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IN THE SUPERIOR COURT OF THE STATE OF CALKGQRNIA
IN AND FOR THE COUNTY OF LOS ANGELES

-THE CITY OF LOS ANGELES,
o Municipal Corporation, .
P,Hiﬂfm’ ]
v,
CITY OF SAN FERNANDO,
o Municipal Corporation, et al., |
Defendants.

ar REPORT OF REFEREE

Volurhe |
TEXT AND PLATES

By
‘STFTE. WATER RIGHTS BOARD
REFEREE

July, 1962



APPHOVAL AND ADOPTION BY STATE WATER RIGHTS BOARD

The State Water Rights Board, Referee in the action entitled
"The City of Los Angeles, a Municipal Corporation, Flaintiff, vs. City of
San Fernando, & Municipal Corporation, et al., Défendants,"” before the
Superior Court of the State of Galifornia in and for the County of Los
Angeles, No. 650079, approves and adopts this "Report of Referea" dated
July 1962, pursuant to the requirements of the "Order of Reference to
State Water Rights Board to Investigate and Report Upon the Physical Facts
(Section 2001, Water Code)," dated June L1, 1958, and the “Interim Order,"
dated November 19, 1958, entered by the Court in said action. In accord-
ance with paragraph III of said Order of Reference dated June 11, 1958,
the Board will file with the Court and retain in its office the basic data
upon which it bases its findings,

Approved and adopted by the State Water Rights Board at a meeting

duly called 4nd held at Saeramento, California, on the 27th day of July,
1962,
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‘This Report of Referee is comprised of
Volume I Text and Plates (contained herein)
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and basic data which have not been reproduced for general distribution
but will be £iled in the proceedings.
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DEFINITIONS

Alluvial Fan or Gone-/ A body of alluvial material deposited by a stream
= debouching from the reglon undergoing erosion above the apex of the
cone,

1ude./ A formation which, although porous and capable of sbsorbing
water slowly, will not transnlt it fast enough to furnish an appre-
ciable Bupply for a well or spring.

Aguifer .j A geologic formation or structure that transmits water in suf-
Ticient quantity to supply pumping wells or springs,

Arhas:l.any An adjective applied %o ground water, or things connected
with ground water, such as . well, underground basin, ete,, where
water is under pressure and will rise to m higler elevation if afforded
an opportunity to do so,

Capiliary Fringe ~ The partly saturated zone immediately above the water
de In which water is held above thé water table by capillary forces.

Consumptive lse ~ The amount of water used by the vegetative growth of &
glven area in transpiration or building of plant tissue and evaporated
from adjacent soll., It also includes the evaporation of precipitation
intercepted by Vagetntlve growth or impsrvious area, the water evap-
orated in industrial processes, household uses, or that which is
permanently incorporated in the product.

Culture (Land Use) - The land use or land cover existing under ratural con-
ditions or as modified by man.

Deep Percalationd/ - The moisture which penetrates below the depths from
aich it may be used by plants; it represents that part of the wabter
absorbed which exceeds the field capaclty of the soll within the depth
of root development. In this report deep percolation is water which
r&:;: downward from the surface of the pround and reaches the water

Evam;;ation./ The process by which water passes from a liguid state, at
t-mperntnras balow the bolling point, te wvapor.

yt - Water that is conveyed ocut of the dirainape area in artificial
conduits for use in other areas or as sewage,

Fall Soil Moisturs Deficiency - The depth of water in inches required at the
‘beginning of the rainy season to bring the soil up to field capacity.
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- The maximum amount of capillary water that can be held
, & 1T drained rool szone, measured as the ratlc of weight of
water retained by the soil to the weight of the dry soil,

Ground Watam_-/ ~ The water in the zone of satiration.

Ground-Water Gascade Descent of ground water on a steep hydraulic gradient
o a [ flatter water table slope. A cascade occurs when ground
water i_‘lowa, over a sharp drop in the configuration of the nonwater-
hearing rock Forming the base of a free ground water body.

Sround Water, ConPined/ - A body of grownd waber overlain by material suffi-
ious to sever free hydraulic connection with overlying
grounﬂ water a:neopt &t the :Lntako.

' e upper surface of the zone forms a water table
unaer atmoapheric pressure, free to rise and fall with changes in volume
of gtored water,

Import - Water supplied from a source outaide the area,
icy -~ The percentage of irrigation water applied that is

Isoh 1'-/ 4 1lins on the earth's surface as represented on 2 map connect-
g'iig all pointa of equal precipitation.

Pareolat:lony The movement or flow of water through the interstices or the
pores of a soil or other porous medium,

= - The propsrty of a material which permits appreciable move-
t of water through it when saturated and actusted by hydrostatic
pressure of tha magnitude normally encountersd in natural subsurface
water,

Parmsabmt s Coefficient ofy The rate of fiow of & fluid through a ercss
eovlon of & porous mass under a unit hydeaulic gradient, at a temperature
uf 60°F The standard coefficient of permeability used in the hydrclogic
work of the Un%Fed States Geological Survey is defined as the rate of flow
of water at 60°F, in gallons a day, throngh a crogs section of one sguare
foot, under & hy'dx!aulie gradient of 100 percent.

Parmaabﬂ:i.t ; F:I.eld Boeﬂ.‘:l.oun'h ofg/ The rate of flow of water, in gallons
: nder prevalling conditions, through each foot of thickness of a
gim aquifer in a wi.dth of one mile, for éach £oot per mile of hydraulic
gradient.
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hreato] -/ A plant that habitually obtains its water supply from
?n zons o:t saturation, either directly or through the capiilary
fringe.

Poresity - The sum of specific yield and specific retention which is
squivalent to the total void space in the material, expressed as
a percentage of the total volume of the materisl.

Pree: itat-iony The total measurable supply of water received directly
rom cloude, 4s rain, snow, hail, and sleet; usually expressed as
depth in a day, month, or year, and designated as daily, monthly or
annmual precipitation.

Residual Rain ~ The residual amount of precipitation on a given impervious
arsa after evaporation has cccurredl, expressed either in units of
depth or in acre-fest,

Water ~ Ground water efflnent which appears as surface flow in
trean channels.

Eis

Safs Yield -~ The maximum quantity of water which can be withdrawm annuglly
from a grouna water supply under & given set of conditions without
causing an wndesirabls result,

Sewage ort, - Sewage that is removed from the drajnage area by pipelines
orn’%ier artificial conduits.

Sewer Infiltration - Movement of ground water into conduits,

Specific Capacity - The discharge in gallons per minute per foot of draw-
down in a pumped well,

Specific Retention - As applied to water-bearing material it is the ratio
of the volums of water which will be retained by the material sgainst
the force of gravity, expressed as a percentage of the total volums
of the material.

pecific Yisld ~ As applied to water-bearing materials it is the wolume
er drained by the force of gravity from a saturated material
ovér i reasonably long pericd of time, expressed as a percentage
of the total volume of the saturated material.

Spread Water - Native or imported water discharged into spreading basins
— Jor the purpose of perculating to the zone of saturation,

Storm Runoff -~ The residual of precipitation that is drained from the sur-
Tace of the land and appears in surface streams. (Storm runoff does
not include rising water, industrial waste, or sewage which may com-
prise a portion of ‘the flow in surface streams).




Thisssen Polj ~ The arsa, surrounding a precipitation station, which is
ei‘rcumscr ed by the perpendicular bisectors of straight lines drawn
to adjacent statione.

111ty - ‘The characteristlc property of the entire saturated
portion of an aquifer te transmit water,

. Goefficient oé/ The field coefficiant of permeability

Transmisaibin 3

Underflow ~ Relatively horizontal movement of water through saturated
gramlar material inder hydraulic gradientz commorly developed
underground.

Water Table - The upper surface of the body of free water which completely
FiT1e a1l openings in a gramilar naterial sufficiently pervious %o
permit percolation.

Wilting Point - The amount of weber préesent in the soil when the lsaves of
Xs Tirst undergo permanent. reduction in their water content as
'bhe result of deficiency in the supply of soil moisture.

Year -~ Unless otherwise noted, the water year from October 1 to September 30.
The year 1928-29 is October 1, 1928 threugh September 30, 1929. The
period 1929-57 is October 1, 1928 through September 30, 1957.

Zone of Aeration ~ The zone above the water table in which interstices are
partily filled with air.

Zone of Saturation - The zone below the water table in which interstices
ave complstely £illed with ground water,

Glossary - Water and Sewage Control Englineering,
APHA, ASCE, AWWA, FSWA,

TO]MB, C. F' o "G'I'O‘Imﬂ Water“ 1937'

Glossary of Geolegy and Ralated Sclences, AGT,
2nd Edition, November, 1960,

Ground Water Basin Management, ASCE Manual of
Engineering Practice No. L0,

Heinzer, 0 -«Eu i “}Iyﬂrolﬂgy" 191'.2-
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SUMMARY OF FINDINGS

The Order of Reference in the case of City of Los Angeles vs,
City of San Fernande, et al., No. 650079, Superdor Court, Los Arigeles
CGounty, directs the State Water Rights Board to irvestigate, find, and
report apon physicel facts as enumerated in the Order. The results of
the referee's investigation are contained in this report and are summarized
as follows, with reference at the beginning of each section to the speoific

requirements of the Order,

D_es’.'cri.__ ion of Area

"I,1l, THE GEOGRAPHIC AND HYDROLOGIC {SURFACE AND

GROUND WATER) BOUNDARIES OF THE WATERSHED OF THE 108 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 DESIGNATED AS LOS ANGELES COUNTY FLOOD CONIROL
DISTRICT GAUGING STATION NO. F57, (NOTE: IF SAID BOUNDARY
DIFFERS FROM THAT DEFICTED ON AND DESCRIEED IN APPENDICES 1A!

AND 'B' ATTACHED TO PLAINTIFF'S AMENDED COMPLAINT, THEN THE
AREAS INCLUDED WITHIN BOTH BOUNDARIES SHALL HE STUDIED AND
SHALL BE INCLUDED IN THE TERM fSAID AREAY AS HEREINAFTER USED.)"

The term "Upper los Angeles River Area", as used in this report,

refers to the surface area comprising all of the watershed of the los.

Angeles River and its tributiaries above the jmmction of the surface channsls
of the Los Angeles River and the Arroyo Seco at a point now designated as

Ios Angeles County Flood Control District gaging station No. F-57. The geo-
graphic boundary of thils area has been intervpreted to mean and iz in fact

identical with the boundary of the Upper los Angeles River area, and conforms
generally with that described in Appendixes A and B attached to Flaintiff's
Amended Complaint, This boundary is described on pages 17 and 18 and is the

watershed boundary delineated on Plate 2. The hydrologic boundary has been
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interpreted as that boundary which delimits the areal extent of major
ground water sources within the Upper Los Angeles Hiver area and is the
‘boundary of valley £111 depicted on Plate 5 and desoribed on pages L3 and
Lli of Chapter ITI. A bedrock ridge loemted to the west of Pickens Canyon
traverses the valley £ill in a southwesterly direction (see Plate 6 and
page 42) and 1s an impedimant to ground water flow. The Report of Referee,
Raymond Basin Reference, used the easterly bark of Pickens Canyon as an
approximation of this impedinent, the valley f£ill area to the east being a
portion of the Monk Hill Basin. For convenience this boundary has also been
adopted by the Referee for the San Fernando Valley Reference (see Plate 5).

The Upper Ios Angeles River area is situated northwesterly of the
original Pueblo of Ios Angeéles and contains a total of about 329,000 acres,
of which abont 123,000 are valley fill area and abont 206,000 are hill and
rowntain area. The major tributary streams, Pacoima Wash and Tujunga Wash,
originate in the San Gabriel Mountains, which form the northeasterly portion
¢f the watershed. These shreams traverse the valley £ill area in & southerly
direction and join the Ios Angeles River, which follows an easterly course
along the base of the Santa Monica Mountains before it turns south threugh
the Ios Angelss River Narrows isaving the Upper Ios Angelss River area at
Gage F-57. Several minoy streams in the Simi Hills and Santa Susans
Mountains in the wesberly portion of the watershed are tributary to the Ios
Angeles River in the westerly portdon of the valley f£ill area. Other minor
streams, including Verdugo Wash, drain the essterly portion of the watershed
comprising the Verdugo Mountains, the Elysian, San Rafasl and Repetto Hills
and the La Crescenta aresa.
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Ground Water Ogcurrence and Movement

¥I.2, THE COMPLETE GEOLOGY, INSOFAR AS IT AFFECTS THE
OCCURRENCE AND MCVEMENT OF cnomm WATER, AND THE SURFACE AND
GROUND WATER HYDROLOGY OF SATD AREA, INCLUDING BASINS AND
SUB=BASINS THERELN, 1NCIUDING BUT NOT LIMITED T0:
A, ‘THE TOPOGRAPHY AND SOILS,

B. THE SURFACE LOCATLON OF THE BED AND BANKS OF THE
CHANNELS OF THE LOS ANGELES RLVER AND ITS TRIBUTARIES.

€. THE AREAS, LIMITS AND DIRECTION OF FLOW OF ALL
GROUND WATER IN SAID AREA,, INCLUDiNG, BUT NOT LIMITED TO, ANT
AND. ALL WATERS PERCOLATING THEREIN,"

The major water~bearing formation is the valley £ill material
areally bounded by the generally nomwater-bearing hill and mountain forma-
tions which also comprise the underlying bedrock (See Plate li and pages 27
through 40). Topographically the valley fill ares has a generally uniforn
grade in a southerly and easterly direction with the slope gradusily
decreasing from the base of the hills and mountains to the surface drain~
age outlet at Gage F=57. The valley £i11 scil mantle is of preatest
permeability along and easterly of Pacoims and Tujunga Washes and gerer-
ally throughout the eastern portion of the valley fil] area exeept in the
vicinity of the City of Elendale where it is of lesser permesbility.
Valley solls west of Pacoima Wash are in turn generally less permeable
than those in the vicinity of Glendale. Topography and soil types are
depicted on Plates 2 and 3 respectively. Source and characteristics of
the valley soils are described on pages 2l and 25.

Ground water oocurs mainly within the valley £i11 with only
minor amounts ocourring in hill and mouritaln areas. Ground water mave-
ment into the water-bearing valley £411 from bedrock fractures and from
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the small amounts of permeable materials existing in the hill and mountain
formations is possible but is belleved to be minor and is not susceptible
to evaluation. Available geologic data do not indicate that there are any
sources of native ground water othéer than that which is derived from
precipitation, No indications of Juvenile water or water transported from
outside the watershed along faulis or frecture systems have been found.

Ground water movement in the valley f£ill generally follows the
surface ‘topography and drainage excspt where geologic or man-made impedi-
ments ocour or wvhere the natural flow has been modified by extensive
pumping, The area of the major water-bearing mateéridl is described by the
boundary of valley £ill delinsated on Plates 2 and 5. Vertical limits
of this water-bearing fill material are defined by the surface topo-
graphy elevation shown on FPlate 2 and the bedrock elevations depicted by
contours on Plate 6 and are described on pages LO throngh 43. Direction
of ground water flow within the water-bearing fill material is aleng the
gradient taken normal to the grovnd water contours.

The ground water conditions which have existed during the
192829 through 1957~58 period are illustrated by Plates 27, 28, 29 and 30
which show ground water contours for the years 1931, 1938, 194k and 1958
respectively.
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The valley £ill material is a heterogeneous mixture of clays, silts,
sands and gravels laid down by the alluviation process. Characteristic com-
position of the £ill is depicted on Plates 5A through SH., Clays and finer
eaterials predominate west of Pacoima Wash, whereas coarssr materials predomi-
nate in the sxsterly portion of the vallsy. Specific yislds or water-ylelding
capacitlies of these matérials vary from 3 percent for clay to 26 percant for
soarse sand or fime gravel. Specifio yleld of the water-bearing materials is
set forth on page 63.

The surface location of the bed and banks of the los Angsles River
and its tributaries iz shown on Plats 2. ILocation of thege channels on the
valley floor in 1893 is shown on Plate 11 and the improved channels axisting
in 1958 ave shown en Plate 12,

Hydrologic Subsreas

INTERDEPENDENCE THEREOF, WITHIN SAXD AREA. *
Thers are four hydrologic subareas consisting of San Fernando, Sylmar,

Verdugo and Eagle Rock which, aleng with the portiom of the Monk Hill Basin
within the area (609 acres), comprise the ground water ressrvoir-of the Upper
los Angsles River area. The areal exteni of these subareas and the portion of
Monk Hill Basin, which occupy the total valley fill area, ars ahown cn Plate 5.
The subareas are bounded by ispediments to flow of ground water shich are
caured by faulting, folding, alluvial constrictions or max-made works. The
San Fernando, Sylmar, Verdugo and Eagle Rock Subaress comprise 50.8, 4.5, 3.8
and 0.6 percent of the total valley f£ill respectively,
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The San Fernando Subarea is adjacent to and receives surface drain-
age from each of the other thres subareas. The amouwnt of subsurface flow from
the smaller subareas to San Ferriando Subsrea deperds upen ground water gradient,
transmiseibility and the exbent of the comnection between the svbareas. The
Eagles Rock, Sylmar and Verdugo Subareas are not directly intsrrelated or inter-
dependent upon each other. Estimated amount of subsurface flow from ths Sylmar
Subarea to the San Fernindo Subarea is shown in Tabls 32, page 161, and aver-
ages 550 acre-Zeet annually; Subsurface flow from the Verdugo and Eagle Rock
Subarsas to the San Fernando Subarsa is insignificant and has baen considerasd
as nil.

The San Fernando Hydrologic Subarea contains 112,047 acres and oceuples
all of the valley £i11 area except that oceupied by ‘the other three subareas and
the Monk HiIY Basin. The valley 7111 materials in the easbern portion of the sub-
area are generally sand and gravel and have the ability to store a higher per-
centags of water than the fine-grained materials in the western portion (see
pages L6 through 50).

The Sylmar Hydrologic Subarsa contains ¥,565 acres and 3s located
northerly of the San Pernando Subarea. Both free and confined ground water aress
pxigt in this subarea. Subsurface flow from the Sylmar Subarea to the San
Fornsndo Subarea takes place ab two notches that have been eroded into the trun-
cated south limb of the Little Tujunga syncline which forms the southern boundary
of the Sylmar Subsrea (see pages 51 through 55),

The Verdupo Hydrologic Subares is located northeasterly of the San
Fernando Subarea and containg §j,400 acres. Availsble information indicates that
movement. of ground water from the Verduge Subarea to¢ the San Fernando Subarea is
almost completely controlled by a men-made submerged dam and well diversions by
the City of Glendale in the cross-sectional area of the Verdugo Wash Canyon between

Y



the Verdugo Mountains and the San Rafael Hills. Subsurface outflow from the
portion of the Monk Hill Basinh (609 acres) within the Upper Loas Angeles River
area easterly to the main portion of the Monk Hill Basin is by means of a buried
erogion channel of gn ancestral Pickens Canyon Wash and has ranged from 250 mcre-
feet to 40O acre-feet psr year and has averaged 300 acre-feet per year during
the base period (see pages 42, 56 through 58, and Tabls 31 on page 160). Sub-
surface flow from Monk Hill Basin southwesterly to the Verdugo Subarea is pre-
vented, in &11 but high ground water conditions, by a bedrock ridge on the
westerly side of the above avicestral Pickens Canyon Wash.

The Esgle Rock Hydrologic Subarea containe 807 acres and is situated
to the southeast of the San Fernando Subarsa. Fakle Rock Subarea is an artesian
basin lying above the Raymond fault zone., Availsble information indicates that
substirface £16w to the San Fernando® Subarea is sntirely or almost entirely stopped
by this fault zone (see pages 58 through 61).

imounts and Quality of Water Su

"I 2., THE QUALITY OF ALL WATERS WITHIN SATD AREA AND THE
EFFECT THEREON OF THE IMPORTATION OF OWENS VALIEY WATER,
1.2,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 AVATLABLE RECORDS AND INFORMATION.
I.7. ALL SOURGES OF WATER SUPPLY OF PLAINTIFF AND DEFENDANTS,
AND THE QUANTTTY THEREOF FOR THE PERTOD OF AVATLABIE RECORDS AND
INFORMATION TO AND INCIUDING THE DATE OF THE REPORT:
{a) DIVERTED AND USEDj AMD
{b) AVAILABLE FOR JIVERSION AND USE, "

The present water supply 1o the Upper Ios Angelés River area 1s

comprised of precipitation on the watershed, import from the Mono Basin Owens
River System and import from the Uolorado River. The average animal precipi-
tation for the 85-year period, 1871-72 through 1956-57 on the valley floor

is about 16.3 inches or 167,740 acre-feet, and on the hill and mountain area
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is about 22 inches or 377,110 acre-feet, making a total average annual
water crop of about S));, 850 acre-feet. Of the rain on the mountain and
hill areas only an average of 44,000 acre-feet per year reached the valley
£i1l area as runoff during the 29-year baseperiod from 1928-29 through
1956-57. During the 29-year base pericd, the annual precipitation was
above normal for about one-<third of the years and subnormal for about
two-thirds, This approximdites the proportion of years of subnormal and
above normal anmual precipitation occurring in the 85-year period. Anrmual
precipitation for the 29-year period averaged 541,720 dcre-fest or 99.5

per cent of the B5-year normal, During this 29-year period the anmial water
crop from precipitation ranged from a minimum of about 50 per cent of normal
in 194748 and 1950-51, to & maximum of 22§ per cent of normal in 1940-41,
Apnual amounte of precipitation are 1isted in Table 1, page 69, for the
period 1928-29 through 1957-58,

Runoff from the hill and mountain area plus precipitation on the
valley £i1l less storm runoff at Gage F-57 1s the native water supply
available to the willey £i11 area. &in average of about 88 per cent of the
anmaal precipitation on the hill and mountain area is consumsd there, Runcf'f
to the valley floor accounts for the remaining 12 per cent. Annual runoff
reaching the valley floor from precipitation on the hill and mbuntain area
ranged from 3,450 acre-feet in 195051 to 191,400 acre~feset in 1940-41 and
averaged 4h,000 agre-fest during the base perdod (Table 3, page 76 and
pages 74 and 75).

Annual storm runoff leaving the area at Gag_e F-57 has varied
from 1,330 acre-feet in 1929-30 to 138,990 acre-feet in 19L0-41 and averaged
30,790 acre-fest during the base pericd 1928-29 through 1956~57 (Table 28,

page 155).
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Owens River water was first served in the Upper Los Angeles
River area via the Los Angeles Aqueduci, owned and operated by the City
of Los #ngeles, in May 1915, A portion of the water from this source
is passed through the area to serve otheér portions of the City of Los
Angeles, The net arnual amount of Owens River water remaining in the
area during the 30-year period from 1928-29 through 1957-58 has varied
from 74,000 acre-feet in 1940-41 to about 162,000 acre-feet in 1957-58
ineluding ‘the portion which has been spread for direct recharge of ground
water which has averaged 7,800 acre-feet per year during the base period
(Tabtle 8, page 97 and Table 2k, page 1U5).

Colorado River water has been imported into the area since 1939-
40 with the 70 acre-feet imported that year increasing to 13,250 during
1956-57. Anmaal amcunts imported from this souree during the 19-year period
averaged about 4,300 acre-feet (Table &, page 97).

The amounts of water available at their source of import for
diversion and import and use by the partiés from sources outside the Upper
Los Angeles River area have been considered primarily from the viewpoint
of physical availsbility at points of divérsion of existing works, A
détermination of legal -availghility would invelve findings concerning
other rights to these sources which are not within the purview of this
reference, Information available indicates that there is no additional
firm supply for plaintiff and for defendants from the Central and West
Coast Basins because these ground water sources are now overdrawn. Runoff
which has oeccurred in channels tributary to diversion works of the Los
Angeles Agueduet from the Owens and Hono Basins and ampunts in excess

of the quantities diverted are shown in Table 5 on page 83, The net
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diversions from the Golorado River by The Metropolitan Water District
of Southern California are shown in Table & on page 86. Preferential
rights and priorities of members of The Metropolitan Water District are
shown on pages 88 and 91 respectively,

Annual ampunts of water imported through the Los Anseles and
Colorade River Aquefucts for delivery within the Upper Los ingeles River
area aré listed in Table 8, page 97, for the years prior to 1958-59,

The water service dreas are shown on Plates 19 and 20 respectively
for large and smail entities, The antual amcunts of imported water delivered
to each of the larger entities are listed by water service arsas in Table M2
for Mono Basin-Owens River water and in Table M-3 for Colorado River water,.

Water delivered in the Upper Los Angeles River aréa may be imported
water, local ground water or local surface diversions, or & mixture depending
on the area and water system operation. In the 1928-29 through 195758 period,
gross ground water extractions in the Upper lios Angeles River area for all
purposes including export have increased from 67,330 acre-feet in 1932-33 to
163,270 acre=feet in 1956-57 and have averaged 111,920 acre-feet during the
base period (%ee Table 15, page 124). During the same pericd, surface water
diversions averaged 660 acre-feet and varied from 160 acre-feet in 1956-57
to 1,470 acre-feet in 1943-44 (See Table 16, page 125).

Quality of water imported from the Owens-Mono Basins is good, being
of sodium calcium bicarbonate character and averaging about 215 parts per
million {ppm) total dissolved solids (TDS), Calorado River import is of
sottium sulfate character and has averaged about 77, parts per million (ppm)
total dissolved sclids (TDS). Surface runoff in the Upper lLos Angeles River

area varles from a calcium suifate type in the southwesterly portion to a



predominantly caleium bicarbonate type from the north and easterly portion.
Concentration of total dissolved solids in surface runoff at the valley
outlet vary gemerally in an inverse proportion to the magnitude of runoff
rates and vary from about 100 ppm at peak flows to over 1,000 ppm during
times of minimum flow. Ground waters reflect the same general source

area influence on their character as indicated by surface flows, belng
predominantly caleinm sulfate in the westerly portion and caleium
bicarbonate in the remainder of the area. Ground waters of the basin

are generally within U, S, Public Health Drinking Water Standards of

1946 (See pages 98 through 105).

Quality characteristics of Upper Los Angeles River area ground
waters and waters imported thereto are shown on Plate 15. Concentrations
of total dissolved solids, and sulfate, chloride and nitrate ions found
in solution in ground waters in the area are shown in Table 9, on pages
101 and 102 and Plates 17A, B, C and D,

Except for a ghort perioed of time in 1932 when boron concentra-
tions were ahove normal, the quality of waters imported from Owens River
and Mono Basin have been équal or superior to the native waters of the
Upper Los Angeles River area and have not otherwise adversely affected

the quality of the native waters (page 105).
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¥1,2,G. THE NATURE AND QUANTITY OF ALL WATER 10SS AND
DIMINUTION WITHIN AND FROM SATD AREA, EACH WATER YEAR FOR THE
FERIOD COVERED BY AVAILABLE REGCORDS AND INFORMATION.

~ I.4s AS TO EACH PARTY T0 THE WITHIN ACTION FOR THE
FERIOD OF AVAILABLE RECORDS AND INFORMATION:

(a) 7HE LOCATION AND CAPACITY OF HIS OR ITS LIVER-
SION WORKS;

(b) THE CHARACTER OF HIS OR ITS USE OR USES OF
WATER; AND

(e) THE AMOUNT OF HIS OR ITS TAKING AND USE OF
WATER.H

Water is used in the area for agricultural and munisipal purposes,
the latter including commercial, industirial and recreational ises. Diminution
of water so used ls by evaporation, or transpiration to the air or by leaving
the area as sewage or waste outflow in surface channels, MajJor surface
outflow occurs from storm runoff., Minor additional outflows eceur
comprised of rising ground water and Owens River water released to the
Tiver system in excess of percolation and rediversion. Minor subsurface
outflow occurs through the alluvium st Gage F-57 and from the Verdugo Subares
immediately sast of Pickens Canyon Wash,

Land Use

During the 30-year period 1928-29 through 1957-58, the type of
land use has changed from primarily agrienltural to urban, In that perioed
irrigated agriculture was reduced from 58,400 acres, or L7 per cent of the
123,400 acres of valley fill in 1928-29, to about 16,200 acres or 13 per cent.

in 1957-58, Urban land use; cbmprisihg residential, commercial and industrial



acreage, has more than tripled during the period, inereasing from about
22,000 acres in 1928-29 to about 75,400 acres during 1957-58 (See Plates
22 through 25, Table 17, page 128 and Figure 1, page 129).

Extra.ctiqn AT nort of. Grour

Mater

In addition to import supplies, ground water is pumped from
the valley fill and applied thereon for the named uses. Total annual
extractions so used ranged from 34,890 acre-feet in 1928-29 to 73,390
acre-feet in 1952=53 and averaged 54,320 acre-feet during the base
period {Table 20, page 138).

The capacity and location of the diversion works of the parties
are listed in Tables 11 and 12 on pages 112 through 115 and 117 through
19 respectively. The location of all wells of récord is shown on
Plate 18, Where more than one party has an interest in a diversion
works, the data on the diversion worke are listed under the party believed
to have the major interest. A eross veference to joint interests of
yarties is shown in Table 10 on pages 107 through 109.

The character of water use (accounted as municipal, domestic,
irrigation, industrial, commerecial or reereation) is indicated for sach of
the parties in Table 11 on pages 1i2 through 115.

| Annual amgunts of the taking of water by each of the parties
are listed in Tables 12 and 13 on pages 117 through 120 for the period
of available record,

Ground water has been pumped and exported from the aréa mainly
by the City of Los Angeles with minor amounts exported from the Verdugo
Subarea by La Canada Irrigation District, Total annual export of ground
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water has varied from 32,010 acre-feet in 1932-33 to 90,750 acre-feet in
1956<57 and has averaged 57,600 acre-feet during the base period (Tabdble 19,
page 135).

Sewage

Sewage has been exported from the area via the North Outfall ssewer
since 1928 and the Ban Fermando Valley Sewer Relief tunnel since 1956,
Total annual sewage exported, including & miror amount. of ground water
infiltration, has varied from 6,320 acre-feet in 1928-29 to 63,960 acre-
feet in 1957-58 and averaged 24,670 acre-feet during the base perioed, 4
portion of the water delivered in the area is disposed to the ground water
table through local disposal units including cesspools. This amcunt has
incresased in recent years from 3,950 acre-feet in 1934~35 to 20,550 acre~
feet during 1956~57 and has averaged 9,330 acre-fest annually during the
base period (Table 26, page 151).

Surface Outflow and Natiye Runoff Spread

Annual total surface outflow passing Gage F-57, whieh is comprised
of storm runoff, Owens River water, rising ground water and industrial waste,
including & emall amount of spilled sewage, ranged from 1,660 scre-feet in
1929-30 to 164,960 acre~feet in 1940-41 and ayeraged 39,940 acre~feet during
the base period (Table 28, page 155).

A portion of the mountain and hill runoff reaching the valley £ill
has been spread for direet recharge of the ground water, Annual spreading

of runcff water ranged from zero in several years to 30,380 scre-feet in

1957-58 and averaged 3,060 acre-feet during the base period {Table 30, page 158).



Subsurface Outflow

Subsurface flow leaves the Upper Los Angeles River area at
two locations, one southerly through the Los Angeles Narrows and the
other easterly in the vicinity of Pickens Canycn. Subsurface outflows
at these lopations have averaged about equal amounts for a total of
6450 acre-Teet per year during the base period (Table 31, page 160).

Consumptive Use

Disposal of water from the valley fill area through ihe
conbined consumptive use of precipitation, delivered water and ground
water has been computed in Chapter V by the Inflow<Qutflow Method.
. Consumptive use deﬁarnﬁned in this minmner averaged 227,200 acre-feet
per year for the base period from 1928-29 through 1956~57 (Table 3L,
page 169).
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Btoct of Tato: Sy and Tee

"1.2, THE COMPLETE GEOLOGY, INSOFAR AS IT AFFECTS THE
‘OCCURRENCE AND MOVEMENT OF 'GROUND WATER, AND THE SURFACE AND
GROUND WATER HYDROLOGY OF SAID AREA, INCIUDING BASINS AND
SUB-RASTNS THEREIN. INCLUDING BUT NOT TIMITED TO: "

1ne nev bLiech Ol Waber Supply and disposal a8 reflected by the
ground water levels in the ground water reservoir. Water levels in the
westerly portion of the valley fill in San Fernando Subarea have had relatively
minor fluctuation indicabting & net gain of about 10 feei during the 29-year
base period. In contrast, levels in the easterly portion of that subarea drop-
ped slightly and recovered between 1928-29 and 193L~35 and then generally in-
creased to a maximun in 19kh; at which timé the basin contained the maximum
amount of water in storage during the 1928-29 through 1957-58 period. After
194} levels dropped st a rapid rate to record lows in 195?-5‘8—, when water in
storage was the minimum of record to that time. Waler levels in the Sylmar and
Eagle Rock Subareas have had relatively minor fluctuations during the period,
with those in the former ﬁdi«cating & gmall net drop and in the latter reflect-
ing little net change. Water levels in the Verduge Subarea followed the same
general pattern as those in the easterly portion of San Fernando Subarea but
with fluctuations of less magnitude.

Concentration of pumping activity in the Los Angeles Warrows area’
has resulted jn a reversal of the ground wabter gradient in that srea subsequent
to 1958 (see Plates 27, 28, 29, 30, 31, 31, 318, 32, 33, 3LA, 3LB and 3LC).

The maximum annual change in ground water storage during the base
period occurred in 1940-4L with an increase of water in storage of 128,020
acre~fest. The average anmual change in gtorage during the base period was
a decreage of 11,950 adre-feet (see Table 33, page 166).

X1y



A summary of the items comprising the water supply and disposal
on the valley £ill is presented in the following tabulation in terms of the
range in each item during the 30-year period 1928-29 through 1957-58 and the
average of each during the 29-year base period 1928-29 through 1956-57.

During the 29-year base period 1928-29 through 195657, total
anmal historic ground waber recharge has ranged from 58,700 acre-fest in
1928-29 4o 247,200 acre~feet in 1940-L1 and averaged 112,200 acre-feet (see
Table 43, page 203).
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Safe Yield and the Effect of Import

"T,2,H, THE SAFE YIEID, AND THE EFFECT THEREON OF THE
IMPORTATION OF FOREIGN WATERS, SHALL BE DETERMINED FOR THE
WATER YEAR IMMEDIATELY PR’EGEDJNG THE FILING OF THE REPORT FOR
%GH ?;m IS AVAILABLE, AND FOR THE WATER YEARS ENDING 1950
_ 1% n

The safe yield of the Upper Los Angeles River area ground water
reservoir has been determined as the maximum average snnmual pumpage draft
which can be continually withdrawn for useful purposes under & given set
of eonditions without causing an undesired result,

Bafe yield has been based on cultural conditions existing
durdng the water years 1949-50, 1954~55 and 1957-58. The latter is the
last year preceding the filing of the report for which data are available,

Safe yield has been determined through the svaluation of the
average net ground water recharge which would oecur if the culture of
the safe yleld year and the average historic impert and export for that
year had existed over a period of normal native supply. A1l items of
supply and disposal responsive tc both precipitation and economic conditions
were based on the 9 year period from 1949-50 through 1957-58; whereas
items responsive primarily to precipitation on the valley f£ill area were
based oh the 29 year base period 1928-29 throiigh 1956=57. Base ground
water levels used were those existing as of the end of 1957-58 {See pages

208 through' 243) .
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Availability of regulatory ground water storage space does not
impose any limitation on safe yield under the conditions adopted (see
page 207),

The safe yleld, in scre~fest per year, of the Upper Los Angeles
River area ground water reservoir; determined under the conditions adopted,
1s 100,800, 100,400 and 97,600 for the years 1949-50, 195455 and 1957-58
respectively. That portion of the safe yleld derived from native sources,
in scre~feet per year, is 62,100, 57,700 and 54,700 for the years 1949-50,
195L~55 and 1957-58 respectively. That portion of the safe yield derived
from import sources, in acre-feet per year, is 38,700, 42,700 and 42,900 for
the years 1519-50, 195L-55 and 1957-58 respectively (see Table 55, page 2lbb).

Importation of forsign waters increased the safe yleld of the
ground water reservoir by 38,700, 42,700 and 42,900 acre-feet for the
respective safe yleld years of 1949-50, 1954-55 and 1957-58. As a result
there was a decrease in deficlency of supply to mest the water requirements
of the culture axisting during the safe yleld years to less than the
deficiency which would have occurred had local scurceés been the scle supply
{see Table 56, page 249 and page 250),

To eliminate the total water requirement not satisfisd by total
vater available under safe yleld conditions of 33,900, 52,800 and 43,800
acre-est per yeur for the respestive safe yield years of 1949-50, 1954-55
and 1957-58, it would be necessary to modify the import, export and/or
demand (ses Table 56, page 249). The forsgoing deficisnciss of water re-
quirements are equivalsnt to a consumptive demand of 25,200, 38,500 and
46,800 acre-foet per ysar for the respective safe yleld years of 1549-50,
195)~55 and 1957-58 (see Table 56, page 2ii9),



Use of Water by the City of lLos Angeles
and Others

"i,5. THE USE OF WATER BY THE CITY OF LOS ANCELES AND
ITS INHAEITANTS:

(a) SINCE 1948 WITHIN THE TERRITORY OF THE
ORIGINAL PUEBLO; AND

~ (b) FOR THE PERIOD OF AVAILABLE RECCRDS WITHIN
THE EXPANDED BOUNDARIES OF SAID GITY AS THE SAME
EXTSTED FROM TIME TO TIME UF TO THE DATE OF THE
REPORT, HEREIN.
"I.6, THE AMOUNT OF WATER DISTRIBUTED BY PLAINTIFF FOR
THE FERIOD OF AVAILABLE RECORDS AND INFORMATION TO AND INCLUD-
ING THE DATE OF THE REPORT, FOR USE OUTSIDE ITS BOUNDARIES AS.
SUCH BOUNDARIES HAVE EXISTED FROM TIME TCO TIME.
~ “Iy, AIL SOURCES OF WATER SUPPLY OF PLAINTIFF AND
DEFENDANTS, AND THE QUANTITY THERECF FOR THE PERIOD OF AVAIL-
ABLE RECORDS AND INFORMATION TO AND INCLUDING THE DATE OF
REPORT 3
(a) DIVERTED AND USED; AND
(b) AVATILABIE FOR DIVERSION AND USE,"

Sources of water supply of the Gity of Los Angeles are the Owens
and Mono Basins via the Los Angeles Aqueduct, Colorade River wvia The Metro-
politan Water District Agueduct, surface diversions from the Los Angeles
River in the Upper Los Angeles River area and ground water extractiens from
that area and from Central and West Coast Basins located outside the Upper
Los Angeles River area, Location of the Los Angeles and The Metropolitan
Water District Aqueduct systems and of well fiélds putside the Upper Los
Angeles River area are depicted on Plates 13, 14 and 35, Flow chart of
the import-export system in the Upper loe Angeles River area is depicted
on Plate 21. The Los Angeles Agqueduct has operated at full capacity since
prior to 1949~50. Design capacities along The Metropolitan Water District's

Santa Monica feeder which conveys Colorade River water to the area are shown
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on the profile depicted on Plate 13,

Total annusl water use by the City of Los Angeles within its
expanded boundaries, including all import and local supplies from West
Coast Basin, Gentral Basin and San Fernando Valley has wvaried sinice 1928-2¢
from 227,992 acre-feet in 1934-35 to 477,634 acre-feet in 1956-57 and
averaged 336,128 acre~fest during the 29-year period, Annual amounts of
water used by the City of Los hngeles and its inhabitants within its

-expanded boundaries are shown on pages 255 through 257 by sources.

Deliveries by the city for use outside its boundaries varied
during the period 1950-51 through 1954-55 from 4,316 acre-feet in 1950-=51
to 5,386 acre-feet in 1953-54, Anmmal amounts of water served by the City
of Los Angeles outside its boundaries are shown on page 258,

Use of water by the city within the territory of the original
Pueblo ranged from 73,533 acre-feet in 1949-50 down to 60,692 acre-feet
in 1957-58 and averaged 65,750 acre-feet during the nine-year period‘_.
Anmgl amounts of water delivered by the City of Los Angeles within the
original Pueblo are shown on page 252 for the period 1949-50 through 1957-58.

Spources of water supply of defendants are Colorado River water
through The Metropolitan Water District Aqueduct and from the Upper Log
Angeles River area through surface diversions and ground water extractions
from wells, The amounts imported or diverted from these sourceés are set
forth in Tables 12 and 13 on pages 117 through 120 and in Tables J=3, d-i
and J-5 on pages J~12 through J-17 of Appendix d.



Watershed of Los Angeles River Tributary to
South Bo"_' ary of Pueblo Exclusive of the

*1.3, THE GEOGRAPHIC AND HYDROLOGIC (BURFAGE AND
GROUND WATER) BOUNDARIES OF ALY, WATERSHEDS SUPPLYING ‘THE
LOS 4NGELES RIVER BELOW LOS ANGELES COUNTY FLOOD GONTROL
DISTRICT GAUGING STATION NO, F57 AND ABOVE THE SOUTHERN
BOUNDARY OF THE ORIGINAL PUEBLO, "
All of the area draining to the portion of the Los Angeles
River above the southern boundary of the Pueblo is shown on Plate 35.
The only large channel draining to the Los Angeles River between Gage
F-57 and the southern pueblo boundary is the Arroyo Seé¢o which drains
a portion of the Raymond Basin area (Monk Hill Basin). The watershed
boundary of the Los Angeles River system below Los Angeler County Flood
Comtrol District gaging station F-57 and above the scutherly boundary of
the original Pueblo is depicted on Plate 35.

lii
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CHAPTER I. INTRODUCTION

This report has been prepared for and pursuant to orders of the
Superior Court of California in and for the County of Los Angeles in action
No. 650,079 erititled "The City of lLos Anpeles, a Municipal Corporation,
Plaintiff, vs. City of San Fernando, a Municipal Corporation, et sl.,
Defendants.” The eomplaint in the actlion requests s decree determining
that the plaintiff has a pueblo right paramount to the right of all
defendants; that the City has s prior right to all foréign water imported
by it, spread within the drainage area of the Los Angeles River, and
transmitted to the City's wells and other diversisn works by the "surface
and subsurface channel™ of the Los Angeles River; and that an injunction be
issued terminating pumping by the defendants within the watershed boundary

of the Los Angéles River above the confluence of Arroyo Seco.

Authorization

The basie Court order, pursuant to: which this report has been
prepared, consists of the "Order of Reference to State Water Rights Board to
Investigate and Report Upon the Physical Facts (Section 2001, Water Code),"
entered on June 11, 1958, as modified by: (1) Interim Order entered on
November 19, 1958, which dirscted that no further investigstions, studies,
proceedings, or reports be made with respect to Paragraph II of the Refer-
ence Order of Jurie 11, 1958 unless further ordered; and (2) Orders made in
open Court on February 15, 1960, September 20, 1960 and November 15, 1960,
Reporter's Transcript, pages 570, 6377, and 6756, réspectively, and ex parte
orders extending the time for serving the draft report on the parties ; the

last such extension being to November 20, 1961, but ordering that copies



of the proposed draft report be made available to the parties at least
60 days prior to that date.

The Order of Reference of June 11, 1958, had been pregeded by
an Interim Order of Reference entered by the Court on March 19, 1958,
pursuant to which the Board had studied the availability of records and
data and had given the Court iis estimates of time and expense of reporting
thereon. In Paragraph I of the Order of Reférence, the State Water Rights
Board is reguested to investigate, find, provide data and report upon
physical faevts in sccordance with the authorization of Section 2001 of the
Water Code, as follows:

"l. The geographic and hydrolegic {surface and ground
water) boundaries of the watershed of the Ios 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 desig-
nated as Los Angeles County Flood Cotitrol Distriet Gauging
Station No. F57. (Note: If said bopundary differs from that
depicted on and described in Appendices 'A' and 'B! atiached to
plaintiffs Amended Complaint, then the areas included within
both boundaries shall be studied and shall be in¢luded in the
term *said area’ as hereinafter used,)

2. The complete geology, insofar as it affects the
oceurrence and movement of ground water, and the swrface and
ground water hydrelogy of said ares, including basins and
sub-basins therein, including bub npt Timited to:

A. The topography and soils.

B. The surface location of the bed and batks 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, ineludirg, but not limited to, any and 211
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.
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¥, 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 avallable records
and information.

- G The nature and quantity of all water 1oss and
dimjrmtion within and from said area, each water year for
the period covered by available records and information.

H, The safe yleld, end the effect thereon of the importa-
tion of foreign waters, shall be determined foy the water year
immediately preceding the f£iling of the report for which data
is avallable, and for the water years ending’ 1950 and 1955,

3. The geographic and hydrologic (surface snd grourd
water) boundardies of all watersheds supplying the Los Angeles
River below Los Angeles County Flood Control District Gauging
Stazion Np, F57 and sbove the southern bowndary of thé original
pueblo,

~ h. 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

{c) The amount of his or its taking and use of water,

5. The usé of water by The City of Ios Angeles amd its
inhsbitants:.

{a) Since 198 within the territory of the original
pueblo; and

{b) Tor 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
perlod 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,

3



7. All sources of water supply of plaintiff and
defendants, and the gquantity thereof for the period of
available records snd information to and ineluding the
date of the report:
(a) Diverted and used; and
{b) Available for diversion and use,!
Copies of the Interim Order of Reference, the Order of Refepence,
and the Interim Order suspending further investigations, studies, or
reports pursuant to Paragraph II of the Crder of Reference, are included

The case of City of los Angeles, Plaintiff, vs, City of San
Fernando, City of Glendale, City of Purbank, et al,, Defendants, is an
asction for declaratory relief, to quiet title to waters and water yights,
and for an injunction to restrzin defendants from deing any act which may
interfere with the freeé and uninterrupted flow of the surface and subsur-
face watérs of the los Angeles River and its tributaries and of the foreign
waters brought by the City of lLos Angeles from sources outside the water-
shed of the lvs Angeles River and spread within the watershed or served to
customers of the City of Los Angeles from its wells and other diversion
works where such waters can be taken and used by the City of Los Angeles
for its inbabitants.

The complaint names some 21l defendants and includes mmerocus
Does alleged to have facilities which are operated and maintained for the
taking of water, both surface and underground, from the Upper Los Angeles
River drainage area as defined in Appendix A of the amended complaint,
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Answers £iled in the proceeding by various defendants allege that the water
taken and diverted has been necessary for the purposes for which it has
been taken and that each of them has a right to the water so talen,

The initial or Interim Order of Refarence to State Water Rights
Board made by the Court on March 19, 1958 directed the Board to study the

‘availebility of any and all public and privste records, dooumente, reports

and data relating to a proposed order of reference {n the case and to.
approximate the time required for, and to estimate the cost of cbtaining,
correlating and reporting upon, such records, documents, reports, and data,
and to report the results of its investigation and study to the Court on
June 9, 1958,

The Board, in making its report, présented an estimate that two
years would be required to complete the studies and prepare a report of
referee pursuant to the proposed order of reference,

On June 11, 1958, the Court by its Order of Reference to the
State Water Rights Board, appointed the Board as refereé to investigate
and report within two years on the physical facts enumerated in the Order
of Reference in accordancé with Section 2001 of the Water Code, The Board

was further instructed under Paragraph II of the Order of Reference to

investigate the nature, extent and availability of any and all records and.
data reasonably necessary for the study of the Board with respect to water
years from and including that ending 1900 to the year preceding the Board's
report, and to report the results of such investigstion to the Court on
November 17, 1958,



On November 17, 1958, the State Water Rights Board reported to
the Court, pursuant to Paragraph IT of the Order of Reference, that in its
opinion insufficient data are available to justify & valid base peried of
study or of safe yield determination prior to the water year 1928-29, and
that as to other items in Paragraph IT, a report would be made at a later
date afber the Board had proceedéd further with its studies.

By Interim Order of November 19, 1958, the Court accepted the
Board's report of November 17, 1958 and released the Board from any further
investigation pursuant to Paragraph II of the Order of Reference until and
unless further ordered by the Court. The Court as a part of ite order
instructed the Board to appear at pre-trial conference séssions in the
proceeding and to render progress reports, oral and written, on the
matbers on which it is required to report.

Fepresentatives of the State Water Rights Board, in accordance
with the Order of November 19, 1958, appeared before the Court on
March 16, 1559, June 1, 1959, and February 15, 1960, and presented written
and oral reports as to the Board's progress in investigating and compiling
the data and information required under the Order of Reference.

Upon being advised on the latter date that deficiencies in
available data had required additional time and added investigation by the
parties and by the Board of certain itéms of information essential to
answering portions of the Order of Referencé, such added investigation
having been made with knowledge and approval of engineering representatives
of the parbies; the Court by oral order in opén Cowrt extended the time



N

allowed the Board for service of its Draft of Report of Heferse on the
parties to December 12, 1960, The date for service of the draft was fur-
ther extended from time to time by verbal orders of the Court and by ex
parte order upon being advised that additional time was required to fully
comply with the Order of Reference. The last order designated November 20,
1961 as the date for service and directed the Referee to make available to
tlie parties or their éngineering reprosentatives copies of the prepesed
draft report at least 60 days prior to November 20; 1981. The Court fur~
ther directed that distribution of the proposed draft 60 days prior fo the
date of service of the draft was not to constitvite a mailing of notice and
coples of the draft under Section 201l of the Water Code.

The Draft of Report of Referee was approved and adoptsd by the
State Water Rights Board on November 13, 1961, and was served on the
parties on November 20, 1961. The parties had thirty days to make formal
objection to the draft, At the requeést of the parties, the Court extended
the time 1o mske objection an additional ninety days to March 20, 1962,

On Pebruary 23, 1962, the Beferee transmitted to the parties a
document entitled "Errata to Draft of Report of Referce". The errata which
contained a list of €rrors, minor ocmissions and élarifications s was subpit-
ted to assist the parties in thelr review of the draft and to ¢liminate the
necessity for objecting to many minor items.
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Objections to Draft of Report of Referes

Objections {dated March 19, 1962 through March 21, 1962) to
the Draft of Report of Referes (Novembsr 1961) were received from the
following partiest

City of Los Angeles, Plaintiff.

City of San Ferpando, Defendant No. 1.

City of Glendale, Defendant No. 2 and
City of Burbank, Defendant No. 3.

Ia Canatla Trrigation District, Defendant No. 7,
Crescenta Vallsy Cointy Water District,
Défendant No. 8, and from Defendants Nos. 13,
173, 201 and 202,

' Sauther_’;‘x California Edison Company, Defendint
No. T75.

Sp_ax-u%ts Drdziking Water Company, Defendant
NO. s

Deep Rock Artesian Water Company, Defendant
No. 34, and from Defendants Nos. 12, 36, 37,
a8, 39; 10, 43, Sk, 64, 97, 100, 101: 192,
100, 108, 113, 117, 123, 10, U1, 12, 164,
168, 172, 181, 182, 186, 187 and 20h

ort. 6f Referee

Consideration of Objectlons to Draft of !

A1l objectionsz have basn consldered by the Heferee. 4s a result
of pbjections by the partiss and review by the Referee, the Report of
Referee contains the revisions to the Draft of Report of Referee set forth
in the followlng paragraphs.




A, The changes specified in “Errata to Draft of Report of Referee”
have been made to the draft and carried through the varicus tables, dlagrams
and plates, with the xception of items listed in the srrata sz Nos, n, 3,
37, U3;-US, 46, LT, 56, 57 and 5B, which were euperseded by other changes or
made inaffective becauss of other coriections.

B. Modifications by clarification of language, due to cbjectiona,
have been made to the following papes in Volumes I and IT:

Pages 20oci, Joxiv, 10, 23, 53, 5k, 82, 106, 115, 135, 138,
138a, 173, 189, 199, 233, 247, 218, 249, A-46, A-iB, E-6, I-3,
I.8, J-20, K-19 through K-24 and M-16.

G, TFurther clarificaticn has been made by the Referee to improve
language, more clearly state mearing or to correct errors on the followlrg
pages and plates in Volume I:

Pages xxiv, xxvi through xxxiii, xxxv through xoodax, xlii
through 1i, 10, 14, 26, 29, 39, 40, 42, 43, 45, 52, 56, 57, 58,
59, 61, 68, 69, 70, 76, 79, €0, 88, 90, 93, 97, 101, 123 through
125, 130, 131, 135, 136, 137, 139, 145, 15la, 155, 160, 166, 168,
169, 176 through 179, 181 through 187, 189 through 197, 200 through
203, 205, 207, 208, 209, 211, 212, 217, 220, 221, 223, 225,
227, 229, 233, 235 throngh 239, 2h2 turongh 247, 245, ‘250, ‘255,
256, and on Plates 1, 2, 5A through 5H, 11 ¥hrough 16, 22, 23,
28, 30, 31, 314, 315, 32, 33 and 35,

Further clarification has been mads in the appendixes on the
following pages:

F-2, F-i, F-7, F-8, F-13, F-17, F-18, F-2i through F-27, F-29 through
F-32, G-B, G-9, G-12, I-8, I-19, 1-23, I-24, 1-30, I-40, I-i1, 1-56,
J=6, J-7, J=12 through J-17, J-2l, J=34, K-15, X~17, K-20, 1-6, L-19,
1~25, 131, 1-32, 1~33, L=i0, L-43, Lelh, L-45, L-47, L-49, L-50,
L-53, L-56 through L-88, L-70, 1-71, L~75, M-7, M-8, M-10, M-12,
¥-M4, M-18, N~4, N~9, N-3k, N-35, 0~7, 0-12, Q-5, Q«6, R-4, B-5,
R-8, R=9, R-10, R-13, R-14, R-16, R«17, R-18, and by adding pages
L-49 and 1~7la.

y 22, 23,
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D, Certain objections required more than clarification or
language improvement and materisl has besn added or deleted in comnection

with such objections. This has been done in regard %o water supply and

disposal by subareas by adding Appendix T; in regard to the desoription .
of the Littls Tujungs syncline by adding Plate 5J; in regard to the de-
seription of boundariex by adding material to pages 17 sind 18; in regard
to imported water by adding material om surplus Northern California water
on page 953 and in regard to {he presentation of information on geologic
defenses on pages A-61 through A-65 by changing the form of presentatiom,

E. Revisions of the Table of Contents to reflect the fore-
going changes as well as those necessary to change from "draft peport®

to "report® have been made,

Investigation by Referee

The Board started its investigation as Referee immsdiately after
entry of the Order of Reference on June 11, 1956 and contacted all parties
named in the actioh regarding the availability of records and data pertinent
to the proceeding,

Continuing contact was thereafter maintained with the parties and.
with los angeles County Flood Control District, State Department of Water
Rssources, Stateé Buresu of Mines, United States Department of Agriculture
and other sources, both private and public, through which added material was
provided from time to time as deficiencies became apparent in the records and
data first made available.

Detailed investigation was made of the area referred to in ths
Order of Reference as the watershed of the Ios Angeles River and its

oy



tribubtaries above the Junction of the surface channels of the Los Angeles
River and the Arroyo Seco at a peint now designated as Los Angeles County
Flood Contrel District Gaging Station Ne. F-57. This area is referred to
in this report as the Upper Los Angeles River area, Investigation was
made outside the Upper Ios Angeles River arvea as necessary to provide
information required by the Order of Reference concerning the Pusblo of
Los Angeles and of other sources of water supply available to the parties.

Investigation of physipal facts indicated that records and data
prior to 1928 were lacking or incomplete regarding a number of phases of
the investigation, and that utilization of a period of analysis or base
period for water supply and disposal and safe yield prior to the 1928-29
water year would be difficult and costly to make. This was reporied to the
Court on November 17, 1958. It wes apparent also that any study extending
into the perdod of poor and inadeguate records could not be supported when
compared to the results of a sbudy over a period of more complete records
as were available begirming with the 1928-29 water year, Comsideration of
these factors and release by the Court from reporting on other than the
requirements set forth in Paragraph I of the Order of Reference, resulted
in the adoption of a base period of study beginning with the 1928-29 water
year and continuing through the 1956-57 water year. However, all readily
availabls data of whick the Refere¢ has knowledge for years prior to 1928-29
and after 1956-57 have been compiled and inclnded in the report and

gocompanying basic data for reference and such use as may be justified,



The Referee ubtilized material from all readily available published
apd unpublished reports and other sources to determine the geclogic and ‘the
hydrologic factors applicable to the area of inyestigation. Factore tlus
developad are believed to be appropriate for the particular ares wnder study
although they may not be applicable elsewhers unless similar conditions
prevail,

The Referee, in using the retords, data and information provided
as described, reviswed the material and whére possible verified its
acceptability for the Referes's purposes and made field checks where data
permitbed.

The need became apparent from time to time during the investigation
for added work to establish facts under controversy between engineering
representatives of certain of the parties and where uncertainties existed as
to the application of aveiliblé data, Such werk included the drilling of
20 test holes by the parties and the Referee to determine the physical
characteristics of the southerly boundary of the Sylmar Subarea; a detailed
so0il survey of the San Fermando cisnaga area to determine the historic extent
of the molst area assooiated with the cienaga; pump tests and water analyses,
ag well ag an extended study of existing data relating to water origin in the
Eagle Rock Subarea; the observabion of new well drillings and contimed study
of existing wells throughout the period to provide more complete information



concerning the specific geologic conteéntions of the parties; and analyses
by different procedures fo assure proper recognition of all factors
relating to various specific studies.

Nomenclature

The 'ta'm.lwd'rologic- subarea has been used hersln to designate
certain regions within the ares of investigation for which the Referes
was instructed to ascartain the location, area, maturs, characteristics,
1imits and hydrologic and geclogic interdependence thereof. For this
reason the area within the boundary of valley £311 (Plate S) of the Upper
Los Angeles River ares was divided for study purposes, according to
gedlogic and topographit conditions, into four subareas refsrred to in the
report as the San Fernando, Sylmar, Verdugo and Eagls Rock "Hydrologie
Subareas" or simply as "Subareas". These are shown on Plate 5 and further
deseribed in Chapter III.

The wells referred to in this report are designated by Los
Angeles County Flood Control. District numbers which had previcusly been
assligned to wells known to have existed in the area and which were and are
presently being utilized by local agencies to index well data, The well
number consists of four digits, the first two de#ignabting one of a series
of 6-mimite U,5,0.5, cuadranglss beginning at the southwest corner of
Los Angeles County, and the last tws being rectangular coordinates within
the guadrangle with the coordinates beginning in the nprithwest corneér
of the guadrangle., The well mmber is Follcwed by a letter to identify

. T
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the actual well when more than a single well is located in that subdivision,
The first well in a subdivision is usually identified by the mumber only
and designated on the map by a short line drawn from the dot signifying the
well location. Locations of all wells referped to in this repert, with

the guide to the well numbering system, ars shown on Plate 18,

Stream flow stations and precipitation stations, referved to in
the report and shown on Plate 9, have been designated by the same mumbers
assigned to them by the Los Angeles County Flood Contrel District.

The hydrclogic “water year", which has generally been used
throughout this report, is from October 1 through the following September
30 and is indicated as "1957-58Y, Whenever the calendar year is referred
to for any purpose it is designated in the vonventional manner, e.g.,
mosL", Whenevér & period different from these noted abowe is intended,

that period is identified at the place used in the report.

Engineering Advisory Committee

In accordance with recommendations by the Court in the Order of
Reference, the engineers of the parties and représentatives of the Board
have maintained close contact and have meb ag 4 group to discuss procedires
utilized by the Board's representatives and to review resulbs of computa~-
tions and of the material to be included in the Board’s report to the

Court, This group, veferred to in the proceeding as the "Engineering



Advisory Committee", held a total of 22 meetings beéginning September 23,
1958, spaced at approximabtely monthly intervals, In addition, confersnces
were held from time to time with engineering representativés of two or
more of the parties on special problems. The information developed as a
result of the meetings and conferences alded the staff of the Board

The names of the engineering representatives attending the
varicus meetings were as follows:

City of Los Angeles
Samuel B. Morris (deceased) — Richard H. Gilman

Milton Andersén Oerald W. Jones
‘Harold Conkling (resigned) Eldridge B. Iowry
Raymond A. Hill 8. Marvin Lite
John F. Mann, Jr. Stanley A. Wilfong
E. C. Marliave
City of San Fernando » __
R: E. James A, L. Sonderegger (resigned)
Stuart E. Bergman Ray Walker

City of Glendale
Harold E., Butler (retired) A, W, Jagow

Max Boolman Charles H. Lee
City of Burbank
Clarence Shadel Alan Capon
Max Bookman Charles H. lee

Crescenta Valley County Wabter Dletrict
A, L. Sonderegger (resigned)
V. B. Tipton

Califernia Materials Company
Vernon E. Iohr



Consolidated Rock Products Company
Byron P, Weintz
Forest Lawn Company . A
H, Q, Adair Iuis E, Kemnitzer
John 8. Clough R. G. Spencer
Knickerbocker Plastic Company, Inc,
Livingston Rock and Gravel Company
E, Misenheimer '
lockheed Aircraft Corporation

H. D, Pinkney (deceased)

Southern Californis Bdison Company

leonard ILongacre

E. L. Kerry
Southern Pacific Railrosd Company _

Je G. Sinclair M. J. Stephens
Sparkletts Drinking Water Corporation

R. Bruce Lockwood Max Alex

@. Austin Schrotey 0. R, Angelillo (through

18th meeting)

Technicolor Corporation
Tb A; Tarr

Sidney Smith
K, Q. Volk
In addition 1o the representatives of parties as named, various
representatives of interested public agencies attended meetings to supply
information and to make suggestions regirding data and material provided
through their respective agencies as follows:
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United States Department of Agrdculture
Harry F, Blaney

State Departpant of Water Resources

H. C. Xelly (retired) Robert Thomas

Organization of Beport of Befuree
The Report of Referee contains Summary of Findings and nine
chapters as follows:
I, Introduction

II. Deseription df the Upper los Angeles River

II1., Geclozy
IV. Water Supply, Upper Los Angelas River Area
V. Water Utilization and Disposal of Water
Vi, Historic Ground Water Recharge

VII. Determination of Safe Yield

VIIT. The Use of Water by the City of los Angeles
and Its Inphabitants

These chapters present discussion and swimary illustrations of
information developed by the Referee in answer to the reguirements of the
Order of Reference. They are supported by tebles and a group of 36 plates
conbaining 52 sheets immedistely following the text. Twenty appendixes
wherein detailed methods and procedures followed by the Referee are sst
forth, accompanied by extensive tabulations from which text sammaries were
prepared, are included in Volume II. Included in the appendixes are copies
of relavant Orders of the Court,



43

The basic data upon which the Beard bases its report and findings
will be available and filed with the Court in acéordance with Paragraph III
of the Order of Reference dated June 11, 1958, and will be tsbulated as
listed in the table of contents of this report.



CHAPTER IIL. DESCRIPTION OF THE
UFPER 1OS ANGELES RIVER AREA

4 general description of the geographic and hydrologic boundaries,
physiography, soils, ¢limate and culture of the Upper Los Angeles River area
is presented in this chapter. In addition, the geographic and hydrologic
boundaries of all watersheds supplying the hos Angeles River below Los
Angeles County Flood Control District Gaging Station No. ¥-57 and sbove the
southern boundary of the original pueblo are described.

The location of the Upper los Angeles River area within the State
and its relationship to Los Angeles County is delineated on Plate 1. The
ared, with the exception of small porbions of the Simi Hills and the Santa
Susana Mountains in Ventura County, 1s located within Ios Angeles County.

Boundaries

The watershed boundary shown on Plate 2 is the boundary of the i
Upper Ios Angeles River ares and is based on data shown on the United
States Geological Survey topographic maps covering the area. Maps of 7&-
nindte series, dated from 1951 through 1953, were used wherever available
With maps of the 6-minite series, dated from 1933 through 1948, beéing used
for the northeastern portion of the area, 4 field check was made of loca-
tions where more than one interpretation of the topographic maps wag
possible. The watershed boundary of the area as determined by the referee
oonforms generally to that depicted on and described in Appendixes A" and
B pttached t0 the Plaintiffis Amended Complaint. The desecription of the.
watershed boundary of the Upper Los Angeles River area is as follows:



Beginning at the most southerly point of said boundary at
a point on the los Angeles River at Los Angeles County Flood
Comtrol District gaging station F-57; thence westerly boward
Elysian Hills to & point on Figuerca Street approximately 500
feet westerly of where said street crosses the Los Angeles
Riverj therice northwesterly along the drainage divide of the
Elysian Hills to the Santa Monica Mountains at a point on los
Feliz Boulevard approximately l,000 faet southwesterly of where
said beulevard ¢rosses the los Angeles River; thence north-
westerly along the drainage divide of the Santa Monica Mountains
to Cahuenga Peak, thence westerly along said divide thvough San
Vicente Mountain, scutheriy of a mumber of small stream systems,
which drain into the Upper Los Angeles River area, including
Caballerc and Czxlabasas Cresks, Yo an unnamed peak (elevation
1,689), in Seec, 33, T. * N,, R. 17 W., 5.B,8.,84,§ thence in a
noyrtherly direction dlong said divide alohg the westerly water-
shed boundary of the Arroyo Calabasas stream system to the Simi
Hills crossing Ventura Boulevard at a point approximately 8,000
Teet westerly of the westerly boundary of the City of Los
Angeles, as of October 1, 19583 thence in & northerly direction
and following the crest of the Simi Hills through Laskey Mesa,
Burre Flats and Chatsworth Péak, along the westerly watershed
boundary of the Chatsworth stream system, to bthe Santa Susana
Mountaing at Santa Susana Pass and Highway 118; thence in a
northerly direction and following said drainage divide to an
wunnamed peak (elevation 3,670) in Sec, 13; T. 3 N., R, 17 W.,
S5.B.B.&M,, thence easterly along said divide, northerly of
several small stream systems which drain into the Upper Los
Angeles River area, including Browns Canyen and Alisc Canyon;
thence passes through Oat Mountain Lockout to the San Gabriel
Mopnbains at U, 5, Highway 99, approximately 5,000 feet north-
wesberly of the western boundary of the City of Los Angeles,as
of October 1, 1958; thence easterly aleng the drainage divide
of the San Gabriel Mountains, following the northerly water-
shed boundary of the Pacoima and Big Tujunga stream systems,
passing through Magic Mountain and Mt, Gleason to Pacifico
Mountaini thence southeasterly along said divide to an unnamed
peek {slevation 6,192) in See, 13, T, 3 N,, R, 11 W,, 8,B,B.&;
thence southerly along said divide to an umamed peak (6levation
5,410) in See, 10, T, 2 N,, R, 11 W,, S.B.B.&,; thence westerly
along said divide, passing through Barley Flats, Strawberry Peak,
southerly of the Big Tujunga stream system fo an unnamed peak
(elevation 4,306) in Sec. 1h, T. 2 N., R. 13 W., 5.B.B.&4,;
said peak baing common to the drainapges of Big Tujunga,
Verduge Wash and Arvoye Seco; thence southerly slong a
drainage divide, easbterly of the Hall-Beckley Canyon stream
system to the base of the San Gabriel Mountains; thence
southerly along the drainage divide, which is approximately
6,000 feet easterly and parallel %o Pickens Canyon Channel,
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to the Sen Rafael Hills; thence southerly along the crest of the
San Rafael Hills, passing through Eagle Rock, to the Repetto
Hille at the irtersection of Golorado Bowlevard and Avenue 6l
thence in a southwesterly direction along the drainage divide of
the Repetto Hills, passing through Mb. Washington to the base of
the Repetto Hills at & point approximately 2,000 feet north-
sasterly of the intersection of Figuerca Stree’o and Sgn Fernando
Road; thence southwesterly to the point of begirning.

The hydrologic (ground water) boundary is the areal boundary of
the major water-bearing formations within the Upper Los Angelss River area
and is delineated as the boundary of valley £ill on Plate 5. This boundary
is more completely described on pages U3 and Il of Chapter III. Boundaries
of hydrologic subareas within the hydrologic boundary of the area and the
eriteria used in their determination are described on pages L, et seq., of
Chapter IIT,

The surface drainage area tributary to the portion of the los
Angeles River below gaging station F-ST and above the southem boundary of
the original Pueblo of Ios Angeles, along with hydrologic (ground water)
boundaries within the area, are shown on Flate 35,

‘Physiography

The Los Angeles River drainage system comprises a portion of the
coastal watershed ¢f Southern California. The pgeneral location of the area
is shown on Flate 1. The Upper Ios dngeles River ares is that portion
of the drainage system above the junction of Arroyo Seco at the lower
end of the Ios Angeles River Narrows. Plate 2 shows the important physio-
graphic featuree associated with the arss. Elevations range from a high of
7,12l feet above mean eea level at Pacifico Mountain to a low of 293 fees
at Cage P-57.
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The San Fernando Valley in general includes the alluvial-filled
portion of the Upper los Angelés River aréa. The valley is composed
primarily of the complex surfaces of coalescing alluvial fane formed by
subaerial deposition from the various streams tributary to the los Arigeles
River above the Los Angeles Narrows. It is roughly elliptical in shape
with a major axis of approximately 23 miles and & minor axis of approxi-
mately 12 miles, comprising 123,428 acres of valley floor lands and
205,709 acres of hill and mountain lands for a total of 329,137 acres.

i1l _and Mountain Areas

The valley is bounded on the northeast by the San Gabriel
Mountaing, on the northwest by the Santa Susana Mountaing, on the west by
the Simi Hills, on the south by the Santa Monica Mountains and on the east
by the San Rafael Hills and the Repetto Hills. The Verduge Mountains,

located in the northeast portion of the area, separate the Sumland-Ia
Crescenta area from the main valley.

The San Gabriel Mountains are the highest as well as the largest
mountain group in the area. They rise precipitously from the valley floor
and contain miny steep-gided canyons and to a large degree are composed of
nonwater-bearing Basement Complex rocks which have been fractured and
faulted. These rocks form s portion of the bassment, which with other
nonwater-bearing rocks, underlie at various depths the water-bearing
formations in the area.
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The Santa Susana Mowntaing lie westerly of the San Gabriel
Mountains end &re separated from them by an ares of low relief in the
vicinity of State Highway 99. The Santa Susana Mountains atiain a maximum
elevation of 3,747 feet within the area. They are composed mainly of
sedimentary nomwater-bearing rocks which have been faulted and folded,
Petroleum production is obtained within the Sante Susana Mountains pri-
marily from the Alise Canyon field,

The Simi Hills are separated from the Santa Susana Mourtaing at
the pass crossed by Highway 118. The Simi Hills are a relatdvely low-lying
group with & meximum elevation of 2,31l feet, These hills are composed of
essentially sedimentary nonwater-bearing rocks.

The Santa Nonica Mountains are separated from the Simi Hills by
the area of low relief which 1s traversed by Highway 101, These mountains
separate the San Fernando Valley from the Toastal Plain. [The maximum
elevetion of 1,961 feet lies on the drainage Youndary south of Encine
Resexvoir., The Sénta Monica Mountains are composed of nonwater-bearing
rocks of sedimentary, igneous and mstamorphic types which have been extens
sively faulted and folded., Rocks of the sedimentary type preduminate in
the portion of these mountains within the Upper los Angeles Hiver area.

In peneral these formations dip underneath the adjoining water-bearing
series, The eastern end of the Santa Monica Mountains is considered to
be the divide at Los Feliz Boulevard in the vicinity of the los Angeles

River Narrows.
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The Elysian Hills (maximum elevation 753 feet) form the southerly
boundary of the Los Angeles River Narvows. These hills consist of intensely
folded nonwater-bearing materials,

The Verdugoe Hountains represent & large block of nonwater-bearing
Basement Complex rocks which have been isclated from the main portion of
the 8an Gabriel Mountaine by faulting, This block has a maximum elsvation
of 3,126 feet. The San Rafaol ILills (maximm elsvation 1,888 féet) south-
east of Verdugo Mountains and across Verdugo Wash afe composed of crystal-
1ine materials similar to those of the Verdugo Mountains. A small group of
hills southerly of Colorado Boulevard, comprised largely of nonwater-bsaring
sedimentary rocks, is also considered a part of the San Rafael Hills,

The Repetto Hills are locabed south of the San Rafael Hills and
easterly of the los Angeles River Narrows. These hllls are composed of
sedimentary nonwater-bearing materials which have a maximum elevation of
about B8BO feet.

Féatures Related tc the Valley Floor

In addition to the surrounding hill and mountain formation there
are nine prominent physiopraphic features which are in conbact with or
related to the valley floor. These are: The Burbank Piedmont Slope,
Pacoima Hills, Mission Hills, Northridge Hills, Chatsworth Hills, Woodland
Hills, Chalk Hills, Van Nuys Plaln and the Sunland-La Crescenta Pledmont
Slope. S

The Burbank Piedmont Slope is a series of coalescing alluvial fans
which have the Verdugo Mountains as thelr source area, The higher degree of
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weathering on the surface of this feature indicates that it is somewhat
older then the deposits of the Van Nuys Plain,

The Pacoima Hills -are composed of nonwater-bearing materials and
form one of the gix hill groups in the valley, These hills probably repre-
gent the nortlwesterly extension of the Verdugo Mountains which has been
eroded from the main mountain block by Flows in Big Tnjunga and Litdle
Tujungs Washes, Exploratory work for Hansen Dam, which connects the Pacoima
‘Hi1ls to the Verduge Mountains, indicates existence of sandstones at rela-
tively shallow depths along the axis of the dam,

The Mission Hills are low hills which essentially surround Upper
and Lower San Fernando Reservoirs, They are ecomposed of water-bearing and
nonwater«bearing materials which structurally are on the south flank of the
Little Tujunga syncline which has extensively affected the topography of
these portions of the valley,

The Northridge Hills constitute a short chain of low-lying hills
which owe thelr existence Yo movements along the Northridge Hills fault.
Tectoni¢ disturbances have formed a complex sbructural pattern of anti-
clines and synclines in the nonwater-bearing serieé which have been of
interest to oll companies in recent yéars, The upper surfaces of thé hills
are composed of Older alluvium which is underlain by Saugus formation.

The Chatsworth Hills comprise a group of low hills in the
vicinity of Chateworth Reservoir, They are composed essentially of nomwaters
bearing Modelo shales and Cretaceous sandstonss., Thess formations are

capped in several places with a thin veneer of 0lder alluvium,
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The Woodland and Chalk Hills are located in the southwestern
portion of the valley. They are nonwater-bearing and are composed sssen=-
tially of the diatomaceous shale member of the Modelo formation,

The Van Nuys Plain constitutee the major portion of the recently
alluviated valley floor, The surficial deposits vary from relatively
impermeable clays in the western part of the valley to permsable sands and
gravels in the sastern portion of the valley. The Los Angeles River Narrows
erea which passes through the topographic constriction between the Elysian
Hills on the west and the San Rafael and Repetto Hills to the east ip con-
sidered to be a feature genetically related to the Van Nuys Plain, Other
associated features on the valley floor are the incised channels of sevepal
streams, the major ones being Tujunge and Pacoima Washes and the Ios Angeles
River,

The Sunland-la Crescenta Pledmont Slope is a series of coalescing
alluvial fans which have had their source areas in the San Gabriel
Mountains, The fans are composed of coarss detritus with some boulders
reaching a size of four feet in diameter,

Surface Drainage Systen

The Los Angeles River stream system is the surface drainage
medium of the Upper lLos Angeles River area. The main stream extends
along the southerly side of the valley floor in a southeasterly
dirsction through the Los Angeles Narrows and out of the ares. The
major drainage network is composed of the main stream and its priocipal

tributaries draining Big Tujunga, Little Tujunga, Pacoina, Aliso, Browns,



Bull and Axroyo Calabasas Canyons. Historic changes in the drainage

svstem are discussed in Chapter IV,

Soils are related to the water supply insofar as they, in
combination with other factors, influence the rate of recharge to the
ground water, This is particularly truve of the soils on the valley £ill.
However, it is not feasible nor is it required for the purposes of the
investigation to make a guantitative evaluation of the infiltration
ecapacities of the various soils ¥mown to exist in the area. Therefore,
orily the relative infiltration characteristics of the valley soils have
beei1 evaluated,

In general, the soils in the valley f£ill areas can be grouped
with respect to relative infiltration capacities in a manner utilized by
Musgrave (Wabter, the Yearbook of Agriculture, 1955, U,8.D.4,), shich
takes into aceount the depth of soil, relative drainage, ability to retain
moisture and the degree of permeability based on grain size., The U. S.
Department of Agricylture Soil Surveys of 1917 and 1919 give a detailed
description of all soils found in the Upper los Angeles River area,

These soils have been classified into High, Medium and Low infiltration
groups on the basis of Musgrave's criteria., Individual soils contained
in each group are shown in Appendix B and areal extent of each of the
three scil groups is shown on Plate 3.

In gemeral the soils present in the Upper Los Angeles River area
corisist of three types, First is the residual type soile including the

Holland, Altamont, Sites and Diablo soil series occipying the hill and
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mountain areas which are derived in place by the weathering of granitic or
sedimentary rocks, Secondly is the Ramona series, which in contrast, are
©01d valley £ill soils derived from ancient weathered, fluyisl deposits.

The third type consists of the recent alluvial soils including the Hanford,
Tujunga, Y0lo and Dublin soll series,

Clinate

The Upper Los Angeles River arsa has the climate of an interior
coastal vdlley and is hotter in the summer and wetter in the winter than
the coastal area which hag a Meditervanean type climate, The range of
temperature and occurrence of fog and frost vary within the valley with
the west and north sections being subject to the highest temperatures,

The variations of temperatire &and frost econditions within the
area iz sufficlent to have influenced the location of citrus orcharda, The
northern edge of the valley along the base of the mountains where most of
the groves are located, is higher, warmer and more frost free than arcas of
lower elevation in the westerly portion.

The central portion of the valley is at times swept by hot, dry

and strong winds of short duratien,

The San Fernando Valley, prior to the importation of water from
Owens River by the City of log Angeles, was mainly an area of large
holdings devoted to dry farming, The importation of water in 1915 brought

about a shift to irrigated agriculturs and subdivision of the large holdings
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dnto smaller farm and home acreages. The cities of Burbank, Glendale and San
Fernando were incorporated prior ts 1915. During 1915 the City of los Angeles
annexed large areas in the San Fernando Valley which resulted in the greater
portion of the valley fill and lower hill area being included in incorporated
Areas.,

Urbanization of the avea has been a contimuous process except
for the depression period from 1932 to 1938, Drowth was further acceler-
ated after the end of World War IT by the genersl trend toward suburban
living and more vecently by the development of new industries in the central
and west portions of the vallsy.

Continuing growth is evidenced by the filing during 1959 of tenta-
tive gubdivision maps for 8,100 lots on 5,500 acres of land within the
portion of the City of Los Angeles located west and north of Burbank. The
same area had 29,000 building permits, totaling $300 million in valuation,

issued during 1959.
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GHAPTER ITI. QEOLOGY

This chapter is an evaluation of gsologic features and conditions
insofar as they affect the ocenrrence and movement of ground water aund the
surface and ground water hydrology of the Upper Los Anpgeles River area and
any subdivisions which may exist and the intercomnestion or interdependence
thereof, It is designed to satisfy in part, peregrephs I. 1, I, 24, I.
2C, Y. 2D, and I, 2G, of the Order of Reference. Items such ag water-
bearing and nonwater-bearing rocks, faults and folds which affect the
water-bearing materials, and the configuration of the valley fill and its
tharacteristics are discussed. The various hydrologic subareas and their
interrelation are described,

Aresl Geology

& map of the areal geology compiled from published sources and
supplemented by unpublished Masters and Doctors theses from the graduate
schools of the colleges and universities in Southern California and
through investigation by the Referee, is presented on Plate L. This map,
entitled PAreal Geology", presents the gemeral geclogic framework necessary
for the study of ground water and its movement within the Upper Los
Angeles River avea. Flaté | also shows the relative ages and briefly
describes the various lithologic units fowid within the area, The plate
also shows the relationship of mountain areas which are for the most part
composed of nonwater-bearing materials, and the vélley £il1 which come
prises most of the water-bearing material.



The approximate depths of the nonwater-bearing materials below the valley
Tloor eve indicated on Flate 6, entitled "Contours on Base of Valley Fill',
The gevlogic cross sections on Flates 5A through 5H have been plotted to
aid the understanding of the relationship between the water-~bearing

and nonwater-bearing formations. The location of the various cross

sections is shown on Flate %,

Previous Investigations

The many bulletins and papers published on the geology of various
portions of the Upper Los Angeles River area have been related primarily to
the rocke which surrcund the valley fill ares of the basin., State Division
of Water Rescurces Bulletin L5 (193h) reports on the only investigation
which has studied the water-bearing properties of alluvial materials.

This bulletin has been studied in detail amd information therein pertaining
to geology, specifie yield and ground water storsge capacity, modified in
the light of additional and more recent data, has bBeen incorporated inmto
this réport.

The present geologleal investigation has heen limited to the
determination of the hydrologic units or subareas existing in the Upper
los Angeles River area and to studying the nature and distridution of
alluvial materials which would be considered a scurce of ground water,
Numerous wells and test holes were inspected and logged during the course
of the investigation. Many ¢uts, trenches and gravel pits were studied to
become familiar with the composition of the sediments in the various
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porxtions of the basin and to aid in the interpretation of well logs.
Beologic mapping was mainly confined to the alluviated .areas with special
attention being given to the comtacts between the water-bearing and
nonwater-bearing units.

Detailed descriptions of the items covered in this chapter, as
well as a discussion of field investigations wade during the investigation,
are contained in Appendix A,

G_eelogie Formations

The ages of geologic rock units and formations of the Upper
Los Angeles River arpa represent a long span of geologic time. Rogk units
of the Basement Compléx have been assigned an age of Pre-Cambrian, whereas
other units within the Basement Complex represent various periods through
the tipper Jurassic or Lower Cretacecus. The sedimentary formations present
in the area of investigation are represented by the Cretaceous Chico, lower
Eogene Martines, middle Eocene Domengine, middle Miocene Topanga, upper
Miocene Modelo, lower Flioccene Repetto, upper Plicecens Pieo and lower
Fleistocene Sangus formations. Upper Pleistocene, Clder alluvium and
Recent alluvium are waconsolidated deposits which ave of special interest
in this study. The looation of the different formations with geologie
legend is. shown on Plate 4.

Nonwater-Bearing Beries
The nonwater-bearing series are rocks which do not absorb,

transmit or yield water readily; however, they may contain a limited amount

of water in fractures. The nonwater~bearing series comprise the following.



lithologlc units: Basement Complex granitic and metamorphic rock types;
Chico sandstone and soms conglomerates; Maytinez shales and sandstones;
Domengine sandstone and conglomerate; Topanga conglomerate sandstone with
interbedded voleanice, Modelo shale, sandstone and conglomerage; Repetbo
siltstone, sandstone and conglomerate; and Pico shale and siltstone.

The Basenent fomplex yields small £lous (2030 gpm) of good
quality water from tunnels, while water wells drilled into the Ghico,
‘Topanga and Modele formations have very poor yields of generally pgor
gquality water. The Martines and Domengine formations are of limited areal

extent and therefore of minor importance as possible sources of water.

YWater-Bearing Series

‘The water-bearing series consist of rock units which absorb,
transmit end yield water to wells readily. The Saugus formatien (including
Sunshine Ranch formation), Older alluvium {including Pacoima formation) and
Recenit alluvium comprise this group,

Alluviation. Bedimentary deposite may originate from one of three
environments: marine, transitional or continental. The water-bearing
deposits of the Upper los Angeles River area are classified as primarily
continental, They may be further subdivided as alluvial stresm deposits,

In late Pleistocene and Recent time, when most of the water=
bearing deposits were being laid down, the valley area was above sea lavel
and was lowering with respect to the contimued rising of the San Dabriel
Mountaln block. As the block rose, increased stremm gradisnts resulted and
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heavier lpoads of debris were transported down thé mountain block face, Upon
reaching the gentler piedmont slope at the mountain front, gradients and
velocities were sharply decreased with a resultant lessening ¢f lead
carrying capacity and deposition of the transported load cowmmenced mlong
the mountain front,

Materials were deposited by the individual etreams ss large and
small alluvial fans. The coarsér debris was normally deposited near the
conal apices while the finer materials were carried farther out toward the
distal portions of the cones, During wet and dry years or oycles when
stream carrying power varied considerably, coarse deposits might be
deposited over fines or vice versa, resulting in fine materials nesr the
apices in dry pericds and coarse material in the distal portions in wet
periods,

Changes in stream position on the developing conal surfaces
caused centers or axes of deposition to shift from tdme tb time. Overs
lapping and intexfingering of the conal deposits both laterally and axially
oceurred. Frequent incision of the developing conal surfaces by the
streams resulted in reworking and redeposition of some of the original
conal material during the alluviation process, Cruds stratification exists
locally, though in general the deposits are lentisular in shape with the
long axie roughly paraliel to the main stream course,

During and after deposition, albernate wetting and drying of
buried material due to a fluctuating water table and other normal weathewing
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processes allowed mecelerated weathering with a resultant development of
more clay in the coarser deposits than might be normally expeocted.
Weathering contimies 0 occur at the surface and at depth, slowly increasing
the clay content of these¢ materials, The increase in ¢lay content has the
effect of reducing the specific yield and general permeability. The latier
two items have been further reduced as a result of conmolidation by load.

The most recent streame (present day) bave incised their channels
in the older conal deposits, which havs coalssced near the mountain front.
The most permeable deposits are now found in these channels, These channel
deposits are the best means of percolating stream flow to the underground
and transmitting underflow through the area,

Saugus !Fpmtiap. The Saugus formation crops out in the hills and

southern slopes of the mouniains along the northern part of the valley flcor
and underlies the other members of the water-bearing series. The maximim
thickness of this unit as measured in Lopez Canyon is 6,100 feet, From here
‘the formation thins rapidly in an easterly dirsction to 2,000 feet thick two
miles east of Yittle Tujunga Canyon and in a westerly directdon to 3,000
fest of thickness at San Fermando Reservoir. There are no outcrops of the
Saugus formation in the Simi Hille, Santa Monica Mountains or Verdugo
Mountains, indicating that this formation probably underlies onlythe northern
portion of the valley floor, Only those portions of the Saugus formetion
which are overiain by Older and Recent alluvium and are below the watertable
are consldered herein to be part of the ground water reservoir. The Saugus
formation hag been included in the water-bearing materials comprising the
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ground water reservoir within the Sylmar Hydrologic Subarea and in the
northern portion of the San Fernando Hydrologic Subarea., Those portions of
the exposed Saugus formation located in the hill and mountain area to the
gast and west of the Sylmar Hydrologic Subarea have in general been con-
sidered as part of the nomwater-bearing series because the change in storage
and extractions from thoss areas were negligible and the areas of recharge
are of limited extent,

The Saugus formation is composed of uncemented continental and
marine deposits of conglomerates; sands, xilts and clays. Some of these
materials make good aquifers under saturated conditions whereas others sre
aquicludes. The materials of the Saugus formation have been derived from
the Basement Complex in the eastern part of its exposures and from Terti-
ary sedimentary formations in the area adjacent to the Santa Susana Moun-
tains. There is a marked difference within the formational msterisls
derived from the different source areas in terms of porosity and permeabil-
ity, with those deposits having their source aress in the San Cabriel

Mountains being the most permeable.

'0:;der Alluvium, The Older alluvium is composed of generally
coarse-grained unconsolidated or uncemented deposits of modern streams laid
down in earlier cycles of erosion, The source areas of the streams during
earlier and present stages of erosion bave undergone 1little change, With
the exception of remnants (terrate deposits) which have been dsolated by
‘grosion ardund the margin of the valley floor, deposition has heen nearly
continuous to the present time.
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The materials that comprise Older alluvium consist of red=brown
to gray, dirty; unsorted, angular to subangular debris which is of local
origin, During the numerocus intervals of time between perilods of
deposition weathering played an important role in forming horizons which
represent ancient soils.

The water-bearing properties of these materials are variable,
depending upen the source areas; however, the permesbilities are generally
greater than that of the Saugus formation die primarily to the fact that
the Older alluvium is less compacted and less consolidated and also
generally contains lems residual c¢lay,

Recent Alluvium, Recent deposits east of Pacoima Wash and north

of the Los Angeles River consist of predomdnantly coarse accumilations of
bouldere, gravels and sands in the form of codlescing alluvial fans derdved
primarily from Basement Complex sources. The median particle dlameter of
the fan deposits decreases as the distance increases from the ceanyon mouths,
Westerly of Pacoima Wash and south of the Ios Angeles River the sedimentz
are derived primarily from sedimentary rocks and sre finer grained and
deposited in much the same manner as the underlying Older alluvium, Well
logs from the western portion of the valley floor indicate an average of
about 75 percent clay, 5 percent sand and 20 percent gravel, whereas the
materials underlying the eastern portion of the area average 20 percent
clay, 35 percent sand and LS percent gravel,



Structural Features
The geologic sbructure of the Upper Los Angeles River area is
very complex, Ixtensive fawlting and folding of the rocks that surround
the ground water reservoir indicate that the rocke beneath the valley £1l1
materials are also faulbed and folded. The major faults and folds which
affect the movement of ground water within the valley £ill are discussed
balow,

Fault

Faulting in the area of investization is dominated by the San
Gabriel fault system, Faults of ths Sierra Madre system are important
features in the Santa Susana and San Gabriel Mountains; however, only
those faults vwhich may affect the movement of ground water are deseribed
in this preport. The Verdugo, Eagle Rock and Raymond £ault zones have an
effect on the movement of ground water in certain locations. The
Northridge Hills fault or folds are believed to have an effect on ground
water movement, but data to evaluate this effect are lacking, The locations
of the faults are shown on Flate I, Detailed discussions of the faults and
£ault zones are containsd in Appendix A,

Verdugo Fault Zone. The water levels southerly of the City of
Olendale's submerged dam suggést a gradient eteeper than would normally be
expected, The Verdupgo well 39634, and well 395, which is about 7,000 feet
southerly of the Verdugo well, show a difference in water levels of
approximately 300 feet, Measuremente at well 3963 (destroyed in 194k}
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indicate a water level above a hydraulic grade line connecting the two
aforementioned wells. Depih to bedrock is Sl feet in the Verdugoe well
(39634), more than 535 feet at well 395h, and unknown at well 3963, although
this well iz reported to be 100 feet deep. Water levels given in Water
Supply Paper 219 (1908) for Verdugoe Canyon indicate a similar condition
existed at that time. On the basis of the foregoing information, a gronnd
water cascade controlled by offsets in bedrack along the Verdugo fault zone
has been postulated as the reasen for the anomalous water level condition
(Plates )i and 5G).

Movements on this fault system during the Quaternary period have
hiad some effect on the aquifers by the formation of claysy gouge seams in
the sands and gravels which extend between the Verdupgs Mountains and Pacoima
Hills. The effect of the faulting has been to create a zone of lower per-
meability which causes a distinet break in the ground water surface when
the Hansen spreading grounds are in operation. When the spreading grounds
are not ih operation the difference in ground water slevations en either

side of tha fault are of a much smaller magnitude,

Eaple Rock Fault. Presence of the aforementioned step-like
ground water cascade at the mouth of Verdugo Canyon may have been caused
by a northwesterly extension of the Eagle Rock fault to the Verdupgo
fault. Although no surface alluvium appears to have been displaced
by the Eagle Rock fauli in this vicinity, the general strictural pattern
suggests that the Eagle Rock fault may be related to the Verdugo
fault system (Plates L, 56 and 5H). There has baen some conjecture by
prévious workers that this fault may extend westerly under the valley f£111



passing near the Junction of the los Angeles River and Verdugo Wash, Such
an inferred extension would explain the abrupt rise in the nenwater-vearing
rocks which underlie the water-bsaring series where the Los Angeles River
turns southerly into the loe Angeles River Narrows, This feature is shown
on Section M-M! on Plate 5E. A scissors-type movement on the Eagle Rock
fault would be necessery to explain the relationship of the blocks on either
side of the fault, MNore detalled geologle information is needed before ‘the
relationship can be esteblished between the E.a.g,le Rock fault and the fault
in the nomwater-bearing series that underlies the alluvium nsar the south
#ide of the los Angeles River immediately upstream from its confluence with
the Verdugoe Wash.

Raymond Fault, The surface of the Older alluvium which owerlies
the trace of the Baymond fault (Plate L) has not been disturbed by movement
on this faylt within the area of investigation; however, movement along this
fault zone prior to the deposition of the uppermost strata of the Older
alluvium has faulted the water-bearing sediments against the nonwatey-bearing
rocks of the Puente formation (Plate SH) and thus forming a barrier to the
movement of ground water from the Eagle Rock Subarea, The movementnecessary
to bring about this condition is contrary to the general direction of
movement on the failt o the east of the area of investigation,

Older movements on this fault have also affécted the configuration
of the base of the valley fill in the centrsl part of the los Angeles River
Narrows. A small mob of nonwater-bearing rocks (Plate 6) is present
north of the fault and a depressed area lies immediately south of the fault,
The knob has ¢reated 4 constriction in the water-bearing materials and
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probably ls the cause of the rising water that has been reported in the
past near lo# Felis Boulevard,

Smaller Unnemed Faults, In the Sunland area, which is adjacent
to Big Tujunga Wash, there 45 an offset in the nomwater-bearing formations
below the valley £ill amounting to abowt 30 feet (Plate S5F). The location
of this offset is in well grid coordinates 1983 (Plate 6). This feature
may be due to faulting which is evident in the hills to the northeast and
southwest of this feature, Thls Teature has also caused & ground water
cascade of gimilar magnitude in the water-bearing materials,

In the weetern portion of the San Ferriando Subarea, therve are

several faults which may or may ot have an effect on the movement of
ground water in the vicinity of Devonshire Street and Topanga Canyon
Boulevard (Plate l;), The most prominent of these faults extends north-
easterly beneath the valley £111, This fauli has displaced the nonwater-
bearing materials forming a ground water cascade on the order of 80 feet
in height. The ares is underlain at shallow depths by Cretacecus
sandstones northwest of the fault and by the Modelo shale at. greater
depths south of the fault. There 18 a small northwesterly-besring fault
inferred in the water-bearing series paralleling the Northridge Hills
Pault Yo the northeast and extending into the nonwater-bsaring Gretaceous
sandstones to the northwest. The existence of such a feature is subatan-

tiated by the difference in ground water levels in this area,

=38=



Faults have affected the movement of ground water within the
Upper los Angeles River area by formation of ground water cascades as &
result of offsetting nonwater-bearing series; by Forming relatively
impervious gouge along fault planes during movement; by folding strata so
that their position is unfavorable for the percolation of water through
them; and by the tilting associated with fault movement which has caused
a raduced cross-sectional area for underflow,

The dominant fold structures affecting the storage and flow of
ground water in the San Fernando Valley are located in the northern portion
of the valley and delineated on Flate k., Other folds have little or no
effect on the ground water and no extensive study was made of them,

The Iittle Tujunga syncline (Plate 5J), located between the Verdugo
Mountains and the San Gabriel fanlt, is one of the principal structural
features along the north edge of the valley, The effects of this feature on
‘the movement of ground water are of interest in the Sylmar Hydrologic Subarea
and are discussed under the description of that subarea, 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 may have been overridden by the
erystalline rocks along the Hospital Pawlt. Condinuing westward, the axis

changes to a southwest trend paralisling the northeastern end of the Santa
Susana fault, The dip of formations along the south limb ranges fiom 25 to
80 degrees; the north limb is very steep to overturned and has minor folds



superimposed on it. Saugus beds are overturnsd in séveral places along the

Lopez fault, particularly in upper Lopsz Canyon (see Plate 5J). Overturning
of the Saugus formation also oceurs along ‘the Sunland fault where the north

limb of the symcline has been almost completely citt ocut by the fanlt.

The anticlines and synclines associated with the Northridge H:LlLs
fault undoubtedly affect the movement of ground water; however, the axtent
of the effect is unknown due to an absence of wells. A small anticline is
located in the southeast portion of the Mission Hills. This fold may be
related to movement on the inferred Mission Hills thrust fault and as a
result may not extend under the alluvium easterly of the hills,

Cdr_nféggﬂtion_of the Base of the Valley Fill

The configuration of the base of the valley £il1l is shown by the
generalized contours on Flate 6 and by means of geologic cross séctions
which ave indexed on Plate 5. The bass of the valley f£111 was determined
by plotting the elevation of the nonwater-bearing materials indicated by
varions well logs thronghout the area of investigation,

The contours on the bage of the valley £i11 (Plate 6) in the
western portion of the San Fernando Subarea (Plate 5 and pages L6 to 50)
in the vicinity of Arroyo Calsbasas and southerly of Bell Creek indicate
the existence of an old drainage system. 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 Rellroad (S.P.R.R.),
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The depth of water-bearing material is unknown in the central and
eastern portion of the subarea, bubt 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 Stireet, The cause of this feature and
its relationship to the geology of the area are unknown.

In the vicinity of the confluence of Verdugo Wash and the Los
Anpeles River, the depth to nonwater-bearing material rapidly decroases as
the los Angeles River enters the Los Angeles River Narrows. The reason
for this rapid change in the bedrock profils is not known; however, it has
been postulated that this feature is caused by a westerly extension of the
Bagle Rock fault or an unnamed fault, the scarp of which was modified by
erosion prior to burial. This feature is located in well grid coordinates
3914 and 392l on Plate 6.

The Elysian Hills anticline, which is located on the southerly
side of the Ios 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
Los Angeles Narrows area. Thls 'reversed gradient! feature shovm in
profile on Sechion M«M', Plate SE, indicates that the base of the water-
bearing materials is lower in elevation near Colorade Boylevard than at
Figueroa Street or Gage F-57. This is also shown by contours on the base
of valley £i11 on Plate 6, Another possible explanstion of this feature
is that the Arroyo Seco flowed northerly into the San Fernando Subarea
for a period of time in the mid-Pleistocene, as postulated by Homer Hamlin



in United States Geological Survey Water Supply and Irrigation Paper 112
(1905).

The Sylmar Hydrologic Subarea (Plate 5 and pages 51 te 55) is
almost entirely underlain by the folded Saugus formation which extende to
great depthe. Immediately below the Sangus formation is the nonwater-
bearing Repetto formation which is exposed in both banks of Pacoima Wash.
at, the Pacoima siubmerged dam, located in tvhe vicinity of well 5989A.

‘Thess outcroppirigs and their westerly extension constitute the sastern
portion of the southern boundary of the subarea. In the Mission Hills and
possibly in the adjacent portion of the Sylmar Hydrologic Subarea, the
Saugus formation is underlain directly by the Pico formation. The Repetto
formation dips approximately 70 degrees to the north and drops rapidly in
elevation under the water-bearing materials.

Comtours of the base of the valley f£i11 (Plate 6) in the Verdugo
Hydrologic Subarea (Plate 5 and pages 55 to 58) show several interesting
features, The most important of these is the existence in the Basement
Complex of the buried erosion channel of an ancestral Pickens Wash draiming
eagterly into the Monk Hill Basin (Plate 35). TUnder low water table condi-
tions this Wuried channel carries all tributary percolating water to the
Monk Hill Basin., Under high water table conditions the southwesterly
bedrock ridge, which is the westerly bank of the buried erosion channel,
has been overtopped and it is therefore believed that percolation in a
westerly direction has occurred.

A second important feature is the depression in the buried bed-
rock surface in the vicinity of well 5058J. The bedrock elevation in this
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depression is some B0 feet lower than the lowest bedrock surface in the
tiouth of Verdugo Canyon. This depression may be due to displacement on
the La Crescenta Valley fault. Maximum depth of water-bearing materials
is about Sl feet at Verdugo well (3963) adjacent to the Verdugo submerged
dam, while upstream approximately 1-1/2 miles the depth of £ill material
has ‘increased to & maximum of 190 feet.

The configuration of the base of the valley £ill in the Eagle
Rock Hydrologic Subarea (Plate 5 and pages 58 to 81) is not shown in
detail on Plate 6 due to the small area invelved and to the 100-foot
cortour interval which was wtilized on the plate. A more graphic repre-
geritation of the valley £i11 in the subarea is shown on Geologic Cross
Section S-8! on Plate 5H. This section shows the deepest portion of the
£i11 in this subarea to be located in theé vicinity of the Raymond fault.
The configuration of the base of the valley £ill along Colorado Bowlevard
in the subarea 1s noi known; however, the depth to bedroek at a well
located just northwest of the imtersection of Colorado Boulevard and Zagle
Rock Boulevard was stated as 140 feet (well No. 333, U.S5.0.8. Waber Supply
Paper 219 field notes). The depth to the nonwater-bearing Topanga formation
near the Raymond fault is about 200 feet,

Deseription of Hydrelogic Subareas

The valley £1i11 area of the Upper Los Angeles River area
comprises with a few minor exceptions, the areal extent of all Reecent
alluvium and Older alluvium known t¢ have been Baturated or to. overlie

water-bearing materials. Isolated areas of Savgus and Recent alluvium in



upper Little and Big Tujunga Canyons, as shown on Flate l, have been
excluded from the valley £ill area because of lack of information on
water-bearing properties, minor extrastions and isolation from the

main ground water body, The valley fill boundary was mapped on 7h-minute
U.8.0.5, quadrangles from field chaervations and other available
information concerning extent and thickness of water<bearing materials.
This boundary was generalized across the mouths of minoy eanyons to
exclude thin tongues of alluvium which would not contain any apprecisble
amounts of ground water in storage. The valley f£ill boundary so deter-
minéd is delineated on Flate 5.

Both the Basement Complex pre-Quaternary sediments and
voleanics, shich are known to underlie the walley £ill area, are deep~-
seated and relatively imwpervious and any contribution by ground water
movement from them must therefore be swmall. This investigation has not
revealed evidence of any appreciable subsurface inflow from these rocks
although records of extracticns from wells in these rocks indieate the
existence of small amounte of watér therein., Wateér elevations in wells
and water inflows encountered in tunmels attest to the faet thet where
water surfaces exist in these materials they are at elevations sub-
stantially higher than the water levels in the valley fill areéas. The.
#ield from these rock formations is apparently limited because of the
very small specific capacity of wells in these materials, ranging firom
0,036 to 0.38 gallons per minute per foot of drawdown as compared to a



rangs in specific capacity for wells located within the valley f£il1l of from
three to more than 26} gallons per mimite per Loot of drawdevm.

The sforementicned valley fill aresa of the Upper Los Angelss River
area, sxclusive of the portion of the Monk Hill Basin located thersin, has
been divided inte four hydrologic mibireas: San Fernando, Sylmar, Verduge
and Eagle Rook, cemtaining 112,047, 5,565, L4;400 and 807 acres yespectively.
The total vallsy £111 area, including the 509 sores in the Menk Hill Basin
portion, i 123,428 acres. Each of these mibareas hus been defined on the
basis of the existence of an apparent impairmsut of grownd water flow from
one to the other, caused by man-made works and physiegraphic or geclogis
features. The boundaries of the varions subarsas are slkoim on Plate 5.

The source of ground water supply in the Upper Los Angelées River
area is percolation of rainfall, surface runoff from adjacent valley areas,
and hil) and mountain areas, spread waters, imported waters, and possibly
some underground percolation of wateér from the mountain masses to the allu-
vium., Supply from this latter possible source is believed to be minor for
the rsasons herstofors stated and is not feasible to evaluute, Disposal of
the supply, other than by export, evaporation from reservoirs, consumptive
use and surface runoff, is by underflow out of the area at the Loz Angeles
Harrows and in the Pickens Canyon area. These amounts ave relatively small
snd smount to an mverage of 34O and 300 acre~fest per year at the lLos
Angeles Narrows and from the Pickens Canyon areas, respectively.. Deter-
minations of these amounts are discussed in detail in Appendix P snd
annual values tabulated im Chapter V.,



San Fernando Hydrologic Subarea
The boundaries of the San Pernande Hydrologie Subarea, as shewn
on Flate 5, are the alluvial contacts with the nonwater-bearing series

aleng the San Rafael Hills and Verdugo Mouritains on the emst and northeast,
the Santa Susana Mountaing and Simi Hills on the northwest and west, and
the Santa Monica Mountains on the south, The Los Angeles River Narrows
area, also part of the San Fernando Hydrolegic Subarea, is bounded on the
east by the allnvial contact with the San Rafael and Repetio Hills and .on
the west by this contact with the Elysian Hills. The southern boundary of
this subarea has been established at Los Angeles County Flood Comtrol
District gaging station F~57, swhich is about 300 Peet upstream from the
Fipueroa Place (Dayton Street) bridge. The San Fernande Subatea is
separated from the Sylmar Subarea to the north by the sroded south limb of
the Little Tujunga syncline which causes a break in the water surface of
about L0 to 50 feet, This latter boundary is discussed in detail under
the Sylmar Hydrologie Subirea,

The portion of the San Fermando Hydrologic Subarea westerly of
Pgcoima Wash is generally composed of valley £ill materials that have 4
high clay content, whereas the portion that lies sasterly of Pacoims Wash
is generally composed of coarse depogits of santl and gravel. The valley
£i1} westerly of Pacoima Wash is essentislly fine-grained material derived
from the surrounding sedimentary rocks, This material transmits waber
at a relatively slow rate, whereas easterly of Pacoima Wash the materidl
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is composed of coarse detritus eroded wainly from the granmitic Basement
Complex of the San Gabriel Mountains and tranemits water at a relatively
rapid rate. The eroded debris of the rastern portion is generally very
goarse; in places boulders up to thvee feet in diameter are relatively
conmon, The deposits are essentially sand and gravel with some fines
in the interstices. These materials constitute about ocpe-third of the
surface area of the ground wvater reservoir and contain approximately
two-thirds of the ground water storage capacity of the San Fernando
Hydrologic Subarea. Transition from the fine-grained materials in the
western portion to the toarse-grained materials in the eastern portion
is dapicted on Section M-M' on Flate 5E,

4An area of high ground water level is present in the western
portion of the hydrologic subarea. The area is bounded on the east by
Reseda Boulsvard, on the south by the Los Angeles River and to the west
by De Soto Avenue. The northern boundary is scmewhat L-shaped following
Saticoy Street to the vicinity of Tampa Avenue then northerly to¢ Parthenia
Street, This area vas studied hy the United States Department of
Agriculture Soil Conservation Service, Research, during the period 1947
‘through 1950 and is further discussed In Appendix L.

The aforementicned investigation pointed out the following:
water level fluctuations in the piesometers installed by the Soil
Conservation Service are ¢yclic with precipitation; these water levels
also respond to irrigation water applied in execess of the consumptive use;
and deep artesian snd/or pressure wells within the area apparently lsak
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into the shallow zone to the extent that small ground water mounds are
developed -around certain wells, The source of the confined water derived
through these wells appears to be from aguifers in the older maberials
which pretumsbly underlie the alluvium at relatively shallow depths and
are recharged by precipitation,

Because of the existence of more permeable gravel stringers in
the fine-grained deposits found in the western portion of the subarea,
small localized pressure effects can be cbserved, These gravel stringers
represent the former stream charmmels which have braided over the fine-
grained deposits and in turn have been buried by additional fine-grained
material,

The eastern portion of ‘the San Fernando Subarea is composed of
very permeable deposits. Tt is in this area that the majority of the large
pumping plants are located. In addition to the pumping plants of the City
of Los Angeles, shown on Plate 21, the Cities of Burbank and Glendale also
exxtract large quantities of water from this portien of the subarea, The
purping patterns existing in 1930-3L and 1957-58 are shown on Plates 31A
and 31B, respectively. This heavy conceniration of pumping iz reflected
by the large depression in ground water levels oceurring in the area during
the period 1944 to 1958, as indicated on Plate 33.

The water~bearing deposits of the Los Angeles River Narrows are
very permeable, The Uity of Los Angeles has two pumping plants in the area,
Due to heavy pumping, large depressions or pumping holss have been created
in the ground water surface. The largest of these pumping depressions is
loegted at the bend in the Los Angeles River where the river begins its

southerly course through the Narrows, This well field; called the Grystal
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Springs well field, along with the City of Glendale's Gpandview wells
immediately north of the Cily of los Angeles' Crystal Springs well field,
have created the ground water depression indicated by the ground water
contours shown on Plate 30. The heavy pwnping of the Pollock well field
of the City of Los Angeles has causad a second such depression to develop
during 1959 and 1960 and has caused 3 reverssl of the ground water gradient
in the Ios Angeles Narrows.

Rising water which has eccurred historically in reaches of the
Los Angeles River along the south side of the valley is due in part to the
reduction in the cross-sectional area of the water-bearing material as the
stream approaches the F-57 gage. The maximim depth of water-bearing mater-
ials at Huron Street {Gage F-57) is about 110 feet, whereas the maximum
depth at the Pollock well field is 260 feet. A eomparison of the two areas
is showm by sections K-K' and L-L' on Plate 5D.

Ground water moves in the direction of the hydraulic gradient or
slope of the ground water surface from arsas of recharge to points of dis-
charge. General direction of ground water flow is from the reacharge areas
in the dlluvidl cones along the edges of the valley Fill toward the dis-
charge area in the los Angeles River Narrows.

Pumping large quantities of water for municipal uses has greatly
modified the predevelopment condition in the eastern portion of the Ssn
Fernando Subarea with respect to the depths to water, hydraulic gradients

and local direction of grouhd water movement.
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Ground water elevation contours for the fall of 1931, 1938, 19LL
and 1958 are shown on Plates 27, 28, 29 and 30, respectivély. These con-
totrs were based upon the wateér level measurement data which were collected
from the various parties and the Los Angeles County Flood Control District.
The depths to water at the wellg have been converted to elevation above sea
level (U.5.G.S. datum) by subtracting them from the surface elevation or
reference point elevation obtained by direct surveying methods or by
interpolation between contours on U.S.G.5. 7i-minute quadrangles. The
ground water contours are solid where a satisfactory degree of contrel and
accuracy exists and dashed where there is a paucity of informaticn. The
notations “area of no control” and "area 6f poor control" are in wvalley 411
areas where there are insuffiecient measiremeénts or lack of well information
from which to draw satisfactory comtours.

The subsurface outflow from the San Fernando Subarea averaged
about 3L0 acre-feet per year during the 29-year base period. A detailed
discussion of this item is contained in Chapter V and Appendix P.

Waber level fluctnations in the subarea are depicted by the
hydrographs of wells considered generally representative and are shown on
Plates 3LA and 311‘73.
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The Sylmar Hydrologic Subarea comprises the area ehclosed by the
boundary of valley f£ill contacting the San Gabriel Mountains on the north,
the Mission Hills on the southwest, the Upper lopez Canyon Saugus formation
on the east along the east bank of Pacoima Wash, and the eroded south 1imd
of the Little Tujunga syncline on the south. The boundary of this subarea
is delineated on Plate 5. The topographic divide in the valley £il1l lying
between the Missior Hills and San Gabriel Mountaine has been utilized as
the subarea boundary because of lack of data with which to determine the
ground water divide.. Although the sastern boundary has been taken as the

-east bank of Pacoima Wash, it is possible that movement of ground water in

a westerly diraction can occur in the Saugns formation from the Upper lopez
Canyon and Upper Kagel Canyon area which lies immediately to the sast of
Pacoima Wash. Available data are insufficient to evaluate this possible
movement; however, if such movemeént does occur it is believed to be minor
in amount because of the small tributary drainages &nd rain consumption of
native cover. The southern boundary of the subarea is taken along the
contact between the Saugus formation and underlying Repette formation in
the vicinity of Pacoima Wash, thencé westerly to the intersection of

Foothill Boulevard and Fernmont Street, thence in a seuthwesterly direction

following the break in the grownd water surface, as defined by the test

drilling performed during the course of the investigation. This bowndary
intersects the Mission Hills immediately southeast of ithe Mission well

field.



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, {See Plate 5/ for Block Diagram) which is 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. over~
turned. This syncline has been truncated by erosion &nd covered by a
relatively thin blanket of Older and Recent alluvium. The southeastérn
boundary of the subarea, as hereinbefore noted, is formed by the steep
northérly dipping beds of the nonwater-bearing Repetto and Pico formations
that are part of the same synclinal structure. The Repetio 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, Thése strata contimie westerly under the coyer
of the Older alluyium and are exposed in roadcuts near the intersections
of Gladstone Avenue and Maclay Avenue and Foothill Boulevard and Fernmont
Street [see Figure A<l for styeet locations).

The valley fill material in the gap between putcvops of nonwater-
bearing materials extending from Foothill Boulevard to Mission Nills
containe a very marked discordance in water levels. In order to more
accurately locate the break in the water surface and the eroded south limb

of the Little Tujunga syncline, 20 bucket auger holes were drilled, Nine
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of the twenty holes were drilled under the direction of and at the expense
of the City of San Fernando, five by tha City of los Angeles, and ths
remaining six by the Referse. Representatives of the Referce were present
at the drilling of all holes and prepared detailed logs of each boring.
The locations of the test holes are shown on Figure A-1 of Appendix 4, and
relative looations of the formations are shown on Section H-H!' {Plate 5¢)
and Sylmar Notch (Plate 5H)., The logs of the test holes are included in
the well log section of the basic data. The boundary of the subarea was
delineated in the gap area on the basis of water lewvels,

The analysis of available water level dabs, 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 ‘o the southeast of the break., (See
Plate 30),

2, Water levels northwesterly of the break are related to the
eroded ‘ends of confined aguifers in the Saugus formation,

3. Waber levels southeasteérly of the break are free ground water
levels and are associated with coarse alluvial deposits which had the
Pacoima drainage as a source ared.

k., The discordance in water levels is related to the eroded

south flank of the Little Tujunga syntline which has been covered with a

thin veneer of alluvium..

5. Subsurface flow from the Sylmar Subarea into the San Fernando
Subarea oceurs only &b two places; namely, the Sylmar and Pacoima Notches
(see Plates 5 and 5H). There is hydraulic continuity betwean the confined
aquifers and the veneéer of alluvium that overlies the sroded south flank of
the Littls Tujunga syncline.



6. Contimuity exists between the Sylmar and San Fernando Subareas
through thée 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 caised by a fault but is
a steep gradient which is similar to that found in a ground water cascade.

The average underflow from Sylmar Subarea to the San Fernands
Subarea through the Pacoima and Sylmar Notches is estimated at 160 and 40O
acre-feel per annum, respectively, during the base period. The Pacoima
submergéd dam which is located at the Pacoima Notch was constructed in 1888,
Prior to its construciion and under conditions equivalent to those occurring
during the base period, it is estimated that 350 acra-Fest per anrmim would
have moved southerly from Sylmar into San Fernando Subares through the
Pacoima Notch. It is therefore concluded that when the Pacoima submerged
. dam was not in place theére was less opportunity for the underflew of Pacoima
Wash to move westerly within the Sylmar Subarea.

The information obtained from the test holes was necessary to
evaluate 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 faet that there are historic records of artesian flows for the
Mission well field of the City of Ios Angeles and the City of San Fernando
well field at Fourth and Hubbard Streets, indicates that confined water
exists within the Sylmar Subarea. The existence of an area of free ground
wateér betwaen the aforementloned well fields was aleo determined during the
test drilling, All wells in the subarea, however, derive their water
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supplies from the confined aguifers of the Saugus formation, In 12 of
the test holes, the Saugus formation was penetrated before satursted
materiels were reached,

Thers was & decline in water levels in the free ground water
area coincident with heavy pumping of the Mission well field, Therefore,
on the basis of the short period of record available (sinee December 1958),
it appears that the free groind water area is in hydraulic contimiity
with the confined aquifer system.

The exact location and extent of the forebay or recharge area
for the confined aquifers are not definitely known; however, the porous
-alluvial materials in tlie Pacoima Wash are in & favorable position ta re-
charge along the strike of the westerly plunging aquifers of the Saugus
formation. These aguifers are in contact with the stream gravels in the
incised and backfilled portion of Pacoima Wesh. These permeable deposits,
which are 50 to 60 feet in depth, hold wabter behind the submerged dam,
increasing the possibility of percolation into the aguifers of the Saugus
formaticn. Ground water elevstion coptowrs (Plates 27 through 30) indi-
cate that there is a slope of ithe water surface from Pacoima Wash toward
the lover porticn of the subarea where the majority of extractions are
made.

Water level fluctuations within Sylmar Subarea during the base
period are represented by hvirographs of wella 5939, 5969 and 59894,
vhich are shown on Plate 34C.
wmmgg.c Subarea

The Verdugo Hydrologic Subarea, as shown on Plate 5 s is located

in the northeastern porticn of the San Fernando Valley, It is a nmarrow
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alluvial-filled trough bounded by the a_lluvia?. cantact with the nonwater-
bearing hill and mountain groups. This contact is against the San Gabriel
Mountains on the north, the Verdugo Mountains to the south and west, and the
San Hafael Hills to the southeast. The western boundary has been taken as
the topographic divide between the drainage area that is tributary to Big
Tujungs Wash to the west and Verdugo Wash to the east. Location of the eastern
hydrologic boundary is variable dependent on whether ground water levels are
higher or lower than the bedrock ridge westerly of Pickens Canyoh de described
on page 42, Geologic cross sections 0-0', P-P' and Q-Q' on Plates 5F and 5G,
and contours showing the elevation of the base of the valley fill on Plate 6,
indicate that bedrock to thé east of Pickens Canyon is lower than this ridge
and that a buried ancestral) Pickens Canyon channel slopes to the east,

Avajlable ground water elevations indicate that the bedrock ridge
diverts ground water to the east under low water table conditions as existed
in the fall of 1958, (see Plate 30) and is the ground water divide under these
conditions., During high water table periods, such as oceurred in 1944, (see
Plate 29) ground water levels are above the ridge and water would also flow
across the ridge into the Verduge Subarea. The ground water divide under this
condition would be situated to the east of Pickens Canyon toward the location
of the watershed boundary of the Upper Los Angeles River area., Because of
this variation in actual location of the ground water div&de, depending on
water table elevations, the location of the Raymond Basin Reference boundary
(i.e, & 1ine extending southerly along the east bank of Pickens Canyon to
Foothill Boulevard, thence easterly along Foothill Boulevard to the edge of
the valley fill, see Plate 5) was adopted as the eastern hydrologic boundary
of the Upper Los Angeles River area and the Verdugo Hydrologic Subarea..
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The ground water elevation contours in Verdugo Subarea shown on
Plates 27 to 30 indicate s movement of ground water in a southerly direction
from the mouths of canyons in the San Gabriel Mountains toward Verdugo Canyon.
The surface and subsurface drainage from the Verdugo Subarea would thus naturalily
flow southerly through the relatively long and narrow Verdugo Canyon into the
San Fernando Hydrologie Subarea. The houndary between these subareas has
been taken at the submerged dam of the City of Glendals, The submerged dam
which was originally constructed in 1895 was reconstructed in 1935 iwhen the
Verdugo Wash Channel was improved, The dam, as rebuilt, is shown in profile
on Plate 5H, The effect of the dam is discussed in Appendix P,

The water-bearing materials of the Verdugo Subarea are surrounded
ty & complex of granitic and metamorphic rocks which have been highly
fractured, This Basement Complex yields only small amounts of water to
springs and tunnels from fracture systems which in turn are supplied by in-
filtration of precipitation. Nine tunnels drilled into the Basement Complex
in the Verdugo area were observed to have flows ranging from 4 to 30 gallons
per mimite with an average flow during September 1959 of 20 gpm,

The valley £il1l is composed essentially of coarse ditritus which
has been deposited in a series of coalescing fans. The principal source
area has been the San Gabriel Mountains, Well logs indicate a fairly high
content of sand, gravel and boulders; however, numercus ¢lay designations
in well logs indicate that there is considerdable clay in the matrix of
some of these materials., Well log information indicates that the material
in the area north of Foothill Boulevard has a lower specific yield than
elsevhere in the subirea with the result that wells in this area have a mch
smaller specific capacity than those located in the southerly portion of the
subarea,
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Most of the ground water extractions in the Verdugo Subarea are
by wells of Crescenta Valley County Water Diatriet located along the south-
wepgt side, by wells of the City of Glendale at the Glorietta well field
{see Plate 31A), in Verdugo Canyon, and by the Verdugo submerged dam and
Verdugo well (3963). Studies described in Appendix P indicate that the
subsurface outflow from Verduge Subarea to San Fernando Subarea has become
very small in magnitude as & result of the diversion and pumping at the
submerged dam by the City of Glendale.

Water level fluctuations within the Verdugo Subarea during the
base period are represented by the hyidrograph of well 5058 shown on Plate 3i4C,

The Eagle Rock Hydrologic Subarea, shown on Plate 5, is located
in the eastern portion of the Upper Los Angeles River area, adjacent to the
east side of the Los Angeles River Narrows. The subarea is bounded by the
valley fill contact with the nonwater-bearing materials of the San Rafael
Hills on the north and west and the Repetto Hills to the east and south, with
the exception of the small alluviated area on the southeastern boundary of
the subarea whi¢h has been taken as the topographic divide. &Il sarface.
drainage easterly of the topographic divide in this alluviated area is
tributary to the Arroyo Seco via the Avenue 50 storm drain, Little subsurface
flow enters the Eagle Bock Subarea at this location due to the limited cross-
sectional area, low permeability materials and a very flat hydraulic gradient
through the valley f£ill materials from east to west,
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The surface drainage within the subarea flows generally toward
the alluviated area between the San Rafael and Repatto Hills, then soith-
westerly to the Los Angeles River. Glassell Cresk, a tributary to the
Los Angeles River, drained the area prior to urbanizatién and the instale
lation of drains, Spot measurement made by J. B. Lippincott from 1898
through 1900 show a maximme discharge of 1,35 second-feet for (lassell
Creek at the Los Angeles River.

The southeyn boundary of the subarea has been taken to be:
along the buried trace of the Raymond fault zcne. Southerly of the fault
zorie the nonwater-bearing Puente formation is at or near the ground surface.
The total drainage area of the subarea above the Raymond fault zons (see
Plate 4) is about 2,910 acres, Of this total 807 acres constitute valley
Fill area.

There 1s no direct hydriulic connection indicated between the
ground water in the main aguifeér of the subaréa and the ground water in
the Los Angeles River Narrows, The subarea is an artesian basin (see
Section S=8', Plate 5H) in which all presént day pumping is losated at the
lower end of the pressure ares in the vicinity of well 3987F, This well
develops about 22 feet of artesian head over week ends when there 18 no
pumping. It should be noted that in the computation and deseription of
hydrologic items of supply and disposal, the Eagle Rock Subarea has been
combiried with the San Fernando éubjgrea.

The water=bearing mt-e:-*i:ls are essentially composed of older
alluvial deposits of sand, gravel and considerable clay, Recent alluvium



oceurs only as a thin veneer along stream channels, There is no surface
indication that movement on the Raymond fault zone has affected the Older
&lluviun in the subarea although this has occurred to the east in the
Raymond Basin. Bome movement, with the direction of the throw being
reversed, must have ocourred after the deposition of the gravelly aguifer
materizls to cause the change to the essentially fine-grained materials

of the upper aguiclude., The lower aquiclude and aquifer terminate
abruptly against the nonwater-bearing Puente formation south of the Raymond
fault zone. The upper agiiclude may not have been affected by faulting and
may exbend southerly of the fault zone: The pressure area extends
northerly from the fawlt zone toward Colorado Boulevard, Hydraulie
continuity exists between wells that aré located immediately north of the
fault and a well which is 3,000 feet north of it in the pressure area. A1l
wells located within the pressure area, estimated at 250 acres in extent,
have had a hisbtoric récoird of artesian flows, There are no wells with
water level measurements within the forebay or recharge portion of the
subarea,

The Bagle Rock artesian system is supplied from percolation of
runoff and deep percoldtion of applied water intc the forebay area, This
area extends along Colorade Bouleverd and easterly of Eaglé Rock Boulevard
along Yosemite Drive, These waters recharge the pressure agquifer which
has lost about four feet of pressure head since 1941 (measured at well
39868B).
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The ground waters in the Eagle Rock Subarea move southerly from
the forsbay areas irnto the pressure area, The direction of movement within
the pressure agquifer is southerly to the vicinity of the pumping wells
located above the Raymond fault. There is présently no known subsurface
escape of gronnd water from the pressure agquifer.

Water level fluctuations in the Eagle Rock Subarsa are represented
by the hydrograph of well 3986B, which is shown on Plate 3iC.

pecific Iield of Water-Bsaring Materiils

To select specific yield values applicable to the various waterials
described in driller's legs in the Upper los Angeles River area;, the Referse
evaluatad previous investigations and presently availsble data. A direct
measurement of specific yleld by laboratory methods was not considered feasi-
ble due to time limitation,

The specific yield of water-bearing materials is defined as the
volume of water drained by the force of gravity from a saturated material
over a reasonably long period of itime, expressed as a percentage of the total
yolume of the saturated material.

The specific retention of a materdal is the ratio, expressed ds a
percentage, of the volume of water which will be retained by the material
against the force of gravity %o its own volume, The sum of specific yield
and gpecific retention thus equals the total porosity of the saturated
materisls.,

The particle size is an important textural elémemt in fragmental
materials becanse it iz related to the dynamic conditions of transportation
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and deposition. The most common method of measuring particle size is by
sieving, This method consists of taking a sample, a sand for example, and
shaking it through a series of sieves, The particles are sorted into size
groups controlled by the openings in the sieves. The Wentworth grade scals
(1922) provides a means of standardizing terminclogy. Wentworth's grads
scale is used by the majority of sedimentologists. This is a geomstric
scale which is well adapted to the description of sediments because it
glves squal significance to the ratios of sizes, regardless of whether
these ratios cceur in gravsl, sand, silt or clay. The difference of a cen-
timeter in the size of a boulder is negligible, whersas & difference as
small as one micron in the size of a clay particle may be emough to doubls
or halve it.

The original work on specific yield reported wpon in Bulletin L5¥
utilized the Wentworth system for describing the warious particles. This
system has also been utilized in the present investigation. The following
tabulation shows the grade limits of the various materisl claseifications
by Weniworth size class and the comparadbls nomenclature used in this
investigation:

# See Appendix A



WENTWORTH'S PARTICLE SIZE CLASSIFICATION

OGrade Dimits Grade Limite
(Diametez-s (nmeter,s
Above 256 Boulder Medium sand
286-128 large cobble Fine sand
128-64 Small cobble Very find sand
6li-32 Very large pebble Coarse silt
32-16 large pebtble Medium silt
16~8 Medium pebble Fine silt
8 ‘Small pebble Very fine silt
h-2 Gramile Coarse ¢lay
2-1 Very coarse sand Medium clay
1-1/2 Coarse sand Fine clay

After consideration of available information in previous investi-
gations, values similar to those used in Bulletin L5 were adopted ag being
the most representative of the area of investigation. The reasons for
minor modifications of the Bulletin LS values and the methed developed sare
diseussed in Appendix D,

The specific yleld values utilized in this investigation ave as

followss:
o Specific ylelg,
Material in_percent
Clay 3
Silty clay 5
Clayey sand 4
Fine sand 16
Meddvm sand 21
Coarse sand 26
Fine gravel 26
Medivm gravel 21
Coarse gravel p 1



CHAPTER 1V, WATER SUPPLY,
UPPER 10S ANGELES RIVER AREA

This chapter contains evaluations of the gross water supply
of the Upper Los Angeles River area from all sources, which satiséiés
in part the reguirements of paragraphs I, 2. B., I, 2. F. and T, 7.
of the Order of Reference, Included are the amounts of precipitation
and import, the historic quality of native and imported waters in the
Upper Los Angeles River asea, and the selection of base study perieds
used in determining the safe yield.

The gross water supply to the Upper Ios Angéles River area
comprises precipitation falling within the watershed and imports
through the Colorade River and lLos Angeles Aqueducts. The water
supply available for ground water recharge is derived from precipita-
tion on the valley floor, runoff from preecipitation on tributary hills

and mountains, and imports.
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Precipitetion in the Upper Los Angeles River area i1s genepally
in the form of rainfall with snow occurring ab times on the higher ridges
of the San Gabriel Mountains. Precipitation varies noticeably with eleva~
tion and topographic influence as well as from season o season. The mean
seasonsl precipitation varies from about 1l inches at the western end of
the valley to about 35 inches in the San Babrisl Mountaine. Precipitation
in maximun seasens may be over twice the mean weasonal rainfall while in
minimum sezsons it may be orly one-half the mean, On the average, approxi-
nately 80 percent of the anhual rainfall oecurs during the four winter
months of December through Mareh,

Precipitation ﬂhara-cteristica-

The greater portion of winter precipitation is derived from rain
storms which move inland from the Pacific Ocean, The storms, cyclonic in
nature, generally originate in the North Pacific and approach the Pacific
Coast moving generally in southeasterly and easterly directions, The storm
canters most frequently feach the coast north of San Francisco and in such
instances may cause only moderate preecipitatien in South_‘am California.
However, storm centers which strike the coast farther south often bring
intense precipitation to Southern Califormia. Tropical storms which origi-
nate in the South Pacific alsc can bring rain to the Los Angeles area, These
storms are lrregular in occurrence and the resulting precipitation varies
considerably, often bringing warm and heavy rain, Duringthe summer season
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thunderstorms have occurred in the mountains and although the precipitation
may be of high intensity the areal extent of such storms is uswally small,
Occasionally during the late summer season iropical air from Mexico moves
northward and produces hedvy but short duration showers over the moumtain
portion of the Upper Los Angeles River area,

The United States Weather Buredu has reported the distribution
of rain* as follows:

In the case of the Los Angeles area, the orographic
barrieras determine to a great extent the general distribution
of the highest amounte of rainfall., In the ten major storms
there was some variation in the location of the highest centers
of rainfall, but there was little variation in the location of
the 10,000 square mile area over which the maximim precipitation
ocourred, This fact demonstrates that the orographic features
are the major controlling factors for precipitating the moisture
and determining its distribution over area, However, there is
one important éxception: Intense local rainfall essociated with
the convergent processes of the tyclenic system itself can and
does oecur over any area lrrespective of topography. In the los
Angeles arca this rainfsll usuzlly has a relatively short
duration (less than 12 hours); for longer periods the largest
amounts of precipitation o¢eur over the windward slepes or
ridges, where precipitation continues as long as moist air flows
in any direction thai will foree it up slops.

"Obviocusly, the topography of the reglon is effective in
producing precipitation only when the wind is blowing up slope,
any downslope motion being rain-inhibiting rather than rain-
producing, Also to be gonsidered is the fact that air coming
into the Southern Oaliformia region from a direction other than
between south-southeast (157,50°), and west-northweet (292.50),
clockwise, is either flowing down slope or is considerably drier
than air ecoming from those directions. Examination of all atorms
showed that when the wind was from zny direction outeide this
SSE-WNW range no appreciable rain occurred and therefore all winds
outside this range could be disregarded, except in cases where
a front or marked trough extending in a west-toseast direction
moved southward over Oalifornia, During these conditions
epprecisble rein could oceur in the alr preceding the front or
trough passage even though the iscbars indicated movement of
air from a direction slightly north to west-northwest.n

* Hydrometeorological Report Nunber 21B, tUnited States Department
of Commerce, December 29, 1545,
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The ischyetal map (see Flate 9) clearly indicates the orographis
effects on the distribution of rainfall in the Upper Ios Angeles River area
from storms which predominantly come from southerly and westerly directions.
The mean annual precipitation incresses with increasing elevation on the
windward slopes of the Sap Gabriel and Santa Susana Mountains and ‘then
diminishes on the leeward slopes.

As noted by the United States Weather Bureau, intense local rain-
fall can cccur over any area irrespective of topography. It is poesible
that this rainfall may or may vot be recorded at a precipitation station,
and in either case, bocause of the locsl nature of the rainfall, could
induse sn undeterminable error in the quantiby of precipitation deter-

mined from such reécords,

Quantity of Precipitation

The mean depths of precipitation over the Upper Los Angeles River
area, as shown on Flate 9, are based on the 85-Year Mean Seasonal Ischyetsal
Map for los Angeles Jounty for the period from 1872-73 through 1956-57,
prepared by the Los Angeles County Flood Oonbrol District. The isohyetal
nap ig baséd on 130 master precipitation stations established by the
District, The Ios Angeles and Pasadema precipitation stations have records
thronghout the B5-year period and &1l other mester station records wers
extended to that veriod by methods described in Appendix E.

The 85-vesrmean precipitation was computed by applylng the Ischyetal
Method to the 85-year ischyets within polygons of e Thiessen network. The
‘Thiessen nefvork was constructed by utlliszing 22 controlling precipitation



stations (see Plate 9 and Table E~1) located within the Upper los Angeles
Biver area. A more deteiled discussion of this mrocedure is presented in
Appendix E, The Isohiyetal Method was nsed to compute the 85-year normal
amounts of precipitation rather then applying the normal annual depth of pre-
cipitation at the controlling station over the entire polygon ares because of
the variable effect on occurrence and amount of precipitation resulting from
topography and other influences. Some of these influences, particularly
those causéd by topography, are generally reflected by the ischysts.

The anmual amount of precipitation during any year was computed &s
the product of the index of wetness for that year at the controlling station
(see Table E~5), the normal annual depth of precipitation on the polygon con-
taining the station (as determined from the ischyets), and the area of the
polygen, The controlling station was considered to be represecntative of the
index of wetness at any point within the polygon because the resulting ares
of influence is not large ocompared to the extent of most of the winter
storms from which the major portion of the precipitation is derived,

The ennual amounts of precipitation on the valley floor hydrologie
subareas and the hill and mountain areas were compubed separately and are
shown in Table 1 for the 30-year period 1928-29 through 1957-58. Annual
precipitation in percent of 85-jyear normal is shown in Table 2, It should
be noted that the aversage values shown in Table 2 indicate that the mean
anmal précipitation on the valley floor for the 29-year period 1928-29
through 1956-57 is slightly greater than the B5-year normal; however, the
copbingtion of valley f£i11 and hill and wountain precipitation for this period
is practically the same as the 85-year normal for the total avea,
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‘TABLE 2

ANNUAI, PREGIPITATION "
IN PERCENT OF BS mm um

;. _Valley ¥3i3 svea THI11 and:Upper Los
Year plogic 5t e’ Tohgy Mountain: Angeles
L :Sah Fernando 1 _ylmr Verdugeb : ~ " . areas :River area
1928-29 73 76 75 73 69 70
29-30 75 87 87 s 73 7
1930-31 Sl 99 75 93 82 86.
31-32 124 127 11k 124 117 119
32-33 80 78 76 80 75 76
33-3k 89 88 105 89 80 B3
3h-35 123- 128 128 123 122 123
1935~36 93 82 78 75 76
36~37 1hh 153 1l bk 116 1h5
37-38 153 158 172 15k 158 157
38-39 132 127 112 131 1m 117
39-40 10} 101 88 103 86 91
15ho-11 248 22l 206 2hly 215 22
l-l2 83 78 Th 82 h 77
L2-L3 153 156 176 15h 156 155
li3=bly 15k 7 12 152 Ly 18
Lh-li5 87 M 101 89 9 92
191546 8l 89 83 8l 91 89
L6=47 g2 103 102 93 100 98
li7-L8 48 L9 hs L8 5L 50
1i8-L9 51 61 52 56 55
Lg-50 65 78 7‘6. 66 66 66
195051 53 65 50 54 L8 50
51~52 188 195 1‘?8 188 172 177
52-53 72 76 71 61 6l
53=5l 82 86 9h 83 80 81
si-55 86 81 73 85 Th 77
195556 102 110 93 102 86 91
56-57 80 83 75 80 72 T
57-58 187 178 151 186 161 163
29-Yeay Averagec
1929-57 103.3 106.6  100.2 103.2  97.9 99.5
85-Year Average

1873-57 100.0 100.0 100.0 100.0  100.0 100.0

a, Includes Eagle Rock Subarea.

b. Includes portion of Monk Hill Basin within Uppsr Los Angeles River area.
c. 29-yeéar base period 1928~29 through 1956-57.

d. Normal based on 85-year period 1872-73 through 1955-57.
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Selection of Bass Study Period

The desirsble base study period is cne during which preeipita~
tion characteristics in the Upper Les Angeles River ayea approximate
the 85-year period of record, 1872-73 through 1956-57. A further require-
ment: of such a period is that additional hydrologic information is avail-
able sufficient to permit an evaluation of the amount, occurrencs and
disposal of the normal water supply under recent culture conditions. The
desirable base period includes both wet and dry periods similar in magni-
tude and occurrence to the normal supply, and during shich there are
sufficient measurements and observations to relate the hydrology to
recent culture,

Subsequent to 1927-28, records of stream outflow, culture distri-
bution and water utilization on the walley floor, and ground water levels
at wells are fairly comprehensive and adequate. In contrast, earlier
records concerning these items are available only on a limited basis.
There is a paucity of earlier measurements requirad to determine basin-
wide ground water levels and continuous stream cutflow. .Beeaise of the
aforementionsd requirements and limitations, the selsction of a base
period was restricted to years subsequent to 1927-28.

To determiné the reglmen of occnrrence of rain in the Upper los
Angeles River area, selected precipitation stations on the valley floor
having long periods of record were studied for an indication of periods
with an occurrence of rain equivalent to the normal period. The B5-year

mean seasonal precipitation was used to compute the indices of wetness. for



these selected stations, and annual averages of these indices of wetness

were utilized to construct the cumulative percentage deviation mass diagram

for the Upper los Angelsa River ares, shown on Plate 10,

Comparison of the precipltation trends in the Upper los Angeles

River area with those reflected by the longer record of precipitation at

Los Angeles, Pasadena, Acton and Sawielle Soldiers Home, also shown on

Plate 10, indicates that even thongh the magnitude of the annual deviation

‘varies, the cyclic trends of these four stations are generally in agreement

with the trends indicated by presipitation records within the area.

The 29-yesr period, 1928-29 through 1956~57, was selected as the
base study period for the following reasons:

1. It was a period of normal precipitation during which sufficient records
were avallable for purposes of determining safe yield.

2. It was a representative period of normal precipitation including both
wet and dry periods of magnitude and occurrence similar to long-time
mean supply conditions of 1872-73 through 1956-57. A wet period
occwrred from 1936-37 through 1944-45, and a predeminantly dry period
from 1945-46 through 1956~57, The 29-year period 1928-29 through
1956-57 contains nine years when precipitation was predominantiy sbove
average, that is, 115 percent of normal or greater. These nine years
comprise 31 percent of the 29-year period as compared to 29 years of
similar wetness ocowrring during the 85-year or normal period which
comprise about 3L percent of that period. The average annual amount of
precipitation during the 29-ysar period apgproximates the long-time mean
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having the following average annual deviation from the 85-year mean
expresssd as a percentage thersof:
Valley lands 4+3.5 percent
Hill snd mownitain areas =2.2 percent
Gombined =0,L pereent
3. The years immediately préceding the first and last yesrs of this
period were of below normal wetness, which thereby minimized the
difference of unaceounted-for water in transit to the water table
at the start and end of the périod.
. It includes a period of record of supply and dispossl under condi-
tions of culture which approximate those existing in 1949-50, 1954~
55 and 1957-58, the years during which safe yield is to be deter-

mined.

r Periods

The period 1933-34 through 194B8-49 is of significanca in that
it can be used to check change in storage computations. During this
1é~year period & substantial rise and fall of ground water levels oconrred
with average levels at the beginning and end of the period being approxi-
mately the same elavation.

The 29-year base study reriod contains periods of differing
Practices as to the use of water which are related to change in land use,
economic conditions, living standards and téchnological improvements.
Thus, to propérly evaluate the use of water under current conditions, a
study period during recent years having a rain supply equivalent to the
long-time mean was desirsble. The 9-year period 1949-50 threugh 1957-58



was selected as a specisl study period for the valley floor ares since
the average annual precipitation on the villley floor was 99.7 percent
of the 85-year mean and this period included economic conditions snd
water use practices prevalent during the safe yield years, Hill and
mountsin precipitation and resulting runoff were less than normal
during this same period; because of this the 9-year period was restrict-
ed to evdluation of the effects of rain on culture in the valley.

Bill and Momntain Runoff

The surface runoff from 205,709 acres of hill and mountain
lands contributes to the water supply on the valley £311. The average
annual surface runoff during the base period from these areas was }3,100
acre-feet per yesr. In & dry year such as 1947-48, the runoff from hill
and mountain lands was less than 4,000 acre-feet, while in a wet year such
as 1940-l1, it was approximately 190,000 acre-feet. This wide variation
in the annual amount of rundff is the result of changes in both precipita=-
tion and the retentive characteristics of the watersheds.

Surface runoff from sbout 42 percent of the hill and mountain
areas is measured by two stream gaging stations (Plate 9). They are
located on Pacoima Creek above Pacoima Dam and Big Tujuhgs Creek at Gold
Canyon. The remaining hill and mountain areas consist of swaller water-
sheds at lower elevations. The amount of surface runoff contributed by
these watersheds under native conditions has been estimated by corre-

lating the surface runoff and index of wetness with runoff messurements of
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comparable watersheds located in and near the Upper Los Angeles River area
(see Appendix F). It was determthied from this study that under native
conditions the long-time mean runoff for these watersheds was equal to nine
percent of the long~time mean precipitation. The annual gquantities of
surface runoff thus estimited for these smaller watershede were further
adjusted by applying an annual factor based on the differsnce between the
measured and the estimated runoffs of the comtrol watersheds.

Residential development along the foothills produces a larger

amount of runoff than would hiéve occuired under native conditions., The

amount of inereased runoff was calculated as the difference between
runoff on impervious areas of residential lots, as shown in Appendix L,
and the runoff under native conditions as detailed in Appendix F,

The methods of estimating hill and mountain runoff under
native and developed conditions, as well as the amount of runoff tribu-
tary to waler supply reservoirs, are contained in Appendix F,

Annus) ameunts of surface runoff from h11l and mountain lands
to the hydrelogic subareas and the entire vallsy floor are shown in
Table 3 for the base period. The total amounts shoun include contrib~
utions to water supply reservoirs from this source,



