1945-L6 0.025 7,123 200
L6-L7 0.025 6,149 170
L7-L8 0.025 4,10k 110
L8-L9 0.027 1,865 60
49-50 0.027 1,198 L0
1950-51 0.028 62 20
51-52 0.026 6,692 190
52-53 0.030 2,666 90
53-5L 0.028 1,921 60
54-55 0.028 2,498 80
1955-56 0.025 3,002 80
56-57 0.024 2,005 60
57-58 0.025 5,309 150
25-Year Average
1933-1957 160

a. Assuming submerged dam impervious below elevation
1,200 feet.
b. No water level measurements available.
¢. Based on assumed permeability of 1,000 gallons
per square foot per day (100% hydraulic gradient).
d. 25-year average utilized for hydrologic inventory.
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P = ;00 Meinzer Units, I = 0,030, A = 22,300 square feet
then Q = 267,600 gallons per day

= 0.82 acre-foot per day or 300 acre-feet per year

The 300 acre-feet computed as underflow in the Sylmar Notch is
based on low ground water surface conditions in 1959. Underflow for high
ground water surface conditions is estimated to be approximately 500 acre-
feet per year. An average value for the base period 1928-29 through
1956-57 is thus estimated to be about L0O acre-feet per year and was
utilized for purposes of hydrologic inventories.

Pumping of the Mission well field of the City of Los Angeles in
June and July of 1960 has apparently resulted in the lowering of water
levels (0.5, 0,39 and 0.19 feet in test holes SF-1, SF-3 and SF-L,
respectively). This lowering of water levels effects a reduction in
ground water slope at the section thus reducing the subsurface flow from

the Sylmar Subarea through Sylmar Notch.
Subsurface Flow Between V

In 1894 the damming of the underflow of Verdugo Creek was first
initiated by the Verdugo Canyon Water Company. The first dam extended
only 6 feet below the surface, was 50 feet long and extended across the
west branch of Verdugo Creek. In the summer of 1895, work was begun on a
submerged dam that was founded on bedrock and connected to the western rock

wall of the canyon. This structure extended 2L5 feet to the northeast.
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Beyond the dam, 260 feet of cribs extended which reached a maximum depth
of 29.l; feet. A 225-foot tunnel was driven in the east bank of the
channel and connected to the crib by a 50-foot long cut. The total yield
of these works was approximately 26 miners inches (23L gpm).

The present day submerged dam, situated approximately in the
same location, was built by the City of Glendale in 1935. This structure
intercepts a substantial amount of the underflow of Verdugo Canyon; how-
ever, it extends only part way across the canyon. Approximately 23,000
square feet of water-bearing material in the most easterly portion of
the section (see Plate SH) east of the east manhole of the dam is not
cut off by the structure. A profile which accompanied the report of
James D. Schuyler and Samuel Starrow, dated March 31, 1903, entitled
"Report of Verdugo Canyon Water Company", indicated an inferred deep on
the east side of the canyon which is not traversed by the present dam.

A shaft L8 feet deep sunk near the portal of the 1899 Verdugo Canyon
Water Company tunnel in this vicinity did not intercept bedrock.

Bedrock in the Verdugo well, which is also located 300 feet
easterly of the submerged dam, is 5L feet from the ground surface. The
submerged dam has approximately 3,400 square feet of cross-sectional
area which is nearly normal to the course of the channel. The wing wall
which extends southerly from the east manhole is not included in the
above figure because it more or less parallels the general direction of

ground water movement.
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There is very little information available concerning the
character of the materials which lie easterly of the east manhole of the
submerged dam. There is no log of the materlals penetrated by the
Verdugo Well (39634). With no data available from which to estimate the
permeability a method devised by the U.S.G.S. for thls type of situation
uﬁs utilized. The method of determining permeability utilizes the
specific capacity, yield factor and total saturated thlckness and is based
on complete penetration of the aquifer. This method was .applied to the
Verdugo Well (3963A) in the vicinity of the submerged dam.

The factors are expressed as follows:

eld (gpm) .
TR €T specific capacity

specific capacit x 100 = yield factor
Thickness of saturated material

yleld factor x 20 = permeability (gpd)

The number 20 is an empirical constant based 6n many pump
tests performed by the U,S.G.S. in various points of the country and
includes the average effect of well losses encountered in the tests.
It should be understood that this method 1s to be used only when there

is no other alternative.
Utilizing ﬁhis methed, a permeability coefficient of 350 gallons

per day (Meinzers units) was obtained and applied to the saturated cross-
sectional area of approximately 6,9C0 square feet which is not effected
by the submerged dam with the slope at the section determined between
Verdugo Well (3963A) and test hole No, 12 (39720) of the City of Glendale,
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The underflow during 1957-58 was thus computed, by the Darcy formula, to
be 78 acre-feet. Subtraction of the extractions by the Verdugoe well,
which amounted to 68 acre-feet during 1957-58, from the computed underflow
would leave practically nothing available for subsurface flow around the
submerged dam and the underflow passing the dam_was considered to be nil
during 1957-58. Since the diversion from the Verdugo submerged dam has
fluctuated with the available supply it is deduced that the annual

amounts of underflow through the base period have also been nil.

Summary of Underflow

The quantity of underflow leaving the Upper Los Angeles River
area and the quantity of underflow between hydrologic subareas are

summarized in Tables 31 and 32.
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APPENDIX Q

CHANGE IN STORAGE

In evaluating changes in ground water storage, only changes
occurring in the zone of saturation within the boundary of the valley fill
area have been considered. Changes in moisture content also occur in the
zone of aeration; however, such changes cannot be feasibly measured for
historic periods or over large areas. The times of year when water levels
are determined should be after the end of heavy pumping and before appre-
ciable precipitation occurs in order to minimize the amount of water in
transit within the zone of aeration.

Change in storage has been computed by first multiplying the
area of material which was saturated or drained by the difference in water
level occurring therein, thereby to evaluate the volume of fill material
dewatered or saturated. This product was then multiplied by the average
-specific yield of this fill material as computed from the available well
logs in the area. Determination of specific yield utilized is described
in Appendix D.

Free ground water conditions are generally found to exist in the
major portion of the valley fill including the San Fernando and Verdugo
Hydrologic Subareas. Confined conditions, h&wever, are indicated in the
Eagle Rock and Sylmar Hydrologic Subareas. Change in storage in the Eagle
Rock Subarea was considered to have occurred only in the free water table
or forebay portion thereof. This forebay comprises 535 acres or 69 percent

of that small hydrologic subarea. Specific yields for this area were
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obtained by correlation of existing geologic information with specific
yield data determined for the neighboring valley fill in the viclnity of
the City of Glendale, A paucity of well data precluded a determination
of the forebay extent in the Sylmar area and change in storage 1n this
area was determined from water level changes and specific yields occurring
throughout that subarea. It is believed that this approximation gives-
results 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 yields used and the relatively moderate cyclic
variation of water levels which has occurred in the Sylmar Subarea during

the base period.

Storage Units

Water-bearing materials contained under the valley floor area
vary greatly from place to place. The accuracy and quantity of water
level and specific yield data also vary between areas. Because of these
factors, the change in storage was not determined for the valley floor or
hydrologic subareas as a whole but was determined for 52 separate storage
units. The summation of the change in storage for a group of storage units
was then equal to the change in storage of any desired larger area.

The storage units selected are shown on Figure Q-1. These units
were delineated on the basis of containing similar lithologic properties
throughout and having annual water level fluctuations of the same range
and magnitude throughout. The area contained within each of the storage

units is shown in Table Q-1.
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R=l

E-L
E-5
E-6
BC-1
VN-1

VN=-2
VN=3
VNl

VN-6

VN-7
VN-8
VN-9
VN-10
Hel

# Estimated forebay area.

TABLE Q-1

AREAS OF STORAGE UNITS

3,338

L,895
2,287
2,593
8,391
1,861

1,802
2,905
2,119
4,110
1,937

837
1,579
3,166
L,138
3,740

In Acres

NH-1
NH-2
NH-3
NH-Ly
B-1

B-2
B=3
B=L
B-5
B=6

G-1
N=-1
N-2
N-3
N-L

ER-1
T-1
T=2
T-3
S=1

S=2°
P=1
V-1l
V=2
V-3

V-l
V=5

617
681
1,537
2,0L6
1,935

1,599
1,020
1,541

1,841

4,310
2,376
957
1,189
192

536%
2,097
3’220
3,994
1,938

3,320
621
1,553
982
655

1,151
753



Specific Yield

Selection of specific yield values is described in Appendix D.
From a review of the variation of specific yield with thickness of fill
material it was determined that the greatest depth interval that could be
utilized and still maintain accuracy with a reasonable amount of compu-
tation was 25 feet. The depth interval utilized in the Bulletin hsl/
study was 50 feet. It is believed that the 25-foot interval gives a more
accurate relationship between the specific yield of the materials and the
zone of fluctation of the water surface.

Well logs made by drillers are subject to the interpretation of
the materials penetrated and the diligence of the driller. Poor logs
which had obvious errors in descriptions were not used in the change in
storage study. Approximately 560 well logs were utilized in the deter-

mination of the change in storage.

1/ California State Department of Public Works, Division of Water
Resources. "South Coastal Basin Investigation, Geology and Ground
Water Storage Capacity of Valley Fill." Bulletin LS. 193k,
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Water levels

Ground water levels utilized in the computations are generally
based on measurements as of October of each year, The beginning of the
water year is considered as the best annual reference point because at this
time the water surface has‘generally recovered from localized effects of
heavy summer pumping and it is usually prior to any normal rainfall which
might cause abnormalities in the ground water surface. In many instances
where measurements in October were not available, measurements in November
were utilized. Many of the wells in the San Fernando Valley are only
measured twice a year. Prior to 1942 there were numerous monthly readings
made from which ground water contour maps were constructed. Subsequent
to 1942 semiannual readings were made, partly by the City of Los Angeles
Department of Water and Power and partly by the Los Angeles County Flood
Control District, In years when precipitation occurred prior to making
ground water level measurements, and where water levels were measured sub~
sequent to September 30, the computed change in storage may be in error for
that hydrologic year and for the following hydrologic year. The error,
however, will compensate during the two-year period involved. Table Q-2
lists the years in which precipitation occurred prior to measurement of
ground water levels and the amount of precipitation occurring betwegn the
first of October and the date of water level measurement. In evaluating
the change in ground water levels within a storage unit the change was

determined at the center of the storage unit.
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1542
1943
19LL
1945

1946
1947
1948
1949
1950

1951
1952
1953
195k
1955

1956
1957
1958
1959

PRECIPITATION DUﬁING PERIODS OF FALL
WATER IEVEL MEASUREMENT, UPPER LOS ANGELES RIVER AREA

November
November
November
November

October

December
November
November
November

November
November
November
November
November

November
November
November
December

10

22
29

30
10

1L

26
19

23
13
12

2
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# Precipitation measured at Lockheed Airport Weather
Bureau Station between the first of October and

the date when the fall well measurements were

started.
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Sample Computation

The procedures used in the computations are a simplification of
methods used in previous determinations in other areas. They were devised
to permit a mechanical system and to eliminate, as far as possible, varia-
tions in interpretation.

Each of the storage units utilized specifié yield values from
logs of several wells. For simplicity, the sample computation for the
first three years in the 1929-58 period has been made for a hypothetical
storage unit containing only two wells with logs.

These logs, which were selected as being representative of those

involved in the calculations, are shown in Table Q-3.

Specific Yield

The mean specific yield for each storage unit was computed on
the form entitled '"Well Group Computations" shown in the upper left portion
of Figure Q-2, which is based on Form 136 utilized in Bulletin L5. The
computations were broken into 25-foot depth intervals. Within each 25-foot
interval the footage of each of the calls of the logs was entered in the
appropriate square opposite the assigned specific yield value. The
footages for each specific yield value from the separate logs were totaled
and entered under total footage. These values were then multiplied by the
specific yleld and entered under product. The products in each 25-foot
interval were added together and divided by the total footage of all the
wells in the depth interval and the result entered under total yield in

percent. The right-hand column, total yield in percent, represents
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TABLE Q-3
LOGS FOR SAMPLE COMPUTATION
STORAGE UNIT X

Sample Log A (381LG)

0= 15 Sandy loam
15 - 28 Gravel
28 « 39 Clsy
39 - 51 Gravel
51 - 112 Clay
112 - 119 . Sand and gravel
119 - 150 Blue clay

Sample Log B (39L7E)

0=- 27 Brown sandy clay

27 - 30 Dry sandy clay

30 - 53 Dry sandy clay

53 - 64 Blue sand and gravel
6L - - 68 Brown clay

68 - T2 Cemented sand and gravel
72 = Tk Blue clay '
7 - 110 Hard yellow clay
110 - 11k Hard brown clay
11 - 121 Hard yellow clay
121 - 122 Black clay and gravel
122 - 123 Sandstone
123 - 133 ' Black clay and sand
133 - 134 White sand cemented
3L - 142 Black clay
142 - 148 Decomposed granite -
148 - 150 Hard granite
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weighted averages for a composite log and is considered to be located in

the center of the storage unit.

Water Levels

Form CS-1, shown in the upper right portion of Figure Q-2, lists
the average water surface elevation existing at approximately the beginning
of each water year. The elevation of the water surface was obtained from
hydrographs of well measurements and ground water contour maps.

Form CS-2, shown in the lower left portion of Figure Q-2, lists
the average ground surface elevation of the storage unit ag well as
elevations for 25-foot intervals below ground surface. The average specific

yield for each 25-foot interval is repeated opposite the proper interval.

Change in Storage

The steps in computing change in storage are shown on Form €S5-3,
shown in the lower right portion of Figure Q-2. Column 2 is the difference
in water levels between water years. Column 3 is column 2 multiplied by
the number of acres within the storage unit, the number of acres in the
storage unit being shown at the top of the form. Column 5 is column 3
multiplied by average specific yield for the 25-foot interval (column L).
When the change in water surface occurs in more than one of the 25-foot
intervals, as in 1930-31, a separate computation is made for the change in
each different 25-foot interval. Column 6 is a summation of the change in

the various 25-foot intervals shown in column 5.
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SAMPLE FORMS USED
IN STORAGE COMPUTATIONS

CHANGE

INVESTIGATION oHgET.

WELL GROUP COMPUTATIONS

SAN FeRNANDO VALLEY BASIN

REFTASICE

Fora CS-3

Computed By, BHB

Forn 65-2 EXARPLE Date_ 7/15/59
Ghecked By 4B
Storage Unit _ X Date 7/15/59
elevation of 1 interval below  Elevations Ave;

L]
te well: ground surfece 1 of interval  specific yleld

Q-13

San Fernando

1lof 1

IN

Porm C8-1 Sheet _1 _of __
Entered By  RHB
BIAMPLE Date ulzzzg

Checked By  GAD
Date__7/15/59

Storage Unit __ I

Water Suriece elevasion
Al ammnnal ta vall du faad
1928 498.3%

29 500, 6
1920 501.7

1 496.2

1

13

L
1a1s

Oatober of year

1088

(Y]

Sheet _1 of ___

Conputed By  BHB
Date__1/15/59

Checked By_ UAB
7/15/59

EXAMPLE

Date
Storage Unit _X _ - _10,000  Acres

Change in t column (5)

atorage :Total

within : in etorage

increment : (+ or ﬁ

+ or -, :in acre-fee

——ra e
+ 1,748



The change in storage for each of the storage units shown on
Figure Q-1 is listed in Table Q-L4. These results, summarized by hydrologic
subareas in the area of invesfigation, are also shown in Table Q-l.

The data indicates that heavy pumping continued in the eastern
portion of the San Fernando Subarea through the fall of 1956 until the end
of January 1957, whereas the heavy pumping stopped by the end of November
in other years. Computations showed that cones of depression resulted in
an apparent excess of water removed from storage and is reflected by the
large change in storage for.the year 1955-56 as shown in Table Q-l.
Adjustment of change in storage for 1955-56 is difficult due to a lack of
water level measurements for January through February 1957. A straight
line correction for the years 1955-56 and 1956-57 may be applied to obtain
an estimate of change in storage for the year 1955-56 and would result in
a modified cumulative change in storage for 1955-56 of minus 308,870 acre-

feet.
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+1,427
+1,768
196
- 982
02;-50
+ 589
* 393
- 689
-1,375
<1375
196
2,175
- 63
=1,427
0
- 503
-2,042
e Th2
=3,930
%
=7;141

=1,579 = 587
+ 552 0

- 197 + 87
- 789 ¢ 587
+1,18f  «1,174

5 °

* 297 - 5W9

=1,184, = 5L9
* 197 +1,098
+» 987 +1,761
+1,184 + 587
- 592 - 587

+1,18L 3,523
+ 567

0 41,761

+ 789 #1,761
¢ 197 41,761
*1,123  «1,17k
685 0
+ W3 - 567

- 587
= L3 4,17

0
42,086 +1,761

XX
n
A
* e e
&
o

S6h .
0 *1,%9
- 584 -1,611
3,100 41,790
0
41,691 - 35%
-1,L09 - 537
- 584 - 53;1,
-L,L09 - 716
=2,53% -1,07L
-1,i88 -1,183
=1,Lli7 -1,723
- 96 1,292
-2,39L  <1,722
-2,118 - 718
=3,530 3,592

-1,177 - 958
- 706 = 999

TABLE Q-L
CHANGE IN STORAGE, BASED ON SPECIFIO YISLD AND WATER LIVELS

In Acre~Feat

-89 €79 - 371 - 318 ~26L - 91
=89 -9 - T7h2 0 0 + 182
48 ~90 + 371 - 318 264 - 182

0 179 1,112 + 318 26 + 91
+ B89 0 +2,225 ¢ 318 0 -~ 9
- 89 0 0 0 0 ¢« 9N

0 0 - 37 0 #4132 - 9N
=268 =179 1,112 ~ 635 -132 273
4179 4179  -2,225 ¢+ 635 0 - 2713
+89 -90 +5,192 0 o + 91
+53% <90 - 7hh  « 318 4132 ]
-89 s179 4,112 - 318 132 4+ 182
+358  +Lh9 ¢ 371 1,906 4529 + 91
+B89 =359 ¢+ 3N 0 =132 + 9N
+89 4179 ¢ 7h2 + 318 4132 - 182
+830 269 ¢ W2 + 500 132 + 182
=383 <269 + 371 - 818 529 - 182
€383 €79 o+ 7h2 (¢} 0 + 36h
383 0 - 72 = 635 0 - 182
4383 359 - 7W2 - 3180 -132 0

0 =179 - 3711 - 633 0 - 364
+115 628 0 - 318 132 + 91
689 sLk9 ¢+ 371 - 318 132 0
4230 269 =4,079 635 4132 - 182

[—n o o 0 + 162
919 €389 ¢ 371 1] 0 - 638
575 -538  -L,183 + 318 -1 4
B0 179 - 371 ¢ 953 0 - Lg6
“Us +90 -LLE3 . 635 -6 41,002
+689 0 ¢ 7Lh2 41,250 +132 - 638

- 571 - 925
-1,l27 -1,5u2

+2,653 +,420
1,712 + 617
«1,997 +1,23L
-1,427 -2,23L
+ 285 - 308

+1,li27 +2,L67
- 285 2,67
1,427 + 617
+ 856 -5,2h3
- 285 42,159

0
- 856 + 617
-1,1i1 0
+ 571 + 308
-2,853 -1,542

+1,1h1 +1,23L
<1,1h1 - 308
=3,322 +1,23
=L, 5u7 -~ 617
+ 758 2,159
=5,002  +3,392
+ 303 - 617
-3,031 - 925

CHANGE IN STORAGE, BASED ON SPECIFIC YIELD AND WATER LEVELS
tinued)

2,137 =2,708
- 16k + 225

«1,972 -1,123

41,315 +2,247

¢ 822 +1,130
0

«1,130
- key 41,360
+ L9y + L6
+ L93 + L
42,030 3,227
- 193 - 231

0 -1,153
2,125 2,9
- 580 - 227
+1,932 + + 680
+ 713+ 302
- 713 - 758
- 7713 -1,070

0 - 23
-1,545 1,61
- 386 -2,5%
-1,788 -1,815
- 822 21,38
- 29 - 899
- 986 -1,123
-1,6uL  -1,326
- 329 - WS
<1,6L -~ 678
- 184 -1,075
+ 493 -1,612

(e

In Acre-Feet

2,302 -

LI I N ) LI I I |
~
-
~\s @
o
2
[}

1 +1

b2 -

1,781 -
S+
1,L8 -
2,1% =
2,13 -

3,223 ~
1,200 =

2,400 »

Q-15

2,508 - 8,71 . 1,019
2,280 - 8,566 - 910

1,110 - 3,186 - 910
6,839 +11,752 + 4,995

191+

7
571 « 1,788

912 - 6,281 - 1,788
3,091 16,213 + ii,L69

912 + 2,383 - 2,682

1,608 = 3,766 1,022
5,ul3 = 2,383 - 1,768

410,667 +10,561

L72 - L,519 - 6,558
1,15 + 3,766 * 9,498
1,887 +17,851 + 3,160
4,106 -24,630 = 9,570

L,021 - 3,136 +1,3L1
1,608 - 5,959 - L,022
14,987 + 1,152 = 3,128
5,471 = 7,7h6 = 3,137

1,103 -~ 2,285 = 2,27
1

5,015 10,279 =
3,l19 + 2,284 *
L,559 =« 8,57k -
L,559 5,230 =
u,511 - 7,248 =

5,224 - 6,%8 -

227k
,0u8
,257
1152
6

2
)
6
J
3
1

236

i,702 - L,2U6 = 1,819
522 + 5,661 *11,31L

+1,329
- 380
-1,329
3,705
-3,895

0
380
190
759
380

+ 569
-2,088
+3,417
-3,037
+ 380

1 ¢+ 4

+ 380
*2,639
~1,310

L
-
=

LI 2 I I [ 2% 2 | *1 4+ 4
(=]
3 Ez e

[ B B |
n
@
-

0 -2,389 -
L1l -2,389 -
882 -2,38% -

+1,593 ¢

-1,23k 1,593 +1,L98

+1,L11  +3,60L  +1,926

-,411 + 608 + 21

- 608 - 6h2

+1,587 45,68  «1,8L8

-1,763  +1,215 - LS2

+ 176 +3,845 + Ls2

42,292 +3,6L5 + 301

2,69 +1,108 - 904

- 529 4,753 =~ 017

+ 529 1,822 .1,28.

+ 882 -3,038 -2,1.0

~ B82 -3,645 -2,605

+ 353 1,822 - L7

+ 353 -2,808 -2,233

+ 705 +1,593 1,117

- 529  -1,593 -1,224

- 705 -3,185 -1,656

- 705 4,778 -1,325

+1,234 -3,185 -1,202

529 -3,185 ¢ 125

0 + 796 1,247
188 -1,31 -2,L88 - 367
- 188 - 262 + 622 - 1%
- 376 -1, <,k - 97
+ 282 +1,8u0 +3,732 ¢ 290
+ L70  #1,8L0 #2,205 + 290
- 316 -1,840 -2,828 ¢ 290
+ 94 42,103 +3,847 0
+ 188 - 262 21,981 + 677
« 460 41,31k +L,018 - 290
+ 63u 43,578  +L,0716 + 509
+ 91 - 286 2,038 + LB®
- 272 =2,766 -3,7% - 2k
+ 63 +5,625 +8,L91 ¢ 1LBB
0 1,715 -3,057 0
- 181  -1,715 #3,73% + 366
+ 5,3 « 572 ¢ WO + T3
- 272 3,431 -5,43  -1,219
- 53 -2,2L1 1,359 - 610
- L53 -1,051 2,717 - 993
- 829 -i,205 -3,253 -1,355
-1,03 «2,731 -5,598 + 387
- sho 1,21y 1,232 2,322
- 7u6 -2,9%h -h,268 - 677
- 313 0 +2,439 - 32
- 840 1,992 -5,183 - 1799
-1,294 <2,988 - 319 - 913
- 754 4,158 2,873 - 963
- L62 -1,214 5,504 =3,290«
- 129 + 729 -1,07L ¢+ 658
- 386 2,186 + 358 +1,809



1928-29
29-30

1930-31
J1-32
J2-33
333
=35

1935-36
36-37

19L0h1
L1-L2
L2-k)
L3-hb
LLeLS
19L5-L6
L6-L7
L7-LB
LB-L9
L9-50

1950-51
51-52
$2-53
53-5
si-35

1955-56
56=57
57-58

1928-29
29-30

1930-31
31-32
32-33
33-3L
35-25

1935-35

- 812
- 812

0
+,015
+1,218

0
- ,203

* '812
- 203
tl,EBS

i73
214

41,120
- 473
+ L73
. 237
- 9h7

-1,556
-1,218
-1,856
2,000
-1,298

-1,113
21,917
- L96
-2,L78
-1,L87

-1,735

19k5-bs  + 901
he-L7 <1,262
L7-L6 -1,622
1:8-b9  =1,353
L9-50 = 169

1950-51 = 338
51-52 2,0l
52-53 - BS7
53-5h - 330
SL=55 - BLé

1955-556 - 508
56-57 0
S57-58 + 677

¢ locludes

LI S I )
0
E

-2,798
+ ‘758
2,264
+1,057
- us3

=i,623
+ 6
-1,877

-1,826

+2,L24
- 197
* 598

0
- 398

)
- 199
- 598
-2,921
+ 318

- 35
+1,262
~1,577
- 315
+ 315

«1,577
1,262
L6

')
|
{R

+ 912
+ 684
=1,1,0
+ 68l
- lsé
- 684
=1,5%
-1,356
1,825
=2,053

-2,743

0
4,592
- 902
-1,648

-1,9%9
- 129
-2,201

- 69
-190
=243
+433
-150
- 61
+187

-2L8
+893
«19%
-hg2
-126

36
52
323
-129
-258

+ 65
- 65
=258

0
-122

- 61
4635
-129
-129
- 65
r190
<243
L8

TABLE Q-4

CHANGE IN STORAQE, BASED ON SPECIFIC YIELD AND WATER LEVELS

(oontinued)
In Acre-Feet
« 63h  <1,2b5 <L,0L3 - 5h2 - 352 - 352 < 266 =93
+ 91 - 5B =~ 862 1,083 .<1,L09 2,611 + 521 -~ 93
+ 181 _-1,635 2,155 - 271 - 176 =~ L99 < 122 - 93
+ 272 2,218 +3,0017 41,89 +2,770 +1,L98 1,220 +278
0 +1,556 +2,086 <+ 813 + 388 ¢ 125 ¢ 122 - 93
- %2 «1,59% -1,043 - Sh2 -1,0b5 -1,L98 0 -9
+ 272 42,178 + 522 0 - 352 - 301 - 122 [
0 - 622 + 522 0O + 528 ¢ 925 + 122 = 93
- 91 41,867 0 + 271 - 528 + 125 - 2L4 +165
0 3,111 0 -3,521 1,057 -2,282 - 610 4185
0 - 311 + 522 + 271 +41,L09 41,783 ¢ 122 -185
- 91 2,189 - 522 0 =~ 528 1,255 - 122 185
* 181 4,986  1,0L3 0 o+ 70l 1,629 ¢+ 122 + 93
+ 181 1,563 + 522 0 - 352 0 - 122 +93
¢ 181 ¢ 937 - 522 - 5u2 0 - L99 0 +93
- 181 & 940 - 522 + 271 1,233 1,306 0 +9
- 91 -3,L3 1,043 + 271 - & - 352 ] o
0 -2,L89 -1,99 0 -1,l09 - 880 - 122 =185
- L53 41,5 -1,293 0 - 352 - 528 - 122 ¢ 93
«1,177 4,318 1,724 - 5h2 - - 880 - 2uh -185
+ 362 2,995 .~ 862 + 271 - 168 1,182 0 L6l
- 930 41,688 1,293 - 271 - 337 <L753 - 399 0
-1,546 -3,908 a1,72L 0 1,347 =2,07h 0 +185
* L2 0 - W3l ¢ 271 =~ 168 + - 133 +278
«1,941 3,257 0 - 594 2,672 3,08 - 665 - 93
- 938 2,12k -3,017 « 323 1,139 -1,602 - 532 +185
-1,095 2,942 -1,332 + 6L6 0 + 319 + 399 -9
- 806 4,177 - 868 - 323 - 325 ~L,L3L 0 =93
- 95 =1,235 1,332 ¢ 323 - 163 - 159 - 399 + 93
<1,333 1,852 -1,332 0 -1,139 4,580 - 133 + 93
CHANGE IN STORAOE, BASED ON SPECIFIC YIELD AND WATER LEVELS
(continued)
In Acre=Foet
Total ! v-1 ! v2 ! v-3 [ Vb
85 - 811 =3l « 101 - W7 - 267 1,370
+ 29 - 511 =3hb - 101 - 17 - 267 -1,370
41,019 - 292 -196 a 101 - Lk2 - oo  -1,4%
2,458 ¢+ 73 + 19 - 202+ 17 0 ¢ &
- 52, + 292 +196 - 2w - W7 - Loo - 261
- 76 + 98L +393 + 101 0 + 533 +1,611
-1,127  + 219 |, +W7 + 50k 0 + 800 41,670
~ 732+ 6 + 98 + 511 - 1T . 267 o+ 3l
41,377 ¢ L&Y +2li6 + B17  +1,28L  +1,200  +.,016
+1,868  + 969 *687 21,877 +2,279 42,132 +7,5LL
+ 1,6 +1,025 - L9 - 186 +1,2h1 + bl +2,180
-3,655 - 15 - k9 - 93 -1,1 - 785 -2,116
6,042 « 820 +137 + 372 +1,721  +1,380 45,030
-1,609 0 98 - 372 - 203 - 931 -1,L08
+ 20 « 22 0 + 558 + 608 ] +1,390
1,493 + 19 - L9 s+ 186 - Los + Lb9 + 330
- 29% . 373 -393 -~ 186 1,721 0 -2,673
+ 966 o 373 =3hk =2,361 -1,139  -1,l59 5,676
«1,526 . 22], -295 =L,l27 1,814 -1,501 5,261
-2,L78 . 298 =3hi; 0 .31 -2,799 6,682
4,27 . 230 -295 -1,009  -2,319  -h,37  -8,220
4 28 + B - 98 - 605 - 511 +1,118 -2,251
- Tk - 66 - 98 +,b12 -« 632 - 313 - 337
+3,938 + 81 =196 42,650  +2,165 44,721 9,21
“2,563 + 81 +638 - 307 - 767 ~l,2h2 1,597
- 2 - B =196 - 813 1,761 - L97  ~3,18
- 5% - 61 -19% - 920 2,527 - L5+ 58S
«2,275 ¢+ 323 - L9 + 20L 0 +1,86h  +2,3L2
1,505 0 +Ll2 + 403 #1,592  +1,L91  +3;934
s 229 - 162 - U9 +1,226 + BBl 42,666 4,565

Q-6

the portion of the Monk Hill Basin within the Upper los Angeles River area.

- L28
+ 21
+ 62

0
- 2
+2,567
- 856
+ 856

41,560
=1,77h

-1,069
-1,Li97
-2,661
-1,566
=1,00Lk

0
+4,630
+2,139
+2,617

0
-1,975
+ 6l2
-1,283

Total

=1,555
-1,020

-1,530
+7,31k
-1,070
-1,601
+1,070

- 13,038
- 16,863

- 26,827
+ 69,836
+ 25,759
- 27,116
+ 38,581

-

sl2

+ 36,211
+ 76,L21
- 10,10k
- 38,606

+128,017

+ 19,121
- 77,16

< 38,191
- 17,856
- 62,113
- 69,318
- 15,817

- 503
[¢]

- 503
2
- 10
o
+1,006

0
+1,006
+2,013
-2,516
- 503

+5,032
-L,529
- 503
+7,633
<4,110

0
-3,019
-1,510
+ 503
-1,006

+1,006
+3,019
-3,019
-1,510
- 503

+ 503
+1,510
+1,510

= 11,603
- 15,787

- 26,L15
+ 67,311

+116,95
- 31,137
+ 31,122
+ 47,298
= 7,177

~ 51,L61

- TL,L6L
- 6,166
- 9,066

Cumulative total

= 43,038
- 59,901

86,726
16,892

16,2L9
20,332

+ 6,667
:

+ 20,6l

+
wn
o

S
W

+212,813
+178,659
+211,151
+260,312
+183,166

+144,975
+ 97,119
+ 35,006
- 34,312
- 79,929

-134,083
- 86,721
=159,250
-219,764
-271,236

=342,653
=346, 410
=350,682
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APPENDIX R

GROUND WATER RECHARGE AND SAFE YIELD

Contained herein are tables and computations which support and

elaborate on determinations made in Chapters VI and VII.

Ground Water Recharge

The ground water recharge is determined in this report as supply
less the consumptive use and outflows of that supply. The consumptive use
adopted by the Referee is based on the unit consumptive use values listed
in Tables L-13, L-1k and L-15, the land use shown in Table K-6, and the
adjustments to consumptive use determined in Chapter VI. The annual
adjustment to the consumptive use of rain is 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. In years
when precipitation is above normal, the adjusted consumptive use of rain
is greater'than the unadjusted value and in years of below normal precipi-
tation the adjusted value is less than the unadjusted value. The consump-
tive use of delivered water is adjusted by reducing its annual amougp by
an amount equal to five percent of the sum of consumptive use and deep
percolation for residential land use areas. For convenience, the adjust-
ment of the consumptive use of delivered water may be made by adjusting
the unit value of consumptive use for residential land use areas. The
adjusted unit values for consumptive use of delivered water on residential

land use areas are shown in Table R-1.



TABLE R-1

FINAL ADJUSTED UNIT DEPTHS OF CONSUMPTIVE
USE OF RESIDENTTAL DELIVERED WATER

In Acre-Feet Per Gross Acre

ive use
Year | Sylmar Verdugo
and Eagle Rock Subarea Subarea
. Subareas
1928-29 0.77 0.74 0.57
29-30 0.76 0.7L 0.62
1930-31 0.67 0.66 0.60
31-32 0.39 0.38 0.53
32-33 0.37 0.37 0.61
33-34 0.41 0.40 0.77
3L~-35 0.31 0.30 0.66
1935-36 0.39 0.36 0.66
36-37 0.35 0.32 0.72
37-38 0.34 0.34 0.67
38-39 '0.49 0.47 0.77
39-40 0.45 0.L45 0.8
1940-41 0.33 0.33 0.62
1-42 0.50 0.49 0.89
L2-L3 0.56 0.55 0.74
L3-4k 0.56 0.56 0.73
Lh-L5 0.69 0.67 0.73
1945-L6 0.75 0.79 0.83
L6-17 0.91 0.90 0.84
L7-L8 1.05 1,0k 0.99
L8-49 1.11 1.10 0,87
49-50 1.07 1.04 0.82
1950-51 1.1 1.12 0.93
51-52 0.95 0.93 0.77
52-53 1.18 1.15 0.98
53-54 1.12 1.11 0.92
sh-55 1.10 1.10 0.92
1955-56 1.06 1.05 0.98
56-57 1.21 1.22 0.98
57-58 1.01 1.00 0.97
29-Year Average
1929-57 0.72 0.71 0.78

R-5



Safe Yield

The method for determining safe yield is discussed in Chapter VII.
The safe yield for any year 1s computed by superimposing the land use in
existence during the safe yield year over a normal period of precipitation.
The magnitude and regimen of occurrence of annual precipitation during the
29-year base period, 1928-29 through 1956-57, have been taken as equivalent
to a long-time mean or normal precipitation. The varying land use trends
and economic conditions occurring during the 29-year base period have been
considered in the determination of safe yield. The variation in the compos-
ition of residential land use areas has been compensated for by adjusting
the weight;d unit values for residential areas to reflect the composition
existing during each of the safe yield years (see Appendix L). The change
between economic conditions existing during the earlier years of the base
period and those existing in the latter years was significant; therefore,
the mean for the 29-year base period could not be used to determine averages
for items influenced by economics. The 9-year subperiod of normal precip-
itation on the valley floor was utilized as being representative.of economic

conditions extant during the safe yield years.

Adiustment of Weighted Unit Values Under Safe Yield Conditions

The weighted unit values for consumptive use and deep percolation
shown in Tables L-13, L-1L and i—lS are weighted according to the percent
impervious and types of land use within each cléssification. Under safe
yield culture conditions, all of the land use classes with the exception

of residential have a constant percent of the area impervious during the



base period. As discussed in Appendix L, percentages of residential lot
areas containing deciduous trees, lawns, gardens, native vegetation and
impervious areas have varied during the 29-year base period. The adjusted
unit values for residential land use classes were therefore reweighted to
correspond to the percentages which existed in each saf; yield year. The
mean weighted unit depths of consumptive use and deep percolation for the
9-year subperiod for each land use class and hydrologic subarea are shown

in Table R-2.

Percolation of

The average amounts of consumptive use and deep percolation of
delivered water for the various land use clasFes within each subarea for
the three safe yield years are shown in Table R-3. With the exception of
water surface and commercial and industrial land use, which are discussed
and derived in Chapter VII of this report, these average af?unts are the
product of the 9-year average weighted depths of consumptive use and deep
percolation (Table R-2) and the acreage of each type of land use
(Table K-6) in each subarea.

Table R-L itemizes the average consumptive use of precipitation
under safe yield culture. These amounts were computed utilizing the
9-year average weighted.depths of consumptive use of precipitation (Table

R-2) and the acreage of each land use class (Table K-6).



TABLE R-2

MEAN WEIGHTED DEPTHS OF CONSUMPTIVE USE
AND DEEP PERCOLATION, 9-YEAR SUBPERIOD
1949-50 THROUGH 1957-58

In Acre-Feet Per Gross Acre

Culture class
water :Total: Rain : water :Total

San Fernando Subarea

Deciduous 1.12 1.40 2.52 0,17 0.20 0.37
Citrus 1.04 1.54 2.58 0.25 0.36 0.61
Walnuts 1.10 1.4, 2.54 0,19 0.25 0.4
Truck 1,07 1.62 2.69 0,22 0.54 0.76
Alfalfa and pasture 1.11 1.84 2.95 0.18 0.27 0.45
Vineyard 1.12 1.09 2.21 0,17 0.23 0.40
Lawn grass 1.04 2.63 3.67 0.29 0.57 0.86
Dry farm and native

vegetation 1.16 - 1.16 0.13 - 0.13
Miscellaneous 0.81 -- 0.81 0.07 - 0.07
Commercial and industrial 0.43 ~-— - -= -- --
Residential®

194,9-50 0,72 1.09 1.81 0.22 0.23 0.45

1954-55 0.68 1.09 1.77 0,21 0.23 o.LL

1957-58 0.66 1.09 1.76 0.21 0.22 0.43

Sylmar Subarea

Deciduous 1.20 1.33 2.53 0,25 0.23 0.48
Citrus 1.11 1.47 2.58 . 0.33 0.36 0.69
Walnuts 1.17 1.39 2.56 0,27 0.26 0.53
Truck 1.15 1.43 2,58  0.29 0.56 0.85
Alfalfa and pasture 1.21 1.77 2.98 0.24 0.29 0.53
Vineyard 1.21  1.05 2,26 0.2 o0.23 0.47
Lawn grass 1.15 2.52 3.67 0.39 0.69 1.08
Dry farm and native

vezetation 1.28 - 1.28 0,16 - 0.16
Miscellaneous 0.93 - 0.93 0.09 - 0.0%
Commercial and industrial 0.50 - - - - -
Residential®

1949-50 0.89 1.07 1.96 0,27 0.24 0.51

1954-55 0.86 1,07 1.93 0.27 0.2 0.51

1957-58 0.82 1.08 1.90 0.28 0.23 0.51



TABLE R-2
MEAN WEIGHTED DEPTHS OF CONSUMPTIVE USE
AND DEEP PERCOLATION, 9~YEAR SUBPERIOD
1949-50 THROUGH 1957-58
(continued)

In Acre-Feet Per Gross Acre

¢t Rain : water :Total: Rain : water :Total

Deciduous 1.28 1.30 2,58 0.4 0,26 0.69
Citrus 1.18 1.43 2,61 0,51 0.42 0.93
Truck 1.23 1.51 2.7h  0.46 0.60 1.06
Lawn grass 1.28 2.39 3.67 0.55 0.81 1.36
Dry farm and native

vegetation 1.L40 - 1.0 0.29 - 0.29
Miscellaneous 1.00 -- 1.00 0.16 - 0.16
Commercial and industrial 0.49 - - - - -
Residential® ,

1949-50 0.95 0,92 .87 o0.4h 0,23 0.67

1954-55 0.95 0.92 1.87 o.hk  o0.23 0.67

1957-58 0.87 0.93 1.80 0.45 0.22 0.67

a. Adjusted to percentages of residential lot impervious for each
safe yield year.
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TABLE R-L
CONSUMPTIVE USE OF PRECIPITATION UNDER SAFE YIELD CULTURE
Land use olass

In acres : In acre-feet t In acres : TIn acra-feet : Tn acras : Tn acra-faat

San Fernando Subarea

Deciduous 420 L70 510 s70 380 L30
Citrus © 10,L80 10,900 7,780 8,090 L,Lko Li,620
Walnuts 1,230 1,650 2,910 3,210 1,160 . 1,280
Truck L,870 g,210 L,350 k4,650 3,730 3,990
Alfalfa 8,770 9,730 l,320 1,800 2,720 3,020
Vineyard 190 210 100 110 60 70
Lawn grass 1,780 1,850 1,860 1,930 2,090 2,170
Dry farm and native 2,630 28,570 21,870 28,850 2),,050 27,940
Miscellaneous 1,770 1,L30 1,900 1,5Lo 2,720 2,200
Water surface 960 1,320 960 1,320 960 1,320
Riparian 300 Lo 260 360 200 260
Commercisl and industrial 12,340 5,310 13,1L0 g,650 13,350 5,7h0
Residential 42,060 30,280 49,840 33,890 56,900 37,550

Subtotal 100,3L0 94,970 90,610

Sylmar Subarea

Deciduous 570 680 780 9LO 590 710
Citrus 590 . 650 580 éLo L3o 470
Walmuts 20 20 10 10 o] 0
Truck 1,060 1,220 260 300 24,0 280
Alfalfa 30 Lo 8o 100 Lo 50
Vineyard 20 20 30 L0 20 20
Lawn grass Lo 50 Lo 50 Lo 50
Dry farm and native 2,170 2,780 2,270 2,910 2,L30 3,110
Miscellaneous 150 140 130 120 80 70
Commercial and industrial g0 30 110 : 60 170 ‘ 90
Residential 900 800 1,310 1,130 1,560 1,280

Subtotal 6,l30 6,300 6,130

Yerdugo Subareg

Deciduous 30 Lo 10 10 10 10
Citrus 10 10 10 10 10 10
Truck - 10 10 20 20 60 70
Lawn grase 10 Lo 120 150 150 190
Dry farm 2,300 3,220 1,590 2,230 1,220 1,710
Miscellaneous 320 320 260 260 80 80
Riparian 30 60 20 Lo 20 Lo
Commercial and industrial 160 8o 220 110 250 120
Residential 2,030 1,930 2,750 22610 3,200 2,780

Subtotal 810 5,LL0 010

Total for three subareas 112,580 106,710 101,750
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iodifications of Runoff Items to
Suit Safe Yield Conditions

Items of runoff, which are modified to reflect safe yield condi-
tions in the stream system, consist of residual rain, additional hill and
mountain runoff due to residential development, runoff to reservoirs and
native spread water. Native spread water has been discussed and derived
in Chapter VII and the estimated amounts apread under safe yield conditions
are shown in Table L9.

The calculations for residual rain and additional hill and
mountain runoff due to residential development are shown in Tables R-5 and
R-6 respect}vely. The source and derivations of the tables are described

therein.

The theoretical operation of the ground water reservoir under safe
yield conditions was made for the safe yield years 194,9-50 and 1957-58. The
safe yield years for which the study was made represented the maximum and
minimum safe yield pumpage for which safe yield was determined under the
Order of Reference.

By definition, the safe yield of the ground water reservoir of the
Upper Los Angeles River area is the maximum average annual pumping draft which
can be continually withdrawn for useful purposes under a given set of condi-
tions without causing an undesired result. The conditions imposed upon the

ground water reservoir are:

1. A period of normal precipitation was taken as the 29-year base

period from 1928-29 through 1956-57.

R-12
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2. Cyclic trends of precipitation correspond to the 29-year
base period; i.e., beginning and ending in a dry cycle.

3. The average amounts of import, export, safe yield pumpage
and natural depletion prevailed during each year of the 29-year base
period of normal precipitation.

L. Ground water levels for purpose of these studies were
assumed to be equal to the ground water levels as they existed in 1957-58
and the available storage in the ground water reservoir above the 1957-58
ground water levels is equal to that which has existed historically;
maximum ground water levels occurred in 19L43-LL. The difference between
the amount dewatered from the high in 19L3-LL to the low in 1957-58 is
equal to 611,000 acre-feet.

The theoretical operation of the gro;nd water reservoir with
safe yield culture imposed over the 29-year base period utilized the basic
hydrologic equation: supply minus disposal equals change in storage.
Computations for the gross recharge of native water for the safe yield
year 1949-50, shown in Table R-7, include the recharge from land use areas,
stream system and the spreading grounds. A small difference (five percent)
occurred between the 29-year average gross recharge computed for the ground
water reservoir operational study and the 9-year average gross recharge
determined for safe yield. The annual amounts of the gross recharge of
native water were adjusted so that the 29-year average would be equal to
the computed safe yield gross recharge of native water (Table 55). The

values thus derived for the pﬁrpose of this study are called the adjusted

gross recharge of native water.
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TABLE R-T7

COMPUTATION OF GROSS RECHARGE OF NATIVE WATER FOR THEORETICAL GHOUND WATER RESERVOIR
OPERATICN STUDY BASFD ON 1949-50 SAFE YIELD CULTURE CONDITIONS ON THE VALLEY FILL AREA

In 1,000 Acre-Feet
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AdJuspmenL

uross

Stream system = W-tiw~ ~oon<s oio=

3 1753
=

=\

: Residual :
H r?in : Land use areas
H h) H

use of rain
adjustment

1 consumptive
Precipi?ation ¢ use of rain

Year

o
~ e~

(=23 4

™
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12,
16.
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ce and derivation of values by column number

Sour

Colunn No,

Table 1.

1.

-year average rain).

ge for 1949-50, Table K-6.

mes (annual rain minus 29

15, times the acrea
ent pervious ti:

yleld conditions (Table 53).
divided by the 29-year average gross

ge under safe

ter, Table 53,

1 to average gross rechar
of native wa

Column § multiplied by Column 9
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Under the conditions heretofore set forth, the average import,
safe yield pumpage and export are assumed to. be constant during each year
of the operational study. Since the annual import is a constant, the
. gross recharge of import would also be a constant. With a constant safe
yield pumpage and export, the pumpage available for delivered water on
the valley fill area would also be a constant as would the recharge of
delivered water.

The theoretical annual changes in storage in the grbund water
reservoir study for the 19L9-50 safe yield year are shown in Table R-8.
Using the ground water levels as they existed in 1957-58 as the levels at
the start of the period of operation, 150,000 acre-feet of storage below
and 210,000 acre-feet of storage above the beginning ground water levels
would be required to operate the grourd water reservoir through the base

period.
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IN THE SUPERICR COURT OF THE STATE OF CALIFORNIA

IN AND FOR THE COUNTY OF ILOS ANGELES

THE CITY OF IOS ANGELES,
a Municipal Corporation,

Plaintiff, No. 650079

INTERIM ORDER OF REFERENCE
VSe
To STATE WATER RIGHTS BOARD
CITY OF SAN FERNANDO, a

Municipal Corporation, (To Investigate And Report Upon
CITY OF GLENDAIE, a
Municipal Corporation, The Physical Facts Under Section
CITY OF BURBANK, a
Municipal Corporation, 2001, Water Code)
et al,

Defendants,

The Motion of certain defendants for an Order of Reference to
the State Water Rights Board to investigate and report upon the physical
facts herein involved having come on regularly for hearing on Tuesday,
March 18, 1958, after having been previously continued from time to time to
said date, before the above-entitled Court, the Honorable Virgil M. Airola,
Judge (assigned), Presiding, the Court having heard argument, written and
oral, and considered the same, and good cause appearing therefor;

NOW, THEREFORE, IT IS HEREBY ORDERED, pursuant to Section 2001
of the Water Code of California:

I

That the State Water Rights Board of the State of California

be and it is hereby appointed in the above-entitled action to study the

availability and extent of any and all public and private records,



documents, reports and data relating to the matters and things contained
and set forth in Appendix B (Proposed Order of Reference) attached to
the Order to Show Cause of the above-entitled Court, dated March 10, 1958,
and to approximate the time required for, and to estimate the cost of
obtaining, correlating and reporting upon, such records, documents, reports
and data, and to report the results of its investigation and study to this
Court on June 9, 1958.
IT

The cost of this interim investigation and report shall be

apportioned, and shall be paid by, the parties hereto at such time and in

such proportions as shall hereafter be determined by the Court.

This interim investigation and report shall be made without
prejudice to the right of any party hereto to hereafter object to any
further Order of Reference herein and/or to object to the method and
manner of the allocation of any costs of reference herein.

v

It is recommended: (1) to the parties to this action that they
co-operate with the Board by and through engineers appointed jointly or
severally by them; and (2) to the Board that it seek the adviee and counsel
of such engineers in its investigation and in the preparation of its

report.
DONE IN OPEN COURT THIS 19th day of March, 1958.

Virgil M. Airola
Virgil M. Airola
Judge (assigned) of the Superior Court

-Da
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IN THE SUPERIOR COURT OF THE STATE OF CALIFORNIA
IN AND FOR THE COUNTY OF LOS ANGELES

THE CITY OF IOS ANQGELES,
A Municipal Corporation,

Plaintiff No. 650079

vs. ORDER OF REFERENCE
CITY OF SAN FERNANDO, a
Municipal Corporation,
CITY OF GLENDALIE, a
Municipal Corporation,
CITY OF BURBANK, a
Munlcipal Corporation,
et al.,

To STATE WATER RIGHTS BOARD To
Iﬁvestigate And Report Upon The
Physical Facts,

(Section 2001, Water Code)

Defendants.

vvvvvvvvvvvvvvvvv

The Motions of certain defendants for am Order of Reference to
the State Water Rights Board to investigate and report upon the physical
facts herein involved, and the Order of the Court to the parties herein
to show cause why such Order of Reference should not be made, having come
on regularly for hearing on Wednesday, June 1lth, 1958 (after having been
previously continmued from time to time to said date), before the above
entitled Court, the Honorable Virgil M. Airola, Judge Presiding, the Court
having heard argument, written and oral, and considered the same, and good
cause appearing therefor;

NOW, THEREFORE, IT IS HEREBY ORDERED, pursuant to Section 2001
of the Water Code of the State of California, that the State Water Rights
Board of said State shall be, and it is hereby, appointed in the above

entitled action to investigate the following physical facts which are
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involved in the above entitled action and report thereon to the above
entitled Court on or before two (2) years from and after the date of this
Order, or within such additional time as shall be reasonably required and

as shall hereafter be fixed and allowed by the Court, namely:

The Board is requested to investigate, find, provide data and
report upon the following physical facts in accordance with the authori-

zation of Section 2001 Water Code:

1. The geographic and hydrologic (surface and ground water)
boundaries of the watershed of the Los Angeles River and its tributaries
above the junction of the surface channels of the Los Angeles River and the
Arroyo Seco at a point now designhated as Los Angeles County Flood Control
District Gauging Station No. F57. (Note: If said boundary differs from
that depicted on and described in Appendixes "A" and "B" attached to
plaintiff's Amended Complaint, then the areas included within both
boundaries shall be studied and shall be included in the term "said area"
as hereinafter used.)

2. The complete geology, insofar as it affects the occurrence
and movement of ground water, and the surface and ground water hydrology
of said area, including basins and sub-basins therein, including but not
limited to:

A. The topography and soils.

B. The surface location of the bed and banks of the channels of

the Los Angeles River and its tributaries.



C. The areas, limits and direction of flow of all ground water
in said area, including, but not limited to, any and all waters percolating
therein.

D. The area, location, nature, characteristics and limits of any
and all basins and sub-basins and the interconnection or interdependence
thereof, within said area.

E. The quality of all waters within said area, and the effect
thereon of the importation of Owens Valley water.

F. The source and quantity of all waters, and the places of
application and use of foreign waters, entering said area each water year
for the period covered by available records and information.

G. The nature and quantity of all water loss and diminution
within and from said area, each water year for the period covered by
available records and information.

H. The safe yield, and the effect thereon of the importation of
foreign waters, shall be determined for the water year immediately pre-
ceding the filing of the report for which data is available, and for the
water years ending 1950 and 1955.

3. The geographic and hydrologic (surface and ground water)
boundaries of all watersheds supplying the Los Angeles River below Los
Angeles County Flood Control District Gauging Station No. F57 and above
the southern boundary of the original pueblo.

4. As to each party to the within action for the period of
available records and information:

(a) The location and capacity of his or its diversion works;

(b) The character of his or its use or uses of water; and

..3_
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(c) The amount of his or its taking and use of water.

5. The use of water by The City of Los Angeles and its
inhabitants:

(a) Since 1948 within the territory of the original pueblo; and

(b) For the period of available records within the expanded
boundaries of said city as the same existed from time to time up to the
date of the Report herein.

6. The amount of water distributed by plaintiff, for the period
of available records and information to and including the date of the
report, for use outside its boundaries as such boundaries have existed
from time to time.

7. All sources of water supply of plaintiff and defendants, and
the quantity thereof for the period of available records and information
to and including the date of the report:

(a) Diverted and used; a

(b) Available for diversion and use.

II

The Board shall investigate, and, on the 17th day of November,
1958, or as soon thereafter as is reasonably practicable and convenient to
Court and counsel, shall report to the Court and counsel upon, the
following:

1. With respect to water years from and including that ending
1900 to and including that ending immediately preceding the filing of the
Board's report hereunder (other than the water years specified in
Paragraphs I, 2H hereof), the nature, extent and availability of any and

all records and data reasonably necessary for the study by the Board of

-L-
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the safe yield of the area referred to in Paragraphs I, 1 hereof and the
approximate time required for, and the estimated cost of, obtaining, corre-
lating, supplying, producing, supplementing and reporting upon such
records; and

2. With respect to the water years from and including that
ending 1900 to and including that ending immediately preceding the filing
of the Board's report, the nature, extent, and availability of any and all
of the records and data specified in Paragraphs I, L, 5, 6 and 7 hereof,
and the approximate time required for, and the estimated cost of, obtaining,
correlating, supplying, producing, supplementing, and reporting upon such
records and data;

3. The necessity or desirability of the Board's obtaining,
correlating and reporting upon physical facts other than, and in addition
to, those specified in this Order.

ITT

The Board is requested to retain in its Los Angeles office and
have available to the parties the basic data upon which the Board bases
its findings with respect to the foregoing items until thirty (30) days
after the date of mailing of notice of filing its Final Report and there-
upon to file a copy thereof with the .Court.

v

The parties are directed to make available to the Board such

records and data as they may have which are pertinent to the subject

matter of this reference.



v
It is recommended: (1) to the parties to this action that they
co-operate with the Board by anrd through engineers appointed jointly or
severaliy by them; and (2) to the Board that it seek the advics and counsel

of such engineers in its investigation and in the preparation of its report.
DATED this 11th day of June, 1958.

8/ _ VIRGIL M. ATROLA
Judge of the Superior Court

S-10



IN TEE SUPERIOR COURT OF THE STATE OF CALTFORNIA

IN AND FOR THE COUNTY OF LOS ANGELES

THE CITY OF LOS ANGELES, No. 650,079

a Municipal Corporation,
INTERIM ORDER RECEIVING AND FILING "FIRST

Plaintiff, REPORT OF STATE WATER RIGHTS BOARD PURSUANT
TO PARAGRAPH II OF REFERENCE ORDER DATED
vs. JUNE 11, 1958" AND DIRECTING NO FURTHER
STUDIES OR PROCEEDINGS OR REPORTS UNDER SAID
CITY OF SAN FERNANDO, a PARAGRAPH II OF SAID REFERENCE ORDER UNTIL
Municipal Corporation AND UNLESS FURTHER ORDERED AND DIRECTED ON
et al., MOTION AND AFTER NOTICE PREVIOUSLY GIVEN TO
ALL PARTIES, AND REQUIRING PROGRESS REPORTS
Defendants. FROM STATE WATER RIGHTS BOARD AT FUTURE
PRE-TRIAL SESSIONS.

The State Water Rights Board having rendered and presented herein
a report entitled "First Report of State Water Rights Board Pursuant to
Paragraph II of Reference Order dated June 11, 1958", and good cause
appearing therefor;

IT IS ORDERED:

1. That said First Report be accepted and filed herein as the
report required by Paragraph II of the Reference Order of June 11, 1958;

2. That, with respect to the matters required to be investigated
and reported upon as directed and outlined in paragraphs 1, 2 and 3 of said
paragraph numbered II of said Order of Reference dated June 11, 1958, no
further investigations, studies, proceedings or reports be made thereunder
by said State Water Rights Board until and unless further ordered and

directed hereafter on motion made and after notice has been previously

given to all parties; and

S5-11



3. That said State Water Rights Board, however, continue to
be and appear by and through its attorneys and/or representatives at all
future sessions of the pre-trial conference herein to make and render
progress reports, oral or written, to the Court on the matters required
to be reported under said Order of Reference dated June 11, 1958, except
as hereinabove otherwise provided.

Dated on November 19, 1958.

VIRGIL M. ATROLA
Judge (assigned) of the Above-
Entitled Court
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APPENDIX T

AVATIABIE INFORMATION ON HYDROLOGIC SUBAREAS

The chapters in this repcrt dealing with historic water supply and
ground water recharge treat the entire valley fill area of the Upper los
ingeles River area as a unit. In view of the objections by various parties
this appendix has been prepared to summarize the data available throughout
the report with respect to each of the four hydrologic subareas. Particular
information concerning the consumptive use of delivered water and amounts of
import served to the service areas of the Crescenta Valley County Water
District and La Canada Irrigation District within the Upper Los Angeles River
area is also included.

The data collected in the course of this investigation were not
always conducive to dividing the values intc the four hydrologic subareas,
Vericus studies were made in an attempt to separate these items into their
respective subareas. The values thus determined should be considered solely -
as estimates of the amounts occurring in the subareas where there are no
actual measurements corresponding to the exact hydrologic boundaries of the
sukareas.

Values presented for Verdugo Hydrologic Subarea in Tables T-2
through T-11 of this appendix exclude the amounts of water supply and dispe-
sal derived from the portion of Mork Hill Basin within the Upper Los Angeles

Ty < -~ -
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Summary of Available Hydrologic Information

A summary of the hydrologic information availaéle by subareas is
shown in Table T-1l. This table lists items of the hydrologic inventery for
each subarea, Where a certain item of the inventory is %ot pertinent to the
particular subarea, it is designated as "none". Data needed to complete
items of the inventory are the surface runoff between subareas, and areal
culture and gross delivered water of ﬁagle Rock Subarea.

Numerous items can be determined for the combined areas of San
Fernando and Eagle Rock Subareas but difficulties arise in an attempt to
separate the quantities derived from within the respective subareas. These

quantities were therefore combined as shown in Table T-1.

Surface Runoff Between Subareas

Surface runoff occurs between Eagle Rock, Sylmar and Verdugo
Subareas and San Fernando Subarea. The only stream gage measurement avail-
able in proximity to a subarea boundary is the Los Angeles County Flood
Contfol District Stream Gaging Station No. 252, This gage, located approxi-
mately 2.8 miles below the boundary of Verdugo Subarea on Verdugo Wash, has
a period of record from 1936 through 1958 (Taple 27). ’2?ibutar&‘areas be-
tween this gage and the boundary of Verdugo Subarea areﬁareas of residential

and commercial acreages and portions of the Verdugo Mountains and San Rafael

Hills.

Areal Culture and Gross Delivered Water for Eagle Rock Subarea
The major difficulty encountered in a separate evaluation of the
items of hydrologic information for the Eagle Rock Subarea is the determina-

tion of the areal culture and gross delivered water. There are land use data
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available for 1949, 1955 and 1958. However, prior to these years the lack
of data would necessitate the extrapolation of the land use acreages back

20 years to 1928-29.

Eagle’Rock Subarea is located within the Narro;s Service area of
'the City of LosAAngeles. The determination of the gross delivered water
would necessitate a study of the city's "Read Bookﬁ for the subarea, as dis-
cussed in Appendix M. Due to the continuous changing of the Read Books, the
cost of determining the amount of gross delivered water from 1928-29 through

1957-58 would be prohibitive.



TABLE T-2

ANNUAL PRECIPITATION ON VALLEY FILL AREA

In Acre-Feet

1928-29 108,070 900 6,370 6,190
29-30 111,390 740 5,690 7,090
1930-31 139,460 950 6,380 8,070
31-32 184,740 1,290 9,690 10,350
32-33 118,910 840 6,460 6,360
33-3kL 131,470 1,210 8,920 7,170
34-35 . 182,980 1,280 10,850 10,430
1935-36 11L,540 920 6,960 7,580
36-37 214,230 1,480 12,220 12,470
37-38 227,360 1,630 14,580 12,870
38-39 196,650 1,260 9,510 10,350
39-Lo 15k4,310 920 7,470 8,230
1940-41 369,020 2,560 17,510 18,250
L1-42 123,420 780 6,280 6,360
L2-L3 . 227,710 1,510 14,920 12,710
L3-kk 228,870 1,380 10,520 11,980
Lh-L5 130,070 950 8,560 7,660
1945-L46 125,090 900 7,050 7,250
L6-L7 136,610 1,080 8,660 8,390
L7-18 71,210 520 3,820 3,990
18-19 75,100 580 5,180 4,970
L9-50 96,7L0 7L0 6,450 6,360
1950-51 79,170 530 4,250 5,300
51-52 279,750 2,050 15,130 15,890
52-53 106,530 670 1,840 6,190
53-5L 121,390 870 7,970 7,010
5L4-55 128,310 870 6,190 6,600
1955-56 - 152,220 1,050 7,890 8,960
56-57 119,150 850 6,370 6,760
57-58 248,140 1,560 12,810 14,260

29-Year Average
1529-57 153,600 1,080 8,510 8,680
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TABLE T-3
RESIDUAL RAIN BY SUBAREAS

In Acre-Feet

Year plus Sylmar Verdugo
Eagle Rock
(1) (2) (3)
1928-29 5,950 420 310
29-30 7,670 580 510
1930-31 11,830 650 550
31-32 18,760 880 980
32-33 12,190 580 710
33-3L 17,720 630 1,140
3k-35 21,330 680 1,070
1935-36 12,510 580 690
36-37 26,150 1,130 2,510
37-38 30,400 1,260 2,080
38-39 27,040 1,040 1,140
39-40 20,170 680 740
194,0-41 62,110 1,950 2,560
L1-42 15,230 380 660
L2-43 38,220 1,320 2,370
L3-klk 39,950 1,270 1,530
Ll-45 19,910 620 1,120
19L5-L6 20,270 590 1,760
L6-N7 22,670 970 1,370
L7-L8 11,170 230 1,80
L8-49 9,120 220 500
L9-50 14,520 690 1,010
1950-51 9,650 340 330
51-52 65,090 2,140 3,640
52-53 17,010 550 730
53-5k 25,380 8L0 1,910
54-55 20,080 610 990
1955-56 38,660 1,300 1,500
56-57 29,580 730 1,110
57-58 68,030 2,250 1,070
29-Year Average
1929-57 23,130 820 1,260
Source and derivation by colurm number:
Column No.
1, 2 Annual precipitation (Table T-2) minus the summation
and 3. of the weighted unit values of consumptive use and

deep percolation of rain for each land use classi-
fication and respective subarea (Tables L-13, L-14
and L-15) multiplied by the respective acreage
(Table K-6 and Table T-10),

m=13



Year Subarea
(1)
1928-29 5,120
29-30 4,350
1930-31 3,070
31-32 Lo,L90
32-33 9,720
33-3L 12,210
3L-35 17,710
1935-36 13,0L0
36-37 6L,430
37-38 128,180
1940-41 133,980
L1-42 16,870
L2-43 124,470
L3-Lh 9, 900
Ll-l5 27,670
1945-46 20,030
L6-17 22,890
L7-48 5,320
1G-L9 2,460
19-50 3,810
1950-51 2,470
51-52 77,150
52-53 10,110
53-5L 11,060
5L-55 6,250
1555-56. 8,260
57-58 66,920
29-Year Average
1925-57 31,290

HILIL, AND MOUNTAIN RUNOFF TO VALLEY FILL

TABLE T-L

UNDER CONDITIONS CF NATIVE CULIURE

In Acre-Feet

Subarea

(2)
420

5,040
1,050
3,570

0

1,470
5,880
11,130
1,890
1,050

19,530
1,680
10,080
6,510
2,520

8L0
‘1,260
210

210

210
12,390
8L0
81,0
8L0

1,050
8.0
630

3,150

T-12

Subarea

(3)
100

1,790
250
610
260

L,60
2,L20
L,310

6L0

210

5,640
530
L,690
2,740
870

250
L90
50

1,0

50
L, 420
220
210
200

180

210
1,200

1,100

Subarea
(L)

930
960

860
10,350
1,990
2,970
5,530

3,530
17,320
31,600

3,890

3,470

28,960
2,520
2k, 790
18,620
5,740

3,090
6,110
390
740
1,120

170
18,220
3,750
3,140
9L0

1,540

970
17,540

7,050



IMPCRT AND GROSS DELIVERED WATER
TO VERDUGO SUBAREA

In Acre-Feet

v, : : Mono-Cwens, Basin Gross delivered
~ear : Ground water? : water water
(1) : (2) (3)
1928-29 . 100 0 1,280
29-30 100 0 1,360
1930-31 100 0 1,430
31-32 100 0 1,450
32-33 100 0 1,5L0 -
33-3L 100 0 1,940
34-35 90 0 1,680
1935-36 100 0 1,790
36-37 110 0 1,93C
37-38 110 0 2,060
38-39 110 0 2,190
39-L0 120 0 2,420
19L0-11 120 0 2,260
L1-42 0 0 2,660
L2-43 170 0 2,850
L3-Ll 170 0 3,030
Li-L5 180 0 3,060
19L5-46 220 0 3,710
L6-U7 220 0 1,080
L7-L8 270 0 4,660
L8-49 280 0 4,390
L,9-50 290 0 L,560
1950-51 1,490 150 L, 940
51-52 1,040 130 L, 700
52-53 1,360 . 300 6,110
£3-5L 1,720 330 6,810
SL-55 1,390 700 6,640
1955-56 2,770 1,3k0 7,670
57-58 3,870 1,060 8,690
29-Year Average
1929-57 570 150 3,500
a. Ground water origirating in Upper Ios Angeles River area outside
of Verdugo.

b. Water originating in Colorado and/or Mono-Cwens Basin areas.

Source and derivation by column number:

Column No, 1- Table M-l.

Column No, 2- Sum of Columns L and 7, Table M-3 plus Column 7, Table M-2,

Column No. 3- Table 21, total for Verdugo Subarea minus gross delivered
for La Canada Irrigation District from Tables J-5 and J-13.
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GROUMD WATER EXTRACTIONS AND SURFACE DIVERSICNS

TABLT T-

6

FROM VALLEY FILL AREA BY EYDROLCGIC SUBAREAS

Year

1928-29
29-3C

1930-21
31-32
32-33
33-3L
3L-35

1935-36
36-37
37-38
38-39
39-L0

194L0-41
11-L2
1213
131,
Lii-L5

19L5-L46
L6-L7
L7-L8
L8-L9
119-50

1950-51
51-52
52-53
53-5L
Sh-55

1955-56
56-57
57-58

29-Year Average
1929-57

In Acre-Feet
San Fernando Eagle Rock
Subarea Subarea
(1) (2)
82,100 2l
85,680 2L
89,020 2l
62,720 2k
61,600 2L
85,090 2l
71,870 2L
80,680 2l
76,210 2l
73,130 2l
7l,000 2l
76,200 25
76,820 25
7l , 660 25
87,760 25
92,480 35
110,080 35
120,220 35
122,880 L5
124,560 L5
125,770 50
129,700 50
12},880 50
119,950 110
144,510 120
1,610 120
10,250 120
13,560 130
151,960 140
136,120 150
101,840 50

T-14

Sylmar
Subarea
(3)

4,830
4,560

1,020
3,700
3,050
1,010
4,410

L, 730
L,670
5,5L0
5,540
5,L20

5,980
6,020
5,890
6,070
6,160

6,610
6,770
6,980
6,810
6,570

6,240
5,960
5,490
5,160
5,630

5,980

6,020
5,470

5,L80

Verdugo
Subarea

(L)

2,890
3,100

3,110
3,100
2,740
2,900
2,670

2,980
3,030
3,580
5,030
5,000

5,580
6,150
6,190
6,590
6,310

6,600
7,750
6,190
5,530
1,900

3,850
L,280
5,250
5,600
5,280

L,L80

1,400
4,910

L, 680



TABLE T-7
EXPORT OF GROUND WATER BY SUBAREAS AND TRIBUTARY AREAS

In Acre-Feet

San Fermando

plus :
Year Eagle Rock Sylmar : Verdugo®
(1) (2) (3)
1928-29 5k4,910 3,610 1,960
29-30 57,290 3,230 2,030
1930-31 59,490 2,650 2,060
31-32 34,320 2,340 1,760
32-33 32,010 1,720 1,300
33-34 54,170 2,L70 1,000
34-35 42,910 3,130 1,120
1935-36 49,610 3,560 1,290
36-37 Ly, 380 3,320 1,240
37-38 38,660 3,660 1,710
38-39 36,380 3,670 3,030
39-40 37,980 3,600 2,790
1940-41 140,820 1,080 3,570
W1-42 33,470 1,01Q 3,650
L3-Lk 47,470 1,130 3,890
Ll-U5 62,080 4,240 3,510
1945-L6 68,250 L, 700 3,130
L6-L7 73,390 4,880 3,970
L7-48 68,080 5,060 2,130
L&-L9 67,170 1,830 1,420
119-50 73,030 L, 700 550
1950-51 67,870 14,590 L70
51-52 él;,080 -+ L,3L0 540
52-53 83,3L0 L,L50 610
53-5L 85,230 4,590 630
54-55 81,560 L, 150 L50
1955-56 86,770 1,050 280
56-57 94,100 4,590 LLo
57-58 87,150 4,220 350
29-Year Average
1929-57 58,030 3,880 1,870

a. Includes surface diversicns exported out of subarea
(Table T-8).

Source and derivation by column number:

Column No. 1 - Column 3, Table M-6 plus Column 7, Table M-L.

Column No, 2 - Column 3, Table M-L.
Column No. 3 - Column L, Table M-4 plus Column 3, Table M-7.
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TABIE T-8

DIVERSIONS AND EXPORT OF SURFACE WATER
FROM TRIBUTARY HILL AREAS TO VERDUGO SUBAREA

In Acre-Feet

1928-29 ) 130 70
29-30 120 70
1930-31 100 80
31-32 130 130
32-33 100 110
33-34 80 70
34-35 130 140
1935-36 170 150
36-37 310 280
37-38 Loo 360
38-39 390 340
39-40 360 280
1940-41 480 390
L1-h2 450 360
L2-43 620 LLO
L3-Uh 740 500
LL-Us L90 340
1945-L6 370 270
L6-L7 1420 2L0
L7-48 L0oo 120
L48-19 320 120
1,9-50 300 110
1950-51 260 90
51-52 360 ] 170
52-53 390 90
53-5L 360 120
SL4-55 190 100
1955-56 150 70
56-57 . 140 60
57-58 190 S0

29-Year Average
1929-57 300 190

Source and derivation by column number:

Column No, 1 - Table 21, surface diversion for Verdugo
Subareca minus surface water diverted from Snover
Canyon by La Canada Irrigation District.

Column No., 2 - Surface diversicn for Pickens Canyon by
La Canada Irrigation District.
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TABLE T-9
SEWAGE EXPORTED BY SUBAREAS®

In Acre-Feet
¥ " : San Fernando® : Sylmar : Verdugo
ear (1) : (2) =« 1 (3)
1928-29 6,320 170 80
29-30 7,100 180 i 100
1930-31 8,490 200 120
31-32 9,900 190 110
32-33 9,970 210 140
33-3L 10,340 190 230
34-35 11,850 200 210
1935-36 12,450 190 260
36-37 13,230 200 330
37-38 14,360 210 350
38-39 16,470 250 380
39-40 17,440 260 LS50
1940-11 21,630 21,0 410
-2 21,910 230 500
ho-h3 22,470 210 570
L3-Lly 23,470 260 580
Ll-LS 23,780 21,0 600
1945-46 21,030 280 700
L6-L7 27,080 300 710
17-18 28,880 320 670
L8-L9 30,340 360 670
L9-50 31,950 380 750
1950-51 35,660 390 850
51-52 39,950 430 790
52-53 41,590 540 950
53-5L u7,670 - 1,10 1,160
S4-55 45,670 390 1,070
1955-56 51,860 380 1,360
56-57 60,060 1,00 1,440
57-58 63,960 14,60 1,890
29-Year Average
1929-57 2,670 280 570

a. Includes tributary drainage area and sewer infiltration.
b.. Includes Sylmar, Verdugo and Eagle Rock Subareas.

Source and derivation by column number:
Column No.
1.” Column 1, Table 26,
2. Sum of Columns L and 23, Table N-7, and sum of
Columns 1 and 12, Table N-8.
3. Sum of Columns 7 and 8, Table N-8.
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TABLE T-10

AREATL, CULTURE WITHIN BOUNDARY OF THE
VALIEY FILL IN VERDUGO HYDROLOGIC SUBAREA

In Acres

,  lrrirated crops : Resi ’CommercialfM. 1 Riparian’ Dry farm
Year :Decid-:T k:L wn . Tot l:d e:;;l. and :llsce ~. vege- ‘and native
. uous ruc .grass ° ova : en “industrial® aneous: tation ‘vegetation

1928-29 110 0 100 210 L50 30 320 20 3,360
29-30 90 0 100 150 470 30 320 20 3,360
1930-31 60 0 100 160 500 Lo 320 20 3,350
31-32 70 0 100 170 520 Lo 320 20 3,320
32-33 60 0 100 160 540 Lo 320 20 3,310
33-3L 60 0 100 160 570 Lo 320 20 3,280
3L-35 60 0 100 160 590 Lo 320 20 3,260
1935-36 60 0 100 160 610 50 320 20 3,230
36-37 60 0 100 160 660 50 320 20 3,180
37-38 50 0 100 150 710 60 320 20 3,130
38-39 Lo 0 100 140 750 60 320 20 3,100
39-40 30 0 100 130 800 . 70 320 20 3,050
1940-b1 60 0O 10 170 900 70 320 20 2,910
l1-42 Lo 0 110 150 oLo 80 320 20 2,880
L2-43 30 0 110 1ko 1,0k0 90 320 20 2,780
43-bh 30 0 110 140 1,1k0 90 320 20 2,680
Lh-hs 30 0 110 140 1,220 ' 100 320 20 2,590
1945-46 Lo 0 110 150 1,320 110 320 20 2,L70
48=L7 30 0 110 1ko 1,L40 120 320 20 2,350
L7-L8 30 0 110 140 1,560 130 320 20 2,220
L8-49 30 0 110 140 1,650 140 320 20 2,120
L$-50 20 0 1o 130 1,780 150 320 20 1,990
1950-51 20 0 110 130 1,8%0 160 320 20 1,870
51-52 30 0 120 150 2,030 170 320 20 1,700
52-53 30 0 120 150 2,130 180 320 20 1,590
53-5L 30 0 120 150 2,270 200 320 20 1,430
SLk-55 10 10 120 140 2,410 210 260 10 1,360
1955-56 10 20 120 150 2,500 220 200 10 1,310
56-57 10 30 150 190 2,6L0 230 1L0 10 1,180
57-58 10 50 150 210 2,800 2Lo 80 10 1,050
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TABLE T-11
ADJUSTED INTEGRATED CONSUMPTIVE USE ON LAND USE AREAS BY SUBAREAS

In Acre-Feet

1928-29 . 90,330 92,790 5,860 186,960 5,100 1,190 9,290 5,300 6L0 60 6,000
29-30 89,L20 95,560 5,110 190,090 5,770 3,630 9,L00 L,290 670 50 5,010
1930-31 116,390 90,880 k,260 211,550 6,730 3,L70 10,200 5,050 650 50 5,750
31-32 147,600 67,350 5,490 220,Llh0 8,300 2,850 11,150 6,680 590 Lo 7,310
3-33 , 62,550 72,060 L,560 159,170 L, 750 3,550 8,300 14,90 670 50 51620
33-3L ' 95,060 77,900 b,u70 177,430 5,150 3,350 8,500 4,730 7Lo Lo 5,510
3435 16k, 000 70,120 s,570 239,690 9,630 3,210 12,8L0 8,5L0 570 Lo 9,550
1935-36 86,8L0 89,520 6,510 182,870 5,960 3,920 9,880 5,000 770 50 5,820
36-37 162,750 76,500 5,070 2lh, 320 9,L%0 3,370 12,860 7,210 760 30 8,000
37-38 15L,010 69,590 6,100 229,700  8,7L0 3,040 11,780 7,920 Lo 20 8,680
36-39 156,260 78,320 h,LBo 239,060 7,920 3,470 11,390 7,750 900 Lo 8,690
39-40 122,810 73,380 3,850 200,040 6,850 3,200 10,050 5,620 1,000 50 6,670
19.:0-L1 221,8L0 59,3L0 5,510 286,690 11,860 3,1L0 15,000 10,520 830 10 11, 360
L1-L2 100,000 90,100 9,620 199,720 5,360 4,260 9,620 L,860 1,220 60 6,110
b2-u3 1LL,610 88,270 11,830 2Lk, 720 8,330 k,210 12,540 7,730 1,050 20 8,800
L3-Lk 1L5, 090 86,100 12,920 24,110 8,150 L,220 12,370 6,5L0 1,160 Lo 7,740
Lyl 101,040 100,850 L, 060 205,950  6,LB0 k,760 11,240 6,210 1,260 50 7,520
19L5-k6 90,700 104,610 4,070 199,580 5,650 L4, 9L0 10,590 | 3,950 1,600 50 5,600
Lé=47 100, 370 106,830 3,020 210,220 6,660 5,520 12,180 5,990 1,580 50 7,620
L7-L8 £1,L00 122,080 3,260 166,7.0 2,590 6,070 8,660 2,010 2,0L0 70 4,120
L8-L9 47,690 122,800 3,090 173,580 3,750 5,830 9,580 3,660 1,870 70 5,600
L9-50 66,670 112,550 3,260 162,480 L,730 L, 790 9,520 4,520 1,890 50 6,L60
1950-51 52,9LC 124,990 3,310 181,2L0  L,090 L,L80 8,570 2,670 2,210 70 Lk, 950
51-52 113,880 93,790 3,2L0 210,920 10,110 3,730. 13,8L0 8,230 1,920 20 10,170
52-53 75,450 119,220 2,080 198,250 4,820 k,590 9,10 2,950 2,610 60 5,620
53-5L 79,740 106,710 2,520 168,970 5,190 3,750 8,90 ,  u,200 2,550 50 6,800
Su=55 99,150 103,010 2,390 20k, 550 S,3u0 L, 000 9,340 h,280 2,700 30 7,000
1955-56 100, 390 96,310 1,950 198,650 6,980 3,520 10,500 L,77C 2,930 30 7,730
56=57 74,560 110,980 1,870 187,410 5,190 4,160 9,350 3,980 3,180 30 7,190
57-58 151,660 93,950 1,610 247,220 8,880 3,L00 12,280 6,530 3,560 10 10,100

29-Year Average
1929-57 107,710 93,200 L,860 205,760 6,5L0 L, 0u0 10,580 5,530 1,k20 Lo 7,000

Source and derivation by column number:

Column Nos.
e

1, 5 Summation of the weighted unit valuas for precipitation for each 1l: d use classification and respective subarea (Tables 1-13, L~1, and L-15)

and 8, muitiplied by the respective acreage (Table K-6 for San Fernando plue Eagle Rock and Sylmar Subareas and Table T-10 for Verdugo Subarea)
except for water surface evaporation (water surface evaporation computed as per Appendix L) plus 30 percent of annual precipltation above
and below 29-year average falling on pervious areas for each subarea.

2, 6 Summation of the weighted unit values for delivered water for each land use clasgification and respective subarea (Tables L-13, L-14 and L-15)
and 9. multiplied by the respective acreage (Table K-6 for San Fernande plus Eagle Rock and -Sylmar Subareas and Table T-10 for Verdugo Subarea)
plus 5 percent of residential delivered water applied to land use areas %qxcludi.ng sewage) for each subarea, =i

3. Colum 17, Table 35, minus consumptive use, weighted unit value for riparian (ground water) vegetation (Table L-15), multiplied by the
riparian acreage in Verdugo and Monk Hill (Table K-6),

4. Sum of Colums 1, 2 and 3.

7. Sum of Columns 5 and 6.
10. Welghted unit value for riparian (ground water) vegetation (Table L-15) multiplied by the riparian acreage for Verdugo Subarea (Table T-10).

11, Sum of Columme 8, 9 and 10.
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Supplemental Information for Crescenta
Valley County Water District and La Canada
Irrigation District Service Areas

Gross delivered water to Crescenta Valley County Water District and
La Capada Irrigation District Service areas is derived from greund water ex-
tractions and import. Disposal of gross delivered water is through consumptive
use on land use areas and water system losses. The residual amounts of gross
delivered water become recharge to the ground water reservoir as deep percola-
ticn on land use areas and cesspool recharge due to the lack of sewers within
these service areas. |

The consumpbive use of delivered water from land use areas, including
consumption of water system losses for these service areas, is shown in Table
T-12. The values computed in Table T-12 are derived from average unit values
for the consumptive use of delivered water (Table L-15, Appendix L, excepting
residential classifications from Table R-1, Appendix R) for Verdugo Subarea.
As heretofore discussed in Chapter VI, the integrated consumptive use computed
from unit values is the average unit value representative of the subarea.
Variations may occur in the amount of water delivered to each land use classi-
fication for different water service areas. Since the combined service areas
of Crescenta Valley County Water District and La Canada Irrigation District
are equzl to approximately 50 percent of the total valley fill area of Verdugo
Subarea and Monk Hill Basin within the Upper Los Angeles River area, it is
belicved that the average unit values for consumptive use of delivered water
are applicable.

Since the average unit valuves of consumptive use of delivered water

are dependent on the gross water delivered to Verdugo Subarea, the gross
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amounts imported from the Colorado River and delivered ta the valley fill
area by Crescenta Valley County Water District and La Canada Irrigation
District are also shown in Table T-12,
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TABLT T-12

' ESTIMATED CONSUMPTIVE USE OF DELIVERED WATER AND AMOUNTS
OF TMPORTED WATER FOR CRESCENTA VALLEY COUNTY WATER DISTRICT
2D LA CANADA TRRIGATION DISTRICT SERVICE AREAS, VALLEY FILL AREA

In Acre-Feet
:Consumptive use of delivered waterd: Import
Year : Service Areas : Service Areas
: Crescenta Valley : La Canada :Crescenta Valley:La Canada
: (1) : () - (3) : (L)
1928-29- 380 150 0 0
29-30 360 140 0 0
1930-31 340 140 0 0
31-32 310 130 0 0
32-33 340 140 0] 0
33-3L 430 130 0 0
3L-35 380 130 0 0
1935-36 400 150 0 0
36-37 Lo 150 0 0
37-38 120 140 0 0
38-39 490 150 0 0
39-40 550 170 0 0
1940-41 470 140 0 0
L1-42 650 210 0 0
L2-L3 620 210 0 0
L3-4i 660 200 0 0
Lli-4S 720 220 0 0
19L5-4 890 260 0 0
hé-47 960 ‘ 280 0 0
Lh7-48 1,260 330 0 0
L8-149 1,170 290 0 0
L,9-50 1,140 280 0 0
1950-51 1,380 3440 0 0
51-52 1,250 300 0 30°¢
§2-53 1,630 380 0 110
53-5L 1,630 390 0y 120
Sh-55 1,670 380 180 260
1955-56 : 1,880 L20 880 180
56-57 2,010 L,50 1,000 380
57-53 2,130 450 600 L20
29-Yeer Average
1929-57 860 230

a. Based on acreages for the water service areas (Table K-7, Appendix K) and
the average unit values for consumptive use of delivered water in Verdugo
Subarea (Table L-15, Appendix L, excepting residential which are from
Table R-1, Appendix R) plus consumptive use of water system losses computed
in the same manner as in Table 36.

b. Purchase of Colorado River water commenced June 1955 (Table M-3, Appendix M,
Column 7) minus import delivered to hill areas (Table J-13, Appendix J).

c. Purchase of Colorado River water co menced February 1952 (Table M-3, Appendix
M, Columm 6) minus import delivered to hill areas (Table J-3, Appendix J).
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