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FOREWORD

This report presents the results of an investigation
of seepage conditions along the Sacramento and Feather Rivers
in the Sacramento Valley and was prepared under authority of
Sections 12627.3 and 12627.L4 of the Water Code. The study area
extended on the north from the vicinity of Ord Ferry on the
Sacramento River and Jjust north of Marysville on the Feather
River to Walnut Grove on the south.

Available seepage data was reviewed and new data on
seepage conditions was collected for the period 1959 through
1965, Moreover, data on the economic effects of seepage was
compiled. This data was analyzed and guidelines were developed
for estimating seepage conditions under various river regimen.

The information in this report will be of value in pre-
dicting future seepage conditions resulting from additional
development of California's water resources. It also will be of

value in planning remedial works to alleviate seepage conditions.

%f,(%w* K ,/QKM
Willjam R. Gianelli, Director
Department of Water Resources

State of California

June 1li, 1967
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ABSTRACT

Seepage occurs nearly every year along the Sacramento River system, and may persist for extensive perlods,
causing conslderable damage, Future water development projects will modify the flow of the Sacramento

River system and change the present level of seepage. Considerable concern has been expressed about the
effects of both present and possible future seepage. This long-standing concern, stimulated by the extensive
seepage damage which occurred in the spring of 1958, culminated in legislative authorizatiom of this investi-
gation, The investigation was conducted to: (1) document present seepage conditions for the purpose of
providing a base for evaluating the effects of future water development projects on seepage, (2) develop
relationships between river regimen and seepage conditions to aid in determining the most advantageous
operating criteria for future upstream water development projects, (3) estimate the effects on seepage con-
ditions of changed river regilmen which could result fram operation of future water projects, (4) determine
whether need exists for detailed studies that would lead to authorization of seepage mitigation measures.

/To attain the objectives of the investigation it was necessary to gather and analyze hydrologic, geologic,
topographic and economic information pertaining to seepage, and from these data to develop relationships
vetween riverflow and seepage conditions. Since the dynamic influence of the river on seepage conditions
had not been studied before in detail, it was necessary to develop new methods of dats collection and analysis.
A technique was developed combining the use of infrared aerial photography to delineate seepage aress and

the use of electrical resistivity measurements of the subsurface strata to define lateral seepage boundaries,
This technique proved to be rapid, accurate, and low in cost. /The extent and damage resulting from six
measured seepage occurrences were estimated. Guldelines were developed for estimating seepage conditions
under various river regimen., The influence of Oroville reservoir and modified riverflows on seepage con-
ditions were evaluated, /The major findings of the investigation were: (1) the present effects of seepage
are greater on agriculture than on the urban economy; (2) operation of Oroville reservoir should reduce
seepage along the Feather River, except for that attributable to high flows of long duration which will not
be changed significantly; {3) operation of Oroville reservoir should reduce the probability of seepage and
seepage damage along the Feather River from December through June; (U4} seepage does not presently occur along
the Feather River in the sumer and should not occur in the future in the sumer with Oroville reservoir in
operation; (5) effects of the Oroville operation on seepage should be documented by a S-year post-operative
study; {f) a maximum flow of approximately 9,000 cubic feet per second can be conveyed down the Sacramento
River for considerable periods without causing seepage; (7) under foreseeable conditions, there should not
be any seepage along the Sacramento River attributable to importation of water prior to about 1990 and
imported water should not influence seepage conditions during the winter; (8) & drainage system adjacent to
the Sacramento River should be the best method for controlling possible future summer seepage; (9) alternate
routes other than the Sacramento River should be considered for conveying imported water from developments
which will become operational after about 1990; (10) there is no need for state action at this time to
mitigate seepage, but there are areas where seepage alleviation facilities should be given further consider-
ation Ly dndividuals or local agencies.

xvi
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CHAPTER 1

SUMMARY AND CONCLUSIONS

The Sacramento Valley is a broad, gentle expanse, located
between the Sierra-Nevada to the east and the Coast Range to the west.
The Sacramento River, the principal watercourse in the valley, originates
near Mount Shasta and flows southerly through the Sacramento-San Joagquin
Delta to the Pacific Ocean.

The Sacramento River system has been extensively leveed in the
valley to contain floodwaters which primarily result from snowmelt in the
Sierra-Nevada and from intense rainfall in the foothills. During periods
of high runoff, the waters confined within the levees are frequently
higher than the surface of adjoining lands. When this occurs for more
than a short period of time, water seeps under and through the levees,
saturating the lands abutting the levees and often ponding on the land
surface.

Seepage has a considerable adverse effect on the economy,
particularly in agricultural areas. Seepage damages orchards and perennial
crops and delays or prevents the normal planting of annual crops. Lands
frequently subjected to seepage are often not utilized to their maximum
extent. Seepage also necessitates construction of drainage facilities
and the operating and maintenance of these facilities. It also has many
lesser effects such as increasing the construction costs of buildings,
roads, and airports, and sometime delays urban development.

The term seepage is frequently used in more than one sense. In

its broadest meaning, and as most commonly applied, seepage is used 1o
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describe the high ground water table and any surface water which result
in part from percolate from the river channels and in part from local
rainfall and runoff. Seepage has also been used in a more restricted
sense to describe the water which results from percolation through or
under levees, appearing as surface water or ground water within the root
zone on lands adjacent to the levees.

In this investigation "seepage" is defined in the more restric-
tive sense--that is, water on or near the ground surface on the landside
of leveed watercourses which is attributable to percolation from the con-

fined channels. A typical seepage situation is illustrated on Figure 1.

Historical Seepage Conditions

Prior to construction of levees along the river channels in
the Sacramento Valley, floodwaters often nearly covered the valley in a
continuous sheet, overflowing the natural levees which had been built up
by the rivers. Early efforts at land reclamation consisted of construction
of low levees on the natural levees. These levees confined floodwaters
within narrower bounds with resultant increased elevations of the head of
water against the levees. This caused an increase in seepage through and
under the natural levees. When the stage increased sufficiently, seepage
also occurred through the man-made levees.

At the time California was admitted to the Union, waterlogging
occurred in many areas along the Sacramento River. There was not much
concern about this seepage until years later when the affected lands were
more extensively developed. Records of historic river stages indicate

that seepage could have occurred to some degree in a number of years, but
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Figure 1. Seepage along the Sacramento River near Tisdale Weir.



no seepage was reported prior to 1937. After the high river stages in
1937-38, there was great concern over the resultant damages from see-
page to thousands of acres of crops. A report by the former Division
of Water Resources on conditions in April 1938 states:

o« « « The condition in the district north and

south of (Reclamation District) No. 70 is comparable.

Most peaches are dying. The annual crop land close

to the river is normally double crop land, beets being

the first, then peas or some later crop, but with present

conditions the beets cannot be planted. . . ."

Following that year, no significant seepage damage occurred

until January 1940. Flows during 1940 and 1941 again were of sufficient
magnitude and duration to cause extensive seepage and severe damage.
Because of the increased interest in seepage and concern over the effects
of the newly completed Shasta Reservoir, the United States Bureau of
Reclamation in 1941 initiated a survey of seepage and ground water con-
ditions along the Sacramento River from Stony Creek to Knights Landing.
The Bureau collected data intensively for a T-year period. After 1948,
observations of seepage were continued on a limited basis. The Bureau
has also investigated and reported upon ground water conditions in the
lower Sacramento Valley and the Sacramento-San Joaquin Delta. Valuable
surveys of seepage and seepage damage have also been made by other agencies,
including the U. S. Army, Corps of Engineers and the University of California.

The significant reports of previous investigations are listed in the

Bibliography.

Need and Authorization for the Study

Seepage occurs nearly every year along the Sacramento River

system and may persist for extensive periods, causing considerable damage.

-l
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Furthermore, large water development projects are beilng planned and con-
structed to sustain the rapid increase in water demands throughout
California. These water development projects will alter the flows in the
Sacramento River system which, in turn, will alter the amount of seepage
and seepage damage which may occur in the future. Landowners in the
Sacramento Valley have expressed considerable concern about both present
and possible future seepage and its effects.

Because of this concern and the extensive seepage damage which
resulted from the high flows that occurred during the spring of 1958, the
Legislature in 1959 added to the California Water Code two significant
sections concerning seepage. Section 12627.3 established state policy
that the costs of solving seepage problems which arise or will arise from
construction and operation of a water project shall be borne by the project.
Section 12627.4 enjoined the Department to anticipate seepage problems
which may arise from future construction and operation of water projects
and to include plans for the solution of seepage problems as part of the
project development. The Legislature also authorized this investigation
and appropriated funds to initiate the investigation. Work was started
in October 1959.

As is required by Section 12627.4 of the Water Code, a sub-
stantial portion of this investigation was conducted as an integral part
of the planning of the State Water Project to determine the seepage problems
which may arise in connection with project construction and operation. The
information and data obtained from this investigation will be invaluable
in examining and evaluating any claims which may be made that the State

Water Project is causing seepage problens.
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Objectives of the Investigation

The Cacraomento Valley Seepage Investigation was conducted for
the following purposes:

1. To document seepage conditions along the Sacramento
end Feather Rivers as they exist prior to operation of
Oroville reservoir and other units of the State Vater
Resources Development System. This information will provide
a basis for determining the effects of the Oroville facilities
and. subsequent water development projects on seepage.

2. To develop relationships between river stage and
duration, and seepage conditions. This information will aid
in determining the most advantageous criteria for coordinated
operztion of Oroville reservoir and subsequent projects, based
on all project purposes including consideration of seepage.

3. To estimate the effects on seepage conditions of
changed river regimen which could result from the operation
of future water development projects.

L, To determine whether need exists for detailed studies
that would lead to authorization of seepage mitigation measures
and to indicate the reaches vhere these studies should be
undertaken.

Area of Investigation

The area directly affected by seepage from the Sacramento River
system generally extends as far out as one mile on each side of the rivers
and bypasses,

The study area, as shown on Plate 1, "Area of Investigation',
consists of continuous strips of land on the landward side of the river
levees, The strips average about 2 miles in width measured from the
ilevee on either side of the watercourse and were selected to extend
beyond the actual seepage area. The entire area of investigation totals

about 625 square miles.
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The investigated area is bound on the north by Ord Ferry,
about 11 miles southwest of Chico on the Sascramento River, and s point
just north of Marysville on the Feather River. Very little seepage
occurs north of the study area because the land generally lies well
above river level. Seepage south of Walnut Grove is being studied as
part of the comprehensive investigation of the Delta facilities of the
State Water Project. Therefore, the southern boundary was established
at Walnut Grove.

Lands bordering the Tisdale, Yolo, and Sutter Bypasses; the
Colusa River Drain, and the Knights Landing Ridge Cut are also included
in the study area, as are lands along the lower reaches of the Yuba, Bear,
and American Rivers. Lands abutting the various channels in the Sacramento-
San Joaquin Delta north of Walnut Grove are also included. Lands on the
river side of the levees and within the bypasses were not studied, as
these areas are inundated by flooding rather than by seepage during high

river stages.

Conduct of Investigation

The dynamic influence of river and ground water conditions on
seepage and the economic effects of seepage had not been studied in detail
prior to this investigation. Therefore, new methods had to be developed
for collecting and analyzing data on seepage and the econamic effects of
seepage. The early phases of the investigation were devoted to the col-
lection and interpretation of basic information fundamental to the study.

Analyses were conducted as the concluding phase of the investigation.
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Information compiled during previous investizations wes re-
viewed and a data collection program was developed. lany types of data
were obtained, the most important being river and bypass flows; ground
water levels near the watercourses; the location, areal extent, and
duration of seepase; measurement of the relative potential of various
areas along the watercourses to seep; and information concerning the
econonic effects of seepage.

Additional staff gages were installed along the watercourses
in the valley and high flow stages were recorded. Staff gages along
the Bacramento and Feather Rivers were placed on a common elevation
datum so that water surface profiles could he correlated with ground
water elevations.

Ground water observation wells and piezometers installed during
prior investigations by the U. S. Bureau of Reclamaticn, U. S. Army Corps
of Engineers, Department of Yater Resources, reclamation districts, and
county farm advisors were measured as a network to determine ground water
levels.

The electrical resistivity of the subsurface strata adjacent
to the watercourses was measured to determine the relative potential of
the various areas to seep. The lateral boundaries of the seepage areas
were delineated from this information.

A considerable gquantity of economic information was compiled
and used to determine the effect of seepage on the agricultural and urban
economies.,

Seepage adjacent to the Sacramento River system was field mapped

during flows of high stage and long duration. During these periods, seepage
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was also recorded by aerial photographic methods using infrared film
with various filter combinations to create contrast and to intensify
the imagery of seepage areas. Photointerpretation techniques for
identification of seepage areas were developed during the investigation.
Seepage areas were delineated for six different seepage occurrences.
Statistical correlations between riverflow conditions and
areas of seepage were developed. These correlations were based on meas-
ured riverflows and seepage areas that were identified on aerial photo-
graphs and verified by field observations. These relationships were
used to estimate seepage under present and proposed future river
operating conditions.
Because the area covered by the investigation is large, special
areas were selected for detailed examination. Eight areas, referred to
as physical study areas, each selected to represent conditions in a
much larger portion of the area of investigation, were established.
Detailed topographic, hydrologic and geologic measurements were obtained
in these areas. This approach allowed concentration of study in a limited
number of areas and also enabled detailed instrumentation and subsurface
exploration to be carried out within the cost limitations of the investigation.
Eleven economic study areas were selected. Farmers, county and
urban officials, and others in each economic study area were interviewed
to obtain information regarding seepage damage. In addition, crop yield
tests were taken in these areas to determine the reduction in yields caused
by seepage. The physical and economic study areas are shown on Plate 2.
Studies were made to estimate the economic impact of seepage.

Since approximetely 90 percent of the area is utilized for agriculture,
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most of the effort was devoted to determining the influence of seepage
on the agricultural economy. However, the influence of seepage on the
urban economy also was investigated.

Guidelines were developed for evaluating the impact of seepage
on a particular crop. These guidelines are based upon three factors: the
time of the year of the seepsge occurrence, the duration of the seepage
period, and the susceptibility of the particular crop to seepage damage
under the foregoing conditions.

Finally, information developed during the investigation was used
to evaluate the effect on seepage and seepage damage of the operation of
Oroville reservoir and of increased summer flows which could result from
future projects that might utilize the Sacramento River to convey water

to the Sacramento-San Joaguin Delta.

Conclusions

1. Seepage from the Sacramento River system now has
an effect on the economy of the State. The effect on
agriculture is greater than on the urban economy.

2. Operation of Oroville reservoir should greatly
reduce the magnitude of seepage along the Feather River
caused by high flows of short duration. It should
moderately reduce the magnitude of seepage caused by high
flows of intermediate duration. Seepage resulting from
high flows of long duration should not be changed signifi-
cantly by the operation of Oroville reservoir.

3. Operation of Oroville reservoir should greatly
reduce the probability of seepage and seepage damage
occurring along the PFeather River during April and May.

The probability of seepage and seepage damage occurring
during December, January, February, March, and June should
be moderately reduced by the operation of Oroville reservoir.

~-10-
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4, Summer flows in tle Feather River should nct be
larze enough to cause seepage. With Oroville reservolr
in operation, the maximun summer flow at licolaus should
pe about 6,000 cubic feet per second and should occur in
Ausust. Seepage norrally docs not occwr along the Feather
River when the flow at Nicolaus is less than 14,000 cubic
{eet ner second.

5. Seepage conditions should be documented for at
Least 5 years after the Oroville facilities are in operation.
The additional data will establish, to a higher degree of
accuracy than is now possible, the effect of the operation
of the Oroville facilities on seepage.

6. The approximate maximum flows that ean be maintained
n the Sacramento River for long durations without causing

seepage in the top & feet of so0il are as follows:

[N

9]

Colusa veir to Fremont Weir 9,000 cfs
Fremont Weir to American River 15,000 cfs
Ameriean River to Hood 19,000 cfs

7. Use of the Sacramento River channel to convey imported
wvater supplies will not influence seepage and seepage damage
during the winter. It avpears, however, that any material
importation would contribute to summer seepage and damage.
Under foreseeable conditions, this should not occur prior to
apout 1990,

8. A drainage system adjacent to the Sacramento River
appears to ve the best methnod Tor controlling vossible future
swmmer seepage. Based on conveyance of an assumed importation
of 9,000 cubic feet per secona in the Sacramento River, a
drainage system would have to have a benefit-cost ratioc of
approximately 2.5:1. loreover, a drainage system would also
provide additional venefits by controlling winter seepage and
by making possible the use of seepage to irrigate crops during
the growing season.

9. Routes other than the Saeramento River should also be
considered as possiole alternatives for conveying imported water
through the Sacramento Valley from developments which will
become operational after about 1900,

10, There apnpczrs Lo we no need at this time for the State
to make detailed studies wnich would lead to authorization of
seepase mitization racilities in the Sacramento Valley. There
are, however, a number of localized arcas adjacent to the
Sacramento River, porticularly between Colusa and Ynights Landing,
and the Teather River downsiream from Nicolaus, where seepage
alleviation facilities chould be gilven further consideration,
either by individuals or local ageneies.
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CHAPTER 11X

SEEPAGE AND SEEPAGE DAMAGE

There are many highly complex, interrelated and sometimes
contradictory factors which affect seepage and seepage damage. The
effects of some of these factors are understood, whereas others can
only be surmised. Therefore, although generalizations can be made,
each occurrence of seepage must be separately and individually cone
sidered in any detailed investigation of seepage and seepage damage.
A discussion of these factors and their influence on seepage and

seepage damage in the Sacramento Valley 1s included in this chapter.

Factors Influencing Seepage

Basically, seepage occurs when the differential head between
the water surface in a leveed channel and the ground water table in
hydraulic continuity with the water in the channel is maintained long
enough to cause the ground water level to rise into the crop root zone.

Figure 2 shows how a ground water mound is formed causing
seepage following a rise in water level in a river. During periods of
relatively static low river stage, the ground water table is essentially
at a constant level. That is, the amount of water entering the ground
water body from the river is about equal to the amount of ground water
flowing away from the river. As the river water surface rises above the
ground water table, flow through or beneath the levee increases under the
pressure of the steepened gradient and more water enters the ground water

body than flows away. This causes the ground water table to rise rapidly

-13-
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immediately adjacent to the channel. This wedge of water moves outward
from the river, the height, distance, and rate of formation of the mound
depending upon factors which are discussed later in this chapter. If

the river remains high for a long period, the ground water will eventually
reach a stable position. With a sufficiently high river stage, the ground
water table could reach ground surface.

Figure 3 depicts the recession of the mound. When the river
water surface drops, the ground water mound begins to dissipate. The
ground water near the river starts flowing back to the river. The ground
water at a greater distance from the river flows away from the river toward
areas with lower ground water table elevations. The ground water mound
dissipates fairly rapidly at first when the gradient is steep. As the
mound flattens, with resultant reduced gradient, the rate of dissipation
decreases. Eventually, the ground water table returns to a static level.

This idealized concept of the formation and dissipation of
seepage is influenced by a number of factors. The six factors which have
the greatest influence are the stage and duration of the river or contrib-
utory watercourse above a base level below which seepage does not occur;
antecedent soil moisture conditions; topography of the land adjacent to
the watercourse; geology and soils in the area; location and change in
the ground water table; and drainage works in the area. These six factors
are discussed in this chapter.

Other factors which influence seepage include the width and
depth of the channel, height and width of the levee, agricultural
practices in the seepage area, extent of the area covered by vegetation,
and chemical quality of the seepage. Because these factors usually have

only a minor influence on seepage, they are not discussed in this report.
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Since the factors affecting seepage are interrelated, variation
in one or more factors will cause a change in others. Therefore, it is
difficult to isolate the specific influence of any one factor on seepage.
For this reason, the relationships developed during this investigation
for estimating the occurrence and magnitude of seepage can be used as

guidelines but should not be considered as exact.

Stage and Duration

The two most important factors affecting seepage are the stage
or elevation of the water surface in the river above a certain critical
base level below which seepage does not occur, and the duration of the
stage above this level. The river must remain above this base level for
a certain period of time before seepage starts. Both the stage and
duration necessary to cause seepage are dependent upon & number of physical
factors and vary throughout the area of investigation.

The stage of the river above the critical base level, called critical
stage, is the force that pushes water through the soil. The higher the
river stage, the greater the force and the greater the seepage.

The duration of the river stage determines how far out the water
moves into the adjacent land and how much soil will become saturated. The
longer the duration of a high river stage, the more time the water has to
move out from the river, and the greater the area affected by seepage.

Studies made during this investigation indicate that at the
onset of seepage, the seepage area depends primarily upon the height of
the river surface above critical stage and the antecedent soil moisture
and ground water conditions. The influence of these factors decresases

during the seepage period. As the length of the seepage period increases,
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the influence of the duration of the river level above critical stage
becomes increasingly more important on the magnitude of seepage.

The flow in the Sacramento River which averages about
19,376,000 acre-feet per year at Sacramento and 7,278,000 acre-feet
per year at Colusa is closely related to the amount of precipitation
over the watershed. Streams in the Sacramento River system reach their
maximum stages during periods of heavy rainfall between November and
April. Extremely high streamflow generally lasts for only a few days.
However, moderately high flows fed by successive rainstorms and melting
snow, may persist for many weeks or even months., After the spring snow-
melt period, runoff in the rivers declines to a fairly steady base flow
which slowly diminishes through the summer. An aerial view of the
Feather River at Shanghai Bend during the December 1964 flood
is shown as Figure 4. This figure illustrates the magnitude of flows
which can develop in the Feather River. These flows average 5,590,000
acre~-feet per year at Nicolaus. The arrows indicate the locations of
pressure relief wells which were constructed to control deep seepage and
protect the stability of the levee at Shanghai Bend.

River levels in the Sacramento River Basin are greatly influ-
enced by the operation of the Sacramento River Flood Control Project and
the larger water conservation projects in the Sacramento Valley. The
influence of these projects on river stage and duration is discussed in
the following sections.

Sacramento River Flood Control Project. The Sacramento River

Flood Control Project consists of a system of levees, weirs, and bypasses
designed to convey flood waters through the valley with a minimum of

damage to agricultural and urban lands.
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The principal physical features of the project are depicted
on Plate 1. The physical works include levees along the Sacramento,
Feather, Yuba, Bear and American River channels; leveed bypasses through
the Sutter and Yolo Basins; relief bypasses from the Sacramento River
to the Butte Basin at Moulton and Colusa Weirs; a relief bypass from
the Sacramento River at Tisdale Weir to the Sutter Bypass; a relief
bypass from the Sacramento River at Sacramento Weir to the Yolo Bypass;

a spillway structure or weir at each point where water is allowed to
overflow from the river channels; and the widening and deepening of the
Sacramento River channel from Cache Slough to its mouth.

When a flood discharge exceeds the carrying capacity of the
river channels, the overflow weirs act as safety valves, diverting the
peak floods into the bypasses and safely through the valley. The maximum
capacity of the project is 579,000 second~-feet. The project provides
protection from floods to about 800,000 acres of highly productive agri-
cultural lands and the cities of Marysville, Yuba City, and Sacramento
as well as numerous smaller communities.

The Sacramento River Flood Control Project has a marked effect
on seepage conditions. Before the bypasses were built, floodwaters over-
flowed into the flood basins which generally parallel the rivers and
caused considerable general flooding. Confinement of floodflows by levees
has resulted in higher water stages with consequent occurrences of seepage
in some locations adjacent to the bypasses. The diversion of water from
the rivers through the bypasses has, however, reduced river stages, thus

reducing seepage adjacent to the rivers.

-20-
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Oblique aerial photographs taken during the April 1963 flood-
flow period (Figure 5) show two features of the Sacramento Valley Flood
Control Project in operation.

Upper photo - Tisdale Weir is shown spilling high-stage
floodflows over the weir and into the Tisdale Bypass.
These flows travel easterly along the bypass and commingle
with the flows in Sutter Bypass which originate in the
Butte Basin area. These combined flows travel southerly
along the bypass and Feather River to Fremont Pool, which
is in the vicinity of Verons and the junction of the
Feather and Sacramento Rivers. Tisdale Weir lowers the
stage in the Sacramento River between the weir and Knights
Landing, thus reducing flood danger and seepage along
this narrow and restricted reach of river channel.

Lower photo - Fremont Weir is shown spilling floodflows

over the weir and into the Yolo Bypass. Flows travel
southerly in the bypass and reenter the Sacramento River
above the city of Rio Vista reducing flood danger and
seepage along the lower resches of the Sacramento River.

The spill over Fremont Weir is a combination of floodflows
from the Sutter Bypass, the Sacramento River, and the Feather
River. The capacity of Yolo Bypass at the intake (Fremont
Weir) is 343,000 cubic feet per second.

Existing Water Conservation Projects. Many water couservation

projects in the Sacramento River Basin affect the flows in the rivers
within the study area. Reservoirs have the most significant influence
as they regulate the flows of the various rivers. Shasta and Folsom
Reservoirs presently have the greatest influence on streamflow regimen

in the Sacramento Valley. Oroville reservoir should control flows of the

-~

Feather River starting in the later part of 1907.
Generally, peak floodflows are stored temporarily in flood
control or multiple -purpose reservoirs and later released at rates

which will not cause downstream flooding. The effect of these reservoirs

is to reduce peak flows which tends to reduce seepage during flood periods.

These reservoirs, however, usually extend the flood releases over longer

2] -
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Grand Island

Figure 5. Tisdale and Fremont Weirs overflowing during the
April 1963 seepage period
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periods, which could extend the duration of seepage. The net effect
of water conservation projects on seepage depends both on the storm

conditions and the manner in which the reservoirs are operated.

Antecedent Soil Moisture Conditions

Studies made during this investigation indicate that ante-
cedent soil moisture conditions have an important influence on
seepage.,

The rate at which seepage appears is related to the initial
soil moisture content because less seepage is required to bring an
already moist soil to saturation. Therefore, the wetter a soil before
the river rises above critical stage, the sooner seepage should appear.

The soil moisture content at the time seepage occurs is
primarily dependent upon two factors, the amount of rainfall occurring
shortly before the river rises, and the ground water level prior to
the occurrence of seepage.

The amount of moisture in the soil at the time a watercourse
rises above critical seepage stage can vary over a wide range. This
accounts for the considerable difference in the rapidity with which
seepage may occur and in the magnitude of the seepage area under differing
soil moisture conditions. Soil moisture conditions tend to stabilize
during a seepage period and consequently the influence of soil moisture
decreases with time.

The influence of antecedent soil moisture conditions can be
quite pronounced. Seepage which would cover many acres of land if ante-

cedent moisture conditions were high, may not even occur if antecedent soil
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moisture is low. Furthermore, & slight rise in river level above
critical stage may very rapidly cause a considerable amount of seepage
if the antecedent soil moisture is high. This explains why the first
seepage of a season is usually smsller in areal extent and slower to

occur than those later in the season when the soil moisture is higher.

Ground Water

The configuration and slope of the ground water table within
the study area is largely influenced by the river system, and varies
throughout the area and changes throughout the year. The elevation of
the water table normally ranges from ground surface to 20 feet below.

The water table immediately adjacent to the river is usually hydrauvlically
connected to the river, Thus, ground water either percolates to or from
the river depending upon the relative stages of the river and the adjacent
water table. The ground water basin is also naturally recharged by direct
percolation from precipitation and from downward movement of applied water
on the land surface. The water table is generally drawn down in the spring
and summer by the large amount of ground water which is pumped for agri-
cultural use.

North of Colusa the water table generally slopes downward from
the foothills to the river. South of Colusa the water table usually
slopes from the foothills and the Sacramento River downward to the flood
basins on either side of the river.

The timing and ultimate area of seepage are directly related
to the depth and slope of the ground water table. If the water table

is initially near ground surface and there is a good hydraulic connection
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to the river, it takes little time for a rise in river stage TO cause
seepage. Conversely, where there is a deep ground water table, the
same increase in river stage may not cause seepage, or it may take a
much longer time for seepage to appear. Therefore, where the ground
water table is initially low, seepage from a short-duration flood may
not affect surface conditions, whereas the same situation at a location
with a high water table may have a marked surface effect.

In most of the irrigated agricultural lands adjacent to the
Sacramento and Feather Rivers, the water table is closely controlled
by surface and subsurface drains. When a long-duration flood occurs,
these facilities sometimes become overtaxed and allow the ground water
table to rise to the ground surface. Thus, the position, action, and
control of the ground water table influence both how fasi seepage appears

and the extent of the seepage aresa.

Topography

Topography has a very important bearing on seepage and seepage
damage. In areas where the ground surface is always higher than the
highest river water surface, seepage is seldom a problem. Where the ground
surface is below river water surface at all times, seepage may occur the
year around if the proper combination of other physical factors is present
and if physical works for seepage control have not been provided. Where
adjacent lands are above river water surface most of the time but are
below the water surface at moderate to high riverflows, seepage can occur
intermittently, if the proper combination of the other factors is present

and no physical control exists. Seepage also appears sooner, occurs in
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greater quantity, and lasts longer where the difference in head between
the river and ground water surface is the greatest.

The floor of the Sacramento Valley slopes southward from an
elevation of about 300 feet at its northern extremity to below sea level
in the Sacramento-San Joaquin Delta. Lands at the upper end of the valley
slope from the foothills to the river. In the vicinity of Butte City,
the valley floor starts to level out with the result that the rivers have
built up broad, low floodplains and natural levees adjacent to the channels
through deposition of material during flood periods.. The floodplains
and natural levees slope gently away from the rivers to lower areas or
flood basins paraliel to and on each side of the rivers. In the vicinity
of Sacramento the natural levees reach a maximum height of from 10 to 15
feet above the adjacent flood basins. The flood basins are identified
as the Colusa Trough on the west side of the Sacramento River as far south
as Knights Landing, and as the Yolo Basin from there south. The Butte,
Sutter, and American Basins are the principal flood basins on the east
side of the Sacramento River.

Man has constructed levees on both sides of the river in the
study area. These levees are from 15 to 30 feet high and have generally
been constructed on top of the natural levees. Thus, the Sacramento River
below Hamilton City and the lower reaches of the Feather River flow in
broad, elevated trenches, flanked on either side by low-lying flood basins.

Land leveling alters the topography, thus affecting seepage.

If the land elevation is lowered, the amount of seepage should increase.
Furthermore, seepage will generally appear first in low spots and de-

pressions where the difference in head between the river water surface

-26=

DFCG-6




and ground surfaece is greatest. Loczl runoff aiso tends to collect in
these depressions, contributing to waterlogging (soil saturation).

in example of ponded seepage is shown on figure 6. The seguence
of photographs was taken in April 1963, The depressed arez long the
right bank of the Sacramento River above Fremont Veir is normally above
the level of the river except during flood periods. OSeepage {lowus avay
from the river and ponds in swales and against the lower part of the field
at the edge of the natural levee and county road. In hHpril 1063, the field

-

was being graded and leveled to remove the swales and raise the elevation
of the lower portion of the field. This operation made the field more
adaptable to farming but will not solve the seepage problem. In this case,
the land leveling increased the area affected by seepage. Before the
leveling, seepage was concentrated in the low portions of the f[ield between
the levees. However, leveling lowered the higher areas and increased the

effective head which causes seepage, thereby increasing seepage over z

greater portion of the area.

Geology and Soils

Sediments deposited along the river charnels in the study area
have been generalized into three types: (1) stream deposits--a gray,

loose, gravelly sand of high permeebility; (2) floodplain and natural levee

devosits--brown, soft, clayey silts and fine silty sands of high to low

permezbility; and (3) flood basin deposits--a gray, stiff clay of low

U

permeability. A typical geologic cross section is shown on Figure 7.
Seepage flows through the permeesble stream deposits and floodplain and

natural levee deposits., The flood basin deposits formed fine-textured

1
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Figure 6. Ponded seepage between river levee and natural levee.
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clayey soils which, because of low permeability, generally restrict the
flow of seepage and act as impermeable boundaries,

The stream deposits were formed during the early post-Wisconsin
glacial stage when stream gradients and velocities were very high.
Highly permeable sands and gravels were deposited in the deep, wide
channels which had been formed during the Wisconsin glacial stage (see
Figure 7). The stream deposits extend vertically to a maximum depth of
approximately 100 feet and laterally about 1 mile. Most of the seepage
flows through the stream deposits because these soils are generally
hydraulically connected with the rivers and are highly permesble.

Figure 8 shows seepage which has saturated pervious soils next to the
Sacramento River.

The floodplain and natural levee deposits were formed over the
stream deposits during the later post-Wisconsin glacial stage when the
rise in sea level reduced the stream gradients and velocities along the
Sacramento and Feather Rivers. This caused the deposition of finer
grained material such as fine sand, silt, and clay. The rise in sea
level and the lowering of the stream velocities also increased the
meandering of the rivers which accounts for the high variability of
these soils, ranging from sand to clay, and the existence of abandoned
channels. Generally, the relatively coarser grained soils were deposited
adjacent to the main river channels and the finer grained soils were
deposited farther away. The vertical thickness of the floodplain deposits
ranges to 30 feet, and averages about 15 feet. At present, the natural
and man-made levees are relatively impermeable because of the fine

suspended sediment of silt and clay which was deposited on the levees
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8. Seepage along the west bank of the Sacramento River above
Fremont Weir.

Figure

The oblique aerial photographs taken during the April 1963 seepage period
define the seepage pattern and show the gradation of saturation landward
from the levee. Seepage in this area drains into an abandoned oxbow land-
ward from the row of oazk “rees at the bottom of the upper photograph. This
results in dewatering the area near the grove of trees surrounding the oxbow.
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during the recession period of the high flood stages. The quantity
of seepage which flows through the floodplain deposits varies because
of the irregular deposition and varying permeability of these soils.

The flood basin deposits consist of clayey soils which were
formed largely prior to the deposition of the stream deposits and flood-
plain and natural levee deposits. Many of these basin soils are under-
lain by a hard, impervious substratum. Before the rivers were confined
by permanent levees, flood basin soils were repeatedly deposited during
overflow periods in the low areas such as the Colusa and Sutter Basins.
The high clay content of the flood basin deposits limits the quantity of
seepage transmitted through these deposits.

The most significant soil characteristics influencing the
occurrence and magnitude of seepage are the vertical and lateral extent
and permeability of the various soil deposits. The width of natural
levees also has a bearing on seepage.

The vertical and lateral extent of seepage is limited by the
location of the impermeable flood basin deposits which underlie the
stream deposits and laterally border both the floodplain and stream
deposits. The geologic sections on Plates 12 through 18 show the limit
of the potential seepage zone along cross sections at selected locations
in the study area. The electrical resistivity maps on Plates 19 through
29 show the latersl extent of the potential seepage zones at 11 locations
within the area of investigation. It was found that the stream deposits
have a fairly consistent depth, but that the floodplain deposits vary
considerably in depth. Generally, more seepage is transmitted where
the floodplain deposits are very permeable or thinner than the permeable

stream deposits.
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Vertical permeability of the floodplain deposits ranges from
approximately .00l to 5.0 feet per day, and the vertical permesbility
of the stream deposits varies from 1.0 to 30.0 feet per day. The large
range in the permeability of the floodplain deposits is due not only to
the irregular deposition of soils, but also to structural features such
as small root holes and cracks which affect permeability more than does
the grain size distribution. These holes and cracks were frequently
found in soil located above the normal water table and in fine-grained
soils. This large variation in permeability accounts in part for the
nonuniform occurrence of seepage.

Anisotropy, the ratio of vertical permeability to horizontal
permeability, affects the rate of seepage flow. In this investigation,
the anisotropic ratios of the stream deposits were generally found to be
close to unity. In areas where the anisotropic ratio is lowest seepage
is usually distributed further inland. In a typical case where the less
permeable floodplain deposits overlie the highly permeable stream deposits,
the rate of seepage flow increases with an increase in the anisotropic
ratio.

The widths of the natural levees are highly variable because of
the nonuniform method of deposition, river meander, variable sediment
load, past levee breaks, scours, and overflows. The natural levees are
generally broad, but man has raised the levees and leveled the abutting
lands to fill in low areas such as abandoned channels. Thus, the shape
of the present levees are somewhat modified from the natural form.
Generally, with other conditions the same, the wider the levee the less

the rate of seepage flow.
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01d river channels which have been cut off from the present
channels either naturally or by the action of man in constructing
river levees, have a small, localized influence on the location of
seepage. Although the type of material varies considerably, abandoned
channels are generally filled with fine-grained materials. Where these
old river channels are hydraulically connected to the stream deposits,
they readily transmit seepage upward during periods of high river stage.

This investigation showed a general similarity in arrangement
of the floodplain and stream deposits in the area of investigation.
However, the continual deposition and erosion caused by the meandering
streams have created an area which is highly complex. Each area is

unique and must be so treated in a detailed study of seepage or drainage.

Drainage Works

Waterlogging problems in the area of investigation result
almost entirely either from precipitation or from seepage from the rivers
or bypasses or both.

The location and operation of drainage facilities greatly
influence the area affected by seepage. This influence is exerted by
the ability of drainage facilities to control the height and fluctuation
of the water table.

Properly designed and operated drains allow the water table to
be maintained below the root zone in agricultural areas and to be main-
tained below the foundation of buildings, roadways, and airport runwaeys
in urban areas.

Drainage ditches and tile drains are the most common types of

drainage facilities in the study area. Relief wells have been used in
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several locations. The type of drainage facility which 1s most effective
depends primarily upon local soil and drainage conditions.

In most instances, open drainage ditches are probably the best
and most economical facilities. Two types of open drains are extensively
used in the study area--toe drains along the landward toes of the levees
and ditch systems consisting of main drains, laterals, and sublaterals
in the fields adjacent to the rivers and bypasses. The toe drains are
limited to alleviating near-surface seepage and seepage through the man-
made levees, whereas the lateral systems, if properly designed and
operated, can usually alleviate seepage anywhere within the crop root
zone in fields near the watercourses.

Tile drains placed underground offer a permanent method of
draining land. A single tile line paralleling the levee would control
only near-surface seepage, whereas a tile drainage system, including
laterals, can effectively control seepage at considerable distances
from the levees.

Relief wells reduce the hydrostatic pressure at or near the
landward toes of levees by providing outlets for seepage fram underground
strata. Relief wells are therefore most effective in controlling deep
seepage and in protecting levee stability at specific locations. However,
they cost considerably more than either open or tile drain systems.

Pumping plants are usually constructed with each type of drain-
age system to pump the drainage flows back into the rivers or bypasses.

Drainage facilities also intercept drainage from local rain-
fall. This is important, as seepage generally occurs after heavy or

prolonged periods of rainfall.
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Drainage facilities in the Sacramento-San Joaquin Delts are
guite extensive and are very effective in controlling seepage, except
during the most severe seepage periods. South of Clarksburg, the lands
are drained by an intricate system of ditches and some tile drains
which intercept and remove large quantities of seepage. The agricultural
areas north of Clarksburg are not as extensively covered by drains and
are usually served by large reclamation district drainage ditches or by
tile drains installed by the landowners. Figure 9 shows two examples
of seepage being collected in open drains.

A seepage relief well system, constructed by the U. S. Army
Engineers, controls deep seepage and protects the right levee of the Feather
River near Shanghai Bend. Three relief wells were constructed by the
Department of Water Resources to protect the levee near 014 River at the
west end of Fremont Weir.

The larger urban centers such as the City of Sacramento
generally have adequate underground drainage facilities. In addition,
drainage facilities are constructed to protect buildings, roads, rail-

roads, and airports from high water table conditions and damage.

Seepage Damage

The Sacramento Valley is one of the principal agricultural
areas in the country. Practically every crop grown in California can
be found in some part of the valley and the adjacent foothills,
Agriculture and allied services are the principal economic
activities in the study area. Most of the agricultural lands are planted

to field crops and grain with the remainder in orchards. The field crops
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Seepage flowing down the cut-bank
of drainage ditch about 1/2 mile
away from the Sacramento River on
the River Farms property north of
Knights Landing.

B

A l2-inch outfall pipe spilling
seepage collected from field
drain adjacent to the Sacramento
River on the Van Ruiten ranch
upstream from Kirkville. The
flow at the outfall was
estimated to be 0.25 cfs.

Figure 9. Seepage collected by drainage works.
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include barley, sugar beets, beans, milo, tomatoes, rice, alfalfa,
pasture, safflower, and a negligible acreage of other crops. The
orchards are mostly walnuts, pears, peaches, and prunes. Because
agriculture is the most important economic activity in the area,

the effects of seepage on the agricultural economy are more signifi-
cant than on the urban economy.

The present urban areas are largely confined to the higher
ground along the rivers and have fairly adequate drainage facilities.
Thus, urban areas do not experience seepage to the extent that the
agricultural areas do.

Seepage can have both beneficial and detrimental effects on
the econamy. Seepage recharges the ground water body and is sometimes
used as a source of water for subirrigation and for leaching agricultural
lands, particularly in the Sacramento-San Joaquin Delta. Seepage is also
used as a source of water for duck ponds and has other beneficial effects.
The primary effect of seepage, however, is usually detrimental.

In agricultural areas, seepage prevents or delays the use of
lands to their full economic potential, delays or prevents planting of
crops, reduces crop yields, kills orchards and annual and perennial
crops, forces undesirable salts upward into the root zone of crops and
trees, and otherwise interferes with farming operations. Seepage also
necessitates the construction, operation and maintenance of drainage
facilities on agricultural lands.,

Seepage delays development in some urban areas and requires the
installation and operation of drainage facilities for buildings, roads,

and airports in these areass.
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Types of Agricultural Damage

There are two primary types of seepage damage to the agricultural
economy. These are direct damage to crops, and indirect damage due to
limitation on land use. The most obvious type includes the inability to
plant crops at the optimum time, total to partial loss of crops, the in-
ability to double crop, decreased crop yields, loss of trees and perennial
plants, and miscellaneous damages such as additional cultivation and loss
in effectiveness of fertilizer.

In addition to direct damage, seepage often imposes a limitation
on the type of crops which can be grown. In many areas, an increased
intensity of use or an entirely different cropping pattern yielding a
higher net income could be established if seepage were not prevalent.

Crop Damage. The direct impact of seepage on a particular crap
is basically attributable to three factors: (1) the time of occurrence
of seepage, (2) the duration of seepage, and (3) the susceptibility of a
particular crop to seepage damage.

The time of occurrence of seepage is critical with respect to
the type of crop and the state of crop growth. If seepage occurs during
the period a crop is dormant or during a cool period, a crop is less
susceptible to damage than during the crop growing season or during a
warm or hot period. Also, in the case of annual crops, seepage may occur
before the crops are planted, thus causing little or no damage. Generally,
the economic effect of seepage on a crop increases up to the time of harvest.

An exsmple of seepage damage to orchards is shown on Figure 10.
This photograph shows the typical visual effects caused by seepage. The
center photo on this figure shows a portion of an orchard pruned back be-

cause of root damsge from seepage.
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Waterlogged, stunted,
and a few toppled
walnut trees caused by
seepage along the
Feather River south of
West Catlett Road,
February 1962.

Prune orchard near
Princeton on Keller
Ranch, April 195k,
severely pruned
back because of
seepage damage to
roots.

. Nt

sicte B SR ST

Young pear orchard
along the Feather
River north of the
Bear River, water-
logged from seepage
with many of the
trees blown over by
the high winds in
October 1962.

Figure 10. Orchard damage attributable to seepage.
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The duration of seepage has a direct effect on the amount
of damage to crops, regardless of vhen seepage occurs. However, the
amount of damage resulting from a specific duration increases con-
siderably late in the growing season when the plant nutrient and water
reguirements are high. ©Since plant growth is dependent upon the
functioning of the root system, an interruption of the normal functions
of the roots disrupts the flow of nutrients to the detriment oi tne plant
in general. During the cooler portion of the year, plants can survive
longer periods of seepage than during warmer periods when growth is more
active.

Some crops are less susceptible to damage from seepage than
others because they are more salt tolerant or less susceptible to damage
from an oxygen deficiency. Thus, seepage of a specific duration at a
given time may severely damage or completely destroy one crop, while
another crop may suffer only slight or moderate damage.

Limitation on Land Use. Seepage limits the use of land in

some agricultural areas. Without seepage contrel, the type of crops
which can be grown 1s limited in areas which frequently have seepage.
Crops which are tolerant to water in the root zone and/or shallow rooted
are often planted in these areas, even though they yield a relatively
low economic return. Repeated occurrences of seepage will cause an area
to be less intensively farmed.

An increased intensity of land use or an entirely different
cropping pattern yielding a higher net economic return could be estab-
lished in some areas if seepage were controlled. If the economic

return from the land is increased, the market value of the land could
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normally be expected to appreciate. Thus,; the restriction on land use

imposed by seepage reduces the market value of agricultural land.

Factors Influencing Agricultural Damage

A basic knowledge of soil moisture conditions and the ecological
factors affecting plant growth are essential to the evaluation of the
economic effects of seepage on the agricultural economy. Optimum plant
growth occurs under ideal conditions when the soil temperature and the
gquantity of oxygen available to the root system are in balance with the
normal requirements of the crop. Any deviation from the optimum growing
conditions as a result of seepage can result in an economic loss due
either io decreased crop yield or reduced quality of a crop or both. Seepage
damage to grain crops planted along the Sacramento River is shown in
Figure 11.

Available Oxygen. Oxygen in the upper strata of the soil is

essential for optimum root growth and the subsequent development of plants.
When the soil is saturated, as it is when seepage 1s present in the form
of & high water table, oxygen is not present in the root zone and growth
is inhibited, usually decreasing crop yield and/or crop quality.

In describing and discussing the effects of seepage, it is
necessary to distinguish between moisture from seepage and moisture from
other sources. Seepage differs from applied irrigation water and rain-
water in the manner in which it enters the soil. Seepage movement occurs
primarily when the soil is saturated and can be horizontal, upward, or a
combination of both. This movement drives the oxygen necessary for plant

growth from the pores of the upper soil strata. Seepage can also carry
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Figure 1l. Crop damage from seepage along the left bank of the
Sacramento River above Missouri Bend.
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undesirable salts upward into the crop root zone. In contrast, irri-
gation and rainwvater percolate downward without saturating the soil,
and bring in oxygen and carry awvay excess salts.

Although the roots of crops are exposed to nearly saturated
soil conditions for a short period of time during irrigation, particularly
by the flooding method, growth is not inhibited and the plants are not
dameged as 1s the case with seepage. This contrast in what appears to
be similar circumstances is due to three factors. The short time of
near-saturation is the primary difference. Second, irrigation water
contains more oxygen than does seepage. Third, as irrigation water
percolates downward through the soil, it draws in fresh air and also
dissolves carbon dioxide and leaches it from the root zone.

Roots respire Jjust as do other parts of the plant, and are
injured if an adequate supply of oxygen is not available, Since respiration
is most rapid during the plant growing season, seepage damage is likely to
be greater during the growing season than in the dormant season. In general,
total root growth and the rate of growth decrease with a decrease in oxygen
supply and an increase in carbon dioxide in the soil.

Soil Temperature. Soil temperature, an important factor for

crop germination and growth, is lower in saturated than in unsaturated
soils. Oome crops such as cereal crops will sprout when the soil temper-
ature is about U5PF, but soil temperatures from TO to 90 degrees are more
favorable Tor both germination and plant growth. Soil bacteria which
create plant food are also less active at lower temperatures than at

temperatures ranging between 30 and 95 degrees.
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Experiments reveasl that low soil temperatures reduce the
absorption o1 water by the plant roots. Under certain circumstances,
this causes wilting of plants because the uptake of water does not
correspond to the quantity of water lost by transpiration.

Thus, the effect of seepage in reducing soil temperature can
decrease farm income by delaying the period of crop germination and
harvest, and by decreasing the crop quality and yield.

Decreased Respiration. Respiration is the process by which

plants absorb oxygen and give off products. Plant pathologists

have determined that the energy released by respiration is essential
for the movement of solutes (the elements necessary for plant growth)
into the plant cells. If respiration of actively accumulating tissue
is decreased by chemical inhibitors, low temperature, or inadequate
oxygen, the accumulation of solutes is invariably decreased or stopped.
If, under prolonged seepage conditions, plants do not receive the
solutes necessary for proper growth, they will suffer and eventually
die. The damage from reduced respiration is directly related to the
proportion of the total root system of the crop which is exposed to
seepage and the duration of the inundation by seepage.

Crop Rooting Characteristics. Some knowledge of the rooting

characteristics of crops which are grown in the study area is essential
to proper evaluation of the effects of seepage. The maximum depth Lo
which the roots of a crop will penetrate varies considerably, even in
well-drained soils. There also is a minimum depth to the water table

that is considered essential for proper plant growth.
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According to information published by the University of

California, the crops listed below will exhaust the available water

supply to the following depths when grown in deep, well-drained soils

under average conditions.

Crop Depth in Feet
Alfalfa 8 to 12
Almonds 6 to 9
Asparagus 10
Beans (bush) 1-1/2
Beets (sugar) 5 to 6
Corn (field) 5 to 7
Grain 5
Permanent

pasture 1-1/2 to 3

Crop Depth in Feet
Milo 6
Peaches 6 to 9
Pears 6 to 9
Prunes 6 to 9
Rice 1 to 1-1/2
Safflower T
Tomatoes 6 to 10
Walnuts 12 to 18

Since crops in the study area are not usually grown in deep,

well-drained soils, it is essential to know the depth at which most of

the roots grow. These depths are as follows:

Crop

Field and truck crops
Orchard
Small Grains (barley)
Sugar Beets
Corn
Alfalfa
Pasture:
Clover
Kentucky bluegrass
Ladino clover
Vegetables:
Beans
Tomatoes

Depth of Dense Growth

3' to 3-1/2°
Lt to 6°
24" to 30"
12" to 48"
18" to 20"
36!1

24" to 48"
18" to 20"
6" to 12"
1211

2)4!1

If the soils and soil water are relatively free of alkali,

the following crops require & minimum depth to water as shown:
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Crop Depth to Water in Feet

Pasture 2 to 3
Field and grain 3 to 5
Orchards and alfalfa 5 to 8

If there is an excessive amount of alkali present, almost
any crop will require a minimum depth to the water table of L feet
in coarse sandy soils, 6 feet in sandy loam soils, and 8 feet in clay
loam soils.

For purposes of this investigation, & minimum depth to water
table which each representative crop grown within the area of investi-
gation would endure over a prolonged period was estimated. The minimum
for any crop was considered to be 36 inches, because some irrigation is
necessary to leach out the undesirable salts accumulated in the root

zone. These depths are shown below:

Minimum depth Minimum depth
Crop to water in feet Crop to water-in feet

Alfalfa 3 Melons 3
Almonds 6 Milo 3
Asparagus L Peaches &
Beans (bush) 3 Pears 6
Beets (sugar) 3 Prunes 6
Corn (field) 3 Rice 3
Grain 3 Safflower 3
Permanent Pasture 3 Tomatoes 3

Walnuts &

Urban Damage

Population is relatively sparse throughout much of the study
area. The principal urban centers in the area of investigation are
Sacramento, Yuba City, Marysville, Linda, Olivehurst, and Colusa. The
small towns and farmsteads bordering the river occupy a small portion

of the area of the investigation.
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When the urban areas were originally developed, buildings
generally were located on high ground near streams to avoid flooding
but to be near enough to the river to have cheap transportation and a
water supply. Most of these buildings had basements which acted as
sumps to keep the water, both drainage and seepage, from the wooden
substructure during prolonged wet periods. Newer buildings, particu-
larly residences, are constructed without basements. Seepage, if
allowed to stand in contact with the building structure can warp,
buckle or crack floors and walls, cause dry rot, and is a nuisance.

Since urban development in the area of investigation is
presently confined largely to areas of higher ground, it is not
appreciably affected by seepage at this time. However, urban develop-
ment is beginning to encroach into seepage areas. This encroachment
is certain to continue as the more desirable lands are utilized and
as urban growth continues.

An example of urban encroachment into a seepage ares is
shown on Figure 12. The Rio Ramaza subdivision is located in a low-
lying area just north of the Sacramento-Sutter county line. Drainage
works were installed within the subdivision to control seepage and
drainage, but during February 1965 the drainage facilities were over-
taxed and did not keep ground water levels below ground surface. At
the time the photograph was taken, seepage was present throughout the
subdivision which is located in the bottom part of the figure. The
darker areas in the subdivision are areas with standing water or where
the soil is saturated or nearly saturated.

In a few instances, notably Southside and Bahnfleth Parks in
Sacramento, severe seepage conditions have resulted in areas being used

for park purposes rather than as building sites.
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Examples of seepage in an urban area and at Bahnfleth Park
are shown in Figures 13 and l4. Figure 13 is a composite of two
oblique aerial photographs taken in April 1963. It shows seepage
along the Sacramento River near Chicory Bend in south Sacramento.

This area seeps almost every time the Sacramento River rises above
ground surface. Most of the seepage is under levee seepasge and usually
causes high ground water conditions within a few blocks of the river
levee. Bahnfleth Park, which is the undeveloped area in the upper photo,
is a collection point for most of the seepage. The park has been
graded to form a depression and is equipped with a sump pump and a
drainage system to keep the park from becoming a lake during seepage
periods. All storm drains in this area have bypass outlets, which are
gated, to allow excess drainage and seepage to flow into the park.
Seepage in this area is so severe that at times, even with the drainage
system in operation, the park floods.

Figure 1L shows three photographs of seepage in the Chicory
Bend area during February 1965. These photographs are keyed to the
obligque aerial photographs in Figure 13 with annotations to show their
location. ©Seepage shown on these photographs forms about the same
pattern each time the river rises above ground surface from long-duration
high flows. Seepage conditions depicted at the two locations are
described below:

Location 1 - Looking southerly down Riverview Court in

the Chicory Bend area toward the Sacramento River levee.

Note seepage flowing through cracks in the driveways and

sidewalks, and also being forced up through the asphalt

pavement on the street. This action causes some failure

to take place in the street subbase, and when seepage

recedes, s pumping action takes place and can cause large
cracks in the pavement.
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Figure 13. A composite of oblique aerial photographs of the Chicory Bend
area showing seepage locations and Bahnfleth Park.
(See Figure 14 for closeup views of circled areas 1 and 2)
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(Location 1) Seepage flowing
through sidewalks and lawns
along Riverview court.

(Location 2) Seepage between
levee and Piedmont Drive.

(Location 1) Seepage ponded
on and flowing out of pave-
ment on Riverview Court.

Figure lh. Seepage conditions along the Sacramento River near Chicory Bend
in the South Sacramento area.
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Location 2 - Lookings rortheast from the Cecraxento liver
levee into “he bvack yard of 2 nome alonp “iedmont Orive
in the Chicory Zend aren. Seepage has created a small
lake and is draining cround and under the house into Lhe
street gubters. This condition can cause danage Lo the
nouse and overloads the storm draing whieh also receive
seepage Shrouch smail crachs and joilnts.

Locaticn 1 = fnother photosrapn on Riverview Court shoving
seevage conditions in this ar

es, llote seepase being forced

up through the driveway and lawn, then ponding in the sireet

and gutters.

The increased demand for building sites is naturally for land
which has the least drainage problems, when all other factors are rela-
tively the same. Consequently, urban develonment in seensge areas is
lageing behind that in the nonseeparse areas, even though the seepage areas

gl

may be closer to the places of employment and the downbown shopping centers
and have other zdvantages.

Officials of the Federal Housing Administration recognize the
provlems created by seepase and drainzge under and near homes. To protect
the homeowner and the lending institution, theilr policy requires acequate
proof that the water table can be maintained 2 feet or more below the

foundation of the structures on vhich loans are zuthorizec.

O

e need for drainage facilities does not nreclude urban
develonment, but it does delayr development. The delay depends on the
demand for land suitable for urban uses outside the seepage areas.
Sacramento re2l estate appraisers have indicated the price of lands sub=-

ject to seepage generally is less then lands suitable for comporavle

development outside the seepase areas, the difference being the costs of

&)

drainoge facilities necessary to make the seepage land ac desirable a

the nonseepage land.
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Effects of Drainage on Seepage Damage

By reducing or preventing seepage, drainage works greatly
reduce the magnitude of economic damage resulting from seepage.
Properly operated drains reduce the excess water in the root zone,
thereby providing a root enviromment that is suitable for maximum
plant growth. This, in turn, increases agricultural production and
income.

Drainage also allows lands subjected to spring seepage to be
planted earlier. Equipment is less likely to mire down due to wet soil
conditions. Also, fields can be cultivated with less delay and tractor
cultivation is more efficient because the soil dries uniformly and it
is not necessary to cultivate around wet spots or parts of a field.
Furthermore, well-drained soils warm up sooner and can be cultivated
earlier in the spring than wet soils. Seeds germinate earlier, which
improves crop production.

In the areas where seepage brings undesirable salts upward
to the surface or into the root zone, deep drains should lower the water
table and result in a downward movement of salts in the soil. This
should lower the salt concentration in the root zone and lmprove crop
growing conditions.

Drainage also improves public health conditions by reducing
the amount of standing water on which mosquitoes may breed.

In some instances drains, although not wholly effective in
preventing seepage, will reduce damage by reducing the duration of
water in the root zone. An adequate, properly maintained and operated

drainage system may often mean the difference between having and not
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having a crop. Therefore, in some areas such as the area south of
Sacramento, such a system is essential to the use of the land for
agriculture.

Control of seepage in urban areas is also economically
beneficial. Control of seepage by drainage facilities prevents dry
rot, differential settlement, and cracking of buildings. It also has
other benefits including prevention or reduction of subbase failure
of pavements, thus preventing heaving and cracking of roads and air-
port runways. The nuisance effect of seepage is also reduced by con-

centrating it in drains and preventing its spread.
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CHAPTER III

PRESENT SEEPAGE CONDITIONS

The present level of seepage and seepage damage must be known
before the effects of future changes in flow regimen of the river system
on seepage and seepage damage can be determined.

Although there have been several studies of seepage conditions
in the Sacramento Valley prior to this investigation, little physical and
economic data of the required accuracy and extent was available for this
purpose. Generally, previous observation techniques did not permit
accurate definition of seepage areas. Furthermore, only meager informa-
tion existed on the physiological effect of seepage on plant growth, and
on the relationships between seepage and seepage damage. Therefore, it
was necessary to collect specific physical and econamic data unique to
this investigation.

Based on this data, relationships were developed between the
major physical factors affecting the occurrence and magnitude of seepage
and the seepage areas observed during this investigation. The present
level of seepage was estimated based on these relationships and the river-
flows which occurred during the period 1943-il through 1964-65.

Similarly, relationships were developed between the major
factors influencing seepage damasge and the magnitude of observed damage.
The present level of seepage damage was then estimated based on these
relationships and the estimated seepage occurrences during the period

1943-kl through 1964-65.
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The present level of seepage and seepage damage and the
methods used to obtain this information are discussed in this chapter.
The data which was compiled and used is discussed in greater detail in

the office reports on this investigation.

Method of Determining Present lLevel of Seepage

The timing, areal extent and duration of a number of seepage
occurrences were observed and measured during this investigation. In
addition, the physical factors which influence seepage were measured
and studied and their relationship, variation and relative significance
on seepage were analyzed. Concurrently with these analyses, the relation-
ships between the various influencing factors and the occurrence of
seepage were lnvestigated. After considerable study, graphical cor-
relations were developed between the two most significant factors and
the magnitude of seepage.

An electronic data processing program was developed for rapid
camputation of the area and duration of seepage which would result from
any river conditions included within the limits of the correlation curves.
This program was used to compute seepage areas and the duration of seepage
for one subarea within the area of investigation for the historical period
1943-4l through 1964-65. Since there had been no appreciable change in
river regimen during this time, seepage occurring during this period was
considered to represent seepage which would occur under present conditions
of development. The most significant of these studies is reported in this

section.
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Seepage Areas

The determination of the physical extent of seepage which
occurred during this investigation was perhaps the most ilmportant phase
of the study. Many procedures were employed to determine the occurrence,
magnitude, and duration of seepage. Some were established procedures
used in previous ground water investigations, others were offshoots of
recent developments in agriculture, engineering, military photographic
reconnaissance, and geophysical exploration and were combined and adapted
for seepage monitoring purposes for the first time in this investigation.

Infrared vertical aerial photographs and field observations
were the basic tools used to determine the extent of the seepage areas.
Six sets of aerial photographs were taken during five seepage periods to
define the areal extent of the major seepage occurrences wnich took place
during the investigation. The photographs were taken February 21, 1962,
February 26, 1962, October 18, 1962, February 22, 1963, April 24, 1963,
and February 10, 1965. The photographs of February 21, 1962 were taken
with panchromatic film; all others were taken with infrared film which
increased the image contrast between the dry and waterlogged areas. The
seepage areas obtained from the aerial photographs taken on April 2k,
1963, and February 10, 1965, were the most extensive seepage areas recorded
during the investigation and are shown on Plates 3 through 1l. Two sets
of photographs were also taken during nonseepage periods to aid in iden-
tifying drainage areas and crop damage.

Seepage areas which occurred both at these times and at others
during the period of investigation were also delineated in the field.

Observations and ground water level measurements were taken to devermine
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whether the source of water in the inundated areas was seepage, drainage

or combination of both.

Lateral seepage boundaries were delineated from

electrical resistivity studies of the subsurface strata or were defined

by physical or topographic barriers or drainage works.

The influence of

time on the occurrence, duration and extent of seepage was determined by

observation and by continuous recordation of ground water levels in selec=

ted areas.

Seepage area delineations obtained were far more accurate than

those obtained with methods employed in prior seepage investigations.

Figure 15 shows seepage and drainage areas identified on an infrared

vertical aerial photograph.

Figure 16 shows how electrical resistivity

was used to define areas which are susceptible to seepage.

The acreages of seepage determined from the aerial photographs

are spown by subareas in Table 1.

The boundaries of each subares were

established as the locations where flows in the rivers or bypasses sub-

stantially change or where substantial flow changes could be anticipated

in the future. The 15 subareas and their approximate north-south boundaries

are shown below and on Plate 1.

Subarea Stream
Sacramento River
Sacranento River
Sacramento River
Sacramento River
Sacramento River
Sacramento River
Sacramento River
Sacramento River
Sutter Bypass
Sutter Bypass
Sutter Bypass
Feather River
Feather River
Yolo Bypass

Yolo Bypass

Tl
U R OO -1 VW EW D

North Boundary

South Boundary

Ord Bend

Moulton Weir
Colusa Weir
Tisdale Weir
Verona

Sacramento Weir
Mid~-"Pocket" Area
Hood

Butte Slough Outfall
Tisdale Bypass
Jct. of Feather R.
North of Yuba City
Ject. of Bear River
Fremont Weir

Putah Creek

60~

Moulton Weir

Colusa Weir

Tisdale Weir

Verona

Sacramento Weir
Mid-"Pocket" Area
Hood

Isleton

Tisdale Bypass
Junction of Feather River
Karnak Pumping Plant
Junction of Bear River
Verona

Putah Creek

Cache Slough
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Figure 15. Identification of Seepage areas with Aerial
Photography, Miller's Landing.

1. Seepage area

2. Drainage from seepage area

3. Saturated soil, possible seepage condition

b, Poor drainage, ponded water, and possible drainage from seepage

w—p  Direction of flow in drainage ditches

Infrared vertical aerial photography using a minus-blue filter taken
on February 26, 1962. Heavy rainfall from February 6 through 19 saturated
surface soils and caused drainage water to collect in depressed areas.

The Sacramento River exceeded critical seepage stage from February 10
through 26; during this period seepage appeared in the Miller's Landing
area. High ground water conditions persisted in the area until the end of
March. Heavy seepage areas and ponded water appear dark on the aerial
photographs. Saturated soil appears slightly less dark. Interpretation
of the aerial photographs was complicated by the saturated scil conditions
due to heavy rainfall prior to seepage stages of the river. Fields were
observed during the period of greatest seepage in February, and the aerial
photographs were interpreted in the field about one week after the
exposures were made. The major seepage areas were still saturated at this
time, and other areas where seepage had occurred were moist and identifi-
able with the aid of infrared aerial photography.
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Figure 10, Lines of Equal Electrical Resistivity Near PMiller's landing

100 ohm~feet and above, subject to seepage
100 to 75 ohm=feet, probable seepage

TS5 <o 50 ohm~feet, little or no seepage

50 ohm=-feet and below, no seepage

Lines of equal electrical resistivity are drawn on an infrared vertical
acrial photograph taken with a ninus-blue filter on lay 30, 1962. No heavy
rainfall had occurred during April or May and the Sacramento River was below
critical seepage stage during this period. The darker areas on the photograph
show areas under irrigation and depict surface soil characteristics., The
electrical resistivity mapping in the Miller's Landing area, defined by lines
of equal resistivity, indicate portions of the area which should be alfected
to various degrees by seepage during high river stases. Resistivity measure-
meénts were taken at numerous locations throughout the area to a depth of 20
feet, and correlated with drill logs to establish the representative con-
ductivity of the various soil types. The location of the areas showing high
resistivity compare Tavorably with the locations of the saturated areas shown
in Figure 15 The combination of infrared photography and resistivity surveys
can be utilized advantageously to classify questionable drainage and seepage
areas.
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TABLE 1

AREAS OF SEEPAGE DETERMINED FROM AERIAL PHOTOGRAFPHS

Date of Photograph

Subarea  : 2/21/62 1 2/26/68

: 10/18/62 : 2/22/63 : L/2L/63 : 2/10/65
(shown on : Area : Area Area Area : Area : Area
Plate 1) : ip acres : in acres : in acres : in acres : in acres : in acres
Sacramento River
1 1,350 1,640 1,420 1,940 1,300 3,590
2 1,710 1,460 500 1,540 1,880 2,070
3 4,880 4,850 2,120 6,220 5,090 6,080
L 9,550 9,110 6,120 12,690 13,660 15,8L0
5 6,510 6,860 3,920 7,850 9,420 11,690
6 1,660 1,280 1,030 1,340 1,520 2,520
7 4,350 4,350 2,700 L,230 5,760 6,170
8 Insufficient Photo Coverage 6,770 14,020 29,770 19,590
Subtotal
Sacramento River === = === 24,580 49,830 68,410 67,530
Sutter Bypass
9 2,800 2,150 1,090 3,290 3,870 L, Lgo
10 2,660 2,580 740 3,550 3,900 3,280
11 420 560 320 680 980 1,010
Subtotal
Sutter Bypass 5,880 5,290 2,150 7,520 8,750 8,780
Feather River
12 2,760 3,870 1,580 2,900 4,870 5,470
13 1,820 2,670 1,580 2,610 3,120 3,050
Subtotal
Feather River 4,580 6,540 3,160 5,510 7,990 8,520
Yolo ss
14 1,120 1,380 1,070 1,590 1,840 2,410
15 Insufficient Photo Coverage 330 1,810 1,880 1,960
Subtotal Yolo Bypass === = ====- 1,400 3,400 3,720 L,370
TOTAL, Study Area B 31,290 66,260 85,870 89,200
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Factors Influencing Seepage

There are a large number of physical factors which influence
seepage. These are discussed in Chapter II and include the stage and
duration of the river surface above critical stage, antecedent soil
moisture conditions, topography of the land adjacent to the watercourse,
the geology and soils in the area, the location and change in the ground
water table, drainage works in the area, width and depth of the river
channel, the height and width of the river levee, agricultural practices
in the seepage area, extent of the area covered by vegetation and the
chemical quality of seepage. Field and office hydrographic, geologic,
and physiographic studies were conducted both throughout the study area
and in special test areas referred to as physical and economic seepage study
areas which are shown on Plate 2 to isolate the effects of these variables.

A considerable quantity of information was necessary to evaluate
the effects of the physical variables on seepage. The field observations,
aerial photographs and electrical resistivity surveys used to delineate
seepage areas were also used to study the effect of the physical variables
on seepage. Additionally, ground water levels were measured at over 500
locations in the study area and were continuously monitored at approximately
90 locations within the study area; the physical seepage study areas were
topograpnically mapped; subsurface geologic conditions and soil properties
throughout the area of investigation were investigated by use of geologic
drilling, logging and sampling plus field and laboratory testing of the
501l properties; drainage works in several of the physical study areas
were delineated and surface inflows and outflows in these areas were

recorded; soil moisture conditions above the water table were measured
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in several of the physical study areas; cover crop and soil types were

denoted; river stages were measured; and chemical quality of water in

the inundated areas was tested to determine its source. Instrumentation

in the Miller's Landing Physical Seepage Study Area is shown in Figure 17.
Figure 18 shows seepage conditions and several of the well

recorders in the Miller's Landing Seepage Study Area in April 1963. Hydro-

graphs of the Sutter Bypass and the water levels in four wells in the

Karnak Study Area are shown in Figure 19. Geologic information obtained

in the physical study areas is shown in Plates 12 through 18. Electrical

resistivity surveys of the economic study areas are shown in Plates 19

through 29.

Relationship Between Influencing Factors and Seepage Areas

The relationships between riverflow conditions and seepage are
extremely complex and depend upon a number of interrelated variables.
Analysis of the relationships between the physical factors which cause
seepage and the seepage areas was undertaken concurrently with the col-
lection of basic data both to determine the nature of the information
required and to assure the sufficiency of the data being collected. A
number of alternative analyses were investigated. These included:

(1) refinement of river stage-duration analyses developed in previous
investigations; (2) seepage flow determinations, assuming a series of
ground water wedges moving inland from the river; (3) development of
empirical equations relating the level of water in a single ground water
well to river conditions, with and without consideration of antecedent

river conditions; (4) use of an electronic analog computer to model and
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Moure 17. Instrumentation of the Miller's Landing Physical
Seepage Study Area

i

Drainage ditch stzge recorder
Domestic well

Recorder well installation
Piezometer

Ieutron probe

1[]0.0)

Direction of flow in drainage ditches

This firure shows the instrumentation in the iiller's Landing area on
a black and wnite vertical aerial photograph taken Februzary 21, 1962,
Recorder well and drainage ditch hydrogrephs were used to evaluote seepage
in the study area and also gave sorme indication of the seepage flow from
the Sccramento Ndver into the area, UWater levels in domestic wells and
piezometers were measured {requently during the critical seepage periods
and were correlated with recording wells in the area. OJeepage conditions
at the time the above photosraph was tzken vere at a maximum; the black
and wnite photograph does not give as much contrast between seepage areas
and partially saturated soil conditions as does the infrared photograph
shown in Pigure 15. The numbers on the phobtograeph identify the location
of each piece of field cquipment.
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sure 18,  Jeepare conditions within the Miller's Tandin

P P,
il 5 o A0y

freaz durinc Avrril 1052

The wpper photograph defines seevare conditions a

line in the study orea. The lowver nhotonrznn dic
'ﬁflow
cpare

arcin used in the field norsh of the norihern svll
drains were effecl.ive for shovt durstion (loodrlov
conditions, Heavy seepa~e inflow eceeded hhe covaclsy of 4o irsing ond

nude the ditches inelTecitive,
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study seepage conditions at a number of locations in the area of
investigation; (5) multiple linear regression equations which statis-
tically correlate the areas of seepage to riverflow conditions; and

(6) empirical graphical correlations relating areas of seepage to riverflow
conditions. Valuable insight into the factors which influence seepage

and their relationship to seepage occurrences were evolved from these
analyses.

The three most important factors affecting seepage were found
to be the duration of the river above critical stage, the height of the
river above this critical stage, and antecedent ground water conditions.
However, because of the lack of data, only the first two of these factors
were used to develop the final correlations used in this investigation.
The effects of other factors such as soils and geology, topography and
drainage facilities, are inherently included in the relationships since
the magnitude of the seepage areas indicated on the aerial photographs
is influenced by these factors.

Graphical correlation was selected as the most easily under-
stood method of presenting the complex relationships between riverflow
conditions and areas of seepage. To develop the correlations, the aresa
of each seepage occurrence in each of the 15 subareas was correlated with
the duration of the river above critical stage and the average height of
the watercourse above critical stage. These areas are shown in Table 1.
River and bypass flow information was taken from daily hydrographs for gaging
stations throughout the area of investigation. The resulting correlations

for each subarea are shown on Plate 30 as seepage evaluation curves.
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The following factors were considered in developing the
correlation curves: (1) the time at which the aerial photographs
of seepage were taken in relation with the duration of the river
above critical stage; (2) the reliability of the acreage of seepage
determined from each set of aerial photographs; (3) the comparison
of the general shape of the correlation curve for one subarea with
the shapes for the other subareas with similar characteristics; and
(4) the direction and reasonableness of the slope of the correlation
curves.

Soil conditions, topography and other physical and natural
features vary throughout each subarea. Each curve was developed for
average topographic conditions within the subarea. Therefore, the
curves are not representative of conditions which occur on specific
parcels of land within the subareas.

The curves also were developed for average antecedent soil
moisture and ground water conditions which occurred during this investi-
gation. The seepage areas would be less than indicated on the curves 1if
antecedent soil moisture and the ground water table were low. Conversely,
if the ground water table and soil moisture conditions were high due to
previous rainfall, irrigation, or seepage, the seepage areas would be
greater than indicated.

As additional drainage facilities are built and/or land level-
ing occurs, the relationships between river conditions and seepage areas
as represented on the curves may change. However, the influence of
changes in these constraints should not significantly affect the curves

for a number of years.

-70=

DFCG-6



The slopes of the curves are dependent primarily upon the
soil conditions in the subareas. The greater the slope of a curve,
the less permeable the soil and the slower the seepage area increases
with time. Conversely, the flatter the slope, the more permesble the
soil and the faster the seepage area increases with time.

The convergence of the family of curves as the duration of
seepage increases, indicates that the influence of the duration of stage
on the magnitude of the seepage area increases with time. Conversely,
the minimum limit of the seepage area on each curve is dependent primarily
upon the height of the river stage and the antecedent soil moisture and
ground water conditions. The minimum limits of the seepsge areas on
each family of curves have a much larger range than the upper limits
because (l) the river stage and soil moisture conditions have a more
significant effect initially than after a prolonged period of seepage,
and (2) the river stages and soil moisture conditions vary over a larger
range initially than after an extended period of seepage.

The curves were not extended beyond the limits of the available
data. Since there is a physical limitation on the magnitude of the total
area of seepage which could occur in each subarea, the maximum area of
seepage on each curve would be limited by a vertical asymptote representing
the maximm possible seepage area. A seepage occurrence of this magnitude
was not experienced during the investigation. Furthermore, the areas of
the numerous small occurrences of seepage which happen on the average of
several times per year in some locations were not measured as the economic

effect of each of these occurrences is insignificant. As additional data
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becomes available, limits probably can be placed on the maximum possible
areas of seepage and the time when seepage would begin.

The curves were drawn to best fit all measured conditions.
In most cases, sufficient data was available to develop a family of curves;
in others the limitation on data dictated that only a single curve be
developed for a subarea. The points used to develop the curves are shown
so that as additional data becomes available, the curves can, if necessary,
be modified. Furthermore, with additional data, it will be possible to
use an antecedent soil moisture factor in addition to the two factors
already used. If further refinement is warranted, additional less
significant factors can also be included.

The maximum deviation between a measured seepage area and the
area of seepage determined from the correlation curves is approximately
50 percent. Most points are within a much closer tolerance. The accuracy
of the curves can be improved when more data, particularly date over a

wider range of conditions, becomes available.

Present Level of Seepage

The correlation curves were used to estimate the present level
of seepage for Subarea No. 5, which is considered to be a typical subarea.
The areas of seepage obtained in previous investigations generally included
the area of all standing water, whether seepage, drainage, or both. There-
fore, to obtain the level of seepage which occurred over a period of time
considered representative of present conditions, it was necessary to use
the correlation curves developed in this investigation to estimate seepage
areas which may have occurred in the past, then to use those areas to esti-

mate the present level of seepage.

-T2~

DFCG-6



Flow conditions for determining the present seevage level
vere based upon the measured daily flows which occurred during the
period 1943=-L4k through 1964-65. This period was selected because +the
flow regimen of the river system did not change substantially during

this time.

Using the historical riverflows, the area, duration and date

of each seepage occurrence within the subarea werc determined from the

correlation curves by use of the electronic data processing program

referred to earlier in this chapter. The average annual area of seepage

for Subarea No. was found to be approximately 7,365 acres. The averace
fry ¥ s

number of days of seepage ver year for this period was U3 deys. The

results ovtained for this arez were assumed to be indiecative of the re-

’1

sults that would have been obiainel for the other subareas., The initial

date, duration and area of each scepase occurrence by year for the 22-

yvear veriod and the maximum annuval acreage affected is shown in Tavle 2.

lethod of Jetermining Damace Under Present Level of Seepace

There ara two types of demeece which result from seepzce; dama~e

Lo agricwttural areas and dearaze to urban aress,
Ls din the case of physical data on seepage, there was little

exicoing information on the econonic effects of seepage. Littie data

was availlable on the influence of seepaze on piunt grovth. There were

few measurerments of the influence of seepcze in limiting the use of land

ang ol the resulting damages. thermore, the measurement o the inf

7

of seepase on the urban economy had not veen previcusly determined because

it was aifficult to differentiate beiween the economic effects of seeparce and
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SEEPAGE OCCURRENCES AND ACREAGES AFFECTED

SUBAREA NO. 5

TABLE 2
Seepage Occurrences Acreages Affected
First : Second Third : : : :
: : Dura- : : Dura- : : Dura- :Total number: ¢ Maximum

Water : Initial : tion : Initial : tion : Initial : tion of days First Second Third : acreage

vear . day :in days: day :in days: day :in days: of seepage :;occurrence:occurrence;occurrence: affected
19434k 0 0
194k-ks 2/2/u45 17 17 6,030 6,030
19L5-46 12/23/ks 30 30 9,710 9,710
1946-47 0 0
1947-48 L/11/48 36 36 10,060 10,060
1948-49 3/4/k9 2k 24 6,840 6,840
1949-50  2/5/50 10 10 3,690 3,690
1950-51 11/19/50 10 12/4/50 26 1/13/51 58 9k 5,030 9,370 12,230 12,230
1951-52  12/3/51 7 12/29/51 165 172 730 15,920 15,920
1952-53  12/30/52 38 38 10, 570 10,570
1953-54  1/2k/sk 16 2/1L/5k 17 3/10/5k 17 61 1/ 5,390 6,900 5,360 6,900
1954-55 0 0
1955-56  12/20/55 55 2/22/56 22 7 12,020 7,840 12,020
1956-57  2/25/57 2k 5/20/57 7 31 8,250 62 8,250
1957-58 1/27/58 125 125 14,940 14,940
1958-59  2/171/59 1k 1k 5,690 5,690
1959-60  2/8/60 9 3/8/60 8 17 4,060 860 4,060
1960-61 2/2/61 18 18 4,840 4,840
1961-62  2/10/62 17 3/7/62 7 2k 6,910 60 6,910
1962-63 10/13/62 8 2/1/63 22 3/29/63 46 76 4,620 8,050 11,350 11,350
1963-64 0 0
196L-65 12/22 55 L/11/65 20 75 12,020 5,570 12,020
Average L3 7,365

1/ Fourth occurrence started on April 6, 1954 and had a duration of 17 days.

It affected some u4,4L4l4 acres.
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drazinage. Therefore, it was necessary to gather economic data on the
effects of seepape and to develop relationships between the nmapnitude

and duration of seepage and those economic eflects.

Economic Data

Economic data was compiled between 1960 znd 1G65. During this
period literature was researched and crop specialists, urban officials,
fermers, and others were interviewed to acquire pertinent date on seepage
damare., Crop sampling prograns were undertaken sznd land use and land
classification surveys were conducted., This information was assessed on
a preliminary basis concurrently with the collection of data.

The data collection progrem was refined as the study progressed.
Eleven specific areas, referred to as economic seepage study areas, vere
selected on a random basis to avoid inadvertent bius of results, These
areas are shown on Plate 2. Agriculturists in these areas were inter-
viewed to obtain definitive data on seepage damages. This data, in con-
Junction with information in various technical publications, was used to
develop relationships between seepage and seepage damage Tor each repre-
sentative crop grown in the area of investigation.

A sempling program was undertaken to acquire specific informa-
tion on the yield and quality of grain crops which had been exposed to
seepage. Dampling was conducted at several locations in the arez of
investigation. Sampling at each location consisted of gathering zrain
as it was harvested in each of three parts of a field., Samples were
talen from the most severe seepage area in the Tields, from what appeared

to be an average stand in the field, and from the bvest area. The
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sampling was continued through 1963 and this information was used along
with other data, to develop the economic influence of seepage on the
crops grown in the area of investigation.

The pattern of land use in the area of investigation was deter=-
mined by a field survey conducted in the summer of 1961. A land classi-
fication survey was conducted in 1962. The standards utilized in the
classification included soil texture, slope, drainage, and salinity
conditions. These factars represent major determinants in the historic
and potential use of land. The limitation of land use can be determined
from a camparison of land use and land classification surveys and from
comparisons of income from agricultural pursuits in areas with and with-
out seepage.

Information regarding the impact of seepage on the urban
economy was obtained through personal interview and from study of the
added costs of comstructing projects in the seepage areas. Statements
from city engineers and planners, Federal Housing Administration officials,
real estate appraisers, engineering consultants, and other available
economic data for each urban locality were campiled. The resulting
information together with crop damage information and the information
on the limitation of land use due to seepage can be used to determine

the total present economic effect of seepage.

Relationship Bef{ween Seepage and Seepage Damage

It was necessary to derive the economic relationships between
seepage and seepage damage in order to assess the estimated damage from

the present level of seepage.

T
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Seepage occurs in both urban and agricultural areas. There-
fore, its total economic effect can be estimated by measuring its effect
on both the agricultural and urban economies.

Agriculture. Since agriculture is the most important economic
activity in the area of investigation, agricultural damages are the most
significant. There are two types of damage to the agricultural economy.
The most obvious is direct damage which includes inability to plant at
the optimum time, total or partial loss of crops, the inability to double
crop, decreased crop yields, loss of trees and perennial plants, and
miscellaneous damages such as additional cultivation and loss in the
effectiveness of fertilizer. In one way or another these factors either
increase the cost of production or reduce crop yields which, in tumn,
decreases crop income.

In addition to direct damage, seepage usually imposes a limi-
tation on the type of crops which can be grown in areas frequently sub-
jected to seepage. In many such areas,; an increased intensity of use or
an entirely different cropping pattern yielding a higher income could be
established if seepage were not prevalent.

There are many factors which influence the extent of crop damage
from seepage. Analysis indicated that the three most important factors
are: (1) the time of year of the seepage occurrence, (2) the duration of
the seepage period, and (3) the susceptibility of a crop to damage 'mder
the foregoing conditions.

Two curves were developed to express the impact of these factors

on seepage damage. Once the seepage area, the time and duration of a
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seepage occurrence and the cropping pattern are known or can be pro-
Jjected, seepage damage to crops can be estimated using these curves,

The first set of curves indicates, for each representative
crop grown in the area of investigation, the proportionate part of the
crop normally planted at any specific time during the year. These
curves, titled Crop Planting Curves, are shown on Plate 31.

The second series of multigraphic curves which are titled
Crop Damage Curves, show the percentage deduction in yield for each
representative crop grown in the area of investigation based upon the
duration of seepage and the quarter of the year in which the seepage
occurs. The Crop Damage Curves are shown on Plate 32.

Urban. Studies indicate that the price of land which is
subjected to seepage 1is less than the price of land which does not
experience seepage. The lands differ in price by approximately the
cost of drainage facilities necessary to render the land with seepage
as desirable as the land without seepage.

Estimates obtained from the Federal Housing Administration are
that the cost of a drainage system, if not installed prior to construction
of other improvements, ranges from $500 to $800 per lot in residential
areas. If installed after the construction of residences, sidewalks and
streets, the estimated costs increase to a range of about $l,200 to about
$1,500 per lot.

In addition to the installed costs of drainage facilities,
there are the annual costs of operation, maintenance and replacement of

the drainage facilities.
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The cost of an adequate drainage system which would make
the seepage areas as functional as the nonseepage areas, plus the
additional operating costs for pumping seepage can be used as the

measure of seepage damage to urban areas.,

Damege Under Present Level af Seepage

The present level of seepage damage was computed for Subarea
No. 5 for the 22-year period 1943-4L through 1964-65. Since very little
urban developmeht exists within the subarea, only damage to the agri-
cultural economy was estimated. Furthermore, damages to the agricultural
economy were based on the present crop pattern. Therefore, only direct
dameges were included in the evaluation. It should be noted that had
there not been seepage during this period, a different crop pattern
yielding a higher income could have prevailed.

The present level of seepage damage was based upon the seepage
areas and the time and duration of the seepage occurrences as shown in
Table 1. The damages were based on the crop pattern prevailing in 1961,
which was assumed to be representative of the crop pattern for the entire
period between 1943 through 1965. The economic effect of seepage was
measured as the difference in the financial return attributable to land
with and without seepage.

The return attributable to land was determined by deducting from
the crop gross income all variable and fixed costs of production except
the interest cost on land. It was also based upon the price-cost
relationship existing during the 1960-6L4 period. The estimated average

return without seepage for each of the crops grown in Subarea No. 5 is
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shown in Table 3. The return for each crop in the subarea without
seepage as a percent of the total in the subarea, and the weighted
average return per acre for the subarea are shown in Table b,

An electronic data processing program was developed so that
the estimated damage for each seepage occurrence could be computed rapidly.
This program computes average annual damage for each county and each
subarea. This electronic data processing program operates in conjunction
with the program that computes seepage areas and durations and which was
described previously in this chapter.

The return attributable to land under conditions of no seepage
was calculated as shown in the second, third, and fourth colums of
Table 5.

Under seepage conditions the extent of seepage in the subarea
varied from year to year. The return attributable to land affected by
seepage is shown for each year in columns S5, 6, and 7 of Table S. The
return for the portion of the subarea not affected by seepage is shown
in columns 8, 9, and 10.

The return attributable to land with seepage was determined as
follows. The acreage, time of occurrence, and duration of seepage was
taken from Table 1. The acreage planted to a particular crop at the time
of each seepage occurrence was determined by referring to the crop plant-
ing curves, which indicate the proportionate part of the crop normally
planted at a specific time of the year. Adjustments were made in the
acreages obtained from the crop planting curves to account for variations
from the normal planting schedule caused by rainfall or seepage.

The reduction in yield for each crop planted at the time of each seepage
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TABLE 3

AVERAGE ANNUAL RETURN ATTRIBUTABLE TO LAND PER ACRE WITHOUT SEEPAGE
SUBAREA NO. 5
(1960-64 Base Period)

: : Less Costs : Return

: : : ¢ Gross : : : Manage- : : attributable

Crop : Unit : Yield : Price : income : Variable : Fixed g/ :  ment : Total : to land l}
Peaches Ton 13.0 $ 62.00 $806.00 $46L.15  $139.75 $80.60  $684.50  $121.50
Pears Ton 10.0 82.50 825.00 L61.30 159.20 82.50 703.00 122.00
Walnuts Ton .80 500.00 400.00 150.95 116.55 40.00 307.50 92.50
Asparagus-Tomatoes Ton 25.0 25.00 625.00 37k.30 120.70 62.50 557 .50 67.50
Dry Beans CWT 18.0 9.50 171.00 96.70 29.70 17.10 143,50 27.50
Milo-Corn CWT 55.0 2.Lo 132.00 50.60 32.00 13.20 95.80 36.20
Sugar Beets Ton  20.0 12.50  250.00 130.90 43.30 25.00 199.20 50.80
Rice CWT 50.0 4,00 200.00 109.90 3/ 35.10 20.00  165.00 35.00
Alfalfa Ton 7.0 25.00 175.00 78.50 45.30 17.50 141.30 33.70
Pasture AUM 7 12.0 7.00 84.00 24.70 24,40 8.40 57.50 26.50
Pasture AUM 6.0 7.00 42,00 15.65 12.80 4.20 32.65 9.35
Barley CWT 30.0 2.30 69.00 28.75 22.50 6.90 58.15 10.85
Safflower Ton 1.25 85.00 106.00 32.45 29.95 10.60 73.00 33.00

}_7 Annual gross income minus all on farm production costs, exclusive of cost of land.
_2_/ Except land cost but includes land reclamation cost.

/ Water cost assumed to be $2.50 per acre-foot for rice.
/  Animal unit months.
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TABLE 4

PRESENT CROPPING PATTERN AND AVERAGE ANNUAL RETURN
ATTRIBUTABLE TO LAND WITHOUT SEEPAGE

SUBAREA NO. 5
Return . Crop acreage :
;attributable: 'in percent :Weighted return
Crop : to land : of total  :attributable to
per acre : of subarea : land by crop
Peaches $121.50 2L $ .29
Pears 122.00 .95 1.16
Walnuts 92.50 3.50 3.24
Asparagus 67.50 .5k .36
Tomatoes 67.50 10.03 6.77
Dry Beans 27.50 2.82 .78
Milo 36.20 12.02 4.35
Sugar Beets 50.80 11.43 5.81
Rice 35.00 9.16 3.21
Alfalfa 33.70 18.90 6.37
Pasture 12 AUM'l/ 26.50 2.99 .19
Barley 10.85 17.43 1.89
Pasture 6 AUM 9.35 2.71 .25
Safflower 33.00 7.28 2.k
Total 100.00

Weighted Return Attributable to
Land Per Acre $37.70

1/ Animal Unit months.
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TABLE S

ECONOMIC EFFECTS OF SEEPAGE ON RETURN ATTRIBUTABLE TO LAND

SUBAREA NO. §

Under Nonseepage Conditions Under Seepage Conditions : Loss in
: : Seepage Area : Nonseepage Area : Total : return to land
Net 1/ ¢ Return to land : : Return to land : : Returr to land : Return to land : with seepage
: irrigable —/ Per Total : : Per Subtotal : : Per : Subtotal : Per : Total : Per Total

Water year: acreage ¢ _.acre : for subarea : Acreage : acre : for subarea : Acreage : acre :ror subsrea: acre : for subaréa : acre : for subares

1943k 21,400 $37.70 $806,800 0 $ 0 $ O 21,k00  $37.70 $805,800  $37.70 $806,800 $ o0 $ ©
19kkabs 21,400 37.70 806,800 6,030 36.90 222,500 15,370 37.70 579,400 37.50 801,900 0.20 4,300
1945-46 21,400 37.70 806,800 9,710 35.60 3L5,700 11,690 37.70 440,700 36.70 786,400 1.00 21,400

194647 21,5400 37.70 806,800 o} 0 0 21,400 37.70 806,800 37.70 806,800 ] 0
194748 21,Lkoo 37.70 806,800 10,060 18.70 188,100 11,340 37.70 427,500 28.80 615,600 8.90 190,500
1548=Lg 21,ko0 37.70 806,800 6,840 31.20 213,400 14,560 37.70 548,900 35.60 762,300 2,10 Lk 900
1949-50 21,400 37.70 806,800 3,690 37.540 138,000 17,710 37.70 667,700 37.60 805,700 0.10 2,100
1950-51 21,400 37.70 806,800 12,230 32,50 397,500 9,170 37.70 345,700 34,70 743,200 3.00 64,200
1951-52 21,koo 37.70 806,800 15,920 (15.30)  (243,600) 5,480 37.70 206,600 (1.70) {37,000) 39.40 843,200
195253 21,400 37.70 806,800 10,570  33.80 357,300 10,830  37.70 408,300 35.80 765,600 1.90 40,700
1953=5kL 21,400 37.70 806,800 6,900 18.30 126,300 14,500 37.70 s5L6,600 31.40 672,900 6.30 134,800

195k<55 21,400 37.70 806,800 o] o} 0 21,400 37.70 806,800 37.70 806,800 0 0
1955-56 21,400 37.70 806,800 12,020 3k.50 Lik,700 9,380 37.70 353,600 35.90 768,300 1.80 38,500
195657 21,400 37.70 806,800 8,250 35.80 295,400 13,150 37.70 495,800 37.00 791,200 0.70 15,000
1957-58 21,400 37.70 806,800 1k,940 (11.10)  (165,800) 6,L60 37.70 243,500 3.60 77,700 34,10 729,700
1958-59 21,koo 37.70 806,800 5,690  36.50 207,700 15,710  37.70 592,300 37.40 800,000 0.30 6,400
1959-60 21,400 37.70 806,800 4,060  37.40 151,800 17,30 37.70 653,700 37.60 805,500 0.10 2,100
1960-61 21,L00 37.70 806,800 4,840 36.70 177,600 16,560 37.70 62k ,300 37.50 801,900 0.20 4,300
196162 21,400 37.70 806,800 6,910 36.90 255,000 1k,490 37.70 546,300 37.40 801,300 0.30 6,400
1962-63 21,k00 37.70 806,800 11,350 (7.60) (86,300) 10,050 37.70 378,900 13.70 292,600 24,00 513,600

166364 21, koo 37.70 806,800 0 0 0 21,400 37.70 806,800 37.70 806,800 0 0
196465 21,400 37.70 806,800 12,020 32.90 392,500 9,380 37.76 353,600 35.00 749,100 2.70 57,800
Average Annual $37.70 $806,800 7,400 $21.00 $15k,100 14,000  $37.70 $529,100 $31.90 $683,200 $ 5.80 $123,600

1/ Gross irrigable acreage is 23,200
2/ Figures in parenthesis are negative values.
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oceurrence was determined by referring to the crop damage curves,
which show the percentage reduction in yield for each crop based
upon the duration of seepage and the querter of the year in which
the secpazge occurs. The return attributable to Jand was calculated
based upon the reduced yield. If seepaze or rainfall would have pre-

vented a particular annual crop {rom being planted, an alternate crop

-t

725 asswned to be planted to the extent possible, Costs incurred for

the first crop are included in the analysis,

s

The total return attributable to land under seepage conditions,

4

which is shown in coiumns 11 and 12 of Teble 5, was then deducted from

the reburn under nonseepage conditions, The difference in return with

and without scepage represents the direct effect of seepasze on the agri-

cultural cconomy in Subarea No. 5. This deta is shown in the last two

colurms of Table 5 and graphically illustrated in Figure 20, The economic

effects of seepzge on limiting land use and on the urban economy are not

included in the foregoing figures.
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CHAPTER 1V

FUTURE SEEPAGE CONDITIONS

Large water development projects are being planned and con-
structed in northern California to meet the growing need for water
throughout the State. These projects will change the flow regimen in
the Sacramento River system and these changes will alter the amount of
seepage and seepage damage which may occur in the future.

Flows in the Feather and lower Sacramento Rivers will be
influenced by the operation of Oroville reservoir which is currently
under construction. The regimen of the Sacramento River will be
affected by the operation of projects within the Sacramento River Basin
and those outside the basin which may utilize the Sacramento River as a
conduit for conveying imported water to the Sacramento-San Joaquin Delta.

The effect of the Oroville facilities and of increased levels
of summer flow in the Sacramento River which could be caused by imported
water were investigated. These studies are discussed in this chapter.

Estimated Effect of Oroville Reservoir
on Seepage Conditions

For purposes of this investigation, an operation study of the

Oroville facilities was developed. Using this study, the Oroville facili-

ties were operated to provide 710 megawatts of power, the reservoir was
operated for flood control purposes and releases were made to satisfy

downstream water rights and to maintain fishlife in the river. Projected

inflows and releases from the Oroville facilities were based on daily flows
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vhich occurred during the historic period 1943-1964. These were
modified to reflect 1990 levels of development upstrezn from Oroville
50 a5 Lo be representative of conditions which will occur during the
period the facilities are in operation. Using these flows, the duration,
tinme of ocecurrence, anda areas of scepage which would occur along the
Feather River between Mzrysville and Verona were compiled from the
seepage evaluabtion curves. The probabilibty of seepage occurrences of
1, 5, and 15 days were determined.

The foregoins process was ren2ated assuming that Oroville
reservoir was not in operation during the 2l-year study period.

The estimated effect of Oroville reservoir on seepage con-
ditions was then determined by comperison of the probabilities of
occurrence of seepare with and without the Oroville facilities in

operation for the 2l-yeasr study period.

Project Cperatines Criteria

The Oroville facilities include a large muitipurpose dam and
reservoir and two afterbzy reservolrs with a combined storase capacity of
3,552,900 acre-feet. These multiple-purvose facilities will be operated
for Tlood control, power generation, water supply, recreation, and fish
and wildlife enhancement. Basically, water will be stored during periods
of large inflow and released during dry periods to meet downstream demands.

The operation criteria for the Oroville facilities have not been

completely established at this time. IHowever, the operation study conducted

e

for this investigation provides an estimate of {lows under Tuture conditions,

ana nodifications in the operation will not materially change the results of

whe studies described in this chapter.
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The operation study, titled "Oroville-Thermalito Reservoir
Power Operation Study MD-1", tentatively determined the impaired down-
stream flows which could result from the operation of the Oroville
facilities. The criteria used in the operation study were: (1) the
inflows to Oroville reservoir during the period January 1928 through
Decenber 1964 were adjusted to account for the projected 1990 level of
upstream development; (2) a total dependable generating capacity of 710
megawatts was obtained utilizing a pump-back and pump-storage operation;

(3) the service area water demand in 1990 was assumed to be 938,500 acre-
feet; (&) a 50 percent deficiency in reservoir storage was assumed during
1931 and 1933, the two driest years of the study period; (5) the flood
control stage at the end of each day was based upon the U. S. Corps of
Engineers' required flood control reservation in acre-feet; and (6) the
minimea continuous fish releases in the river below Thermalito Afterbay
were 800 cfs.

The flows without the Oroville facilities in operation were the
same as the inflows described under (1) above, but were not modified by
the influence of the Oroville facilities.

The flows entering the Feather River from the Yuba and Bear Rivers
are minimal during the summer months and include historic diversions and
accretions on the valley floor. For the purpose of this operation study,
the winter flows in the Yuba and Bear Rivers were assumed to be unimpaired
and equal to the historic flows because there is little flood control storage
in the upstream water developments on the two rivers. Therefore, the flows
in the Feather River below Shanghai Bend would reflect the flow from the
Tuba River, and the flow at the gaging station at Nicolaus would incorporate

all upstream flows plus contributions from the Bear River.
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Operation for Flood Control. Oroville reservoir was operated

for flood control under criteria established by the U. S. Corps of
Engineers. In general, sufficient storage capacity will be reserved

during the winter to provide for temporary storage of flood inflows for
later release at rates within the capacity of the leveed downstream channel.
The channel capacity of the Feather River below its confluence with the
Yuba River is 300,000 second-feet.

The general plan of development for the Yuba River, with flood
control storage at the proposed New Bullards Bar and Marysville Reservoirs,
provides for a maximum flow of 120,000 second-feet in the Yuba River. Of
the remaining 180,000 second-feet of channel capacity in the Feather River,
150,000 second-feet will be allocated for controlled releases from Oroville
reservoir, and 30,000 second-feet will be reserved for local inflow between
Oroville and the Yuba River.

The maximum flood control reservation for Oroville reservoir is
750,000 acre-feet. A lesser reservation may be maintained, depending
upon the time of the year and the amount of rainfall during the preceding
60-day period. The flood control diagram for Oroville reservoir is shown
on Figure 21.

As shown on Figure 21, operation of Oroville reservoir for
flood control can be analyzed under three distinct periods. It is possible
that during the first period, September 15 to October 15, 750,000 acre-feet
of stored water would have to be emptied within a 30-day period, for an

average release into the river of 12,500 second-feet. However, releases

from the reservoir during the summer and autumn would normally reduce reservoir§

storage by September 15 to a level far below that required for flood control.
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annual precipitation.

2. Except when releases are governed by the emergency release diagram, all storage in excess of
that indicated by this diagram shall be released as rapidly as possible, subject 1o the following

conditions:

NOTE:

That releoses do not exceed 50,000 cfs or maximum rote af inflow for the flood, whichever

is greater.

Thot releases do not exceed 150,000 cfs at ony time.

. Thot flows in Feather River obove Yuba River do not exceed 180,000 cfs at any time.

Thot relecses are not increased more than 10,000 cfs or decreased more than 5,000 cfs
in any 2-hour period.

After 31 March, reservation for any given parameter decreases 10,000 acre-feet per day.

Taken from U.S. Corps of Engineers office report “"Flood Control Operation Criteric for
Oroville Reservoir, Feather River California’’, December 1958

OROVILLE DAM AND RESERVOIR PRELIMINARY FLOOD

CONTROL STORAGE RESERVATION DIAGRAM
Figure 21
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Therefore, adequate storage capacity should be available to reduce the
peak and volume of runoff from the initial storms of the season and the
dovmstream channel seepage should be reduced during the period from
September 15 to October 15.

During the second period, October 15 to April 1, the flood
control storage reservation in the reservoir will be maintailned between
a minimum of 375,000 acre-feet and a maximum of 750,000 acre-feet, depending
upon antecedent rainfall. Floodflows will be stored temporarily and
gradually released. This storage also should reduce the magnitude of
seepage and seepage damage.

During the third period, April 1 through June 15, the reservoir
can store inflow at a minimum rate of 5,000 second-feet, thereby reducing
downstream releases and reducing or eliminating seepage.

QOperation for Water Demand. The Oroville facilities were

operated to satisfy downstream water rights and maintain sufficient

flows in the Feather River for fish and wildlife as follows:

(1) 1local downstream service area water demands
in 1990 were estimated to be 938,500 acre per year;

(2) the minimum continuous fish release at the
Diversion Dam and from the Feather River outlet works
were each assumed to be 40O second-feet, resulting in
a combined flow in the river immediately below Thermalito
Afterbay of 800 second-feet;

(3) additional water was diverted from the afterbay
to meet the Sutter-Butte and Western Canal demands; and

(4) water required from June through September for
export and Delta water quality control, was supplied from

the power releases and from inflow into the river from
the Kelly Ridge powerhouse.
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The downstream releases for water demand were made on a con-
tinuous basis and reached a maximum of 6,000 second-feet in August.

Operation for Power Generation. The Oroville-Thermalito

generating equipment was assumed to have a dependable capacity of Ti0
megawatts. The dependable electric power and energy output was based
upon operation of the reservoir through the period of lowest runoff from
January 1928 through December 1937. During this period, the onpeak hours
each day were assumed to be the same during each week of the month, and
a 50 percent deficiency in reservoir storage occurred in 1931 and 1933.
Power releases were made for onpeak and offpeak energy generation.
The total yearly hours of onpeak and offpezk generation were 2,978 and
4,116, respectively. The combined Oroville-Thermalito plant factor was
assumed to be 34 percent for onpeak loads. During offpeak hours, water
not required to meet local service area demands or downstream use was
pumped back into Oroville reservoir for regeneration. The total 1lC-year
generation and pump energy demands used for Oroville-Thermalito were

2,235,432 and 799,170 megawatt hours, respectively.

Analysis of Project Operations

Analysis of the effect of operation of the Oroville facilities
on seepage was based on information obtained from the daily operation
study. The analysis covered Subareas 12 and 13 which extend along the
Feather River from Marysville to Verona. The reach upstream from
Marysville is not subjected to seepage to any significant extent and this

reach was not considered part of the study area.
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Information developed from the daily operation study for
the period October 1, 1943, to July 1, 1964, was used to compute flows
and stages in the Feather River below Shanghai Bend and at Nicolaus.

This period was selected because the stream regimen would reflect back-
water effects caused by the Sacramento River with Shasta Reservoir in
operation. The following were computed: (1) the daily flow below
Shanghai Bend; (2) the daily river stage below Shanghai Bend and at
Nicolaus; (3) the days the river would be above critical seepage stage
at each of these locations; (4) the average height of the river avove
critical stage during each seepage occurrence; and (5) the days above
critical seepage stage for each seepage occurrence by month and year.

This data was used to construct a bar chart which shows the
duration of seepage by day with and without Oroville reservoir in operation
for each year of the 2l-year study period. Figure 22 shows this infor-
mation for the lower reach of the Feather River.

To determine the probability of the occurrence of seepage, a
tabulation of days of seepage per month and year was made from the var
chart; the days of seepage per month were arranged in order of magnitude;
an exceedence frequency was assigned for each l-or-more, 5-or-more and
15-or-more-day seepage occurrence per month. Figure 23 was drawn to
graphically display the probability of seepage occurring by month along
the two reaches of the Feather River. The exceedence frequency 1'or each
seepage occurrence during each month was obtained from the plotting point

tables in "Statistical Methods in Hydrology"' by Leo R. Beard.
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Results of Analysis

The foregoing studies indicate that: (1) flood control re-
leases should have the most significant effect on seepage conditions;
(2) releases for other project purposes should not significantly increase
and/or change flows which cause seepage; (3) large peak floodflows which
cause seepage should generally be reduced by reservoir operations; and
(4) during the summer when peak local service area and export demands
occur, flows in the channel should not be sufficient to cause seepage
downstream from the reservoir.

Interpretation of the data used to construct Figures 22 and 23
indicates that high flows which cause seepage will usually occur from
October through June, which is the major rainfall and snowmelt period.
The high flows can be classified into three groups of duration:

(1) High flow conditions of 10 days or less which
produce a relatively small volume of water and occur more
frequently than longer duration high flow conditions., The
entire volume of runoff could be stored in the flood control
reservation, enabling the reservoir to reduce the downstream
flood peaks. The control of these peak flows should reduce
or eliminate seepage.

(2) High flow conditions of 30 days or less. The
flood control reservation available in the reservoir could
store enough of the runoff caused by this type of storm to
reduce the downstream floodflows in the Feather River. These
reduced flows should, in turn, result in less seepage.

(3) High flow conditions of more than 30 days duration.
A small portion of the inflow from long duration high flows
could be stored in the flood control reservation. The high
riverflows downstream from Oroville reservoir would not be
changed to any significant degree by the operation of the
reservoir, because the outflow from the reservoir would be
almost equal to the inflow. Seepage conditions should not
be changed essentially.

_97 -

DFCG-6



The analysis also showed that during the 2l-year
study period the number of occurrences of seepage along the Feather
River in the lower reach south of the confluence with the Bear River
wvould be reduced from 36 to 22 with Oroville reservoir in operation.
Furthermore, the number of occurrences of seepage along the upper
reach, between Marysville and the Bear River, would be reduced from
29 to 23.

The daily operation study indicates that the maximum summer
flow in the Feather River at Nicolaus will be approximately 6,000 second-
feet and will occur in August. Seepage does not normally occur along the
Feather River until the flow at Nicolaus exceeds 1L,000 second-feet.
Therefore, the summer releases from the Oroville facilities should not
approach the stage required to cause seepage.

The conclusion can be drawn that Oroville reservoir will
generally reduce the peaks and durations of high flows in the fall,
winter and spring, in turn reducing seepage and seepage damage. Also,
the river stages in the summer should always be less than critical;
consequently, there should not be seepage damage to crops planted adjacent
to the Feather River in the summer. The studies also show that the
largest reductions in seepage will occur in April and May. Seepage can
cause major damage during those months. Therefore, Oroville reservoir

will be very beneficial in reducing major seepage damage.

Estimated Effect of Imported Water on Seepage Conditions

Planning of projects which would import water into the

Sacramento Valley is in the preliminary stage. Consequently, the magnitude
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of flows of imported water cannot pe closely determined at this time.
Therefore, three different levels. of summer flows in the Sacramento
River were selected as representative of probable future flow conditions,
and their effect on seepage and seepage damage was projected. While the
selected flows were necessarily arbitrary, the resulting analysis will
be usable in future studies when more definitive riverflow information
is available.

Possible seepage areas and damages along the Sacramento River
which could result from each of the three selected flows were estimated.
Curves were developed to relate riverflow conditions to the estimsted
area which would be affected and damage which could be caused by seepage.

Seepage could limit the use of lands to less than their full
economic potential. The economic influence of seepage on the agricultural
econory was measured as the reduction in the financial return atiributable
to land due to the projected limitation on land use which could result
from seepage. The economic effect on the urban economy was considered as
the estimated cost of installing and operating adeguate drainage systems
which would make the seepage areas as functional as the nonseepage areas.
The total effect of seepage on the economy was considered to be the sum
of the damage to the agricultural and urban economies.

Four alternative methods of controlling seepage were investi-
gated and plans and costs of control were developed for each method. The

plans were compared and the estimated capitel and annual costs of the

most favorable plan were compared with the total economic effect of seepage.
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Operation of Import Projects

California's long-range planning recognizes that future water
demands will require importation of water to and through the Sacramento
Valley. The Department of Water Resources, U. S. Bureau of Reclamation,
and U. S. Army Corps of Engineers are coordinately studying proposed
developments which may utilize the Sacramento River as a natural conduit
for this imported water.

Department of Water Resources Bulletin No. 136, "North Coastal
Area Investigation" 1964, describes proposed facilities that would develop
and transport waters from the North Coastal streams to points of need via
the Sacramento Valley.

Recent studies by the Department of Water Resources as reported
in Bulletin No. 160-66, "Implementation of The California Water Plan”
indicate that importation of water may be required to supply needs of the
State Water Project and the Central Valley Project beginning in the late
1980's. Because of the availability of surplus water in the Delta during
the floodflow season, substantial imports of water will be largely limited
to the summer and fall months. Imports should increase as the water de-
mand continues to grow. Therefore, seepage directly attributable to
imported water could occur in the summer and fall if imports reach a
sufficient magnitude.

Since the magnitude of imported flows cannot be accurately
established at this time, three different levels of flow considered
representative of future flow conditions were selected and used in the

analysis. The three flow conditions are:
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Selected Flow Conditions

Condition 1 : Condition 2 : Condition 3
River Gaging ¢ Flow : Stage : Flow : Stage : Flow : Stage
Stations : CFS . USGS : CFS : USGS : CFS . USGS
Sacramento River
at Colusa 10,000 k2.6 14,000 46,1 18,000 Lhg.h
below Wilkins Slough 10,000 30.2 14,000  3k.7 18,000 39.0
at Knights Landing 10,000 18.8 14,000 21.5 18,000 2h.s
at Verona 17,300 1k.5 21,300 16.3 25,300 18.1
at Sacramento 18,300 5.8 22,300 7.2 26,300 8.6
near Freeport ——— ———— 22,300 5.2 26,300 6.h
at Snodgrass Slough -— ———— 22,300 3.4 26,300 h.2
Feather River
at Nicolaus 6,500 22.8 6,500 22.8 6,500 23.4

Flow Condition No. 1 assumes the importation of approximately
5,000 second-feet. Condition No. 2 is based on an importation of about
9,000 second-feet, and Condition No. 3 assumes an importation of approxi-

mately 14,000 second-feet.

Seepage Areas

The seepage areas which could result from each of the three flow
conditions were estimated for the reach along the Sacramento River from
Colusa Weir to Hood and along the lower reaches of the Feather River and
Sutter Bypass. Studies indicated that the flows would not be sufficient
to cause seepage north of Colusa Weir.

The study area along the Sacramento River was divided into three
reaches--Colusa Weir to Fremont Weir; Fremont Weir to the American River;
and the American River to Hood. Curves were developed to show the estimated

seepage area and damage which would result from various flows in each of
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these reaches. The curves and their uses are described in the following
section on seepage damage.

The higher summer flows in the Sacramento River would cause
water to back up along the Feather River and along the Sutter Bypass.

This backwater would cause summer seepage along the lower reaches of the
Feather River and Sutter Bypass and flooding in the bypass. The projected
seepage and flooded areas are included in the estimates for the reach from
Fremont Weir to the American River.

The river stage which would result from each of the three flow
conditions was calculated at each mile along the rivers and the Sutter
Bypass. The flows and river stages were assumed to be constant for a
minimum period of 30 days. The slope of the ground water gradient away
from the river was estimated from studies of measured ground water gradients
and analog model studies conducted during this investigation. The ground
water levels which would occur at each of a number of representative wells
which formed the ground water level monitoring grid in this investigation
were estimated for each of the flow conditions. The ground water levels
were then superimposed over 7—1/2 minute USGS quadrangles. The areas where
the water table was estimated to be within 2 feet of the ground surface
and from 2 to 4 feet below the ground surface were delineated on the maps.
These areas were then adjusted based on soil maps in the 1955 report of
the California Division of Water Resources titled "Seepage Conditions in
the Sacramento Valley", the locations of rice fields and drainage ditches,
and seepage areas observed during this investigation. Information obtained
in the analyses used to develop the seepage evaluation curves and the elec-
trical resistivity studies was also used to establish the seepage areas and

seepage boundaries,
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The critical river reach for possible summer seepage was found
to extend from Colusa Weir to Fremont Weir. The maximum flow that can be
maintained in this reach for long durations without causing seepage wvas
estimated to be approximately 9,000 second-feet. The maximum flow which
can be maintained between Fremont Weir and the American River without
causing seepage was estimated to be about 15,000 second-feet. It was
estimated that flows in the reach between the American River and Hood

can be at least 19,000 second-feet without causing seepage.

Seepage Damage

Summer seepage resulting from imported water could cause some
damage to agricultural and urban areas. Existing drainage facilities
along the rivers could also be affected by higher summer river stages.

Agricultural damage could result from a limitation on the type

of crops that could be grown in the seepage areas and from certain direct

damages to crops which could occur during the transition period of changing

from a crop pattern which could be grown with winter seepage, to one which

could be grown under summer seepage conditions. Since transitional damages

would be of a minor nature, only agricultural damage resulting from a
limitation on the type of crops was considered in this analysis. The
economic effect of summer seepage on the agricultural economy was measured
as the difference in financial return attributable to land without summer
seepage and the return with summer seepage. Damage to the urban economy
was also included in the analysis.

The return attributable to land for each of the representative

crops projected for the area was derived on the basis of the price-cost
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relationships existing during the 1960-64 period. An allowance was made
for the irrigation water costs incurred during 2 nornmal crop year. The
return attributable to land vas determined by deducting from the gross
income, all variable and fixed costs except the cost of land., The esti-
mated average return for each crop assuning no swmer seerase is shown in
Table 6.

In order to estimate the agricultural damege, projections were
nade of six cropping patterns which would be expected to prevail in 1995
under various degrees of severity of seepage. Conditions in 1995 were
selected on the premise that gquantities of imported water would not be
sufficient to cause summer seepage prior to that time. AlL cropping
patterns were orojected on the basis that present winter seepage conditions
would continue. The return attributable to land for each of these cropping
patterns was computed.

One cropping pattern was projected for 1995 conditions assuming
that no water would be imported and hence no summer seepage would occur.
This cropping pattern and the return attributable to land for that pattern
are shown in Table T.

five cropping patterns were projected for 1995 assuming that the
Sacramento River would be used as a conveyance channel for inmported water.
These cropving patterns are shown in Table 8. Each of these cropping pat-
terns was predicted on an arbitrary percentage of the seepage study area
where the water table would be within the top 2 feet of the ground surface,
with the remainder between 2 feet and 4 feet. Crops which are tolerant of
high water table conditions were used in the projections. The cropping

pattern vas increasingly limited to seepage tolerant crops as the proportion
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TABLE 6

AVERAGE ANNUAL RETURN ATTRIBUTABLE TO LAND +/
WITH NO SUMMER SEEPAGE
(1960-64 Base Period)

: Less Costs H Return
: : : : Gross : : ¢ Total :attributable

Crop : Unit ¢ Yield : Price : income : Variable : Fixed g/ :Management: cost : to land

Almonds ton 5 $600.00  $L450.00  $174.00 $126.00 $45.00  $3L45.00 $105.00

Peaches ton 13.0 62.00 806 .00 L6k.15 139.75 80.60 68L.50 121.50

Pears ton 10.0 82.50  825.00  L461.30 159.20 82.50  703.00 122.00

Prunes ton 2.0 300.00 600,00 285.60 137.90 60.00 483.50 116.50

Walnuts ton .80 500.00 400.00 150.95 116.55 40,00 307.50 92.50
Asparagus-

Tomatoes ton 25.0 25.00 625.00 374.30 120.70 62.50 557 .50 67.50
Dry Beans cwt 18.0 9.50 171.00 96.70 29.70 17.10 143.50 27.50
Milo-Corn cwt 55.0 2.k0 132.00 50.60 32.00 13.20 95.80 36.20
Sugar Beets ton 20.0 12.50 250,00  130.90 43.30 25.00  199.20 50.80
Rice cwt 50,0 4.00  200.00  109.90 3/ 35.10 20.00  165.00 35.00
Alfalfa ton 7.0 25.00  175.00 78.50 45.30 17.50 141,30 33.70
Pasture aum 6.0 7.00 42,00 15.65 12.80 L.20 32.65 9.35
Pasture aum 12.0 7.00 8L .00 2Lk, 70 24 .40 8.40 57 .50 26,50
Barley cwt 30.0 2.30 69.00 28.75 22.50 6.90 58.15 10.85
Safflower ton 1.25 85.00 106.00 32.45 29.95 10.60 73.00 33.00

;/' Annual gross farm income minus all on-farm production costs, exclusive of cost of land.
2/ Except land cost but includes land reclamation cost.
3/ Water cost assumed to be $2.50 per acre-feet for Rice.

DFCG-6



TABLE 7

PROJECTED CROPPING PATTERN AND
RETURN ATTRIBUTABLE TO LAND IN 1995
WITH NO SUMMER SEEPAGE

Return :
rattributable: Crop acreage : Weighted return
Crop : to land : in percent + attributable to
per acre of total : land by crop

Pears $122.00 .20 $ .2h
Almonds 105.00 .28 .29
Prunes 116.50 9.38 10.93
Walnuts 92.50 7.50 6.94
Asparagus-

Tomatoes 67.50 13.45 9.08
Dry Beans 27.50 11.h47 3.15
Milo-Corn 36.20 7.49 2.71
Sugar Beets 50.80 8.11 h.12
Rice 35.00 15.91 5.57
Alfalfa 33.70 7.84 2.64

y
Pasture 12 AUM 26.50 4,29 1.4
Barley 10.85 5.07 .55
Safflower 33.00 8.92 2.94
Total 100.00

Weighted Return Attributable to
Land Per Acre $50.30

1/ Animal Unit months.
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TABLE 8

PROJECTED EFFECT OF VARIOUS LEVELS OF SUMMER SEEPAGE ON
CROPPING PATTERN AND RETURN ATTRIBUTABLE TO LAND IN 1995

: Cropping Pattern in Percent of Total Area Affected by Summer Seepage
Return : 100% of Land :10% of Land O to 2 :35% of Land O to 2 :65% of Land O to 2 :90% of Land O to 2

Crop :attributable:2 to 4 feet to: feet, 90% 2 to 4 : feet, 65% 2 to 4 : feet, 3542 to 4 : feet, 10% 2 to &4
to land ¢ Water Table :feet to Water Table:feet to Water Table:feet to Water Table:feet to Water Table
per acre :Percent:Return: Percent : Return : Percent : Return : Percent : Return : Percent : Return

Dry Beans $27.50 9 $ 2.48 5 $ 1.38 0 0 0 0 0 C
Milo-Corn 36.20 15 5.43 15 S.43 10 $ 3.62 5 $ 1.81 0 0
Sugar Beets 50.80 15 7.62 10 5.08 5 2.54 0 0 0 0
Rice 35.00 19 6.65 15 5.25 10 3.50 5 1.75 ¢ 0
Alfalfa 33.70 1k 4,72 10 3.37 5 1.69 0 0 0 0
Pasture 12 Auml/ 26.50 6 1.59 10 2.65 17 4,51 20 5.30 10 $ 2.65
Pasture 6 Aum 9.35 0 0 10 -9k 35 3.27 60 5.61 85 7.95
Barley 10.85 7 .76 10 1.09 8 .87 5 .54 0 0
Safflower 33.00 10 3.30 10 3.30 5 1.65 0 0 ) 0
Nonfarmed ) 5 0 5 0 5 0 5 0 5 0
Totals and

Weighted Returns 100 $32.60 100 $28.50 100 $21.70 100 $15.00 100 $10.60

1/ Animal Unit months.
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of the area where the water table would be within the top 2 feet of the
soil increased. The average annual return attributable to land per acre
was computed for each of the five cropping patterns and is shown in Teble 8.

The return attributable to land for each of the five cropping
patterns was used to derive Figure 24 which shows the effect of summer
seepage on the return attributable to land. This informetion was used to
determine the return which would occur under each of the three flow conditions
previously described in this chapter.

The average return attributable to land for each of the three
flow conditions for the river reaches between Colusa Velir and Hood is
shown in Table 9, The flooded areas previously described are included in
this table.

In addition to flooding, high summer flows in the river would
cause several other problems. One of these would be the additional cost
of pumping local drainage water into the river. Another would be the
inability of water in the Colusa Basin Drain at the Knights Landing Cutfall
Gates and at the Butte Slouzh Outfall Gates to draln into the river by gravity
flow. Pumping plants would be required at the outfall structures on the
Sacramento River to prevent flooding along both drainage systems.

The seepage damage to urban areas was measured as the cost of
an adequate drainage system, including operation and maintenance, which
would meke the seepage areas as functional as the nonseevage areas.,

The on-farm damages atiributable to summer seepase were estimated
by computing the difference in return to land with and without seepage.

The resultent total net decrease in the return to land plus the estimated
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TABLE 9

PROJECTED RETURN ATTRIBUTABLE TO
LAWD UNDER DIFFERENT FLOW CONDITIONS
IN 1995, COLUSA WEIR TO HOOD

Seepage Seepage ¢ Flooded area
0 to 2 feet below 2 to 4 feet below : :Return : Total Average
ground surface ground surface : Total Return tattrib-: seepage : return
Flow in : Percent of : : Percent of : sumer zattributeble: :utable : and ¢ attributable
cubic feet: total total : seepage : to land : s to : flocded : to land
per second: Acres :seepage area; Acres :seepage area: area per acre : Acres : land area : per acre
Colusa Weir to Fremont Weir
10,000 cfs 2,693 33 5,388 67 8,081 $22.20 ¢ ¢ 8,081 $22.20
14,000 cfs 21,475 58 15,485 L2 36,960 16.50 0 0 36,960 16.50
18,000 cfs 40,676 81 9,609 19 50,285 12.60 0 0 50,285 12.60
Fremont. Weir to American River
17,300 cfs 166 80 L1 20 207 $12.80 0 0 207 $12.80
21,300 cfs 669 23 2,232 77T 2,901 25.00 418 0 3,319 21.90
25,300 efs 3,646 30 8,713 70 12,359 23.00 1,050 0 13,409 21.20
American River to Hood
18,300 cfs 0 0] 0] 0 0 $ 0 ¢ ¢ 0 $ ¢
22,300 cfs 3,938 hg 4,057 51 7,995 18.00 o 0 7,995 18.00
26,300 cfs 7,235 67 3,635 33 10,870 14,40 0] 0 10,870 14,40

DFCG-6



1965 costs of pumping plants at Knights Landing Dam and the Butte Slough
Outfall Gates and assoclated pumping costs, plus the urban damages

gave the total damages for the three reaches under the three flow con-
ditions. The computation of these total damages is presented in Table 10.
A summary of the total annual damages under the three flow conditions for

the total reach from Colusa Weir to Hood is:

Flow Condition No. 1 $ 270,600
Flow Condition No. 2 1,828,300
Flow Condition No. 3 3,023,300

The information in Table 10 was used to develop Figures 25 and
26 which can be used to determine the projected seepage areas and damages
for various ranges of flow in the Sacramento River. These curves are
shown for each of the three reaches--Colusa Weir to Fremont Weir, Fremont

Weir to American River, and American River to Hood.

Methods of Controlling Summer Seepage

Four alternative methods Of controlling summer seepage were
investigated. These were: (1) a canal constructed in the Sutter Bypass
to carry excess flows around the critical reach of the river between
Colusa Weir and Fremont Weir; (2) a canal constructed in the existing
Colusa Basin Drain to carry excess flows around the critical river reach;
(3) a tile drainage system constructed in the seepage areas from Colusa
Weir to Hood; and (4) the purchase of seepage easements in the seepage
areas between Colusa Weir and Hood. A plan for controlling seepage re-
sulting from river Flow Condition No. 2 was developed for each alternative.
The riverflow conditions were assumed to exist for six months of the year

for purposes of this analysis.
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PROJECTED DAMAGES ATTRIBUTABLE TO SUMMER SEEPAGE IN 1995,

TABLE 10

COLUSA WEIR TO HOOD

With Summer Seepage

10 Summer Seepage:

:Diff. in: : :
: Return: return : ¢ Cost of Urban Damage
Return Flow :Total seepage:attribu-:attribu-: Total pumping :Miles: Cost
attributable in : and flooded : table : table crop : plants : of per Total
to land cfs aresa :to land :to land : damage : and stile mi}e : Total damages
per acre in acres :per acre:per acre: pumping :drain: X :
Colusa Weir to Fremont Weir
$50.30 10,000 8,081 $22.20 286.10 §$ 227,100 $ 35,700 0 $ 0 $ 0 § 262,800
50.30 14,000 36,960 16.50 33.80 1,249,200 228,200 0 0 0 1,477,400
50.30 18,000 50,285 12.60 37.70 1,895,700 284,000 0 0 0 2,179,700
i
}..:
i Fremont Weir to American River
$50.30 17,300 207 $12,80 37.50 $ 7,800 % 0 o $ 0 3% o % 7,800
50.30 21,300 3,319 21.90 28.40 94,300 0 0 0 0 94,300
50,30 25,300 13,409 21.20 29.10 390,200 0 3 L,100 12,300 402,500
American River to Peripheral Canal
$50.30 18,300 O $50.30 o $ o 3 0 0 $ o $ o $ 0
50.30 22,300 T,995 18.00 32.30 258,200 14,500 L 3,500  1L,000 286,600
50.30 26,300 10,870 14,50 35.90 390,200 18,100 8 4,100 32,800 441,100

E/ Includes Operation and Maintenance.
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Sutter Bypass Canal., The canal in the Sutter Bypass was planned

to carry only those flows in excess of the 9,000 cfs which 1s the flow
that can be maintained in the critical reach of the river without causing
seepage. The intake to the canal would be located adjacent to the south
end of Colusa Weir. The canal would go easterly, crossing Butte Creek,
thence down Butte Slough to the west borrow pit of the Sutter Bypass.

The canal would follow an enltarged west borrow pit to Sacramento Slough
and terminate at the Sacramento River near Verona.

In order to maintain a maximum of 9,000 cfs in the critical
reach of the Sacramento River, a maximum flow of 5,000 cfs would have to
be diverted into the canal. The canal was designed to carry a maximum
diversion of 5,000 cfs from the Sacramento River plus the flows of Butte
Creek and the west borrow pit of the Sutter Bypass.

The resulting large flows which would occur in the Sacramento
River at Verona (21,300 cfs) would back water up along the Sacramento
and Feather Rivers and along the canal in the Sutter Bypass. This back-
water would submerge the present outlet works at Knights Landing OQutfall
Gates and would require the installation of a pumping plant at this location.

The backwater would cause summer seepage along 15 miles of the
Sacramento River upstream from Fremont Weir and along 5 miles of the lower
parts of the Feather River and Sutter Bypass. Tile drains and associated
pumping plants would have to be installed in those reaches and in several
locations along the Sacramento River between Verona and the beginning of
the proposed Peripheral Canal near Hood.

A maximum of 5,000 cfs could be diverted from the Sacramento

River through the Sutter Bypass Canal in the winter to somevhat relieve
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seepage between Colusa Weir and Fremont Weir. However, flows in the
Sacramento River at Verona in excess of 21,300 cfs will cause backwater
in excess of that projected under summer conditions. Thus, the canal
would be of limited value in relieving river winter seepage resulting
from riverflows above 21,300 cfs.

The estimated capital cost of the canal in the Sutter Bypass,
the necessary tile drainage systems and associated pumping plants, and a
pumping plant at Knights Landing Outfall Gates is $16,700,000., The estimated
annual cost including operation and maintenance is $940,000. These costs
are shown below.

SUMMARY OF COST OF

SUTTER BYPASS CANAL
(Based on 1965 Costs)

Annual Cost

Item Capital Cost L¢ Interest
Land acquisition $ k26,000 $ 19,830
Canal 11,616,000 540,720
Bridges for highways, railroads, etc. 1,192,000 55,490
Tile drainage systenms 2,084,900 97,050

Pumping plant @ Colusa Basin Drain

Diversion Dam 1,428,000 66,470
Operation, maintenance and repairs = =  ~m=m=- U, 200
Power costs ~ eem-- 65,400
TOTAL $16,746,900 $939,160

Colusa Basin Drain Canal. Another method of conveying summer

flows in excess of 9,000 cfs around the critical reach of the Sacramento
River would be to utilize a portion of the Colusa Basin Drain. Under this
alternative, a maximum of 5,000 cfs would be diverted from the Sacramento
River into the proposed canal. The intake to the canal would be located

l-l/2 miles north of Colusa Weir. The canal would go southwest to Hopkins

-116-

DFCG-6




Slough and then down an enlarged Hopkins Slough to the Colusa Basin
Drain. The canal would follow an enlarged Colusa Basin Drain down to
the Knights Landing Ridge Cut, thence to the Yolo Bypass. The canal
would cross the Yolo Bypass and terminate at the Sacramento River about
1-1/4 miles north of Elkhorn Ferry.

A pumping plant would be required at the end of the canal to
return the water to the Sacramento River. A fish screen would be needed
at the diversion structure to prevent fish from going through the pumps.

The combination of riverflows and flows being returned to the
river from the canal would cause water to back up the Sacramento River
to Verona. Limited seepage would result from this backwater unless a
tile drainage system was installed along the river from Vercna to the
canal at Elkhorn Ferry.

Flow from the canal plus the flow in the river would also be
sufficient to cause seepage at some locations between Elkhorn Ferry and
Hood. Therefore, tile drains and associated pumping plants would be re-
quired in the potential seepage areas along this reach of the river.

The canal, like the Sutter Bypass Canal, would be of limited
value in controlling winter seepage.

The estimated cost of this canal, including a tile drainage
system and associated pumping plants and fish screens and a pumping plant
at Elkhorn Ferry, is $26,200,000. The estimated annual cost is $1,800,000
including operation and maintenance. The capital and annual costs of the

individual features of Colusa Basin Drain Canal are:
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SUMMARY OF COST OF
COLUSA BASIN DRAIN CANAL
(Based on 1965 Costs)

Annual Cost
Item Capital Cost 4% Interest
Land acquisition $ 730,500 $ 34,010
Canal 16,989,900 790,880
Bridges for highways, railroads, etc. 1,931,000 89,890
Fish screens 437,000 20,340
Pumping plant at end of canal and
outlet structure 5,637,000 262,400
Tile drainage system 475,100 22,120
Operation, maintenance and repairs = =  ===-- 290,000
Power cost ~  ece-- 294,500
TOTAL $26,200,500 $1,80k4,140

Tile Drainage System. A third alternative would be the instal~

lation of a tile drainage system along the river to keep the ground water
table below the top L4 feet of soil, and hence, below the root zone of
most crops.

A tile drainage system would generally be the most effective
field drainage system for controlling high ground water along the critical
river reach. The tile drains would be installed parallel to the river in
locations which would be expected to have summer seepage along the river
from Colusa Weir to Hood. The number of parallel tile drains needed would
depend upon the amount of flow in the river. It is estimated that three
parallel rows of tile would be required to control seepage resulting from
Flow Condition No. 2. Pumping plants would be installed to pump drainage
back into the river.

The higher summer riverflows would prevent drainage water from
the Colusa Basin Drain and Butte Slough from flowing into the river by

gravity. To prevent flooding along these two drains, pumping plants would
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be necessary at the Butte Slough Outfall Gates and at the Inights Landing
Outfall Gates which controls the Colusa 3asin Drain.

Another problem caused by the increased surmer flows would be
the increase in head that the existing drainage pumps alonz the river
would have to work ageainst to return drainage flows to the river. This
inerease in head would increase the cost of pumping.

The estimated costs of pumping drainage water, plus the cost

of the pumping plants at the Fnights Landing and Butte Slough Outfall

L’

Gates, were included as part of the cost of the tile drainage system.

There would be two zdditional benefits from the tile drainaze
system besides control of sunmer seepage; assistance in control of winter
seepage and use of summer seepage Lo irrigate crops durinz the growing
season. These benefits are not incliuded in this analysis,

The degree of seepage control would depend upon the aesign of
the drainage system. The system could be designed to control both winter
and summer seepage. It could also be designed to control flows in excess
of' those shown under Flow Condition No. 2. It would therefore be much
more flexible and could be considerably more effective in controlling
seepage than either of the two alternative canal systems vreviously
described.

Summer seepage could be used for irrigation puwrposes either
through subirrigation or by surface application of seepage which could be
collected from the drainage system and diverted into the irrigation systen.

Because of the apparent relative advantage of this system over
the canal systems, costs were estimated for drainage systems which would

control seepage under each of the three previcusly described flow conditions.

-110-

DFCG-6



There are several other types of field drainage sysiems
including drazinage ditches and gopher plowing which probably would be
more econoniical in some areas than a tile drainage system. However,
since the costs of these systems are generally less than a tile drainage
systeém, cost estimates were based on a tile drainage system so as to be
on the conservative side.

The estimated capital and annual costs of the drainage systems
to control seepagse under each of the three flow conditions are shown on
Tebole 11,

e

Seepace Dasement Rights., As another alternative, seepage ease-

ment rights could be purchased for the projected seepage areas between
Colusa end Hood znd along the lower Feather River and for the flooded areas
in the Jower Sutter Bypass. This procedure would be similar to the purchase
of other flow easement rights. In this manner, lawsults zlleging seepage
demage due to high ground water could be avoided.

There are certain disadvantages to the purchase of seepage ease-
ment rights. The most apparent is that seepage would not be physically
controlled under this alternative, either during the summer or winter.
Other discdvantages include possible clouded title to the land, a reduced
tax base, reduction in tax revenue, reduction in bonding capacity of the
ares, and decrease in economic activity within the area. The estimated
costs of zeepage easement rights under assumed Flow Condition No. 2 are
approximately 530,000,000. The estimated annual cost at L percent interest
is 51,400,000, A summary of capital and annual costs of this alternative

are shown at the top of page 122.
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TABLE 11

SUMMARY OF COST OF TILE DRAINAGE SYSTEMS

(Based on 1965 Costs)

FLOW CONDITION No. 1 - 2 rows of tile drains

Item

Easement and crop loss

Tile drains

Pumps and sumps

Pumping plant at Butte Slough
Qutfall Gates

Operation, maintenance and repairs

Power cost

TOTAL

Capital Cost

$ 85,300
1,418,300
232,500

237,900

$ 1,974,000

FLOW CONDITION No. 2 = 3 rows of tile drains

Item

Easement and crop loss

Tile drains

Pumps and sumps

Pumping plant at Butte Slough
Qutfall Gates

Pumping plant at Colusa Basin
drain dam

Operation, maintenance and repairs

Power cost

TOTAL

Capital Cost

$ 1,455,400
6,221, 500
1,027,500

576,000

1,527,000

$10, 807,400

FLOW CONDITION NO. 3 - 3 rows of tile drains

Item

Easement and crop loss

Tile drains

Pumps and sumps

Pumping plant at Butte Slough
Outfall Gates

Pumping plant at Colusa Basin
drain dam

Operation, maintenance and repair

Power cost

TOTAL

Capital Cost

-121-

$ 1,953,100
8,571,300
1,726,000

721,000
1,829,000

$1L, 800, 400

Annual Cost

4% Interest

$ 3,970
66,020

10,820

11,080
16,300

24,700

$ 132,890

Annual Cost
L4, Interest

& 67,750
289, 610
47,830

26,820

71,080
9k, 700

___130,500

$ 728,290

Annual Cost

4% Interest

$ 90,920
398,990
80,350

33,560

85,140
129,100

__20k,200

$1,022,260
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SUMMARY OF COST OF
SEEPAGE EASEMENT RIGHTS
(Based on 1965 Costs)

Area ¢ Capital o Annual cost

Reach : in acres : cost : L% interest
Colusa Weir to Fremont Weir 37,000  $17,750,000 $ 826,260
FPremont Weir to American River 3,300 2,375,000 110,560
American River to Hood &,000 9,600,000 LL46, 880
TOTAL $29,735,000  $1,383,700

Summary of Costs

The estimated costs of the alternative methods of mitigating
sunmer seepage which could occur under Flow Condition No. 2 are:
SUMMARY OF COST OF ALTERNATIVES

FOR CONTROLLING SUMMER SEEPAGE
(Based on 1965 Costs)

Alternatives Capital Cost Total Annual Cost
Canal in the Sutter Bypass $16,700,000 $ 940,000
Canal down Colusa Basin Drain 26,200,000 1,800,000
Tile Drainage System 10,800,000 730,000
Seepage Easement Rights 29,700,000 1,400,000
Damage Without Any Works $1,828,300

It is apparent from the foregoing that the tile drainage system
would have the lowest cost and highest benefit of any of the alternatives
studied for controlling summer seepage resulting from the use of the
Sacramento River as a conveyance facility for imported water. Under Flow
Condition No. 2 (9,000 cfs importation) the benefit-to-cost ratio of this

system would approximate 2.5 to 1.
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PLATE 12

LEGEND

[I] FLOOD PLAIN DEPOSIT
BROWN,SOFT CLAY OR SILT 7O SILTY SAND,LOW TO
HIGH PERMEABILITY.

“ STREAM DEPOSIT
GRAY,LOOSE ,GRAVELLY SAND,HIGH PERMEABILITY

FLLOOD BASIN DEPOSIT
GRAY,STIFF CLAY ,LOW PERMEABILITY.

KV
KV-VERTICAL PERMEABILITY IN FEET PER DAY.
KH- HORIZONTAL PERMEABILITY IN FEET PER DAY.
KH
P> LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES

~-7 IN OHM-FEET FOR UPPER 20 FEET OF SOIL.

WELL-GRADED GKAVELS OR
GRAVEL-SAND MIXTURES,LITTLE
OR NO FINES.

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR,SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY,GRAVELLY CLAYS,SANDY
CLAYS,SILTY CLAYS,LEAN CLAYS.

POORLY-GRADED GRAVELS OR
GRAVEL-SAND MIXTURES,LITTLE
OR NO FINES.

ORGANIC SILTS AND ORGANIC SILT~CLAYS
OF LOW PLASTICITY,

SILTY GRAVELS,GRAVEL - SAND -
SILT MIXTURES.

CLAYEY GRAVELS,GRAVEL-
SAND- CLAY MIXTURES.

INORGANIC SILTS,MICACEQUS OR DIATOMACEQUS
FINE SANDY OR SILTY SOILS,ELASTIC SILTS.

WELL-GRADED SANDS OR
GRAVELLY SANDS,LITTLE OR NO
FINES.

POORLY-GRADED SANDS OR
GRAVELLY SANDS,LITTLE ORNO
FINES.

SILTY SANDS,SAND - SILT
MIXTURES.

INORGANIC CLAYS OF HIGH PLASTICITY,
FAT CLAYS.

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS.

PEAT AND OTHER HIGHLY ORGANIC SOILS.

g N
~ 4

CLAYEY SANDS,SAND-SILT
MIXTURES.

BYATE OF CALIFORMNIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

<
GEOLOGIC SECTION
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PLATE 12

LEGEND

FLOOD PLAIN DEPOSIT

BROWN ,SOFT CLAY OR SILT TO SILTY SAND,LOW TO
HIGH PERMEABILITY.

STREAM DEPOSIT
GRAY,LOOSE ,GRAVELLY SAND,HIGH PERMEABILITY

FLOOD BASIN DEPOSIT
GRAY,STIFF CLAY ,LOW PERMEABILITY.

KV

KV-VERTICAL PERMEABILITY IN FEET PER DAY.
KH- HORIZONTAL PERMEABILITY IN FEET PER DAY.

KH

PO

WELL-GRADED GKRAVELS OR
GRAVEL-SAND MIXTURES,LITTLE
OR NO FINES.

POORLY-GRADED GRAVELS OR
GRAVEL-SAND MIXTURES,LITTLE
OR NO FINES.

SILTY GRAVELS ,GRAVEL - SAND -

LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
~-7 IN OHM -FEET FOR UPPER 20 FEET OF SOIL.

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR ,SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS wiTH SLIGHT PLASTICITY.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY ,GRAVELLY CLAYS,SANDY
CLAYS ,SILTY CLAYS,LEAN CLAYS.

I ORGANIC SILTS AND ORGANIC SILT-CLAYS

SILT MIXTURES. OF LOW PLASTICITY.

CLAYEY GRAVELS,GRAVEL-
SAND - CLAY MIXTURES.

INORGANIC SILTS ,MICACEQUS OR DIATOMACEQUS
FINE SANDY OR SILTY SOILS,ELASTIC SILTS.

WELL-GRADED SANDS OR '? INORGANIC CLAYS OF HIGH PLASTICITY,
GRAVELLY SANDS,LITTLE OR NO [/ FAT CLAYS.
FINES. v

POORLY -GRADED SANDS OR
GRAVELLY SANDS,LITTLE ORNO
FINES.

SILTY SANDS,SAND -SILT
MIXTURES.

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS.

PEAT AND OTHER HIGHLY ORGANIC SOILS.

CLAYEY SANDS,SAND-SILT
MIXTURES.

BYATE OF CALIFORMIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

il
GEOLOGIC SECTION
AT PHYSICAL TEST AREA

MILLERS LANDING
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FLATE 12
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e ase MO BAM

LEGEND
GEOLOGIC SECTIN Al

- ry FLOOD PLAIN DEPOSIT
3 BROWN, SOFT CLAY OR SILT 70 $ILTY SANU.LOW 7O

- t . H HIGH PERMEABILITY

J H 2 i B STREAM DEROS)T

i W ] £ i 4 GRAY LOOSE ,GRAVELLY SAND,HIGH PERMEAEILITY

; - FLOTD BASIN DEPOSIT

: : GRAY,STIFF CLAY LOW PERMEABILITY

i 2 ] Ky

! %ol

: ;‘ KY-YERTICAL PERMEABILITY [N FEET PER oay

: : KH- HORIZONTAL PERMEABILITY iN FEET PER Day

' = : -

; K R ]

¥ H

i x - LIMES OF EQUAL ELECTRICAL REISTIVITY VALUES

H x TS .

! H J == N OWM FEET FOR UPPER 20 FEET OF SOIL

i % w0

; N

| [] wELL-GRADED GRAVELS OR INCRGANIC SILTS AND VERY FINE SANDS,
' ¥ | GRAVEL- SAND MIXTURES, LITTLE ROCK FLOUR, SILTY OR CLAYEY FINE SANGS
! N L) or o FINES m OR CLAYEY SILTS wiTH SLIGHT PLASTICITY
! L .

|

i

¢

1

i

i

|

Y POCRLY-GRATED GRAVELS OR IHORGANIC CLAYSE OF LOW TG MEDIUM
o | CFAVEL-SAND MIXTURES,LITTLE 4 PLASTICITY BRAVELLY CLAYS, SANDY
R . | S or Ko Fines CCLATS SILTY CLAYS.LEAN CLAYS
sl SILTY GRAVELS GRAVEL - SAND. ORGANIC $ILTS AND ORGANIC SILT-CLAYS
) ) SILT MIXNTURES OF LOw PLASTICITY
. R L
i e Ty T e i o o e o = T T Tiser T e o e e e T e oo 1
pawc e CLAYEY GRAVELS, GRAVEL~ I INOHGANIC SILTS 4CACECUS OF DIATOMACECUS
P4 SAND - CLAY MIXTURES Il FINE SANOY OR $1UTY 50ILS FLASTIC S5LT8
T T T T T T T v |
H [
M §3) WELL-GRADED $ANDS OR INGRGANIC CLAYS OF mion PLASTICITY,
i GEOLOGIL SECTION B8 %) GRAVELLY SANDS,LITTLE OR NO FAT CLAYS
ol T J S FINES
N PUORLY - GRADEG SANDS OR ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY
: i SRAVELLY SANOS,LITTLE OR NO GRGANIC STS
H E FINES
bl ol § ; N SYY SANDS SAND - SiLT £03 PEAT ANO DTHER HIGHLY ORGANIC S0ILS
. | MixTURES o=
K B
H CLAYEY SANDE SANG-SILT
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PLATE 13
LEGEND

PLAIN DEPOSIT
OWN ,SOFT CLAY OR SILT TO SILTY SANDO,LOW TO
GH PERMEABILITY.

M DEPOSIT
tAY,LOOSE ,GRAVELLY SAND,HIGH PERMEABILITY

BASIN DEPOSIT
LAY, STIFF CLAY ,LOW PERMEABILITY.
!

/(-VERTICAL PERMEABILITY IN FEET PER DAY.
:i-HORtZONTAL PERMEABILITY IN FEET PER DAY,

NES OF EQUAL ELECTRICAL RESISTIVITY VALUES
OHM-FEET FOR UPPER 20 FEET OF SOIL.

S OR INORGANIC SILTS AND VERY FINE SANDS,
(ES, LITTLE ROCK FLOUR,SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

ELS OR 7 INORGANIC CLAYS OF LOW TO MEDIUM
ES,LITTLE % PLASTICITY,GRAVELLY CLAYS,SANDY

% CLAYS,SILTY CLAYS,LEAN CLAYS.
EL - SAND - ORGANIC SILTS AND ORGANIC SILT-CLAYS

% OF LOW PLASTICITY.
AVEL - INORGANIC SILTS ,MICACEQOUS OR DIATOMACEOUS
S, m FINE SANDY OR SILTY SOILS,ELASTIC SILTS.
OR ? INORGANIC CLAYS OF HIGH PLASTICITY,
'TLE OR NO / FAT CLAYS.

%
S OR 9% ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
TLE OR NO ORGANIC SILTS.
SILT % PEAT AND OTHER HIGHLY ORGANIC SOILS.
SILT

STATE OF CALIFORNIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

N
GEOLOGIC SECTION
AT PHYSICAL TEST AREA
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PLATE {3

LEGEND

PLAIN DEPOSIT
OWN ,SOFT CLAY OR SILT TO SILTY SAND,LOW TO
GH PERMEABILITY.

M DEPOSIT
YAY,LOOSE ,GRAVELLY SAND HIGH PERMEABILITY

BASIN DEPOSIT
IIAY,STlFF CLAY ,LOW PERMEABILITY.

/~VERTICAL PERMEABILITY IN FEET PER DAY
j-HOR!ZONTAL PERMEABILITY IN FEET PER DAY,

NES OF EQUAL ELECTRICAL RESISTIVITY VALUES
OHM -FEET FOR UPPER 20 FEET OF SOIL.

S OR INORGANIC SILTS AND VERY FINE SANDS,
'ES, LITTLE ROCK FLOUR,SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.
ELS OR 73 |NORGANIC CLAYS OF LOW TO MEDIUM
ES,LITTLE % PLASTICITY,GRAVELLY CLAYS, SANDY
/) CLAYS,SILTY CLAYS,LEAN CLAYS.
EL- SAND - ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.
AVEL- INORGANIC SILTS,MICACEOUS OR DIATOMACEOUS
S. m]} FINE SANDY OR SILTY SOILS,ELASTIC SILTS.
OR 77 INORGANIC CLAYS OF HIGH PLASTICITY,
'TLE OR NO / FAT CLAYS.
Vi
}S OR B4 ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
TLE ORNO K8 ORGANIC SILTS.
SILT % PEAT AND OTHER HIGHLY ORGANIC SOILS.
SILT

STATE GF CaliFORMIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESQURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

-
GEOLOGIC SECTION
AT PHYSICAL TEST AREA

MILE 14
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. . T T v T T T T SLATE 13
[T
1 atowpete secvion - w enere s LEGEND
t
f : 3 < E:I FLOOD PLAIN DEPOSIT
) i soh T - BROWN,50F T CLAY OR SILT 70 SILTY SAND,LOW T§
3‘; i . H H : HIGR PERMEABILITY
] H 4 M M
/5y - . H H STREAM DEPOSIT
7 : i 8
/w W H . 4 GRAY.LOOSE .GRAVELLY SAND.NIGH PERMEABILITY
8 i H
[ - e FLOOD BASIN DEPOSIT
GRAY STIFF CLAY LOW PERMEABILITY
2 ! ] Xy
3 wp [——— '}
: l 3 XV-VERTICAL PERMEABILITY 1N FEET PER DAY
N KM-RCRIZONTAL PERMEABILITY iN FEET PER Day
s € 1 .
H P LINES OF EQUAL ELECTRICAL RESISTIVITY YALUES
H | ~=7 18 ONM-FEET FOR WRRER 20 FEET OF S01L
§ ol
7] WELL-GRADEC GRAVELR O INCRGANIT 5:TS AND VERY FINE SANDS,
# 1 GRAVEL-SaND MiKTUSES, LITTLE ROCK FLOUR,SILTY GR CLAYEY FINE SANDS
B !Laj GB NG FIRES DR CLAYEY § WiTR SLIGRT SLASVICITY
7] PCORLY-GRADEQ GRAVELS OR £33 INCRGANIC CLAYS OF LOW 70 MEDIUM
o, GRAVEL-SAND MixTURES CITYUE™ 5] PLASTICITY GRAVELLY CLAYS, SANDY
] 18] caNOFinES [ §.CLAYS STy TUAYS LEAN CLAYS
“ e s SILTY GRAVELS GRAVEL- SAND- g ORGANIC AND CRGANIC SILT-CLAYS
N . SiLT MIZTURES B oF 0w PLASTICITY
¢ S
k i v CLAYEY GRAVELS GRAVEL- M INCRSANE GR DIATOMACEOUS
i SAND- CLAY MxTURES Ml Fine sance ar ASTIC SILTS
o T T T T T T T i
| fa5] WELL-GRADEG SaND3 OR V INORGANIC £LAFS OF HiG PLASTICITY,
<% GRAVELLY SAKDS , LITTLE OF NO % FAT CLAYS
" Seocosic secrion Bex E Ny Fmes
1 POGRLY -GRADED SANDE OR CRGANIC CLAYS OF MEDIUM TO w6 PLASTICNTY,
s I ¥ SANDS,L:iTTLE ORKNO CRGAMIC SiLTS
0 H < 7 B SILTT SANDS,SANG - SicT PEAT AND OTRER MiGHLY ORGANIC S0IL3
H H . W miaTumes
2 B H F 2
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PLATE 14
LEGEND

LOOD PLAIN DEPOSIT
BROWN,SOFT CLAY OR SILT TO SILTY SAND,LOW TO
HIGH PERMEABILITY.

TREAM DEPOSIT
GRAY,LOOSE ,GRAVELLY SAND,HIGH PERMEABILITY.

.OOD BASIN DEPOSIT
GRAY,STIFF CLAY ,LOW PERMEABILITY.

KV~VERTICAL PERMEABILITY IN FEET PER DAY.
KH- HORIZONTAL PERMEABILITY IN FEET PER DAY.

LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
IN OHM-FEET FOR UPPER 20 FEET OF SOIL.

i
|

XTURES,LITTLE ROCK FLOUR ,SILTY OR CLAYEY FINE SANDS

OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

AVELS OR INORGANIC SILTS AND VERY FINE SANDS,
|

INCRGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY,GRAVELLY CLAYS,SANDY
CLAYS ,SILTY CLAYS,LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

3RAVELS OR
(TURES,LITTLE

iRAVEL - SAND -

, GRAVEL- INORGANIC SILTS ,MICACEQUS OR DIATOMACEQUS
"'URES. FINE SANDY OR SILTY SOILS,ELASTIC SILTS.
.NDS OR INORGANIC CLAYS OF HIGH PLASTICITY,

, LITTLE CR NO FAT CLAYS.

3ANDS OR
,LITTLE ORNO

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS.

iD - SILT PEAT AND OTHER HIGHLY ORGANIC SOILS.

\ND-SILT

$TATE OF CalIFOAMIA
THE RESOURCES AGEMCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTY DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

o
GEOLOGIC SECTION
AT PHYSICAL TEST AREA

WORTH ROAD
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TREAM DEPOSIT

LEGEND

LOOD PLAIN DEPOSIT
BROWN,SOFT CLAY OR SILT TO SILTY SAND,LOW TO
HIGH PERMEABILITY.

PLATE 14

GRAY,LOOSE ,GRAVELLY SAND,HIGH PERMEABILITY.

~000D BASIN DEPOSIT
GRAY,STIFF CLAY ,LOW PERMEABILITY.

KV~VERTICAL PERMEABILITY IN FEET PER DAY.
KH-HORIZONTAL PERMEABILITY IN FEET PER DAY.

LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
IN OHM-FEET FOR UPPER 20 FEET OF SOIL.

AVELS OR
XTURES, LITTLE

SRAVELS OR
(TURES,LITTLE

iRAVEL - SAND -

., GRAVEL-
'URES.

/NDS OR
, LITTLE OR NO

SANDS OR
,LITTLE ORNO

JD - SILT

ND-SILT

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR ,SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY,GRAVELLY CLAYS,SANDY
CLAYS,SILTY CLAYS,LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS

W8 OF LOW PLASTICITY.

INORGANIC SILTS ,MICACEQUS OR DIATOMACEOQUS
FINE SANDY OR SILTY SQOILS,ELASTIC SILTS.

INORGANIC CLAYS OF HIGH PLASTICITY,
FAT CLAYS.

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,

ORGANIC SILTS.

PEAT AND OTHER HIGHLY ORGANIC SOILS.

BTATE OF CALIFOMNIA
THE RESOURCES AGEMCY

DEPARTMENT OF WATER RESOURCES

SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

g
GEOLOGIC SECTION

AT PHYSICAL TEST AREA

WORTH ROAD
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PLATE 14
LEGEND

E] FLOOD PLAIN DERDSIT
BROWN ,SOFT CLAY OR SILT TO SILTY SAND, LOW TO
HIGH PERMEABILITY

n STREAM DEPOSIT

GRAY,LOOSE ,GRAVELLY SAND,HIGH PERMEABILITY

FLOOD BASIN DEPOSIT

GRAY,STIFF CLAY ,LOW PERMEABILITY

Ky
KV-VERTICAL PERMEABILITY IN FEET PER O&Y
KH-HORIZONTAL PERMEABILITY IN FEET PER DAY
KH
PN LINES OF EOUAL ELECTRICAL RESISTIVITY VALUES

=" IN OHM-FEET FOR UPPER 20 FEET OF SOIL

WELL-GRADED GRAVELS OR
GRAVEL- SAND MIXTURES, LITTLE
OR NG FINES.

INORGANIC SILTS AND VERY FINE SANDS,
AOCK FLOUR,SILTY OR CLAYEY FINE SANOS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY

POORLY-GRADED GRAVELS OR
GRAVEL~-SAND MIXTURES LITTLE
OR NO FINES.

SILTY GRAVELS (GRAVEL - SAND -
SILT MIXTURES.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY GRAVELLY CLAYS ,SANDY
CLAYS ,SILTY CLAYS ,LEAN CLAYS

ORGANIC SILTS ANO ORGANIC $ILT-CLAYS
OF LOW PLASTICITY

XY &=

CLAYEY GRAVELS,GRAVEL-

INCRGANIC SILTS MICACEQUS OR DIATOMACEQUS
SAND - CLAY MIXTURES.

FiNE SANDY OR SILTY SOILS ELASTIC SILTS

|

w¥] WELL-GRADED $SANDS QR
soi GRAVELLY SANDS, LITTLE OR NO
FINES

POORLY -ORADED SANDS OR
GRAVELLY SANDS LITTLE QR NO
FINES

SILTY SANDS SAND - SILT
f: MIXTURES

INGRGANIC CLAYS OF HIGH PLASTICITY,
FAT CLAYS.

RN

QRGANIC CLAYS OF MEDIUM TO HIGH PLASTIONTY,
DRGANIC SILTS

PEAT ANO OTHER HIGHLY ORGANIC SOILS

B3
=
==
==
=
=

P CLAYEY SANDS,SAND-SILT
BE MIXTURES.

BIATE OF CaLrOumIA
THE RESOURCES AGEMCY
DEPARTMENT OF WATER RESOURCES
SACHAMENTY DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION
i

GEOQLOGIC SECTION
AT PHYSICAL TEST AREA

WORTH ROAD
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DFCG-6



PLATE

LEGEND

(IN DEPOSIT
,SOFT CLAY OR SILT TO SILTY SAND,LOW T0O
'ERMEABILITY.

[POSIT
-OOSE ,GRAVELLY SAND,HIGH PERMEABILITY.

IN DEPOSIT
35TIFF CLAY ,LOW PERMEABILITY.

RTICAL PERMEABILITY IN FEET PER DAY.
RIZONTAL PERMEABILITY IN FEET PER DAY,

OF EQUAL ELECTRICAL RESISTIVITY VALUES
-FEET FOR UPPER 20 FEET OF SOIL.

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR ,SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

ITTLE

OR
ITTLE

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY,GRAVELLY CLAYS,SANDY
CLAYS,SILTY CLAYS,LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

BAND -

INORGANIC SILTS ,MICACEOUS OR DIATOMACEOQUS
FINE SANDY OR SILTY SOILS,ELASTIC SILTS.

INORGANIC CLAYS OF HIGH PLASTICITY,

OR NO FAT CLAYS.

iOR NO ORGANIC SILTS.

PEAT AND OTHER HIGHLY ORGANIC SOILS.

STATE OF CALIFORMIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

g
GEOLOGIC SECTION
AT PHYSICAL TEST AREA

KARNAK
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ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
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PLATE

LEGEND

(IN DEPOSIT

LSOFT CLAY OR SILT TO SILTY SAND,LOW TO
'ERMEABILITY.

IPOSIT
-OOSE ,GRAVELLY SAND,HIGH PERMEABILITY.

IN DEPOSIT
STIFF CLAY ,LOW PERMEABILITY.

RTICAL PERMEABILITY IN FEET PER DAY.
IRIZONTAL PERMEABILITY IN FEET PER DAY.

OF EQUAL ELECTRICAL RESISTIVITY VALUES
\-FEET FOR UPPER 20 FEET OF SOIL.

b
ATTLE

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR,SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

OR

; INORGANIC CLAYS OF LOW TO MEDIUM
ITTLE

PLASTICITY,GRAVELLY CLAYS,SANDY
CLAYS,SILTY CLAYS,LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

5AND -

INORGANIC SILTS,MICACEOUS OR DIATOMACEOQUS
FINE SANDY OR SILTY SOILS,ELASTIC SILTS.

INORGANIC CLAYS OF HIGH PLASTICITY,

OR NO FAT CLAYS.

OR NO ORGANIC SILTS.

PEAT AND OTHER HIGHLY ORGANIC SOILS.

STATE OF CALIFORMIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICTY

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

e
GEOLOGIC SECTION
AT PHYSICAL TEST AREA

KARNAK

15
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PLATE 18

LEGEND

FLOOD PLAIN DEPOSIT
BROWN,SOFT CLAY OR SILT
HIGH PERMEABILITY.

“ STREAM DEPOSIT

GRAY,LOOSE ,GRAVELLY SAND ,HIGH PERMEABILITY,

FLOOD BASIN DEPOSIT
GRAY, STIFF CLAY ,LOW PERMEABILITY.

TO SILTY SAND,LOW TO

KV
KV-VERTICAL PERMEABILITY IN FEET PER DaY.
KH=-HORIZONTAL PERMEABILITY IN FEET PER QAY.
KH
P LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
=" IN OHM-FEET FOR UPPER 20 FEET OF SOIL.
WELL-GRADED GRAVELS OR ! INCRGANIC SILTS AND VERY FINE SANDS,
Pl GRAVEL-SAND MIXTURES,LITTLE i ROCK FLOUR,SILTY OR CLAYEY FINE SANDS
at] OR NO FINES. | OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

POORLY-GRADED GRAVELS OR
GRAVEL-SAND MIXTURES, LITTLE
OR NO FINES.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY ,GRAVELLY CLAYS,SANDY
CLAYS,SILTY CLAYS,LEAN CLAYS.

MR SILTY GRAVELS,GRAVEL - SAND -

ORGANIC SILYTS AND ORGANIC SILT-CLAYS
{ SILT MIXTURES.

OF LOW PLASTICITY.

1 CLAYEY GRAVELS,GRAVEL~

INORGANIC SILTS ,MICACEQUS OR DIATOMACEQUS
f‘,;’ SAND - CLAY MIXTURES.

FINE SANDY OR SILTY SOILS,ELASTIC SILTS.

T3 WELL-GRADED SANDS OR INORGANIC CLAYS OF HIGH PLASTICITY,
o GRAVELLY SANDS,LITTLE OR NO FAT CLAYS.
3| FINES
POORLY -GRADED SANDS OR ORGANIC CLAYS OF MEDIUM TO RIGH PLASTICITY,
GRAVELLY SANDS,LITTLE ORNO ORGANIC SHLTS,
FINES.

l{l' SILTY SANDS ,SAND - SILT PEAT ANO OTHER HIGHLY ORGANIC SOILS.
|

il MixTURES

B

CLAYEY SANDS,SAND-SILT
MIXTURES.

STATE OF CALIFORM) A
THE RESOURCES AGEMCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTD DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

e
GEOLOGIC SECTION
AT PHYSICAL TEST AREA

KARNAK
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PLATE 16

LEGEND

LOOD PLAIN DEPOSIT
BROWN,SOFT CLAY OR SILT TO SILTY SAND,LOW TO
HIGH PERMEABILITY.

TREAM DEPOSIT
GRAY,LOOSE,GRAVELLY SAND HIGH PERMEABILITY

LOOD BASIN DEPOSIT
GRAY,STIFF CLAY ,LOW PERMEABILITY.

KV-VERTICAL PERMEABILITY IN FEET PER DAY.
KH- HORIZONTAL PERMEABILITY IN FEET PER DAY.

KH

LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
7 IN OHM-FEET FOR UPPER 20 FEET OF SOIL.

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR,SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

RAVELS OR
XTURES, LITTLE

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY,GRAVELLY CLAYS SANDY
CLAYS,SILTY CLAYS,LEAN CLAYS.

GRAVELS OR
XTURES,LITTLE

GRAVEL - SAND - ORGANIC SILTS AND ORGANIC SILT-CLAYS

OF LOW PLASTICITY.

S,GRAVEL~ INORGANIC SILTS ,MICACEOUS OR DIATOMACEOQUS
iTURES. FINE SANDY OR SILTY SOILS,ELASTIC SILTS.
[ANDS OR INORGANIC CLAYS OF HIGH PLASTICITY,

S,LITTLE OR NO FAT CLAYS.

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS.

SANDS OR
S,LITTLE ORNO

IND - SILT PEAT AND OTHER HIGHLY ORGANIC SOILS.

’BANO~SILT

STATE OF CALIFORNIA
THE RESOURCES AGENCY

DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

-
GEOLOGIC SECTION
AT PHYSICAL TEST AREA

ELKHORN
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TREAM DEPOSIT

KH

PLATE 16

LEGEND

LOOD PLAIN DEPOSIT
BROWN ,SOFT CLAY OR SILT TO SILTY SAND , LOW TO
HIGH PERMEABILITY.

GRAY,LOOSE ,GRAVELLY SAND,HIGH PERMEABILITY

LOOD BASIN DEPOSIT
GRAY,STIFF CLAY ,LOW PERMEABILITY.

KV-VERTICAL PERMEABILITY IN FEET PER DAY.
KH- HORIZONTAL PERMEABILITY

IN FEET PER DAY.

LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES

F/ IN OHM-FEET FOR UPPER 20 FEET OF SOIL.

RAVELS OR
XTURES,LITTLE

GRAVELS OR
XTURES,LITTLE

GRAVEL - SAND -

S,GRAVEL-
'TURES.

[ANDS OR
S,LITTLE OR NO

SANDS OR
S,LITTLE ORNO

IND - SILT

BAND-SILT

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR,SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY,GRAVELLY CLAYS SANDY
CLAYS ,SILTY CLAYS ,LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

INORGANIC SILTS ,MICACEOQUS OR DIATOMACEOQUS
FINE SANDY OR SILTY SOILS,ELASTIC SILTS.

INORGANIC CLAYS OF HIGH PLASTICITY,
FAT CLAYS.

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS.

PEAT AND OTHER HIGHLY ORGANIC SOILS.

STATE OF CALIFORNIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

-
GEOLOGIC SECTION
AT PHYSICAL TEST AREA

ELKHORN
DFCG-6
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PLATE 17

LEGEND

A FLOOD PLAIN DEPOSIT

BROWN ,SOFT CLAY OR SILT TO SILTY SAND,LOW TO
HIGH PERMEABILITY.

B STREAM DEPOSIT

GRAY,LOOSE ,GRAVELLY SAND,HIGH PERMEABILITY

I FLOOD BASIN DEPOSIT

GRAY,STIFF CLAY ,LOW PERMEABILITY.

KV-VERTICAL PERMEABILITY IN FEET PER DAY
KH-HORIZONTAL PERMEABILITY IN FEET PER DAY.

3~ K H

~50 LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
~-7 IN OHM -FEET FOR UPPER 20 FEET OF SOIL.

ADED GRAVELS OR
SAND MIXTURES,LITTLE
NES.

SRADED GRAVELS OR
SAND MIXTURES,LITTLE
1ES.

AVELS,GRAVEL - SAND -
TURES.

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR,SILTY OR CLAYEY FINE SANDS

OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY,GRAVELLY CLAYS,SANDY
CLAYS,SILTY CLAYS,LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

5RAVELS,GRAVEL-
_AY MIXTURES.

INORGANIC SILTS ,MICACEQUS OR DIATOMACEOCUS
FINE SANDY OR SILTY SOILS,ELASTIC SILTS.

ADED SANDS OR
Y SANDS ,LITTLE OR NO

INORGANIC CLAYS OF HIGH PLASTICITY,
FAT CLAYS.

INNNI=F:::: IN\J=—

5RADED SANDS OR
f SANDS,LITTLE ORNO

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS.

NDS,SAND - SILT PEAT AND OTHER HIGHLY ORGANIC SOILS.

5.

SANDS,SAND-SILT
S.

STATE OF CALIFORMNIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO valLLEY
SEEPAGE INVESTIGATION

=
GEOLOGIC SECTION
AT PHYSICAL TEST AREA

RIVERSIDE

DFCG-6
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PLATE

LEGEND

A FLOOD PLAIN DEPOSIT
BROWN ,SOFT CLAY OR SILT TO SILTY SAND,LOW T0O
HIGH PERMEABILITY.

B STREAM DEPOSIT

GRAY,LOOSE ,GRAVELLY SAND , HIGH PERMEABILITY

c FLOOD BASIN DEPOSIT
GRAY,STIFF CLAY ,LOW PERMEABILITY.

KV-VERTICAL PERMEABILITY
KH-HORIZONTAL PERMEABILITY

P K H

ey
© \-1/

ADED GRAVELS OR
SAND MIXTURES,LITTLE
NES.

SRADED GRAVELS OR
SAND MIXTURES,LITTLE
iES.

AVELS ,GRAVEL - SAND -
TURES.

SRAVELS,GRAVEL-
_AY MIXTURES.

ADED SANDS OR
Y SANDS,LITTLE OR NO

3RADED SANDS OR
r SANDS,LITTLE ORNO

NDS,SAND - SILT
5.

5ANDS,SAND-SILT
S.

ANNNE=—C :::: INN\\J=—

IN FEET PER DAY
IN FEET PER DAY.

LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
IN OHM-FEET FOR UPPER 20 FEET OF SOIL.

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR ,SILTY OR CLAYEY FINE SANDS

OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY,GRAVELLY CLAYS,SANDY
CLAYS,SILTY CLAYS,LEAN CLAYS.

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

INORGANIC SILTS ,MICACEQUS OR DIATOMACECUS
FINE SANDY OR SILTY SOILS,ELASTIC SILTS.

INORGANIC CLAYS OF HIGH PLASTICITY,
FAT CLAYS.

17

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,

ORGANIC SILTS.

PEAT AND OTHER HIGHLY ORGANIC SOILS.

STATE OF CALIFORMNIA
THE RESOURCES AGENCY

DEPARTMENT OF WATER RESQURCES

SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

E
GEOLOGIC SECTION

AT PHYSICAL TEST AREA

RIVERSIDE

DFCG-6
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PLATE 17

LEGEND

FLOOD PLAIN DEROSIT
BROWN,SOFT CLAY OR SILT 70 SILTY SAND,LOW TG
HIGH PERMEABILITY

STAEAM QEPOSIT

GRAY,LOOSE ,GRAVELLY SAND HIGH PERMEABILITY

[c

Ky

FLOOD BASIN DEPOSIT
GRAY,STIFF CLAY LOW PERMEABILITY

KV=-VERTICAL PERMEABILITY IN FEET PER 0AY
KH=-HORIZONTAL PERMEABILITY IN FEET PER 0AY

KH

-
i L

LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES

=" IN ORM-FEET FOR UPPER 20 FEET OF S0IL

WELL-GRADED GRAVELS OR
GRAVEL=-SAND MIXTURES,LITTLE
UR NO FINES

POORLY~GRADED GRAVELS OR
GRAVEL-SANG MIXTURES  LITTLE
OR NQ FINES

SILTY GRAVELS ,GRAVEL - SAND -
SILT MIXTURES

CLAYEY GRAVELS , GRAVEL-
SANQO - CLAY MIXTURES

WELL-GRAUED SANDS OR
GRAVELLY SANDS LITTLE GR NO
FINES

POORLY -GRADED SANDS QR
GRAVELLY SAHNDS,LITTLE ORNO
FINES

SILTY SANDS,SAND - SILT
MIXTURES

CLAYEY SANDS SANG-SILT
MIXTURES

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUA ,SILTY OR CLAYEY FINE SANDS
OR CLAYEY SI1LTS WITH SLIGHT PLASTICITY

INORGANIC CLAYS OF LOW TO MEQIUM
PLASTICITY GRAVELLY CLAYS SANDY
CTLAYS SILTY CLAYS ,LEAN CLAYS

ORGANIC SILYS ANG ORGANIC SILY -CLAYS
OF LOW PLASTICITY

INORGANIC SILTS MICACEQUS OR IATOMACEQUS
FINE SANDY OR S1LTY SOILS,ELASTIC S1LTS

INORGANIC CLAYS OF HIGH PLASTICITY,
FAY CLAYS

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS

PEAT AND OTHER HIGHLY ORGANIC SOILS

STATE OF CaniFOfNie
THE RESOURCES AGENCY
DERPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICY

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

e
GEOLOGIC SECTION
AT PHYSICAL TEST AREA

RIVERSIDE

DFCG-6



PLATE I8
LEGEND

E FLOOD PLAIN DEPOSIT
BROWN ,SOFT CLAY OR SILT TO SILTY SAND,LOW TO
HIGH PERMEABILITY.

STREAM DEPOSIT
GRAY,LOOSE ,GRAVELLY SAND,HIGH PERMEABILITY

FLOOD BASIN DEPOSIT
GRAY,STIFF CLAY ,LOW PERMEABILITY.

KV
KV-VERTICAL PERMEABILITY IN FEET PER DAY.
KH- HORIZONTAL PERMEABILITY IN FEET PER DAY.
KH
-5 LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
- ~-7 IN OHM-FEET FOR UPPER 20 FEET OF SOIL.

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR ,SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SLIGHT PLASTICITY.

WELL-GRADED GRAVELS OR
%:{ GRAVEL-SAND MIXTURES,LITTLE
91 OR NO FINES.

POORLY-GRADED GRAVELS OR
GRAVEL-SAND MIXTURES,LITTLE
OR NO FINES.

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY,GRAVELLY CLAYS,SANDY
CLAYS ,SILTY CLAYS ,LEAN CLAYS.

SILTY GRAVELS ,GRAVEL - SAND -
SILT MIXTURES..

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY,

CLAYEY GRAVELS,GRAVEL-
SAND- CLAY MIXTURES.

INORGANIC SILTS ,MICACEOUS OR DIATOMACEOUS
FINE SANDY OR SILTY SOILS,ELASTIC SILTS.

WELL-GRADED SANDS OR
GRAVELLY SANDS, LITTLE OR NO
FINES.

POORLY -GRADED SANDS OR
GRAVELLY SANDS,LITTLE ORNO
FINES.

SILTY SANDS ,SAND - SILT
MIXTURES.

INORGANIC CLAYS OF HIGH PLASTICITY,
FAT CLAYS.

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS.

PEAT AND OTHER HIGHLY ORGANIC SOILS.

oe
(]
G
0
[\ %4

CLAYEY SANDS,SAND-SILT
MIXTURES.

STAYE OF CALIFORNIA
THE ' RESOURCES AGENCY
DEPARTMENT OF WATER RESQOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

g
GEOLOGIC SECTION
AT PHYSICAL TEST AREA

MERRITT ISLAND
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PLATE 18
LEGEND

E FLOOD PLAIN DEPOSIT
BROWN,SOFT CLAY OR SILT TO SILTY SAND,LOW TO
HIGH PERMEABILITY.

STREAM DEPOSIT
GRAY,LOOSE ,GRAVELLY SAND,HIGH PERMEABILITY

FLOOD BASIN DEPOSIT
GRAY,STIFF CLAY ,LOW PERMEABILITY.

KV
KV-VERTICAL PERMEABILITY IN FEET PER DAY.
KH- HORIZONTAL PERMEABILITY IN FEET PER DAY,
KH
-—50 LINES OF EQUAL ELECTRICAL RESISTIVITY VALUES
- ~-7 IN OHM-FEET FOR UPPER 20 FEET OF SOIL.

INORGANIC SILTS AND VERY FINE SANDS,
ROCK FLOUR ,SILTY OR CLAYEY FINE SANDS
OR CLAYEY SILTS WITH SULIGHT PLASTICITY.

WELL-GRADED GRAVELS OR
GRAVEL-SAND MIXTURES,LITTLE
OR NO FINES.

S

fte] Fo

INORGANIC CLAYS OF LOW TO MEDIUM
PLASTICITY ,GRAVELLY CLAYS,SANDY
CLAYS ,SILTY CLAYS,LEAN CLAYS.

POORLY-GRADED GRAVELS OR
GRAVEL-SAND MIXTURES,LITTLE
OR NO FINES.

SILTY GRAVELS,GRAVEL- SAND -
SILT MIXTURES..

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY.

INORGANIC SILTS ,MICACEQUS OR DIATOMACEQUS
FINE SANDY OR SILTY SOILS,ELASTIC SILTS.

CLAYEY GRAVELS,GRAVEL-
SAND - CLAY MIXTURES.

i NSNS

N

NN
AN

INORGANIC CLAYS OF HIGH PLASTICITY,
FAT CLAYS.

WELL-GRADED SANDS OR
GRAVELLY SANDS,LITTLE OR NO
FINES.

POORLY -GRADED SANDS OR
GRAVELLY SANDS,LITTLE OR NO
FINES.

SILTY SANDS ,SAND - SILT
MIXTURES.

-
% o o
b7 9,0

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY,
ORGANIC SILTS.

PEAT AND OTHER HIGHLY ORGANIC SOILS.

£

CLAYEY SANDS,SAND-SILT
MIXTURES.

STATE OF CaLIFORNIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

-
GEOLOGIC SECTION
AT PHYSICAL TEST AREA

MERRITT ISLAND
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PLATE |9

LEGEND

DHM -~ FEET AND ABOVE |
HIGH PERMEABILITY SOIL, SUBJECT TO SSECAGE

TO 90 OHM — FEET |
MEDIUM PERMEABILITY SOIL, PROBASLE SEEPAGE

TO 70 OHM - FEET,
LOW PERMEABILITY SOIL, LITTLE OR NO SEEPAGE

OHM —FEET AND BELOW,
VERY LOW PERMEABILITY SOIL, NC SEEPAGE

RiICAL RESISTIVITY DATA ARE BASED
INNER ELECTRTDE ARRANGEMENT WITH
SPACINGS OF 20 FEET

SBTATE OF Ca tFOMna
THE RESOURCES AGENCY
OEPARTMEMT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

S
ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA
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PLA

TE {9

LEGEND

DHM ~ FEET AND ABOVE |
HIGH PERMEABILITY SOIL, SUBJECT TO SZEPAGE

TO 90 OHM —FEET ,
MEDIUM PERMEABILITY SOIL, PROBABLE SEEPAGE

TC 70 OHM - FEET,
LOW PERMEABILITY SOIL, LITTLE OR NO SEEPAGE

OHM —FEET AND BELOW,
VERY LOW PERMEABILITY SOIL, NG SEEPAGE

RICAL RESISTIVITY DATA ARE BASED
INNER ELECTPRTDE ARRANGEMENT WITH
SPACINGS OF 20 FEET

BTATE QF Ca tFORna
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO ODISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

-
ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA

JACINTO
SCALE OF FEET
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PLATE 18

FEET AND AROVE
501, SUBJECT TO SEERAG

90 Dum -
HIGH PERMEABILITY
[T T TG 90 Ork - FEET
' METHUM PERWMEABILITY 401 PROBABLE SEEVAGE
T MM FEET
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SOL, NG SEEPAGE
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E ry WERY LW
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PLATE 20

LEGEND

OHM —~ FEET AND ABOVE ,

HIGH PERMEABILITY SOIL, SUBJECT TO SEEPAGE
TO 90 OHM—FEET,

MEDIUM PERMEABILITY SOIL, PROBABLE SEEPAGE

TO 70 OHM— FEET,
LOW PERMEABILITY SOIL, LITTLE OR NO SEEPAGE

OHM—FEET AND BELOW,
VERY LOW PERMEABILITY SOIL, NO SEEPAGE

NOTE
THE ELECTRICAL RESISTIVITY DATA ARE BASED

ON THE WENNER ELECTRODE ARRANGEMENT WITH
ELECTRODE SPACINGS OF 20 FEET

STATE QF CALIFORMIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

-
ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA
MERIDAN
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PLATE 20

NOTE

LEGEND

OHM - FEET AND ABOVE ,

HIGH PERMEABILITY SOIL, SUBJECT TO SEEPAGE
TO 90 OHM —FEET,

MEDIUM PERMEABILITY SOIL, PROBABLE SEEPAGE

TO 70 OHM — FEET;
LOW PERMEABILITY SOiL, LITTLE OR NO SEEPAGE

OHM—FEET AND BELOW,
VERY LOW PERMEABILITY SOiIL, NO SEEPAGE

THE ELECTRICAL RESISTIVITY DATA ARE BASED
ON THE WENNER ELECTRODE ARRANGEMENT WITH
ELECTRODE SPACINGS OF 20 FEET

STATE QF CALIFORMIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICY

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

-
ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA

MERIDAN
SCALE OF FEET
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PLATE 2]

)ITE

LEGEND

OHM — FEET AND ABOVE ,
HIGH PERMEABILITY SOIL, SUBJECT TC SEEPAGE

TO 90 OHM—FEET,
MEDIUM PERMEABILITY SOIL, PROBABLE SEEPAGE

TO 70 OHM — FEET,
LOW PERMEABILITY SOIL, LITTLE OR NO SEEPAGE

TTT] 50 OHM—FEET AND BELOW,
L1 VERY LOW PERMEABILITY SOIL, NO SEEPAGE

THE ELECTRICAL RESISTIVITY DATA ARE BASED
ON THE WENNER ELECTRODE ARRANGEMENT WITH
ELECTRODE SPACINGS OF 20 FEET

STATE OF CALIFOR™NIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESQURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

A

ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA

WADSWORTH
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PLATE 21

LEGEND

OHM - FEET AND ABOVE ,

HIGH PERMEABILITY SOIL, SUBJECT TC SEEPAGE

TO 90 OWM—FEET,

MEDIUM PERMEABILITY SOIL, PROBABLE SEEPAGE
TO 70 OHM— FEET,

LOW PERMEABILITY SOIL, LITTLE OR NO SEEPAGE

1 E T} 50 OMM—FEET AND BELOW,
VERY LOW PERMEABILITY SOIL, NO SEEPAGE

ITE

THE ELECTRICAL RESISTIVITY DATA ARE BASED
ON THE WENNER ELECTRODE ARRANGEMENT WITH
ELECTRODE SPACINGS OF 20 FEET

STATE OF CALIFORNIA
THE RESOURCES AGEMNCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

s

ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STuUDY AREA

WADSWORTH

SCALE OF FEET
1000 © 000 2000 3000
=W . : "

DFCG-6



PLATE 21

|
b7 T | LEGEND
SO AnM - FEET And £BOVE
MISH PERMEABILITY SOIL, SUBVECT TO SEEPAGE
1 70 10 90 OM - FEET,
MELIUM PERMEABILITY 500, SHOBABLE SEEPAGE
Yo 70 GwwM- FEET
LW PERMEABILITY SOIL. LITTLE OR NO SEERAGE
Grou - FEET AND BELOW
JERY LW PERMEABILITY SUIL, NG SEEPAGE
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PLATE 22

LEGEND

OHM - FEET AND ABOVE ,
HIGH PERMEABILITY SOIL, SUBJECT TO SEEPAGE

TO 90 OHM—FEET,
MEDIUM PERMEABILITY SOIL, PROBABLE SEEPAGE

TO 70 OHM — FEET,
LOW PERMEABILITY SOIL, LITTLE OR NO SEEPAGE

OHM—FEET AND BELOW,
VERY LOW PERMEABILITY SOIL, NO SEEPAGE

NOTE
THE ELECTRICAL RESISTIVITY DATA ARE BASED
ON THE WENNER ELECTRODE ARRANGEMENT WITH
ELECTRODE SPACINGS OF 20 FEET

STATE OF CALIFORNIA
THE RESOURCES AGENCY
DEPARTMENT Of WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

g

ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA

YUBA CITY

SCALE OF FEET
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PLATE 22

LEGEND

OHM ~ FEET AND ABOVE |
HIGH PERMEABILITY SOiL, SUBJECT TO SEEPAGE

TO 90 OHM—FEET,
MEDIUM PERMEABILITY SOIL, PROBABLE SEEPAGE

TO 70 OHM— FEET,
LOW PERMEABILITY SOIL, LITTLE OR NO SEEPAGE

OHM—FEET AND BELOW,
VERY LOW PERMEABILITY SOIL, NO SEEPAGE

NOTE

THE ELECTRICAL RESISTIVITY DATA ARE BASED
ON THE WENNER ELECTRODE ARRANGEMENT WITH
ELECTRODE SPACINGS OF 20 FEET

BTATE OF CALIFORNIA
THE RESOURCES AGENCY
DEPARTMENT Of WATER RESOURCES
SACRAMENTO DISTRICY

SACRAMENTO VALLEY
SEEPAGE (NVESTIGATION

-
ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA

YUBA CITY

SCALE OF FEET
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PLati 22

MM FEET AND ABOYE
MIGH PERMEABILITY 500, SUBJECT T SEEPAGE
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PLATE

23

LEGEND

90 OHM - FEET AND ABOVE ,
HIGH PERMEABILITY SOIL, SUBJECT TO SEEPAGE

70 TO SO0 OHM—FEET,
MEDIUM PERMEABILITY SOIL, PROBABLE ZSFEDAGE

50 TO 70 OHMM-— FEET,
LOW PERMEABILITY SOIL, LITTLE OR NO SEEPAGE

50 OHM—FEET AND BELOW,
§ VERY LOW PERMEABILITY SOIL, NO SEEPACE

ECTRICAL RESISTIVITY DATA ARE BASED
WENNER ELECTRODE ARRANGEMENT WITH
ODE SPACINGS OF 20 FEET

STATE OF CaL1FOMmIa
i THE MESOURCES AGENCY
| DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT
SACRAMENTO VALLEY
SEEPAGE INVESTIGATION
g

ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA

BOYERS LANDING
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PLATE

23

LEGEND

90 OHM - FEET AND ABOVE |
HIGH PERMEABILITY SOIL, SUBJECT TO SEERAGE

70 TO 90 OHM—FEET,
MEDIUM PERMEABILITY SOiIL, PROBABLE ZEEDAGE

50 TO 70 OHM - FEET;
LOW PERMEABILITY SOIL, LITTLE OR NO SEERAGE

50 OHM—FEET AND BELOW,
VERY LOW PERMEABILITY SOIL, NO SEEPACE

ECTRICAL RESISTIVITY DATA ARE BASED
WENNER ELECTRODE ARRANGEMENT WITH
ODE SPACINGS OF 20 FEET

STATE OF CaliFORMIA
THE RESQURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

i
ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA

BOYERS LANDING

SCALE OF FEET
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PLATE

24

LEGEND

OHM - FEET AND ABOVE |
HIGH PERMEABILITY SOIL, SUBJECT TO SEEPAGE

Ej 70 TO 90 OMM—FEET,
MEDIUM PERMEABILITY SOIL, PROBABLE SEEPAGE

50 TO 70 OMM —FEET,
- LOW PERMEABILITY SOiL, LITTLE OR NO SEEPAGE

[: 50 OHM—FEET AND BELOW,
VERY LOW PERMEABILITY SCIL, NO SEEPAGE

JTE

THE ELECTRICAL RESISTIVITY DATA ARE BASED
ON THE WENNER ELECTRODE ARRANGEMENT WITH
ELECTRODE SPACINGS OF 20 FEET

STATE OF CALIFOMMNIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT
SACRAMENTO VALLEY
SEEPAGE INVESTIGATION
i

ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA

KARNAK
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PLATE

24

LEGEND

OHM - FEET AND ABOVE |,
HIGH PERMEABILITY SOIL, SUBJECT TO SEEPAGE

[: 70 TO 90 OMM —FEET,
MEDIUM PERMEABILITY SOIL, PROBABLE SEEPAGE

TO 70 OMM— FEET,;
LOW PERMEABILITY SOIL, LITTLE OR NO SEEPAGE

[:‘] 50 OHM—FEET AND BELOW,
VERY LOW PERMEABILITY SOIL, NO SEEPAGE

2TE

THE ELECTRICAL RESISTIVITY DATA ARE BASED
ON THE WENNER ELECTRODE ARRANGEMENT WITH
ELECTRODE SPACINGS COF 20 FEET

STATE OF CALIFORMNIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT
SACRAMENTO VALLEY
SEEPAGE INVESTIGATION
i

ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA

KARNAK
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PLATE 24

E:::J B0 UMM - FEST AND ABOVE

HiGm PEAMEABILITY SOU, SUBJECT TO SEEPAGE
DTH 80 OMM - FEET
MEGHIM PLEMEABILIYY SO, PROBAHLE §ECPAGE
TO TG UMM - FEET,
LOW PERMESBILTe S0, WITTUE GR NG SEEPAGE

OHM - FEET AND BELOW
YERY (oUW BERMEABILIYY SOiL, NO SEEPAGE

HOTE

CATA 4RE BASED
ARRANGEMENT wiTn
FEET

A o ave o s
THE RESOURETS RGENCY
DEPARTMENT OF WATER BESCURCES
aacRRaEnTo BixTiLY
SACRAMENTY VALLEY
SEEPALE (NVESTIGATION
s
ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA
KARNAK
SCALE GF FEET
G G 000 Z000 3000
T ]

.
DFCG-6




PLATE 25

LEGEND

OnM  FEET AND ABOVE |
HIGH PERMEABILITY SOIL, SUBJECT TO SEEPAGE

TO 90 OHM =—FEET
MEDIUM PERMEABILITY SOIL, PROBAEZLLE SEEPAGE

7] 50 TO 70 OHM - FEET,

R LOW PERMEABILITY SOIL, LITTLE OR NO SEEPAGE
[«w 1 50 OHM —FEET AND BELOW,
VERY LOw PERMEABILITY SOIL, NO SEEPAGE

NOTE

THE BELECTRICAL RESISTIVITY DATA ARE BASED
ON THF WENNER ELECTRODE ARRANGEMENT WITH
ELECTRODE SPACINGS OF 20 FEET

STATE OF CAL @8
THE RESOURCES aGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICTY

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

-
ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUOY AREA

VERONA
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PLATE 25

LEGEND

OnM  FEET AND ABOVE |
HIGH PERMEABILITY SOIL , SUBJECT TO SEEPAGE

77 70 TO 90 OHM - FEET

S MEDIUM PERMEABILITY SOIL, PROBAULE SEEPAGE
M) 50 TO 70 OWM - FEET,
b it LOW PERMEABILITY SOIL, LITTLE OR NO SEEPAGE

{w VVVVV T 50 OHM—FEET AND BELOW,
s VERY LUW PERMEABILITY SOIL, NO SEEPAGE

NOTE
THE pLECTRiICAL RESISTIVITY DATA ARE BASED
ON THFE WENNER ELECTRODE ARRANGEMENT WITH
ELECTRODE SPACINGS OF 20 FEET

BETATE QF CaLFORna

THE RESOURCES aGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTD VALLEY
SEEPAGE INVESTIGATION

-
ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA

VERONA
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1000 ¢ 000 2000 3000
e = * e e

DFCG-6



BLATE 25

31

5 3END

MOOSEET GND ABOE
SO, SUBWECT TO SEEPARE

g o
L
S WM RO AT e

&
“h
. Wes TSRMEREIL 1T ST, PROBAELE SEEPAGE
» & ROME S LITTLE DR MO SEEPAGE

ANGBEL
¥ B30, ND SEEPAGE

>3

T
7

T

THE RESTUN EE SGENC T

L PARTME ST OF waTER RESCORIES
SATRAMENTO Qg TR

TATRAMENT
SEEFAGE Ny
i

CTRICAL RESISTiviTyY SURVEY
AT ECONOMIC STUDY AREA
VERONA

3000

i
%3
Ge*




PLATE 286

LEGEND

{90 OHM - FEET AND ABOVE |
HIGH PERMEABILITY SOIL, SUBJECT TC SEEPAGE

70 TO 90 OHM —FEET
MEDIUM PERMEABILITY SOIL, PROBABLE SEEPAGE

50 TO 70 OHM — FEET,
LOW PERMEABILITY sSOiL, LITTLE OR NO SEEPAGE

50 OHM—FEET AND BELOW,
VERY LOW PERMEABILITY SOIL, NOSEEPAGE

ECTRICAL RESISTIVITY DATA ARE BASED
WENNER ELECTRODE ARRANGEMENT WITH
ODE SPACINGS OF 20 FEET

STATE OF CALIFORNIA
THE RESOURCES AGEMNCY
DERPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT
SACRAMENTO VALLEY
SEEPAGE INVESTIGATION
R o

ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA
ELKHORN

SCALE OF FEET
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PLATE 286

LEGEND

190 OnM ~ FFET AND ABOVE

HIGH PERMEABILITY SOiL, SUBJECT TC SEEPAGE
70 TO 90 OHM — FEET,

MEDIUM PERMEABILITY S0OiL, PROBABLE SEEPAGE

50 TO 70 OHM— FEET,
LOW PERMEABILITY SOiL, LITTLE OR NO SEEPAGE

50 OHM—FEET AND BELOW,
VERY LOW PERMEABILITY SOiL, NOSEEPAGE

ECTRICAL RESISTIVITY DATA ARE BASED
WENNER ELECTRODE ARRANGEMENT WITH
ODE SPACINGS OF 20 FEET

STATE OF CALIFORNIA
THE RESQURCES AGENCY
DERPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

i
ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA

ELKHORN

SCALE OF FEET
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FLATE 28

DT\
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SUIL, BUBIELT T SEEPAGE

L, PROBABLE SEEPAGE

. RITTLE OR NO SEEPAGE

. NOSEEPAGE

RESISTIVITY SURVEY
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PLATE 27

LEGEND

OHM - FEET AND ABOVE |,

HIGH PERMEABILITY SOIL, SUBJECT TO SEEPAGE

TO 90 OHM — FEET,

MEDIUM PERMEABILITY SOIL, PROBABLE SEEPAGE
TO 70 OHM — FEET,

LOW PERMEABILITY SOtL, LITTLE OR NO SEEPAGE

OHM —FEET AND BELOW,
VERY LOW PERMEABILITY SOIL, NO SEEPAGE

RICAL RESISTIVITY DATA ARE BASED
ENNER ELECTRODE ARRANGEMENT WITH
SPACINGS OF 20 FEET

GTATE OF CALIFORMNIA
THE RESQURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

-
ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA

FREEPORT

SCALE OF FEET
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PLATE

27

LEGEND

OHM - FEET AND ABOVE ,
HIGH PERMEABILITY SOIL, SUBJECT TO SEEPAGE

TO 90 OMM —FEET,
MEDIUM PERMEABILITY SOIL, PROBABLE SEEPAGE

TO 70 OHM — FEET,
LOW PERMEABILITY SO!L, LITTLE OR NO SEEPAGE

OHM—FEET AND BELOW,
VERY LOW PERMEABILITY SOIL, NO SEEPAGE

RICAL RESISTIVITY DATA ARE BASED
ENNER ELECTRODE ARRANGEMENT WITH
SPACINGS OF 20 FEET

STATE OF CaL1FORMIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DiSTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

-
ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA
FREEPORT

SCALE OF FEET
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PLATE 28

LEGEND

OHM —~ FEET AND ABOVE ,
HIGH PERMEABILITY SOIL, SUBJECT TO SEEPAGE

TO 90 OHM —FEET,
MEDIUM PERMEABILITY SOIL, PROBABLE SEEPAGE

TO 70 OHM -~ FEET,
LOW PERMEABILITY SOIL, LITTLE OR NO SEEPAGE

OMM—FEET ANC BELOW,
VERY LOW PERMEABILITY SOIL, NO SEEPAGE

JTE
THE ELECTRICAL RESISTIVITY DATA ARE BASED
ON THE WENNER ELECTRODE ARRANGEMENT WITH
ELECTRODE SPACINGS OF 20 FEET

STATE OF CALIWFORMA
THE RESOURCES AGENCY
CEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

-
ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA

MERRITT ISLAND

SCALE OF FEET
1000 O 1000 2000 3000

- —
f— S P

DFCG-6



DFCG-6



PLATE

28

LEGEND

OHM — FEET AND ABOVE ,
HIGH PERMEABILITY SOIL, SUBJECT TO SEEPAGE

TO 90 OHM—FEET |
MEDIUM PERMEABILITY SOIL, PROBABLE SEEPAGE

TO 70 OHM -~ FEET,
LOW PERMEABILITY SOIL, LITTLE OR NO SEEPAGE

OHM—FEET ANC BELOW,
VERY LOW PERMEABILITY SOIL, NO SEEPAGE

ITE
THE ELECTRICAL RESISTIVITY DATA ARE BASED
ON THE WENNER ELECTRODE ARRANGEMENT WITH
ELECTRODE SPACINGS OF 20 FEET

STATE OF CALIFORNA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOQURCES
SACRAMENTO DISTRICTY

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

-
ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA

MERRITT ISLAND

SCALE OF FEET
elele; 0 1000 2000 3000

o—r
o oo o e o e

DFCG-6



PLATE 28

LEND

UBJECY TN SEEPAGE

b

GE

, FROGABLE SEEPA

Of NO SEERAGE

LITTLE

s
=
a
i
prs
o

z

A

PR

z
ES

Ly PAR TG R

T CH WATER RESOURCES

TIVITE SURVEY

RESIS

ECONOMIC

CLECTRICAL

JOY ARES
ISLAND

5T

AT

1T

MERR

DFCG-6



PLATE 29

LEGEND

OHM ~ FEET AND ABOVE
HIGH PERMEABILITY SOIL, SUBJECT TO SEEPAGE

[::j 70 TO S0 OWM—FEET

MEDIUM PERMEABILITY SOIL, PROBABLE SEEPAGE
E’f‘ 50 TO 70 OHM — FEET,
LOW PERMEABILITY SOIL, LITTLE COR NO SEEPAGE

[T 50 OHM—FEET AND BELOW,
Ll VERY LOW PERMEABILITY SOIL

s NO SEERPAGE

THE ELECTRICAL RESISTIVITY DATA ARE BASED
ON THE WENNER ELECTRODE ARRANGEMENT WITH
ELECTRODE SPACINGS OF 20 FEET

STATE OF CALIFORMNIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

-

ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA
LIBERTY FARMS
SLALL OF FEET

1000 o] 1000 2000 3000

DFCG-6



DFCG-6



PLATE 29

LEGEND

OHM —~ FEET AND ABOVE
HIGH PERMEABILITY SOIL, SUBJECT TO SEEPAGE

{‘;—'“q 70 TO SO OHM—FEET

MEDIUM PERMEABILITY SOIL, PROBABLE SEEPAGE

TO 70 COHM ~ FEET,
LOW PERMEABILITY SOIL, LITTLE OR NOU SEEPAGE

["j 50 OHM—FEEYT AND BELOW,

VERY LOW PERMEABILITY SOIL , NO SEERAGE

JTE
THE ELECTRICAL RESISTIVITY DATA ARE BASED
ON THE WENNER ELECTRODE ARRANGEMENT WITH
ELECTRODE SPACINGS OF 20 FEET

STATE OF CALIFORN A
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICTY

SACRAMENTO VALLEY
SEEPAGE INVESTIGATION

-
ELECTRICAL RESISTIVITY SURVEY
AT ECONOMIC STUDY AREA

LIBERTY FARMS
SCALE OF FEET

1000 o 1000 2000 3000

DFCG-6



2008 GOhE
PR X E I S A
SWHVYE LLd3gn
YIMY AGNLS DiwWONDDI AV
AFAHNS ALIAILSIS3H vDHidin3n3
sl
QULS 3ANT JOVeF3S
UANIWYHIVS
AU HASI CaNImynovs
GADHADSIE BILYM  FO INIWNIMVYALIO
CONTVE SADMNDS AW I

Wonana w0 taas

Bz

4
MM L NIRIONY EY G
5

GIRYE Buw wv.vid

FOve33E ON TR INETG WO AH3A

MOTIH ONY L1304 WO

FOVSVIS AN WD FUWLIT FUOS AL VEVIAMBe MO

W33 - WMo 0L UL
39VdIES BUBVEOYE UL AL THBYIME IS WO N
IS EER V6 G4

3OVEIIS 01 LUHCEOS OS5 ALHAYINMIx DM
FAOHY ONY L33 - WM

FISEERY

23V mAINKERM 3

EF]

O

[ ER)

(3

BT 3ivnd

DFCG-6



PLATE

30

15

‘U DATUM

SUBAREA 13

ATHER RIVER

IVER TO VERONA

1

& 7 8 i

CRES

{

EA 14

IYPASS -
SACRAMENTO WEIR

a0 as

LEH

Dhvye

00

80

43 -

[
]

. g i
YOLD BYPASS NEAR LISBON )
CRITICAL STAGE = 74 FEET USGS DATUM
6(} PO — - e o - - o T —
84 @ /
&
"
& .\ -
S/ 870
& // ®7i
SUBAREA 1B
- YOLO BYPASS
SACRAMENTO WEIR TO LIBERTY ISLAND
os e s a0 T zs 30 as a6 45

AREA OF SEEPAGE IN 1000 ACRES

These Cort@/0Non Curves represent Ire Seepage Qred wn oh mouid
r€sut fram egeh nZiwviCual SEepuGe alurtente.

3 the couer grops Peow o7 P oas stoge for B oconsecatve Jays o
(0855, the per od, wgieding tre 5 doys, s cansgeres o be @
$:0g.8 pLLurrence ot seepoge

Tre gveroge he:gnt aLove e hoQl sioge s derermines for eact
seerage oCcurrence by summating the dony goge Neights abuie
ang beicw critic@l stoge, C.wvded by the numder of days o ‘he
seepoge arowrrente,

STATE OF CaAaLiFORNIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESQURCES
SACRAMENTO DISTRICT
SACRAMENTO VALLEY SEEPAGE INVESTIGATION
e

SEEPAGE EVALUATION CURVES
1966

DFCG-6



DFCG-6



PLATE

30

1
;JS
‘S DATUM
SUBAREA 13
ATHER RIVER
WVER TO VERONA

H

C
& 7 8 =]
CRES
! _l
ND _
.0 _DATUM :
EA 14
3YPASS

SACRAMENTO WEIR

50 35 40 45

00 7 T T T T 1 SR A S
[ |
80 —+ s + -+ . d
. YOLO BYFASS NEAR LiSBON ~ -
60‘ CRITICAL STAGE : 74 FEET USGS DATUM -+
40 ¢ .
20 ~ 3
8- . ,
6 -
98
- L ]
4~ . -
SUBAREA 15
“““ YOLO BYPASS
SACRAMENTO WEIR TO LIBERTY ISLAND
) G5 g 15 20 25 30 35 40 4%
AREA OF SEEPAGE IN 000 ACRES
NOTE .
(7] These correiotion Curves represent the seepage orec which would
resuit from eorh ndividuol SCepuge cliurence,
(27 i the river drops below criticol stage for 5 oconsecutive doys o0
€55, the perad, ncivdiing the 5 doys, 5 considered te be o
siagie occurrence ¢f seepoge
(3} Tre wgverage 2e:ght QDove crinicdl s1age s getermined for eocn

SEEPIGe OCCurrence By Ssummatng IRe daly guoge heights obove
ond belaw criticol stoge, divided by the number of doys in the
seepage OCCwrence.

STATE OF CALIFORNIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT
SACRAMENTO VALLEY SEEPAGE INVESTIGATION
-

SEEPAGE EVALUATION CURVES
1966

DFCG-6



TATUER medacy 4t Latf o wmomg osad 3

8

LR TR T IS e

EEE A S S 11

PLAYL 30

o

Bafin
AR ARHT D :
- TR N BT
[T L
o Loy Vo e
" T &0 N Losb

[T N T A T R )

s omue

I
»
o * ®
, N -
EA
At .
» -
B -
s v .
:
) ]
A
.
« P
®
5 b
LT 3
¥
L

aula

S T Y L]
foz ErsT i fstew ER T et
R T H
£ L
PR
@ N X
o <
+
¢ .
. P
,A « :
. :
B y -
Brags BagLy
RAAEID AiwER AR N
2 LU ® % 1o GEER relwrs
- B . - . . . . y
Faai N FIe « .
weatmawe . i - oo
-
- .
e .

Haffa f

DR E T Gi.fE

BREREH D €@ I

AT oPLLr g T

@' .
.

KL rkAL A e

by st

P

BIMY Y

re
P
BEAR Bafn o
' . '
[ T
P T T A L

SodaAEs 4

vy d

TR T R BTN

T EE G R o




i
ot - ¥ . 08— 7 - s A S A ’ . - > . N ]
awENTa BieER AT BUTTE DTY SRORAMENTT RIVER AT COLUSA : ) # N & # }
CRIT AL STAGE - B4G FEET oS  CRITNCAL STAGE 1840 FEET USED DATuM . R : E
‘ $75 " b B
4 £
'
. 2
4 5 E . g
: ; 2
& - . &
» R - @ - 2
h « > ; &

. . K & ¢
CI e ¢ s wo ¥
i & / W I
% : I

. . ® 5

4 . ’ M

SUBAREA ¢ SUBAREA 3 SUBAREA 5
SACRAMENTO RIVER SACRAMENTO RIVER SACRAMENTO RIVER
CRD FERRY TO MOULTON WEIR COLUSA WEIR TO TISDALE WER FREMONT WEIR TO SACRAMENTO WEIR

R L N N . i

.J z 3 < s & 7 8 H 3 3 = € T k] 2 El ¥ £ 3 % E . 3 ®

ARee OF SiEVASE N % OO ACRES SREA GF SLERASE i D0G ACRES ELa s e : Y
BALRAME N RizER &Y & S ROAY LANRAMENTD CATRAMENY D AigRE & ws
. CeiTiLAL STAGE X . FEIT LGNy WETLM i BaPAC S1RLE AN FEET 4o R
ive
Bl L
e b

- . .

s 2 N

. & )

N P H

o ; ;

‘ !

i ) N -

5w " Moy “ e “

& | - 3

| # . M n

% t b .

a it

& .
e SUBAREL 2 BAREA 4 ’ BAREA 6
& SACRAMENTO RIVER SACRAMENTO RIVER SACRAMENTO RIVER
f; MOULTON WEIR TC COLUSA WER TISCALE WEIR YO FREMONT WER SACRAMENTO WEIR TG RIVERVIEW
o

/]

/ i

{ /
{

: ¢ * * s s ? @ B « PRERS e e 8 ; E 2 a 5 3 H 8 s E s 8 ' g # 2 * *
ARES OF BEEPAGE N 1000 ACRES 2BEA OF SEEPAGE 6% 1000 ACRES AREA OF SEEFBGE N L000 ALRES ARES 0F o0 BONE
o '




PLATE 30
©0 A T —
— o0 — 5 T T : 7 T T - 100 - . T : T T ™ too;~ T T " .
. o ; B S = 0 : - - - 5 ! RS 50 I
r TR ByRass AT STATE PUMMING BLANT 3 SUTTER BYPASS AT R O 1500 PUMPING BLANT - . FEATHER RIWER AT NICOLANS i i YOG 8YPASS NEAR LiSBON
CRITICAL STAGE : IBS FEET USED O8TwM 50 CRITICAL STAGE - 220 FEET USED DATUM 60 b CRITICAL STAGE - 30§ FEET USE) DaTum . CRITICAL STAGE - 74 FEET USGS DATuM
1 438, Z6 N H B
////// & / H ~ = 548 -
. = S
a0 a0 i i 45 o
, 7 >/
$ " 3 .
¢ / e
w % - i
E W 20 ¢ ; - : . p
p » ]
3 g ; i 3
£ E -
. E ok . 8 . =
4 -
. 4 5 el . B =
. 6 : . 1 2 .
v i y
% ! & .
3 3
SUBAREA 8 SUBAREA {1 SUBAREA 13 SUBARESD 5
- SUTTER BYPASS 3 SUTTER BYPASS by FEATHER RIVER B ‘ YOLO BYPASS
3 LONG BRIDGE TO TISDALE BYPASS NICOLAUS YO RDIS00 PUMPING PLANT H BEAR RIVER TO VERONS SACRAMENTO WEIR TO LIBERTY SLAND
’ sl . . L 2 : ; . I L B . , .
| | . | .
; ' H ok i : : : H : N L | H H - . : s <
3 o 2 3 a 5 & 7 [ E 9 B o s 20 25 20 35 T ° ' 2 3 4 5 B B 3 = an 3 35 sz as
AREA OF SEEPAGE N (000 ACRES AREA OF SEEPASE N 000 ACRES AREA OF SEEPAGE '8 000 ACRES
o0 : T y o i y 20 1 - e
] N ! !
P ! £ ! - 2 3 ES) -
: SUTTER BYSASS AT STATE PUMPING PLANT | N N FEATHER RIVER SELOW SHANGHA: BEND | R _ VOLG 8YPASS NEAR WOODLANG
o CRITICAL STAGE ¢ 295 FEET USEQ DATUM . CEITICAL STAGE - 650 FEET USED DATUM | o CRITICAL STAGE : 160 FEET USED DaTum .
80w i
r o //// : - b - i
a0l 153 i ag {
e / 9"(" |
- : - o p
Pt i
o
%
o / -
o //- o
=3
i i
& &
b ‘
E oo s : £ o & -
M ve =
2 v 8 - - -
8 - - 2 B
T ! : % WU (" UNE NN S SN SN S S 6 . - — —
- b 7
S - i 4 & J/ 33 -
4 : Py S— . . o . i S o -
SUBAREA 10 SUBAREA (2 SUBAREA 14
I SUTTER BYPASS - FEATHER RIVER 8 YOLO BYPASS - STATE OF CaliFoRNIa
TOVE TISDALE BYPASS TO NG - FREMONT WEIR TO SACRAMENTO WEIR THE RESOURCES AGENCY
: O MICOLAUS YUBA CITY TO NICOLAUS = vENTY DEPARTMENT OF WATER RESOURCES
L g e + 2 2 - : T - = T . T SACRAMENTO DISTRICT
1 E“ E H - SACRAMENTO VALLEY SEEPAGE INVESTIGATION
i H | : i .
{ i i ] ]
J i Lo | ! ! - : i ; | 1 ARG SN N Y TR S N TS G SN U S | 1 5 SEEPAGE EVALUATION CURVES
i2 3% o 1 2 E] a 5 [ T 5 3 o \ 2 3 4 5 3 ? 8 3 o 05 © s 20 25 20 35 a0 a5
19686
AREA OF SEEPAGE N 4,000 ACRES AREA OF SEEAGE N 4,000 ACRES ARES OF SEEPAGE IN LOWO ACRES
i N - r !

DFCG-6



PLATE 31

JULY

i i

FEBRUARY

SACRAMENTO VALLEY SEEPAGE

STATE OF CALIFORNTA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESQURCES
SACRAMENTO DISTRICT

e

CROP PLANTING CURVES

1966

INVESTIGATION

DFCG-6



DFCG-6



JULY

i i

FEBRUARY

SACRAMENTO VALLEY SEEPAGE

STATE DOF CALIFORNIA
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
SACRAMENTO DISTRICT

i

CROP PLANTING CURVES

1966

INVESTIGATION

DFCG-6



996

SIANND ONILNYId H0H0

DT B3N 20w

SUYISIE QLRANTEORS
SIDUNOSTH 4FL YR S0 INIRIEVEI0
AINYDY SYIaTRARE L

NITHO

inerag

T G

v

NHOD ® 0T

¥

SNY3IE a¥d

z

»
IS
z

SNGTIN

QIVHOL

sen I e woman T e

T T

o

03

i3I

[T

133

RN

EELOREF L)
Snite '™ by [ [ rawinan
T T T 1 3 T &
- o
B
EE
2
- av §
- %
a2
b
~ 08 A
8
~ oz
w
- o8
oo
BLIT wreng
ante row e LavOuis
T T o
@
oz
- 0%
&
- ov P
H
4
o o
2
4
- 09 Z
g
- g
o
- o8
ot

(R

DFCG-6



PLATE 32

DAMAGE

PERLENT

2 4 & ] i [y as ¢y -
IRRIGATED PASTURE
LEGEND

PERCENT CAMAGE PERCENT REDULTION N Yool
%' QUARTER PERIGE ¢ ROM £ THFE WARCH 5
2"%  QUARTER PERQO FROM MARCH 16 THRU JUNE 8
3¢ QUARTER SERIGD FROM JUNE B THRy &
4™ QUARTER PLRGG FROM & ¥ CELEMBE

STATE OF CALIFORNIA
THE RESOURCES AGENCY

DEPARTMENT OF WATER RESOURCES

SACRAMENTO DISTRICT

SACRAMENTO VALLEY SEEPAGE INVESTIGATION

eogte.

CROP DAMAGE CURVES
1966

DFCG-6



.




PLATE 32

13

DAMAL

WY

pERCE

a £ B s Iy & # "
lRQIG&TEOﬂ PASTURE
LEGEND
PERCENT QAMAGE PERCEMT REDGU \'
1 QUARTER G OTHIL MABOH 8
2% QUARTER HRY JUNE 15

3¢

P

QUARTER

OUARTER

STATE OF CALIFORNIA
THE RESOURCES AGENCY

DEPARTMENT OF WATER RESOURCES

SACRAMENTO DISTRICT

SACRAMENTO VALLEY SEEPAGE INVESTIGATION

e .

CROP DAMAGE CURVES
1966

DFCG-6



! ; .
w [
. f N
i ’
.l L3
I &
¥
=l EX
7 ¥ b
i H . / : i
H H ; ]
5 e ¢

FHUNE S AT ) .
e TOMATOES DRY BEANS sran

i Erit
« “ e Ay e
i I i
» H M PR %
Do i -~ B A
s
WALNLTS ASPARAGUS MELDNS RIGE

o

1 SYATE OF CAUFORNIA

THE RESOURCES AGENGY
DEPARTMENT OF WATER RESCURCES

| SACRAMENTO DISTRICT

‘ SACRAMENTO VALLEY SEEPAGE INVESTIGAYTION

CROP DAMAGE CURVES
1968

PEARS faLEa
PESTN SUGAR BEETS

'
DFCG-6



DFCG-6






DFCG-6



ﬁ$7“&@

DFCG-6



DFCG-6



DFCG-6



DFCG-6



THIS BOOK IS DUE ON THE LAST DATE o
STAMPED BELOW

BOOKS REQUESTED BY ANOTHER BORROWER
ARE SUBJECT TO RECALL AFTER ONE WEEK.
RENEWED BOOKS ARE SUBJECT TO

IMMEDIATE RECALL

JUN 30 1983

JUN 5 1988 [

I

LIBRARY, UNIVERSITY OF CALIFORNIA, DAVIS

Book Slip-Serijes 453




N? 601057

LIBRARY
UNIVERSITY OF CALIFORNIA
DAVIS

DFCG-6



e ;:‘:*,q,;:vm#Wm%W CE &MM

e

““‘“:.‘:.‘1': " - - e = = a-w‘m‘pae =

- -

-

g% . ;_,:_;e'-q;;::-;;_;zz
gy "‘“”"'"‘"‘E w-':sg-‘-‘ a:.,g:‘spm-w«:- . -

*-n"‘** ,“ ""%%E?::%EEE'I'“ L 5 : ;mp:;"mam:.w" L "amew' - . : : 'v,/,,f;,w»sv-%m E .
%g . ‘

B

il :ﬂ**"‘””’““‘ e o S ! |
s W‘ g i -
e “m%m jis e %

i ;:w, ,:gs‘mm?%h
2 o

it L

= gwm%;% .«'m : il
e S ,,,,M~ ~~':“ ' - - ': = By ~ ;

U s
N A i
| i :.::;3 ’_’% e

AR - - -

: ”»4»»""»4 . L =i = e \ 5 i st e = s

i it i 'n ,;“'“ w~:-;~,. MM s oy i x e i SEEE i - S 5 , e S 0 i

muh—n—:jma S e « ﬁ = m m 4 sssz,*' ATt s xk : - = 1&*“1 & :i':f?. o - ..-a“ -aﬁ- ..;.' s 53”‘ L '"“ L ~~~~::
ot Bt o e | ~.»:=.‘».=.‘=E 4;;‘*1-1* 05 4,;, i) ""“W b S '«x‘"‘m\“ m\ f e B W e . e e

- ﬁ%&m* W“«-‘:ﬂ% 49' :‘ ﬁ“' - el o . s e Dl ..,5&,, - --a:_:%;:;i_ - mmw -

m e M‘B;’E T w'»\u-w wm«wx— w»qrM¢mm¢ :m ,?'.wm e \“\?‘i& i&. ks ,. *g,-;*_“ - e e i .:.,.: ﬁ e - - W

-

i e = - »w.u. 5 - ;“;;::',:;, . ~~»~,¢»~* -
e

i - a S 5 ». e e
. = Eoe e - 41 - - a; . 2 - “ gt
. *n;: - m« «w::‘-‘- ""‘“‘"‘*

g e g i ot e e *—w a« e jﬁ‘ e . s .*“ - .. .
m‘::: ﬁ-“ e e e e - Sl .‘*‘“ et f;a m a-w.k... " '“'""W%“:: ' ,ﬁ - »«'“:“::: *. -
it B maiiinns e o ey -na%.m e am ~.imw""‘ﬁ* i - ﬂ_._,m s e a ,ﬁh . ..: :.ﬁ_m
e "“,"&,.,bmq'&”“;;’;.,~~j,; e fennt s : i ‘*&:ﬂ Bin e anmm “““ **‘,:‘ - ..mm - *;M__ .,mu = ‘-’* 'n e ﬁ*"‘ A a -
sodias s ot e e e e : S el R :..":“.ﬁ;gi% ekt W . e S e L
e - P P : N e BT e - H - . "
e BEnia kit arE T : : u«-ﬁm.,msamw Soe: et - e g : b e S A .x.......,i -
e e T e ey e e : et T P e Lm- mﬁ.,ﬂ,:::ﬂ:ﬁ"m sm«*ﬂ»w e #W&W e “‘“‘"‘..’:52;,‘:’;:;,.: e
':‘:‘“ - "‘"ﬂ"‘l“"’““:"“‘;“‘*‘"‘"’“‘"" s “‘“‘"‘“‘*i;“?:ir“;f:::?;i“::a;f:;:w“r“"?f:“”ﬁ“"” ﬂ’m‘" o e LI ’“"“ﬂf”ﬁﬁ”ﬁ Nt et 4‘-:’1:‘ e ‘“": H""ﬁ pralenl oo - "“"”i;“; - :{,‘» -
e gneges e : el S = piseli e - o e
- ‘w J‘x::‘:‘““”“‘;l”"ﬁ”tﬁﬁ i e ST i . q;:;fh éf‘;i""“’*"' "ﬂ"ﬂ% e WW - “ m’g‘%ﬁﬁ ‘T"MW”‘; T Fhurey
- . i i e e s - - T .;m - . ey e
- e e e i s R = oy 'Ww»w i .www i e ﬂdw : - "*;‘..""*‘“*"“*‘““f ~»='F*$,;‘"-.*Mm‘vf -“‘f“‘éf‘\ﬂ‘.’ﬁy:
"’;I‘J;.., wm,&’fmﬂ;%“‘»uww e e “ﬂi‘mv—"‘* e va mn- ,m.,; - ,_,
;u;\,a-u‘»ﬁ-m-}.&&" m&»@««wwm 444-:44%#4;:\‘%&“%%*4—;% ’34;;:@«— - *"—:;“;.“.,:;ﬂ_ w b - H* mﬂr‘ . qda,ﬂm
i%:" e I{L«,uﬂ wﬁm“s"w@mm’i:'}“ﬂ» M«a e - '::& . . . it
e e s S e e R *“‘fi’»r*““"‘f""""“““'?"f‘.,' wﬁﬁ"ﬁ’%ﬁ,,,ﬂ».. ..,,_,* .
.n.w.»;mw,-wuﬁ‘ - d\‘::r.,,.;. :.syy:wmsfw W‘ﬁ-ﬁu&ﬁ o %W . o
s e a -sm,»fﬂ.-ws;&,mmy; ol Hatiigs 1R \-1-1:- #wﬁaw

ohothe i

e i
;%M,“M -
.
- it g - =
- = e - »,,‘% s R e S e e = = By
e = : - e - —

e8 m e - Qkﬁ i it sea i
SR e e L i e e

~»:»::;:»::.»:,:::»,:»:,-,.,:.5,,.,””;:,-»,» - \.@ % s - fcirh e el

-ﬁmn—
e i g
-ﬁemay e
= e
s
- ‘g .‘»*a*’w A’ o
‘ =5 z::' e?ﬁfrﬁk?ﬂ'
i /:f""’
i e S
“’*-';m,.%.,, e
i S L
e
5 w,g/,zz»«upmauaﬂr»z—m
o i i . /”«wz i
S - S
P s e T
? /‘4"?&/ . ‘& -

‘ *\’1 < -

»Ww‘rmwMW o

- i
e wn‘
y .wzzez. .
e i

S e

.w.«‘.\“.«». = e

S
SRl




