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CONVERSION FACTORS, ABBREVIATIONS, AND VERTICAL

DATUM
Muitiply By To obtain
acre 0.40468 hectare
acre 43,560 square foot
acre 4,047 square meter
acre 0.001562  square mile
acre-foot (acre-ft) 43,560 cubic feet
acre-foot (acre-ft) 1,233 cubic meter
cubic foot (ft3) 0.02832 cubic meter
cubic foot (ft%) 28.32 liter
cubic foot per second (ft/s) 0.02832 cubic meter per second
cubic meter (m3) 35.31 cubic foot
foot (ft) 0.3048 meter
gram (g) 0.03527 ounce
inch (in.) 2.54 centimeter
kilogram (kg) 2.205 pound
kilogram per cubic meter (kg/m3) 0.06243 pound per cubic foot
meter (m) 3.281 foot
mile (mi) 1.609 kilometer
milligram per liter (mg/L) 1.0 part per million
milligram per kilogram (mg/kg) 1.0 part per million
pound (lb) 0.45351 kilogram
pound per cubic foot b/t 16.02 kilogram per cubic meter
square foot (ft%) 0.09290  square meter
square mile (mi2) 259.0 hectare
square mile (mi2) 2.590 square kilometer

Temperature can be converted to degrees Celsius (°C) or degrees Fahrenheit (°F) by

the equations:

°C =5/9 (°F - 32)
°F = 9/5 (°C) + 32.

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.
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Analysis of Bottom Sediment to Estimate Nonpoint-
Source Phosphorus Loads for 1981-96 in Hillsdale

Lake, Northeast Kansas

By Kyle E. Juracek

Abstract

Bottom sediment in Hillsdale Lake, north-
east Kansas, was analyzed as a means of estimat-
ing the annual load of total phosphorus deposited
in the lake from nonpoint sources. Topographic,
bathymetric, and sediment-core data were used to
estimate the total mass of phosphorus in the
lake-bottom sediment. Available streamflow and
water-quality data were used to compute the mean
annual mass of phosphorus (dissolved plus sus-
pended) exiting the lake as well as the mean
annual load of phosphorus added to the lake from
point sources. A simple mass balance then was
used to compute the mean annual load of phospho-
rus from nonpoint sources.

Mean annual sediment deposition from
1981 through 1996 was estimated to be 265 mil-
lion pounds (120 million kilograms). The total
mass of phosphorus in the lake-bottom sediment
was estimated to be 924,000 kilograms, with a
mean annual load of 62,000 kilograms. The mean
annual mass of phosphorus exiting in the lake out-
flow was estimated to be about 8,000 kilograms.
The mean annual loads of phosphorus added to the
lake from point and nonpoint sources were esti-
mated to be 5,000 and 65,000 kilograms, respec-
tively. Thus, the contribution to the total mean
annual phosphorus load in Hillsdale Lake from
point sources is about 7 percent and from nonpoint
sources, about 93 percent.

INTRODUCTION

Hillsdale Lake is a Federal impoundment on Big
Bull Creek in northwest Miami County, northeast
Kansas (fig. 1). Completed in 1981, the lake is used for
flood control, water supply, fish and wildlife habitat,
and recreation. With the rapid expansion of urbaniza-
tion in southern Johnson County, the use of the lake as
a water-supply source is expected to increase substan-
tially. As early as 1985, concerns existed that water
quality in Hillsdale Lake may be affected by urbaniza-
tion and increased point- and nonpoint-source dis-
charges of phosphorus within the basin. Hillsdale Lake
is reportedly the third-most, point-source-affected Fed-
eral lake in Kansas (Carney, 1994).

Phosphorus is an important nutrient because it is
the principal limiting factor for primary production in
most freshwater environments (Hakanson and Jansson,
1983). If phosphorus concentrations are too large, algal
growth may become excessive and cause taste and odor
problems for water suppliers. Additionally, excessive
algal growth may be detrimental to aquatic life in, as
well as discourage recreational use of, the lake. On the
basis of widely accepted chlorophyll-a criteria, Hills-
dale Lake has been classified as eutrophic by the Kan-
sas Department of Health and Environment (KDHE)
(Carney, 1994). A eutrophic lake contains nutrient-rich
water and supports high biotic productivity (Cole,
1983).

Sediment deposition in a lake is important because
about 95 percent of the phosphorus in streams tends to
adhere to sediment particles (Hem, 1985). The sedi-
ment transported by streams and deposited in a lake
acts as a sink where phosphorus may be stored and as a
source of phosphorus to the overlying water and biota
(Baudo and others, 1990). Although the release of
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Figure 1. Location of Hillsdale Lake Basin in northeast Kansas and point sources of phosphorus discharge within the
basin.
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phosphorus from lake-bottom sediment may occur
under aerobic or anoxic conditions, the release rate is
typically much greater during anoxic conditions (Bos-
trom and others, 1982; Wetzel, 1983). However, Welch
and Cooke (1995) state that several mechanisms can
combine to produce relatively high phosphorus release
rates in shallow, aerobic lakes. Hillsdale Lake is typi-
fied by aerobic conditions with water depths ranging
from shallow to relatively deep (50 ft or more).

Aside from resuspension, the release of phospho-
rus from lake-bottom sediment involves a mobilization
from particulate to dissolved form followed by trans-
port into the water column. Important environmental
factors in the mobilization of phosphorus include redox
potential, pH, and temperature. Transport processes
include diffusion, turbulence, and bioturbation (Hakan-
son and Jansson, 1983).

In 1991, the Hillsdale Water-Quality Protection
Project was initiated by the Hillsdale Lake Region
Resource Conservation and Development Council
(RC&D) to establish long-term protection of the lake
and drainage area. The goal of the project is to imple-
ment a nonpoint-source pollution-control program to
manage further nutrient enrichment of Hillsdale Lake.
Specifically, the objectives are to maintain a mean
annual total phosphorus concentration of 0.06 mg/L or
less in Hillsdale Lake water and a mean annual total
phosphorus concentration of 0.10 mg/L, a low-flow
mean concentration of 0.05 mg/L, and a runoff mean
concentration of 0.40 mg/L in lake tributary water.
RC&D began water-quality sampling of the streams
flowing into Hillsdale Lake in 1993. The sampling was
performed during storm-runoff and base-flow
conditions.

In a recent study, the U.S. Geological Survey
(USGS) focused on determining both point and non-
point sources of phosphorus during low-flow condi-
tions (Putnam, 1997). Results of the study indicate that
the point sources in the Hillsdale Lake Basin (fig. 1) are
significant contributors to the phosphorus loads in Big
Bull Creek and Little Bull Creek during low-flow con-
ditions. The mean concentrations of total phosphorus
ranged from 0.05 to 4.9 mg/L in water from 44 sites
sampled in the Hillsdale Basin during low-flow condi-
tions from May 1994 through May 1995. Because con-
centrations in water from these sites equaled or
exceeded the RC&D proposed low-flow total phospho-
rus concentration of 0.05 mg/L, it was concluded that
nonpoint-source contamination is significant during

low-flow conditions in the areas of the basin with no

point-source discharges (Putnam, 1997).

Several studies have provided estimates of annual
point- and nonpoint-source loads of phosphorus to
Hillsdale Lake. Montgomery (1991) used a modeling
approach and the limited water-quality data available
to estimate a mean annual phosphorus load of about
24,000 kg, with respective contributions from point
and nonpoint sources of 20 and 80 percent. Carney
(1994) also used a modeling approach and the limited
water-quality data available to estimate a mean annual
phosphorus load of about 19,000 kg, with respective
contributions from point and nonpoint sources of 26
and 74 percent. Carney’s study also indicated the need
for a reduction of annual phosphorus loads from both
point and nonpoint sources by 28 to 45 percent (Car-
ney, 1994). Using water-quality data collected in 1994,
a study by the Johnson County Environmental Depart-
ment (JCED) and the RC&D estimated the annual total
phosphorus load contributed to Hillsdale Lake to be
about 65,000 kg, of which 92 percent was from non-
point sources (Holt, 1996). Because of the limited his-
torical water-quality data available and the large
hydrologic variability over time, an alternative
approach was needed to determine the annual phospho-
rus loads to Hillsdale Lake from point and nonpoint
sources.

A 2-year study by USGS, in cooperation with
JCED and the Johnson County Unified Wastewater
Districts, was begun in 1996 to estimate the historical
phosphorus loads to the lake as well as the historical
contributions of point and nonpoint sources. The his-
torical perspective is important because regulatory and
remediation strategies may be different depending on
the total and relative contributions of phosphorus from
the various point and nonpoint sources within the Hills-
dale Lake Basin. The specific study objectives were to:
1. estimate the volume and mass of bottom sediment in

the lake as well as the mean annual deposition
since closure of Hillsdale Dam in 1981;

2. estimate the total mass of phosphorus in the
lake-bottom sediment as well as the mean annual
load; and

3. estimate the historical mean annual phosphorus
loads to the lake from nonpoint sources.

The purpose of this report is to present the results
of the USGS study to estimate the historical loads of
phosphorus from nonpoint sources to Hillsdale Lake.
From a national perspective, the methods and results
presented in this report provide guidance and perspec-

Introduction 3



tive for future lake studies concerned with the issues of
sedimentation and water quality.

Description of Hillsdale Lake Basin

The Hillsdale Lake Basin is a 144-mi? area in Dou-
glas, Franklin, Johnson, and Miami Counties, northeast
Kansas. The lake has a surface area of 4,580 acres and
a water-storage capacity of 68,000 acre-ft at the conser-
vation-pool elevation of 917 ft above sea level. Water
storage in Hillsdale Lake began on September 19,
1981, and the lake reached conservation-pool elevation
on February 23, 1985. Principal tributaries that contrib-
ute flow directly to Hillsdale Lake include Big Bull
Creek, Little Bull Creek, Rock Creek, Wade Branch,
and Scott Branch (fig. 1). Bedrock in the basin is
mostly Pennsylvanian-age limestone and shale. The
predominate land use in the basin is agriculture, with
about 40 percent of the land used for cultivated crops
(Putnam, 1997). About 20 percent of the basin is
wooded (Camney, 1994). Land use in the remainder of
the basin is dominated by additional agricultural uses
(for example, feedlots and pasture) as well as urban and
residential uses.

Several point sources of phosphorus discharge are
located within the Hillsdale Lake Basin and include
wastewater-treatment facilities at Gardner, Edgerton,
and the Johnson County New Century AirCenter and
wastewater lagoons at Connestoga Mobile Home Park
and Lone Elm Estates (Carney, 1994) (fig. 1). Nonpoint
sources of phosphorus in the Hillsdale Lake Basin
include soils, bedrock, septic systems, feedlots, and
cropland.

Long-term (1961-90) mean annual precipitation,
as computed for Paola, Kansas, located 5 mi south of
Hillsdale Lake, is 40.8 in. About 76 percent of the
annual precipitation is received during the growing
season (April through October) (National Oceanic and
Atmospheric Administration, 1993).

Acknowiedgments
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METHODOLOGY

The objectives of this study were accomplished
using available as well as newly collected information.
Available information included COE data on total
phosphorus concentrations in the lake outflow, JCED
and KDHE data on annual phosphorus loads from the
five largest point sources in the basin, COE 1978
topographic survey information for the lake (pre-
impoundment), COE 1993 and 1996 bathymetric infor-
mation for the lake, USGS discharge data for the lake
outflow, and USGS 1:24,000-scale topographic quad-
rangles that were used as base maps for the study. New
information was obtained through lake-bottom sedi-
ment coring and additional bathymetric surveying.

Sediment-Core Coliection and Analysis

Bottom-sediment cores were collected during the
summer and fall of 1996 at 53 sites (fig. 2) within the
lake using a gravity corer. The liner used in the corer
was cellulose acetate butyrate transparent tubing with a
2.875-in. outside diameter and a 2.625-in. inside diam-
eter. The coring sites were located to provide a spatially
representative sample of lake-bottom sediment both in
and outside of submerged stream channels. A total of
22 in-channel and 31 out-of-channel sites were cored.
Several of the cores were collected on or near the range
lines used in the bathymetric surveys (fig. 2). The lati-
tude and longitude for each coring site was obtained
using global-positioning-system (GPS) technology
with a horizontal accuracy ranging from 15.1 to 32.8 ft
and a mean horizontal accuracy of 22.3 ft.

The sediment cores were refrigerated and typically
processed within 48 hours of collection at the USGS
laboratory in Lawrence, Kansas. Initially, each core
was extracted from the liner and placed in a tray. Main-
tained at a slight incline to preserve the vertical integ-
rity of the sediment, the core was split longitudinally
(that is, lengthwise) to expose the relatively undis-
turbed inner part of the core for examination and sam-
pling. On the basis of differences in moisture content,
texture, and organic matter content (for example, root
hairs, sticks, seed pods, leaves), the boundary between
the lake-bottom sediment and the underlying
pre-impoundment land-surface (or channel-bed) mate-
rial was determined. The lake-bottom sediment was
characterized by higher moisture content, finer texture,
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Table 11. Total phosphorus concentrations and percent moisture content of bottom sediment at in-channel sites
in Hillsdale Lake, 1996—Continued

Total phos- Total phos-
phorus phorus
In-channel concentra- Percent In-channel concentra- Percent
site Sample depth, tion moisture site Sample depth, tion moisture
(fig. 7) in feet (mg/kg) content (fig. 7) In feet (mg/kg) content
LB-9 0-0.69 630 57 LB-15 0-0.49 470 50
0.69-1.38 600 52 0.49-0.98 470 45
1.38-2.07 620 47 0.98-1.47 510 44
2.07-2.76 560 41 1.47-1.96 560 44
2.76-3.47 640 45 1.96-2.21 630 45
Depth-integrated mean 610 Depth-integrated mean 530
LB-10 0-0.78 760 65 RC-1 0-0.50 460 48
0.78-1.56 770 60 0.50-1.0 480 47
1.56-2.34 880 55 1.0-1.5 570 50
2.34-3.12 690 53 1.5-2.0 560 47
3.12-3.62 690 49 2.0-2.5 580 45
Depth-integrated mean 7530
LB-11 0-0.79 750 63
0-0.79dup 750 63 RC-2 0-0.98 480 52
0.79-1.58 850 57 0.98-1.96 520 48
1.58-2.37 690 52 1.96-2.94 580 45
2.37-3.16 730 54 2.94-3.92 550 41
3.92-4.90 450 34
3.16-3.94 590 44 Depth-integrated mean 520
Depth-integrated mean for ~ 740
sites LB-10 and LB-11 SC-2 0-0.44 460 56
0.44-0.87 340 37
LB-13 0-0.48 610 67
0.48-0.96 580 59 SC-3 0-0.40 480 54
0.48-0.96dup 600 59 0.40-0.80 330 37
0.96-1.44 580 54 Depth-integrated mean for 410
0.96-1.44dup 570 54 sites SC-2 and SC-3
1.44-1.92 690 56 WB-2 0-0.52 540 57
1.92-2.42 550 48 0.52-1.04 600 55
IDepth-integrated mean 600 1.04-1.56 540 49
1.56-2.08 550 46
LB-14 0-0.45 720 58 2.08-2.60 390 35
0.45-0.90 700 52 Depth-integrated mean 520
0.90-1.35 740 53 lComputed without the duplicate samples.
1.35-1.80 830 53
1.80-2.24 700 49
Depth-integrated mean T 740
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Table 12. Total phosphorus concentrations and percent moisture content of bottom sediment at out-of-channel

sites in Hillsdale Lake, 1996

Total phos- Total phos-
Out-of- phorus Out-of- phorus
channel concen- Percent channel concen- Percent
site Sample depth, tration moisture site Sample depth, tration moisture
(fig. 7) in feet (mg/kg) content (fig. 7) in feet (mg/kg) content
BB-1 0-0.15 360 37 LB-1 0-0.15 210 36
0-0.15dup 360 37 0-0.15dup 220 36
BB-2 0-0.22 450 55 LB-2 0-0.1 340 41
0-0.22dup 410 55 0.1-0.2 310 40
0.22-0.45 370 46 Depth-integrated mean 330
0.22-0.45dup 360 46
lDepth-integrated mean 410 LB-6 0-0.44 750 65
0.44-0.89 670 58
BB-4 0-0.33 290 44 Depth-integrated mean 710
0.33-0.65 300 36
Depth-integrated mean 300 LB-7 0-0.36 450 51
0-0.36dup 400 51
BB-6 0-0.2 340 40 0.36-0.72 410 42
BB-9 0-0.3 480 57 0.36-0.72dup 490 42
IDepth-integrated mean 430
D1 0-0.13 680 83
0-0.13dup 700 83 SB-1 0-0.22 470 50
0.13-0.68 680 70 0.22-0.45 440 43
0.13-0.68dup 770 70 Depth-integrated mean 460
0.68-1.23 620 62
i . 0.68-1.23dup 600 62 !Computed without duplicate samples.
Depth-integrated mean 660 2Site D-1 was excluded from the computation of mean total

ESTIMATED ANNUAL PHOSPHORUS
LOADS FROM NONPOINT SOURCES

Estimation of annual loads of phosphorus from
nonpoint sources to Hillsdale Lake was accomplished
using the following mass balance:

NPSL + PSL = OFL + SL, €]

where NPSL is the mean annual nonpoint-source load
(in kilograms),
PSL is the mean annual point-source load (in
kilograms),
OFL is the mean annual outflow load (in kilo-
grams), and

phosphorus concentration for the out-of-channel sites due to uncertainty as
to whether the site is more representative of in- or out-of-channel
conditions.

SL is the mean annual lake-bottom sediment
load (in kilograms).

Available and(or) newly collected data were used to
quantify the PSL, OFL, and SL variables in the relation,
thereby allowing NPSL to be determined. The annual
load of phosphorus to Hillsdale Lake from point
sources, computed as the mean of the estimates pro-
vided by three previous studies (Montgomery, 1991;
Camney, 1994; Holt, 1996), was about 5,000 kg. The
mean annual load of phosphorus deposited in the
lake-bottom sediment was estimated to be about
62,000 kg.

The mean annual mass of phosphorus exiting
Hillsdale Lake was estimated using available data on
total phosphorus concentrations in the lake outflow and
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mean annual discharge. COE data on total phosphorus
concentrations consisted of 43 samples collected dur-
ing 1984-95 (Al Coop, U.S. Army Corps of Engineers,
written commun., 1996). Phosphorus concentrations
ranged from 0.01 to 1.8 mg/L, with a flow-weighted
mean of 0.07 mg/L. USGS streamflow data for the
same time period indicated a range in mean annual dis-
charge of 12 to 263 ft*/s, with a mean of 120 ft/s. The
mean annual mass of phosphorus (dissolved plus sus-
pended) leaving the lake, calculated as the mean
phosphorus concentration (0.07 mg/L) multiplied by
the mean annual discharge (120 ft3/s), was estimated to
be about 8,000 kg.

By solving equation 4, the mean annual load of
total phosphorus contributions to the lake from non-
point sources was estimated to be about 65,000 kg.
Therefore, of the mean annual total phosphorus load of
70,000 kg, the contributions from point sources repre-
sent about 7 percent and from nonpoint sources, about
93 percent. Additional study may be helpful in deter-
mining the availability of phosphorus as it relates to
eutrophication processes within the lake.

SUMMARY

Bottom sediment in Hillsdale Lake, northeast Kan-
sas, was analyzed as a means of estimating the annual
loads of total phosphorus deposited in the lake from
nonpoint sources. A combination of topographic,
bathymetric, and sediment-coring data was used to
estimate the total volume of bottom sediment in the
lake. Laboratory analyses of the core samples provided
information on the percent moisture content, bulk den-
sity, and phosphorus concentrations of the bottom sed-
iment and were used to estimate the total mass of
bottom sediment and phosphorus in the lake. Available
streamflow and water-quality data were used to com-
pute the mean annual mass of phosphorus (dissolved
plus suspended) exiting the lake as well as the mean
annual load of phosphorus deposited in the lake from
point sources. The mean annual load of phosphorus
from nonpoint sources then was calculated using a
simple mass balance.

The total volume of bottom sediment in the lake
was estimated to be 91,400,000 ft>. The total mass of
sediment was estimated to be 3,973 million 1b, with a
mean annual (1981-96) sediment deposition of
265 million 1b (120 million kg). Of the total sediment
mass, about 54 percent is in the submerged channels.
The total mass of phosphorus in the lake-bottom sedi-

ment was estimated to be 924,000 kg, with a mean
annual load of 62,000 kg. The mean annual mass of
phosphorus (dissolved plus suspended) exiting in lake
outflow was estimated to be about 8,000 kg. The mean
annual loads of phosphorus to the lake from point and
nonpoint sources were estimated to be 5,000 and
65,000 kg, respectively. Thus, the contribution to the
total mean annual phosphorus load in Hillsdale Lake
from point sources is about 7 percent and from non-
point sources, about 93 percent. Point sources of
phosphorus in the Hillsdale Lake Basin include waste-
water-treatment facilities and wastewater lagoons.
Nonpoint sources of phosphorus in the basin include
soils, bedrock, septic systems, feedlots, and cropland.
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Table 13. Latitude and longitude coordinates for the end points of the U.S. Army
Corps of Engineers range lines used in bathymetric surveys of Hillsdale Lake'

End point A End point B
latitude longitude latitude longitude
Range line {decimal (decimal (decimal (decimal
(fig. 2) degrees) degrees) degrees) degrees)
1 38.6473 94.9158 38.6625 94.8982
2 38.6473 949158 38.6582 94.9219
3 38.6589 94.9248 38.6675 94.9283
4 38.6675 94.9283 38.6806 94.9187
5 38.6801 94.9467 38.6895 94.9336
6 38.6930 94.9606 38.7001 94.9511
7 38.7049 94.9740 38.7081 94.9764
8 38.6996 94.9992 38.7015 95.0002
9 38.7081 94.9764 38.7082 94.9591
10 38.7246 94.9696 38.7238 94.9607
12 38.6412 94.9368 38.6491 94.9367
13 38.6807 94.9185 38.6734 94.9056
14 38.6847 94.9076 38.6813 94.8971
15 38.7040 94.8896 38.7024 94.8789
16 38.7198 94.8720 38.7191 94.8661
18 38.6613 94.9454 38.6671 94.9453

IRange lines 11 and 17 were not used in the study. Respectively, the range lines are located upstream from
Hillsdale Lake on the Big Bull Creek and Little Bull Creek channels. Because neither range line was considered
necessary for estimating total sediment deposition in the lake, they were not surveyed by the U.S. Army Corps
of Engineers or the U.S. Geological Survey in 1996.
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Figure 35. Relation of sediment bulk density to percent moisture content for 19 sediment-core sampies
from Hillsdale Lake.
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