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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain

acre 0.4047 hectare

acre-foot (acre-ft) 1.233 cubic meter

cubic foot (ft%) 0.02832 cubic meter

cubic foot per second (ft¥/s) 0.02832 cubic meter per second
cubic yard (yd®) 0.7646 cubic meter

foot (ft) 0.3048 meter

galion (gal) : 3.785 liter

gallon per day (gal/d) 0.003785 cubic meter per day
gallon per minute (gal/min) 0.06309 liter per second
inch (in.) 2.54 centimeter

mite (mi) 1.609 kilometer

square foot (ft?) 0.09290 square meter
square mile (mi®) 2.59 square kilometer

Sea Level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929--a geodetic
datum derived from a general adjustment of the first-order level nets of the United States and Canada,
formerly called Sea Level Datum of 1929.



SEDIMENTATION IN WHITEWATER LAKE, UNION COUNTY,
EAST-CENTRAL INDIANA, 1959-88

By Danny E. Renn

ABSTRACT

Sedimentation has had little effect on the storage capacity or surface area of Whitewater Lake. The
lake was constructed by damming Silver Creek in 1949 and was dredged during 1978-81 and 1984-88.
At the dam, the drainage area of Silver Creek is 19.2 square miles. Locations where the largest amount
of sediment has accumulated for the 29-year period 1959-88 are in the upper part of the lake where Silver
Creek enters. In general, except for the upper part of the lake, there has been little sediment accumulation
in most of the lake. The surface area of the lake was 7,580,000 square feet (174 acres) in 1959 and
6,590,000 square feet (151 acres) in 1988.

In 1959, the volume of water in Whitewater Lake was 138,000,000 cubic feet; in 1988, the volume was
132,000,000 cubic feet. The amount of sediment that accumulated in the lake from 1959-88 was 6,000,000
cubic feet. In 1988, the volume of water remaining in the lake was 95.6 percent of the 1959 volume, and
4.4 percent of the 1959 lake volume had filled with sediment.

The total amount of sediment that accumulated in Whitewater Lake from 1959-88 (10,350,000 cubic
feet) was determined by adding the amount of sediment that accumulated in the lake from 1959-88
(6,000,000 cubic feet) and the amount of sediment that was dredged from the lake during 1978-81 and
1984-88 (4,350,000 cubic feet). Thus, the annual rate of sediment accumulation in the lake from 1959-88
was 357,000 cubic feet per year.

Potential decreases in the storage capacity of Whitewater Lake based on whether dredging is
continued or discontinued were estimated for the 29-year period 1989-2017. If dredging is continued, the
potential for future decreases in the storage capacity of the lake is small. If dredging is discontinued, the
volume of water in the lake in 2017 is estimated to be 88.2 percent of the 1959 volume; 11.8 percent of
the 1959 volume of the lake would be filled with sediment.

INTRODUCTION

Whitewater Lake is located in Whitewater Memorial State Park, near the town of Liberty, in Union
County, east-central Indiana (fig. 1). The lake is used for recreation and is managed by the Indiana
Department of Natural Resources. The lake was created in 1949 and was dredged during 1978-81 and
1984-88.

Accumulation of sediment in Whitewater Lake can decrease its storage capacity and can affect
recreational use. Therefore, information about the locations and amount of sediment accumulation, the
total amount of sediment accumulation (determined by adding the amount of accumulated sediment and
the amount of dredged sediment), the annual rate of sediment accumulation, and estimated decreases in



B4THT30°

39745

39°a730°  “heos
. WHITEWATER
| MEMORIAL
| STATE

PARK

s s o i
¢
{

Base from U.S. Geological Survey Cincinnatti 1:250, 1974

85

1 2 3 |

1 2 3 4 Kilometers

A.l Miles

otTo

EXPLANATION

/" BOUNDARY OF DRAINAGE BASIN OF SILVER CREEK

'

Figure 1.-— Location of Whitewater Lake #nd drainage basin of Silver

Creek upstream of dam.

-2-




the storage capacity of the lake based on whether dredging is continued or discontinued is needed to
effectively manage the resources of the lake. In 1987, the U.S. Geological Survey, in cooperation with the
Iindiana Department of Natural Resources, began a study to provide this information.

Purpose and Scope

This report presents information on (1) locations of sediment accumulation in Whitewater Lake for the
29-year period 1959-88; (2) the amount of sediment that accumulated in the lake from 1959-88; (3) the total
amount of sediment that accumulated in the lake from 1959-88 (determined by adding the amount of
sediment that accumulated in the lake and the amount of sediment that was dredged from the lake); (4)
the annual rate of sediment that accumulated; and (5) estimated decreases in the storage capacity of the
lake based on whether dredging is continued or discontinued for the 29-year period 1989-2017.

Width, depth, and surface-area data were used to locate areas of sediment accumulation in
Whitewater Lake from 1959-88. Depth-contour data were used to determine the amount of sediment that
accumulated in the lake from 1959-88. The amount of sediment that accumulated in the lake and the
amount of sediment that was dredged from the lake were used to determine the total amount of sediment
that accumulated in the lake from 1959-88 and the annual rate of sediment that accumulated. This
information also was used to estimate decreases in the storage capacity of the lake based on whether
dredging is continued or discontinued from 1983-2017.

Physical Setting

Whitewater Lake was created by construction of an earthen dam across Silver Creek in 1949 (Jay
Johnson, Indiana Department of Natural Resources, oral commun., 1987). The water level of the lake is
controlled by a concrete spiliway. The height of the spillway is approximately 821 ft above sea level. The
lake receives drainage from Silver Creek. Most of the drainage basin of Silver Creek is in Union County,
but the most upstream part is in southeastern Wayne County (fig. 1). At the dam, the drainage area of
Silver Creek is 19.2 mi®>. The length of Silver Creek from where it enters the lake to where it becomes
intermittent is 11.1 mi.

Geology

The drainage basin of Silver Creek upstream from the dam of Whitewater Lake is underlain primarily
by limestones and shales of Ordovician age (fig. 2) (Gray and others, 1972); however, the extreme north-
eastern part of the basin is underlain by iimestones, dolomites, and shales of Silurian age (fig. 2) (Gray and
others, 1972). The Ordovician and Silurian bedrock have little, if any, slope. The bedrock is overlain by
thick unconsolidated glacial-till deposits of Holocene age (Gray and others, 1972). The average thickness
of the till is 50 ft in the lower part of the basin and 100 ft in the upper part of the basin (Indiana Department
of Natural Resources, 1988, p. 12). The till is composed of clay- to gravel-size deposits that can contain
sand and gravel lenses up to 10 ft thick (Indiana Department of Natural Resources, 1988, p. 15). In parts
of the basin, generally in the upland areas, the till is overlain by thin deposits of loess.

The drainage basin of Silver Creek is in the Dearborn Upland physiographic unit (Schneider, 1966,
p. 41). In the drainage basin, the channel of Silver Creek and its tributaries are entrenched with steep
slopes rising to rolling uplands. This topography is characteristic of the Dearborn Upland unit. A distinctive
feature of the drainage basin of Silver Creek is that the shape of the drainage basin is long, straight, and
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narrow and the tributaries to Silver Creek are generally perpendicular to the main channel. In the upper
part of the drainage basin, the maximum altitude of the land surface is approximately 1,140 ft above sea
level; in the lower part, the maximum altitude is approximately 950 ft above sea level. The most upstream
channel of Silver Creek has an altitude of approximately 1,130 ft above sea level; the most downstream
channel has an altitude of approximately 750 ft above sea level.

Soils

The soils of the drainage basin of Silver Creek are grouped into five major soil associations (fig. 3):
Fincastle and Crosby, Genesee and Eel, Russell and Hennepin, Russell and Miami, and Xenia and Celina
(Alfred and others, 1960). The Fincastle and Crosby soils are nearly level, somewhat poorly drained, have
a slow infiltration rate, a slow to medium runoff potential, and a slight to moderate erosion potential. The
Genesee and Eel soils are located in flood plains, are nearly level, poorly drained, have a moderate
infiltration rate, a ponded to slow runoff potential, and moderate to no erosion potential. The Russell and
Hennepin and the Russell and Miami soils range from sloping to steep, are well drained, have a slow to
moderate infiltration rate, a slow to very rapid runoff potential, and a moderate to very severe erosion
potential. The Xenia and Celina soils range from nearly level to gently sloping, are moderately well
drained, have a moderate infiltration rate, a slow to rapid runoff potential, and a slight to severe erosion
potential. All soils are formed in loess and till.

Land Use

A visual inspection of the drainage basin of Silver Creek made during 1988 indicates that land use
within the basin is primarily agricultural, including row crop and pasture, with some forest. Generally, the
agricultural areas are located in upland areas and the forested areas are located along stream channels.
The major crops in the basin are corn, soybeans, and winter wheat, which usually are tilled conventionally,
and the major livestock raised are hogs, poultry, and beef cattle (Indiana Department of Natural Resources,
1988, p. 7). The town of Liberty is the only municipality in the basin and had a population of 1,840 in 1980.
The basin includes a municipal point-source discharge at Liberty, one operating sanitary landfill, one closed
sanitary landfill, two confined feedlots, and one salt-storage area (State of Indiana, Water-quality-
management planning maps, region 9).

Water Use and Avallability

Silver Creek does not flow continuously. The 7-day, 10-year low flow', for Silver Creek near Liberty
(drainage area of 9.67 mi®) is zero; the average flow for 1960-67 was 11.1 ft%s (Indiana Department of
Natural Resources, 1988, p. 25). The average flow per square mile in the drainage basin of Silver Creek
is 1.15 ft%s. The average flow per square mile in the drainage basin of the Whitewater River, in which
Silver Creek is located, is 1.11 ft%s. The ground-water contribution in the drainage basin of the Whitewater
River ranges from 43 to 67 percent, which indicates a good connection between the surface- and ground-
water systems (Indiana Department of Natural Resources, 1988, p. 33).

'7-day, 10-year low flow is the discharge at the 10-year recurrence interval taken from a frequency
curve of annual values of the lowest mean discharge for 7 consecutive days (the 7-day flow).
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Ground water is the sole source of water for domestic and agricultural use in the drainage basin of
Silver Creek. Most wells are located in the unconsolidated glacial-till, but some wells are located in the
Ordovician and Silurian bedrock. Production from wells located in the glacial-till ranges from 0 to 60
gal/min, with an average of 2 to 3 gal/min; production from wells located in the bedrock ranges from 0 to
50 gal/min, with an average of 2 to 8 gal/min; dry holes are common {Indiana Department of Natural
Resources, 1988, pl. 3). The town of Liberty uses ground water as its sole source of municipal water
supply. The wells for the town of Liberty are located in the drainage basin of the East Fork Whitewater
River, outside the drainage basin of Silver Creek. In 1988, water withdrawals for the town were
approximately 200,000 gal/d (Fielding Tipton, Liberty Water Department, oral commun., 1987).

METHODS OF INVESTIGATION

Width, depth, surface-area, and depth-contour data for Whitewater Lake for 1959 were obtained from
a depth-contour map produced from data collected during the summer of 1959 (Indiana Department of
Conservation, 1959). A revised map scale of 1 in. equals 375 ft was used to determine transect widths
and lake surface-area. The original 1959 fathometer profiles were obtained to verify the locations of the
depth contours. The 1959 map provided width and depth data for 52 transects (A through ZZ; fig. 4).
Along each transect, a depth was determined for each contour interval and, for each depth, a
corresponding width was determined by measuring the distance from the beginning of the transect to the
location of the depth value. Widths were determined to the nearest 1 ft, and depths were determined to
the nearest 5 ft. During data collection, the lake level was 821 ft above sea level.

Depth data were collected in Whitewater Lake during June 1988 at 52 transects (A through ZZ; fig.
4). During data collection, the lake level was 821 ft above sea level. A fathometer was used to measure
depth; however, due to the ongoing dredging operation in the lake, data could not be collected in the area
enclosed by transects OO, PP, QQ, and the eastern shoreline. A 1977 aerial photograph of the lake
(Indiana Department of Highways, written commun., 1988) was used to determine transect widths and
surface area for 1988. A visual inspection of the shoreline of the lake made during June 1988 indicates
that, with the exception of a change in the shoreline in the upper part of the lake where Silver Creek enters,
the shoreline had changed little from 1977 to 1988. Based on the visual inspection and available
information, the lake level in the 1977 photograph was estimated to be 821 ft above sea level. The
shoreline in the 1977 photograph was modified to include the change in the shoreline in the upper part of
the lake and then used to determine the transect widths and surface area for 1988. Along each transect,
a depth was determined for each 1 ft change in the bottom elevation of the lake. For each depth, a
corresponding width was determined by measuring the distance from the beginning of the transect to the
location of the depth value. Width and depth data were determined to the nearest 1 ft. The width and
depth data for 1988 (tables 1-23 in the "Supplemental Data" section at the end of the report) were used
to construct a 1988 depth-contour map (fig. 5) with 2-ft contour intervals.

The amount of sediment that was dredged from Whitewater Lake during 1978-81 and 1984-88 were
obtained from the property manager of Whitewater Memorial State Park (Merl Gentry, Whitewater Memorial
State Park, oral commun., 1988).

SEDIMENTATION IN WHITEWATER LAKE

Areas of sediment accumulation in Whitewater Lake from 1959-88 were identified by use of the
transect width and depth data for 1959 and 1988 and the surface-area data for 1959 and 1988. The
amount of sediment that accumulated in the lake from 1959-88 was determined from the depth-contour
data for 1959 and 1988. The total amount of sediment that accumulated in the lake from 1959-88 was

7-
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determined by adding the amount of sediment that accumulated in the lake from 1959-88 and the amount
of sediment that was dredged from the lake during 1978-81 and 1984-88. The annual rate of sediment that
accumulated in the lake was determined by dividing the total amount of accumulated sediment by 29 years.

Areas of Accumulateq Sediment
|

Cross-sectional profiles for 52 transects, A through zZ (figs. 6-23), were constructed by use of the
transect width and depth data. These profiles show where sediment has accumulated. A water-surface
datum of 821 ft was used for all cross sections; The area of each cross section was measured to
determine the area remaining in the cross-sectional profiles. Areas for the cross sections are given in table
24 (in the "Supplemental Data" section at the end lof the report).

The area remaining in the cross-sectional profiles were determined for the 52 transects. The area
remaining, expressed as a percentage, was determined by 'dividing one cross-sectional area by another
cross-sectional area times 100 (table 25 in the "Supplemental Data" section at the end of the report). Using
transect B as an example, the 1988 cross-sectional area of 30 800 ft? divided by the 1959 cross-sectional
area of 33,000 ff? times 100 equals 93.3--that is, 93.3 percent of the 1959 cross-sectional area remains
in 1988. The area remaining in the cross-sectional profiles ranged from 72.2 percent (transect OO) to 125
percent (transect PP). The average area remaining in the cross-sectional profiles is 95.7 percent. Except
for transects PP, QQ, RR, and SS, the increases and some of the decreases in cross-sectional areas
probably can be attributed to the fact that the depth values were rounded to the nearest 5 ft for 1959 and
to the nearest 1 ft for 1988. The increases in cross-sectional areas for transects PP, RR, and SS, and the
small decrease in cross-sectional area for transect' QQ, is a result of dredging. Dredging occurred in the
upper part of the lake from slightly below where Silver Creek enters the lake to transect OO, with transects
PP, QQ, RR, and SS having been dredged. In tranéects PP, RR, and SS, the dredging operation removed
sediment below the 1959 contour level. The largest computed percent change in area remaining for the
cross-sectional profiles, which represent locations where the largest amount of sediment has accumulated,
are in the upper part of the lake where Silver Creek enters. In general, except for the upper part of the
lake, there has been little sediment accumulation in most of the lake.

. The surface-area data for Whitewater Lake for 1959 were obtained from the 1959 depth-contour map,
and the data for 1988 were obtained from the modified 1977 aerial photograph. The surface area was
7,580,000 ft? (174 acres) in 1959 and 6,590,000 ft* (151 acres) in 1988. The decrease in surface area from
1959-88 was 990,000 ft* (22.7 acres). The annual rate of surface area decrease for the 29-year period
1959-88 is 34,100 ft® (0.78 acre) per year. In general, mostiof the change in the shoreline of the lake is
a result of sedimentation in the upper part of the lake where| Silver Creek enters.

Amount of Accu ulate+ Sediment

The amount of sediment that accumulated in Whitewater Lake from 1959-88 and the volume of water
in the lake in 1959 and 1988 were determined from the depth-contour data for 1959 and 1988. The volume
of water in the lake in 1988 was subtracted from the volume of water in 1959 to determine the amount of
sediment that accumulated in the lake from 1959-88. The areas encompassed by the contour fines of the
1959 and 1988 depth-contour maps were measu%?, muiltiplied by the depth value, and then added to
determine the volume of water in Whitewater Lake in 1959 and 1988. The following example shows how

volumes were computed for 1959.
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Figure 9.—— Cross sections for transects J, K, and L, Whitewater Lake.
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Figure 11.—— Cross sections for transects P, Q, and R, Whitewater Lake.
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Figure 13.—— Cross sections for transects V, W, and X, Whitewater Lake.
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Figure 15.—— Cross sections for transects BB, CC, and DD, Whitewater Lake.
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Figure 16.—— Cross sections for transects EE, FF, and GG, Whitewater Lake.
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Figure 17.—— Cross sections for transects HH, Il, and JJ, Whitewater Lake.
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Figure 18.—— Cross sections for transects KK, LL, and MM, Whitewater Lake.
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Figure 19.—— Cross sections for transects NN, 00, and PP, Whitewater Lake.
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Figure 20.—— Cross sections for transects QQ, RR, and SS, Whitewater Lake.
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1. The area enclosed by the shoreline and the 5-ft contour line were measured.

2. The area enclosed by the 5-ft contour line was subtracted from the area enclosed by the
shoreline. The resulting value was multiplied by 2.5 ft (2.5 ft is a value halfway between
zero, the shoreline, and the 5-ft contour line) to find the volume from the shoreline to the 5-ft
contour line.

3. This same procedure was used for all contours. To determine the area enclosed by the
deepest contour (42 ft) in the lake, the area enclosed by the contour was multiplied by 42.

4. All the volumes computed in steps 1-3 were added to give the volume of water in the lake
in 1959.

In 1959, the volume of water in Whitewater Lake was 138,000,000 ft%; in 1988, the volume was
132,000,000 ft>. The volume of water in the lake for 1988 was subtracted from the volume of water for
1959 to determine the amount of sediment that accumulated in the lake from 1959-88, which was
6,000,000 ft>. In 1988, the volume of water remaining in the lake was 95.6 percent of the 1959 volume,
and 4.4 percent of the 1959 lake volume had filled with sediment.

The total amount of sediment that accumulated in Whitewater Lake from 1959-88 was determined by
adding the amount of sediment that accumulated in the lake from 1959-88 (6,000,000 ft*) and the amount
of sediment that was dredged from the lake during 1978-81 and 1984-88 (4,350,000 ft®). Even though the
dredging operation removed sediment that was deposited before 1959 in transects PP, RR, and SS, the
amount of sediment dredged from the lake was used in the calculation. The total amount of sediment that
accumulated in the lake from 1959-88 is 10,350,000 ft>. The total amount of sediment accumuiation
(10,350,000 t}) was divided by 29 years to determine the annual rate of sediment that accumulated in the
lake from 1959-88. That annual rate is 357,000 ft* per year.

Potential for Future Decreases in Lake-Storage
Capacity due to Accumulated Sediment

Potential decreases in the storage capacity of Whitewater Lake based on whether dredging is
continued or discontinued were estimated for the 29-year period 1989-2017. It was assumed the future
rate of deposition would be constant, that sediment compaction would be negligible, and the trap efficiency
of the lake would not change. In using the assumptions about sediment compaction and trap efficiency,
the potential decreases in storage capacity would be the maximum to occur.

Most of the sedimentation in Whitewater Lake is occurring in the upper part of the lake where the
dredging operation is located. During 1978-81 and 1984-88, dredging removed sediment at an average
rate of 483,000 ft* per year (4,350,000 ft° divided by 9 years). If the annual rate of sediment that
accumulated in the lake during 1959-88 is 357,000 ft* per year, it is evident that if the dredging is continued
the potential for future decreases in the storage capacity of the lake is small.

The potential decrease in the storage capacity of Whitewater Lake if the dredging is discontinued was
estimated from the volume of water in the lake in 1959 (138,000,000 ft*) and the annual rate of sediment
that accumulated in the lake (357,000 ft°). For the 29-year period 1989-2017, an estimated 10,350,000
ft* (357,000 ft° times 29 years) of sediment would accumulate in the lake if the dredging is discontinued.
The volume of water in the lake in 2017 is estimated to be 88.2 percent of the 1959 volume; 11.8 percent
of the lake is estimated to be filled with sediment. At first, most of the new sediment probably will
accumulate in the upper end of the lake. Later, as this part of the lake became filled with sediment,
sediment would accumulate in the middle and lower parts of the lake.
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SUMMARY AND CONCLUSIONS

Areas of sediment accumulation in Whitewater Lake for the 29-year period 1959-88 were identified
by use of the transect width and depth data for 1959 and 1988 and the surface-area data for 1959 and
1888. Cross-sectional profiles for 52 transects of the lake were constructed by use of the transect width
and depth data. These profiles show where sediment has accumulated. The area remaining in the cross-
sectional profiles, expressed as a percentage, was determined for the 52 transects. The largest computed
percent change in area remaining for the cross-sectional prafiles, which represent locations where the
largest amount of sediment has accumulated, are in the upper|part of the lake where Silver Creek enters.
In general, except for the upper part of the lake, little|sediment has accumulated in most of the lake. The
surface area of the lake was 7,580,000 ft? (174 acres) in 1959 and 6,590,000 ft? (151 acres) in 1988.

The amount of sediment that accumulated in Whitewater Lake from 1959-88 was determined from the
depth-contour data for 1959 and 1988. In 1959, the volume of water in the lake was 138,000,000 ft*; in
1988, the volume was 132,000,000 ft>. The amount of sediment that accumulated in the lake from 1959-88
was 6,000,000 ft*. In 1988, the volume of water remaining in the lake was 95.6 percent of the 1959
volume, and 4.4 percent of the 1959 lake volume ha% filled with sediment.

The total amount of sediment that accumulated in Whitewater Lake from 1959-88 (10,350,000 ft*) was
determined by adding the amount of sediment that accumulated in the lake from 1959-88 (6,000,000 ft°)
and the amount of sediment that was dredged from the lake during 1978-81 and 1984-88 (4,350,000 ft°).
The annual rate of sediment that accumulated in the lake was determined by dividing the total amount of
sediment by 29 years. The annual rate of sediment that accumulated in the lake from 1959-88 was
357,000 ft° per year.

Potential decreases in the storage capacity of Whitewater Lake based on whether dredging is
continued or discontinued were estimated for the 29-year period 1989-2017. Most of the sedimentation
in the lake is accurring in the upper part of the lake where the dredging operation is located. During 1978-
81 and 1984-88, dredging removed sediment at an average rate of 483,000 ft° per year. If the annual rate
of sediment that accumulated in the lake during 1959-88 is 357,000 ft* per year, it is evident that the
potential for future decreases in the storage capacity of the lake is small if dredging is continued. The
potential decrease in the storage capacity of the lake if dredging is discontinued was estimated from the
volume of water in the lake in 1959 and the annual rate of sediment that accumulated in the lake. For the
29-year period 1989-2017, an estimated 10,350,000 ft* of sediment would accumulate in the lake if the
dredging is discontinued. The volume of water in the lake in 2017 is estimated to be 88.2 percent of the
1959 volume; an estimated 11.8 percent of the lake would be'filled with sediment.
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