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CHARACTERISTICS OF SOILS AND THEIR RELATIONSHIP
TO PAST VEGETATIVE AND WATER TABLE CCNDITIONS
IN SAN FERNANDO CIENAGA AREA

Authorization for Investigation

This report was prepared by the Department of Water Resources
in response to a request for technical assistance from the Stabte Water
Rights Board. This request, outlined in State of California Interagency
Agreement No, 60-S5WRB~23 dated December 11, 1959, calls for the

following:

1. Accomplish the necessary field and laboratory work required
o ascertain existence and extent of old swamp conditions in Sylmar
Subarea in vicinity of City of San Fernando, as evidenced by determinations
of proportionate amounts of carbonaceous material and other soils informa-
tion pertaining to such a condition in said vicinity.

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

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

State Water Rights Board including copies of all psrtinent mcasurements
and cobservafions.

Purpose_and Scope of Report

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

conditions in an old "clenaga'™t occcurring near the westerly corner of the

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

1957,
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City of San Fernando (Figure C-1). Soil formation and development proc-
esses are discussed as they relate to morphology of soils found in the
general area. The investigation included a detailed soil survey of the
general area to a 5-foot depth, supplemented by a limited study of
deeper strata to a ll-foot depth. Also included is a discussion and
interpretation of the resuvlts of some 1,700 laboratory determinations
made on 200 soil samples taken in the investigational area. The analy-
ses are included in the basic data section of this report.

In addition, 20 holes drilled in a geclogical investigation of
the area were logged by the State Water Rights Board and were available
Tor study. These data are not included here, but are available in the

Basic Data filed with the Report of Referee.

Soil Formation, Development, and Morphology
in Relaﬁidh’tb:hhé_Ihvéétiﬁationai Area

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

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

(2) climate, (3) relief (particularly as this influences erosion and
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deposition), (L) vegetative and animal life, (5) depth of water table, and
(6) the length of time these factors have been acting together. To these
six factors, in the ca;e of the San Fernando cienaga area, a seventh must
be added-~the effects of man's activities.

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

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

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

In the formation of the surface horizon, referred to as the MA"

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

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

Salts of various kinds accumulate in the soil above the water
table when upward movement exceeds downvz;ard leaching, affecting both
chemical and physical charactt;ristics. The amoynt and kind of salts that

¢-8



[
e

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

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

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

this report.



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

variations in the data.

The Soil Surve_y

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

made on the baslis of soil types, each different separation having a
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combination name giving the series and type, &8 f’Chino (series) fine sandy
loam (type)", "Hanford sandy loam", or "Diablo loam".

Methods

The soil survey was made by examining the soil profile to a five-

foot depth, at a large number of locatlions, by hand boring with an orchard

type auger. Sites for borings were selected to reduce as far as possible
effects of cubs, fills, and other umnatural circumstances. Simple field
teats for texture, structure, color, p:lc'esence of calcium carbonate, etc.,
were applied to each auger full of soil. Information thus gained was
interpreted in terms of soil series and types and was plotted on a large
sesle (1"=L001) aerial photograph. The investigatlon shows that many of
the soil profiles in the vicinity are c-:losely gimilar ‘to soil series
already established and described as occurring under similar gsites in
California by soil:' correlation staffs of the University of California and
the U. S. Department of Agriculture.

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

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

% Transoct--a line drawn across any chosen area, along which, at intervals,
any soil property is measured and graphically presented. See
Reference No. 6, Page 29 (C-33).

<



profile of each transect, with a graphical presentation of significant
chemical data plotted above each hole location. Logs of these holes and
the laboratory déta on the samples are included in the basic data section
of this report. Logs of several deeper holes drilled during a preliminary
reconnaissance of the area are‘also included in the basie data section.

The limits of the survey were arbitrarily fixed by determining
which areas appeared to have been affected by a Wgter~tab1e and'thep
extending the mapping far enough into adjacent unaffected areas to eétab-
lish relationships between the soils. |

Description and Extent of Soils
in the Cienaga Area

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

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

vegetation consists of a relatively sparse cover of grasses and shrubs.
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TABLE C-1

CHARACTERISTICS CF SOILS IN
THE SAN FERNANDO CIENAGA ARFA

TApProXimate: .
Soil type : pzcreage . Characteristics

Soils strongly affected by a water table

Chine fine sandy loam 190 Calcareous throughout, very strong CaC04
in subsoil, high in orgahic carbon,
dark color, dominant soil within cienaga
area, strongly affected by water table.

Merrill fine sandy 2.3 Calcareous throughout, CaCO3 hardpan in
loam subsoil, high in organic carbon, dark in
color, represents a further stage of
Chino development, strongly affected by
water table,

Foster sandy loam 3.2 Calcareous throughout, CaCO3 variable in
amount, several bodies too small to map,
dark color, represents more recent
deposits in the cienaga area, strongly
affected by water table,

Grangeville fine 93 Calcareous throughout, CaC03 usually
sandy loam less than in Chino, little accumulation
of CaC03 in subsoil, relatively high in
organic carbon, dark color, moderately

to strongly affected by water table,

Subtotal 288 Strongly affected by water table,

Transitional soils, slightly affected by a water table

Hesperia 157 Slightly to moderately calecareous in
subsoil, little or no organic carbon
accumulation beyond that in Hanford,
light color, slightly affected by
water table,

TOTAL Acreage Lhs
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Natural organic matter is thus low. They are mapped as typical Hanford
series soils, light brown to light grayish brown in color and neutral
throughout in reaction., The map symbol (Plate 7) is "F-1", The Hanford
soils extend for considerable distances in all directions around the
cienaga area, with the exception of the area occupied by the Mission Hills,
and ne attempt was made to map a particular area or acreage,

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

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

bonate concretions are common in the lower portion of this horizon.
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Three separate bodies of Chine soils are delineated on Flate Ts
each being indicated by the symbol "B-1". The main bédy covers about
173 acres and extends 211 the way from the vicinity of the Mission well
field to San Fernando Reservoir, indicating that in times past a high
water table extended from the so-called "“east" cienaga to the "west"
cienaga. This includes several small areas of Foster soils (see below).

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

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

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

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

A small area of the Merrill series, about 2,3 acres in extent,
occurs near the large drainage which crosses San Fernando Road about one-
fourth of a mile north of Hubbard Street. The mapping symbol is "B-2",

These soils are similar to the Chino soils, but are more strongly developed
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and have a calcium-magnesium carbonate hardpan. This pan probably was
formed slightly above the top of a high water table by precipitation of
CaC03 and igC03 as a result of capillary rise of water containing calcium,
magnesium, and bicarbonate ions.

Along the northeastern edge of the main body of Chino seoils is
aﬁ area of soils with characteristics similar to the Grangeville series.
The Grangeville soils are recent alluvial deposits from granitic sources
which are light gray to light brownish gray in color, and have developed
under restricted drainage conditions. The color and presence of carbonates
in the profile indicate that this land was moist for considerable periods
due to capillary rise of water occurring beneath it, although apparently
it was less strongly affected by the water table than the Chino soils,
The single body, carrying the symbol "SB-1" on Plate 2, covers approxi-
mately 93 acres.

Running across the entire northern edge of the cienaga there is
a transitional strip of land between the well-drained Hanford soils lying
un-slope, and the Chino-Grangeville body. Soils in this strip are the
Hesperia, Pachappa, Hanford over Chino, and Hanford over Pachappa. This
group has & common characteristic, in that the surface soils do not con-
tain carbonates, whereas carbonates are found in the subsoils or "BY
horizons (horizon of accumulation) at depths less than five feet. On the
map they are indicated as "T1", The Hesperia soils differ from the Hanford
soils in that there is a slight accumulation of carbonates found in the
subsoil. Pachappa soils represent a stage development slightly greater

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

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

areal extent of these soils,

Unrelated Soils Adjacent to the Cienaga

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

formation or by elevated old terrace soils. None of these soils show any
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close relation to soils in the cienaga. Although the different series are
separated on the map, the s0il bodies were not closed off so that areal
extent was not determined.

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

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

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

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

Physicel Analyses -

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

It may be pointed out, that in theory, the wet area solls might
be expec'begi to be slightly finer than related Hanford, Hesperia, or
Greenfield soils because of the tendency for soils that are more or less
moist and carry a heavy vegetative cover to "weather" and break down at
a more rapid rate, However, during the limiteqd period that these soils

have been in place, not enough time has elapsed for the rather stable

granite minerals to break down very extensively.
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MECHANICAL ANALYSES OF REPRESENTATIVE SOTLS
IN THE CIENAGA AREA
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_Chemical Analyses

Laboratory chemical determinations were made on samples from
35 profiles. Analyses included organic carbon, calcium carbonate, cation
exchange capacity, and determination of principal cations and anions in
saturated extracts. Organic carbon was determined by the wet combustion
process described by Allison (Reference 1) using the "direct" procedure,
Calcium carbonate was determined by the manometric pressure method
described by D. E. Williams (Reference 12), Other determinations were
made by standard methods deseribed in Agriculture Handbook &0
(Reference 11). Detailed data are included in the basic data section of
this report.

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

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

mﬁitiplying by the constant 1.8,
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Discussion and Interpretation of
Seil Survey and Laboratory Studies

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

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

Significance of Organic Carbon

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

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

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

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

SUMMARY OF SIGNIFICANT CHEMICAL ANALYSES DATA ON SOIL SAMPIES
TAKEN IN THE SAN FERNANDC CIENAGA INVESTIGATION AREA
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relatively high organic content. For this reason, it can only be a fraction
of what was present at one time,

The distribution of the organic material with depth in the Chino
and Merrill (and to a lesser extent in the Grangeville) soils may also be
considered indicative of a difference in moisture source to the vegetation
vwhen compared with the depth distribution in Hanford-Greenfield soils. The
average surface foot organic content in Chino and Merrill is 1.71 percent
while from two to three feet it is 1.30 percent or 76 percent of the surface
amount. In the Hanford-Greenfleld soills the surface foot averaged only
0.81 percent and the two to three foot depth only 0.Lh percent or 5l percent
of the surface cantent. The greater actual and relative abundance of
organic carbon in the deeper layers of Chino-Merrill soils indicates that
the plants were probably geiting water from a water table, while water for
plant use on the well-drained soils probably penetrated from the surface

downward following rainfall or overland flow.

Significance of Caleium Carbonete

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

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

Cc-24



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

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

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

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

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

Since evaporation and transpiration are greatest near the soil
surface, maximum salt accumulation also may be expected in the surface
zone, However, the vertical distribution pattern of CaC0y, shown for
cienaga area solls in Table (-3, indicates higher concentrations in the
subsoil than in the surface, This pattern may be related to the tendency
of this salt to precipitate from solution because of small pH or con-
centration changes, Such changes result from normal activity of roots
at depths where samples were secured. In addition, downward leaching’
probably occurred intermittently during wet periods and may have caused
part of the subsoil accumulation, During the years the water table has
been at considerable depth a small additional amount of leaching also
has occurred,

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

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

uate such local conditions separately before deriving averages.

Soluble Salts

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

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

SUMMARY OF CHEMICAL DATA OBTAINED ON SOIL SAMPLES
FROK DEEP HOLES IN THE SAN FERNANDO CIENAGA AREA

Soil series:

: Eleotrical .

. Depth, , CaCO . :
aﬁghQZie ; in feet ,in pergéntzconduc'bivity*= Remarks
Chino 0-1 12 1.94
Hole No, 1 2-3 0.2 1.12
3-k.5 0.6 1.26
6.5-8 0.2 2,87 Limonite mottlings.
10.8-12,3 0.0 0.99 Sand, limonite mottlings.
13-14.5 1.2 1.43 Saugus formation, limonite
mottlings.
Chino 0-2.5 18 1.05
Hole No, 4 L-5 18 3.72
7-9 25 2.40
12,3-12.7 0.2 No data Some limonite mottlings.
12.7-13.7 0.8 3.98 Saugus formation, limonite
nmottlings.,
Chino 0-10.5 Calcareous No data Strong CaCO3 by field test.
Hole No. 6 No 1abora%ory test.
10.5-13.5 Noncalcareous No data
13.5-1kL Noncalcareous No data Saugus formation, limonite
mottlings.
Chino 0-6 1L 1,09
Hole No.9 7-9.5 0.4 1.33 Some limonite mottlings.
9.5-11.2 0.2 0.80 Very slight limonite mottlings.
12.5-13.0 0.4 0.55 Saugus formation, limonite
mottlings.
Hanford = O-1 0.2 0.79 Little or no calcium carbon-
Hole No.5 1-2.3 0.2 0.7l ate or limonite mottlings
2.3-5.5 0.2 0.15 in this profile by field
7-10 o.L 0.37 tests,
10-11.5 0.4 0.31
12-1k4.5 0.0 0.31 Saugus formation, limonite
mottlings,
Hanford 0-1 0.0 0.30 Some gravels in profile.
Hole No. 8 1-3.5 0.0 0.42 Appears recent deposit
3.5-5.5 0.0 0.32 coarser with depth.
5.5=7.5 0.0 0.51 Stopped by gravels - hand

augers.

% Electrical conductivity of saturation extract in millimhos per

centimeter.
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high water table conditions and varieq in concentration in accordance with
any fluctuation of the wa;te:; table, These highly soluble salts were
subsequently leached away during periods of above normal surface water
supplies following a lowering of the water table, Some surface salts
would be washed away by surface flows down San Fernando Ravine while

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

1541 (Reference L), mention 1s made of the fact that a few smell’ saline
spots were noted in this vicinity. Apparently these spots h.ave‘ been .
loached free of salts since they were not found in this investigation.

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

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

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

Included in Table C-5 are results of analyses of samples from
cienaga area hole No, 22, This hole was drilled near the margin of San
Fernando Reservoir and represents the extreme values of both GaCQ3 and
organic carbon found in the investigation area. The values found are
so extreme that it is possible somes additional unknown causative factor
is involved, Additional samples would be necessary to determine whether

the values shown are representative of a mapable area.

Transects

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

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

graphic relationships among these areas.

Conclusions

1. As a result of a soil survey deseribed herein, LL5 acres of
soils located near the City of San Fernando, in the Sylmar Subarea of the
Upper Los Angeles River area, were found to have apprecisble accumulation
of calcium carbonate as compared with surrounding areas which were practi-
cally devoid of calcium carbonate accumulations.

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

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

L. An area of LL5 acres in the Sylmar Subarea of the Upper Los
Angeles River area has been affected at some time and to some extent by a
higp ground water table as evidenced by appreciable accumulation of calcium
carbonate and organic carbon not found in soils of surrounding areas.

5. Included in the total area of L5 acres of soils which have
been affected at some time and to some extent by a high water table, there
are 288 acres which have been strongly affected, as evidenced by a relative-

1y larger accumulation of calcium carbonate and organic carbon therein.
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APPENDIX D
SEIECTION OF SPECIFIC YIELD VALUES

To select specific yield values applicable to the various
materials described in driller's logs in the area of investigation, the
Referee made a detailed study of previous investigations. To show the
reasons for and data considered in the selection of the specific yield
values for computing change in storage, this appendix is broken into three
sections: Definitions, Previous Determinations and Selg;t;on of Specific
Yield Values for the San Fernando Valley area, The application of specific

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

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

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

‘Previous Determinations
The following are extracts of information concerning evaluation

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

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

.apparent.

South Coastal Basin Investigationl/

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

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

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

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

The specific yields of weathered altered materials. could not
be successfully classified from measurements on actual samples because
of the nature of variation. Therefore, specific yields were assigned
by making an arbitrary divsion according to the degree of alteration.
Tight gravel was given a yleld value of two-thirds that of unweathered
subsurface gravel and gravelly clay one-third the specific yield value
of unweathered surface gravel, Prcbably the typloal residual clay which
does not occur in this area has a yield of zero, but since it is highly
variable in compesition it undoubtedly contains streaks of more permeable
materials that will yield small quantities of water, It was, therefore,
assigned a specific yield of one to indicate a probable slight yleld
throughout the well sertion. These ylelds are set forth in Table D-1
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TABLE D-1

ESTIMATED SPECIFIC YIELID VAIUES FOR SEDIMENTS
OF THE SOUTH COASTAL BASIN

(After Table S)y

Percent yleld, gravel : 4 Fe:{“ﬁ:nd :E :;3923 ay

g
: 56 :6!4 56.3'661;?816}“— :/8_/= 3
: 256+  36L-256:16~6] 84165 mm., $1/8-1/23q . 3
! MM., ¢ Mm,, { Ny, MM, ,lcnarée‘l s Esandyielw
—_— :bop],ders:coarse:medium:fine:mediumz ﬂ_ne [? 1
Unweathered-
Surface alluvial (1) 13.6 1L.2 20.5 26.5 30.9 21,2 10 1
Subsurface alluvial (2) 13 1k 20 25 28 16 5 1
Weathered subsurface-
Tight® (3) 9 9 13 17 16
Clayey? L) bk 5 7 8 5
Residual clay® 5) 1 1 1 1 1 1

a, Lime cemented gravels are included in tight gravels.

b, Lime cemented sands are included in clayey sand.

c. The yleld of one makes allowance for small sandy or gravelly
streaks,

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

basin.

Mokelumne Area Investig_a}iony

In the Mokelumne investigation, intensive field studies were

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

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

in Table D-2.
TABLE D=2
SPECIFIC YIELD
MOKELUMNE INVESTIGATION

™7 SECITIE I5W 1a paroent
. Ma#_erial | | :. ime;ﬁhod :Iggig:tét‘ Average

Gravel and coarse sand 35 3h.5 3k4.8

Medium and fine sand 26 22,5 24.2

Very fine sand, silt and clay 3.5 5.0 L.2
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Salinas Basin Investi@tiomgl

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

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

b/

Sacramento Valley Investigation
On the basis of the South Coastal Basin Investigatio'ny and

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

Sacramento Valley.

TABLE D-3

SPECIFIC YIELDS OF SEDIMENTS
IN SACRAMENTO VALLEY

Material :SPSCIf ic yield

{percent)
Gravel 25
Sand 20
Fine sand 10
Glay and gravel 5

Clay, silt, sandy clay, lava rock 3
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Ventura County Investigati._or_é/

With slight variations, the values determined in the South
Coastal Basin Investigationy were used. Estimated w;ighted average
specific yields by basins are: Piru Basin, 16.7 percent; Fillmore Basin,
12.2 percent; Santa Paula Basin, 10.0 percent; Oxnard Forebay Basin,
16.5 percent. The specific yield values utilized in the Ventura County
Investigations are listed in Table D-l,

TABIE D-h

SPECIFIC YIELDS OF SEDIMENTS
IN VENTURA COUNTY

(After Table B-1)2

t5pecific yield

Material :  (percent)
Soil, including silty clay 3
Clay, including adobe and hard pan 0
Clayey sand, including sandy silt 5
Clayey gravel 7
Sand 25
Tight sand, including cemented sand 18
Gravel, including gravel and sand 21
Tight gravel, including cemented gravel 1

S_ant_-_a,Marg_a,rita River Inves.@gatipné’

o The va.iues of specific yleld assigned are those set forth in
Table D-5 and were derived largely from the laboratory investigations
of the South Coastal Basin Investigation.—l-/
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TABIE D-5

ASSIGNED SPECIFIC YIELD VALUES,
SANTA MARGARITA INVESTIGATION

(After Table B—h)é/

iopecific yield

'?ype . Descrlption of mterial ' tvalue assigned
Clay Carbonaceous-silt Hard pan 1
Decomposed granite Adobe
Hill formation
Soil Loam Lake bed
Clay-sand Sand and clay Clay with lime rocks 5
Muck Cemont
Sea mud and packed sand Sandy clay
Silty clay Cemented sediment
Silt Sandy soil 10
Sand Fine sand Quicksand 28
Coarse sand
Tight Sandy-soil Sand and mud 16
sand Silty-sand Cemented sand
Unsorted angular sand Dirty sand
Sand with trace of clay
Gravel Gravel and sand Cobbles and sand 22
Boulders Fill
Tight Cemented gravel Sandy clay with 15
gravel Gravel with clay layers gravel
Dirty gravel Packed sand with
rocks
Gravel- Conglomerate (partially cemented) 7
clay

Clay and boulders
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Tia Jusns Basin Rer :tzl

Specific yield values have been assigned to the sediments in
the Tia Juana Basin based upon previous studies of similar materials in
South Coastal Basin.l/ A direct determination of specific yield was
made by the drainage of core samples within essentiaily homogenous
materials of the Tia Juana Basin in order to ascertain the degree of
correlation existing between the samples taken and those of the South
Coastal Basinl/ sediments based on maximum ten percent grade sizes. Two
indirect determinations of specific yield were also made in this investi-
gation by pumped well methods, the results of which compared fairly well
with the direct determinations. Although the origin and mode of
deposition of sediments in Tia Juana and South Coastal Basins differ,
the specific yields of sediments sampled in Tia Juana Basin were found
to be only slightly higher than those in the South Coastal Basin. Values
so selected are indicated in Table D-6
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TABIE D-6

SPECIFIC YIELD VALUES
APPLIED TO SEDIMENTS IN TIA JUANA BASIN

(After Table -2}/

T Average :sUndilferenbiated: Average

Déig:;:;::igﬁed sspecific : descriptior :specific yleld
of material =y_:Leld, ins of b ¢ value used,
, spercent® 3 material ; in percent
Clay 1 Clay 1
Sandy clay 5 Sandy clay 5
Silt 10 8ilt 10
Very £ine sand 17 Fine sand 21
Fine sand 25
Medium sand. 30
Coarse sand 32 Sand 30
Very coarse sand 31
Gravelly sand 28
Fine gravel 26
Medium gravel 23 Gravel 22
Coarse gravel 18
Very coarse gravel Boulders 1
and boulders 1

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

San Joaquin ValleLInvestigationg/

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

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

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

A distinction between 1ll-sorted gravelly materlial and ill-sorted sand
was important at many places in the geologic studies, although the
specific yields of the two types of materials were considered sufficiently
similar so that they could be combined in a single category in the storage
study.

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

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

minor specific yield categories are listed in Table D-7,
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TABLE D-7

GROUPING OF DRTLLEAS* TEMMS USID I ESTIMATING SPECIFIC YIELD
{After Tabla J)EI

Crystalline Redrock (fresh)

Specific yield rere

Granitie
flaxd boulders
Kard granite

HRard rock

Graphite and rocks

Rock (5f in area of known
crystalline rocks)

Llay. and Ralabed Materiale

Speeific yleld ) percent

Aflobe

HKrittle clay
Caving clay
Comend

Cement ledpe
Chappy clay

Clay

Tlay, oecasional rock
Crably elay

Cube clay
eepnposed granite
Jire

Good elay

Gumho clay

YHard elay

Hardpan (H.P.)
Jlardpan shale
Hard shale

Hard shell

Joint clay

Aavh

Laogo shole
Kuck

¥ud

Packad cliay
Poor clay
Shale

Shell

Slush
Soanstone
Soapstore [loat
Soft clay
Squoewe clay
Sticky
Sticky clay
Tigar clay
Tignt clay
Tule pud
Variable clay
Voleaniec Tock

Clay and Grivel, Saidy Clay, and Sirilar Katerials

Speeific yield S percent

Cemented gravel {cohbles)
Cemantad gravel and clay
Cemontad gravel, hsrd
Cement and rocks (cobbles)
Clay and gravel {rock)
Clay and boulders (cobbles)
Clay, pack sand, and gravel
Cobblex in elay
Conglomerate

Dry pravel (helow water tabla}
Gravel and clay

Gravel (cement)

Gravel and sandy clay
Gravel and tough shale
GOravelly clay

Rocks in clay

ltotten cemernt

Rotien concrete mixture
Sandstore ond flost roek
511t and gravel

501l and boulders

Corentsd pand
Cemented sand and elay
lay sand
Dry hard ked aond
Dry sand (below water table)
Dry sand and dirt
Fane muddy sand
Flne sand, streaks of clay
Pine tight muddy sand
Hard packed sand, streaks of cloy
Hard sand ond elay
Hard set sand and clay
Muddy sand and clay
Packed sand and clay
Packed sand and shale
Sand and cley mix
Sand ard tough shale
Sard rock
Sandntone
Sandstone and lava
Set sand sad clay
Set sand, streaks of clay
Cemented sandy clay
Hard sandy clay (tight}
Sandy clay
Sandy clay with small sand
streavs, vary fine
Sandy shale
Soi, sandy clay
silty clay
Sof't sandy clay
Clay and fine sand
Clay and pumice sireeks

Clay and sandy clay

Clay and silt

Clay, cemanled sand

lay, compact loam and =and
Clay to coarse sand

Clay, streaks of hard packed eand
Clay, sireaks ol sandy clay
Clay, water

Clay with sandy pockel

Clay with small straaks of sand
Clay with some sand

Clay with streaks of [ine sand
Clay with thin streaks of sand
Porphyry clay

Quicksandy clay

Sand-~clay

Sand shell

Shale and sand

501id elay with sirats of cemented sand
Sticky sand and clay

Tight ruddy sand

Very fine tight muddy sand

Dry sandy silt
Fine sandy loam
Fine sandy silt
Ground surface

Loam

Loan snd clay

Sandy ¢lay loem
Sadiment

Bilt

511t and clay

5ilty clay loam
Silty loam

Soft leam

Soil

Soil &nd clay

Soil and wud

Soil and sandy shale
Surface formaiion
Top hardpan soil
Topsoil

Topsoil and sandy ailt
Topsoll==5ilt

Decomposed hardpan
Hardpan and sandstone
Kardpsn &nd sandy alay
Ksrdpan and sandy shale
Hardpan and sandy stratas
Hard rock {alluvial)
Sandy hardpsn
Semi-hardpan

Washboard

Clay and Gravel, San

Clay, and Sinilar Materials

continue
Ash Yard munice
Caliche Parphyry
Chalk Seepage soft clay

Hard lava Formation

Voleanic ash

Fipe Sand, Tight Sand, Tight Gravel, and Sinilar ¥aterials
Specific yleld 10 percent

Sand and elay

Sand and elay strata (traces)
Sand and dirt

Sand and hardpan

Sand and hard sand

5and and lava

Sand and oack sand

Sand and sandy clay

Sand and soapstons

Sand and soil

Sand and zome clay

Sand, ¢lay, and water

Sand erust

Send-15 tile water

Sand, mud, and water

Ssnd {aome water)

Sand aireaks, balanee clay
Sand, streaks of clay

Sand with cenented streaks
Sand with thin sireaks of clay

Coarse, and sandy

Ioose sandy elay

Mediurm sandy

Eandy

Sandy and sandy olay
Sandy clay, sand, and clay
Sandy ¢lay--water bearing
Sandy clay with streaks of sand
Sandy formatisn

Sandy mack

Sandy sediment

Vary sandy clay

Novldors, ocmentad sard

Ceront, gravel, sand, and rocks

Clay and gravel, water bearing

Clay and rock, some leose reck

Cley, sand, and gravel

Clay, silt, sand, and gravel

Conglorerate, gravel, and
boulders

Conglomerate, sticky clay,
sand and gravel

Dirty gravel

Fine gravel, hard

Cravel and hardpan strata

Gravel, cemented sand

Gravel with streaks of clay

Hard gravel

Mard aand ard gravel

Packed gravel

Packed sand and gravel

Quicksand and cobhles

Rock sand and clay

Sand and gravel, cemented streaks

Sand and silt, many gravel

Sand, clay, streaks of gravel

Sandy clay and gravel

Set, graval

Silty sond and gravel (cobbles)

Tight gravel

Lravely Sandy

Sandy loam

Sarfy loam, sapd, and elay
Sandy ailt

Sanry 50il

Surface and fine sand

Cloggy sand

Goarse pack sand

Conoacked send and silt

Dend sand

Dirty aand

Pine pack sand

ina quicksand with alkali streaks

Fine sand

Fine sand, loore

Yord pack zand

Nlard sand

Hard sand and streaks of sandy
clay

ilard sand reck and some water sand
llard sand, soflL stresys
Loany fine sord

¥ediun ruddy sand

Kil% sand

Yora or less sand
Huddy sand

Pack sand

Poor water sand

Fowder sand

Pinice sand

Quicksand

Sand, mueky or dirty
Set sand

Siley sand

Sioppy sand

Sticky sand

Streaks fine and coarse sand
Surface sand and oloy

Tight sand

Brittle clay and sand

Clay and sand

Clay, zand, and water

Clay with sand

Clay with sand streaks

Fore or less clay, hard sand
aml doulders

¥ud and sand

Hud, Band, and water

Sand and rud with chunks of clay

511t and fine sand

S11t and sand

Soll, sand, and clay

Torsoil and lirht sand

Water sand sprinkled with clay

FloaL rook {stone)
laminated

Pumice

Seep water

Soft sandstone
S4rong seepago

Sand and Nravel, and Similar Materials

Specific yinld: 25 per cent

Houldors
Coarsa gravel
Coarse sand
Cobbles
Colble stones
Dry gravel (4C shove water
table)
Flost rocks
Free sand
Gravel
loore gravel
Loore sand
Rocks
Water pgravel

Oravel and sand
Gravel and sandrock
Medium sand

Roeir and grevel
Funning sond

Sand

Sand, vater

Sand and vowdders
3asd and eobbler
San2 and fine pravel .
Sand and rravel
Sandy gravel



San Luis Obispo County Tavestigation?/

With slight variations, the values determined in Bulletin
No. 45 were adopted for computing the change of storage estimates in
this area.

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

The specific yield values assigned to the general categories

of material encountered are shown in Table D=8,
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TABIE D-8

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

Msterial

80il, including silty clay g 5
Clay, including adobe and hard pan 3 3
Clay and sand, inoluding sandy silt 5 1
Clay and gravel 7 7
Sand 25 20
Tight sand, including cemented sand 18 15
Gravel, including gravel and sand - 21 18

Tight gravel, including cemented gravel ) 13

Selection of Specific Yield Values

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

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

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

SPECIFIC YTELD VALUES SELECTED FOR USE

il granitd voik

Sand and gravel

Dry gravel
Gravel
Gravelly sand
Loots grawl

TN SAN FERNANDQ VALIEY REFERENCE

0 Percont

-2bercent

.36 Pargent

38, Poroont -

25 Porast

8otl rock

largs graval

lhﬂk‘u\d 1, ei)

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

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

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

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

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

During the investigation of storage capacity reported in
Bulletin L5, there were 350 samples procured and analyzed primarily from
shallow surface pits; about 29 of these were obtained in the San Fernando
Valley. Mean specific yield was determined at 3L well groups from about
200 well logs. Data gathered for the present investigation comprise 560
usable well logs which were utilized in 52 well groups or storage units.
A comparison of mean specific yield values for three typical well groups
computed, using the Bullsetin L5 values and the values used in the San

Fernando Valley Reference, show very little difference as indicated in

Table D-10,
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TABLE D~-10

COMPARISON OF MEAN SPECIFIC YIELD VALUES
FOR SELECTED WELL GRQUPS

t . Mean Specific field ¢t Mean opeciric rield
Well group: Bulletin L5 Work Sheets : San Fernando Reference
:

i in Percent ‘ in Percent
3600 572 6.57
3800 12.58 12.23

3752 6.70 . 6.96

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

Table D-11.
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APPENDIX &
PRECTPITATION

Quantities of precipitation on the valley f£3i11 and on the hill
and mountain areas were evaluated separately. The valley fill area was -
divided into three sections, referred to as the San Fernando; Sylmar and
Verdugo Hydrologic Subareas and the precipitation was evaluated separately
for each subarea.- Precipitation on the hill and mountain areas was
evaluated separately for the watersheds of Big Tujunga, Pacoima Creek and
Sycamore Canyon, for which runcff records are available, and for each of
12 subdivisions of the remaining hill and mountain areas (see Appendix F).
Each of the latter units is comprised*oflsmall watersheds having one or

more outlets at the edge of the walley £ill.

Precipitatipn Stations and Records

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

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



selected to glve representative areal distribution of precipitation on the
entire county, The B5-year isohyets, ;ierived from the records of these
stations are shoun on Plate 9. -

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

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

extended, The formula used is as follows:

B
R = 5550 =% * 8,500

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

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

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

| When more than one station was used to extend a record, the indices of
wetness used were either averaged or weighted w'.1.nverse13r with respsct to
the distance of each from the station being exte;uled.

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

which are within or adjacent to the Upper Los Angeles River area along with
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LOS ANGELES COUHTY FLOOD CONTROL DISTRICT MASTER RAINFALL STATIONS
WITHIN OR ADJACENT TO SAN FERNANDO VALLEY

156 Angcles County -
Floed Gontrol District

suhrion nxwher

Nane

:’ Pertod of
_ Tecord

Station used for extensjon
of resorda

715
610
32

Log Angeles

Pasadena
Newhall-Soledad Divisian
' Headquarters

San Fernando Lemon Associstion

Glendora - west

Santa Monica - City Hall
Highland Park

Sierra Yadre
heton-Fscondido Carvon
Sawtelle - Soldler's Home
htton Camp

Colby's Ranch
Hortk Hollyweod
Andersen Kanch

Glendala

Valyerno

La Ganada

Brant Rencho-Cirard
Pacoima Dam

Haines Ganyon - Lower

Briggs Terrace

Loomis Ranch = Alder Creek

Iittle Fock Creek

Northridge-andrevs
Chatsworth Patrol Statien
Chatsworth Reservoir

Van Nuys - City warshouss
Big Tujunga Dam
Roscoe-lferrill

Upper Franklin Reservoir
Brand Park
Sepulveda Canvon
Olive View Sanitoriuwm
Tujvnga Genyon - Vogel Flat
Soledad Canvon-Sckles
Acton-4lise Canvon
Sania Clara Rioge

Fount Gleason

187258
1372-58

1876-58

1915-16
191R-58
1917-1%
152022
1923-58

1937-58

Los 4ngeles

Los Angeles {0.68)

Pasadena

los Angeles

Pasadena (0.36) and los Angeles (0.15)

Pasadena (0.36) ard Glendora ([0.15)

hverage of Fasadena and Newhall

Avergge of los Angeles and Santa Xonitas City Hall
Acton-Eacondide Canyon

hversge o Pasadena, Sisrra Madre and Haines Canvon = Lower
Average ol Los hngelas and San Fernardo Lemon Assoclation
Valyermo

#Average of Los Angeles and Highland Park

Acton-Escondide Canyon

Pasadena

Averaga of Los Angeles and San Fernando Lemon Association

San Fernnndo Lemon Assoclation

los Angeles {0,17), San Fernando Lemcn Association (0.10) and
Pasadena ([C.19)

Average of La Canada and Haines Canyon - Lower

Colby's Ranch

Average ol Valyermo and Acton Camp

Average o1 San Fernanda lemon Associatior and Brant Ranch

HNorthridge

Averaga of Brant Ranch and Northridze

Avarage of lNorth Hollrmwood and Horthridge

Average of Malnes Canyonelaver and Colby's

Average ol North Hollywood, San Fernando lLemon Associatlon and
Pacoima Dam

Sawtelle (0.20) and North Hollywood (0.25)

Glendale

Upper Franklin Reserveir

averace of Pacoima Dam and 5an Fernando Lemon Asacoiation

Big Tujunga Dam

hveraga of Acuen-Escondide Canvon and Acton G

Average of Mount Glesson, Actor Camp and Litble Rock Creek

Average of Blg Tujunga dum, Pacoima Dam and Soledad Canyon

The following ststions used by the Refaree as contTolling stations are rot Yaster Rainfall Stations, as designated by the
las Angnles County Flood Conirol District, but the ES-vear rean precipitation was computed for each by the District for use in
deriving the 55=year Ieohyetsl Map.

12°
290
30"
I

253k -
bLyob
7050

Franklin Caryon
Granada Purmp Flant

Sylmar

Clear Creek-City School

La Crescents

Tujunga-Mild) Creex

Alder Creek-Paradise Fanch

1927-58
1927-58

1919-58

1927-58
1929-58
190156
15h2-58

Sawtells (0.17) and Xorth Hollywood (0.33)

iverage of San Farnando Lemon Assoclation and Chatsworih Patrel
Station

Avorago of San Fernando Lemon Association and Olive View
Senitoriun

Big Tujunga Dam

Briggs Terrace .

Average of Loomls Ranth and Actor~Alize Canyon

Average of Loomie Hanch and Acton-Alies Canyon

of watness for the unknown record of the atation.
b. Controlling stations used by the Referse in compuiing quantities of precipitatien,

Al

Numbers in perenthesis are welghved coalficients usad by los Angeles County Flood Control District to datermine indices



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

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

precipitation of the 22 stations utilized.

uantity of Precipitation

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

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

E-6
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TABIF. -2

FEAN, KAXDAN AND MINDMOM SEACONAL FRECIFITATION

OF CONTROLLING STATIONS USED BY THE REFEREE

E T CoRFovnd Ur-yUAT #RGD § TFCOTANG TRvienn
¥Jood Cantrol mmm Suation naw - Bvarion- ""};“,"' svfasona} prosipluaian, _and n
Bint{en: misher . | o gn §nchen | BRAROD ) Inohos.
1? Franklin Canyan 1,120 1927-28 18,71 29L0-bY 16.15
1957-58 1FL7-L8 8.85
13 North Hollywsad 893 1906-07 16.90 9h0-41 39.68
- 1567-86 9h7-LB T.40
1A Koscoe-Marrill 1,050 1927-28 W,61 29L0-L1 38,99
1957-58 1947-48 7.25
is Van Nugs Warghouse 875 1925-26 15.20 29L0-h1 39.77
1957-58 1950-51 1.07
17 Sepulveda Canyon 1,kos 1928-29 19.22 1950«k1 L7,9°
i 1967-58 WU A36
F4 8rant, RancheSirard A9l 1912-13 1438 19L3=41 36.29
1957458 154748 6.57
23 Chatsworth Reservoir B6S 1975-26 14.12 194011 36,65
195758 19u7-18 &.6R
75 Horikridgs~-Andrevs 795 1920=21 1L.59 1910-k1 38,34
1957=58 1923-2h 6.69
? Granada Plant 1,150 1927-28 17.10 1910-L1 10.55
» Puse 196158 WS 6.4t
30 Sylxar 1,750 191920 16.70 19L0=h1 18,77
i 1957-58 19L8-L9 8.:7
33 Facoima Dam 1,500 1515-16 18.9h 191041 Lo, L2
1957-56 25L7-1i8 s.l6
b7 Glenr Creak-Cily School 3,200 1927-28 32.n 19b0-l1 61.77
1557-56 1¥50=51 10,53
53 Golby*s Ranch 3,67 1897-98 30.13 192122 51,73
1§57-58 1898-39 213
54 Loowds Rinch = Alder Creek 4,350 1517-18 20,90 19%0-41 40,55
1957-58 1950-51 3.75
Brand Park 1,250 1925-29 19,15 140-h1 .78
1957-58 1947 -8 8,91
1650-51 8.91
21 La Grescenta 1,565 1979-30 23,6l 1950=h1 18,1k
1957-58 1947-L8 10.62
259 Chatswerth Patrel 1,25k 1929-30 17,77 1910-h1 h2.02
) 195758 19L8-L9 &M
295 Glendsls €10 1917-18 17.9 1900-U1 41.63
1957-58 1923-2L 8,04
6L Hoines Canyone-Lower 2,450 1917-18 2L.30 19%0-I1 53.07
- 1957~58 1947-L8 1.12
ny Santa Clars Ridge-Mount Gleason 5,050 193738 2h.18 19ha-k1 52.98
195758 1950-51 10,15
L Tujunga-MiLll Gresk k,600 19h1-L2 17.63 1951-52 28.95
1957-58 195051 08,00
08 Aldar Creak-Faradiss Hanch 7,330 19h2-13 2.7 1951-52 35.58
* 1957=50 195051 10,26

a. As of Geptember 1958.



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

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

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

precipitation in the appropriate polygons or portion of polygons were

E-§



TABLE E-3

85-YEAR MEAN PRECIPITATION BY THEISSEN POLYGONS

T A, CeFeCoD.
nunber for
controlling

siatidn in polyson

12
13
14
15
17
21
23
25
29
30
33
L7
53
5
210
251
259
295
364
£19
L0
705

TOTAL

T T.A.C.F.C,Ds

f 85~year-mean f fPrecipitation: -
pmectpatation, 4102 1 by palyson | TSR
H _ I Feet :Inches: in inches

6,452 4,238 1l.52 18,27 18,71
17,562 12,720 1.38 16.5T 16.90
32,155 24,110 1.33 16,00 14,61
29,083 22,262 1l.31 15.68 15,20

94593 6,231 1.54 1B.47 19.22
32,774 24,462 1.34 16,08 14,38
12,281 10,331 1,19 14,26 14,12
30,126 23,600 1,28 15.31 14.59
10,619 6,673 1.59 19.10 17.10
28,691 19,455 147 17.70 16.70
23,934 14,812 1.62 19.39 18,94
31,403 12,852 2.4 29,32 32,41
36,388 15,726 2.51 27.77 30.13
38,096 17,925 2.13 25,50 20,90
14,763 9,021 1.64 19,64 19.15
11,086 5,709 1.94 23,30 23,64
21,898 13,898 1,58 18.91 17.77
35,534 24,559 1.45 17.36 17.93
27,867 13,791 2.02 24,25 24,30
37,448 16,616 2.2% 27.04 2h,48
13,378 7,694 1.7% 20.86 17.63
43,715 22,443 1,95 23.37 20.T0
Sk, 846 329,137

E-9



TABLE E-L4

65-YEAR MEAN PRECIPITATION
BY SUBAREAS AND DRAINAGE UNITS

m— — 7 Area, T Bgajéaf mean precipitation,
nit : in acres: in acre-feet

Hydrologic Subarea

San Fernando and Eagle Rock 112,85)

Sylmar
Verdugo?

Subtotal

Drainage UnitP

Lower Tujunga
Big Tujunga
Pacoima

Unit I

Unit IT

Unit ITI
Onit IV

Unit V

Unit VI
Haines Canyon
Sycamore Canyon
Unit VII
Unit VIII
Unit IX

Unit X

Subtotal

TOTAL

55565
5,009

123,128

21,833
68,111
18,090
19,238
6,116
17,594
17,582
5,873
1,786

' 971

1,733
13,104
hL,928
1,391
7,029

205,709

323,137

149,884
8,149
9,706

167,739

Qo

b,

Includes precipitation on the portion of Monk Hill Basin within the
Upper Los Angeles River Area,
See Appendix F for description of drainage umits.

E-10
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TAEIZ 7-3

AWNUAL FERGENT OF 85-TEAR MEaN FRECIPITATION
CF CONTROLLING STATICHS

) 3

Yeor .W,ﬂ%r - ‘.,__ — T ,-ﬁﬁrsm.m—-‘rmrz . e
un:-rm. gL' 3 Eéhven  : Faneh 3 Foneiwelr s Andréve  + pump pant s & i Doz
15RP & 67 iy & ki 4 0 h 2 75 4 - 49
2530 ] 7 9 ] u 7 7% ] &2 50 €2
1930-31 9 %0 93 102 101 9% 0 $1 9h 101 97
31.32 123 120 135 126 129 120 119 123 128 126 128
32-33 87 91 Bl &8 8l 72 78 ” 89 76 a2
33-3k 105 13 81 8L 100 67 20 n 86 88 87
3hke3s 127 130 126 19 17 115 135 125 19 125 133
193536 82 72 70 65 36 T8 a7 83 92 9h
3637 153 h 1k 1y 153 150 18 1wk s 152 155
37936 171 163 1y %57 1% 152 154 151 12 9 172
3939 1? 121 31 136 137 16 118 1.2 130 135 16
29-LC 93 9 110 10k 97 110 205 111 10k 9%
1940ak1 247 236 2hé 261 250 252 260 243 27 232 213
L1=h? 85 £ 90 87 7 86 80 80 Tt 9% 7
L2ak3 153 151 157 159 161 1€ ks 155 9 153 160
L3-ll; 133 129 155 15k 15 16 167 172 us 17 8
Uhelb [] 75 % [ 83 9% 92 93 87 92 97
15L5=L6 &3 ® B7 H1 a8 86 87 85 85 a9 89
Lé«L7 95 60 103 93 &5 82 89 .07 88 99 110
Li-LE L7 Wl 50 51 h ] L7 L7 ] L9 50
L% 53 Ih 56 L7 53 u? so L7 5) 59 63
1830 &5 59 &0 27 & 65 78 69 78 8o L
L5051 56 50 %3 L Lb 51 69 57 69 87 67
51.57 109 192 10 188 194 187 19 192 186 197 193
52-52 76 61 68 3 7 7 8 79 80 40 &9
53=5h 83 kil 76 81 89 5] 9L 85 85 87 &l
5k=55 76 8L 85 fg 78 o0 93 a8 8k 8l %
195556 97 96 23 9l Bl 115 n 1 pot] 121 9
56-57 70 7% €h it 76 73 88 83 83 8 83
57-58 wé 11 151 156 153 0l a2 190 15k 18h 161
?9=ycar
TOTAL 2,950 2,89 3,001 2,981 3,806 2,976 3,327 3,089 3,023 3 ur 3,053
29eYear
Average
1929-57 103.1 99.8 103.7 102.8 102.7 162.0 207.8 205.8 10k, 2 107.5 105.3
RANUAL PERCENT OF BS-YZAR MEAN PRECIPITATION
OF COMTROLLLIG STATIONS
{continyed)
T - = ) o o
B4 D 21 : T19 it
Year CTear Uyoew<: CGIbY'S :Loomis Ramen- m,-—m—;m"-—'nmm.-‘—— W:rr"cr“;:. a unt,a- 4 ok=
1City Schoal 1 Ranch : Alder Creek s Park iCresconias  Patro} s O28M1P ,oopyen.lewers Ridge & Creek xPuad:l.sr.- Hanch
192R-79 & 58 1] [ird 758 780 Az ] 65e 65¢ &8
29-3C 3 63 L) 63 67 4] 61 3 73¢ 73¢ 73¢
1535-31 77 61 Bc 7 Th o5 o] s 76t T8¢ 76¢
137 102 102 109 ns 11k 13k 117 121 1128 126 nz*
32-33 &5 55 ] 75 76 7 7% 2 76¢ 766 76¢
3334 1 &9 $6 105 105 58 110 L] The e 7he
3L-35 120 121 26 126 129 132 116 120 123¢c 122¢ 1208
193536 8 61 58 [ [:H] 8l ik} 10 3¢ 3¢ 73c
36+37 151 135 139 139 b5 159 3% U se use 1h5¢
37-38 158 37 155 150 170 160 144 155 193 155¢ 155¢
38239 98 91 108 117 112 105 14 nt 109 105¢ 1056
29-40 3 6 n i3 B& 99 ] BL 9l T8e T8¢
19L0-h1 1% 185 19k 229 204 236 22 248 216 200¢ 200°
h1-h? ] 61 72 77 7 72 7 n 81 6h 698
Lz=i3 152 165 165 15 178 167 137 16} 162 1) 1L8
L3kl 12 07 147 122 12k 1o 125 150 7 154 15k
LL=ks 8o gh 96 b9 102 98 86 a8 106 102 96
19h5-k6 %0 ag ol 78 43 90 82 % 110 88 88
kBebi¥ 107 9 103 9h 102 87 98 nz 121 oh 99
L;7-kB 1,8 b7 57 L7 us k9 k7 Lé g9 58 51
LfsL9 65 LS L9 50 61 ST 53 61 és 67 39
L5-50 &l 62 53 55 " % 67 72 8) 56 69
3750-51 32 3L Lz h7 50 63 L8 L8 A 45 50
£1.52 162 153 u3 191 m 185 186 183 151 16l 172
§9-53 Ly 13 35 70 57 63 61 56 L8 6l 55
33-5L s 7% 7 76 %5 92 19 %5 B3 % 78
=55 & &2 65 7 3 88 9 79 60 792 %
158856 79 62 6 a7 .93 113 9% 86 43 77 Bl
gﬁ-‘;"l n 6l 60 7L 75 83 n b 58 &6 0
57.36 167 156 k2 1hé 152 22 th 165 1Lt 1hl 150
?9=iront
FOTAL 2,673 2,9k 2,638 2,857 2,91 3,0n 2,839 2,869 2,886 2,113 2,116
?9-Year
hversne
1929-57 92.2 86,0 91.0 97.8  100.1 108.9 97.9 98,9 99.5 9.6 9%.7

a. hverage indox of Stauons 1k, 30, 33 nnd 295.

t. average index of Statione 23, 25 and 29.
e, Avepage index ol Stasdens 33, L7, 53, 5L anc 3€L.
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totaled. The annual amounts of precipitation derived in this manner are
tzbuvlated by year in Chapter IV of this report. Percent of normal precip-
itation on the valley f£ill, hill and mountain areas and entire watershed
for each year of the base period are also shown in Chapter IV.

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

rolygon were totaled by subareas and converted to average depths of monthly

precipitation in inches.
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11.7
12.0

May :
sthrough: Total

Te Rock subareas
: Mar. : Apr.

s

San Feérnando and Eag.
: Feb.

TABLE E-6
In Inches
¢ Jan.

¢ Dec.

MONTHLY PREGIPITATION ON VALLEY FILL AREA
¢ Nov.

: Oect.

Year
29-30

1928-29

------------------------
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TABLE E-6
(continued)
MONTHLY PRECIPITATION ON VALLEY FILL AREA

Br STberea

In Inches

¥y —
sthrough: Total
: Sep'&. H

¢ Mar, :VApr.

: Nov., : Dec. ¢ Jan. : Feb.

s Oct.

[
-

Year

~
(e R o)

192829
29-30
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TABLE B~b
{continued)

MONTHLY PRECIPITATION ON VALLEY FILL AREA

In Tnches

area™

Verdoge Sub

May

: Mar, : Apr. :through: Total
2 : Sept. ¢

: Jan. : Feb.

17.5
15.5

~—Q
o m

-
(S
~NO

2t
o N

o
N O

.K./l
NO

1928-29
29~30

ooooo

ccccc

(3N eVl )
L] L4 .
— YO\

oA
O ~-m
—

o\ N oo
~owm

Includes the portibn of Monk Hill Basin in Upper Los Angeles River

da

Area.
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