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SEDIMENTATION OF LAKE PILLSBURY, LAKE COUNTY,
CALIFORNIA

By G. PorrerrieLp and C. A. DuNnNam

ABSTRACT

A study of sedimentation of Lake Pillsbury was undertaken in May 1959 to
determine the quantity, character, and distribution of sediment deposited in the
reservoir since the storage of water beganAin December 1921.

The drainage area of Lake Pillsbury is in the steep rugged mountains of the
Coast Ranges in northwestern California, and elevations range from 1,828
(maximum lake elevation) to about 7,000 feet mean sea level. The vegetal cover
throughout the basin is generally medium to dense and includes several species
of grass, brush, fir, pine, and oak.

Precipitation varies with season and location in the Pillsbury drainage area,
and available data are insufficient to define the average rainfall for the entire
basin. At the lake, the monthly precipitation ranges from 0 to about 18 inches,
and annual precipitation ranges from about 20 to 75 inches. The average annual
precipitation at the Hullville station near the lake for the period 1907-36 was
47.62 inches. Temperatures range from about 15° to 107°F.

The reservoir formed by Scott Dam has a surface area of 2,280 acres. The
average depth is 38 feet and the maximum depth, near the dam, is about 100
feet. The original reservoir storage capacity of 94,400 acre-feet has been re-
duced to 86,780 acre-feet during the 37.5 year period (December 1921—May
1959).

The loss of capacity represents a sediment deposition of 7,620 acre-feet, which
is 8.1 percent of the original storage capacity, or an average annual loss of 0.22
percent.

Most of the sediment in Lake Pillsbury is deposited in the upper reaches of
the Eel River and Rice Fork Eel River arms. This distribution of sediment is
attributed primarily to the properties of the sediment, the reservoir shape and
operation, and the ratio of the reservoir capacity to infiow.

The dry specific weight of the sediment deposited in the reservoir ranged from
41 to 87 pounds per cubic foot; the lowest specific weights are in the deep water
in the main body of the reservoir, and the specific weight generally increased
with distance upstream from the dam. The weighted-mean dry specific weight
of sediment for the entire lake was 73 pounds per cubic foot.

EE1
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INTRODUCTION
LOCATION AND GENERAL FEATURES

Lake Pillsbury, formed by Scott Dam on the Eel River, is in north-
ern Lake County, Calif., 22 miles northeast of Ukiah and 17 miles
north of Upper Lake. The drainage basin comprises the upper 288
square miles of the Eel River basin and lies wholly within the bound-
aries of the Mendocino National Forest.

Most of the land within the drainage basin is owned by the U.S.
Government and is administered by the Forest Service. The lake and
some of the adjoining land are privately owned. Lumbering and
grazing are the principal pursuits on both private and public lands,
and little, if any, land is in cultivation. The lake is operated as a
holdover-storage facility, and the water is utilized for power and
irrigation; minimum releases are made as required to support fish
and wildlife. The lake is also a popular recreation area having
private and public facilities available.

PURPOSE AND SCOPE

The purpose of this study was to determine the quantity, distribu-
tion, and properties of sediment deposited in Lake Pillsbury, and to
provide a summary of the major physical and cultural features of
the area that affect sedimentation of the reservoir. Very little infor-
mation on reservoir sedimentation in the Coast Ranges of north-
western California is available, and data are needed to assist in plan-
ning and designing certain facilities of the California Water Plan
(California Department of Water Resources, 1957). In addition, the
results of the survey will make possible a revision of the capacity
tables for Lake Pillsbury and will result in more accurate water rec-
ords and more effective operation of the reservoir.
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DATUM

During the original survey (1906), the elevation of the initial point
for the high-water contour line was established by aneroid barometer.
This datum was used during the construction of the dam. It has con-
tinued in use as the base for referencing the various features of the
dam and for recording the daily fluctuations of the lake level as pub-
lished in the U.S. Geological Survey Water-Supply Paper series.

Levels in May 1959 established the mean sea level elevation of the
dam as 81.7 feet below the elevation assumed for the initial point in
1906. The May 1959 sediment survey of Lake Pillsbury was made
using mean sea level elevation, which is the datum used throughout
this report. '

RESERVOIR

Scott Dam is immediately below the confluence of the Rice Fork
Eel River, Salmon Creek, and Squaw Valley Creek with the Eel River,
all of which drain directly into the reservoir. The orientation and
shape of the lake are shown in Plate 1.

For the purpose of this study, the lake was considered in four sec-
tions or arms: the north arm, Eel River arm, Rice Fork arm, and the
main body as shown in Plate 2.

The north arm is that part of the lake north of range 52; it has
Squaw Valley Creek and Salmon Creek as tributaries. The north arm
drains 12 percent of the Lake Pillsbury basin and constitutes 54 per-
cent of the surface area of the lake and 41 percent of the total lake
volume. The east and west shores of the north arm are generally
steep; the north shore is gently sloping. A large part of the north
arm is above water each year during the period of maximum draw-
down. At maximum water level (1,828.3 msl), this arm of the lake
is about 11,000 feet long and reaches a width of almost 8,000 feet at
its widest point.

The Eel River arm is that part of the lake east of range 8 and is
formed by the Eel River valley. It drains 55 percent of the Lake Pills-
bury basin and constitutes 28 percent of the surface area and 32 per-
cent of the volume of the lake. At maximum water level, the width
of the Eel River arm is 3,000 feet at the widest point, and the length
is about 24,000 feet. The upper Eel River arm is a narrow winding
canyon ; the lower part is a relatively wide, steep-banked section. The
unusual shape of the lake, produced by the emergence of the river from
the canyon to the wide section, is a factor that affects the distribution
of sediment in the Eel River arm.

The Rice Fork arm is that part of the lake south of range 29. It
drains 33 percent of the Lake Pillsbury basin and contains 7 percent
of the surface area and 6 percent of the volume of the lake. At maxi-
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mum water level the Rice Fork arm is a narrow winding canyon about
16,000 feet in length ; it seldom exceeds 400 feet in width until it nears
its junction with the Eel River.

The main body of the lake is bounded by the dam, ranges 52, 8, and
29. It has a negligible drainage area and constitutes 11 percent of the
surface area and 21 percent of the volume of the lake. At maximum
water level this section of the lake is about 5,000 feet in length and
averages about 2,000 feet in width.

RESERVOIR USE

Lake Pillsbury is operated as a holdover-storage facility for power
generation and irrigation. The water yield of the basin above Scott
Dam, less evaporation and seepage losses, is 380,800 acre-feet per year
(35-year average, 1923-58), and the maximum capacity of the reservoir
(May 1959 survey) is 86,780 acre-feet. Spillway overflow and water
releases from Lake Pillsbury flow down the Eel River to Van Arsdale
Dam; from there 147,700 acre-feet per year is diverted through a tun-
nel to Potter Valley powerhouse; below the powerhouse, part of the
water is used for irrigation and the remainder flows into East Fork
Russian River. Complete records of the quantity of water stored at
Lake Pillsbury, spillway overflow and releases, and the quantity of
water diverted for irrigation and power are available in U.S. Geologi-
cal Survey Water-Supply Papers of the series “Surface Water Supply
of the United States, part 11, Pacific Slope Basins in California.”

RESERVOIR OPERATION

In the course of the normal reservoir operation, the lake contents
are reduced during the usually dry months of April to November, the
annual low occurring from September to January. Lake contents dur-
ing the annual low usually range from about 10,000 to 40,000 acre-feet.
Maximum drawdown occurred Dec. 9-10, 1931, when only 10 acre-feet
of water was available above the outlet sill. The maximum lake con-
tents recorded for the annual low was 56,900 acre-feet on Nov. 14,
1942.

During the fall and winter, the reservoir fills to spillway elevation
(1,818.3 feet msl). The radial gates are usually open during the
winter storms to prevent excessive water-surface elevations of the lake.
After the winter storms pass, the radial gates are closed and the
reservoir is allowed to fill to elevation 1,828.3 msl. The maximum
recorded water-surface elevation was 1,829.1 feet msl on May 13 and
16, 1925. Only in a few years has the reservoir failed to fill at some
time during the year.
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The annual drawdown and resulting low water levels of the reser-
voir at the start of the winter runoff have a pronounced effect on the
distribution of sediment and the quantity of sediment that will pass
through the reservoir. In at least 35 months during the period 1921-58
the monthly outflow exceeded the total storage capacity of the reser-
voir. The maximum monthly outflow was 350,100 acre-feet in Feb-
ruary 1958.

RESERVOIR SEDIMENTATION
GENERAL

The useful life of a storage facility is partly dependent on the
rate that the storage capacity is lost because of the sediment brought
into the reservoir by the streams. The design of a dam and appur-
tenant structures, and therefore the initial cost of a project, may also
be influenced because of sedimentation. Economic loss due to silting
may be greater than that measured by the initial cost of the reservoir
(Eakin and Brown, 1939), for the original reservoir is generally con-
structed at the most favorable and economic site and a replacement
storage facility would be more costly than the original.

Reservoir sedimentation is a complex process dependent on many
factors, and the interaction of the factors may make the sedimenta-
tion of each reservoir a case unto itself. The quantity of suspended
sediment and bed material that moves down a stream can be deter-
mined, in most cases, with a fair degree of accuracy, and this knowl-
edge should be utilized prior to the design and construction of any
reservoir. However, reservoir sedimentation rates computed strictly
from volume of sediment entering the reservoir may be in error (Lane,
1953) because some of the material may flow through the reservoir
without deposition, and some of the deposition may take place above
the spillway elevation of the reservoir. The origin, transportation,
and deposition of sediment in reservoirs is discussed by Witzig (1943).

The distribution of the sediment, in addition to volume of sedi-
ment deposited, may shorten the life of, or damage, a reservoir. The
factors commonly associated with the distribution of sediment in a
reservoir are reservoir operation, reservoir shape, wave-action de-
posits, capacity of the reservoir in relation to amount of inflow, density
currents, and properties of the sediment. Additional factors asso-
ciated with distribution of sediment in a particular reservoir are
narrow- necks within the reservoir area, vegetation in the delta areas,
heavy sediment-contributing streams entering the reservoir area, and
the water-surface elevation at the time of maximum sediment inflow.

How sediment is deposited in reservoirs is illustrated in figure 4
(Lane, 1953). The bottomset beds are composed of fine material that
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Foreset beds

Bottomset and density current beds

Density current bed

Ficure 4.—Longitudinal cross section through a reservoir showing various types of
deposits.

is carried into the lake in suspension and settles slowly and some-
what uniformerly over the bottom. The density currents, or gravity
flow, will move some of the fine material along the bottom far into
the reservoir and will produce an additional accumulation near the
dam. The foreset beds are composed of coarser material and are in-
clined downward in the direction of flow. Generally, the angle of
inclination of the foreset beds is greater with very coarse sediment
than with moderately coarse sediment. The topset beds are com-
posed of the coarsest sediments and extend from the point in the
stream where the backwater effect of the lake becomes negligible to
the edge of the foreset beds.

LAKE PILLSBURY

In each tributary of Lake Pillsbury, the longitudinal profile (figs.
5-8) shows well-defined topset, foreset, and bottomset beds and ap-
propriate changes in size composition of the material. There is a
small increase in the thickness of the deposit near the dam, possibly
the result of density currents.

The reservoir contents are greatly reduced before each storm sea-
son and the first winter storm tends to establish foreset beds well
downstream in the reservoir and at a low lake level. For the rest
of the storm season, the water surface is kept near spillway level, and
later inflow tends to build thin foreset beds at spillway elevation.

Because the shape of a reservoir affects the distribution of sedi-
ment, the open expanse of the Lake’s north arm is a factor in pro-
ducing the high waves that make terraces in the banks in that part
of the reservoir. The narrow, crooked shape of the Rice Fork arm
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RESURVEY OF LAKE PILLSBURY
METHOD OF SEDIMENT SURVEY

Two survey methods are in general use to determine the quantity of
sediment deposited in a reservoir, the contour method and the range
method. The method chosen for use will depend on the quantity and
distribution of sediment in the reservoir and on the availability and
accuracy of previous base maps (Eakin and Brown, 1939, p. 153-167).

The contour method requires sufficient control and mapping to draw
an accurate contour map and requires that a previous contour map be
available. The accuracy of the sediment survey is dependent on the
accuracy of the individual maps. An original base map, prepared by
the lake owners as a part of an application to the Federal Power Com-
mission for a project license, was available for use in the Lake Pills-
bury resurvey.

The contour method allows computation of vertical and horizontal
distribution of sediment and the plotting of capacity curves.

The range method is used when the actual thickness of sediment
deposits can be penetrated and measured with a sampling spud and
when no previous base maps of required accuracy are available. The
direct measurement of thickness of sediment deposits in Lake Pillsbury
- would be difficult because of unfavorable sampling conditions created
by either the excessive water depths, the great thickness of the sedi-
ment deposits, or the coarse texture of the sediments in delta areas,

The range method does not furnish data to compute the vertical
distribution and only partly delineates the horizontal distribution of
sediment.

Although the 1959 sediment survey of Lake Pillsbury was made
using the contour method, ranges were established and identified. The
ranges facilitated the survey, the construction of the map, and the
field check of the map. The ranges will also facilitate future surveys
and will provide a basis for more precise measurement of the increase
in thickness of the sediment deposits.

CONTROL FOR SEDIMENT SURVEY

Preliminary to the sediment survey, a 5,179.5-foot base line was
established in the relatively flat, clear avea of the north arm of the
lake. The base line (pl. 1), which was referenced to established
section corners, is marked with 4-foot by 34-inch steel reinforcing rods
driven to a depth of 3 to 3.5 feet. The base line markers are inundated
at maximum water level but are exposed when the water level is
below about 1,817 feet msl.
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The base line, described above, was used for the triangulation
of range-end points in the north arm (ranges 52 to 58) and in the
main body of the lake (ranges 2 to 8). Some additional range-end
points in the Eel River arm and in the Rice Fork Eel River arm were
also checked by triangulation. All range-end points were located
above the high water mark and as near as practicable to the shoreline.
Wherever possible, the range-end points were located on a prominent
point of the lake shoreline that could be located and identified by use
of the base map prepared from this survey. The range-end points
were marked with 3.5-foot by 34-inch steel rods driven to a depth
of about 3 feet. The original base map furnished by the lake owners
was used as the control for preparing the new contour map. The
configuration of the shoreline was improved by use of an aerial photo-
graph of the same scale. The scale of the original base map and that
of the new base map is 1 inch=400 feet.

SURVEY PROCEDURE

TRANSIT-STADIA SURVEY

In November 1958, a transit-stadia survey was made of the north
arm of the lake above elevation 1,786 feet msl. The data from the
transit-stadia survey were used to construct the contour lines of the
central part of the north arm of the lake. Elevations obtained later
with the echo-depth sounder in the north arm of the lake were com-
pared with the contour lines drawn from the transit-stadia survey.
This comparison served, to some extent, as a check on the accuracy of
the data obtained with the echo-depth sounder.

ECHO DEPTH-SOUNDER SURVEY

In May 1959, the lake surface was at maximum elevation. All
ranges shown in plate 1 were surveyed with an echo sounder during
that month.

The echo sounder used to survey Lake Pillsbury was a portable
battery-operated echo depth-recording instrument operating at a
fixed acoustic frequency of 200220 kc at a power of less than 40
watts. This unit was chosen because the relatively high transmitting
frequency and low power combine to give sharp definition of the
sediment surface in clear water and at the depths found in Lake
Pillsbury.

Accuracy of the basic unit is =0.5 percent when operated at normal
battery voltage. Variations of input voltage and temperature usually
cause an error of less than 2 percent. However, a manually controlled
variable-frequency power supply allows compensation for variations
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in water temperature, salinity, and changes in sound velocity in water,
and enables the accuracy under all conditions of normal operation to
be maintained within 0.5 percent.

The echo sounder measures the distance from the transducer
(combination transmitter and receiver) to the lake bottom and re-
cords that distance on a calibrated chart moving at a fixed speed
through the recorder. This equipment is mounted in a boat and
the transducer is at a known distance below the water surface.

The echo sounder was calibrated several times each day to compen-
sate for variations due to temperature, input voltage, and operating
depths. A metal plate “check-bar” was lowered to an accurately
measured distance below the water surface, and the depth reading
of the check bar on the graph was adjusted to the measured distance
by varying the frequency of the power supply. Frequent calibra-
tion of the echo sounder by means of the check bar eliminated the
necessity for corrections of the chart to compute lake- bott,om eleva-
tions.

Further descriptions of echo sounders and their use for sediment
surveys are given by Smith (1958) and Blaisdell (1960).

To prepare for sounding each range, the boat was maneuvered in
place at one end of the range and the echo sounder put into operation.
The boat was then maneuvered at a constant speed to the opposite end
of the range while the operator of the echo sounder kept the recorder
adjusted to obtain a clear record of depth and to obtain “fixes” at each
important change in bottom elevation.’

The location of the boat at the time of each fix was obtained by two
transitmen. One transitman, stationed at the range end opposite the
starting point, directed the boat operator on course by use of hand and
radio signals. The skill of the boatman usually prevented the boat
from deviating more than 2 boat-widths from course, and course
changes were held to a minimum. A given range was rerun if the
boat deviated from course during the sounding of that range. The boat
speed varied from range to range but was held constant for each
range. The speed used for each range varied with the shape of the
lake bottom, length of the range, and impeding effect of the wind
and waves.

The second transitman was stationed at a position, preferably at the
end of a nearby range, where accurate bearings of the sounding boat
could be obtained. This transitman tracked the boat and obtained a
bearing or fix on the boat for each fix signaled by the operator of the
echo sounder. At the time each fix was signaled, the operator marked
the fix on the recorder chart. Later, the bottom elevation at the point
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marked was plotted on the map at the location determined from the
bearings obtained by the transitman.

The number of points marked on the chart and located by the
transitmen varied from range to range. A short range or rough
bottom topography required more frequent fixes. The echo-sounder
operator usually requested a transit fix at each major change in bottom
topography.

CONSTRUCTION OF CONTOUR MAP

Elevations obtained by the transit-stadia and echo-sounder surveys
were plotted on the base map, and contour lines were drawn at 5-foot
intervals.

The general configuration of the lake bottom (pl. 2) as defined by
the May 1959 survey agreed with the configuration of the original
base map.

Several field checks of the completed contour map were made during
the winter of 1959 while the lake levels were low. All checks indi-
cated good accuracy and, in general, contour intervals of 1 foot could
be justified from the echo-sounder data.

COMPUTATION OF LAKE VOLUME

The lake area was divided into 25 segments, and the surface area
for each segment at each 5-foot elevation was obtained with a planim-
eter. The segment areas at each 5-foot contour line were totalled
to obtain the surface area at each elevation. The areas were plotted
against elevation, and a curve was drawn to define the relation of
elevation to surface area. From this curve a table was prepared to
show area versus depth for each 1-foot increment of elevation. The
areas thus obtained were used to compute capacity by the end-area
method. Figure 11 shows the 1959 area and capacity curve and the
original capacity curve.

COMPUTATION OF SEDIMENT VOLUME

The difference between the original capacity curve and the 1959
capacity- curve at any elevation represents the volume of sediment
deposited in the reservoir below that elevation. A graphical sum-
mary of the vertical distribution of sediment in Lake Pillsbury is
shown in figure 12.

The accuracy of sediment computation by differences in the capacity
curves is dependent upon the accuracy of the individual capacity
curves. This method of sediment computation also precludes the di-
rect measurement of sediment thickness and computation of sediment
distribution by segments. The recorded profile of each range es-
tablished during the 1959 survey may be used in the future as an
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accurate basis for determining the thickness of sediment deposited
during the period between surveys.

TRAP EFFICIENCY

All sediment transported into a reservoir may not be deposited in
that reservoir. The quantity of deposited material in Lake Pillsbury
represents the sediment inflow for the period of storage less that
amount of material that passed through the reservoir. The ratio of
the total sediment deposited in the reservoir to the total sediment in-
flow, expressed in percentage, is known as the trap efficiency.

The trap efficiency is dependent on the many factors affecting dep-
osition of sediment in reservoirs, such as the properties of sediment,
shape of reservoir, ratio of inflow to capacity, salinity of water, tur-
bidity currents, and reservoir operations.

For Lake Pillsbury, the ratio of the average annual inflow (35 years)
to the initial capacity is about 4, and most of the inflow occurs during
the winter months. In 38 months during the 35 years preceding this
survey, the monthly flow passing over the spillway equaled or ex-
ceeded the total reservoir capacity. The peak monthly discharge, that
of February 1958, exceeded the initial reservoir capacity by a factor
of 3.7. Large quantities of water passing through the reservoir in a
relatively short time interval will reduce deposition of the fine sedi-
ment and will contribute to the flushing of the fine sediment accumu-
lated during periods of low runoff. The trap efficiency of the reservoir
could be computed if the quantity of fine material flushed through the
reservoir were known, or the quantity of sediment transported into the
reservoir were known. Unfortunately, no outflow or inflow data are
available for Lake Pillsbury for the period preceding the 1959
resurvey.

Most, if not all, of the sediment in the sand-size range and larger
is deposited in the upper part of the Eel River and Rice Fork arms
figs. 5, 6) and the trap efficiency for this material will approach 100
percent. Some of the fine material, in the silt- and clay-size range, is
deposited in the reservoir; however, an unknown amount of the fine
material passes through the reservoir and the trap efficiency for this
fine material cannot be computed. The trap efficiency of an individual
reservoir may be extrapolated from known trap efficiencies of nearby
reservoirs if it exhibits similar runoff charactertics. Brown and
Thorpe (1947) developed a curve, for several reservoirs in the Sacra-
mento-San Joaquin basins, that related the trap efficiency to the stor-
age capacity per square mile of drainage basin. By that relation, the
trap efficiency of Lake Pillsbury is 94 percent. This trap efficiency may
be high considering the high ratio of inflow to capacity for Lake Pills-
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bury and the large amount of fine material that is probably flushed
through the lake. A larger reservoir near Lake Pillsbury will have
a trap efficiency of at least that of Lake Pillsbury.

DISTRIBUTION OF SEDIMENT
NORTH ARM

The north arm of the lake constitutes 54 percent of the entire surface
area of the lake, and the combined drainage area of the two major
tributaries to the north arm, Salmon Creek and Squaw Valley Creek,
comprise 12 percent of the Lake Pillsbury drainage basin. Sediment
inflow to the north arm is low and is confined principally to the chan-
nels of the two major tributaries. The longitudinal profiles of Squaw
Valley Creek and Salmon Creek (figs. 7, 8) indicate sediment depths
that rarely exceed 8 feet. Measurements of sediment depth at the loca-
tion of core samples 24, 23, and 19 (pl. 1) show 0.2, 1.25, and 2.5 feet
respectively.

The large area of the north arm of the lake that lies between the
narrow and well-defined channels of Salmon and Squaw Valley Creeks
is virtually devoid of any lake-deposited sediment. This area was
above water (water-surface elevation 1,786) during the initial phase of
the survey in November 1958 and also when a field check was made
of the completed contour map in December 1959. The depths of
deposited sediments rarely, if ever, exceeded 0.1 to 0.2 foot in depth
and, in most places, the gravel that originally covered the area is still
partly exposed. The stumps of the trees cleared from the area during
the construction period and prior to inundation, which are still in
place, verify the premise that only minor sedimentation has occurred
in the large central part of the north arm.

The amount of sediment in the channels of Squaw Valley Creek and
Salmon Creek may be explained, in part, by the small sediment con-
tribution from the two creeks and by the reservoir bank erosion. The
fine silt deposited in the large central part of the north arm is prob-
ably transported by backwater during the high flows of the Eel River
and Rice Fork Eel River. The percentage of the total lake volume
in the north arm of the lake (41 percent in 1959) will, in all probability,
increase in the future as the remainder of the reservoir continues to
receive sediment at a rate higher than that of the north arm.

EEL RIVER ARM

The Eel River arm, which includes Horsepasture Gulch and Salt
Spring Creek, constitutes 32 percent of the 1959 lake capacity and 28
percent of the lake surface area; it receives inflow from 55 percent of
the lake drainage area.
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terial at the point of the calibration sample was 96.7 pounds per
cubic foot by each method. Because no bottom sediment of lower
specific weight was found in Lake Pillsbury at convenient working
depths, no calibration samples could be taken to check the remainder of
the calibration curve.

Three calibration samples were taken in sloughs near Sacramento,
but they were also of high specific weight (fig. 17). The average value
for each of these three samples varied from the calibration curve by
0.3, 1.3, and 1.9 percent, respectively. In this calibration test the core
samples were taken with a special split-core sampler that contained
brass inserts in 6-inch lengths. Thus, the core was removed and sealed
in 6-inch sections, and specific weight could be determined independ-
ently for each 6-inch increment. Core samples were taken on each side
of, and as near the probe as practicable, so that the core samples con-
sisted of the same material as that in which the probe determination
was made.

Results of the core samples show that the wet specific weight of sedi-
ment between 0.5 and 1.0 foot in depth varied from 101.1 to 105.5
pounds per cubic foot, and the sediment in the 0.5 foot nearest the sur-
face varied from 86.1 to 91.1 pounds per cubic foot.

In each test the probe was positioned so that the gamma-ray source
was located 1.0 foot below the sediment surface to obtain the probe
count of the material collected in the top two inserts of the split-core
sampler. The specific weight of the material varied laterally and
vertically, but the mean value of core-sample determinations agreed
closely with the probe determination at each location.

DETERMINATION OF RESULTS
SPECIFIC WEIGHT

The specific weight of a sediment sample is the ratio of the weight of
the sample to its volume. The ratio of the weight of an undisturbed
sample of the sediment-water mixture to the volume of the sediment-
water mixture is referred to in this text as the wet specific weight ; the
ratio of the weight of the dry solids contained in the water-sediment
mixture to the volume of the mixture is referred to as the dry specific
weight. Determinations of specific weight made on core samples are
given in table 1.

Additional determinations of specific weight of the bottom sediment
were made with the gamma-ray density probe. These determinations
were made for two reasons: First, to develop an operational pro-
cedure for use of the probe, and second, to compare the results obtained
with the probe to those obtained with the core sampler.
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The probe is calibrated to give the wet specific weight of the
deposited sediment in grams per cubic centimeter. These values can
be converted to pounds per cubic foot and compared directly with the
values of wet specific weight determined from the core samples. To
compare values of dry specific weight the probe values were converted
S (W —62. 4)

S—1
where D is the dry specific weight of the lake bottom sediment,
S is the specific gravity of the sediment particle, and
W is the wet specific weight of the sediment.

This equation was used by the U.S. Bureau of Reclamation (1957)
in a study of the use of radio-isotopes for measuring the density of
saturated submerged sediment deposits.

Some of the determinations of specific weight by the probe are
probably in error due to poor penetration of the bottom sediment. The
dense sediment of well packed, coarse material in the upper reaches
of the reservoir were not penetrable with the cable-suspended instru-
ment, and water depths near the dam were too great to allow complete
or sufficient penetration by the probe.

Specific weights of bottom sediment measured with the probe are
given in table 2.

to dry specific weight by the following equation: D=

TABLE 1.—Specific weight and specific gravity of core samples
[Arm of lake: M B, main body; E, Eel River; R, Rice Fork; S, Salmon Creek; 8V, Squaw Valley Creek]

‘Water Arm Specific weight
Specific | temper- of (Ibs per cu ft)
Core sample (pl. 1) Date gravity aétcli‘r)e lake
Wet Dry
O May 28,1959 2.72 63 | MB 90.8 45.4
2 e do. 2.7 64 | MB 91.1 49.4
3 2.72 64 | MB 93.0 48.5
S, 2.72 64| E 92.4 48.8
R, 2.72 64| E 89.0 42.0
[ IO 2.70 64| E 83.6 43.4
f— 2.71 64 | E 96.1 53.9
- Ut B b I:Y NN T [+ I FNRN [ E 106.0 69.3
9___. 2.70 64| E 115.0 84.0
10_.. 2.78 65| E 117.0 87.0
10A. 2.72 | | N 83.6
11 2.72 65| E 117.0 86.0
12 2.72 6| E e
13_. 2.69 63| R 93.0 53.7
14 2.68 64| R 100 61.1
15 2. 69 (2 I S P
16 2.72 64 | MB 92.4 46.2
17_.. 2.69 62 |8 91.1 50.6
18.__ 2.70 62| 8 93.7 49.7
19... e 2,1959 [oom oot S 99.9 56.9
20. May 29 1959 2.71 6518 96.7 56.5
21 Nov. 24 L2 N [ < 60. 6
2RSS SOSS S 1+ SR NSRS IR T R 72.9
23 --| Dee. 2 1969 |-ceeoooocc]|emmmaaeee sV 85.2 40.6
S Nov. 24,1958 |- _|-_______._ [V 64.5
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TABLE 2.—S8pecific weight of deposited sediment by sediment-density probe
[Arm of lake: M B, main body; E, Eel River; R, Rice Fork; 8, Salmon Creek; SV, Squaw Valley Creek]

Specific weight
. . (lbs per cu ft)
Sediment-density probe (pl. 1) Date Arm of lake
(May 1959)
Probe deter- | Computed
mination dry weight
29 | MB 77 23
29 | MB 76 22
29 | MB 97 54
29 | MB 96 53
29 | MB 99 57
3| E 96 53
30| E 96 54
3 | E 99 58
30| E 97 55
30| E 99 57
3| E 102 62
30 | E 100 59
30 E 107 70
30} E 106 67
20 | R 100 59
20| R 95 52
29 | R 101 62
30(R 100 60
30| R 106 70
29 | MB 97 55
2018 81 30
29 | 8 95 52
291 S 97 54
29| 8 74 18
29 | 8V 92 46

& Doubtful penetration.
b Calibration sample. See core sample 20.
¢ Low penetration.

PARTICLE SIZE

Determinations of size distribution were made on all core samples.
Analyses of the coarse materials (larger than 2.00 nm) were made
by the dry-sieve (Rotap) method. Both the dry- and wet-sieve meth-
ods were used for the analysis of the material in the sand range (0.062-
2.00 mm), and the pipette method was used for the analysis of the
silt and clay (less than 0.062 mm). The results of these particle-size
analyses and the results of an analysis of a soil sample from the bank

of the Eel River upstream from the maximum water level are given
in table 3.
SPECIFIC GRAVITY

Specific-gravity determinations were made for most of the core
samples collected at Lake Pillsbury. The pycnometer method, de-
scribed by Krumbein and Pettijohn (1938), was used to make the
specific-gravity determinations. Results show a small range in values,

from 2.68 to 2.72. The results are given in table 1 and are also shown
on plate 1.
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TABLE 3.—Particle-size analyses of core samples

Percent finer than indicated size, in millimeters— Median
Core sample (pl.1) d}an;ﬁ?er
mill1-
0.002| 0.004| 0.008| 0.016| 0,031} 0.062 0.125| 0.250| 0.500| 1.000] 2.000| meters)
) 33 45 67 87 99 1 100 || e e[ 0. 0047
e 33 48 71 90 98 1 100 |<cooo || ccoman] e[ eee . 0042
- S 36 54 78 92 98 | 100 . 0035
49 7 89 97 99 . 0041
33 | __ 87 |oeee 98 . 0058
52 73 91 98 99 . 0037
34 58 83 96 99 . 0064
2 4 5 7 10 . 1500
| N P b3 P 6 . 2250
1) 3 P 6 . 1800
3 5 6 12 22 .1000
) I b 6 3200
) I (R 4 | 15 . 1250
34 39 61 87 97 L0110
17 | 37 [aeeee- 78 . 0240
) N D 4 | . . 2050
56 80 95 . 0031
28| 40 49 56 - 0180
35 |ocooe 70 | oo - . 0072
24 35 45 53 . 0250
29 41 60 7 L0110
29 46 78 98 . 0087
15 21 41 76 .0185
- 52| 74| 87| 9 . 0035
24 __ 25 37 59 78 . 0120
Bank sample 1 2 2 4 7 1 28 61 84 9 94 . 2000

SPECIFIC WEIGHT OF LAKE-BOTTOM SEDIMENT

Generally, the specific weight of the sediment deposited in Lake
Pillsbury, as determined from core samples, increased in the upstream
direction from the dam as was expected (pl. 1) ; however, the material
near the dam was more compacted than had been anticipated. This
compaction was indicated by echo-sounder measurements which in-
dicated an absence of soft upper layers of low-density sediment. The
absence was verified by a sample of the lake water collected just above
the surface of the compacted sediment. A Foerst sampler, designed
for the collection of water or water-sediment mixture at any predeter-
mined depth, was used in this verification. The concentration of the
sediment in the sample was 86 parts per million.

The values of wet and dry specific weights ranged from 84 to 117
and from 41 to 87 pounds per cubic foot respectively (table 1). The
average dry specific weight of sediment in Lake Pillsbury was 73
pounds per cubic foot. This value was computed by weighting the
average specific weight of the sediment for each 10-foot contour inter-
val with the quantity of sediment deposited in that interval. In gen-
eral, the average specific weight determined and computed from core-
sample values was used as a basis for computing the average specific
weight. The probe values for samples near the dam and in the upper
reaches of the reservoir were considered to be too low. It should be
noted that the average value of 73 pounds per cubic foot represents
the weighted value of samples taken near the surface of the deposited
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sediment in Lake Pillsbury and that no correction was made to allow
for compaction of sediment due to weight of the overburden, age of
deposits, or operation of the reservoir.

Specific weights of the bottom sediment in the Eel River arm of the
lake are shown in figure 18. The probe values, except those at locations
1 and 2 (pl. 1), are higher below range 14 than are the core-sample
values. Above range 14 this relation is reversed.

Core-sample values of specific weight of the sediment upstream
from range 18 are higher than those obtained with the probe. The
higher values are considered reliable because the dry specific weight
of core samples 10 and 10A (near range 20), collected at different
water levels and with different samplers, agree closely. Samples 10
and 11, collected with the split-core sampler during high lake levels,
have specific weights of 87 and 86 pounds per cubic foot, respectively.
Sample 10A, collected with a hand sampler during the low lake lev-
els, has a specific weight of 84 pounds per cubic foot. The difference
between core sample and density probe values are due partly to sam-
pling difficulties and partly to the difference in location of the sampling
sites.

The relation of median particle size to specific weight of sediment
deposited in reservoirs can be used to estimate the initial specific
weight of reservoir deposits. A chart showing general relation was
prepared by Hembree and others (1952) from data from many reser-
voirs; the relation represents an average of values based on a wide
range of reservoir conditions (fig. 19).

The relation of median particle size (table 3) to dry specific weight
(table 1) for core samples from Lake Pillsbury was also plotted
(fig. 19). In general, the values from Lake Pillsbury agree well with
those from other reservoirs.

The weighted median particle size of core samples from Lake Pills-
bury is 0.93 mm. Application of this median particle size to the re-
lationship curve (fig. 19) indicated a specific weight of 77 pounds
per cubic foot, which is slightly higher than the weighted average
specific weight (738 pounds per cubic foot) as determined from the
core samples.

PARTICLE SIZE OF LAKE-BOTTOM SEDIMENT

The sediment in the main body and Eel River arm of the lake be-
low range 14 is of uniform particle-size distribution. Above range
14 on the Eel River arm and above range 29 on the Rice Fork arm
the particle size of the sediment deposits increases appreciably in
the upstream direction. In general, the particle size of the bottom
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FicURe 19.—Relation of specific weight of sediments deposited in reservoirs to median
particle size. From Hembree and others (1952).

sediment in the canyon part of the Eel River arm and Rice Fork
arm of the lake ranges from fine sand to gravel.

The channels of the Eel and Rice Fork Eel Rivers are mostly gravel
above the high water level of the lake. The distance that the gravel
extends into the lake was not determined. Most of the gravel is
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probably above the 1,820-foot contour and constitutes a small per-
centage of the material deposited in the lake.

The results of particle-size determinations are given in table 3. The
relation between particle size and river profile changes is shown in
figures 5 to 8. The particle-size distribution of each sample is plotted
in relation to its distance upstream from the dam. Effects of particle
size of the lake-bottom sediment on sediment distribution in the res-
ervoir were discussed in a previous section.

PREDICTING SEDIMENT DISTRIBUTION IN
RESERVOIRS

A knowledge of the previously discussed factors affecting sediment
distribution in reservoirs and of the sediment loads of the tributary
streams is necessary to predict the sediment distribution for reservoir
design purposes. Several methods for predicting sediment distribu-
tion and the application of those methods are described by Borland
and Miller (1958).

Figures 20 and 21, taken from Borland and Miller (1958), show the
curves that are a part of the Van’t Hul method for the selection of a
design curve for distribution of sediment in reservoirs. This method
embodies a means for associating a particular reservoir with one of
four groups, based on one factor—reservoir shape. The groups are
described as gorge (type IV), hill (type III), flood plain (type II),
and lake (type I). The gorge-type reservoir is associated with a
shape that would have a small increase in capacity with depth, and
the lake-type reservoir is associated with a shape that would have a
large increase in capacity with depth. Figure 20 gives the slope
(n), and the reciprocal of the slope (m), of the capacity curve as-
sociated with each type of design-disposition curve. Figure 21 shows
the shape of the various design-disposition curves.

Admittedly, it is easier to use the measured volumes of sediment in
Lake Pillsbury, as found in the May 1959 survey, and theorize why
they were thus distributed than it would have been to use the data that
would be available during the planning stage to predict the future
sediment distribution. No attempt was made here to use basic data
available only at the planning stage to predict the distribution because
the predicted results would obviously be biased toward the known
values. However, a predicted sediment distribution based only on
reservoir shape (Van’t Hul method) is compared to the distribution
existing at the time of the May 1959 survey.

The distribution of sediment and the original-capacity curve of Lake
Pillsbury are shown in figure 12. The graph shows that 50 percent of
the material deposited in Lake Pillsbury is below (or above) the
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F16urRE 21.—Comparison of Lake Pillsbury disposition curve with Van’t Hul-type design-
disposition curves

1,794-foot contour, or is in the lower 67 percent (or upper 33 percent)
of the total depth; and that 50 percent of the original capacity was
below the 1,804-foot contour, or in the lower 77 percent of the total
depth of the lake. The curve labeled “original lake capacity occupied
by sediment in 1959” (fig. 12) indicates that 7,620 acre-feet of sedi-
ment occupies 8.1 percent of the original volume and that half of this
sediment (8,810 acre-feet) occupies 4.0 percent of the original reservoir
capacity and is deposited below the 1,794-foot contour.

The slope of the original-capacity curve of Lake Pillsbury repre-
senting the relation of capacity to depth and the slope of the capacity
curve for 1959 are shown in figure 22. The original-capacity curve
had a slope of about 0.3 and would be associated with the design-
disposition curve for type IT reservoirs (fig. 20). The 1959 curve
has a slope of about 0.2 below the 1,760-foot contour and a slope of
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about 0.35 above the 1,760-foot contour. These slopes indicate present
design-disposition curves of types I and II, respectively.

Inspection of the 1959 disposition curve (fig. 21) shows that sedi-
ment is deposited in Lake Pillsbury according to the Van’t Hul-type
I disposition curve. The distribution of deposited sediment according
to the type I disposition curve, rather than the type I curve indicated
by the slope of the original-capacity curve, emphasizes the importance
of variables other than reservior shape on the distribution of sediment
in reservoirs, The properties of sediment, any unusual shape of the
lake, probability of bank erosion, and reservoir operation should be
used to modify the design-disposition curve; under the conditions
existing at Lake Pillsbury, the first three of these variables would
tend to cause sediment to be deposited higher in the reservoir, while
the fourth variable would cause sediment to be moved lower into the
lake. The properties of sediment, the unusual shape of the reservoir,
and the occurrence of bank erosion were predominant variables affect-
ing the distribution of sediment in Lake Pillsbury. The disposition
curve should have been the type I.

SUMMARY

This report contains the results of the May 1959 sediment survey
of Lake Pillsbury, Lake County, Calif. Construction of the dam was
completed and impoundment of water was begun in December 1921.
The age of the reservoir at the time of this study was 37.5 years.

The lake was resurveyed by a combination of transit-stadia mapping
and echo soundings. The transit-stadia mapping was used for the rela-
tively flat upper part of the north arm during a period of low water
elevation in November 1958. Depths of the entire lake were measured
by echo sounding in May 1959 when the water level was at maximum
elevation. A contour map was constructed by plotting elevations
obtained by the transit-stadia method and echo sounding. Accuracy
of the contour map was verified by field checks of the map in December
1959.

The loss of reservoir capacity due to sediment accumulation was
determined. The difference in capacity was computed from the orig-
inal map prepared by the lake owner and the map prepared from the
resurvey in May 1959. The accuracy of the computation of sediment
accumulation was verified by measuring the thickness of the deposited
sediment at selected points in the reservoir.

At maximum water lever (1,828.3 msl) the reservoir area and length
of the various arms have changed very little by sediment deposition
between 1921 and 1959. The volume, on the other hand, has been
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reduced from 94,400 acre-feet to 86,780 acre-feet, a loss of 7,620
acre-feet. '

At spillway elevation (1,818 msl) the surface area, length of the
lake arms, and volume have changed appreciably between 1921 and
1959. The surface area was reduced from 2,003 acres (Fowler, 1923)
to 1,917 acres. The length of the Eel River arm was shortened by 1,900
feet, Rice Fork Eel River arm by 1,600 feet, Squaw Valley Creek part
of the north arm by 300 feet, and Salmon Creek part of the north arm
by 900 feet. The volume at this elevation was reduced from 72,717
to 65,761 acre-feet, equivalent to a loss of 6,956 acre-feet, during- the
3.5 year period.

Total loss of storage due to sediment deposition averaged 203 acre-
feet per year or 0.71 acre-feet per square mile of drainage area per
year. A complete summary of pertinent data is given in table 4.

The distribution of the sediment in Lake Pillsbury was affected by
many variables such as the physical properties of the sediment, reser-
voir operation, shape of the reservoir, and ratio of reservoir capacity
to inflow. Fifty percent of the sediment was deposited above the 1,794-
foot contour.

The sediment deposited in Lake Pillsbury ranges in dry specific
weight from 41 to 87 pounds per cubic foot. The weighted average dry
specific weight for the entire lake is 73 pounds per cubic foot.

The particle size of the deposited sediment ranged from clay to
gravel with a weighted median diameter of 0.093 mm.

TABLE 4.—Summary of pertinent data

Dam:
Height spillway above streambed_______ . ______________ feet._ 105
Elevation top spillway (msl) . ________________________ do.._. 11,8183
Elevation top gates (msl)____________________________ do.._._ 1,828.3
Elevation top walkway (msl)_ . _____________________ do___. 1,838
Elevation outlet sill (msl) . _ ________ . ___________.__ do.__. 1,740.7
Reservoir:
Age (Dec. 1921-May 1959)_______ ... years.__ 37.5
Surface area, top gates___ ____ ____________________.___ acres__ 12,280
Total storage capacity:
1921 e e acre-feet__ 94, 400
1959 el do___. 86,780
Storage capacity below outlet sill:
2] o e do-__. 672
1959 e do._.. 397
Storage capacity per square mile drainage area:
1921 .. acre-feet per square mile__ 328
1959 e do_-.. 301
Drainage basin:
Area_ _ e square miles. . 288
Runoff, 1923-58____ . ____ acre-feet per year__380, 800
Average slope:
EelRiver___ o ___._ feet per mile__ 160
Rice Fork Eel River_ . _ . _.._ do.... 200

1 At elevation 1,828.3 (msl)
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TaBLE 4.—Summary of pertinent data—Continued

Sedimentation:
Sediment accumulated (1921-59):

Total. - ez acre-feet_. 7, 620
Average per year._ __ oo do..._ 203
Per year per square mile drainage area____________ do_._. .71

Depletion of storage:
Loss of original capacity:
Average loss per year __ _ oo oo___. percent._ _ . 216
Total loss . _ - e do.____ 8.1
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