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Hydrologic and Water-Quality Conditions in the Kansas
River, Northeast Kansas, November 2001-August 2002,
and Simulation of Ammonia Assimilative Capacity and
Bacteria Transport During Low Flow

By Patrick P. Rasmussen and Victoria G. Christensen

Abstract

Large concentrations of ammonia and densities of bacteria
have been detected in reaches of the Kansas River in northeast
Kansas during low streamflow conditions, prompting the Kan-
sas Department of Health and Environment (KDHE) to list
these reaches as water-quality limited with respect to ammonia
and fecal coliform bacteria. Sources for ammonia and bacteria
in the watershed consist of wastewater-treatment facilities
(WWTFs) and agricultural and urban runoff. The U.S. Geolog-
ical Survey (USGS), in cooperation with KDHE, conducted an
investigation of the Kansas River to characterize hydrologic
and water-quality conditions and to simulate ammonia assimi-
lative capacity and bacteria transport during low streamflow.
This report characterizes the water-quality conditions, docu-
ments the calibration of a two-dimensional water-quality
model, and presents results of hypothetical simulations of exist-
ing and future WWTFs discharging to the Kansas River during
low streamflow.

Water samples were collected during low streamflow con-
ditions at 50 sampling sites along and near the Kansas River
between Wamego and Kansas City, Kansas, during three syn-
optic surveys conducted between November 2001 and August
2002. The analytical results from these samples indicated that
ammonia and other nutrient concentrations and fecal coliform
bacteria densities increased in the Kansas River from Wamego
to Kansas City. Point sources were the primary contributors of
ammonia and fecal coliform bacteria during low-flow condi-
tions. Generally, ammonia concentrations in the Kansas River
were largest at sampling sites just downstream from WWTFs.
Overall, ammonia concentrations in the Kansas River, tributar-
ies, and WWTF effluent were larger in the winter than during
the summer. None of the main-stem sample concentrations
exceeded the State of Kansas pH- and temperature-dependent
chronic aquatic-life criteria for ammonia during the sampling
periods. Other nutrients, such as total nitrogen and total phos-
phorus, indicated a similar, but less variable, spatial pattern
along the main stem of the Kansas River, with concentrations
increasing slightly downstream from major WWTFs. The tem-
poral variance defined by the results of synoptic survey III

(July 22—August 8, 2002) indicated that ammonia concentra-
tions in the Kansas River sometimes varied daily by as much as
155 percent at a single site.

Samples analyzed for densities of fecal coliform bacteria
illustrated a seasonal, spatial, and temporal pattern slightly dif-
ferent from that of nutrients. Overall, the bacteria densities mea-
sured during the summer were larger than the densities mea-
sured in the winter. The only fecal coliform bacteria density to
exceed the former State water-quality, single-sample criteria of
2,000 col/100 mL (colonies per 100 milliliters of water) was
measured at 4,000 col/100 mL during synoptic III (summer
2002) on the main stem of the Kansas River at Kansas City.
Temporal variability measured during synoptic survey III indi-
cated up to a 263-percent difference in bacteria density over a
12-day period.

Instantaneous loads of ammonia and bacteria were com-
puted to determine primary inputs to the Kansas River and
ammonia and bacteria decay rates in the river. The Oakland
WWTF in Topeka was the largest contributor of both ammonia
and bacteria on the basis of samples collected during the three
synoptic surveys, except for fecal coliform bacteria collected
during synoptic survey III when the DeSoto WWTF was dis-
charging the largest concentration of bacteria. The ammonia
assimilative process was about twice as effective during the
summer synoptic survey than it was during the winter survey.
Decay of fecal coliform bacteria density was less evident and
appeared to have little seasonal effect on the basis of data col-
lected for this report. The summer low-streamflow water-qual-
ity conditions were suitable for nitrification, algae that consume
ammonia, and consequently, decaying organic matter that con-
sume oxygen. The consumption of dissolved oxygen due to
nitrification and decaying algae contributed to three measure-
ments of dissolved oxygen that were less than the State of Kan-
sas aquatic-life-support use criteria of 5.0 milligrams per liter.

CE-QUAL-W?2, a two-dimensional, hydrodynamic and
water-quality model, was used to simulate ammonia and bacte-
ria transport in the Kansas River from Topeka to Kansas City.
The model was calibrated and verified using data from the three
synoptic surveys. The calibrated model successfully simulated
the hydrodynamics, water temperature, dissolved oxygen,
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ammonia, and fecal coliform bacteria in the Kansas River. Sim-
ulated in-stream ammonia concentrations were compared to
measured concentrations upstream to downstream along the
Kansas River. The simulated in-stream ammonia concentra-
tions mostly overestimated the measured values for both winter
and summer, with a few exceptions. Comparisons between
measured and simulated in-stream ammonia concentrations
indicated ammonia assimilation was simulated more accurately
in the summer than during the winter.

Four hypothetical simulations of varied effluent dis-
charges from existing WWTFs and addition of a proposed
WWTF near DeSoto were simulated to better understand future
water-quality conditions in the Kansas River. Results indicated
that ammonia and dissolved-oxygen concentrations in the Kan-
sas River will decrease from the conditions observed during
synoptic surveys II (February 25 through March 1, 2002) and III
(July 22 through August 8, 2002) except near the proposed
WWTF where concentrations of ammonia would be near or
exceed criteria for waterborne species. Effects of the proposed
WWTF on dissolved oxygen would result in concentrations less
than the State of Kansas aquatic-life-support use criteria of 5.0
milligrams per liter for 1 to 2 miles downstream from either of
the proposed sites.

Introduction

In Kansas, elevated concentrations of nutrients and densi-
ties of bacteria are two of the most common contaminants
responsible for causing a stream segment to be designated as
water-quality impaired (Kansas Department of Health and
Environment, 2004). In response to the Federal Clean Water
Actof 1972, the Kansas Department of Health and Environment
(KDHE) has listed segments of the Kansas River as water-qual-
ity impaired with respect to ammonia and fecal coliform bacte-
ria. The term “water-quality limited” defines stream segments
that do not meet established water-quality criteria and, there-
fore, are limited to a lesser designated use. Once a stream has
been designated as water-quality limited and appears on the
water-quality limited (303d) list, the Federal Clean Water Act
requires that States establish total maximum daily loads
(TMDLs) to meet those water-quality criteria. A TMDL is a cal-
culation of the maximum amount of a contaminant that a water-
body can receive and still meet water-quality standards.

Point and nonpoint sources of dissolved solids, nutrients,
and bacteria may cause water to be unsuitable for growth, repro-
duction, and diversity of aquatic organisms; pose potential pub-
lic health problems in processed drinking water; and reduce the
recreational desirability of the stream (U.S. Environmental Pro-
tection Agency, 1986). Treatment facility upgrades and best-
management practices within the watershed are possible solu-
tions for improving water quality.

The effects of rapid population growth and urban develop-
ment on water quality are a concern along the Kansas River
between Topeka and Kansas City. Wastewater-treatment facil-
ities (WWTFs) discharging large concentrations of ammonia

and densities of bacteria are of particular concern during low
streamflow conditions when the quantity of water in the stream
does not sufficiently dilute the ammonia. Large ammonia con-
centrations can cause excessive algal production and in-stream
nitrification during the summer, which can result in small dis-
solved-oxygen concentrations downstream from WWTFs and
nonpoint sources of contaminants. Small dissolved-oxygen
concentrations are a concern because dissolved oxygen is
vitally important for the survival of fish and other aquatic spe-
cies. Large densities of fecal coliform bacteria indicate elevated
risks to people using the stream because contact with the water
could increase the risk of contracting human diseases ranging
from mild diarrhea to respiratory disease, septicemia, meningi-
tis, and polio (Dufour, 1977; Pepper and others, 1996). As urban
growth continues along the Kansas River, capacities of existing
WWTFs will increase, and new WWTFs will discharge to the
river. The assimilative capacity for ammonia and bacteria in the
Kansas River need to be assessed so that river resources can be
better managed to incorporate future population growth without
exceeding water-quality criteria.

In July 2000, the U.S. Geological Survey (USGS), in coop-
eration with KDHE and support from the U.S. Environmental
Protection Agency, began an investigation of that part of the
Kansas River Basin in northeast Kansas to characterize and
simulate water-quality conditions in the river during low
streamflow conditions. Three synoptic streamflow and water-
quality surveys were conducted from November 2001 through
August 2002. A total of 147 samples were collected at 50 sites
within and along the Kansas River between Wamego and Kan-
sas City, Kansas. Continuous water-quality monitors also were
installed in the Kansas River at Wamego, Topeka, and DeSoto.
The data from the samples collected and the hourly measure-
ments from the water-quality monitors were used to calibrate
and verify a two-dimensional water-quality model of the Kan-
sas River from Topeka to Kansas City, Kansas.

Purpose and Scope

The primary purpose of this report is to describe hydro-
logic and water-quality conditions and the assessment of the
assimilative capacity of ammonia and bacteria transport in the
Kansas River during low streamflow conditions. For this report,
low-flow conditions in the Kansas River were defined as
streamflows less than 2,500 ft3/s.

The specific objectives of the report are to (1) characterize
ambient hydrologic and water-quality conditions during the
study period from November 2001 to August 2002, (2) docu-
ment calibration of the CEFQUAL-W?2 water-quality model,
and (3) present the results of model simulations for selected
hypothetical situations describing the effects of an additional
WWTF and changes in WWTF effluent discharges on water
quality of the Kansas River during low streamflow conditions.
The results presented in this report provide KDHE with infor-
mation necessary for making decisions regarding effects from
existing and proposed WWTFs on water-quality conditions in
the Kansas River.



Description of Study Area

The Kansas River is formed by the confluence of the
Smoky Hill and Republican Rivers near Junction City, Kansas
(fig. 1). From there, the river flows 170 mi to Kansas City where
it discharges to the Missouri River. The entire drainage area for
the Kansas River Basin at Kansas City is 60,097 mi’ (table 1)
encompassing the northern half of Kansas and extending into
Nebraska and Colorado. Streamflow in the Kansas River is reg-
ulated by seven large reservoirs—Kanopolis, Wilson,
Waconda, Milford, Tuttle Creek, Perry, and Clinton Lakes,
operated by the U.S. Army Corps of Engineers. For this study,
a stream was considered regulated if 20 percent or more of its
drainage area is upstream from an impoundment. Low stream-
flow in the Kansas River downstream from Lawrence also is
affected by a low-water dam operated by Bowersock Mills and
Power Company (Lawrence, Kansas).

There are five major tributaries of the Kansas River that
are gaged by USGS (Smoky Hill, Republican, Big Blue, Dela-
ware, and Wakarusa Rivers), and each of their corresponding
drainage areas are at least 71 percent regulated (table 1). About
85 percent of the entire Kansas River Basin is regulated. Seven
nonregulated tributaries, with drainage areas ranging from 70 to
533 mi2 (Clarks, Vermillion, Mill, Cross, Soldier, Shunga-
nunga, and Stranger Creeks, see fig. 2 for location), have a
cumulative total drainage area of 2,296 mi”. The remaining
drainage area consist of several smaller unregulated tributaries
(drainage areas less than 70 mi%) totaling about 1,600 mi.

Introduction 3

Land use throughout the study area (5,555 mi?) is prima-
rily agricultural (cropland and grassland) with some urban areas
including Junction City, Manhattan, Topeka, Lawrence, and
Kansas City, Kansas (fig. 3). Counties adjacent to the Kansas
River support a growing population of nearly 800,000 people
(Policy Research Institute, 2002; table 2). WWTFs in the coun-
ties along the main stem of the Kansas River discharge directly
into the river or into a tributary immediately upstream from the
Kansas River (M.E. Gerard, KDHE, written commun., 2004).

The climate of the Kansas River Basin is affected by the
movement of frontal air masses over the open, inland plains,
and seasonal precipitation extremes are common. About 65 per-
cent of the mean annual precipitation falls from April through
September. During the summer months, the weather is domi-
nated by warm, moist air from the Gulf of Mexico or by hot, dry
air from the Southwest. Summer precipitation generally occurs
as high-intensity thunderstorms. Generally, the climatic charac-
teristics vary in an east-west direction, with little north-south
variation. The general climate of the western part of the Kansas
River Basin is semiarid with hot, dry summer months and cold,
windy winter months. The general climate of the eastern part of
the basin tends to be more humid, with sultry summer months
and cold winter months.

Mean annual precipitation in the Kansas River Basin var-
ies from about 16 in. in the extreme western part of the basin to
about 42 in. in the east (Daly and others, 1997). Mean annual
precipitation for the period 1971 through 2000 for the down-
stream part of the Kansas River Basin as measured by the
National Weather Service at the Topeka Philip Billard

Table 1. Basin characteristics of the Kansas River and major tributaries in northeast Kansas.

[miz, square miles; --, not determined]

Stream name Miles upstream from confluence  Total drainage area Total regulated drainage area’ (mi2)
(fig. 2) with Missouri River (mi?) [percentage of drainage area that is regulated]
Smoky Hill River 170.4 19,950 14,850 [74.4]
Republican River 170.4 24912 24,880 [99.9]
Clarks Creek 163.4 280 --
Big Blue River 147.5 9,681 9,628 [99.4]
Vermillion Creek 121.4 521 --
Mill Creek 104.1 408 -
Cross Creek 102.5 180 --
Soldier Creek 80.5 304 --
Shunganunga Creek 75.7 70 --
Delaware River 64.7 1,144 1,117 [97.6]
Wakarusa River 41.7 516 367 [71.1]
Stranger Creek 34.6 533 -
Small tributaries Various locations along the 1,598 --
Kansas River
Kansas River 0 60,097 50,842 [84.6]

IFor this study, a stream was considered regulated if 20 percent or more of its drainage area is upstream from an impoundment.
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Municipal and Kansas City International Airports (fig. 4) was
36 and 38 in., respectively (National Oceanic and Atmospheric
Administration, 2002 and 2003).

Monthly precipitation during the 10-month study period
generally was less than normal. The monthly totals for the three
synoptic surveys (November 2001, February 2002, and July
2002) ranged between 19 and 71 percent less than normal.
These dry conditions led to low streamflow conditions that were
favorable for collecting samples for this type of study. A trace
of precipitation occurred during synoptic surveys I
(November 27-29, 2001) and II (February 25-March 1, 2002).
A widespread storm of about 0.75 in. of rain occurred during
synoptic survey III (July 22—-August 8, 2002).

Data Collection and Analysis

Water-quantity and -quality measurements and samples
were collected during three synoptic surveys of the Kansas
River. Fifty sampling sites were established within the study
area; 24 along the Kansas River, 18 on tributaries to the Kansas
River, and 8 at the effluent of WWTFs (fig. 2, table 3). One-
hundred and forty-seven water-quality samples were collected
during the synoptic surveys; 24 samples were collected from
24 sites during November 27-29, 2001, for synoptic survey I;
49 samples were collected from 49 sites during the period Feb-
ruary 25 through March 1, 2002, for synoptic survey II; and
74 samples were collected from 50 sites during July 22 through
August 8, 2002, for synoptic survey III (table 3). Streamflow



Table 2. Population of counties adjacent to the Kansas River in
northeast Kansas in 2000 and projected for 2030 (data from Policy
Research Institute, 2002).

. Percentage

((:f?;n;;’ 2000 population Zﬂsg;)urgggaed change frgm

2000 to 2030
Douglas 95,849 104,199 8.7
Geary 33,258 40,322 21.2
Jefferson 16,746 17,996 7.5
Johnson 465,124 655,447 40.9
Leavenworth 73,616 87,236 18.5
Pottawatomie 17,722 22,279 25.7
Riley 70,970 81,265 14.5
Shawnee 169,632 166,809 -1.7
Wabaunsee 6,391 5,960 -6.7
Wyandotte 160,461 160,026 -3

and water-quality measurements were recorded at each sam-
pling site during sample collection. Continuous water-quality
measurements were collected throughout the study period at
USGS streamflow-gaging stations at Wamego, Topeka, and
DeSoto, Kansas (fig. 2).

Sample collection for each survey began at downstream
sampling sites near Kansas City and progressed up the Kansas
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River to sites near Wamego. Samples were collected in this
manner to ensure that the most important segments (down-
stream main stem, tributaries, and WWTFs) near Kansas City
were sampled before possible rain and runoff might disrupt the
ideal low streamflow conditions.

Depending on streamflow conditions, samples were col-
lected either manually using a dip sampling method or using
isokinetic, depth-integrated sampling methods (Wilde and oth-
ers, 1999). Samples for the analysis of bacteria were collected
by dipping a sterile sampling bottle at the center of streamflow.
Samples were analyzed for all or some of the following proper-
ties and constituents: water-quality properties (specific conduc-
tance, pH, water temperature, turbidity, and dissolved oxygen),
major ions, nutrients, suspended sediment, bacteria, 7-day bio-
logical oxygen demand (BOD), carbonaceous biochemical oxy-
gen demand (CBOD), and biovolume and algal species.

The USGS National Water-Quality Laboratory in Lake-
wood, Colorado, provided the analytical services for most con-
stituents, with the exception of BOD, CBOD, bacteria, and algal
species. Water samples were analyzed for BOD and CBOD at
the KDHE Environmental Laboratory, Topeka, Kansas, accord-
ing to methods presented in Eaton and others (1995). Samples
for bacteria were analyzed at the USGS office in Lawrence,
Kansas, according to methods presented in Myers and Sylvester
(1997). Samples for algal species were identified and enumer-
ated by BSA Environmental Services Laboratory, Inc. (BSA),
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Figure 4. Accumulated monthly precipitation from November 2001 through August 2002 and 30-year mean
monthly precipitation (1971-2000) measured at Topeka Philip Billard Municipal Airport and Kansas City Inter-
national Airport (data from the National Oceanic and Atmospheric Administration, 2002, 2003).
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Table 3. Data-collection sites in the Kansas River Basin, northeast Kansas, sampled during synoptic surveys, November 2001-
August 2002.

[Shading indicates USGS streamflow-gaging station with continuous water-quality monitor; 1, sample collected; --, no sample collected]

Number of samples

U.S. Geological Miles collected for
Map Survey upstream . synoptic surveys'
number . e from the Site name
(fig. 2) identification Missouri

number River | Il 11

1 06887500 124.0  Kansas River at Wamego -- - 1

2 06888000 119.2  Vermillion Creek near Wamego -- 1 1

3 06888300 118.2  Rock Creek near Louisville -- 1 1

4 06888350 113.0 Kansas River at Belvue -- 1 1

5 06888400 103.7 Kansas River near Maple Hill -- 1 1

6 06888650 101.7  Mill Creek near Maple Hill -- 1 1

7 06888700 100.1  Cross Creek near Rossville -- 1 1

8 06888705 98.9 Kansas River at Willard -- 1 1

9 06888800 91.6 Mission Creek near Valencia -- 1 1
10 06888980 86.0 Kansas River at Highway 75, Topeka 1 1 1
11 06888985 85.0 North Topeka wastewater-treatment facility, Topeka 1 1 1
12 06889000 83.0 Kansas River at Topeka -- 1 5
13 06889002 81.7 Topeka Oakland sewage treatment effluent 1 1 1
14 06889010 81.1 Kansas River at Highway 4, Topeka -- 1 2
215 06889504 80.5 Soldier Creek, Meriden Road, near Topeka 1 1 1
16 06889700 76.0  Shunganunga Creek at Rice Road, Topeka 1 1 1
17 06889750 73.7 Kansas River near Grantville -- 1 1
18 06889800 72.3  Muddy Creek near Grantville 1 1 1
19 06889850 68.6  Kansas River near Grover -- 1 2
20 06890900 65.1 Delaware River below Perry Dam 1 1 1
21 06891000 64.0 Kansas River at Lecompton 1 1 5
22 06891060 58.6  Buck Creek at Williamstown -- 1 1
23 06891070 57.5 Kansas River near Midland -- 1 1
24 06891080 51.9 Kansas River at Lawrence -- 1 1
25 06891090 51.1 Lawrence sewage treatment effluent 1 1 1
26 06891093 50.6  Kansas River between Lawrence and Farmland effluent  -- 1 2
27 06891095 50.1 Farmland nitrogen plant effluent, Lawrence 1 1 1
28 06891096 48.6 Kansas River below Farmland effluent -- 1 1
29 06891098 47.6 Mud Creek near Lawrence 1 1 1
30 06891100 43.4 Kansas River at Eudora 1 1 1
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Table 3. Data-collection sites in the Kansas River Basin, northeast Kansas, sampled during synoptic surveys, November 2001-

August 2002.—Continued

[Shading indicates USGS streamflow-gaging station with continuous water-quality monitor; --, no sample collected]

Number of samples

U.S. Geological Miles collected for
Map Survey upstream . synoptic surveys'
number . Ll from the Site name
(fig. 2) identification Missouri

number River I I I

31 06891675 42.6  Wakarusa River at 1900 Road near Eudora 1 1 1
32 06892200 354  Stranger Creek above Linwood 1 1 1

33 06892350 31.7 Kansas River at DeSoto -- 1 7

34 06892358 31.0 DeSoto sewage treatment effluent -- 1 1

35 06892360 31.0 Kill Creek at 83rd Street 1 1 1

36 06892380 30.8 Kansas River near Cedar -- 1 2

37 06892490 26.7 Cedar Creek near Cedar Junction 1 1 1

38 06892500 20.7 Kansas River at Bonner Springs -- 1 1

39 06892502 20.3 Bonner Springs sewage treatment effluent 1 1 1

40 06892504 19.4  Kansas River near Lake of the Forest -- 1 1

41 06892505 16.6  Kansas River near Edwardsville -- 1 1
242 06892515 16.1 Mill Creek at Wilder Road 1 1 1
43 06892518 15.4 Kansas River near [-435 bridge -- 1 1

44 06892520 15.0  Johnson County Mill Creek Regional sewage treatment effluent 1 1 1

45 06892525 14.8  Kansas City sewage treatment effluent no. 20 1 1 1

46 06892527 11.2  Unnamed tributary below Kansas City sewage treatment effluent 1 1 1

no. 14

47 06892530 9.7 Kansas River at Turner Bridge -- 1 3

48 06892540 6.0 Kansas River at West Kansas Avenue Bridge 1 1 2

49 06892942 3.2 Turkey Creek at Kansas City near I-35 1 1 1

50 06892960 1.1  Kansas River above Missouri River confluence 1 1 4
Total 24 49 74

1Synoptic survey I occurred November 27-29, 2001; synoptic survey II occurred February 25-March 1, 2002; synoptic survey III occurred

July 22—-August 8, 2002.

2Sampling site where a continuous water-quality monitor was installed for 1 to 10 days during synoptic survey III.

Beachwood, Ohio, using a Leica inverted compound micro-
scope with 150X, 300X, 600X, and 1,000X objectives and epi-
fluorescence. The magnification used depended on the size of
the dominant taxa and the size and number of particulates. The
goal was to count at multiple magnifications to correctly enu-
merate and identify taxa present that varied in size by several
orders of magnitude. If the sample was dominated by cells or
natural units less than 10 to 20 wm or if the cells were fragile and
difficult to identify, the majority of counting was completed at
600X to 1,000X magnification.

Natural units enumerated included single cells, filaments,
or colonies. The abundance of all phytoplankton taxa was cal-
culated as cells per liter and then multiplied by the biovolume

for one cell of that species. The abundance of common taxa was
estimated by random field counts. The goal, regardless of mag-
nification, was to enumerate and identify a minimum of

400 natural units per sample exclusive of miscellaneous
microflagellates. Extremely sparse samples or samples with
high particulates yielded less than 400 natural units. For sam-
ples with common colonies or filaments, the counts included
several thousand cells because total cell numbers of multicell
units (colonies, filaments) were quantified. In accord with Lund
and others (1958), the data were accurate to within 90-percent
confidence limits.
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Duplicate and blank samples were analyzed to provide
quality assurance of laboratory analytical precision and repro-
ducibility, and cleaning techniques. The percentage difference
of duplicate samples was calculated using equation 1:

|C) -G,
|C1+C,

where 2
C, is the concentration or density for the first sample; and
C, is the concentration or density for the duplicate sample.

The percentage difference for all the chemical and bacteria
duplicate samples ranged from 0.09 to 27 percent and 12 to
20 percent, respectively. Differences of less than 20 percent for
chemical analysis were acceptable. However, differences
greater than 20 percent may indicate analytical or sampling
deficiencies. Possible causes for the large uncertainty in the
bacteria results are discussed in a USGS report by Rasmussen
and Ziegler (2003).

Eighteen USGS streamflow-gaging stations were located
within the study area during the study period, 6 on the Kansas
River and 12 on various tributaries (fig. 2). A continuous record
of stream stage (water-surface elevation) was recorded at each
station using pressure transducers and electronic data-collection
platforms. Daily mean streamflow was calculated at the stations
by relating stream stage to measured streamflow using methods
presented by Kennedy (1984).

Continuously recording (60-minute intervals) water-
quality monitors were installed at USGS streamflow-gaging
stations on the Kansas River at Wamego (station 06887500),
Topeka (station 06889000), and DeSoto (station 06892350)
during the study surveys. Water-quality properties measured
with the monitors included specific conductance, pH, water
temperature, turbidity, and dissolved oxygen. Measurements
were logged hourly and transmitted every 4 hours via satellite
to the USGS office in Lawrence, Kansas, and were made avail-
able in real time on the World Wide Web
http://ks.water.usgs.gov/Kansas/rtqw/). The water-quality
monitors were inspected onsite by USGS personnel approxi-
mately monthly to maintain calibration. Guidelines and stan-
dard procedures for maintaining the sites and reporting the data
are described in Wagner and others (2000). These continuous
data can be used to develop surrogate relations between real-
time data and samples collected to provide continuous estimates
for selected constituents (Christensen and others, 2000; Ras-
mussen and Ziegler, 2003).

During synoptic survey III (July 22—August 8, 2002), con-
tinuously recording water-quality monitors were temporarily
installed for several days in the Kansas River at Lecompton
(station 06891000) and Kansas City (station 06892960) and for
about 24 hours near the mouth of Soldier Creek, Wakarusa
River, and Mill Creek in Johnson County. The data from these
monitors were used to verify input values for the water-quality
model. Measurements of specific conductance, pH, water tem-
perature, turbidity, and dissolved oxygen were logged hourly.
All of the temporarily installed monitors were cleaned and cal-
ibrated prior to installation, and the monitors at Lecompton and

percentage difference =

) ey

Kansas City also were cleaned and calibrated 1 week after
installation and prior to removal.

Hydrologic and Water-Quality Conditions

Hydrologic and water-quality conditions during the study
period are summarized in this section. Analytical results of the
water samples collected are listed in Appendix 1 at the back of
this report. Spatial variations in water quality for the three syn-
optic surveys are described as well as seasonal variation
between winter (synoptic surveys I and II) and summer (synop-
tic survey III) conditions. Some temporal comparisons are made
for synoptic survey III. Comparison of analytical results to State
water-quality criteria also are provided.

Hydrologic Conditions

Long-term (1971-2000) average monthly streamflows for
the Kansas River at Topeka (station 06889000) and DeSoto
(station 06892350) indicated that January had the smallest
flows and that May had the largest average monthly stream-
flows (fig. 5). Comparisons of average monthly streamflows for
the Kansas River at Topeka and DeSoto from November 2001
to August 2002 with long-term average monthly streamflow
indicated that streamflows during the study period were from 17
to 87 percent less than the long-term normal (1971-2000).

KDHE uses the 30-day, 10-year low streamflow (30Q10)
statistic for 1968-97 to determine mixing zones downstream
from point-source discharges (Kansas Department of Health
and Environment, 2002). The 30Q10 is defined as the stream-
flow below which the annual 30-day minimum falls in 1 year
out of 10 as a long-term average. The recurrence interval of the
30Q10 is 10 years; the chance that the annual 30-day minimum
flow will be less than the 30Q10 is 10 percent in any given year.
The 30Q10s for the Kansas River at Topeka, Lecompton, and
DeSoto for 1971-2000 were calculated on the basis of stream-
flow data collected at USGS streamflow-gaging stations (fig. 2)
and are compared to the 30Q10s that KDHE uses (1968-97) in
table 4.

Differences in streamflow between sites on the Kansas
River at Topeka, Lecompton, and DeSoto were caused by
various factors. Daily mean streamflow varied from 740 to
9,600 ft3/s at Topeka, 900 to 13,500 ft3/s at Lecompton, and
950 to 15,800 ft*/s at DeSoto during the study (fig. 6A). Hourly
streamflow fluctuation during the three synoptic surveys were
caused by reservoir and low-water dam operation and rainfall
(figs. 6B—D). Comparison of hourly streamflows for the Kansas
River at Topeka and Lecompton during steady, low streamflow
conditions indicates a 300 to 400 ft3/s increase at Lecompton,
suggesting that the river is gaining streamflow from its tributar-
ies, point sources, and ground water (Wolf and Helgesen,
1992). The differences in hourly streamflows between
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Figure 5. Long-term, average monthly streamflow, 1971-2000, and observed average monthly streamflow,
November 2001 through August 2002, for Kansas River at Topeka and DeSoto.

Table 4. Calculated 30-day, 10-year low flows for the Kansas River
at selected U.S. Geological Survey streamflow-gaging stations in
northeast Kansas, 1971-2000 and 1968-97.

[ft3/s, cubic feet per second]

2,100 ft3/s, respectively, for survey I; 1,900 and 1,900 ft3/s,
respectively, for survey II; and 1,100 and 1,300 ft3/s, respec-
tively, for survey III. In comparison with the long-term duration
curve, the average mean daily streamflows for the three synop-
tic surveys were greater than or equal to streamflows with

exceedance probabilities of 70 percent or greater for the 30-year
period. Hourly streamflows during the three synoptic surveys
were greater than both of the 30Q10 low flows at Topeka and
DeSoto listed in table 4.

Streamflow in the Kansas River downstream from

u.s. Streamflow, Streamflow,
Geological 30-day, 30-day,
station Station name 10-yearlow 10-year low
number (/t/s), (/t3s),
(fig. 4) 1971-2000 1968-97
06887500  Kansas River at Wamego, 626 575
Kansas
06889000  Kansas River at Topeka, 677 670
Kansas
06891000  Kansas River at Lecompton, 802 765
Kansas
06892350  Kansas River at DeSoto, 856 830

Kansas

Lawrence is affected by a low-water dam that is operated by the
Bowersock Mills and Power Company and used to generate
electricity (fig. 8). The dam maintains about 4 to 6 ft of head
(the difference in elevation between the surface of the pool
upstream from the dam and downstream from the dam) using
baffles and boards to divert water to the powerplant to generate
electrical output. The head and streamflow provide the energy
necessary to turn the turbines of the generators to produce elec-

Lecompton and DeSoto were small, suggesting gains in stream-
flow from tributaries and point sources are offset by losses to
withdrawals and ground- and surface-water interaction.

Mean daily streamflows varied from 340 to 170,000 /s
at Topeka and 520 to 170,000 ft3/s at DeSoto during the period
1971 through 2000 (fig. 7). Median mean daily streamflows for
the 30-year period were 3,200 ft3/s at Topeka and 4,400 ft3/s at
DeSoto. Mean daily streamflows for the Kansas River at
Topeka and DeSoto during the synoptic surveys were 1,500 and

tricity. Maintenance and equipment failures are some of the
reasons for lowering and raising the dam, creating extreme
streamflow changes downstream from the dam during low-flow
conditions.

The sum of the designed (maximum) discharges (Appen-
dix 2) from the 37 wastewater discharge sites identified in
figure 9, is 159 ft3/s. The sum of the six largest WWTFs
(Johnson County Mill Creek Regional (WWTF 33), Topeka
Oakland (WWTF 8), Johnson County Nelson (WWTF 37),
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Figure 7. Streamflow duration curves, 30-day, 10-year low flows, and mean daily streamflow for 1971 through 2000 and for
synoptic surveys from November 2001 through August 2002 for Kansas River at Topeka and DeSoto.

Lawrence (WWTF 16), North Topeka (WWTF 7), and Kansas
City no. 20 WWTF (site 34) represents 79 percent of the total
design flow. The cumulative design flow for the wastewater dis-
charges upstream from Topeka (WWTF 8) and DeSoto
(WWTF 27) are 24 and 82 ft3/s, respectively. Currently, (2004)
48 percent of the cumulative WWTF design flow is discharged
into the Kansas River downstream from DeSoto. The winter
permitted ammonia loads are greatest for WWTFs serving large
urban areas (Topeka, Lawrence, Kansas City; fig. 9). On the
basis of projected population for the counties adjacent to the
Kansas River (table 2), wastewater from the projected 2030
population growth in Johnson County has the greatest potential
to increase the ammonia load in the WWTTF effluent and affect
the water quality of the Kansas River downstream from DeSoto.
Calculated cumulative streamflow values were compared
to measured streamflow values on the main stem of the Kansas
River to estimate surpluses and deficits of streamflow (fig. 10).
Cumulative streamflow was calculated by starting with the
streamflow of the Kansas River at Wamego or some site
downstream and adding the measured streamflows from tribu-
taries and WWTFs. In some cases, when there was a large dif-
ference between flow values of the instantaneous measurements
made during sample collection and those reported by WWTFs,
the flow value reported by the WWTF was used in the
calculation of cumulative streamflow. Inflow from small tribu-
taries and withdrawals from the Kansas River and surface- and
ground-water interaction during these periods were not mea-

sured. Withdrawals from the Kansas River for municipal water
use typically are reported as a monthly value. These monthly
values were not used in this comparison or in the model.
Streamflows for tributaries and WWTFs (as reported by the
facility) were assumed to be constant throughout each synoptic
period. A surplus of streamflow occurred during synoptic
survey I (fig. 10A) when main-stem measured streamflow
values were greater than main-stem cumulative streamflow. Part
of the reason for the apparent surplus was because the Kansas
River flows were not in steady-state condition. Moreover, the
measurements were made from downstream to upstream as
streamflow in the Kansas River was decreasing (fig. 6B). The
main-stem samples that were collected first near the confluence
with the Missouri River were collected during streamflows of
about 2,500 ft3/s (fig. 10A). The last sample collected on the
main stem near Topeka was at a streamflow of 1,400 ft3/s (fig.
10A). For this reason, conclusions about unmeasured tributary
inflow and ground-water flux during synoptic survey I can not
be made with certainty.

Streamflow in the Kansas River was more stable at the
Topeka and Lecompton USGS gaging stations during synoptic
survey II (fig. 6C). Streamflow at the DeSoto USGS gage fluc-
tuated as a result of of operations of Bowersock Dam. Measured
streamflow and cumulative streamflow for the main-stem sites
upstream from Bowersock Dam indicated that flow in the river
increased slightly from upstream to downstream as tributaries
and WWTTFs flowed into the river (fig. 10B). Downstream from



Figure 8. Bowersock Dam on Kansas River at Lawrence, Kansas
(photograph courtesy of Bowersock Mills and Power Company,
Lawrence, Kansas).

Bowersock Dam, streamflow varied hourly indicating that the
operation of Bowersock Dam greatly affected the streamflow
and increased the uncertainty of the comparison for this portion
of the main stem.

During synoptic survey III (fig. 10C), streamflow in the
Kansas River varied because of runoff from rainfall and opera-
tion of Bowersock Dam (fig. 6D). Samples and streamflow
measurements for synoptic survey III on the main stem were
collected either before or after the increased streamflow from
runoff reached the sampling site. A few streamflow measure-
ments on the Kansas River were made that were affected by the
runoff. The variability of the main-stem streamflow was
reflected at the sampling sites where more than one sample was
collected. For instance, instantaneous streamflow for each sam-
ple collected at the USGS streamflow gage at Lecompton
(site 21) ranged from 830 to 1,300 ft3/s. The hourly streamflow
data from the DeSoto streamflow gage indicated that the opera-
tion of Bowersock Dam affected streamflow only for the first 3
to 4 days of synoptic survey III (fig. 6D). Therefore, flows in
the Kansas River measured during that period at sites down-
stream from Bowersock Dam (downstream from site 24) were
affected by dam operations.

Streamflow contributed by all the measured tributaries
(18) and WWTFs (8) during synoptic survey III was about
140 ft3/s and accounted for 13 percent of the total streamflow at
the mouth. The measured main-stem streamflow decreased
from Wamego (site 1) to Topeka (site 12) and then gradually
increased from Topeka to just upstream from Bowersock Dam
(site 24). This slight streamflow increase is similar to the rate of
increase indicated by the main-stem cumulative streamflow for
this reach. The comparison between measured and calculated
main-stem cumulative streamflow demonstrates that, for the
reach between Topeka (river mile 85) and Lawrence (river mile
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56), the Kansas River is gaining streamflow from tributaries,
WWTFs, and ground water.

The comparison between measured and calculated cumu-
lative streamflow of the Kansas River downstream from Bow-
ersock Dam to the confluence with the Missouri River indicated
that, in general, streamflow increased. The rate of increase for
main-stem measured streamflow exceeded the rate of increase
for calculated main-stem cumulative streamflow. There are sev-
eral possible explanations for this. The daily operation of Bow-
ersock Dam coupled with the timing of the measurements could
have created the variation between the measured and cumula-
tive streamflow, or the river reach could be receiving ground
water and, therefore, increasing the streamflow. Another expla-
nation is that the assumption that the magnitude of the flow
from the tributaries and WWTFs was constant was incorrect.
The streamflow for the gaged tributaries indicated no evidence
of an increase in streamflow. It is possible that the discharge
from the WWTFs increased during this period, but even if every
WWTF was discharging at full design capacity, the resulting
increased streamflow is not enough to make up the difference.
Of the possibilities, the timing of the streamflow measurements
and the ground-water inflow increasing the streamflow in the
Kansas River are the most likely causes of differences between
measured and calculated cumulative streamflow.

Physical Water-Quality Characteristics

Physical water-quality characteristics (specific conduc-
tance, pH, water temperature, turbidity, and dissolved oxygen)
in the Kansas River are affected greatly by the magnitude of
streamflow, amount of daily solar radiation available, and the
clarity of the water. Fluctuations and extremes in physical
water-quality characteristics can result in unfavorable condi-
tions for the survival of fish and other aquatic species. This sec-
tion discusses hourly measurements of these physical character-
istics of water in the Kansas River at Wamego, Topeka, and
DeSoto.

Specific Conductance

Specific conductance describes the ability of water to con-
duct an electrical current and provides an indication of ion con-
centrations or dissolved solids. Pure water has a very small
electrical conductance. Concentrations of dissolved solids
increase as specific conductance increases (Hem, 1992). Mea-
surements of specific conductance along the Kansas River can
indicate point-source inflows and ground- and surface-water
interaction. There are no water-quality criteria for specific con-
ductance in Kansas.

Specific conductance generally varied inversely with
streamflow (fig. 11). During low streamflow conditions, when
reservoir releases were relatively small, streamflow was
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Hydrologic and Water-Quality Conditions in the Kansas River, Northeast Kansas, November 2001-August 2002

A. Synoptic survey I, November 27-29, 2001
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Figure 10. Comparison of measured streamflow in Kansas River with cumulative streamflow calculated from mea-
sured inputs and withdrawals during synoptic surveys I, I, and Ill, November 2001 through August 2002. Location of
synoptic sampling sites shown in figure 2. Gray shading indicates multiple samples collected at a single site.



A. Kansas River at Wamego (station 06887500, fig. 2)
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primarily from ground water and, therefore, contained large dis-
solved-solids concentrations (that is, large specific conductance
values). When reservoir releases within the watershed
increased, subsequent specific conductance values decreased.
Mean daily specific conductance for the Kansas River at Topeka
during the three synoptic periods ranged from 351 uS/cm at

25 °C during the largest streamflow to 1,101 uS/cm at 25 °C
when streamflow in the Kansas River was less than 2,500 /s
(fig. 11B).

pH

Hydrogen-ion activity or content is measured with pH. As
the hydrogen-ion activity increases, pH values decrease to val-
ues less than 7.0 standard units and exhibit acidic properties. pH
values greater than 7.0 standard units exhibit alkaline properties
and a decrease in hydrogen activity. KDHE aquatic-life-support
use criterion for pH is not less than 6.5 and not more than
8.5 standard units (Kansas Department of Health and Environ-
ment, 2002). Hourly values of pH greater than 8.5 standard
units occurred during 25 percent of the period October 2000
through September 2003 (different from study period so that the
plot is an annual exceedance curve) for the Kansas River at
Topeka (fig. 12). Forty and 19 percent of the hourly pH values
in the Kansas River at Topeka for synoptic surveys II and III,
respectively, were greater than 8.5 standard units.

Hydrologic and Water-Quality Conditions in the Kansas River, Northeast Kansas, November 2001-August 2002

The pH of a stream is an important factor when consider-
ing the toxicity of ammonia for fish. KDHE aquatic-life criteria
for ammonia reflect the relation of pH and ammonia toxicity
(fig. 13). For example, the acute aquatic-life criterion for
ammonia at a pH of 7.0 standard units is 36.1 mg/L, whereas,
for a pH value of 8.5, the criterion is 3.2 mg/L (fig. 13A). These
criteria indicate that as pH increases so does the toxicity of
ammonia.

In general, the pH of the Kansas River was slightly basic
during the study period ranging from 8.0 to 9.0 standard units
(fig. 11). Variations in pH are primarily diurnal, although there
were some large streamflows that decreased the pH of the Kan-
sas River. Diurnal fluctuation of pH is caused primarily by pho-
tosynthesis in aquatic organisms that take up dissolved carbon
dioxide during the daylight and then release carbon dioxide at
night by respiration (Hem, 1992). The amplitude of the diurnal
variations increased during the summer months (synoptic
survey III) when streamflow was small and water temperature
was high. During the two large runoff periods (May 7 and
May 13, 2002), mean daily pH decreased to values of 8.2 and
7.9 standard units, respectively, in the Kansas River at Topeka.
The smallest mean daily pH (7.8 standard units) occurred dur-
ing minor runoff in the summer (August 17, 2002). The maxi-
mum mean daily pH value was 8.8 standard units and occurred
June 26, 2002, during low streamflow conditions (less than
2,500 ft/s). The average pH for the three synoptic surveys
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Figure 12. Duration curve for pH in Kansas River at Topeka (stati
average pH for each synoptic survey.
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A. pH-dependent acute aquatic-life criteria for total ammonia as nitrogen
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Figure 13. Acute and chronic aquatic-life criteria for total ammonia as nitrogen (criteria from Kansas Department of
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ranged from 8.3 to 8.5. The minimum and maximum observed
during the synoptic surveys was 7.6 and 8.9 standard units,
respectively, and both were observed during synoptic survey III.

Water Temperature

Water temperature also is important when determining the
chronic aquatic-life criteria for ammonia (fig. 13). At a pH of
8.0 standard units, the ammonia criterion for early life stages
present is 2.3 mg/L at a water temperature of 14 °C and
0.90 mg/L at a water temperature of 30 °C (Kansas Department
of Health and Environment, 2002). These criteria suggest that
as water temperature and pH increase so does ammonia toxicity
in fish.

Mean daily water-temperature data (fig. 11) from the Kan-
sas River at Wamego, Topeka, and DeSoto indicated seasonal
and daily variations. Water temperature variations during low
streamflow conditions were related primarily to the amount of
daily solar radiation available. Mean daily water temperatures
varied from 0 °C in the winter (synoptic surveys I and IT) to
more than 30 °C in the summer (synoptic survey III). The min-
imum, median, and maximum water temperatures in the Kansas
River at Topeka for the study period were 0, 17.8, and 33.0 °C,
respectively (fig. 14). The hourly water temperature of the Kan-
sas River at Topeka varied from 2.5 to 29.2 °C during synoptic

Hydrologic and Water-Quality Conditions in the Kansas River, Northeast Kansas, November 2001-August 2002

surveys II and III, respectively. Diurnal variations were as much
as 5 °C. Synoptic surveys II and IIT were conducted during the
low and high water temperature extremes, respectively, for the
study period.

Turbidity

Turbidity is the reduction in the transparency of a solution
due to the presence of suspended and dissolved substances. Pri-
mary contributors to turbidity in water include clay, silt, finely
divided organic and inorganic matter, soluble colored organic
compounds, plankton, and microscopic organisms (American
Public Health Association and others, 1992). Turbidity can
inhibit light penetration into the water, reducing the photosyn-
thesis of the aquatic organisms and plants and, therefore, affect-
ing dissolved-oxygen and ammonia concentrations in the water.

Turbidity in the Kansas River at Topeka ranged from 15 to
greater than 1,000 formazin nephelometric turbidity units
(FNU) (fig. 11B). The larger turbidity values generally were
associated with increased streamflow usually due to rainfall and
subsequent runoff. During low streamflow conditions, turbidity
values generally were less than 100 FNU. During the three syn-
optic surveys, hourly turbidity in the Kansas River at Topeka
ranged from 8 to 99 FNU.
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Figure 14. Duration curve for water temperature in Kansas River at Topeka (station 06889000, fig. 2), October 2000 through
September 2003, and mean daily water temperature for each synoptic survey.



Dissolved Oxygen

Dissolved-oxygen concentrations are used extensively to
evaluate the ability of a stream to support higher forms of
aquatic life that require oxygen for survival (Hem, 1992). Dur-
ing the day, photosynthesizing biota can produce oxygen, ele-
vating dissolved-oxygen concentrations. Conversely, at night,
organisms die causing the concentration of dissolved oxygen to
decrease. KDHE’s surface-water-quality criterion for dissolved
oxygen is 5.0 mg/L (Kansas Department of Health and Environ-
ment, 2002). Stream segments with dissolved-oxygen concen-
trations less than 5.0 mg/L are considered impaired for aquatic
life.

Dissolved-oxygen concentrations varied seasonally and
diurnally (fig. 11) throughout the study period. Dissolved-oxy-
gen concentrations in the Kansas River at Topeka (fig. 11B)
reached minimum (4.2 mg/L) in late summer and maximum
(16 mg/L) in the early spring, both during low streamflow con-
ditions (streamflow less than 2,500 ft3/s). The average dis-
solved-oxygen concentrations for the three synoptic surveys
were 14 mg/L for synoptic survey I, 9.0 mg/L for synoptic sur-
vey 11, and 7.5 mg/L for synoptic survey III (fig. 15). The max-
imum and minimum hourly dissolved-oxygen concentrations
for the three synoptic surveys were 15 and 4.4 mg/L measured
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during synoptic survey I and III, respectively. The magnitude of
the amplitude of diurnal variation increased during the summer
when streamflow was low and water temperatures were highest.
Some aquatic organisms thrive under such conditions, produc-
ing dissolved oxygen by photosynthesis during the day. At
night, photosynthesis ceases, and dissolved oxygen is con-
sumed by fish, sediment, and bacteria that consume organic
material. During the summer, it was not uncommon for the daily
maximum dissolved-oxygen concentration to reach 15 mg/L
and the minimum to reach 5.0 mg/L. There were several days
during synoptic survey III when some of the hourly dissolved-
oxygen measurements were less than the KDHE aquatic-life-
support use criterion (5.0 mg/L) (Kansas Department of Health
and Environment, 2002).

Chemical and Biological Constituent Concentrations
and Comparison of Measured and Calculated
Constituent Loads

Water-quality conditions in the Kansas River are affected
greatly by the magnitude and source of streamflow. During low
streamflow conditions (less than 2,500 ft3/s at DeSoto), the
sources of streamflow are primarily ground water and reservoir
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Figure 15. Duration curve for dissolved-oxygen concentration in Kansas River at Topeka (station 06889000, fig. 2), October
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releases to major tributaries. In addition, point sources and trib-
utary inflows can greatly affect water quality of the Kansas
River during low streamflow conditions.

For the purpose of spatial comparison of samples along the
Kansas River, steady-state conditions were assumed for each
synoptic survey period. Steady-state condition for this report is
defined as a time when the local physical and chemical proper-
ties of the river system do not vary. Specifically, the water
quantity and quality of inputs to the river system are stable over
the specified period. Statistics and loads for selected constitu-
ents were computed from the results of water-quality analyses
of samples collected during the three synoptic surveys (Appen-
dix 1 at the back of this report) and are presented in this section.
Selected constituent loads were calculated by multiplying
instantaneous streamflow (cubic feet per second) by the
concentration (milligrams per liter) and by a conversion factor
of 2.44 to convert the values to kilograms per day. Of particular
concern to water managers in Kansas, and detailed in the fol-
lowing sections, are concentrations of chloride, total nitrogen
and phosphorus, and ammonia, and fecal coliform bacteria
densities.

Chloride

Chloride is considered conservative and not involved in
processes of interaction or loss as it moves through the river
system (Feth, 1981). Given its conservative nature, chloride
generally is considered a good tracer and can be used to identify
streamflow or ground-water inputs, measured and not mea-
sured. The comparison of measured chloride load and calcu-
lated cumulative chloride load on the main stem of the Kansas
River evaluates how representative the sampling was of the
actual water-quality conditions. Similar measured and calcu-
lated cumulative chloride loads indicate that the sampling
scheme used was adequate for representing water-quality con-
ditions. Differences between measured and calculated
cumulative loads indicate inadequate sampling of some part of

the river system (ground water, small tributary input, and so
forth).

Water samples collected during synoptic survey |
(November 27-29, 2001) and II (February 25-March 1, 2002)
were analyzed for chloride concentrations. A total of 73
samples were analyzed; 30 samples were from tributaries,

28 were from Kansas River main-stem sites, and 15 were from
WWTFs. The mean chloride concentration of the tributary sam-
ples was less than one-half the mean concentrations of the main-
stem samples and the WWTF samples (table 5). None of the
samples collected from the Kansas River had chloride concen-
trations greater than 250 mg/L, the State of Kansas drinking-
water supply criterion for chloride (Kansas Department of
Health and Environment, 2002).

Results indicated a slight decrease in concentration from
upstream to downstream in the Kansas River (fig. 16). Mean
concentrations of chloride during synoptic surveys I and Il were
largest in samples from WWTFs and smallest in samples from
the tributaries (table 5). Chloride concentrations ranged from
4.9 mg/L in the Delaware River below Perry Dam (site 20) to
170 mg/L in the effluent of the North Topeka WWTTF (site 11),
Topeka Oakland WWTF (site 13), and Bonner Springs WWTF
(site 39) (fig. 2; Appendix 1).

Measured and cumulative chloride loads for the sampling
sites along the Kansas River were plotted so that a line indicat-
ing accumulated mass per river mile could be compared to mea-
sured mass at specific main-stem sites (fig. 17). If the assump-
tions that chloride is conservative and the river system is at
steady state are correct, the calculated measured load at any
given site should equal the accumulated load. In reaches unaf-
fected by WWTF discharges, differences between accumulated
and measured chloride load provide an indication of ground-
water discharge or recharge.

Calculation of measured and cumulative chloride loads
provided a check of the hydrodynamics of the river system.
Only inflows from tributaries and ground-water and surface-
water interaction can affect the concentration of chloride at

Table 5. Statistical summary of chloride concentrations in samples collected from the Kansas River, northeast Kansas, its
tributaries, and selected wastewater-treatment facility effluent for synoptic surveys | and I, November 27-29, 2001, and

February 25—-March 1, 2002.

[mg/L, milligram per liter]

Kansas River main-stem
sampling sites

Wastewater-treatment

Tributary sampling sites facility sampling sites

Statistic
Synoptic Synoptic Synoptic ~ Synoptic Synoptic  Synoptic
survey | survey Il survey | survey Il survey | survey Il
Number of samples 5 23 12 18 7 8
Mean concentration (mg/L) 89 109 41 39 119 139
Median concentration (mg/L) 76 111 30 22 113 132
Range in concentrations (mg/L) 73-117 79-126 5-95 5-137 74-167 106-170
Number of values less than reporting level (0.02 0 0 0 0 0 0

mg/L)
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A. Synoptic survey I, November 27-29, 2001
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Figure 16. Chloride concentrations in samples collected from main-stem Kansas River, tributaries, and wastewa-
ter-treatment facility effluent for (A) synoptic survey | and (B) synoptic survey Il. Location of sampling sites

shown by map number in figure 2.

various locations along the main-stem Kansas River. This was
helpful in identifying and estimating ground-water inflow,
which was not measured during the synoptic surveys.

Results of chloride load calculations for synoptic survey II
(fig. 17) indicated that calculated measured loads of chloride in
the Kansas River decreased from Topeka to Kansas City, and
most notably between Lawrence and Kansas City. The decrease
in chloride load indicated that chloride left the stream, possibly
through the Kansas River streambed into the ground water in
the Kansas River alluvium. Such a loss in chloride also would
indicate a proportional loss in streamflow. However, stream-
flow increased along this reach (except between sites 30 and 33)
(fig. 10) indicating the opposite effect. Calculation of measured
chloride loads was complicated by the daily operation of

Bowersock Dam and the order in which the samples were col-
lected, as discussed in the “Hydrologic Conditions” section of
this report. The data collected during these two synoptic surveys
were insufficient to explain the complexities of the river system
with respect to chloride.

Total Nitrogen and Phosphorus

Nitrogen commonly occurs in natural water in several dif-
ferent forms including dissolved molecular nitrogen (N,),
organic compounds (amino acids, amines, proteins), ammonia
[includes ammonia (NH3) and ammonium (NH4+) ions], nitrite
(NOy"), and nitrate (NO3") (Chapra, 1997). Sources of nitrogen
include fixation of atmospheric molecular nitrogen by bacteria
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A. Synoptic survey I, November 27-29, 2001
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Figure 17. Calculated measured and cumulative chloride loads in Kansas River during (4) synoptic survey | and
(B) synoptic survey Il. Location of sampling sites shown by map number in figure 2.

and algae, the decay of organic material such as algae or
washed-in leaf material, animal wastes, improperly functioning
septic systems, and urban runoff. Fertilizers applied to cropland
provide both soluble nitrogen compounds, such as ammonium
nitrate, and insoluble compounds, such as TKN (total Kjeldahl
nitrogen, or total ammonia plus organic nitrogen). TKN is rela-
tively immobile in soil because of its adsorption to soil surfaces.
However, under oxygen-rich conditions, TKN can be converted
to nitrite and nitrate and enter the ground- and surface-water
systems (Horne and Goldman, 1994).

Nitrogen can be transformed from one form to another by
a biologically catalyzed reaction. Bacteria and blue-green algae
(cyanobacteria) can transform nitrogen gas to ammonia by an
enzyme in a process known as nitrogen fixation (Horne and
Goldman, 1994). Other bacteria catalyze the oxidation of

ammonia to nitrite, then to nitrate by a process known as nitri-
fication; the process occurs quickly in the oxygen-rich environ-
ments of most streams. Ammonia is the preferred form of algal
uptake and is followed by nitrite and nitrate and then dissolved
molecular nitrogen (Wetzel, 2001). Organisms can use these
forms of nitrogen and incorporate the nitrogen into algal cells,
which in turn decay and release nitrogen as ammonia. Currently
(2005), there are no KDHE drinking-water or aquatic-life-sup-
port criteria for total nitrogen in Kansas. USEPA has recom-
mended nutrient criteria for various ecoregions, spatially
defined for the United States. Sampling sites for this study are
located in ecoregions IV and IX and have recommended total
nitrogen criteria of 0.56 and 0.69 mg/L, respectively (U.S. Envi-
ronmental Protection Agency, 2003).



Phosphorus is a nutrient essential for the growth and repro-
duction of plants and animals. It is used as an energy source in
the cells of plants and animals and can have a direct effect on
the production of phytoplankton populations, an important
component of the food chain. Phosphorus availability is often
the limiting nutrient that controls biological production rates
(Hem, 1992). Excessive phosphorus concentrations in soils
from both natural and human-related sources can have detri-
mental effects on streams and lakes located downgradient from
source areas and can promote excessive algal growth. Common
sources of human-related phosphorus include inorganic phos-
phates added to agricultural soils as fertilizer, manure from con-
fined animal-feeding operations, and treated wastewater dis-
charged into receiving streams. Currently (2005), there are no
established KDHE drinking-water criteria for total phosphorus;
however, USEPA recommended criteria for total phosphorus in
ecoregions IV and IX are 0.23 and 0.36 mg/L, respectively
(U.S. Environmental Protection Agency, 2003).

Total nitrogen and phosphorus concentrations in the Kan-
sas River were generally the same from upstream to down-
stream within the study area with some slight variation between
sites (figs. 18 and 19). Slight increases in concentrations were
measured at sites downstream from major point-source dis-
charges (WWTFs). Concentrations of total nitrogen and phos-
phorus in samples collected from the main-stem Kansas River
ranged from 1.1 to 2.6 mg/L and 0.19 to 2.0 mg/L, respectively
(tables 6 and 7).

The five main-stem samples for synoptic survey I indi-
cated little variability in total nitrogen concentrations from
upstream to downstream. Samples varied from 1.1 mg/L just
upstream from Topeka (site 10) to 1.8 mg/L just downstream
from Topeka (site 21), with a mean for the five samples of
1.5 mg/L (table 6).

Nitrogen concentrations during synoptic survey II and III
indicated some effect from point sources but were still mostly
stable. Concentrations in the 23 main-stem samples collected
during synoptic survey II had a mean of 1.5 mg/L and varied
from 1.2 to 1.9 mg/L. Sample results from the third synoptic
survey indicated the same spatial variability of nitrogen concen-
trations in the Kansas River. Multiple samples collected at
selected sites during synoptic survey III indicated that daily
nitrogen concentrations at a single site varied as much as 70 per-
cent. Loads for total nitrogen and phosphorus were not calcu-
lated.

The five main-stem samples for synoptic survey I indi-
cated little variability in total phosphorus concentrations from
upstream to downstream (fig. 194). Samples varied from
0.19 mg/L just upstream from Topeka (site 10) to 0.28 mg/L
just downstream from Topeka (site 21), with a mean for the five
samples of 0.25 mg/L (table 7).

Total phosphorus concentrations during synoptic survey II
and III indicated some effect from point-sources discharges but
were mostly uniform through the reach. Concentrations for the
18 main-stem samples collected during synoptic survey I had a
mean of 0.26 mg/L and varied from 0.20 to 0.35 mg/L (table 7;
fig. 19B). Sample results from the third synoptic survey indi-

Hydrologic and Water-Quality Conditions 25

cated much greater spatial variability in phosphorus concentra-
tions in the Kansas River (fig. 19C). Multiple samples collected
at selected sites during synoptic survey III indicated that daily
concentrations at a single site varied as much as one order of
magnitude.

Ammonia

Ammonia is acutely toxic to freshwater organisms includ-
ing fish and invertebrates at varying concentrations depending
on the pH and temperature of the water (U.S. Environmental
Protection Agency, 1986). The effects of acutely toxic ammo-
nia concentrations on fishes are loss of equilibrium, increased
breathing, convulsions, coma, and possibly death. At smaller
concentrations, the effects of ammonia on fish include reduc-
tion in hatching success, reduction in growth rate, and patho-
logic changes in tissues of gills, livers, and kidneys.

In 1999, the U.S. Environmental Protection Agency
(1999) introduced revised criteria for ammonia with respect to
aquatic life. These criteria were split into acute and chronic cri-
teria that are based on fish species, early life of fish present or
absent, and water pH and temperature. The acute criteria for
ammonia are based on water pH and are split into categories for
the presence of salmonids (more stringent) and the absence of
salmonids. The chronic criteria are pH and water-temperature
dependent and are split into categories of fish, early life present
(more stringent), and early life absent. The current (2005)
ammonia criteria for Kansas (fig. 13) are identical to USEPA
criteria, except there are no acute criteria for the presence of
salmonids because Kansas does not have natural populations of
salmonid species.

Ammonia concentrations in the Kansas River varied dur-
ing the three synoptic surveys, with increases in concentration
at sites downstream from major point sources (fig. 20). A total
of 147 samples were analyzed for ammonia as nitrogen; more
than one-half (76) were samples from Kansas River main-stem
sites, one-third (8) were from tributaries, and 23 were from
WWTFs (table 8). Ammonia concentrations in 25 samples from
the Kansas River and 5 samples from tributaries were less than
the laboratory reporting level of 0.02 mg/L. For interpretation
purposes, concentrations for these samples were assumed to be
one-half the reporting level (0.01 mg/L). None of the samples
collected from the Kansas River had ammonia concentrations
greater than the State of Kansas pH- and temperature-dependent
chronic aquatic-life criteria for ammonia with early-life stages
present (Kansas Department of Health and Environment, 2002).

The five main-stem samples for synoptic survey I indi-
cated ammonia concentrations increased an order of magnitude
from Topeka (site 10) to the Delaware River (site 21) and then
stabilized at about 0.10 mg/L to the confluence with the Mis-
souri River (fig. 20A). Sample concentrations varied from
0.03 mg/L just upstream from Topeka (site 10) to 0.19 mg/L
just downstream from the confluence with the Delaware River
(site 21), with a mean for the five samples of 0.10 mg/L
(table 8).
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A. Synoptic survey I, November 27-29, 2001
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Figure 18. Concentrations of total nitrogen in samples collected from main-stem Kansas River, tributaries,
and wastewater-treatment facility effluent for (A) synoptic survey |, (B) synoptic survey ll, and (C) synoptic
survey lIl. Location of sampling sites shown by map number in figure 2. Gray shading indicates multiple
samples collected at a site.
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A. Synoptic survey I, November 27-29, 2001
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Figure 19. Concentrations of total phosphorus in samples collected from main-stem Kansas River, trib-
utaries, and wastewater-treatment facility effluent for (A) synoptic survey |, (B) synoptic survey I, and
(C) synoptic survey lll. Location of sampling sites shown by map number in figure 2. Gray shading
indicates multiple samples collected at a site.
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Table 6. Statistical summary of total nitrogen concentrations in samples collected from the Kansas River, northeast Kansas, its
tributaries, and selected wastewater-treatment facility effluent for synoptic surveys I, Il, and Ill, November 2001-August 2002.

[mg/L, milligram per liter]

Total nitrogen concentrations (mg/L)

Kansas River main-stem sampling

Tributary sampling sites Wastewater-treatment facility

Statistic sites sampling sites
Synoptic  Synoptic  Synoptic Synoptic  Synoptic  Synoptic Synoptic  Synoptic  Synoptic
survey | survey Il surveylll survey | survey Il surveylll survey | survey Il survey lll
Number of samples 5 23 48 12 18 18 7 8 8
Mean concentration (mg/L) 1.5 1.5 1.5 3.0 14 2.7 18 21 19.8
Median concentration (mg/L) 1.5 1.5 1.5 .67 .07 .80 15 16 21
Range in concentrations (mg/L) 1.1-1.8 1.2-1.9 1.1-2.6 0.36-15 037-13  0.45-17 1.9-52 2.6-57 9.1-27

Table 7. Statistical summary of total phosphorus concentrations in samples collected from the Kansas River, northeast Kansas, its
tributaries, and selected wastewater-treatment facility effluent for synoptic surveys I, I, and Ill, November 2001-August 2002.

[mg/L, milligrams per liter]

Total phosphorus concentrations (mg/L)

Kansas River main-stem sampling

Tributary sampling sites Wastewater-treatment facility

Statistic sites sampling sites
Synoptic ~ Synoptic  Synoptic Synoptic ~ Synoptic ~ Synoptic Synoptic  Synoptic  Synoptic
survey | survey [l survey lll survey |  surveyll  surveylll survey |  surveyll  surveylll
Number of samples 5 18 48 12 18 18 7 8 8
Mean concentration (mg/L) 25 .26 1.0 .58 24 44 3.0 2.5 34
Median concentration (mg/L) .26 .02 1.3 12 .07 .14 2.2 2.8 3.8
Range in concentrations (mg/L)  0.19-0.28 0.20-0.35 0.21-2.0 0.06-3.3 0.02-2.6  0.05-2.8 0.78-5.9 0.09-3.8 0.39-6.3

Ammonia concentrations during synoptic survey Il clearly
indicated effects from point sources (fig. 20B). Concentrations
in the 23 main-stem Kansas River samples during synoptic sur-
vey Il had a mean of 0.05 mg/L and varied from 0.02 to
0.16 mg/L. Ammonia concentrations in the Kansas River from
Belvue (site 4) to Topeka (site 10) did not vary (0.02 mg/L,
Appendix 1). Concentrations in main-stem samples at sites
downstream from the Topeka Oakland WWTF (site 13)
indicated about an order of magnitude increase (0.10 mg/L) for
about 18 mi to site 21. Concentrations in samples from two
main-stem sites just upstream from the Lawrence WWTF
(sites 23 and 24) indicated a decrease in ammonia concentra-
tions to 0.02 mg/L. Immediately downstream from Lawrence
(site 26), ammonia concentrations increased to 0.06 mg/L and
then decreased to 0.02 mg/L at Bonner Springs (site 39). From
Bonner Springs to the confluence with the Missouri River,
ammonia concentrations varied from 0.02 to 0.03 mg/L depend-
ing on the location relative to upstream WWTFs (Appendix 1).

Sample results from the third synoptic survey indicated
spatial and temporal variability of ammonia concentrations in
the Kansas River (fig. 20C). Forty-eight samples were collected
at 23 main-stem sites. Ammonia concentrations in 25 of the
48 main-stem samples were less than the reporting level.

Ammonia concentrations in samples from the main-stem sites
ranged from less than 0.02 to 0.27 mg/L, and the mean and
median concentrations were 0.04 and less than 0.02 mg/L,
respectively (table 8).

Spatially, ammonia concentrations varied on the basis of
sampling-site location in relation to upstream WWTFs. Gener-
ally, the nearer the sampling site was to an upstream WWTF,
the larger the ammonia concentrations were. The maximum
main-stem concentration (0.27 mg/L) was detected just down-
stream from the Topeka Oakland WWTF (site 14).

The temporal variability defined by the results of multiple
samples collected at selected sites during synoptic survey III
indicated that ammonia concentrations in the Kansas River var-
ied hourly. Twelve pairs of samples were collected within a 24-
hour period at eight sampling sites on the main stem
(Appendix 1 at the back of this report). Concentrations in 6 of
the 12 sample pairs were less than the reporting level and,
therefore, had no detectable difference. The mean percentage
difference between the other six sample pairs was 94 percent,
and differences ranged from 11 to 155 percent. Of the six sam-
ple pairs, no temporal pattern was evident. The results from
these six sample pairs indicated that there was a measurable dif-
ference in ammonia concentration over a 24-hour period and
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Figure 20. Concentrations of ammonia in samples collected from main-stem Kansas River, tributaries, and
wastewater-treatment facility effluent for (A) synoptic survey |, (B) synoptic survey Il, and (C) synoptic
survey lll. Location of sampling sites shown by map numbers in figure 2. Gray shading indicates multiple

samples collected at a site.
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Table 8. Statistical summary of ammonia concentrations in samples collected from the Kansas River, northeast Kansas, its tributar-
ies, and selected wastewater-treatment facility effluent for synoptic surveys |, Il, and Ill, November 2001-August 2002.

[mg/L, milligrams per liter; <, less than]

Ammonia concentrations (mg/L)

Kansas River main-stem sampling

Tributary sampling sites Wastewater-treatment facility

Statistic sites sample sites
Synoptic Synoptic ~ Synoptic Synoptic  Synoptic  Synoptic  Synoptic  Synoptic  Synoptic
survey | survey Il survey lll survey | survey Il survey lll survey | surveyll surveylll
Number of samples 5 23 48 12 18 18 7 8 8
Mean concentration .10 .05 .04 .36 21 .19 7.4 8.6 5.9
(mg/L)
Median concentra- .09 .02 <.02 .03 .02 .03 1.9 4.6 25
tion (mg/L)
Range in concentra- 0.03-0.19  0.02-0.16 <0.02-0.27 0.01-3.9 <0.02-3.3 <0.02-1.9 0.04-25 0.06-30 0.12-24
tions (mg/L)
Number of valuesless 0 0 32 0 1 4 0 0 0

than laboratory
reporting level
(0.02 mg/L)

that the difference can be quite large. Variations could be due to
varying WWTF flow and (or) variations in water temperature
and dissolved-oxygen concentrations affecting ammonia assim-
ilation.

All samples collected at WWTFs or on tributaries down-
stream from WWTFs had ammonia concentrations that varied
from less than 0.02 to 30 mg/L (table 8). For all three synoptic
surveys, samples from the Topeka Oakland WWTTF (site 13)
and the Johnson County Mill Creek WWTF (site 44) had the
largest ammonia concentrations of all the WWTFs. Mean
ammonia concentrations for WWTFs were 74 to 172 times
larger than the mean ammonia concentrations for the main-stem
sites (table 8).

The “half-life,” or assimilation rate, for ammonia was
determine on the basis of decreasing ammonia concentrations
for three segments of the Kansas River between major WWTF
discharges. The concentrations for samples collected between
the Topeka Oakland and Lawrence WWTFs (sites 14 to 26),
Lawrence and DeSoto WWTFs (sites 26 to 47), and Johnson
County Mill Creek WWTF and the confluence of the Kansas
River with the Missouri River (sites 47 to 50) were fitted with
exponential equation 2.

—kd
Cd = COXe N

(2)
where C, is the concentration of ammonia at some distance, d,
downstream from the concentrations C,,, in milli-
grams per liter;

is the distance from the location where concentration
C,was measured to the downstream location of the
desired concentration Cy, in miles;

C, is the initial concentration of ammonia at distance, d,
upstream from C,, in milligrams per liter;
e 1is the base of natural logarithms; and
k  is the exponential rate of decrease of ammonia con-

centration, in miles™!.
The exponent (k) from this relation then was used in equation 3
to determine the distance required for the ammonia concentra-
tion in the Kansas River to equal one-half the initial concentra-
tion just downstream from the WWTF.

In(k)
W

Half-life distance 3)

Decreases in ammonia in the Kansas River are due prima-
rily to nitrification and consumption by aquatic organisms by
photosynthesis. During synoptic survey I, ammonia concentra-
tions measured at various sites downstream from the Topeka
Oakland WWTF (site 14), Lawrence WWTF (site 26), and
Johnson County Mill Creek WWTF (site 47) indicated that the
distances necessary to assimilate one-half of the initial ammo-
nia concentration were 12, 20, and 28 miles, respectively
(table 9). The increase in distances from up- to downstream
indicated the Kansas River’s decreasing assimilative capacity
for ammonia. It should be noted that these distances only apply
to the conditions observed during synoptic survey II.

The variability of the ammonia concentrations measured in
the main stem during synoptic survey III was such that an expo-
nential curve could not be fitted to the data. This was most
difficult at main-stem sites where multiple samples were col-
lected and the differences in concentrations were so great that
there was no reasonable exponential fit. For this reason, decay
rates were calculated only for the river segment between the
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Table 9. Estimated rates of ammonia decay in the Kansas River, northeast Kansas, during winter, February 25-March 1, 2002, and

summer, July 22—-August 8, 2002.

[ft3/s, cubic feet per second; --, not determined]

Synoptic survey Il (winter)

Synoptic survey Ill (summer)

Distance ) . Distance ) .
. . Time required to . . Time required to
) Exponential rate required to assimilate one- Exponential rate required to assimilate one-
River segment between  of qecrease of  assimilate one- half ammonia of decrease of  assimilate one-  °\ " L
sampling sites (fig. 2) ammonia half ammonia ) ammonia half ammonia )
. : concentrations at . . concentrations at
concentration, k  concentration 1,900 /s concentration, k  concentrations 1,900 /s
(miles™) at 1,900 ft¥/s ’ (miles™) at 1,900 ft3/s ’
(miles) (hours) (miles) (hours)
Sites 14-26 0.0642 12 7.8 0.1151 6 3.9
Sites 2647 .0317 20 12 - - -
Sites 47-50 .0280 28 12 - - -

Topeka Oakland and Lawrence WWTFs. The rate of decrease in
ammonia concentration for this reach was the largest of all, indi-
cating that the assimilative capacity of the Kansas River is
greater during the summer.

Comparison of calculated measured and cumulative
ammonia loads indicated that ammonia loads in the Kansas
River varied greatly between Topeka and Kansas City (fig. 21).
The largest loads of ammonia measured in the main-stem Kan-
sas River during synoptic survey II were just downstream from
the Topeka Oakland WWTF (site 14). Measured ammonia
loads were smallest at main-stem sites upstream from Topeka.
Inputs of ammonia from the major WWTFs during synoptic
survey III were smaller than the inputs during synoptic survey
IL, with the exception of the Johnson County WWTFs. Mea-
sured loads of ammonia during synoptic survey Il in the Kansas
River downstream from river mile 64 (distance upstream from
confluence with Missouri River) were relatively small despite
large inputs of ammonia from the Johnson County Mill Creek
(site 44) and Johnson County Nelson WWTFs just upstream
from sampling site 49 (640 and 105 kg/d, respectively). Large
variability in loads of ammonia (ranging from 24 to 680 kg/d)
were measured during synoptic survey III along the final 10 mi
of the Kansas River just upstream from the confluence with the
Missouri River.

Fecal Coliform Bacteria

Fecal coliform bacteria densities were measured in the
Kansas River watershed and varied between two and three
orders of magnitude during the three synoptic surveys, with
increases in densities at sites downstream from major WWTFs
(fig. 22). A total of 141 samples were analyzed for fecal
coliform bacteria; 71 were samples from Kansas River main-
stem sites, and 70 were from tributaries and WWTFs (table 10).
Fecal coliform densities in these samples ranged from less than
1t0 290,000 col/100 mL. Densities for samples with values less
than 1 col/100 mL were assumed to be 1 col/100 mL. One of the
main-stem samples, three of the tributary samples, and seven of

the WWTF samples had fecal coliform bacteria densities
greater than the former (2002) State of Kansas single-sample
secondary contact recreational criterion of 2,000 col/100 mL
(Kansas Department of Health and Environment, 2002).

The five main-stem samples for synoptic survey I indi-
cated varying bacteria densities from upstream to downstream
(fig. 22A). Densities varied from 45 col/100 mL at Eudora
(site 30) to 1,000 col/100 mL near Kansas City (site 48), with a
mean density for the five samples of 260 col/100 mL (table 10).

Fecal coliform bacteria densities in samples from the Kan-
sas River watershed during synoptic survey II were generally
less than the densities detected in synoptic survey I samples and
indicated some variability between sites (fig. 22B). Densities in
the 23 main-stem samples had a mean of 26 col/100 mL and
varied from less than 1 to 250 col/100 mL (table 10). Fecal
coliform bacteria densities in main-stem samples from the Bel-
vue (site 4) to Lawrence (site 26) sampling sites were fairly
stable, between less than 1 and 16 col/100 mL. Densities from
samples collected downstream from Lawrence WWTF (site 28)
and at Eudora (site 30) indicated about a two-order-of-magni-
tude increase to 250 col/100 mL. Main-stem samples from the
remaining sites downstream from Eudora had fecal coliform
densities that varied between 8 and 60 col/100 mL.

Sample results from the third synoptic survey indicated
spatial and temporal variability and the effect of point-source
discharges on fecal coliform bacteria densities in the Kansas
River (fig. 22C). Forty-three samples were collected at 18 main-
stem sites with fecal coliform bacteria densities ranging from
5 to 4,000 col/100 mL (table 10). The mean and median densi-
ties in the main-stem samples were 190 and 32 col/100 mL,
respectively. Spatially, fecal coliform bacteria densities varied
on the basis of sampling-site location in relation to upstream
WWTFs. Generally, the closer the sampling site was to an
upstream WWTF, the larger the densities were. Two of the
largest densities occurred downstream from the Topeka Oak-
land WWTTF (site 14) and downstream from the Lawrence
WWTEF (site 30). A density of 4,000 col/100 mL occurred in a
sample from the downstream-most Kansas River site (site 50).
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A. Synoptic survey I, November 27-29, 2001
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Figure 21. Calculated measured and cumulative ammonia loads in Kansas River during (A) synoptic survey |,
(B) synoptic survey I, and (C) synoptic survey lll. Location of sampling sites shown by map number in figure 2.
Gray shading indicates multiple samples collected at a site.
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A. Synoptic survey I, November 27-29, 2001
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Table 10. Statistical summary of fecal coliform densities in samples collected from the Kansas River, northeast Kansas, its tributaries,
and selected wastewater-treatment facility effluent for synoptic surveys I, Il, and Ill, November 2001-August 2002.

[col/100 mL, colonies per 100 milliliters of water; <, less than]

Kansas River main-stem sampling

Tributary sampling sites Wastewater-treatment facility

sites sampling sites
Statistic

Synoptic  Synoptic  Synoptic Synoptic  Synoptic  Synoptic ~ Synoptic  Synoptic  Synoptic

survey | survey Il survey lll survey |  surveyll surveylll  surveyl surveyll surveylll
Number of samples 5 23 43 12 18 17 7 8 8
Mean density (col/100 mL) 260 26 190 3,200 46 620 520 2,000 37,000
Median density (col/100 mL) 100 8 32 32 7 140 230 1,200 46
Range in densities 45-1,000 1-250  5-4,000 12-37,000 1-500 <1-5,000 7-2,500 6-7,300 16-290,000

(col/100 mL)

Multiple samples were collected at 10 main-stem sites to
assess temporal variance in fecal coliform bacteria densities
during low streamflow conditions; two samples, respectively,
were collected at 6 of the 10 sites, and 3, 4, 5, and 7 samples,
respectively, were collected at each of the remaining four main-
stem sites. The percentage differences between densities
detected at each site ranged from 39 percent at Lecompton
(site 21) to 263 percent at Kansas City (site 47). These samples
indicated how great the variability of bacteria densities was dur-
ing low streamflow conditions.

Decay of fecal coliform bacteria in the Kansas River was
not as evident as the ammonia decay. During synoptic survey II,
first-order decay rates (from equations 2 and 3) indicated that
downstream from the Topeka Oakland WWTF (site 13) there
was some decay, whereas densities downstream from the
Lawrence (site 25) and Johnson County Mill Creek WWTFs
(site 44) indicated no decay. The amount of fecal coliform bac-
teria being discharged from the Topeka Oakland, Lawrence,
and Johnson County Mill Creek WWTFs was much smaller
during synoptic survey III. The decay rate calculated for the
densities downstream from the Topeka Oakland WWTF indi-
cated some decay. Densities measured downstream from the
Lawrence and Johnson County Mill Creek WWTFs indicated
no decay.

Comparison of calculated measured and cumulative loads
of fecal coliform bacteria for all three synoptic surveys varied
greatly between Topeka and Kansas City (fig. 23). Measured
loads of fecal coliform bacteria in the Kansas River displayed
variability similar to that shown in the density plots. Large loads
of fecal coliform were computed for samples collected during
synoptic survey I and III along the final 10 mi of the Kansas
River just upstream from the confluence with the Missouri
River. Loads of fecal coliform contributed by WWTFs during
synoptic survey I were small relative to the other two synoptic
surveys. The Topeka Oakland WWTF (site 13) and DeSoto

WWTTF (site 34) discharged the largest loads into the Kansas
River during synoptic surveys II and III, respectively.

Discussion of Water-Quality Conditions During Low
Flow

The results from the three synoptic surveys indicated that
concentrations of nutrients (total nitrogen and phosphorus and
ammonia) and densities of fecal coliform bacteria during low
streamflow conditions varied spatially and temporally and
increased downstream from major point-source discharges
(WWTFs). Concentrations and densities were relatively small
at the sampling sites upstream from Topeka. Variability of con-
centrations and densities were largest from Topeka to the con-
fluence with the Missouri River where WWTFs had a substan-
tial effect on in-stream water quality. Assimilative processes
typically reduced ammonia concentrations at distances down-
stream from the WWTFs and were about twice as effective dur-
ing the summer synoptic survey (survey III) as during the winter
synoptic survey (survey II). Decay of fecal coliform bacteria
density was less evident and appeared to have little seasonal
effect.

None of the ammonia concentrations in main-stem sam-
ples were greater than the pH- and temperature-dependent State
of Kansas criteria for aquatic-life-support (Kansas Department
of Health and Environment, 2002). However, two measure-
ments of dissolved oxygen at sampling site 50 were less than the
State’s aquatic-life-support use criterion (5.0 mg/L) during the
summer. Low streamflow water-quality conditions in the sum-
mer were more suitable for nitrification and algae, which con-
sumed the oxygen. Therefore, the more ammonia that was
available during these conditions, the more dissolved oxygen
was consumed.
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A. Synoptic survey I, November 27-29, 2001
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Figure 23. Calculated measured and cumulative loads of fecal coliform bacteria in Kansas River for (A4) synoptic
survey |, (B) synoptic survey Il, and (C) synoptic survey lIl. Location of sampling sites shown by map number in
figure 2. Gray shading indicates multiple samples collected at a site.
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Simulation of Ammonia Assimilative
Capacity and Bacteria Transport

As urban growth continues along the Kansas River,
increases in WWTF discharges and discharges from new
WWTFs will affect the water quality of the river. Determination
of the assimilative capacity for ammonia and bacteria densities
in the Kansas River would provide the information needed to
better manage the resource and to incorporate future population
growth without exceeding water-quality criteria. To help with
this effort, a water-quality model was developed to simulate the
effects of hypothetical increases in WWTF discharges and new
WWTFs along the Kansas River. The results of such hypothet-
ical simulations will aid in planning and decisionmaking in the
management of current and future output of WWTFs.

The numerical modeling code known as CE-QUAL-W2,
version 3.1 (Cole and Wells, 2003), was configured for applica-
tion to the Kansas River. The computer model is a two-dimen-
sional, laterally averaged, hydrodynamic and water-quality
model. The model was calibrated and tested using data from
three synoptic surveys conducted between November 2001 and
August 2002.

Data for Model Application

Many types of data were required for CEFQUAL-W?2 to
simulate the streamflow and water quality in the Kansas River.
Bathymetric cross sections were necessary to define the model
grid. The quantity and quality of water flowing into the model
grid were measured or estimated. Meteorological data were
needed primarily for proper simulation of the heat budget. The
paragraphs that follow describe these data.

River Bathymetry and Model Grid

A numerical grid was constructed to represent the bathym-
etry of the Kansas River. The grid extended 83 mi along the
main-stem Kansas River from the Sardou Bridge in Topeka,
Kansas (site 12, model segment 2, fig. 24), to just upstream
from the confluence of the Kansas River with the Missouri
River (segment 134, fig. 24). The model domain included:

1. Primary inflow from the Kansas River upstream from
Topeka.

2. Inflow from 12 major tributaries—Soldier Creek
(segment 5), Shunganunga Creek (segment 13), Muddy
Creek (segment 18), Delaware River (segment 30), Buck
Creek (segment 40), Mud Creek (segment 58), Wakarusa
River (segment 66), Stranger Creek (segment 78), Kill
Creek (segment 85), Cedar Creek (segment 92), Mill
Creek (segment 110), and Turkey Creek (segment 130).

3. Eight point sources—Topeka Oakland WWTF
(segment 3), Lawrence WWTF (segment 53), Farmland
effluent (segment 54), DeSoto WWTF (segment 85),

Bonner Springs WWTF (segment 102), Johnson County
Mill Creek Regional WWTF (segment 111), and Kansas
City no. 20 WWTF (segment 112).

4. A main-stem low-water dam near Lawrence
(segment 51).

The U.S. Army Corps of Engineers provided an electronic
file containing data for 129 surveyed cross sections of the Kan-
sas River between Kansas City and Topeka (Kenneth A. Stark,
U.S. Army Corps of Engineers, Kansas City District, written
commun., 2003). Cross sections for each segment in the com-
putational grid were calculated by interpolating between the
nearest two surveyed cross sections. The resulting grid was
made up of 134 segments, each 0.6-mi long, oriented along the
longitudinal axis of the river. Variable water levels in the stream
were represented by 1-ft thick computational layers that were
stacked vertically and sloped at 0.0018 ft/mi. The layers were
divided into cells that represented the width of the stream at
each segment (fig. 25). The cells were 0.6 mi long, 1 ft thick,
and varied from 16 to 1,400 ft wide.

The model grid of the Kansas River was divided into two
parts because of the operation of Bowersock Dam and its effect
on the main-stem streamflow. The western part represented the
grid from Topeka (site 12) to 2.2 mi upstream from Bowersock
Dam (river mile 51), and the eastern part represented the grid
from downstream from Bowersock Dam (river mile 51) to Kan-
sas City (site 50, model segment 134). Simulations for each part
of the grid were computed independently.

Boundary Conditions

Boundary conditions generally were described as a time
series of data that defined the input of flow, mass, and heat to
the model domain and the output from the model. Data from
synoptic surveys II and III were used to calibrate the model, and
data from synoptic survey I were used for model verification.

Boundary conditions for each of the synoptic surveys were
dependent on season. Synoptic surveys I and Il represented very
cold, low-flow conditions, whereas synoptic survey III repre-
sented hot, low-flow conditions. The boundary conditions were
not continuous between synoptic surveys and only represented
the conditions during the surveyed periods.

Streamflow

Streamflow input to the model was determined as follows:

Main-stem input—Hourly streamflow data provided by
USGS streamflow-gaging station 06889000, Kansas River at
Topeka (fig. 2).

Gaged tributary input—Hourly streamflow data for the
Delaware River and Stranger Creek were provided by USGS
streamflow-gaging stations 06890900 and 06892200, respec-
tively (fig. 2).

Input from WWTFs—Instantaneous flow measurements
made during sample collection or instantaneous values reported
by the WWTF were used for the entire model period.
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Figure 25. Schematic diagram showing computational layers at model segment 14 for Kansas

River water-quality model.

Flow from ungaged tributaries and ground water—Small
tributaries and ground-water and surface-water interaction in
the Kansas River Basin were not measured during any of the
three synoptic surveys. The unmeasured flow of these two com-
ponents was estimated from the difference between measured
and accumulated flows along the main stem (fig. 10). When
these differences exceeded 10 percent, these values were dis-
tributed along the entire reach of the model grid.

The streamflow resulting from operation of Bowersock
Dam was estimated on the basis of the DeSoto hourly stream-
flow data. Daily operation of the dam caused large daily fluctu-
ations in the streamflow downstream from the dam. The fluctu-
ations were evident in the continuous streamflow data from the
streamflow-gaging station at DeSoto (site 33; USGS stream-
flow-gaging station 06892350). Hourly streamflow data from
the gaging station at DeSoto were adjusted for time of travel and
used as the streamflow at the dam.

Water Temperature

Water temperature was measured for water flowing into
the model domain during the three synoptic surveys. Water tem-
perature in the main-stem Kansas River was measured hourly at
Topeka (site 12). Water temperatures for each of the tributaries
and WWTF effluent were estimated on the basis of the water
temperature measured during sample collection. In some cases,

water temperature of WWTF effluent was estimated from daily
measurements obtained from KDHE. The water temperature of
the distributed tributary flow was assumed to be 18 °C, the
annual average temperature of the Kansas River at DeSoto from
October 2000 to September 2001 (Putnam and others, 2002).

Water Chemistry

The analytical results for selected water-quality constitu-
ents included dissolved oxygen, carbonaceous biochemical
oxygen demand, nitrite plus nitrate, orthophosphorus, ammonia
as nitrogen, fecal coliform bacteria, algae, and suspended sedi-
ment and were used for input to the model domain for each syn-
optic survey. A constant value for each selected constituent for
each modeling period was assumed on the basis of the measured
value from samples collected during each synoptic survey at
each input. When available, additional values for water-quality
constituents from KDHE were used. The water chemistry for
the unsampled tributaries was assumed to be the average of the
values used for the sampled tributaries. Simulated water-quality
constituents within and at the outflow of the model domain were
compared with analytical results from water-quality samples.
Average water-quality values were used to initialize the model.
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Meteorological Conditions

The meteorological input for the model was measured
hourly at Topeka Philip Billard Municipal Airport. These data
included air temperature, dew-point temperature, wind speed,
wind direction, and percentage of cloud cover estimated from
qualitative descriptions. The original hourly cloud cover data
were recorded as clear (CLR), few scattered clouds (FEW),
scattered clouds (SCT), broken clouds (BKN), completely over-
cast with clouds (OVC), and no vertical visibility (VV). For the
Kansas River model, cloud cover was translated into numerical
values so that CLR =0, FEW =1.9, SCT =44, BKN =7.5,
OVC=10,and VV = 10. Any missing values were estimated by
linear interpolation between two recorded values.

Model Calibration and Testing

The Kansas River water-quality model was calibrated by
adjusting the computational grid, model parameters, and in
some cases, estimated boundary data. The model was calibrated
for low streamflow conditions during winter and summer using
data from synoptic surveys II and III, respectively. The calibra-
tion sequence was (1) water balance, (2) water temperature, and
(3) water chemistry.

Two statistics were used to compare measured and simu-
lated values. The absolute mean error (AME) is the average dif-
ference between measured and simulated values according to
the following equation:

S |Simulated — Measured|

AME = - .
Number of observations

“4)

For example, an AME of 100 ft>/s means that the simulated
streamflows were within + 100 ft*/s. The root mean square error
(RMSE) indicates the spread of how far simulated values devi-
ated from the measured data, according to the following equa-
tion:

: 2
RMSE = A/Z(Slmulated—Measu.red) .
Number of observations

(&)

Simulated Hydrodynamics

The initial model grid was adjusted to ensure reasonable
flow conditions and numerical stability. The bottom of some
segments were lowered by as much as 2 ft (or two layers) to
smooth the transition between some of the segments.

Simulated streamflow was compared to continuous
streamflow during synoptic surveys II and IIT at USGS stream-
flow-gaging stations at Lecompton (site 21) and DeSoto
(site 33). Key features of the comparison were the timing of
notable runoff periods and the magnitude of streamflow. For
synoptic survey III, a small runoff period provided a marker for
assessing the timing of the streamflow from Topeka to DeSoto.
The friction coefficient (Mannings n) for the segments along
this reach of the river was adjusted within acceptable values
(0.015-0.040) so that the timing of the simulated peak for that

runoff period matched the timing of the measured peak. Once
the friction was adjusted properly, the magnitude of flow was
adjusted slightly to account for ground-water flux. For example,
the simulated continuous streamflows for synoptic surveys II
and 111 were about 180 and 280 ft>/s, respectively, greater than
the measured streamflows at Lecompton. The difference
between the simulated and the measured values was used to
estimate the total amount of streamflow lost to ground water for
the segment from Topeka to Lawrence. The respective loss was
uniformly distributed to each of the 0.6-mi segments for this
reach in the model.

AME:s of the simulated versus measured streamflow at
Lecompton during synoptic surveys II and III were + 42 and
46 ft3/s (or less than 3 percent) of the measured streamflow,
respectively (fig. 26). The measured streamflow for Lecompton
during synoptic survey II was affected by ice for the period
February 26-27, 2002. The model did not simulate the effects
of ice, and therefore, some of the largest differences between
measured and simulated streamflow occurred during this
period. The simulated streamflow at Lecompton for synoptic
survey III fit the measured flow better than for synoptic survey
II. The timing and magnitude of the simulated streamflow dur-
ing the runoff period for synoptic survey III matched well with
the measured streamflow, indicating that the hydrodynamics of
the model were well calibrated.

The differences between measured and simulated stream-
flow at DeSoto were greater than at Lecompton. The AMEs for
streamflow at DeSoto during synoptic surveys II and III were
46 and 60 ft/s (or less than 5 percent) (fig. 26), respectively.
The primary reason for these differences is the unaccounted for
operation of Bowersock Dam.

Simulated Water Temperature

Water temperature was simulated using inflow water tem-
perature, percentage of cloud cover (available solar radiation),
air and dew-point temperature, wind speed, and heat exchange
at the sediment-water interface. Simulated water temperature
could have been adjusted to consider the effects of reduced light
penetration due to suspended sediment. The effects of shading
and suspended sediment on light penetration and thus water
temperature during low streamflow were assumed to be negli-
gible and were not included in the model.

Within the model domain, water temperature was mea-
sured hourly at DeSoto (site 33) during the three synoptic sur-
veys. During synoptic survey III, water temperature was mea-
sured hourly at Lecompton (site 21) and Kansas City (site 50).
The hourly data from these three main-stem sites provided a
basis for comparison of simulated versus measured water tem-
peratures.

Hourly water temperature measured at Lecompton
(site 21) was compared to simulated water temperature during
synoptic survey III (fig. 27A). The AME was 2.4 °C, indicating
that the model did well simulating hourly water temperature at
this location. The magnitude and the timing of the diurnal
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Figure 26. Measured and simulated hourly streamflows in Kansas River at Lecompton (site 21) and DeSoto
(site 33) for (A—B) synoptic survey Il and (C—D) synoptic survey lll. Location of sampling sites shown in figure 2.
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Figure 27. Measured and simulated hourly water temperatures in Kansas River at Lecompton (site 21) and DeSoto
(site 33) for synoptic survey Il and synoptic survey lll. Location of sampling sites shown in figure 2.

fluctuations were similar to the measured fluctuations with a
few exceptions.

Hourly measured water temperature was compared to
hourly simulated water temperature for synoptic surveys Il and
III at DeSoto (site 33). The AMEs were 1.3 °C for synoptic sur-
vey II (fig. 27B) and 1.1 °C for synoptic survey III (fig. 27C).
Generally, the timing and the magnitude of daily temperature
fluctuations were well simulated during synoptic survey II. One
exception was when simulated water temperature overesti-
mated the measured water temperature on February 27-28,

2002. This was most likely due to ice forming on the surface of
the river and insulating the water from the available solar radi-
ation, in this case lowering the measured temperature of the
water. The simulated water temperature was based on open
water and, therefore, higher water temperatures.

Simulated Water Quality

The model was calibrated for water quality by adjusting
model parameters (table 11) to achieve acceptable agreement



42

Hydrologic and Water-Quality Conditions in the Kansas River, Northeast Kansas, November 2001-August 2002

Table 11. Model parameters and calculated values specified as input for water-quality model of Kansas River in northeast Kansas.

[--, not applicable]

Model parameter

Unit of measurement

Calibrated value in
lower Kansas River
water-quality model

Light extinction coeficient for water 1/meter 0.45 (winter)
.25 (summer)
Fraction of incident solar radiation absorbed at the water surface dimensionless 45
Group 1 algal light extinction 1/meter 1
First-order fecal coliform decay rate 1/day 1.4
Coliform decay rate temperature coefficient dimensionless 1.04
Suspended solids settling rate meter per day 1
Maximum algal growth rate 1/day 2
Maximum algal respiration rate 1/day .02
Maximum algal excretion rate 1/day .01
Maximum algal mortality rate 1/day 1
Algal settling rate meter per day 15
Algal half-saturation constant for phosphorus milligrams per liter .005
Algal half-saturation constant for nitrogen milligrams per liter .014
Algal half-saturation constant for silica milligrams per liter 0
Light saturation intensity at maximum photosynthetic rate watts per square meter 75
Lower temperature for algal growth degrees Celsius 1
Lower temperature for maximum algal growth degrees Celsius 15
Upper temperature for maximum algal growth degrees Celsius 35
Upper temperature for algal growth degrees Celsius 40
Fraction of maximum algal growth at lower temperature dimensionless 1
Fraction of algal growth at lower temperature dimensionless .99
Fraction of maximum algal growth at upper temperature dimensionless .99
Fraction of algal growth at upper temperature dimensionless 1
Stoichiometric equivalent between algal biomass and phosphorus dimensionless .005
Stoichiometric equivalent between algal biomass and nitrogen dimensionless .08
Stoichiometric equivalent between algal biomass and carbon dimensionless 45
Stoichiometric equivalent between algal biomass and silica dimensionless 0
Ratio between algal biomass and chlorophyll-a dimensionless 145
Fraction of algal biomass that is converted to particulate organic matter when dimensionless 0.8
algae die
Equation number for algal ammonium preference (1 or 2) -- 1
Algal half-saturation constant for ammonium preference dimensionless .001
Labile dissolved organic matter decay rate 1/day 1
Refractory dissolved organic matter decay rate 1/day .001
Labile to refractory dissolved organic matter decay rate 1/day .01

Labile particulate organic matter decay rate 1/day .08
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Table 11. Model parameters and calculated values specified as input for water-quality model of Kansas

River in northeast Kansas.—Continued

[--, not applicable]

Model parameter

Unit of measurement

Calibrated valuein
lower Kansas
Riverwater-quality

model
Refractory particulate organic matter decay rate 1/day 0.001
Labile to refractory particulate organic matter decay rate 1/day .01
Particulate organic matter settling rate 1/day 1
Stoichiometric equivalent between organic matter and phosphorus dimensionless .005
Stoichiometric equivalent between organic matter and nitrogen dimensionless .08
Stoichiometric equivalent between organic matter and carbon dimensionless 45
Stoichiometric equivalent between organic matter and silica dimensionless 18
Lower temperature for organic matter decay degrees Celsius 4
Upper temperature for organic matter decay degrees Celsius 30
Fraction of organic matter decay rate at lower temperature dimensionless 1
Fraction of organic matter decay rate at upper temperature dimensionless .99
5-day decay rate at 20 °C 1/day 2
Temperature coefficient dimensionless 1.047
Ratio of 5-day carbonaceous biochemical oxygen demand to ultimate dimensionless 1.85

carbonaceous biochemical oxygen demand

Phosphorus stoichiometry for carbonaceous biochemical oxygen demand decay ~ dimensionless .004
Nitrogen stoichiometry for carbonaceous biochemical oxygen demand decay dimensionless .004
Carbon stoichiometry for carbonaceous biochemical oxygen demand decay dimensionless .004
Silica stoichiometry for carbonaceous biochemical oxygen demand decay dimensionless --
Sediment release rate of phosphorus, fraction of sediment oxygen demand dimensionless .01
Phosphorus partitioning coefficient for suspended solids dimensionless 0
Sediment release rate of ammonium, fraction of sediment oxygen demand dimensionless .001
Ammonium decay rate 1/day 1
Lower temperature for ammonia decay degrees Celsius 1
Lower temperature for maximum ammonia decay degrees Celsius 25
Fraction of nitrification rate at lower temperature dimensionless 5
Fraction of nitrification rate at upper temperature dimensionless .99
Nitrate decay rate 1/day 15
Denitrification rate from sediment meter per day 1
Lower temperature for nitrate decay degrees Celsius 1
Lower temperature for maximum nitrate decay degrees Celsius 25
Fraction of denitrification rate at lower temperature dimensionless 1
Fraction of denitrification rate at upper temperature dimensionless .99
Dissolved silica sediment release rate, fraction of sediment oxygen demand dimensionless 1
Particulate biogenic settling rate meter per second 0
Particulate biogenic silica decay rate 1/day 3

43
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Table 11. Model parameters and calculated values specified as input for water-quality model of Kansas

River in northeast Kansas.—Continued

[--, not applicable]

Model parameter

Calibrated value in
lower Kansas

Unit of measurement . .
Riverwater-quality

model
Dissolved silica partitioning coefficient dimensionless 0.2
Iron sediment release rate, fraction of sediment oxygen demand dimensionless 1
Iron settling velocity meter per day 2
Sediment carbon dioxide release rate, fraction of sediment oxygen demand dimensionless 1
Oxygen stoichiometry for nitrification dimensionless 4.57
Oxygen stoichiometry for organic matter decay dimensionless 14
Oxygen stoichiometry for algal respiration dimensionless 1.1
Oxygen stoichiometry for algal primary production dimensionless 14
Dissolved-oxygen concentration at which anaerobic processes begin gram per cubic meter 1
Initial sediment concentration gram per cubic meter 1
Sediment decay rate 1/day 1
Fraction of the zero-order sediment oxygen demand rate used dimensionless 0
Fraction of the first-order sediment rate used dimensionless 5
Lower temperature for zero-order sediment oxygen demand or first-order degrees Celsius 5
sediment decay
Upper temperature for zero-order sediment oxygen demand or first-order sediment degrees Celsius 35
decay
Fraction of sediment oxygen demand or sediment decay rate at lower temperature dimensionless .05
Fraction of sediment oxygen demand or sediment decay rate at upper temperature dimensionless .99
Sediment oxygen demand milligram per liter 1
between measured and simulated dissolved oxygen, nitrite plus  Dissolved Oxygen

nitrate, ammonia as nitrogen, orthophosphorus, fecal coliform
bacteria, and algal biomass. These model parameters were set to
default values for the first simulation. Parameters then were
adjusted on the basis of: (1) conceptual understanding of the
system, (2) agreement with measured data, (3) values used for
other CEFQUAL-W?2 applications (Bales and others, 2001;
Galloway and Green, 2002; Berger and others, 2003), and (4)
defined limits of each parameter (Cole and Wells, 2003). These
adjustments were kept to a minimum to avoid “overtuning” the
model and creating a model that is only useful for the data used
to calibrate the model.

Accurate dissolved-oxygen simulation was emphasized
during the model calibration. Hourly measured dissolved oxy-
gen was available for comparison to hourly simulated dissolved
oxygen. Other water-quality constituents were measured during
discrete sample collection. During synoptic survey II, one mea-
sured value per site, per water-quality constituent, was com-
pared to hourly simulated values. In an effort to define temporal
fluctuations for synoptic survey III, multiple samples were col-
lected at Lecompton (site 21), DeSoto (site 33), and Kansas City
(site 50).

Comparisons of measured and simulated dissolved-
oxygen concentrations indicated fair agreement for the Kansas
River at Lecompton and DeSoto. During synoptic survey II, the
AME was 0.9 mg/L for DeSoto (fig. 284) (no measured dis-
solved-oxygen data were available for Lecompton). The AME
for dissolved-oxygen concentrations at Lecompton and DeSoto
for synoptic survey III were 2.8 and 1.9 mg/L, respectively
(fig. 28B and 28C). The magnitudes of the daily maximum and
minimum simulated dissolved-oxygen concentrations at
Lecompton closely agreed with several of the measured values,
but the timing of the daily extremes was slightly out of phase
(fig. 28B). The magnitudes of the minimum and maximum sim-
ulated dissolved-oxygen concentrations at DeSoto were under-
estimated in comparison to the measured dissolved-oxygen
concentrations (fig. 28C). Also, the simulated dissolved-oxygen
concentrations were out of phase with the measured data by
about 7 to 8 hours. Overall, the simulated dissolved oxygen for
DeSoto for synoptic survey III underestimated the measured
dissolved oxygen by as much as 4 mg/L.
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Figure 28. Measured and simulated hourly dissolved-oxygen concentrations in Kansas River at Lecompton (site 21)
and DeSoto (site 33) for synoptic survey Il and synoptic survey lll. Location of sampling sites shown in figure 2.
Aquatic-life-support criterion from Kansas Department of Health and Environment (2002).

Adjustments to model parameters were required to
improve simulation of measured dissolved-oxygen concentra-
tions. Sources for dissolved-oxygen concentrations include
reaeration and photosynthesis. Sinks include algal respiration,
nitrification, decay of organic matter, and sediment oxygen
demand. The reaeration rate algorithm was adjusted to improve
simulation of the actual reaeration of the Kansas River at lower
flows. Model parameters controlling algal respiration were
adjusted to improve simulation of the diurnal fluctuations of

dissolved-oxygen concentrations. The rate of nitrification was
adjusted slightly with little effect on dissolved-oxygen concen-
trations. The decay rates for organic matter were set at their rec-
ommended (or default) values (Cole and Wells, 2003). The sed-
iment oxygen demand was set at a constant rate of 1.0 mg/L for
the entire length of the river.
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Ammonia

Simulated in-stream ammonia concentrations were com-
pared to measured concentrations along the Kansas River
(fig. 29). The simulations represented winter (synoptic
survey II) and summer (synoptic survey III) conditions with
results for midnight and noon, February 27, 2002, and July 29,
2002, respectively. The time and date of collection for each
measured value varied 9 days prior to and after the simulation
dates.

The simulated in-stream ammonia concentrations were
mostly larger than the measured values for both winter and sum-
mer, with a few exceptions. During the winter (synoptic
survey II), the simulated values varied from being just slightly
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less than the measured concentration (site 26) to 5.6 times larger
than the measured value (site 50, fig. 29A4). Measured and sim-
ulated main-stem ammonia concentrations increased substan-
tially just downstream from the Topeka Oakland WWTF (at
site 14). The measured ammonia concentration at the WWTF
(site 13) on February 26, 2002, was 29.9 mg/L, the largest
ammonia concentration measured for all the samples collected
for this study. Ammonia concentrations decreased for the suc-
ceeding 25 mi. At site 23, the measured main-stem ammonia
concentration was 0.05 mg/L, and the simulated value was
0.14 mg/L. Discrepancies between measured and simulated
ammonia concentrations downstream from Bowersock Dam
(downstream from site 24) were indicated from about site 28 to
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0.80 T LT LI L L T T [ T 7 T LN L
52 25 3 % g § 2 '8 % & 5 2§ % z 3z | I
g8 ¢ 2 S g 8 - g g |E ]
060F% & ° : -
60 - ¢ s k] = H HEE- I .
-2 H s Z z2 23 % 1
C z £ £ =TI ]
050 F ¢ : g S -
- z: Simulated ammonia ] %% é 7
0.40 S concentration at midnight, s 22 —]
. o = February 27, 2002 g2 ]
oy : .
> 030 - Measured B
£ - ~ ammonia ]
5 - concentration -
= 020 Simulated ammonia —
- r 14 (\ 27 concentration ato 12100 n, 1
0] - ~ February 27, 20 |
@ 010 I )@w /| U =
5 = 10 h ®3 5 Bﬂfzs 3 33¢6 38 40 41 :4 7 8 5]
=2 0 L@ ® | | ch v o e I R ? L1 # 1@ f | |. | 1®
E .
= B. Synoptic survey III, July 22—-August 8, 2002
= 0.80 P [T LI L L L L LI L LI IR LI L
S - .
=2 r .
s 070 -
IS - .
@ _ ]
= 060 - 3
= - .
g _ ]
€ 050 -
<< _ ]
0.40 - Simulated ammonia .
- - concentration at midnight, ]
- February 27, 2002 1
— 14 ‘ .
0.30 - ° Measured . . N
- ammonia Slmulattedt_ammtoma 507
r . concentration at noon
020 E concentration February 27, 2002 ’
0.10
: —_26
Co0|oe 3 4 u“
oCLe ] I [
90 80 50 40 30 20 10 0

Distance upstream from confluence with Missouri River, in miles

Figure 29. Measured and simulated ammonia concentrations in Kansas River from Topeka to confluence with
Missouri River for (A) synoptic survey Il and (B) synoptic survey lll. Location of sampling sites shown in figure 2.
Gray shading indicates multiple samples collected at a single site.
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the confluence with the Missouri River. Measured concentra-
tions along this reach varied from 0.02 to 0.03 mg/L. Simulated
concentrations varied from 0.07 to 0.13 mg/L. For this reach,
the model simulation indicated that some nitrification occurred,
causing simulated ammonia concentration to slightly decrease.
Measured values indicated that the actual rate of ammonia
assimilation was greater than the modeled rate of assimilation,
resulting in measured concentrations being equal to or less than
0.03 mg/L. Winter simulation results at noon and midnight indi-
cate little diurnal fluctuation.

Comparisons between measured and simulated in-stream
ammonia concentrations during summer conditions indicated
greater agreement between measured and simulated values than
during winter conditions (fig. 29B). During the summer, mea-
sured ammonia concentrations were mostly near or less than the
laboratory reporting level (0.02 mg/L). Simulated concentra-
tions more accurately represented the variation and magnitude
of measured values greater than 0.02 mg/L; for the reach from
Topeka (site 12) to Bowersock Dam (river mile 51), measured
and simulated ammonia concentrations varied from less than
0.02 to 0.34 mg/L. The most substantial increase occurred near
the Topeka Oakland WWTTF (site 14) where samples from the
WWTEF (site 13) indicated ammonia concentrations at 21 mg/L.
Simulated in-stream noon concentrations decreased to
0.01 mg/L within about 8 mi downstream from the Topeka
Oakland WWTF. Simulated concentrations then varied from
0.02 to 0.20 mg/L for the downstream 24 mi. The measured
concentrations for the reach between Bowersock Dam and Kan-
sas City varied spatially and temporally. The largest concentra-
tions for this reach were from samples collected along the last
10 mi, downstream from the Johnson County Mill Creek
Regional WWTF (site 44), Kansas City no. 14 (site 46), no. 20
(site 45), and Nelson WWTFs (site 49). At sampling sites where
multiple samples were collected, variations among ammonia
concentration indicated how dynamic the system can be. Mea-
sured ammonia concentrations that were greater than the labo-
ratory reporting level plotted between the simulated daily min-
imum (noon) and maximum (midnight) concentrations,
indicating that the model’s simulated diurnal fluctuation in
ammonia concentrations properly bracketed the measured con-
centration.

The discrepancies between the measured and simulated
ammonia concentrations come from several possibilities. First,
as indicated by the temporal sampling during synoptic
survey III, ammonia concentrations can vary by as much as
155 percent over a few days. Some of the measured values were
collected 9 days before or after the simulated values. Another
possible explanation for the large discrepancies between the
measured ammonia concentrations is that the inputs to the river
are not steady state and varied substantially during the synoptic
period. It also could be possible that the dynamic nature of the
chemical and biological components of the river are such that
the data that were collected were not sufficient to completely
quantify processes affecting actual in-stream nitrification.

Fecal Coliform Bacteria

Hourly simulated fecal coliform bacteria densities for syn-
optic survey II (February 25 through March 1) were plotted for
the period and compared to one measured value at Lecompton
and DeSoto (fig. 30A and B). Simulated fecal coliform bacteria
densities at Lecompton ranged from 22 to 34 col/100 mL,
whereas the measured value on February 27, 2002, was
7 c0l/100 mL. The measured value at DeSoto on February 25,
2002, was 10 col/100 mL, and the hourly simulated values
ranged from 9 to 22 col/100 mL (fig. 30B).

Hourly simulated fecal coliform bacteria densities at

Lecompton for synoptic survey III (July 22 through August 8,
2002) varied between 6 and 20 col/100 mL. The measured den-
sities in four discrete samples varied from less than 10 to
13 col/100 mL (fig. 30C). Simulated values slightly overesti-
mated the four discrete samples. At DeSoto, hourly simulated
values for fecal coliform bacteria varied from 2 to 18 col/
100 mL. The seven samples collected had densities that ranged
from 9 to 14 col/100 mL (fig. 30D). Variation of the hourly sim-
ulated fecal coliform bacteria densities is due primarily to vari-
ations in hydrodynamics and bacteria input.

Sensitivity Analysis

Sensitivity analysis was performed on the water-quality
model by determining the effects of changes in calibrated model
parameters and boundary conditions on simulated results. A
complete sensitivity analysis of all the model parameters
(table 11) was not performed. However, many of these parame-
ters were adjusted during the calibration process for hydrody-
namics, water temperature, dissolved oxygen, and ammonia.
Results of these simulations and previous modeling studies
(Bales and others, 2001; Galloway and Green, 2002; Berger and
others, 2003) using CE-QUAL-W?2 formed the basis for the
sensitivity analysis.

Simulated streamflow was very sensitive to changes in
channel slope and Manning’s friction factor. A slope change of
0.0001 ft/mi or a 0.005 change in Manning’s friction factor
resulted in streamflow that had either too much or too little
velocity resulting in false traveltimes. This was evident in the
timing of the measured changes in streamflow compared to the
modeled changes. Simulations were generally insensitive to
changes in other hydraulic parameters.

Simulations of water temperature were largely unaffected
by changes in associated coefficients. The effects of changes in
wind sheltering and resistance coefficients and dynamic shad-
ing were not modeled. Simulated water-quality constituents
were affected by several of the 88 parameters and coefficients
listed in table 11. Most of the parameters were adjusted to val-
ues only slightly different than the default values (Cole and
Wells, 2003). Parameters that were adjusted outside the range
of the default values were compared with values from previous
studies (Bales and others, 2001; Galloway and Green, 2002;
Berger and others, 2003). Still, other parameters were adjusted
to better simulate measured values.
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A. Lecompton, synoptic survey II, February 25-March 1, 2002
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shown in figure 2.
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Simulated algal concentrations were most sensitive to
algal growth rate and the associated temperature coefficients.
These parameters were adjusted outside of their default range to
so that the simulated algal concentrations would better match
the measured concentrations in the winter. Saturation light
intensity affected algal concentrations slightly.

Simulated ammonia concentrations were most sensitive to
algal concentration changes. The more algae available, the
smaller the ammonia concentrations were. Simulated ammonia
concentrations were less sensitive to the ammonia decay rate
coefficient and its associated temperature coefficients. Simu-
lated ammonia concentrations were affected only slightly by
changes in nitrite decay rates and algal preference of ammonia
or nitrite.

Simulated fecal coliform bacteria concentrations were
affected only by the first-order decay rate (table 11) and settling
coefficients. The default value for fecal coliform decay rate was
used for these simulations.

Model Limitations

The model was calibrated on the basis of low-flow condi-
tions measured in the Kansas River and its tributaries during the
discrete periods of synoptic surveys II and III. The effects of
changing the boundary conditions of the calibrated model are
varied depending on which conditons are changed. Adjusting
the model so that the streamflow in the Kansas River is much
smaller or larger than the streamflows modeled for synoptic sur-
veys II and III could produce results with greater uncertainty.
Without measuring the inflow water quality of the Kansas River
during hypothetically larger or smaller streamflow conditions,
it is impossible to know if the assumed water-quality boundary
conditions used in the calibrated model are reasonable enough
estimates for the hypothetical simulations. Results of hypothet-
ical adjustment of other boundary conditions such as tributary
or WWTFs flows or ammonia concentrations are less uncertain
because the inflow Kansas River conditions are unchanged. So
if, for example, ammonia concentrations from a WWTF are
increased, the model results of the effects in the Kansas River
are accurate for those conditions.

Hypothetical Simulations

The calibrated Kansas River water-quality model was used
to describe and evaluate hypothetical conditions. KDHE needed
results from four hypothetical simulations using the calibrated
model (table 12). The effluent of an additional proposed WWTF
and hypothetical alterations to existing WWTF effluent dis-
charges in combination with the existing calibrated model were
used to determine the possible effects on water quality in the
Kansas River. All of the hypothetical results were compared to
the calibrated model results. Hypothetical simulations were
made using boundary conditions from the winter and summer

calibrated models with the exceptions of ammonia, nitrite plus
nitrate, total phosphorus, orthophosphorus, and carbonaceous
biochemical oxygen demand (table 12). All simulated results
were cross-sectional averages for noon and midnight on Febru-
ary 27, 2002, and July 31, 2002. The application of the cali-
brated model to hypothetical situations is valid so long as the
hydrologic and meteorologic conditions and WWTF discharge
characteristics are similar.

Hypothetical simulations also are provided for situations
where the streamflow boundary condition for the Kansas River
at Topeka (site 12) was reduced to the 30-day, 10-year low flow
(30Q10) of 670 ft>/s. KDHE determines WWTF permitted dis-
charges of ammonia into the Kansas River on the basis of
streamflow equal to 30Q10 flows (table 4). Therefore, KDHE
needed the calibrated model and the hypothetical simulations
also run using the 30Q10 streamflow instead of the streamflow
measured in the Kansas River during synoptic surveys II and
III. The results of the 30Q10 hypothetical simulations are pre-
sented in Appendix 3.

Effects of Hypothetical Simulation 1

First, the calibrated model was altered so that the effluent
discharges from three major main-stem WWTFs were equal to
their design flow and current (2005) permitted limit for ammo-
nia (table 12). In comparison to the calibrated results, simulated
in-stream ammonia concentrations were usually larger in the
hypothetical simulation 1, with the exception of concentrations
immediately downstream from the Topeka Oakland WWTF
(site 13) in the winter (fig. 31A). Simulated in-stream concen-
trations were larger for the calibrated model in winter because
the ammonia concentration measured at the Topeka Oakland
WWTF (30 mg/L) was 18 times larger than the current permit-
ted limit (1.6 mg/L). The results from hypothetical simulation 1
were plotted with the results from the other three hypothetical
simulations for further comparison (figs. 31-33).

Effects of Hypothetical Simulation 2

The change for hypothetical simulation 2 was to discharge
effluent from a proposed new WWTF that would serve the
growing population of Johnson County, Kansas. The design
flow for this proposed WWTF was 85 ft3/s (55 Mgal/d), more
than two times larger than any of the existing WWTF design
flows. The simulation was run for winter and summer condi-
tions in two parts: (1) locating the proposed WWTF upstream
from DeSoto (river mile 31) and (2) locating the proposed
WWTF downstream from Cedar Creek (river mile 25). The two
parts of the simulation were necessary to help determine the
effects of the proposed WWTF’s effluent on the horizontal
source-water wells located along the Kansas River near the con-
fluence of Cedar Creek. These wells provide drinking water for
the city of Olathe.



Table 12. Boundary conditions used in CEFQUAL-W2 model for various hypothetical simulations describing possible effects on water quality in Kansas River in northeast

Kansas during winter and summer.

[Mgal/d, million gallons per day; ft3/s, cubic feet per second; mg/L, milligrams per liter; n/a, not applicable or not determined]

Effluent discharge

Ammonia concentrations

Input concentrations

Design limits Carbon-
nmabper Wastewater-treatment _ _ _ _ Nitrite plus Total Ortho- _aceous
fig. 2 facility Simulated 2004 design SlmLéIated Simulated Winter  Summer nitrate as phosphorus  phosphorus biochemical
(Mgal/d)  (Mgal/d) (ft°/s) (mg/L) nitrogen oxygen
(mg/L)  (mg/L) (mg/L) (mg/L) (mg/L) demand
(mg/L)
Calibration simulation
Winter
13 Topeka Oakland 16 16 15.8 30 7.8 n/a 0.65 3.0 2.4 12
25 Lawrence 12.5 12.5 10.5 8.8 7 n/a 7.7 3.7 3.0 10
44 Johnson County Mill Creek 9 9 11.6 19 15 n/a .19 3.7 2.6 17
Summer
13 Topeka Oakland 16 16 11.9 21 n/a 1.6 2 3.6 3.1 12
25 Lawrence 12.5 12.5 9.75 2 n/a 7 15 3.9 3.4 n/a
44 Johnson County Mill Creek 9 9 10.8 24 n/a 36 1.8 4.3 3.9 4.2
Hypothetical simulation 1
13 Topeka Oakland 16 16 25 1.0 7.8 1.6 1.0 2.0 1.6 10
25 Lawrence 12.5 12.5 19 1.0 7 7 1.0 2.0 1.6 10
44 Johnson County Mill Creek 9 9 14 1.0 15 36 1.0 2.0 1.6 10
Hypothetical simulation 2
n/a Proposed DeSoto (river mile 55 n/a 85 1.0 n/a n/a 1.0 2.0 1.6 10
25 or 31)
Hypothetical simulation 3
13 Topeka Oakland 16 16 25 1.0 7.8 1.6 1.0 2.0 1.6 10
25 Lawrence 12.5 12.5 19 1.0 7 7 1.0 2.0 1.6 10
44 Johnson County Mill Creek 18.75 9 29 1.0 15 36 1.0 2.0 1.6 10

0
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Table 12. Boundary conditions used in CE-FQUAL-W2 model for various hypothetical simulations describing possible effects on water quality in Kansas River in northeast
Kansas during winter and summer.—Continued

[Mgal/d, million gallons per day; ft3/s, cubic feet per second; mg/L, milligrams per liter; n/a, not applicable or not determined]

Effluent discharge Ammonia concentrations Input concentrations
M Design limits Carbon-
ap Nitrite plus aceous
Wastewater-treatment P .
number facility Simulated di(;?“n Simulated ~ Simulated nitrate as hozmr?clyrus hc[a)srﬂ;mcc))rus biochemical
(fig. 2) (Mgal/d) M ?/d) (/) (mg/l) ~ Winter  Summer nitrogen P (mp/L) p (mp ) oxygen
ga (mg/L)  (mg/L) (mg/L) g g demand
(mg/L)
Hypothetical simulation 4
13 Topeka Oakland 16 16 25 1.0 1.6 7.8 1.0 2.0 1.6 10
25 Lawrence 20 12.5 31 1.0 7.0 7.0 1.0 2.0 1.6 10
n/a Proposed DeSoto (river 55 n/a 85 1.0 n/a n/a 1.0 2.0 1.6 10
mile 25 or 31)
44 Johnson County Mill Creek 18.75 9.0 29 1.0 36 15 1.0 2.0 1.6 10
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A. Simulated ammonia concentrations, winter conditions
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Figure 31. Simulated ammonia and dissolved-oxygen concentrations in Kansas River from Topeka to Kansas City
during winter and summer low streamflow conditions for calibrated model and hypothetical simulations 1 and 2.
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C. Simulated dissolved-oxygen concentrations, winter conditions
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Figure 31. Simulated ammonia and dissolved-oxygen concentrations in Kansas River from Topeka to Kansas City
during winter and summer low streamflow conditions for calibrated model and hypothetical simulations 1 and 2—Continued
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Results of hypothetical simulation 2, where the addition of
the proposed WWTF was upstream from DeSoto or down-
stream from Cedar Creek, indicated similar increases in ammo-
nia downstream from the proposed WWTF. In the winter,
ammonia concentrations downstream from the proposed
WWTF indicated similar characteristics but at different loca-
tions depending on its hypothetical location (fig. 31A). Results
indicated a steady increase in ammonia concentrations in the
Kansas River to about 0.04 mg/L greater than the calibrated
results within about 2.5 mi downstream from both hypothetical
locations for the proposed WWTEF. None of the simulated in-
stream values exceeded the Kansas chronic aquatic-life criteria
for early-life stages of fish present. Water temperatures less
than 5 °C minimized nitrification and had little effect on dis-
solved-oxygen concentrations (fig. 31C). None of simulated
dissolved-oxygen concentrations in the winter were less than
the Kansas aquatic-life criterion (5.0 mg/L).

Summer simulations indicated that ammonia concentra-
tions increased substantially for about 5 mi downstream from
the proposed WWTF and then maintained a steady concentra-
tion slightly greater than the concentrations for calibrated
results (fig. 31B). The maximum simulated main-stem values
for both proposed WWTF locations were within 0.2 mg/L of the
Kansas chronic aquatic-life criterion for early-life stages of fish
present. As a result of the increased ammonia concentrations,
main-stem nitrification suppressed dissolved-oxygen concen-
trations to less than the Kansas aquatic-life criterion (5.0 mg/L)
for 1 to 2 mi downstream from the proposed WWTF (fig. 31D).

Effects of Hypothetical Simulation 3

As requested by KDHE, changes to the calibrated model
for hypothetical simulation 3 were adjustments to three major
WWTFs (Topeka Oakland, Lawrence, and Mill Creek) current
design flows and permitted limits for ammonia (Appendix 2). In
most cases, this meant that the magnitude of the effluent flow
was increased and the concentration of ammonia was decreased
from the WWTF values measured and used in the calibrated
model.

Results for hypothetical simulation 3 indicated that ammo-
nia concentrations gradually increased from upstream to down-
stream along the Kansas River during winter and summer.
Ammonia concentrations ranged from 0.01 to 0.20 mg/L in the
winter and from 0.03 to 0.27 mg/L during the summer (figs. 32A
and 32B). In-stream ammonia concentrations incrementally
increased downstream from each major WWTF. Ammonia con-
centration increased the most downstream from the Turkey
Creek confluence (river mile 3.2). Nelson WWTF discharges
into Turkey Creek just upstream from the confluence. The
ammonia concentration of Turkey Creek (site 49, fig. 2) just
downstream from the Nelson WWTF effluent (site 37, fig. 9)
was not changed from the concentration used in the calibrated
model and was the largest ammonia concentration of all the
WWTF effluents for hypothetical simulation 3. Main-stem
ammonia concentrations for hypothetical simulation 3 did not

exceed the Kansas chronic aquatic-life criterion for early-life
stages of fish present.

Concentrations of dissolved oxygen for the hypothetical
simulation 3 were similar to the dissolved-oxygen concentra-
tions reported from the original calibrated model during both
winter and summer (fig. 32C and 32D). None of the simulated
main-stem dissolved-oxygen concentrations were less than the
Kansas aquatic-life criterion (5.0 mg/L).

Effects of Hypothetical Simulation 4

Adjustments to the calibrated model for hypothetical sim-
ulation 4 were a combination of adjustments from hypothetical
simulations 1 and 2. Effluent from a proposed new WWTF was
added to discharge in the Kansas River just downstream from
the Cedar Creek confluence (river mile 25), and the design
flows and ammonia concentrations for three major WWTFs
(Topeka Oakland, Lawrence, Johnson County Mill Creek) were
adjusted to the same values as in hypothetical simulation 2. All
values for the other WWTFs were the same as the values used
for the calibrated model.

Simulated results for hypothetical simulation 4 indicated
main-stem concentrations of ammonia similar to those simu-
lated for hypothetical simulation 3, with the exception of the
concentrations found downstream from the proposed WWTF
(fig. 33A and 33B). In the summer, the simulated results indi-
cated that the proposed WWTF would have a profound effect on
ammonia and dissolved-oxygen concentration for about 3 mi
downstream from its hypothetical location (fig. 33B and 33D).
Ammonia concentrations remained slightly larger than the con-
centrations in hypothetical simulation 2 until about river mile
10, where they were approximately equal. Main-stem ammonia
concentrations were equal to or less than those simulated with
the calibrated model except near the Lawrence and proposed
WWTFs. Summer simulated ammonia concentrations near the
proposed WWTF were the closest that any of the simulated val-
ues got to the Kansas chronic aquatic-life-support criterion for
early-life stages of fish present.

Concentrations of dissolved oxygen for hypothetical sim-
ulation 4 were similar to the dissolved-oxygen concentrations
reported from the original calibrated model during both winter
and summer with some exceptions (fig. 33C and 33D). During
the winter, downstream from the proposed new WWTF (river
mile 25), simulated dissolved-oxygen concentrations decreased
slightly (about 0.5 mg/L) and gradually increased over the next
5 mi to levels identical to the calibrated model. During the sum-
mer, simulated dissolved-oxygen concentrations downstream
from the Lawrence WWTF (river mile 50) decreased to
5.0 mg/L before increasing gradually over the next 3 mi to con-
centrations similar to the calibrated model. Also, simulated dis-
solved-oxygen concentrations downstream from the hypotheti-
cal WWTF (river mile 25) decreased to concentrations that
were less than the Kansas aquatic-life criterion (5.0 mg/L),
reaching a minimum of about 4 mg/L before increasing over the
next 4 mi back to the levels similar to the calibrated model.
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A. Simulated ammonia concentrations, winter conditions
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of Health and Environment, 2002)

Figure 32. Simulated ammonia and dissolved-oxygen concentrations in Kansas River from Topeka to Kansas City
during winter and summer low streamflow conditions for calibrated model and hypothetical simulations 1 and 3.
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C. Simulated dissolved-oxygen concentrations, winter conditions
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Figure 32. Simulated ammonia and dissolved-oxygen concentrations in Kansas River from Topeka to Kansas City during winter
and summer low streamflow conditions for calibrated model and hypothetical simulations 1 and 3.—Continued
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A. Simulated ammonia concentrations, winter conditions
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Figure 33. Simulated ammonia and dissolved-oxygen concentrations in Kansas River from Topeka to Kansas City
during winter and summer low streamflow conditions for calibrated model and hypothetical simulations 1 and 4.
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C. Simulated dissolved-oxygen concentrations, winter conditions
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Figure 33. Simulated ammonia and dissolved-oxygen concentrations in Kansas River from Topeka to Kansas City during winter
and summer low streamflow conditions for calibrated model and hypothetical simulations 1 and 4. —Continued



Summary and Conclusions

Nutrients and bacteria are two of the most common water-
quality contaminants in Kansas and are responsible for causing
stream segments to be designated as water-quality impaired.
The Kansas Department of Health and Environment (KDHE)
has listed the Kansas River in northeast Kansas as water-quality
limited with respect to ammonia and fecal coliform bacteria.
Once a stream has been designated as water-quality limited and
appears on the water-quality limited (303d) list, the Federal
Clean Water Act requires that States establish total maximum
daily loads to meet those water-quality criteria. Treatment facil-
ity upgrades and best management practices within the water-
shed are possible solutions for improving water quality.

Concentrations of ammonia and fecal coliform bacteria
associated with wastewater-treatment facility (WWTF) effluent
from areas of rapid population growth and urban development
are a particular concern along the Kansas River between
Topeka and Kansas City. Large concentrations of ammonia dur-
ing low streamflow conditions are of concern in this reach of the
Kansas River. Large densities of fecal coliform bacteria indi-
cate elevated risks of contracting human diseases for those
using the stream. As urban growth continues along the Kansas
River, capacities of existing WWTFs will increase, and new
WWTFs will discharge to the Kansas River.

In July 2000, the U.S. Geological Survey (USGS), in coop-
eration with KDHE and support from the U.S. Environmental
Protection Agency, conducted an investigation of the Kansas
River in northeast Kansas to characterize and simulate water-
quality conditions during low streamflow conditions. Three
synoptic surveys were undertaken in November 2001 and Feb-
ruary and July 2002. A total of 147 water samples were col-
lected at 50 sites within and along the Kansas River between
Wamego and Kansas City, Kansas. Water-quality monitors
installed in the Kansas River at selected sites provided hourly
measurements of specific conductance, pH, water temperature,
turbidity, and dissolved oxygen during synoptic survey III
(summer 2002). Results from discrete sample collection and
hourly measurements were used to calibrate and verify a two-
dimensional water-quality model of the Kansas River.

Results from the samples collected during the three synop-
tic surveys indicated that WWTFs along the Kansas River
increased ammonia concentrations and bacteria densities in the
river during low streamflow conditions. The largest increases in
ammonia concentrations on the main-stem Kansas River were
detected immediately downstream from the Topeka Oakland
WWTF, the Lawrence WW'TF, and the Johnson County Mill
Creek WWTF. The largest ammonia concentration (0.27 mg/L)
on the main-stem Kansas River occurred just downstream from
the Topeka Oakland WWTF and was less than the State of Kan-
sas pH- and temperature-dependent chronic aquatic-life crite-
rion for ammonia (0.30 mg/L). Ammonia concentrations in
67 percent of the main-stem samples collected during the third
synoptic survey (summer conditions) were less than the labora-
tory reporting level, whereas none of the concentrations in
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samples collected during the second synoptic survey (winter
conditions) were. Overall, ammonia concentrations in the Kan-
sas River, its tributaries, and WWTF effluent were larger during
the winter than during the summer. None of the main-stem sam-
ple concentrations exceeded the State of Kansas pH- and tem-
perature-dependent chronic aquatic-life criteria for ammonia.
The temporal variance defined by the results of synoptic survey
III indicated that ammonia concentrations in the Kansas River
sometimes varied hourly by differences of as much as 155 per-
cent. Other nutrient constituents, such as total nitrogen and total
phosphorus, indicated a similar but muted spatial pattern along
the main stem of the Kansas River with concentrations increas-
ing slightly downstream from major WWTFs.

Samples analyzed for densities of fecal coliform bacteria
illustrate a spatial pattern slightly different from that of the
nutrient constituents. Increased densities of bacteria were
detected along the main stem downstream from major WWTFs.
For instance, during synoptic surveys II and III, fecal coliform
bacteria densities downstream from the Lawrence WWTF were
more than an order of magnitude greater than upstream densi-
ties. The only fecal coliform bacteria density in the main-stem
samples to exceed the former State water-quality, single-sam-
ple criterion (2,000 col/100 mL) was measured during synoptic
survey III in the Kansas River upstream from the Missouri
River confluence (site 50) at 4,000 col/100 mL. Temporal vari-
ation measured during synoptic survey III indicated up to a
263-percent difference in densities during a 12-day period.
Overall, fecal coliform bacteria densities were slightly larger
during the summer.

The results from the three synoptic surveys indicated that
concentrations of nutrients and densities of fecal coliform
bacteria during low streamflow conditions varied spatially and
temporally and increased downstream from major point-source
(WWTF) discharges. Concentrations and densities were rela-
tively small at the sampling sites upstream from Topeka. Vari-
ability of concentrations and densities was largest from Topeka
to the confluence with the Missouri River where WWTFs had a
substaintial effect on main-stem water quality. The Kansas
River’s assimilative process for ammonia typically decreased
the concentrations of ammonia downstream from WWTFs. The
assimilative process was about twice as effective during the
summer synoptic survey than it was during the winter survey.
Decay of fecal coliform bacteria was less evident and appeared
to have little seasonal effect on the basis of data collected for
this report.

Measured loads for ammonia and bacteria were computed
to determine primary inputs to the Kansas River. The Oakland
WWTF in Topeka was the largest contributor of both ammonia
and bacteria on the basis of samples collected during the three
synoptic surveys except for fecal coliform bacteria during syn-
optic survey III when the DeSoto WWTF was discharging the
largest load of bacteria. Estimated loads for the main stem were
computed and compared to the measured loads to help deter-
mine if the synoptic survey sampling schemes adequately rep-
resented the water-quality of the river system.



60 Hydrologic and Water-Quality Conditions in the Kansas River, Northeast Kansas, November 2001-August 2002

None of the measured ammonia concentrations in the Kan-
sas River were greater than the State of Kansas criteria. How-
ever, two measurements of dissolved oxygen at sampling sites
nearest to the Missouri River were less than the State’s aquatic-
life-support use criterion (5.0 mg/L) during the summer. Low
streamflow conditions in the summer are more suitable for nitri-
fication and the decay of organic matter that consume oxygen.
Therefore, the more ammonia available during these conditions,
the more dissolved oxygen is consumed, and the greater the risk
to aquatic life.

A two-dimensional, laterally averaged hydrodynamic and
water-quality model, CEFQUAL-W?2 version 3.1, was applied
to the Kansas River. The model was calibrated and tested using
data from three synoptic surveys conducted between November
2001 and August 2002.

Simulated hourly streamflow, water temperature, and dis-
solved-oxygen concentrations were compared with measured
hourly streamflow, water temperature, and dissolved oxygen in
the Kansas River at Topeka and DeSoto. Channel bathymetry,
hydraulic and thermal parameters, and rate coefficients were
adjusted to calibrate the model to minimize the difference
between the measured and simulated hourly values.

Simulated main-stem ammonia concentrations were com-
pared to measured concentrations from upstream to down-
stream along the Kansas River. The simulated main-stem
ammonia concentrations mostly overestimated the measured
values for both winter and summer, with a few exceptions.
Comparisons between measured and simulated main-stem
ammonia concentrations indicated that ammonia concentrations
were more accurately simulated during the summer than during
the winter. A possible explanation for the large discrepancies
between the measured and simulated ammonia concentrations
is that the data used in the model were insufficient in defining
the system, causing the model to underestimate the actual main-
stem nitrification. Another explanation is that measured values
from samples were collected over a period of days and the sim-
ulated concentration represented a single point in time.

The calibrated Kansas River water-quality model was
adjusted and used to describe and evaluate four hypothetical
simulations needed by KDHE. Simulation 1 was used to indi-
cate the water quality of the Kansas River if the three major
WWTFs were discharging their design flow and maximum per-
mitted ammonia. Other hypothetical simulations described the
effects of an additional proposed WWTF at two different loca-
tions (simulation 2), hypothetical alterations to existing WWTF
effluent discharges (simulation 3), and the effects of combining
both hypothetical conditions (simulation 4) were used to deter-
mine the possible effects on water quality in the Kansas River.
All of the results from the four hypothetical simulations were
compared to the calibrated model results for synoptic surveys II
(winter) and III (summer). Seasonal comparisons were made
between winter and summer simulations.

First, the calibrated model was altered so that the effluent
discharges from three major main-stem WWTFs were equal to
their design flow and current permitted limit for ammonia. In
comparison to the calibrated results, simulated in-stream

ammonia concentrations were usually larger in simulation 1,
with the exception of concentrations immediately downstream
from the Topeka Oakland WWTF (site 13) in the winter. Simu-
lated in-stream concentrations were larger for the calibrated
model because the ammonia concentration measured at the
Topeka Oakland WWTF was 18 times larger than the current
permitted limit.

The results of hypothetical simulation 2 with an additional
proposed WWTTF at two locations near DeSoto indicated
increases in ammonia downstream from the proposed WWTF.
The simulation was done in two parts to evaluate effects for the
proposed WWTF at two different locations. In the winter,
ammonia concentrations downstream from the proposed
WWTF indicated a steady increase slightly greater than the cal-
ibrated model results. Summer simulation 2 indicated ammonia
concentrations increased substantially, and dissolved-oxygen
concentrations decreased to less than State of Kansas aquatic-
life-support use criterion of 5.0 mg/L for about 1 to 2 mi down-
stream from the proposed WWTF and then maintained a steady
concentration to the confluence with the Missouri River. These
simulated main-stem ammonia concentrations were close to the
Kansas chronic aquatic-life criteria for early-life stages of fish
present.

In hypothetical simulation 3, changes to hypothetical sim-
ulation 1 were made to adjust the design flows from three major
WWTFs (Topeka Oakland, Lawrence, and Mill Creek) and
permitted ammonia limits. In most cases, this meant that the
magnitude of the effluent flow was increased (beyond 2005
design flows) and the concentration of ammonia was decreased
from WWTF permitted values used in hypothetical
simulation 1. Hypothetical values for nitrite plus nitrate, ortho-
phosphorus, and carbonaceous biochemical oxygen demand
also were used in place of the measured values that were used
in the calibrated simulation for the three WWTFs. Simulated
results for hypothetical simulation 3 indicated that ammonia
concentrations were equal to or slightly less than the simulated
concentrations from the calibrated model during both winter
and summer. None of the simulated main-stem ammonia and
dissolved-oxygen concentrations for hypothetical simulation 3
were larger than the Kansas chronic aquatic-life criteria for
early-life stages of fish present or less than the Kansas aquatic-
life criterion for dissolved oxygen (5.0 mg/L), respectively.

Simulated results for hypothetical simulation 4, a combi-
nation of hypothetical simulations 2 and 3, indicated in-stream
concentrations of ammonia similar to those simulated for hypo-
thetical simulation 3, with the exception of the concentrations
found downstream from the proposed WWTEF. Hypothetical
simulation 4 indicated that ammonia concentrations for winter
and summer were equal to or less than those simulated with the
calibrated model except near the Lawrence WWTF and the pro-
posed WWTF. Simulated main-stem ammonia and dissolved-
oxygen concentrations downstream from the proposed WWTF
were close to the Kansas chronic aquatic-life criteria for early-
life stages of fish present and less than the Kansas aquatic-life
criterion for dissolved oxygen (5.0 mg/L), respectively.
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for
synoptic surveys |, II, and 11, November 2001 through August 2002.

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCO3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius; SOy, sulfate; CI,

chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey |
10 Kansas River at Highway 75, Topeka 6888980 11/29/01 1100 86.0 1,500 990 8.2 2.0 2.6 150 13.3 2.8 <1.0
11 North Topeka wastewater-treatment 6888985 11/28/01 1220 85.0 12 1,200 73 2.0 17.4 640 6.9 21 14
facility
13 Topeka Oakland wastewater-treatment 6889002 11/28/01 1115 81.7 16 1,200 7.7 - 18.6 96 8.2 19 11
facility
15  Soldier Creek, Meriden Road, near 6889504 11/29/01 930 80.5 - 760 7.8 - - 63 11.8 2.4 <1.0
Topeka
16  Shunganunga Creek at Rice Road, 6889700 11/29/01 1030 76.0 6.6 580 8.1 3.0 3.5 17 11.8 2.0 <1.0
Topeka
18  Muddy Creek near Grantville 6889800 11/28/01 850 72.3 5.9 640 7.9 0 2.7 34 11.3 33 14
20  Delaware River below Perry Dam 6890900 11/28/01 920 65.1 25 270 8.1 ~-1.5 9.6 94 10.8 3.9 <1.0
21  Kansas River at Lecompton 6891000 11/28/01 1330 64.0 1,800 980 83 -20 3.8 20 12.8 4.8 2.1
25 Lawrence wastewater-treatment facility 6891090 11/28/01 920 51.1 9.9 900 74 - 16.3 49 8.4 18 7.1
27  Farmland nitrogen wastewater- 6891095 11/28/01 845 50.1 26 1,700 7.6 - 2.3 60 11.0 12 8.6
treatment facility, Lawrence
29  Mud Creek near Lawrence 6891098 11/27/01 1145 47.6 2.0 610 7.7 4.5 6.5 17 10.8 2.9 <1.0
30 Kansas River at Eudora 6891100 11/28/01 1030 434 1,820 820 8.3 0 4.7 19 12.4 4.9 2.3
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for
synoptic surveys I, II, and 11, November 2001 through August 2002—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCO3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius; SOy, sulfate; Cl,
chloride, N, nitrogen; P, phosphorus; C, carbon]

= c 3
® = S >
[ [t @ = E % ; 8
@ -g g ES = E S OEJ - ) = £ » = = 3=
— = [2) — [ = @ = © =
N g 5 2% = 55 §8 §22 @ g2 5% g 52 S2fs5gs
ST S 2 S g~ E3 % Ltsg @t 22 ©B& 2 ST Sw:= 53 =
g% e E °SS 95 e By =Boo 33 S8 g8 oS5 838 20383 c£3T 8
5 2 s = =8 =22 8§85 %2 G588 5% 29 Eao Z= Tg S3go¥Ne
) (=2 c = [ = = o . © g o O D =T ®QE ~ o E 5 - E
[T £ o g; %ﬁ 2 2 8@ ©w® T Fo = o = =2 c ®w-o 2@ c
T n = =1 e a a n c Q@ L S o 35 S s = - = S = PR S RN
== s = L8 « Ss s g8 g =% 2% s a2 o982 382
g 2] ° E o = €3 S5 ° L o TS — A E SoF @FF
wn [ ] o © S o ;R - = — 0o g oN E oKX E
© E s o wo - 5 T g5
a = £ S > S c
—_ © L ©
E 2 s E
~ o @
=]
Synoptic survey I—Continued
31  Wakarusa River at 1900 Road near 6891675 11/27/01 755 42.6 E7.0 500 73 - 73 26 94 43 1.3
Eudora
32 Stranger Creek above Linwood 6892200 11/27/01 1240 354 53 570 81 105 7.8 17 115 32 <1.0
35  Kill Creek at 83rd Street 6892360 11/27/01 1015 31.0 1.2 650 8.0 1.0 6.9 85 10.2 35 1.1
37  Cedar Creek near Cedar Junction 6892490 11/27/01 830 26.7 4.7 990 8.0 1.0 7.2 22 10.0 3.2 <1.0
39  Bonner Springs wastewater-treatment 6892502 11/29/01 1010 20.3 1.1 1,300 74 - 16.0 46 52 5.5 <1.0
facility
42 Mill Creek at Wilder Road 6892515 11/27/01 845 16.1 15 640 76 20 7.2 60 9.9 3.8 1.5
44 Johnson County Mill Creek wastewater- 6892520 11/27/01 1215 15.0 Ell 1,100 74 20 11.2 670 9.0 47 6.9
treatment facility
45  Kansas City wastewater-treatment 6892525 11/27/01 930 14.8 52 1,200 72 - 17.9 28 43 16 3.0
facility no. 20
46 Unnamed tributary below Kansas City =~ 6892527 11/27/01 1100 11.2 - 570 80 - 5.7 690 11.6 10 32
wastewater-treatment facility no. 14
48  Kansas River at west Kansas Avenue 6892540 11/28/01 1010 6.0 E2,600 750 83 -1.0 6.4 22 12.0 6.0 3.0
Bridge
49  Turkey Creek at Kansas City near [-35 6892942 11/27/01 1030 32 20 980 76 35 13.8 17 7.5 31 22
50 Kansas River above Missouri River 6892960 11/27/01 1230 1.1 2,620 770 82 40 9.3 59 110 5.9 3.0
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for
synoptic surveys I, II, and 1ll, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCO3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius; SOy, sulfate; Cl,
chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey Il
2 Vermillion Creek near Wamego 6888000 2/28/02 1310 119.2 18 640 8.2 7.0 3.6 10 14.6 2.7 <1.0
3 Rock Creek near Louisville 6888300 2/28/02 1215 118.2 10 570 8.3 7.5 1.6 11 14.4 2.2 <1.0
4 Kansas River at Belvue 6888350 2/28/02 1315 113.0 2,150 1,000 8.1 11.2 2.5 32 12.5 3.6 2.0
5  Kansas River near Maple Hill 6888400 2/28/02 1135 103.7 1,700 1,100 83 11.0 1.8 41 15.9 3.7 3.2
6  Mill Creek near Maple Hill 6888650 2/28/02 1015 101.7 27 680 8.1 4.0 3.2 15 12.8 2.9 1.3
7  Cross Creek near Rossville 6888700 2/28/02 1400 100.1 9.1 730 8.0 6.5 2.7 85 13.0 1.8 <1.0
8  Kansas River at Willard 6888705 2/28/02 950 98.9 -- 1,100 8.2 6.0 1 34 15.8 3.7 34
Mission Creek near Valencia 6888800 2/28/02 900 91.6 10 610 8.1 0 1.4 9.8 14.2 3.0 1.0
10  Kansas River at Highway 75, Topeka ~ 6888980 2/28/02 1115 86.0 1,830 1,000 8.1 2.6 4 37 12.6 4.2 3.1
11 North Topeka wastewater-treatment 6888985 2/26/02 1130 85.0 13 1,200 70 -7.0 14.2 310 8.3 14 7.0
facility
12 Kansas River at Topeka 6889000 2/27/02 1320 83.0 1,800 1,000 82 - 4 30 169 7.4 39
13 Topeka Oakland wastewater-treatment 6889002 2/26/02 1045 81.7 16 1,400 75 -7.0 14.2 11 10.9 16 12
facility
14 Kansas River at Highway 4, Topeka 6889010 2/28/02 855 81.1 1,820 1,000 80 -1.3 1 34 13.2 5.8 3.6
15  Soldier Creek, Meriden Road, near 6889504 2/27/02 1215 80.5 48 780 80 -1.5 9 12 14.7 2.9 2.1

Topeka
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for

synoptic surveys I, II, and 1ll, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCO3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius; SOy, sulfate; Cl,

chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey Il—Continued
16  Shunganunga Creek at Rice Road, 6889700 2/27/02 1315 76.0 8.5 790 82 -1.5 2.2 25 14.1 2.8 1.6
Topeka
17  Kansas River near Grantville 6889750 2/28/02 1100 73.7 -- 1,100 82 12.0 i -- 12.2 5.6 3.8
18  Muddy Creek near Grantville 6889800 2/27/02 900 72.3 3.9 680 8.0 E-8.0 2 7.0 14.1 2.0 <1.0
19  Kansas River near Grover 6889850 2/28/02 1330 68.6 -- 1,100 84  -- 2.2 -- 12.5 5.7 3.9
20  Delaware River below Perry Dam 6890900 2/27/02 930 65.1 100 290 85 -50 34 86 14.2 2.9 1.8
21  Kansas River at Lecompton 6891000 2/27/02 1025 64.0 1,900 1,000 85 -50 1.7 36 16.5 5.7 4.3
22 Buck Creek at Williamstown 6891060 2/27/02 1015 58.6 .69 500 79 -1.0 9 35 145 2.1 1.2
23 Kansas River near Midland 6891070 3/1/02 935 57.5 -- 980 8.1 2.2 1.6 34 13.9 6.1 6.0
24 Kansas River at Lawrence 6891080 2/27/02 1020 51.9 -- 990 84 -19 3 31 13.5 7.3 5.8
25 Lawrence wastewater-treatment facility 6891090 2/25/02 1305 51.1 11 1,100 72 4.5 13.8 - 11.2 18 9.8
26  Kansas River between Lawrence and 6891093 2/27/02 1115 50.6 -- 1,000 85 -3.0 S 2.8 11.2 7.0 5.1
Farmland facility
27  Farmland nitrogen wastewater- 6891095 2/26/02 840 50.1 .62 2,000 7.3 -11.0 2 39 167 41 36
treatment facility, Lawrence
28  Kansas River below Farmland facility 6891096 2/27/02 1300 48.6 -- 1,000 87 -50 2.0 2.6 13.5 8.2 6.3
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for
synoptic surveys I, II, and 1ll, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCO3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius; SOy, sulfate; Cl,
chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey Il—Continued
29  Mud Creek near Lawrence 6891098 2/26/02 1045 47.6 E3.0 520 7.8 -4.0 33 33 120 2.5 1.7
30 Kansas River at Eudora 6891100 2/25/02 930 434 2,260 980 8.8 1.0 74 41 12.7 9.5 8.3
31  Wakarusa River at 1900 Road near 6891675 2/26/02 900 42.6 8.9 490 8.2 E-8.0 2.7 25 128 23 1.5
Eudora
32 Stranger Creek above Linwood 6892200 2/26/02 1145 354 40 550 8.1 -4.0 4.6 19 119 2.2 1.5
33  Kansas River at DeSoto 6892350 2/25/02 1230 31.7 1,740 910 8.8 3.0 6.6 52 10.1 9.2 7.7
34  DeSoto wastewater-treatment facility 6892358 2/25/02 830 31.0 1.0 870 7.2 1.0 12.6 8 26 8.2 34
35  Kill Creek at 83rd Street 6892360 2/25/02 915 31.0 8.6 550 7.9 1.0 6.9 39 111 2.6 1.6
36  Kansas River near Cedar 6892380 2/26/02 1230 30.8 - 980 88 -7.0 1.2 -- - 8.4 6.7
37  Cedar Creek near Cedar Junction 6892490 2/25/02 1315 26.7 18.2 770 84 50 8.0 27 134 1.9 1.4
38  Kansas River at Bonner Springs 6892500 2/26/02 1030 20.7 -- 970 87 -50 1.9 55 12.8 9.9 7.8
39  Bonner Springs wastewater-treatment 6892502 2/26/02 945 20.3 1.0 1,300 76 -8.0 11.7 4 64 2.1 1.8
facility
40  Kansas River near Lake of the Forest 6892504 2/26/02 1005 19.4 - 970 9.0 -8.0 23 8 136 10 8.1
41  Kansas River near Edwardsville 6892505 2/26/02 1130 16.6 -- 920 8.6 -2.1 2.4 65 17.8 11 8.3

42 Mill Creek at Wilder Road 6892515 2/25/02 1015 16.1 20 930 82 45 73 27 127 2.0 1.1
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for
synoptic surveys I, II, and 1ll, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCO3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius; SOy, sulfate; Cl,
chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey Il—Continued
43  Kansas River near [-435 Bridge 6892518 2/26/02 925 154 -- 910 85 -34 3.1 50 132 9.2 7.9
44 Johnson County Mill Creek wastewater- 6892520 2/25/02 1150 15.0 12 1,200 72 45 10.5 24 7.7 48 17
treatment facility
45  Kansas City wastewater-treatment 6892525 2/25/02 1000 14.8 5.4 1,200 6.9 4.5 13.2 9 47 8.2 1.9
facility no. 20
46  Unnamed tributary below Kansas City =~ 6892527 2/25/02 1030 11.2 1.0 790 79 45 5.6 9.5 14.6 14 <1.0
wastewater-treatment facility no. 14
47  Kansas River at Turner Bridge 6892530 2/25/02 1235 9.7 -- 870 86 48 9.2 62 139 11 9.1
48  Kansas River at west Kansas Avenue 6892540 2/25/02 1050 6.0 2,220 850 8.5 1.9 9.0 65 13.0 12 11
Bridge
49  Turkey Creek at Kansas City near [-35 6892942 2/25/02 1120 32 26.3 1,000 7.8 4.5 11.6 13 9.1 24 21
50 Kansas River above Missouri River 6892960 2/25/02 745 1.1 2,190 840 8.4 0 8.7 70 12.1 9.0 7.1
confluence
Synoptic survey Il
1 Kansas River at Wamego 6887500 7/31/02 1005 1240 1,446 1,400 8.7 -- 28.0 65 8.9 10.9 7.52
2 Vermillion Creek near Wamego 6888000 8/1/02 1020 119.2 1.0 510 7.9 31.5 29.1 38 6.3 6.5 4.14
3 Rock Creek near Louisville 6888300 8/1/02 945 118.2 1.7 420 8.3 35.0 28.8 55 6.2 2.5 1.11
4 Kansas River at Belvue 6888350 7/31/02 1205 113.0 942 900 8.6 -- 29.2 67 10.0 14.9 11.7
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for
synoptic surveys I, II, and 1ll, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCO3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius; SOy, sulfate; Cl,
chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey lll—Continued
5 Kansas River near Maple Hill 6888400 7/31/02 750 103.7 - 970 8.5 29.0 27.2 64 6.9 9.0 7.6
6  Mill Creek near Maple Hill 6888650 8/1/02 1130 101.7 12 610 8.1 345 30.2 12 8.7 32 2.3
7  Cross Creek near Rossville 6888700 7/31/02 1155 100.1 3.0 630 7.7 31.0 28.2 52 5.1 1.7 1.4
8  Kansas River at Willard 6888705 7/31/02 1020 98.9 - 930 8.5 36.0 28.1 60 8.1 8.2 6.7
9  Mission Creek near Valencia 6888800 8/1/02 1210 91.6 42 610 7.4 39.5 29.3 13 7.2 23 1.4
10 Kansas River at Highway 75, Topeka ~ 6888980 7/31/02 1220 86.0 - 760 8.6 -- 29.9 62 11.1 10.6 9.1
11 North Topeka wastewater-treatment 6888985 7/30/02 845 85.0 5 1,200 7.0 335 25.5 120 5.7 2.6 2.5
facility
12 Kansas River at Topeka 6889000 7/23/02 1005 83.0 1,090 790 8.0 33.0 26.2 48 7.4 - -
8/2/02 855 83.0 824 1,200 8.2 -- 27.3 63 5.7 - -
8/2/02 1500 83.0 798 1,100 8.5 -- 30.1 -- 9.2 - -
8/5/02 1515 83.0 - 1,000 8.2 40.0 31.0 84 8.9 - -
8/6/02 900 83.0 - 1,000 7.9 29.0 29.1 52 5.6 - -
13 Topeka Oakland wastewater-treatment 6889002 7/30/02 815 81.7 -- 1,300 7.6 26.5 25.5 41 6.9 17.2 12.4
facility
14 Kansas River at Highway 4, Topeka 6889010 7/31/02 1340 81.1 - 730 8.6 -- 31.7 57  13.0 - -

8/1/02 735 81.1 - 890 8.3 28.0 28.8 54 5.2 7.6 53
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for

synoptic surveys I, II, and 1ll, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCO3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius; SOy, sulfate; Cl,

chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey lll—Continued
15  Soldier Creek, Meriden Road, near 6889504 7/31/02 1300 80.5 13.8 570 8.2 38.5 342 11 12.1 3.6 2.8
Topeka
16  Shunganunga Creek at Rice Road, 6889700 7/31/02 1040 76.0 3.05 470 8.5 29.5 30.5 38 8.9 5.8 5.1
Topeka
17  Kansas River near Grantville 6889750 7/31/02 1100 73.7 -- 710 8.3 -- 30.3 41 7.8 5.6 4.2
18  Muddy Creek near Grantville 6889800 7/31/02 1000 72.3 5 490 7.8 26.0 26.8 18 5.1 1.9 1.4
19  Kansas River near Grover 6889850 7/31/02 900 68.6 -- 710 8.3 - 28.3 38 7.1 5.1 4.2
7/31/02 1400 68.6 -- 710 8.7 -- 314 38 10.7 -- --
20  Delaware River below Perry Dam 6890900 7/30/02 1210 65.1 25 340 7.8 -- 23.7 74 8.3 3.8 3.5
21  Kansas River at Lecompton 6891000 7/22/02 1345 64.0 827 776 8.5 38.0 28.4 -- 11.7 -- --
8/1/02 950 64.0 827 750 8.4 -- 28.7 45 9.3 11.6 8.4
8/1/02 1400 64.0 827 750 8.6 -- 324 50 16.2 -- --
8/6/02 1430 64.0 -- 900 8.2 -- 30.0 45 9.3 -- --
8/7/02 850 64.0 -- 800 8.0 27.0 26.4 43 6.5 -- --
22 Buck Creek at Williamstown 6891060 7/31/02 900 58.6 2 440 7.6 28.0 24.7 32 4.9 4.8 2.8
23 Kansas River near Midland 6891070 8/1/02 1120 57.5 -- 700 8.7 -- 29.6 38 11.3 11.9 8.5
24 Kansas River at Lawrence 6891080 8/1/02 1220 51.9 -- 670 8.7 -- 32.0 35 10.6 9.7 8.2
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for
synoptic surveys I, II, and 1ll, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCO3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius; SOy, sulfate; Cl,
chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey lll—Continued
25 Lawrence wastewater-treatment facility 6891090 7/29/02 1120 51.1 -- 960 7.5 29.0 25.1 14 7.4 -- --
26  Kansas River between Lawrence and 6891093 8/1/02 830 50.6 -- 740 8.5 - 30.2 56 5.8 6.8 5.7
Farmland facility 8/1/02 1100  50.6 - 730 8.3 - 31.1 54 62 - -
27  Farmland nitrogen wastewater- 6891095 7/29/02 1225 50.1 <1 1,300 8.6 36.5 30.7 74 11.2 - -
treatment facility, Lawrence
28  Kansas River below Farmland facility =~ 6891096 8/1/02 930 48.6 -- 750 8.3 -- 29.7 48 5.7 7 6.0
29  Mud Creek near Lawrence 6891098 7/31/02 825 47.6 1 540 7.4 26.5 26.4 26 4.6 1.8 1.5
30 Kansas River at Eudora 6891100 7/29/02 900 434 -- 880 8.0 -- 26.9 50 5.5 -- --
31  Wakarusa River at 1900 Road near 6891675 7/30/02 820 42.6 21 350 7.8 24.5 27.9 79 5.5 1.5 1.0
Eudora
32 Stranger Creek above Linwood 6892200 7/30/02 1245 354 3.62 500 8.1 33.5 30.6 34 7.5 2.4 1.9
33  Kansas River at DeSoto 6892350 7/25/02 1130 31.7 1,220 780 8.5 33.0 27.7 48 9.2 -- --
7/29/02 1045 31.7 1,060 850 8.2 27.0 28.6 37 8.7 -- --
7/29/02 1330 31.7 1,020 850 8.6 -- 30.8 38 10.4 -- --
8/2/02 700 31.7 960 740 8.3 -- 27.1 36 -- -- --

8/2/02 1300 31.7 960 720 8.4 -- 29.8 37 8.4 - -
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for

synoptic surveys I, II, and 1ll, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCO3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius; SOy, sulfate; Cl,

chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey lll—Continued
33 Kansas River at DeSoto 6892350 8/6/02 1300 31.7 -- 870 8.7 -- 31.0 50 131 -- --
8/7/02 825 31.7 -- 863 8.3 -- 26.7 56 6.8 - -
34  DeSoto wastewater-treatment facility 6892358 7/29/02 830 31.0 0.33 990 7.2 23.5 26.4 51 39 11.9 52
35  Kill Creek at 83rd Street 6892360 7/30/02 850 31.0 01 570 7.7 25.0 243 31 7.3 1.7 <1
36  Kansas River near Cedar 6892380 7/30/02 1200 30.8 - 870 8.5 -- 30.3 49 9.6 - -
7/30/02 1330 30.8 - 870 8.6 -- 31.6 50 107 9.0 7.5
37  Cedar Creek near Cedar Junction 6892490 7/30/02 920 26.7 5.32 900 8.0 27.0 27.4 43 6.9 1.9 1.2
38  Kansas River at Bonner Springs 6892500 8/6/02 910 20.7 -- 910 7.9 -- 29.7 50 5.7 -- --
39  Bonner Springs wastewater-treatment 6892502 7/29/02 1330 20.3 1.34 1,300 7.2 -- 25.1 30 73 54 3.8
facility
40  Kansas River near Lake of the Forest 6892504 7/30/02 945 194 -- 870 8.3 -- 28.6 44 6.2 7.0 5.0
41  Kansas River near Edwardsville 6892505 7/30/02 900 16.6 - 850 8.3 29.0 29.3 75 5.5 5.7 5.0
42 Mill Creek at Wilder Road 6892515 7/30/02 1000 16.1 10.2 880 7.9 30.5 27.8 24 7.2 1.6 1.4
43  Kansas River near [-435 Bridge 6892518 7/30/02 745 154 -- 840 8.2 29.0 29.2 75 6.2 5.9 4.9
44 Johnson County Mill Creek wastewater- 6892520 7/29/02 930 15.0 10.8 1,100 7.5 24.0 28.7 73 34 21.2 4.2

treatment facility
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for
synoptic surveys I, II, and 1ll, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCO3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius; SOy, sulfate; Cl,
chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey lll—Continued
45  Kansas City wastewater-treatment 6892525 7/29/02 835 14.8 -- 1,200 7.1 24.5 23.7 05 32 3.5 1.8
facility no. 20
46 Unnamed tributary below Kansas City =~ 6892527 7/29/02 900 11.2 0.07 970 7.9 24.5 24.4 55 6.6 10.9 2.7
wastewater-treatment facility no. 14
47  Kansas River at Turner Bridge 6892530 7/26/02 850 9.7 -- 800 7.7 30.0 28.9 58 -- -- --
7/29/02 1030 9.7 -- 830 7.9 30.0 28.3 61 5.2 7.2 4.6
8/8/02 1055 9.7 - 880 8.0 -- 27.3 79 6.0 - -
48  Kansas River at west Kansas Avenue 6892540 7/29/02 1135 6.0 -- 830 7.8 -- 28.9 46 5.7 11.5 5.9
Bridge
8/8/02 1150 6.0 - 900 8.0 -- 27.6 67 7.5 - -
49  Turkey Creek at Kansas City near [-35 6892942 7/30/02 1100 32 22 940 73 335 25.8 11 7.0 16.5 12.1
50  Kansas River above Missouri River 6892960 7/26/02 1035 1.1 -- 780 7.6 33.0 29.1 45 4.6 -- --
confluence 7/29/02 830 1.1 -- 810 7.6 27.0 28.4 38 4.3 7.8 5.6
8/7/02 1325 1.1 - 870 7.6 -- 214 71 8.1 - -
8/8/02 900 1.1 - 930 7.7 -- 27.9 78 5.7 - -
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for
synoptic surveys |, Il, and Ill, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCO3, bicarbonate; CaCOj3, calcium carbonate; °C, degrees Celsius; SOy, sulfate; Cl, chloride;
N, nitrogen; P, phosphorus; C, carbon]

— s ™ - — k=]
- = ® ) =5 o = = — — ° —
S k=] = 8 » O = 2 8 o = =22
@ = = = 2 === > - = = S » - = » o
O — o 17,) =0 T wn 7]
e = e © c h= > = 7] © © o D - © ©
= [} ) - < @ c »n ) = D © =1 > 2}
. © [T} = ®© = o o g‘_ o © = 3 =2 a8 o= S o = = = = s S5
2 c = g L S— ==z =a8g =25 T = 2 35 o S 2 S 5 S = =
o N o= o = 2} 7 = [=}
@ e < = = = c ~ o n - @ wn = = v o = o =
£ o = = > o 3 g © = = = = ©®L E 52 n = L ©0 o . e
s .2 b = L 2 o o = o = L = © = S5 8 @ » 2 S o S o L o c o
c - = o o o S @ a2 § T = .= = T o =5 - o a s a
@ o = = I = 5 - o @ > © = e .o @& e =
s 3 2 S ES £ 52 B85 g2 28 g2 55 dggo L2 L5 g cToe
Rz} = = GE &= 22 =Zg 2« S TE B> Sg =E E5 £E @ E
= £ > 52 5 55 9§ 3eE 228 SE RL2 =£§5 ss8 52 Ec =2¢g
< @ °E ° @ 35 @ogo L2 s OO = > = > 3= = S o
%) o = @ @ 52 25 a5 <o E wo O = i E = o=
© E s = o= = o = e = S E
(o [ = = =] =

Synoptic survey |
10 Kansas River at Highway 75, Topeka 6888980 11/29/01 1100 86.0 0 230 190 610 <10 120 120 0.33 <0.01 0.62

11 North Topeka wastewater-treatment facility 6888985 11/28/01 1220 85.0 0 170 140 728 14 130 150 .87 .26 E.27
13 Topeka Oakland wastewater-treatment facility 6889002 11/28/01 1115 81.7 0 280 230 676 <10 120 140 91 42 45
15  Soldier Creek, Meriden Road, near Topeka 6889504 11/29/01 930 80.5 0 310 250 418 <10 73 38 .28 .01 .27
16 ~ Shunganunga Creek at Rice Road, Topeka 6889700 11/29/01 1030 76.0 0 180 150 360 <10 74 41 23 .01 24
18  Muddy Creek near Grantville 6889800 11/28/01 850 72.3 0 320 260 322 <10 51 13 .23 <.01 12
20  Delaware River below Perry Dam 6890900 11/28/01 920 65.1 0 120 100 162 36 13 4.9 .23 <.01 .63
21 Kansas River at Lecompton 6891000 11/28/01 1330 64.0 0 230 190 580 22 110 100 31 .06 72
25 Lawrence wastewater-treatment facility 6891090 11/28/01 920 51.1 0 170 140 574 32 81 96 79 17 12

27  Farmland nitrogen wastewater-treatment 6891095 11/28/01 845 50.1 0 130 100 1152 44 500 74 75 53 30

facility, Lawrence

29  Mud Creek near Lawrence 6891098 11/27/01 1145 47.6 0 270 220 300 12 44 13 23 <.01 A1
30 Kansas River at Eudora 6891100 11/28/01 1030 434 0 230 190 496 10 94 76 .36 .05 .94
31  Wakarusa River at 1900 Road near Eudora 6891675 11/27/01 755 42.6 0 240 190 268 18 30 21 21 <.01 .04
32  Stranger Creek above Linwood 6892200 11/27/01 1240 35.4 0 290 240 286 <10 28 13 .20 <.01 A1
35 Kill Creek at 83rd Street 6892360 11/27/01 1015 31.0 0 310 250 360 10 58 21 .16 <.01 .01
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for
synoptic surveys I, Il, and Ill, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; COj3, carbonate; HCO3, bicarbonate; CaCOj, calcium carbonate; °C, degrees Celsius; SO, sulfate; Cl, chloride;
N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey —Continued
37  Cedar Creek near Cedar Junction 6892490 11/27/01 830 26.7 0 240 190 614 26 140 92 0.40 0.03 5.8
39  Bonner Springs wastewater-treatment facility 6892502 11/29/01 1010 20.3 0 290 240 792 20 130 170 48 .01 .30
42 Mill Creek at Wilder Road 6892515 11/27/01 845 16.1 0 150 130 380 38 68 71 23 .04 2.9
44 Johnson County Mill Creek wastewater- 6892520 11/27/01 1215 15.0 0 210 180 634 20 180 96 .69 29 3.6
treatment facility
45  Kansas City wastewater-treatment 6892525 11/27/01 930 14.8 0 240 200 744 <10 160 110 .90 .30 8.4
facility no. 20
46  Unnamed tributary below Kansas City waste- 6892527 11/27/01 1100 11.2 0 330 270 544 712 73 72 24 .02 3.9
water-treatment facility no. 14
48  Kansas River at west Kansas Avenue Bridge 6892540 11/28/01 1010 6.0 0 230 190 460 10 86 73 35 .04 .87
49  Turkey Creek at Kansas City near I-35 6892942 11/27/01 1030 32 0 140 120 618 10 170 95 71 57 7.3
50  Kansas River above Missouri River 6892960 11/27/01 1230 1.1 0 210 170 476 24 88 76 31 .04 .88
confluence
Synoptic survey Il
2 Vermillion Creek near Wamego 6888000 2/28/02 1310 119.2 0 340 280 366 <10 64 11 -- .01 15
3 Rock Creek near Louisville 6888300 2/28/02 1215 1182 0 220 180 346 12 65 13 -- <.01 14
4 Kansas River at Belvue 6888350 2/28/02 1315 113.0 0 250 210 636 32 150 130 -- .01 .70
5  Kansas River near Maple Hill 6888400 2/28/02 1135  103.7 0 250 210 648 64 150 130 -- .01 .64
6  Mill Creek near Maple Hill 6888650 2/28/02 1015  101.7 0 310 250 410 16 100 17 -- <.01 <.01

7  Cross Creek near Rossville 6888700 2/28/02 1400  100.1 0 320 270 458 <10 100 27 -- .01 .33
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for
synoptic surveys |, Il, and Ill, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; COj3, carbonate; HCO3, bicarbonate; CaCOj, calcium carbonate; °C, degrees Celsius; SOy, sulfate; Cl, chloride;

N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey ll—Continued
8  Kansas River at Willard 6888705 2/28/02 950 98.9 0 250 210 636 54 150 120 -- 0.01 0.61
9  Mission Creek near Valencia 6888800 2/28/02 900 91.6 0 330 270 338 <10 59 12 -- <.01 12
10  Kansas River at Highway 75, Topeka 6888980 2/28/02 1115 86.0 0 200 170 632 48 150 130 -- .01 .53
11 North Topeka wastewater-treatment facility 6888985 2/26/02 1130 85.0 0 170 140 780 12 170 170 -- 21 9.3
12 Kansas River at Topeka 6889000 2/27/02 1320 83.0 0 250 200 632 38 150 120 -- .02 A48
13 Topeka Oakland wastewater-treatment facility 6889002 2/26/02 1045 81.7 0 370 300 748 12 170 170 -- <12 <.65
14 Kansas River at Highway 4, Topeka 6889010 2/28/02 855 81.1 0 250 200 636 40 150 120 -- .02 .53
15  Soldier Creek, Meriden Road, near Topeka 6889504 2/27/02 1215 80.5 0 340 270 496 14 84 61 -- .02 .28
16  Shunganunga Creek at Rice Road, Topeka 6889700 2/27/02 1315 76.0 0 270 220 472 18 100 65 -- .01 24
17 Kansas River near Grantville 6889750 2/28/02 1100 73.7 3.8 250 210 648 38 150 120 -- .02 52
18  Muddy Creek near Grantville 6889800 2/27/02 900 72.3 0 340 280 406 <10 70 18 -- <.01 .16
19 Kansas River near Grover 6889850 2/28/02 1330 68.6 0 250 200 640 40 150 120 -- .02 .50
20  Delaware River below Perry Dam 6890900 2/27/02 930 65.1 - -- -- 172 12 16 50 - <.01 32
21  Kansas River at Lecompton 6891000 2/27/02 1025 64.0 4.8 250 210 624 48 150 110 -- .01 .30
22 Buck Creek at Williamstown 6891060 2/27/02 1015 58.6 0 310 250 324 <10 41 83 - .01 .61
23 Kansas River near Midland 6891070 3/1/02 935 57.5 0 240 200 616 38 140 110 -- .02 52
24 Kansas River at Lawrence 6891080 2/27/02 1020 51.9 7.2 230 200 610 42 150 120 -- .02 18
25 Lawrence wastewater-treatment facility 6891090 2/25/02 1305 51.1 0 170 140 636 18 150 130 -- .69 7.7
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for
synoptic surveys I, Il, and Ill, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; COj3, carbonate; HCO3, bicarbonate; CaCOj, calcium carbonate; °C, degrees Celsius; SO, sulfate; Cl, chloride;

N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey II—Continued
26 Kansas River between Lawrence and 6891093 2/27/02 1115 50.6 125 230 210 610 30 140 110 -- 0.02 0.25
Farmland facility
27  Farmland nitrogen wastewater-treatment 6891095 2/26/02 840 50.1 0 23 19 1,380 50 640 110 -- 42 40
facility, Lawrence
28  Kansas River below Farmland facility 6891096 2/27/02 1300 48.6 7.7 240 210 610 30 140 110 -- .02 24
29  Mud Creek near Lawrence 6891098 2/26/02 1045 47.6 0 290 240 316 14 35 12 -- <.01 .05
30 Kansas River at Eudora 6891100 2/25/02 930 434  20.0 190 190 590 44 140 100 -- .02 13
31  Wakarusa River at 1900 Road near Eudora 6891675 2/26/02 900 42.6 0 200 160 272 20 34 25 -- E<.01 .03
32 Stranger Creek above Linwood 6892200 2/26/02 1145 354 0 250 210 322 14 33 15 -- .02 .87
33  Kansas River at DeSoto 6892350 2/25/02 1230 31.7 134 200 190 570 66 130 98 -- .01 .10
34 DeSoto wastewater-treatment facility 6892358 2/25/02 830 31.0 0 180 150 530 16 82 130 -- .02 1.0
35 Kill Creek at 83rd Street 6892360 2/25/02 915 31.0 0 220 180 336 24 49 27 -- .01 .19
36  Kansas River near Cedar 6892380 2/26/02 1230 30.8 134 190 180 580 56 130 100 -- <.01 E.01
37  Cedar Creek near Cedar Junction 6892490 2/25/02 1315 26.7 3.8 210 180 484 22 100 64 -- .02 1.4
38  Kansas River at Bonner Springs 6892500 2/26/02 1030 20.7 144 220 210 548 80 130 100 -- <.01 <.01
39  Bonner Springs wastewater-treatment facility 6892502 2/26/02 945 20.3 0 290 240 764 <10 130 150 -- .05 5.7
40  Kansas River near Lake of the Forest 6892504 2/26/02 1005 194 125 190 170 558 82 130 100 -- <.01 <.01
41  Kansas River near Edwardsville 6892505 2/26/02 1130 16.6 144 230 210 546 82 130 100 -- <.01 <.01
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for
synoptic surveys |, Il, and Ill, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; COj3, carbonate; HCO3, bicarbonate; CaCOj, calcium carbonate; °C, degrees Celsius; SOy, sulfate; Cl, chloride;

N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey Il—Continued
42 Mill Creek at Wilder Road 6892515 2/25/02 1015 16.1 0 230 190 552 18 80 120 -- 0.01 1.0
43  Kansas River near I-435 Bridge 6892518 2/26/02 925 154 144 280 210 538 66 130 96 -- <.01 <.01
44 Johnson County Mill Creek wastewater- 6892520 2/25/02 1150 15.0 0 270 220 652 28 140 130 -- .04 .19
treatment facility
45  Kansas City wastewater-treatment facility 6892525 2/25/02 1000 14.8 0 270 220 744 <10 140 120 -- 40 10
no. 20
46  Unnamed tributary below Kansas City 6892527 2/25/02 1030 11.2 0 300 240 454 <10 56 62 -- <.01 32
wastewater-treatment facility no. 14
47  Kansas River at Turner Bridge 6892530 2/25/02 1235 9.7 21.1 180 190 512 92 120 86 -- .02 A1
48  Kansas River at west Kansas Avenue Bridge = 6892540 2/25/02 1050 6.0 278 150 170 474 102 110 84 -- .02 17
49  Turkey Creek at Kansas City near I-35 6892942 2/25/02 1120 32 0 170 140 648 <10 130 140 -- 32 6.9
50  Kansas River above Missouri River 6892960 2/25/02 745 1.1 -- -- -- 512 92 110 79 -- .02 40
confluence
Synoptic survey Il
1 Kansas River at Wamego 6887500 7/31/02 1005  124.0 -- -- -- -- -- -- -- -- <.01 <.01
2 Vermillion Creek near Wamego 6888000 8/1/02 1020 119.2 -- -- -- -- -- -- -- -- <.01 <.01
3 Rock Creek near Louisville 6888300 8/1/02 945 118.2 -- -- -- -- -- -- -- -- E<.01 .02
4 Kansas River at Belvue 6888350 7/31/02 1205 113.0 -- -- -- -- -- -- -- -- <.01 <.01
5 Kansas River near Maple Hill 6888400 7/31/02 750 103.7 -- -- -- -- -- -- -- -- <.01 <.01
6  Mill Creek near Maple Hill 6888650 8/1/02 1130 101.7 - -- -- -- - -- -- -- <.01 <.01
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for
synoptic surveys I, Il, and Ill, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; COj3, carbonate; HCO3, bicarbonate; CaCOj, calcium carbonate; °C, degrees Celsius; SO, sulfate; Cl, chloride;

N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey lll—Continued
7  Cross Creek near Rossville 6888700 7/31/02 1155  100.1 -- -- -- -- -- -- -- -- 0.01 0.06
8 Kansas River at Willard 6888705 7/31/02 1020 98.9 - -- -- - - - - - <.01 <.01
9  Mission Creek near Valencia 6888800 8/1/02 1210 91.6 -- -- -- -- -- -- -- -- <.01 .01
10 Kansas River at Highway 75, Topeka 6888980 7/31/02 1220 86.0 -- -- -- -- -- -- -- -- <.01 <.01
11 North Topeka wastewater-treatment facility 6888985 7/30/02 845 85.0 -- -- -- -- -- -- -- -- 01 24
12 Kansas River at Topeka 6889000 7/23/02 1005 83.0 -- -- -- -- -- -- -- -- <.01 <.01

8/2/02 855 83.0 - -- -- -- - - - - <.01 .01

8/2/02 1500 83.0 - -- -- -- - - - - .01 .20

8/5/02 1515 83.0 - -- -- -- - - - - .01 .19

8/6/02 900 83.0 - -- -- -- - -- -- -- .01 A1
13 Topeka Oakland wastewater-treatment facility 6889002 7/30/02 815 81.7 -- -- -- -- -- -- -- -- .01 .02
14  Kansas River at Highway 4, Topeka 6889010 7/31/02 1340 81.1 -- -- -- -- -- -- -- -- .03 23

8/1/02 735 81.1 - -- -- -- - - - - .02 27
15  Soldier Creek, Meriden Road, near Topeka 6889504 7/31/02 1300 80.5 -- -- -- -- -- -- -- -- .01 .05
16  Shunganunga Creek at Rice Road, Topeka 6889700 7/31/02 1040 76.0 -- -- -- -- -- -- -- -- .05 21
17  Kansas River near Grantville 6889750 7/31/02 1100 73.7 -- -- -- -- -- -- -- -- .04 .69
18  Muddy Creek near Grantville 6889800 7/31/02 1000 72.3 - -- -- -- - -- -- -- <.01 .02
19  Kansas River near Grover 6889850 7/31/02 900 68.6 -- -- -- -- -- -- -- -- .03 .50

7/31/02 1400 68.6 - -- -- -- - -- -- -- .04 .56
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for
synoptic surveys |, Il, and Ill, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; COj3, carbonate; HCO3, bicarbonate; CaCOj, calcium carbonate; °C, degrees Celsius; SOy, sulfate; Cl, chloride;

N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey Ill—Continued
20  Delaware River below Perry Dam 6890900 7/30/02 1210 65.1 -- -- -- -- -- -- -- <0.01 0.03
21  Kansas River at Lecompton 6891000 7/22/02 1345 64.0 -- -- -- -- -- -- -- -- <.01 <.01
8/1/02 950 64.0 - -- -- -- - -- -- -- <.01 <.01
8/1/02 1400 64.0 - -- -- -- - -- -- -- <.01 <.01
8/6/02 1430 64.0 - -- -- -- - -- -- -- .02 .04
8/7/02 850 64.0 - -- -- -- - -- -- -- .02 14
22 Buck Creek at Williamstown 6891060 7/31/02 900 58.6 - -- -- -- - -- -- -- .04 .62
23 Kansas River near Midland 6891070 8/1/02 1120 57.5 -- -- -- -- -- -- -- -- <.01 <.01
24 Kansas River at Lawrence 6891080 8/1/02 1220 51.9 -- -- -- -- -- -- -- -- <.01 <.01
25  Lawrence wastewater-treatment facility 6891090 7/29/02 1120 51.1 -- -- -- -- -- -- -- -- A2 15
26 Kansas River between Lawrence and 6891093 8/1/02 830 50.6 -- -- -- -- -- -- -- -- .01 .39
Farmland facility 8/1/02 1100 506  -- - - - - - - 01 40
27  Farmland nitrogen wastewater-treatment 6891095 7/29/02 1225 50.1 -- -- -- -- -- -- -- -- 40 6.0
facility, Lawrence
28  Kansas River below Farmland facility 6891096 8/1/02 930 48.6 -- -- -- -- -- -- -- -- <.01 .05
29  Mud Creek near Lawrence 6891098 7/31/02 825 47.6 -- -- -- -- -- -- -- -- <.01 <.01
30 Kansas River at Eudora 6891100 7/29/02 900 43.4 -- -- -- -- -- -- -- -- .01 .19
31  Wakarusa River at 1900 Road near Eudora 6891675 7/30/02 820 42.6 -- -- -- -- -- -- -- -- .01 13
32 Stranger Creek above Linwood 6892200 7/30/02 1245 354 -- -- -- -- -- -- -- -- <.01 <.01
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for
synoptic surveys I, Il, and Ill, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; COj3, carbonate; HCO3, bicarbonate; CaCOj, calcium carbonate; °C, degrees Celsius; SO, sulfate; Cl, chloride;

N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey Ill—Continued
33 Kansas River at DeSoto 6892350 7/25/02 1130 31.7 -- -- -- -- -- -- -- -- <0.01 0.01

7/29/02 1045 31.7 -- -- -- -- -- -- -- - .01 .07

7/29/02 1330 31.7 -- -- -- -- -- -- -- - <.01 .02

8/2/02 700 31.7 -- -- -- -- -- -- -- -- .01 A1

8/2/02 1300 31.7 - -- -- -- - -- -- -- .01 14

8/6/02 1300 31.7 - -- -- -- - -- -- -- <.01 <.01

8/7/02 825 31.7 - -- -- -- - -- -- -- <.01 <.01
34 DeSoto wastewater-treatment facility 6892358 7/29/02 830 31.0 -- -- -- -- -- -- -- -- .02 .04
35 Kill Creek at 83rd Street 6892360 7/30/02 850 31.0 - -- -- -- - -- -- -- <.01 .19
36  Kansas River near Cedar 6892380 7/30/02 1200 30.8 -- -- -- -- -- -- -- -- <.01 <.01

7/30/02 1330 30.8 - -- -- -- - -- -- -- <.01 <.01
37  Cedar Creek near Cedar Junction 6892490 7/30/02 920 26.7 -- -- -- -- -- -- -- -- .06 4.4
38  Kansas River at Bonner Springs 6892500 8/6/02 910 20.7 -- -- -- -- -- -- -- -- <.01 <.01
39  Bonner Springs wastewater-treatment facility 6892502 7/29/02 1330 20.3 -- -- -- -- -- -- -- -- 91 24
40  Kansas River near Lake of the Forest 6892504 7/30/02 945 19.4 -- -- -- -- -- -- -- -- <.01 <.01
41  Kansas River near Edwardsville 6892505 7/30/02 900 16.6 -- -- -- -- -- -- -- -- <.01 <.01
42 Mill Creek at Wilder Road 6892515 7/30/02 1000 16.1 - -- -- -- - -- -- -- .02 .61
43  Kansas River near [-435 Bridge 6892518 7/30/02 745 154 -- -- -- -- -- -- -- -- <.01 <.01
44 Johnson County Mill Creek wastewater- 6892520 7/29/02 930 15.0 -- -- -- -- -- -- -- -- .39 1.8

treatment facility
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent for
synoptic surveys |, Il, and Ill, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; COj3, carbonate; HCO3, bicarbonate; CaCOj, calcium carbonate; °C, degrees Celsius; SOy, sulfate; Cl, chloride;
N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey Ill—Continued
45  Kansas City wastewater-treatment facility 6892525 7/29/02 835 14.8 -- -- -- -- -- -- -- 0.12 15
no. 20
46  Unnamed tributary below Kansas City 6892527 7/29/02 900 11.2 -- -- -- -- -- -- -- -- .07 15
wastewater treatment facility no. 14
47  Kansas River at Turner Bridge 6892530 7/26/02 850 9.7 -- -- -- -- -- -- -- -- .02 .10
7/29/02 1030 9.7 - -- -- -- - -- -- -- .01 .10
8/8/02 1055 9.7 - -- -- -- - -- -- -- <.01 <.01
48  Kansas River at west Kansas Avenue Bridge 6892540 7/29/02 1135 6.0 -- -- -- -- -- -- -- -- .01 A1
8/8/02 1150 6.0 - -- -- -- - -- -- -- .01 E.01
49  Turkey Creek at Kansas City near [-35 6892942 7/30/02 1100 32 -- -- -- -- -- -- -- -- .56 9.0
50  Kansas River above Missouri River 6892960 7/26/02 1035 1.1 -- -- -- -- -- -- -- -- .02 17
confluence 7/29/02 830 1.1 - -- -- -- - -- -- -- .05 40
8/7/02 1325 1.1 - -- -- -- - -- -- -- .02 .09
8/8/02 900 1.1 - -- -- -- - -- -- -- .02 .06
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent
for synoptic surveys I, Il, and 111, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCO3, bicarbonate; CaCOj3, calcium carbonate; °C, degrees Celsius; SOy, sulfate;
Cl, chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey |
10 Kansas River at Highway 75, Topeka 6888980 11/29/01 1100 86.0 0.02 0.27 0.51 1.1 0.15 0.19 0.13 7.9
11 North Topeka wastewater-treatment facility =~ 6888985 11/28/01 1220 85.0 1.8 3.7 4.2 4.5 4.9 5.1 86 18
13 Topeka Oakland wastewater-treatment facility 6889002 11/28/01 1115 81.7 E72 15 18 18 1.9 2.0 <02 23
15  Soldier Creek, Meriden Road, near Topeka 6889504 11/29/01 930 80.5 .03 .19 28 54 .07 .10 .06 3.1
16  Shunganunga Creek at Rice Road, Topeka 6889700 11/29/01 1030 76.0 .02 .29 48 73 .14 17 12 8.3
18  Muddy Creek near Grantville 6889800 11/28/01 850 72.3 .03 25 .30 42 .08 .09 .07 49
20  Delaware River below Perry Dam 6890900 11/28/01 920 65.1 E.01 .30 45 1.1 .07 .14 .07 5.5
21  Kansas River at Lecompton 6891000 11/28/01 1330 64.0 .19 A7 .70 1.4 .19 22 17 5.7
25 Lawrence wastewater-treatment facility 6891090 11/28/01 920 51.1 37 1.5 3.1 15 5.5 5.9 40 18
27  Farmland nitrogen wastewater-treatment 6891095 11/28/01 845 50.1 3.7 20 22 52 .39 .80 33 17
facility, Lawrence
29  Mud Creek near Lawrence 6891098 11/27/01 1145 47.6 .06 18 25 .36 .02 .08 .01 2.5
30 Kansas River at Eudora 6891100 11/28/01 1030 434 .09 41 .70 1.6 21 .26 .20 5.5
31  Wakarusa River at 1900 Road near Eudora 6891675 11/27/01 755 42.6 E.0O1 44 57 .61 .03 .06 .01 5.8
32 Stranger Creek above Linwood 6892200 11/27/01 1240 354 E.01 21 42 .53 .05 .10 04 42
35 Kill Creek at 83rd Street 6892360 11/27/01 1015 31.0 .03 28 .39 40 .05 .08 .04 45
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent
for synoptic surveys I, II, and 111, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; COj3, carbonate; HCOj, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius; SOy, sulfate;
Cl, chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey —Continued
37  Cedar Creek near Cedar Junction 6892490 11/27/01 830 26.7 0.05 0.60 0.67 6.5 1.0 1.2 0.94 54
39  Bonner Springs wastewater-treatment facility 6892502 11/29/01 1010 20.3 .05 .58 1.6 1.9 54 .78 5310
42 Mill Creek at Wilder Road 6892515 11/27/01 845 16.1 .07 47 72 3.6 .50 57 51 6.4
44 Johnson County Mill Creek wastewater- 6892520 11/27/01 1215 150 19 20 21 25 3.6 4.0 3.4 17
treatment facility
45 Kansas City wastewater-treatment facility 6892525 11/27/01 930 14.8 1.9 2.8 34 12 1.9 2.2 1.8 10
no. 20
46  Unnamed tributary below Kansas City 6892527 11/27/01 1100 11.2 .16 A48 24 6.3 .30 1.1 31 25
wastewater-treatment facility no. 14
48  Kansas River at west Kansas Avenue Bridge 6892540 11/28/01 1010 6.0 .09 41 .67 1.5 .19 27 17 6.2
49  Turkey Creek at Kansas City near I-35 6892942 11/27/01 1030 32 39 6.4 7.5 15 2.9 33 2.6 26
50 Kansas River above Missouri River 6892960 11/27/01 1230 1.1 12 41 95 1.8 .19 .28 17 7.4
confluence
Synoptic survey Il
2 Vermillion Creek near Wamego 6888000 2/28/02 1310 119.2 E.0O1 .20 34 .50 .01 .04 <.01 34
3 Rock Creek near Louisville 6888300 2/28/02 1215 1182 .02 .16 28 42 .03 .06 .02 2.9
4 Kansas River at Belvue 6888350 2/28/02 1315 113.0 .02 .36 .69 14 .14 .20 12 6.5
5 Kansas River near Maple Hill 6888400 2/28/02 1135  103.7 .02 .36 .81 1.5 13 22 A1 73
6  Mill Creek near Maple Hill 6888650 2/28/02 1015  101.7 .02 13 40 41 .01 .04 <.01 2.6
7  Cross Creek near Rossville 6888700 2/28/02 1400  100.1 .02 24 .35 .68 .05 .07 .03 3.1
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent

for synoptic surveys I, Il, and 111, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; COj3, carbonate; HCOj, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius; SOy, sulfate;

Cl, chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey Il—Continued
8  Kansas River at Willard 6888705 2/28/02 950 98.9 0.02 0.33 0.85 1.5 0.13 0.20 0.11 7.2
9 Mission Creek near Valencia 6888800 2/28/02 900 91.6 .01 .16 25 37 .01 .02 <.01 2.8
10  Kansas River at Highway 75, Topeka 6888980 2/28/02 1115 86.0 .02 34 1.0 1.5 11 .20 .09 73
11 North Topeka wastewater-treatment facility ~ 6888985 2/26/02 1130 85.0 13 2.2 2.6 12 32 3.8 34 18
12 Kansas River at Topeka 6889000 2/27/02 1320 83.0 .02 .30 .88 14 10 - 11 7.2
13 Topeka Oakland wastewater-treatment facility 6889002 2/26/02 1045 81.7 30 34 34 34 2.5 3.0 24 20
14 Kansas River at Highway 4, Topeka 6889010 2/28/02 855 81.1 .16 .50 1.0 1.6 15 23 13 7.1
15  Soldier Creek, Meriden Road, near Topeka 6889504 2/27/02 1215 80.5 .03 24 40 .68 .08 15 .06 3.7
16  Shunganunga Creek at Rice Road, Topeka 6889700 2/27/02 1315 76.0 .03 .36 53 .76 .14 .20 12 6.0
17  Kansas River near Grantville 6889750 2/28/02 1100 73.7 12 46 1.1 1.6 15 24 12 7.3
18  Muddy Creek near Grantville 6889800 2/27/02 900 72.3 .04 20 27 43 .05 .07 .04 32
19  Kansas River near Grover 6889850 2/28/02 1330 68.6 12 43 1.1 1.6 .14 23 12 7.6
20  Delaware River below Perry Dam 6890900 2/27/02 930 65.1 <.02 27 .59 91 .03 .08 .02 5.7
21  Kansas River at Lecompton 6891000 2/27/02 1025 64.0 .16 46 1.1 1.4 .09 - .09 7.3
22 Buck Creek at Williamstown 6891060 2/27/02 1015 58.6 .02 18 24 .85 .01 .02 <.01 3.0
23 Kansas River near Midland 6891070 3/1/02 935 57.5 .05 32 98 1.5 11 23 .09 7.1
24 Kansas River at Lawrence 6891080 2/27/02 1020 51.9 .02 32 1.2 1.4 .07 -- .05 8.4
25 Lawrence wastewater-treatment facility 6891090 2/25/02 1305 51.1 8.8 10 12 20 3.0 3.7 3.0 17
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent
for synoptic surveys I, II, and 111, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; COj3, carbonate; HCOj, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius; SOy, sulfate;
Cl, chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey Il—Continued
26  Kansas River between Lawrence and 6891093 2/27/02 1115 50.6 0.06 0.36 1.20 1.4 0.07 -- 0.07 7.9
Farmland facility
27  Farmland nitrogen wastewater-treatment 6891095 2/26/02 840 50.1 10 10 16 57 .06 0.68 E.02 15
facility, Lawrence
28  Kansas River below Farmland facility 6891096 2/27/02 1300 48.6 .04 34 1.2 1.5 06 - .07 8.3
29  Mud Creek near Lawrence 6891098 2/26/02 1045 47.6 .03 25 41 45 .01 .10 E.01 3.8
30 Kansas River at Eudora 6891100 2/25/02 930 434 .03 34 1.5 1.6 12 .33 07 11
31  Wakarusa River at 1900 Road near Eudora 6891675 2/26/02 900 42.6 .02 34 44 47 .01 .06 E.01 5.9
32 Stranger Creek above Linwood 6892200 2/26/02 1145 354 A1 43 .52 14 .05 A1 .04 45
33  Kansas River at DeSoto 6892350 2/25/02 1230 31.7 .03 29 1.3 14 .07 25 .06 9.7
34 DeSoto wastewater-treatment facility 6892358 2/25/02 830 31.0 .10 1.0 1.6 2.6 2.3 2.7 2.2 8.6
35 Kill Creek at 83rd Street 6892360 2/25/02 915 31.0 .06 37 .53 72 .03 .08 .02 7.0
36  Kansas River near Cedar 6892380 2/26/02 1230 30.8 .02 .30 1.2 1.2 .06 27 .05 8.9
37  Cedar Creek near Cedar Junction 6892490 2/25/02 1315 26.7 <.03 31 .70 2.1 24 .29 24 4.6
38  Kansas River at Bonner Springs 6892500 2/26/02 1030 20.7 .02 .35 1.4 1.4 .03 .28 .02 9.3
39  Bonner Springs wastewater-treatment facility 6892502 2/26/02 945 20.3 .06 .84 93 6.6 .04 .09 .01 6.9
40  Kansas River near Lake of the Forest 6892504 2/26/02 1005 19.4 .02 32 1.5 1.5 .04 32 .03 11
41  Kansas River near Edwardsville 6892505 2/26/02 1130 16.6 .02 28 1.7 1.7 .04 .33 .02 9.8
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent
for synoptic surveys I, Il, and 111, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; COj3, carbonate; HCOj, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius; SOy, sulfate;
Cl, chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey Il—Continued
42 Mill Creek at Wilder Road 6892515 2/25/02 1015 16.1 0.04 0.33 0.47 1.5 0.19 0.26 0.19 4.6
43  Kansas River near [-435 Bridge 6892518 2/26/02 925 15.4 .02 34 1.2 1.2 .03 .26 .01 9.7
44 Johnson County Mill Creek wastewater- 6892520 2/25/02 1150 15.0 3.5 19 23 23 3.0 3.7 2.6 21
treatment facility
45  Kansas City wastewater-treatment facility 6892525 2/25/02 1000 14.8 31 1.4 1.7 12 2.0 2.2 1.9 8.4
no. 20
46  Unnamed tributary below Kansas City 6892527 2/25/02 1030 11.2 .06 17 23 .55 .03 .04 .02 2.5
wastewater treatment facility no. 14
47  Kansas River at Turner Bridge 6892530 2/25/02 1235 9.7 .03 .30 1.7 1.9 .06 32 .04 8.1
48  Kansas River at west Kansas Avenue Bridge 6892540 2/25/02 1050 6.0 .03 32 1.5 1.7 .06 31 .03 9.9
49  Turkey Creek at Kansas City near I-35 6892942 2/25/02 1120 32 33 53 6.0 13 2.0 2.6 2.8 22
50 Kansas River above Missouri River 6892960 2/25/02 745 1.1 .02 .35 1.4 1.8 .09 35 .07 9.6
confluence
Synoptic survey Il
1 Kansas River at Wamego 6887500 7/31/02 1005  124.0 .02 33 1.6 1.6 .09 33 08 13
2 Vermillion Creek near Wamego 6888000 8/1/02 1020 119.2 <.02 31 .90 91 .01 .10 <.01 6.4
3 Rock Creek near Louisville 6888300 8/1/02 945 118.2 <.02 29 44 45 .10 .14 .08 43
4  Kansas River at Belvue 6888350 7/31/02 1205 113.0 <.02 .36 1.4 14 .02 .28 01 15
5 Kansas River near Maple Hill 6888400 7/31/02 750 103.7 E.01 32 1.1 1.1 .09 27 .08 12

6  Mill Creek near Maple Hill 6888650 8/1/02 1130 101.7 <.02 28 46 48 .02 .05 <.01 6.1
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent

for synoptic surveys I, II, and 111, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; COj3, carbonate; HCOj, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius; SOy, sulfate;

Cl, chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey lll—Continued
7  Cross Creek near Rossville 6888700 7/31/02 1155  100.1 0.07 0.48 0.74 0.79 0.07 0.14 0.05 6.7
8  Kansas River at Willard 6888705 7/31/02 1020 98.9 E.01 .39 1.2 1.2 11 27 09 11
9  Mission Creek near Valencia 6888800 8/1/02 1210 91.6 .02 .30 44 45 .02 .05 .01 4.7
10  Kansas River at Highway 75, Topeka 6888980 7/31/02 1220 86.0 E.01 34 1.2 1.2 .09 27 .08 12
11 North Topeka wastewater-treatment facility =~ 6888985 7/30/02 845 85.0 12 1.6 1.9 26 4.5 44 4.1 12
12 Kansas River at Topeka 6889000 7/23/02 1005 83.0 E.01 .36 1.3 1.3 .03 21 .01 10
8/2/02 855 83.0 <.02 37 1.4 14 .08 .26 06 11
8/2/02 1500 83.0 <.02 41 1.6 1.8 11 31 09 11
8/5/02 1515 83.0 <.02 .38 1.4 1.5 11 .30 09 14
8/6/02 900 83.0 <.02 40 1.2 1.3 12 23 .09 9.6
13 Topeka Oakland wastewater-treatment facility 6889002 7/30/02 815 81.7 21 25 27 27 33 3.6 3.1 22
14  Kansas River at Highway 4, Topeka 6889010 7/31/02 1340 81.1 27 .62 1.8 2.0 15 32 A3 13
8/1/02 735 81.1 .04 44 1.4 1.7 15 31 12 8.5
15  Soldier Creek, Meriden Road, near Topeka 6889504 7/31/02 1300 80.5 .04 .39 77 .82 23 .33 .20 73
16  Shunganunga Creek at Rice Road, Topeka 6889700 7/31/02 1040 76.0 <.02 46 1.1 1.3 12 .26 10 12
17  Kansas River near Grantville 6889750 7/31/02 1100 73.7 .09 A48 1.2 1.9 15 27 13 9.2
18  Muddy Creek near Grantville 6889800 7/31/02 1000 72.3 .03 .36 .54 .56 .05 .09 .03 6.3
19  Kansas River near Grover 6889850 7/31/02 900 68.6 .03 42 1.2 1.7 11 25 .09 9.3
7/31/02 1400 68.6 <.02 37 1.1 1.7 12 .26 .10 9.9
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent
for synoptic surveys I, Il, and 111, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; COj3, carbonate; HCOj, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius; SOy, sulfate;
Cl, chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey Ill—Continued
20  Delaware River below Perry Dam 6890900 7/30/02 1210 65.1 0.74 1.1 1.8 1.9 0.17 0.47 0.15 7.7
21  Kansas River at Lecompton 6891000 7/22/02 1345 64.0 <.02 .37 1.5 1.5 .03 23 01 12
8/1/02 950 64.0 <.02 .38 1.5 1.5 .06 .26 .04 12
8/1/02 1400 64.0 <.02 40 1.5 1.5 .04 27 .02 13
8/6/02 1430 64.0 .02 39 1.5 1.5 .10 .26 .08 12
8/7/02 850 64.0 12 54 1.5 1.6 11 25 .09 9.7
22 Buck Creek at Williamstown 6891060 7/31/02 900 58.6 E.01 .36 49 1.1 .02 .08 .01 4.9
23  Kansas River near Midland 6891070 8/1/02 1120 57.5 <.02 .35 1.5 1.5 .05 24 .03 9.5
24 Kansas River at Lawrence 6891080 8/1/02 1220 51.9 <.02 37 1.4 1.5 .04 21 .02 10
25 Lawrence wastewater-treatment facility 6891090 7/29/02 1120 51.1 .20 1.4 1.7 17 3.8 3.9 34 10
26  Kansas River between Lawrence and 6891093 8/1/02 830 50.6 <.02 42 1.3 1.7 15 .30 12 9.1
Farmland facility 8/1/02 1100 506 <02 43 1.4 1.8 15 29 1290
27  Farmland nitrogen wastewater-treatment 6891095 7/29/02 1225 50.1 23 1.9 3.1 9.1 13 .39 06 21
facility, Lawrence
28  Kansas River below Farmland facility 6891096 8/1/02 930 48.6 <.02 41 1.3 14 23 40 21 9.2
29  Mud Creek near Lawrence 6891098 7/31/02 825 47.6 .02 27 51 .52 .04 A1 .03 4.3
30 Kansas River at Eudora 6891100 7/29/02 900 434 .07 .53 1.2 14 15 27 12 9.9
31  Wakarusa River at 1900 Road near Eudora 6891675 7/30/02 820 42.6 .03 .33 .69 .81 .04 15 .03 6.8

32 Stranger Creek above Linwood 6892200 7/30/02 1245 354 E.01 32 71 12 .03 A1 .02 7.2
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent
for synoptic surveys I, II, and 111, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; COj3, carbonate; HCOj, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius; SOy, sulfate;
Cl, chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey lll—Continued
33  Kansas River at DeSoto 6892350 7/25/02 1130 31.7 <0.02 0.40 1.4 1.5 0.05 0.23 0.03 12
7/29/02 1045 31.7 E.01 46 1.3 1.3 11 25 .08 9.5
7/29/02 1330 31.7 E.01 42 1.3 1.3 11 24 .08 11.6
8/2/02 700 31.7 .08 A7 1.1 1.2 21 33 20 11.0
8/2/02 1300 31.7 .02 42 1.1 1.2 18 .28 15 9.4
8/6/02 1300 31.7 <.02 40 1.3 1.3 .08 .26 .06 137
8/7/02 825 31.7 <.02 42 1.5 1.5 13 32 A1 121
34 DeSoto wastewater-treatment facility 6892358 7/29/02 830 31.0 1.5 11 10 10 1.7 1.8 1.6 10.6
35 Kill Creek at 83rd Street 6892360 7/30/02 850 31.0 .04 31 .54 72 .09 15 .08 4.1
36  Kansas River near Cedar 6892380 7/30/02 1200 30.8 E.01 41 1.6 1.6 13 .30 A1 13
7/30/02 1330 30.8 <.02 42 1.4 14 13 .30 10 14
37  Cedar Creek near Cedar Junction 6892490 7/30/02 920 26.7 .06 .61 .76 5.2 47 47 41 6.8
38  Kansas River at Bonner Springs 6892500 8/6/02 910 20.7 <.02 .39 1.3 1.3 .04 .26 02 14
39  Bonner Springs wastewater-treatment facility 6892502 7/29/02 1330 20.3 27 1.5 2.0 26 6.4 6.3 5.8 11
40  Kansas River near Lake of the Forest 6892504 7/30/02 945 19.4 E.01 42 1.4 14 .10 23 .08 9.4
41  Kansas River near Edwardsville 6892505 7/30/02 900 16.6 <.02 39 2.6 2.6 .09 25 07 11
42 Mill Creek at Wilder Road 6892515 7/30/02 1000 16.1 .08 45 .68 1.3 22 24 21 54
43  Kansas River near 1-435 Bridge 6892518 7/30/02 745 15.4 <.02 41 1.3 1.3 .08 25 .06 104
44 Johnson County Mill Creek wastewater- 6892520 7/29/02 930 150 24 27 25 26 4.2 43 3.9 14.8

treatment facility
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment facility effluent
for synoptic surveys I, Il, and 111, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; COj3, carbonate; HCOj, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius; SOy, sulfate;
Cl, chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey Ill—Continued
45  Kansas City wastewater-treatment facility 6892525 7/29/02 835 14.8 0.190 1.2 1.5 17 2.9 2.9 2.6 8.2
no. 20
46  Unnamed tributary below Kansas City 6892527 7/29/02 900 11.2 32 1.1 2.5 17 1.6 2.2 1.5 14.4
wastewater-treatment facility no. 14
47  Kansas River at Turner Bridge 6892530 7/26/02 850 9.7 15 54 1.6 1.7 .08 .26 .06 8.8
7/29/02 1030 9.7 .08 .55 1.5 1.6 13 .28 100 11
8/8/02 1055 9.7 <.02 42 1.5 1.5 .07 32 05 14
48  Kansas River at west Kansas Avenue Bridge 6892540 7/29/02 1135 6.0 17 .60 1.6 1.7 13 .29 10 11
8/8/02 1150 6.0 <.02 40 1.7 1.7 .09 34 06 12
49  Turkey Creek at Kansas City near I-35 6892942 7/30/02 1100 32 1.9 38 4.8 14 2.6 2.8 24 21
50  Kansas River above Missouri River 6892960 7/26/02 1035 1.1 .19 .68 1.6 1.8 13 .29 A1 8.9
confluence 7/29/02 830 1.1 22 78 1.5 1.9 21 .36 19 11
8/7/02 1325 1.1 <.02 42 1.7 1.8 13 .33 A1 14
8/8/02 900 1.1 <.02 42 1.4 14 11 .35 09 11
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment
facility effluent for synoptic surveys |, Il, and Ill, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCOj3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius;
SOy, sulfate; Cl, chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey |
10 Kansas River at Highway 75, Topeka 6888980 11/29/01 1100 86.0 52 E60 E3.4 17 E7 24
11 North Topeka wastewater-treatment facility 6888985 11/28/01 1220 85.0 2,500 2,400 -- 6.7 -- 17
13 Topeka Oakland wastewater-treatment facility 6889002 11/28/01 1115 81.7 250 220 -- 6.6 -- 8
15  Soldier Creek, Meriden Road, near Topeka 6889504 11/29/01 930 80.5 El6 E12 -- 5.6 -- 8
16  Shunganunga Creek at Rice Road, Topeka 6889700 11/29/01 1030 76.0 63 E40 -- 6.3 -- 8
18  Muddy Creek near Grantville 6889800 11/28/01 850 72.3 30 E33 - 29 -- 9
20  Delaware River below Perry Dam 6890900 11/28/01 920 65.1 80 4 -- 5.6 -- 44
21  Kansas River at Lecompton 6891000 11/28/01 1330 64.0 120 >800 10 15 8 19
25 Lawrence wastewater-treatment facility 6891090 11/28/01 920 51.1 87 E110 -- 4.6 -- 13
27  Farmland nitrogen wastewater-treatment facility, 6891095 11/28/01 845 50.1 230 170 ES85 100 E70 41
Lawrence

29  Mud Creek near Lawrence 6891098 11/27/01 1145 47.6 E33 27 - 39 -- 34
30 Kansas River at Eudora 6891100 11/28/01 1030 434 45 53 13 19 18 18
31  Wakarusa River at 1900 Road near Eudora 6891675 11/27/01 755 42.6 E12 E27 -- 5.0 -- 28
32 Stranger Creek above Linwood 6892200 11/27/01 1240 35.4 22 EI100 -- 6.3 -- 34
35 Kill Creek at 83rd Street 6892360 11/27/01 1015 31.0 E30 E100 - 8.3 -- 15
37  Cedar Creek near Cedar Junction 6892490 11/27/01 830 26.7 29 Ell - 42 -- 12
39  Bonner Springs wastewater-treatment facility 6892502 11/29/01 1010 20.3 E7 E13 -- -- -- 6
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment
facility effluent for synoptic surveys |, Il, and Ill, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCOj3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius;
SOy, sulfate; Cl, chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey I—Continued
42 Mill Creek at Wilder Road 6892515 11/27/01 845 16.1 120 E53 - 8.5 -- 36
44 Johnson County Mill Creek wastewater-treatment 6892520 11/27/01 1215 15.0 530 -- -- 11 -- 9
facility
45  Kansas City wastewater-treatment facility no. 20 6892525 11/27/01 930 14.8 E60 110 -- 54 -- 12
46  Unnamed tributary below Kansas City wastewater- 6892527 11/27/01 1100 11.2 37,000 58,000 - 15 - 867
treatment facility no. 14
48  Kansas River at west Kansas Avenue Bridge 6892540 11/28/01 1010 6.0 E1,000  E940 14 27 20 26
49  Turkey Creek at Kansas City near I-35 6892942 11/27/01 1030 3.2 450 970 -- 6.0 -- 8
50 Kansas River above Missouri River confluence 6892960 11/27/01 1230 1.1 100  E130 -- 30 -- 29
Synoptic survey Il

2 Vermillion Creek near Wamego 6888000 2/28/02 1310 119.2 E1l 0 -- 2.9 -- 12
3 Rock Creek near Louisville 6888300 2/28/02 1215 118.2 0 0 - 2.9 -- 12
4 Kansas River at Belvue 6888350 2/28/02 1315 113.0 E3 0 - 7.0 -- 31
5  Kansas River near Maple Hill 6888400 2/28/02 1135  103.7 E1l 0 -- 7.0 -- 87
6  Mill Creek near Maple Hill 6888650 2/28/02 1015 101.7 E13 22 -- 3.6 -- 35
7  Cross Creek near Rossville 6888700 2/28/02 1400  100.1 0 EO -- 3.2 -- 17
8  Kansas River at Willard 6888705 2/28/02 950 98.9 0 E10 - 10 -- 85
Mission Creek near Valencia 6888800 2/28/02 900 91.6 El EO -- 43 -- 9

10 Kansas River at Highway 75, Topeka 6888980 2/28/02 1115 86.0 El El -- 9.0 -- 39
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment
facility effluent for synoptic surveys |, Il, and Ill, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCOj3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius;
SOy, sulfate; Cl, chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey Il—Continued
11 North Topeka wastewater-treatment facility 6888985 2/26/02 1130 85.0 270  E220 -- 4.1 -- 7
12 Kansas River at Topeka 6889000 2/27/02 1320 83.0 0 E7 - 10 -- 50
13 Topeka Oakland wastewater-treatment facility 6889002 2/26/02 1045 81.7 E3,600 E2,600 -- 5.2 -- 8
14  Kansas River at Highway 4, Topeka 6889010 2/28/02 855 81.1 E5 E10 -- 19 -- 64
15  Soldier Creek, Meriden Road, near Topeka 6889504 2/27/02 1215 80.5 E3 EO -- 4.3 -- 13
16  Shunganunga Creek at Rice Road, Topeka 6889700 2/27/02 1315 76.0 E4 E7 -- 54 -- 20
17  Kansas River near Grantville 6889750 2/28/02 1100 73.7 El6 El4 -- -- -- 40
18  Muddy Creek near Grantville 6889800 2/27/02 900 72.3 60 E9 - 34 -- 13
19  Kansas River near Grover 6889850 2/28/02 1330 68.6 E2 E30 -- -- -- 44
20  Delaware River below Perry Dam 6890900 2/27/02 930 65.1 E2 E4 -- 15 -- 12
21  Kansas River at Lecompton 6891000 2/27/02 1025 64.0 E6 EO -- 22 -- 93
22 Buck Creek at Williamstown 6891060 2/27/02 1015 58.6 0 El - 32 -- 16
23 Kansas River near Midland 6891070 3/1/02 935 57.5 E8 EO - 26 -- 48
24 Kansas River at Lawrence 6891080 2/27/02 1020 51.9 0 E3 -- 35 -- 43
25 Lawrence wastewater-treatment facility 6891090 2/25/02 1305 51.1 E2,100 E2,200 - 4.6 - 15
26  Kansas River between Lawrence and 6891093 2/27/02 1115 50.6 0 EO -- 540 -- 28
Farmland facility
27  Farmland nitrogen wastewater-treatment facility, 6891095 2/26/02 840 50.1 E6 E5 -- 12 -- 41
Lawrence
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment
facility effluent for synoptic surveys |, Il, and Ill, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCOj3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius;
SOy, sulfate; Cl, chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey Il—Continued

28  Kansas River below Farmland facility 6891096 2/27/02 1300 48.6 ES 0 -- 490 -- 18
29  Mud Creek near Lawrence 6891098 2/26/02 1045 47.6 E7 El6 - 4.1 -- 35
30 Kansas River at Eudora 6891100 2/25/02 930 43.4 E250  E210 -- 42 -- 55
31  Wakarusa River at 1900 Road near Eudora 6891675 2/26/02 900 42.6 E6 E5 -- 6.2 -- 40
32 Stranger Creek above Linwood 6892200 2/26/02 1145 35.4 E10 E9 -- 4.5 -- 36
33  Kansas River at DeSoto 6892350 2/25/02 1230 31.7 E8 E8 - 61 -- 68
34 DeSoto wastewater-treatment facility 6892358 2/25/02 830 31.0 E7,300 ES5,200 -- 4.6 -- 14
35 Kill Creek at 83rd Street 6892360 2/25/02 915 31.0 29 29 - 9.2 -- 34
36  Kansas River near Cedar 6892380 2/26/02 1230 30.8 60 Ell - -- -- 40
37  Cedar Creek near Cedar Junction 6892490 2/25/02 1315 26.7 23 40 -- 5.0 -- 24
38  Kansas River at Bonner Springs 6892500 2/26/02 1030 20.7 E19 E22 -- 46 -- 71
39  Bonner Springs wastewater-treatment facility 6892502 2/26/02 945 20.3 E7 E5 -- 3.5 -- 6
40  Kansas River near Lake of the Forest 6892504 2/26/02 1005 19.4 47 E170 -- 54 -- 84
41  Kansas River near Edwardsville 6892505 2/26/02 1130 16.6 43 E30 -- 97 -- 85
42 Mill Creek at Wilder Road 6892515 2/25/02 1015 16.1 El5 El6 - 5.6 -- 27
43  Kansas River near 1-435 Bridge 6892518 2/26/02 925 15.4 24 E50 - 89 -- 73
44 Johnson County Mill Creek wastewater-treatment 6892520 2/25/02 1150 15.0 2,400 870 -- 6.2 -- 25

facility
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment
facility effluent for synoptic surveys |, Il, and Ill, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCOj3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius;
SOy, sulfate; Cl, chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey II—Continued
45  Kansas City wastewater-treatment facility no. 20 6892525 2/25/02 1000 14.8 69 130 -- 3.8 -- 5
46  Unnamed tributary below Kansas City wastewater- 6892527 2/25/02 1030 11.2 E500  E300 -- 2.2 -- 25
treatment facility no. 14
47  Kansas River at Turner Bridge 6892530 2/25/02 1235 9.7 E18 E12 -- 89 -- 103
48  Kansas River at west Kansas Avenue Bridge 6892540 2/25/02 1050 6.0 E33 E33 -- 80 -- 120
49  Turkey Creek at Kansas City near I-35 6892942 2/25/02 1120 3.2 150  E210 -- 4.0 -- 8
50  Kansas River above Missouri River confluence 6892960 2/25/02 745 1.1 36 E28 -- 81 -- 107
Synoptic survey Il

1 Kansas River at Wamego 6887500 7/31/02 1005 124.0 -- -- 120 62 26 79
2 Vermillion Creek near Wamego 6888000 8/1/02 1020 119.2 E170 -- E38 -- E18 25
3 Rock Creek near Louisville 6888300 8/1/02 945 118.2 140 -- El1 -- E3 41
4  Kansas River at Belvue 6888350 7/31/02 1205 113.0 >500 - 84 52 22 99
5 Kansas River near Maple Hill 6888400 7/31/02 750 103.7 - - 51 22 17 68
6  Mill Creek near Maple Hill 6888650 8/1/02 1130 101.7 150 - El5 -- E7 12
7  Cross Creek near Rossville 6888700 7/31/02 1155 100.1 240 -- 27 -- 8 46
8  Kansas River at Willard 6888705 7/31/02 1020 98.9 55 - 46 17 16 134
9  Mission Creek near Valencia 6888800 8/1/02 1210 91.6 E700 -- El1 -- E6 17
10  Kansas River at Highway 75, Topeka 6888980 7/31/02 1220 86.0 53 - 60 28 23 64
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment
facility effluent for synoptic surveys |, Il, and Ill, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCOj3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius;
SOy, sulfate; Cl, chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey lll—Continued

11 North Topeka wastewater-treatment facility, Topeka 6888985 7/30/02 845 85.0 29 -- 1 3.2 1 3
12 Kansas River at Topeka 6889000 7/23/02 1005 83.0 51 - 44 22 20 --
8/2/02 855 83.0 30 - E49 21 E20 --
8/2/02 1500 83.0 E21 - E55 -- E19 --
8/5/02 1515 83.0 45 - 53 16 13 --
8/6/02 900 83.0 23 - E31 13 El4 --
13 Topeka Oakland wastewater-treatment facility 6889002 7/30/02 815 81.7 E1,800 -- 1 86 <1 5
14  Kansas River at Highway 4, Topeka 6889010 7/31/02 1340 81.1 >500 -- 97 31 23 --
8/1/02 735 81.1 160 - E50 22 E22 51
15  Soldier Creek, Meriden Road, near Topeka 6889504 7/31/02 1300 80.5 58 -- 17 -- 11 17
16  Shunganunga Creek at Rice Road, Topeka 6889700 7/31/02 1040 76.0 >5,000 -- 72 -- 19 30
17  Kansas River near Grantville 6889750 7/31/02 1100 73.7 500 - 53 22 24 35
18  Muddy Creek near Grantville 6889800 7/31/02 1000 72.3 - - 8 -- 5 19
19  Kansas River near Grover 6889850 7/31/02 900 68.6 E120 -- 68 31 26 40
1400 68.6 E75 - 80 26 26 --
20  Delaware River below Perry Dam 6890900 7/30/02 1210 65.1 35 -- 29 15 17 61
21  Kansas River at Lecompton 6891000 7/22/02 1345 64.0 27 -- 83 35 26 --
8/1/02 950 64.0 29 - E90 43 E49 56
8/1/02 1400 64.0 23 - E96 39 E54 --

8/6/02 1430 64.0 0 - E&9 34 E35 --
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment
facility effluent for synoptic surveys |, Il, and Ill, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCOj3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius;
SOy, sulfate; Cl, chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey Ill—Continued
21  Kansas River at Lecompton 6891000 8/7/02 850 64.0 34 -- 52 25 26 --
22 Buck Creek at Williamstown 6891060 7/31/02 900 58.6 2,100 -- 5 -- 5 25
23 Kansas River near Midland 6891070 8/1/02 1120 57.5 22 -- E110 42 E42 41
24 Kansas River at Lawrence 6891080 8/1/02 1220 51.9 E5 -- E57 31 E53 40
25 Lawrence wastewater-treatment facility 6891090 7/29/02 1120 51.1 E31 -- 14 4.7 5 1
26  Kansas River between Lawrence and Farmland 6891093 8/1/02 830 50.6 32 - E31 21 E39 85
facility 8/1/02 1100  50.6 El8 - E28 22 E39 -
27  Farmland nitrogen wastewater-treatment facility, 6891095 7/29/02 1225 50.1 >3,000 -- 160 23 60 54
Lawrence

28  Kansas River below Farmland facility 6891096 8/1/02 930 48.6 E10 -- E34 18 E33 39
29  Mud Creek near Lawrence 6891098 7/31/02 825 47.6 130 -- 20 -- 8 26
30 Kansas River at Eudora 6891100 7/29/02 900 434 E710 - 44 22 32 47
31  Wakarusa River at 1900 Road near Eudora 6891675 7/30/02 820 42.6 E140 - 6 -- 3 112
32 Stranger Creek above Linwood 6892200 7/30/02 1245 35.4 20 -- 20 -- 7 26
33 Kansas River at DeSoto 6892350 7/25/02 1130 31.7 E12 -- 44 67 32 --
7/29/02 1045 31.7 28 -- 51 24 28 38
7/29/02 1330 31.7 El4 - 65 25 22 --
8/2/02 700 31.7 El14 - E31 17 E27 --
8/2/02 1300 31.7 E10 - E34 13 E24 --
8/6/02 1300 31.7 20 - E84 53 E38 --
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment
facility effluent for synoptic surveys |, Il, and Ill, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCOj3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius;
SOy, sulfate; Cl, chloride, N, nitrogen; P, phosphorus; C, carbon]

° S S 2 B 7 = = = =

T hxy hs 5 o > @ » @ @ =

5 g 2§ 2 By B2 32 st By o £2
£5% = E 2% £% = F$E fE 28 25 =35 §g
2< 2 c =t 2£ 85 g8 £8 8E ZzZE 2t ®BE
=T £ ] cE oSN B9 S a IS S = S 2:c Te
=< g § 25 £° 5£ 32 §2 s5g sg =g g
5 > 5B 5 g% 3 Yz Tz 58 & 2%

§ F = 2 &2 = 7E 207

Synoptic survey Ill—Continued
33  Kansas River at DeSoto 6892350 8/7/02 825 31.7 33 - 84 49 47 -
34 DeSoto wastewater-treatment facility 6892358 7/29/02 830 31.0 E290,000 -- 3 -- 1 3
35 Kill Creek at 83rd Street 6892360 7/30/02 850 31.0 130 - 4 -- 3 58
36  Kansas River near Cedar 6892380 7/30/02 1200 30.8 E210 - 67 37 33 --
7/30/02 1330 30.8 E9%4 - 68 37 30 705
37  Cedar Creek near Cedar Junction 6892490 7/30/02 920 26.7 130 -- 9 -- 9 33
38  Kansas River at Bonner Springs 6892500 8/6/02 910 20.7 E19 -- E69 50 E41 --
39  Bonner Springs wastewater-treatment facility 6892502 7/29/02 1330 20.3 56 -- 2 -- 1 2
40  Kansas River near Lake of the Forest 6892504 7/30/02 945 19.4 22 - 74 32 34 91
41 Kansas River near Edwardsville 6892505 7/30/02 900 16.6 E66 -- 66 28 30 68
42 Mill Creek at Wilder Road 6892515 7/30/02 1000 16.1 180 - 16 -- 7 18
43  Kansas River near 1-435 Bridge 6892518 7/30/02 745 15.4 E75 -- 70 28 34 60
44 Johnson County Mill Creek wastewater- 6892520 7/29/02 930 15.0 E35 -- 22 21 20 10
treatment facility
45  Kansas City wastewater-treatment facility no. 20 6892525 7/29/02 835 14.8 El6 -- 1 4.7 1 3
46  Unnamed tributary below Kansas City wastewater- 6892527 7/29/02 900 11.2 -- -- 18 27 24 55
treatment facility no. 14

47  Kansas River at Turner Bridge 6892530 7/26/02 850 9.7 E10 -- E45 25 E34 --
7/29/02 1030 9.7 E250 - 75 26 34 64

8/8/02 1055 9.7 E13 - 78 41 40 --
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Appendix 1. Water-quality results from samples collected from Kansas River, northeast Kansas, selected tributaries, and selected wastewater-treatment
facility effluent for synoptic surveys |, Il, and Ill, November 2001 through August 2002.—Continued

[<, less than; --, not determined; E, estimated; >, greater than; FNU, formazin nephelometric units; CO3, carbonate; HCOj3, bicarbonate; CaCO3, calcium carbonate; °C, degrees Celsius;
SOy, sulfate; Cl, chloride, N, nitrogen; P, phosphorus; C, carbon]
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Synoptic survey Ill—Continued

48  Kansas River at west Kansas Avenue Bridge 6892540 7/29/02 1135 6.1 E120 -- 65 23 35 50
8/8/02 1150 6.1 22 - 99 41 48 -
49  Turkey Creek at Kansas City near [-35 6892942 7/30/02 1100 3.2 1,300 -- 4 -- 7 6
50 Kansas River above Missouri River confluence 6892960 7/26/02 1035 1.1 E160 -- E37 21 E48 --
7/29/02 830 1.1 >4,000 - 45 19 33 49
8/7/02 1325 1.1 EO - 120 45 56 --
8/8/02 900 1.1 EO - 70 37 68 --
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Appendix 2. List of wastewater-treatment facilities (WWTFs) that discharge effluent to the Kansas River and its tributary streams in northeast Kansas and design limits.

[Source: M.E. Gerard, Kansas Department of Health and Environment, written commun., 2004. Facilities shaded in gray are no longer in service.]

Ammonia concentration
Design discharge design limit
(milligrams per liter)

Ammonia load design limit
(kilograms per day)

WWTF
number Facility Receiving stream
(fig. 9) (million  (cubic feet
gallons per Summer Winter Summer Winter
perday) second)
1 Blue T.S. sewer district #1 Kansas River 0.2 0.309 13.0 o 0 %0
2 Wamego Kansas River 75 1.16 13.0 10 2.84 27.09
3 Saint Marys wastewater-treatment facility Doyle Creek .50 74 24 8.9 5.10 5.10
4 Rossville Cross Creek 14 217 .5 13.0 530 2132
5 Silver Lake Ensign Creek 20 305 15 13.0 745 21.86
6 Goodyear Tire Soldier Creek 1.4 2.24 0 20
7 North Topeka Kansas River 12 18.6 5.5 12 90.8 90.8
8 Topeka Oakland Kansas River 16 24.8 1.6 7.8 847 847
9 Soldier Soldier Creek 02 029 s 13.0 072 2,180
10 Sherwood Shunganunga Creek 24 3.71 1.9 6.5 14.5 14.5
11 Shawnee County sewer district #33 Stinson Creek 22 .340 1.0 2.5 .832 22.08
12 Shawnee County sewer district #8 Stinson Creek (Shunga) .06 .093 25 25 5.67 5.67
13 USD450 Whetstone Creek .03 046 13 1o 113 2284
14 Perry wastewater-treatment facility Delaware River A1 170 15 130 548 2137
15 Lecompton wastewater-treatment facility ~ Kansas River .07 102 15 13.0 .249 2624
16 Lawrence wastewater-treatment facility Kansas River 12.5 19.3 7.0 7.0 331 331
17 Farmland Lawrence Kansas River .95 1.47 50 50 180 180
18 Eudora Wakarusa River .90 1.39 29 9.1 10.2 10.2
19  McLouth wastewater-treatment facility Ninemile Creek 18 285 15 13.0 696 2174

20  Turnpike service center Ninemile Creek 02 028 15 13.0 068 2170
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Appendix 2. List of wastewater-treatment facilities (WWTFs) that discharge effluent to the Kansas River and its tributary streams in northeast Kansas and design lim-
its.—Continued

[Source: M.E. Gerard, Kansas Department of Health and Environment, written commun., 2004. Facilities shaded in gray are no longer in service.]

Ammonia concentration
design limit
(milligrams per liter)

Ammonia load design limit

Design discharge (kilagrams per day)

WWTF

number Facility Receiving stream

(fig. 9) (million  (cubic feet

gallons per Summer Winter Summer Winter
perday) second)

21  Linwood wastewater-treatment facility Ninemile Creek 0.04 0.062 15 13.0 0.151 20.378
22 Tonganoxie wastewater-treatment facility Tonganoxie Creek 75 1.16 2.1 7.2 4.24 5.30
23 Leavenworth sewer district #5 Hog Creek 03 046 L5 13.0 113 2284
24 Kansas Waste Water Treatment Inc. Kansas River 12 .186 25 25 11.3 11.3
25 Gardner wastewater-treatment facility Kansas River 2.5 3.87 1.6 1.6 15.1 15.1
26  DeSoto Sunflower Army Ammunition Plant  Kill Creek 40 .619 4.0 5.0 6.05 7.56
27  DeSoto wastewater-treatment facility Kill Creek 40 619 3.1 3.1 37.8 37.8
28  Sunflower Army Ammunition Plant Kansas River 1.3 1.95 24 2.85 11.4 13.6
29  Olathe Cedar Creek Cedar Creek 3.0 4.64 1.6 4.1 10.6 12.1
30  Leavenworth sewer district #2 Kansas River 07 A11 L5 13.0 272 2681
31 Bonner Springs Kansas River 1.4 2.17 130 110 5.30 2132
32 Olathe Main Mill Creek 32 4.95 1.5 5.4 16.9 19.4
33 Johnson County Mill Creek Regional Kansas River 18.75 29.0 36 15 613 613
34  Kansas City #20 Kansas River 7.0 10.8 19 24 410 503
35  Kansas City #14 Kansas River 12 186 13.0 10 11.3 113
36 Americold Kansas River .003 .005 5.0 5.0 .001 .001
37  Johnson County Nelson Turkey Creek 15 23.2 3.1 10 113 284

IEstimated.

No permit limits.
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104 Hydrologic and Water-Quality Conditions in the Kansas River, Northeast Kansas, November 2001-August 2002

Appendix 3. Hypothetical Simulations Using
30-Day, 10-Year, Low-Flow Conditions

KDHE requested that the calibrated Kansas River water-
quality model be used to describe and evaluate the calibrated
model and the same four hypothetical conditions listed in
table 12, with one change; reduce the streamflow at Topeka
(site 12) to the 30-day, 10-year low flow (30Q10) defined by
KDHE as 670 ft’/s. The effects of changing the streamflow
boundary conditions (reducing the streamflow in the Kansas
River by one-half) in this manner without adjusting the water-
quality boundary conditions for the Kansas River are unknown.
Without measuring the water quality of the Kansas River during
this low-flow condition, it is impossible to know if the assumed
water-quality boundary conditions used in the calibrated model
are reasonable enough estimates for the 30Q10 hypothetical
simulations to be accurate. For these reasons, conclusions
drawn on the basis of the 30Q10 simulations should be consid-
ered as having more uncertainty about them than the previous
four hypothetical simulations.

The effluent of an additional proposed WWTF and hypo-
thetical alterations to existing WWTF effluent discharges in
combination with the existing calibrated model were used to
determine the possible effects on water quality in the Kansas
River at 30Q10 streamflow (670 ft3/s at Topeka). All of the
hypothetical results were compared to the calibrated model
results using 30Q10 streamflow (30Q10 calibrated results).
Hypothetical simulations were made using boundary conditions
from the winter and summer calibrated models with the excep-
tions of streamflow at Topeka and concentrations of ammonia,
nitrite plus nitrate, total phosphorus, orthophosphorus, and car-
bonaceous biochemical oxygen demand (table 12). All simu-
lated results were cross-sectional averages for noon and mid-
night on February 27, 2002, and July 31, 2002.

Effects of 30010 Hypothetical Simulation 1

First, the 30Q10 calibrated model was altered so that the
effluent discharges from three major main-stem WWTFs were
equal to their design flow and current (2005) permitted limit for
ammonia (table 12). In comparison to the 30Q10 calibrated
results, simulated in-stream ammonia concentrations were usu-
ally larger in 30Q10 hypothetical simulation 1 in the winter and
summer (fig. 34A and B). Nearly all of the 30Q10 simulated in-
stream ammonia values from the Johnson County Mill Creek
Regional treatment facility (river mile 15) to the Missouri River
exceeded the Kansas chronic aquatic-life criterion for early-life
stages of fish present. The 30Q10 hypothetical simulation 1
results were plotted with the results from the other three 30Q10
hypothetical simulations for further comparison (figs. 34-36).

Effects of 30010 Hypothetical Simulation 2

The change for 30Q10 hypothetical simulation 2 was to
discharge effluent from a proposed new WWTF that would
serve the growing population of Johnson County, Kansas. The
design flow for this proposed WWTF was 85 ft3/s (55 Mgal/d),
more than two times larger than any of the existing WWTF
design flows. The simulation was run for winter and summer
conditions in two parts: (1) locating the proposed WWTF
upstream from DeSoto (river mile 31), and (2) locating the pro-
posed WWTF downstream from Cedar Creek (river mile 25).
The two parts of the simulation were necessary to help deter-
mine the effects of the proposed WWTF’s effluent on the hori-
zontal source-water wells located along the Kansas River near
the confluence of Cedar Creek. These wells provide drinking
water for the city of Olathe.

Results of 30Q10 hypothetical simulation 2, where the
addition of the proposed WWTF was upstream from DeSoto or
downstream from Cedar Creek, indicated similar increases in
ammonia downstream from the proposed WWTF. In the winter,
ammonia concentrations downstream from the proposed
WWTF indicated similar characteristics but at different loca-
tions depending on the WWTF hypothetical location (fig. 34A).
Results indicated a steady increase in ammonia concentrations
in the Kansas River to about 0.1 mg/L greater than the cali-
brated results within about 2.5 mi downstream from both hypo-
thetical locations for the proposed WWTEF. Several of the sim-
ulated in-stream values exceeded the Kansas chronic aquatic-
life criterion for early-life stages of fish present. Water temper-
atures less than 5 °C minimized nitrification and had little effect
on dissolved-oxygen concentrations (fig. 34C). None of simu-
lated dissolved-oxygen concentrations in the winter were less
than the Kansas aquatic-life criterion (5.0 mg/L).

Summer 30Q10 simulations indicated that ammonia con-
centrations increased substantially for about 5 mi downstream
from the proposed WWTF and then maintained a steady con-
centration slightly greater than the concentrations for 30Q10
calibrated results (fig. 34B). The maximum 30Q10 simulated
main-stem values for both proposed WWTF locations were
equal to or exceeded the Kansas chronic aquatic-life criterion
for early-life stages of fish present. As a result of the increased
ammonia concentrations, main-stem nitrification suppressed
dissolved-oxygen concentrations to less than the Kansas
aquatic-life criterion (5.0 mg/L) for 1 to 2 mi downstream from
the proposed WWTTF (fig. 34D).

Effects of 30010 Hypothetical Simulation 3

For 30Q10 hypothetical simulation 3, adjustments were
made to three major WWTFs (Topeka Oakland, Lawrence, and
Johnson County Mill Creek) current design flows and permitted
limits for ammonia (Appendix 2). In most cases, this meant that
the magnitude of the effluent flow was increased and the con-
centration of ammonia was decreased from the WWTF values
measured and used in the 30Q10 calibrated model.
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A. Simulated ammonia concentrations, winter conditions at 30Q10 streamflow
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Figure 34. Simulated ammonia and dissolved-oxygen concentrations in Kansas River from Topeka to Kansas City
during winter and summer 30-day, 10-year, low-flow (30Q10) conditions for 30Q10 calibrated model and hypothetical
simulations 1 and 2.
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C. Simulated dissolved-oxygen concentrations, winter conditions at 30Q10 streamflow
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hypothetical simulation 1
Dissolved-oxygen concentrations for 30Q10
hypothetical simulation 2, with proposed

treatment facility upstream from
Cedar Creek

of Health and Environment, 2002)

Figure 34. Simulated ammonia and dissolved-oxygen concentrations in Kansas River from Topeka to Kansas City
during winter and summer 30-day, 10-year, low-flow (30Q10) conditions for 30Q10 calibrated model and hypothetical

simulations 1 and 2.—Continued

treatment facility downstream from Cedar Creek

—— Chronic aquatic-life criterion with early-life
stages of fish present (Kansas Department



Results for 30Q10 hypothetical simulation 3 indicated that
ammonia concentrations gradually increased from upstream to
downstream along the Kansas River during winter and summer.
Ammonia concentrations ranged from 0.01 to 0.3 mg/L in the
winter and from 0.03 to 0.6 mg/L during the summer (figs. 35A
and 35B). In-stream ammonia concentrations incrementally
increased downstream from each major WWTF. Ammonia con-
centration increased the most downstream from the Turkey
Creek confluence (river mile 3.2). Nelson WWTF discharges
into Turkey Creek just upstream from the confluence. The
ammonia concentration of Turkey Creek (site 49, fig. 2) just
downstream from the Nelson WWTF effluent (site 37, fig. 9)
was not changed from the concentration used in the calibrated
model and was the largest ammonia concentration of all the
WWTEF effluents for hypothetical simulation 3. 30Q10 hypo-
thetical simulation 3 did not simulate main-stem ammonia con-
centrations that were larger than the Kansas chronic aquatic-life
criterion for early-life stages of fish present.

Concentrations of dissolved oxygen for the 30Q10 hypo-
thetical simulation 3 were similar to the dissolved-oxygen con-
centrations reported from the original calibrated model during
both winter and summer (fig. 35C and 35D). Only simulated
main-stem dissolved-oxygen concentrations near Lawrence
(river mile 51) and Turkey Creek (river mile 3.2) were less than
the Kansas aquatic-life criterion (5.0 mg/L).

Effects of 30010 Hypothetical Simulation 4

Adjustments to the calibrated model for 30Q10 hypotheti-
cal simulation 4 were a combination of adjustments from
30Q10 hypothetical simulations 1 and 2. Effluent from a pro-
posed new WWTF was added to discharge in the Kansas River
just downstream from the Cedar Creek confluence (river
mile 25), and the design flows and ammonia concentrations for
three major WWTFs (Topeka Oakland, Lawrence, Johnson
County Mill Creek) were adjusted to the same values as in
30Q10 hypothetical simulation 2. All values for the other
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WWTFs were the same as the values used for the 30Q10 cali-
brated model.

Simulated results for 30Q10 hypothetical simulation 4
indicated main-stem concentrations of ammonia similar to
those simulated for hypothetical simulation 3, with the excep-
tion of the concentrations downstream from the proposed
WWTF (fig. 36A and 36B). In the summer, the simulated results
indicated that the proposed WWTF would have a profound
effect on ammonia and dissolved-oxygen concentration for
about 3 mi downstream from its hypothetical location (fig. 36B
and 36D). Ammonia concentrations remained slightly larger
than the concentrations in 30Q10 hypothetical simulation 2
until about river mile 10, where they were approximately equal.
Main-stem ammonia concentrations were equal to or less than
those simulated with the calibrated model except near the
Lawrence (river mile 51) and proposed WWTFs. Summer sim-
ulated ammonia concentrations near the proposed WWTF were
greater than the Kansas chronic aquatic-life-support criterion
for early-life stages of fish present.

Concentrations of dissolved oxygen for 30Q10 hypotheti-
cal simulation 4 were similar to the dissolved-oxygen concen-
trations reported from the 30Q10 calibrated model during both
winter and summer with some exceptions (fig. 36C and 36D).
During the winter, downstream from the proposed new WWTF
(river mile 25), simulated dissolved-oxygen concentrations
decreased slightly (about 0.5 mg/L) and gradually increased
over the next 5 mi to levels identical to the calibrated model.
During the summer, simulated dissolved-oxygen concentra-
tions downstream from the Lawrence WWTF (river mile 50)
decreased to 4.0 mg/L before increasing gradually over the next
3 mi to concentrations similar to the calibrated model. Also,
simulated dissolved-oxygen concentrations downstream from
the hypothetical WWTF (river mile 25) decreased to concentra-
tions that were less than the Kansas aquatic-life criterion
(5.0 mg/L), reaching a minimum of about 2 mg/L before
increasing over the next 4 mi to levels similar to the
calibrated model.
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A. Simulated ammonia concentrations, winter conditions at 30Q10 streamflow
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EXPLANATION
— Simulated ammonia concentrations for Ammonia concentrations for 30Q10
30Q10 calibrated model hypothetical simulation 3
— Ammonia concentrations for 30Q10 —— Chronic aquatic-life criterion with early-life
hypothetical simulation 1 stages of fish present (Kansas Department

of Health and Environment, 2002)

Figure 35. Simulated ammonia and dissolved-oxygen concentrations in Kansas River from Topeka to Kansas City

during wi

nter and summer 30-day, 10-year, low-flow (30Q10) conditions for 30Q10 calibrated model and hypothetical

simulations 1 and 3.
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C. Simulated dissolved-oxygen concentrations, winter conditions at 30Q10 streamflow
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EXPLANATION
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Figure 35. Simulated ammonia and dissolved-oxygen concentrations in Kansas River from Topeka to Kansas City
during winter and summer 30-day, 10-year, low-flow (30Q10) conditions for 30Q10 calibrated model and hypothetical
simulations 1 and 3.—Continued
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A. Simulated ammonia concentrations, winter conditions at 30Q10 streamflow
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B. Simulated ammonia concentrations, summer conditions at 30Q10 streamflow
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EXPLANATION
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—— Chronic aquatic-life criterion with early-life
stages of fish present (Kansas Department
of Health and Environment, 2002)

Figure 36. Simulated ammonia and dissolved-oxygen concentrations in Kansas River from Topeka to Kansas City

during winter and summer 30-day, 10-year, low-flow (30Q10) conditions for 30Q10 calibrated model and hypothetical

simulations 1 and 4.
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C. Simulated dissolved-oxygen concentrations, winter conditions at 30Q10 streamflow
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Creek (river mile 25)
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Figure 36. Simulated ammonia and dissolved-oxygen concentrations in Kansas River from Topeka to Kansas City
during winter and summer 30-day, 10-year, low-flow (30Q10) conditions for 30Q10 calibrated model and hypothetical
simulations 1 and 4—Continued
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