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Conversion Factors

[U.S. customary units to International System of Units]

Multiply By To obtain
Volume
liter (L) 33.82 ounce, fluid (fl. 0z)
milliliter (mL) 0.0338 ounce, fluid (fl. 0z)
Flow rate
cubic foot per second (ft¥/s) 0.02832 cubic meter per second (m?/s)
Mass
kilogram (kg) 2.204 pounds (1b)
microgram (ug) 0.000001 gram (g)
milligram (mg) 0.001 gram (g)
nanogram (ng) 0.000000001 gram (g)
Length
centimeter (cm) 0.03281 foot (ft)
meter (m) 3.281 foot (ft)
mile (mi) 1.609 kilometer (km)
micrometer (um) 0.001 millimeter (mm)
nanometer (nm) 0.000001 millimeter (mm)
Area
square mile (mi?) 2.590 square kilometer (km?)
square meter (m?) 10.76 square feet (ft?)

Datum

Horizontal coordinate information is referenced to the North American Datum of 1927.

Supplemental Information

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (uS/cm at

25 °C).

Concentrations of chemical constituents in water are given in either milligrams per liter (mg/L),

micrograms per liter (pg/L), or nanograms per liter (ng/L).



Logistic and Linear Regression Model Documentation for
Statistical Relations Between Continuous Real-Time and
Discrete Water-Quality Constituents in the Kansas River,
Kansas, July 2012 through June 2015

By Guy M. Foster and Jennifer L. Graham

Abstract

The Kansas River is a primary source of drinking water
for about 800,000 people in northeastern Kansas. Source-
water supplies are treated by a combination of chemical and
physical processes to remove contaminants before distribution.
Advanced notification of changing water-quality conditions
and cyanobacteria and associated toxin and taste-and-odor
compounds provides drinking-water treatment facilities time
to develop and implement adequate treatment strategies.

The U.S. Geological Survey (USGS), in cooperation with

the Kansas Water Office (funded in part through the Kansas
State Water Plan Fund), and the City of Lawrence, the City of
Topeka, the City of Olathe, and Johnson County Water One,
began a study in July 2012 to develop statistical models at
two Kansas River sites located upstream from drinking-water
intakes. Continuous water-quality monitors have been oper-
ated and discrete-water quality samples have been collected on
the Kansas River at Wamego (USGS site number 06887500)
and De Soto (USGS site number 06892350) since July 2012.
Continuous and discrete water-quality data collected during
July 2012 through June 2015 were used to develop statistical
models for constituents of interest at the Wamego and De Soto
sites. Logistic models to continuously estimate the probability
of occurrence above selected thresholds were developed for
cyanobacteria, microcystin, and geosmin. Linear regression
models to continuously estimate constituent concentrations
were developed for major ions, dissolved solids, alkalinity,
nutrients (nitrogen and phosphorus species), suspended sedi-
ment, indicator bacteria (Escherichia coli, fecal coliform, and
enterococci), and actinomycetes bacteria. These models will
be used to provide real-time estimates of the probability that
cyanobacteria and associated compounds exceed thresholds
and of the concentrations of other water-quality constitu-

ents in the Kansas River. The models documented in this
report are useful for characterizing changes in water-quality
conditions through time, characterizing potentially harmful

cyanobacterial events, and indicating changes in water-quality
conditions that may affect drinking-water treatment processes.

Introduction

Cyanobacteria (also called blue-green algae) cause a
multitude of water-quality concerns, including the potential
to produce toxins and taste-and-odor compounds. Toxins and
taste-and-odor compounds may cause substantial economic
and public health concerns and are of particular interest in
lakes, reservoirs, and rivers that are used for drinking-water
supply (Graham, 2006). Cyanobacterial toxins (cyanotox-
ins) have been implicated in human and animal illness and
death in at least 36 states in the United States, including
Kansas (Graham and others, 2009; Trevino-Garrison and oth-
ers, 2015). Several countries have set national standards or
guidelines for cyanotoxins in drinking water (Hudnell, 2008).
The U.S. Environmental Protection Agency (EPA) recently
(2015) released health advisory values for the cyanotoxins
microcystin and cylindrospermopsin in finished drinking
water. The 10-day health advisory values for microcystin in
finished drinking water are 0.3 micrograms per liter (nug/L)
for young children and 1.6 pg/L for all other ages; the health
advisory values for cylindrospermopsin are 0.7 pg/L for young
children and 3.0 pg/L for all other ages (U.S. Environmental
Protection Agency, 2015). Unlike cyanotoxins, taste-and-odor
compounds have no known effects on human health and there
are no regulations or advisory values for these compounds.
Aesthetic issues associated with taste and odor occur at low
concentrations (5 to 10 nanograms per liter [ng/L]) and reme-
dial actions commonly are implemented as soon as taste or
odor is detected in a drinking-water supply (Taylor and others,
2005).

The Kansas River is a primary source of drinking water
for about 800,000 people in northeastern Kansas (Graham and
others, 2012). Cyanobacterial blooms typically do not develop
in the Kansas River; however, reservoirs in or near the lower
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Kansas River Basin (fig. 1) do occasionally develop blooms
(Graham and others, 2012; Trevino-Garrison and others,
2015). The Kansas River has periodic taste-and-odor episodes
that may be caused by either cyanobacterial production of
taste-and-odor compounds in upstream reservoirs or actinomy-
cetes bacteria production and transport during runoff events.
Downstream transport of cyanobacteria and associated toxins
and taste-and-odor compounds from reservoirs in the lower
Kansas River Basin was documented during water releases
from Milford, Tuttle Creek, and Perry reservoirs during Sep-
tember and October, 2011 (Graham and others, 2012).

Source-water supplies are treated by a combination of
chemical and physical processes to remove contaminants
before distribution. Water-quality conditions, such as turbidity,
specific conductance, and pH, may require alteration of treat-
ment processes to ensure effective removal of contaminants.
An advanced notification system of changing water-quality
conditions and cyanotoxin and taste-and-odor occurrences pro-
vides drinking-water treatment facilities time to develop and
implement adequate treatment strategies.

Statistical models using discretely sampled and continu-
ously measured physicochemical properties to estimate con-
centrations of constituents of concern may be used to provide
advanced notification of changing water-quality conditions
for constituents of interest (for example, Stone and others,
2013). The U.S. Geological Survey (USGS), in cooperation
with the Kansas Water Office (funded in part through the
Kansas Water Plan), the City of Lawrence, the City of Topeka,
the City of Olathe, and Johnson County Water One began a
study in July 2012 to develop models at two Kansas River
sites located upstream from drinking-water intakes. Continu-
ous water-quality monitors were operated and discrete-water
quality samples collected on the Kansas River at the Wamego
and De Soto sites (fig. 1) since July 2012. The study involved
development of logistic regression models that continuously
estimate the probability of cyanobacteria and associated com-
pounds exceeding selected thresholds and linear regression
models that continuously estimate concentrations of nutrients,
sediment, and additional water-quality constituents of interest
in the Kansas River.

Purpose and Scope

The purpose of this report is to document regression
models that establish relations between continuous and
discrete water-quality data collected from the Kansas River
during July 2012 through June 2015 at the Wamego and De
Soto sites (fig. 1). Logistic regression models that estimate
the probability of occurrence above selected thresholds were
developed for cyanobacteria, microcystin, and geosmin
because the necessary assumptions for using linear approaches
were not met for these constituents. Linear regression mod-
els were developed for major ions, nutrients, sediment, and
fecal indicator bacteria. Logistic models provide real-time

estimates of the probability that cyanobacteria and associ-

ated compounds occur above selected thresholds upstream
from drinking-water supply intakes on the Kansas River.
Linear models characterize changes in concentrations of other
water-quality constituents of interest as well as water-quality
conditions through time, potentially harmful cyanobacterial
events, and changes in water-quality conditions that may affect
drinking-water treatment processes.

Linear regression models for water-quality constituents
for the Kansas River at the Wamego and De Soto sites, includ-
ing major ions, nutrients, sediment, and indicator bacteria,
originally were published by Rasmussen and others (2005)
using data collected during 2000 through 2003. Because of
the elapsed time between these previously published models
and data in this report; updated analytical methods and sensor
technology; and potential changes in watershed practices,
water-quality conditions, and riverine processes through time;
new models for the Wamego and De Soto sites were developed
using data collected only during July 2012 through June 2015.
Evaluating causes for changes in model form and potential
causes for change are beyond the scope of this report.

Description of Study Area

The Kansas River Basin has an area of 60,097 square
miles (mi?) and includes most of the northern one-half of
Kansas and parts of Nebraska and Colorado. The Kansas River
is formed by the confluence of the Smoky Hill and Republican
Rivers, near Junction City, Kansas, and flows about 173 miles
east into the Missouri River (not shown), at Kansas City,
Kansas (fig. 1). The area downstream from the Smoky Hill and
Republican Rivers commonly is called the lower Kansas River
Basin, which has an area of 5,448 mi? and forms the study
area. Eighteen Federal reservoir projects impound water on all
major tributaries of the Kansas River and control streamflow
in 85 percent of the drainage area (Perry, 1994). The main
stem of the Kansas River, however, has only minor control
structures that include Bowersock Dam (in Lawrence, Kansas;
not shown), a low-head hydroelectric dam, and several diver-
sion weirs for water supply (Kansas Riverkeeper, 2012).

About 77 percent of land use in the study area is agricul-
tural (cropland and grassland) and includes some urban areas
(about 9 percent of land use; Fry and others, 2011). Although
urban development represents a small part of total land use,
major urban and industrial areas are located along the Kan-
sas River at Manhattan, Topeka, Lawrence, and Kansas City,
Kansas (fig. 1). All of these cities, in addition to many smaller
communities, withdraw water from the Kansas River and asso-
ciated alluvial aquifer for municipal water supply.

To characterize cyanotoxin and water-quality concen-
trations on the Kansas River, two sites were selected on the
main stem (fig. 1). The Kansas River at Wamego (USGS
site number 06887500) has a drainage area of 55,280 mi>
and is 128 river miles upstream from the confluence of the



3

Description of Study Area

‘uiseq Janly sesuey| Jamo| ay3 ul saus Buidwes Ayjenb-1alem 81a19s1p pue suonels buibef-mojjweais 010g ag pue obawep) 8yl pue SII0AI8SaJ JO UOIIRIO0T

Jaynuap!

pue ayis ajdwes

Ayjenb-1ajem

3)a10sIp ‘uone)s

fuifeh-mojweans
Aanang jeaibojoan 'gn ¥ oj0s ag

sesue)| u
uiseg Janty sesuey
13MO] JO MEPUNO Y e

NOILYNV1dX3

SHILINOTN 0€ 02
|

f
S oe

o
39
o

o+t o

'} ainbi4

096 UBIpLIBW [e1UBD *,0E,GY PUB 0,67 SIa|[eled piepuelg
uo132a(oid 21u07) ease-|enb3 siaqy
000°000':| ‘661 “e3ep [enbip Asning |eaiBojoag g’ wioyj aseg

T
3 .
s ~
S Ly :
3 R B
& 5 G}
< 2 o N
g [ N
3 N
= g
0
Q
\.\L.\ %1 o g
o Sy )
m::» !
uoyu1]) =
— o6E
ts)
“)
)
YD (o)
PLofigN
%J..
Q
A 2
¥ %,
A
&
% &
N
4, 5 s
O ! | 0€46¢
a\\%@\\
N S
=
=)
L4
S >
S S
< N %]
2 NI DN
3 o %
.W D 125 N (0]
& 2
M RIMOSSIN. 7 & {uod .;!f 2
S | - o0F
056 0€.56 296 .0€.96



4 Regression Model Documentation for Continuous Real-Time and Discrete Water-Quality Constituents, Kansas

Kansas River with the Missouri River. Wamego is upstream
from the major urban water suppliers in the cities of Topeka,
Lawrence, Olathe, and Johnson County, and is downstream
from the large federal reservoirs Milford Lake and Tuttle
Creek Lake (fig. 1).The Kansas River at De Soto (USGS site
number 06892350) site has a drainage area of 59,756 mi* and
is 31 river miles upstream from the confluence of the Kansas
River with the Missouri River and is upstream from water
withdrawals in Johnson County. DeSoto is downstream from
Topeka and Lawrence, as well as the large federal reservoirs
Perry Lake and Clinton Lake (fig. 1).

Methods

Continuous and discrete water-quality data were col-
lected at the Wamego and De Soto sites on the Kansas River.
Water quality has been measured continuously and discrete
water-quality samples have been routinely collected since July
2012. Continuous and discrete water-quality data collected by
the USGS at the Wamego and De Soto sites over a range of
streamflows during July 2012 through June 2015 (fig. 2) were
used to develop site-specific regression models.

Continuous Water-Quality Monitoring

Continuous streamflow and water-quality data were col-
lected from the Wamego and De Soto sites. Streamflow was

measured using standard USGS methods (Sauer and Turnip-
seed, 2010; Turnipseed and Sauer, 2010). Both sites were
equipped with YSI 6600 V2 water-quality monitors from July
2012 through June 2014, and then replaced by Xylem Y SI
EXO2 water-quality monitors from June 2014 through June
2015. Water-quality monitors measured water temperature,
specific conductance, pH, dissolved oxygen, turbidity, and
chlorophyll fluorescence. Data from these different monitors
were linearly comparable, and there were no notable shifts

in data quality between the two monitors; however, the YSI
EXO2 turbidity sensor had a greater upper detection limit
(4,000 formazin nephelometric units[FNU]) than the YSI 6600
V2 (1,000 FNU) (YSI Incorporated, 2015). Monitors were
housed in 4-inch diameter polyvinyl chloride (PVC) or steel
pipes with holes drilled to facilitate flow across sensors and
were suspended from bridges approximately 1 to 2 feet (ft)
below the water surface in the main flow zone of the river.
Data were recorded every 15 minutes and are available from
the USGS National Water Information System (NWIS) at
http://dx.doi.org/10.5066/F7P55KJN.

Monitor maintenance and data reporting generally fol-
lowed procedures described in Wagner and others (2006) with
the exception of increased length between calibration checks
(approximately 2—3 months) because of minimal sensor
calibration drift. Monitors were cleaned approximately every
6 weeks or as needed. Continuous data during the study period
required corrections of less than 10 percent, which classifies
the data quality rating as good according to established guide-
lines (Wagner and others, 2006).

Figure 2. Streamflow and
timing of discrete-sample
collection for Kansas River at
Wamego (06887500) and De
Soto (06892350), Kansas, July
2012 through June 2015.
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Discrete Water-Quality Sampling

During July 2012 through June 2015, discrete water-
quality samples were collected bi-weekly during May
through October and monthly during November through
April. Discrete water-quality samples were collected over
a range of streamflow conditions using this fixed-schedule
sampling regime (fig. 2). Most discrete samples were col-
lected using depth- and width-integrating sample-collection
techniques (Wilde, 2008; U.S. Geological Survey, 2000).
Samples collected using this approach are representative of
the average chemical and biological composition of the stream
cross-sectional area. Bacteria samples were collected at the
centroid of flow using a weighted basket in accordance with
USGS protocols (U.S. Geological Survey, 2006). A weighted
basket also was used to collect samples when ice or extreme
cold made it impossible to collect samples using depth- and
width-integrating techniques. All water samples were analyzed
for cyanobacterial abundance, the cyanotoxin microcystin,
the taste-and-odor compounds geosmin and 2-methylisobor-
neol (MIB), major ions (including dissolved solids), alkalin-
ity, nutrients (nitrogen and phosphorus species), suspended
sediment, indicator bacteria, and actinomycetes bacteria.
Discrete water-quality data are available through the USGS
National Water Information System (NWIS) at http://dx.doi.
org/10.5066/F7P55KJN.

Phytoplankton samples (preserved with a 9:1 Lugol’s
iodine:acetic acid solution) to determine cyanobacterial abun-
dance were analyzed for taxonomic identification and enumer-
ation by BSA Environmental Services, Inc., Beachwood, Ohio,
as described in Stone and others (2013). Geosmin and MIB
were analyzed by Engineering Performance Solutions (EPS),
LLC, Jacksonville, Florida, using solid phase microextrac-
tion gas chromatography/mass spectrometry (Zimmerman and
others, 2002). Total microcystin was analyzed by the USGS
Organic Geochemistry Research Laboratory, Lawrence, Kan-
sas. All samples were lysed by three sequential freeze-thaw
cycles and filtered using 0.7-micrometer (um) glass-fiber fil-
ters before analysis for microcystin (Loftin and others, 2008).
Abraxis® enzyme-linked immunosorbent assays (ELISA) were
used to measure microcystin (congener independent).

Major ions (including dissolved solids), alkalinity, and
nutrients were analyzed by the USGS National Water Quality
Laboratory in Lakewood, Colorado, using methods described
by Fishman and Friedman (1989). Escherichia coli (E. coli),
fecal coliform, and enterococci bacteria were analyzed at the
USGS Kansas Water Science Center using methods described
by Wilde (2008). Suspended-sediment concentration was
analyzed at the USGS Iowa Sediment Laboratory in lowa City,
Iowa, according to methods described in Guy (1969). Acti-
nomycetes bacteria were analyzed by the USGS Ohio Water
Science Center Microbiology Laboratory in Columbus, Ohio,
using standard plate counts (American Public Health Associa-
tion, American Water Works Association, and Water Environ-
ment Federation, 2010).

Methods 5

Quality-assurance and quality-control (QA/QC) samples
were collected to evaluate variability in sample collection
and processing techniques and among-laboratory variability
in analytical techniques. About 10 percent of discrete water-
quality samples were QA/QC samples. Eighteen concurrent
or replicate constituent pairs were collected during July 2012
through June 2015. Relative percentage difference (RPD) was
used to evaluate differences in analyte concentrations detected
in replicate water samples. The RPD was calculated by divid-
ing the difference between replicate pairs by the mean and
multiplying that value by 100, thereby creating a value that
represents the percent difference between replicate samples
(Zar, 1999). Replicate pairs with an RPD within 10 percent
were considered acceptable for inorganic constituents (Ras-
mussen and others, 2014) and replicate pairs with an RPD
within 20 percent were considered acceptable for nutrient
and organic constituents. All inorganic and nutrient constitu-
ent replicate pairs had median RPDs that were less than or
equal to 2 percent, except for suspended sediment (7 percent).
Microcystin, geosmin, and MIB replicate median RPDs were
10 percent or less. Replicate median RPD of bacteria samples
ranged from 12 to 51 percent. Eleven concurrent replicates
were collected for total cyanobacteria analysis. Median RPD
for total cyanobacteria was 132 percent; large RPDs were
generally caused by low cyanobacterial abundance relative
to the overall community (less than 25 percent of the overall
abundance). Large RPDs not affected by low cyanobacterial
abundance likely were caused by the extreme spatial vari-
ability that may be present in cyanobacterial communities that
create challenges when collecting and processing replicate
samples (Graham and others, 2012). Quality-assurance data
are available through the USGS National Water Information
System (NWIS) at http://dx.doi.org/10.5066/F7P55KJN.

Equipment and field blank samples were collected to
analyze for potential contaminants introduced by ambi-
ent conditions at the site or through the equipment used for
sampling (U.S. Geological Survey, 2006). A total of 10 field
and equipment blanks were collected from July 2012 to June
2015. All constituents of interest were determined to be below
laboratory minimum reporting levels (microsystin, 0.1 ng/L;
geosomin, 1.0 ng/L; MIB, 1.0 ng/L). Quality-assurance data,
including laboratory minimum reporting levels, are avail-
able through the USGS National Water Information System
(NWIS) at http://dx.doi.org/10.5066/F7P55KJN.

Development of Logistic Regression Models

Cyanobacteria, the cyanotoxin microcystin, and the
taste-and-odor compounds geosmin and MIB were commonly
detected at the Wamego and De Soto sites during July 2012
through June 2015; however, between 10 and 70 percent of
samples were below laboratory minimum reporting levels
depending on constituent and site. Because of the high per-
centage of censored values, ordinary least squares regression
is not an appropriate modeling technique for these constituents
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(Helsel and Hirsch, 2002). Multiple logistic regression was
used to develop models to identify factors that best explained
the probability of cyanobacteria, microcystin, geosmin, and
MIB concentrations exceeding selected thresholds.

Logistic regression models the probability of the response
variable being in one of two categorical response groups
(for example, 0 equals a reference or negative response and
1 equals a positive response). Logistic regression transforms
estimated probabilities into a continuous response variable,
with possible values ranging from negative to positive infinity.
The transformed response variable can then be modeled as a
linear function of one or more explanatory variables in a logis-
tic regression (Helsel and Hirsch, 2002). The logistic regres-
sion equation can be expressed as follows:

ln(ijzbOH}X (1)
l-p

where
In is the natural logarithm,

p
[1 - Pj probability of a 1 (positive) response,
b0 is the intercept,
X  isavector of k explanatory variables, and
bX  includes the slope coefficients for
each explanatory variable so that
bX=b1X1+b2X2...bkXk.

In this form, the logistic regression models the probabil-
ity of obtaining a 1 (positive) response (Helsel and Hirsch,
2002; Systat Software, Inc., 2008). Model output is the natural
logarithm of the odds ratio. The natural logarithm of the odds
ratio can be converted into a probability using the following
equation:

is the odds ratio, with p equal to the

p :eb0+bX /|:1+eb0+bX] )

where
p is the probability of a response of 1,
e  isthe base of the natural logarithm
(approximately equal to 2.71828),
b0 is the intercept,
X  isavector of k£ explanatory variables, and
bX  includes the slope coefficients for
each explanatory variable so that
bX=b1X1+b2X2...bkXk.

Cyanobacteria frequently are present without the occur-
rence of microcystin, geosmin or MIB. Therefore, to select
thresholds for cyanobacteria, bivariate plots of cyanobacteria
and microcystin, geosmin, and MIB were inspected for each
site to determine if there were cyanobacterial abundances
above which relatively high concentrations of these com-
pounds occurred. The only compound with clear breakpoints
in the data was microcystin; microcystin concentrations

only exceeded the 10-day health advisory value of 0.3 pg/L
for finished drinking water (U.S. Environmental Protec-
tion Agency, 2015) when cyanobacterial abundances were
greater than 2,000 and 10,000 cells/mL at the Wamego and
De Soto sites, respectively. Therefore, at the Wamego site,
a categorical response value of 1 (positive response) was
assigned to samples with cyanobacterial abundances greater
than 2,000 cells/mL and 0 (negative response) was assigned
to samples in which abundance was less than or equal to
2,000 cells/mL; at the De Soto site a cyanobacterial abundance
of 10,000 cells/mL was used as the threshold for categorical
response.

The EPA 10-day health advisory values for microcystin
in finished drinking water are 0.3 ng/L for young children and
1.6 pg/L for all other ages (U.S. Environmental Protection
Agency, 2015). At the Wamego (n=59) and De Soto (n=60)
sites, 8 percent of samples exceeded 0.3 pg/L and 2 percent of
samples exceeded 1.6 pg/L. Because microcystin concentra-
tions rarely exceeded the advisory values, they could not be
used as meaningful thresholds for logistic model development.
Therefore, for microcystin model development, a categorical
response value of 1 was assigned to samples with concentra-
tions greater than or equal to the laboratory minimum report-
ing level (0.1 pg/L) and 0 was assigned to samples in which
microcystin was not detected. Using the laboratory minimum
reporting level for model development will provide an indica-
tor of when microcystin may be detected before concentrations
reach the health advisory levels for finished drinking water.

Geosmin and MIB concentrations greater than the human
detection threshold of 5.0 ng/L (Taylor and others, 2005) did
not occur frequently enough to develop meaningful models
using this as a categorical response. Geosmin concentrations
exceeded 5 ng/L in about 11 percent of samples at Wamego
(n=59) and 18 percent of samples at the De Soto (n=61) sites.
Concentrations of MIB exceeded 5 ng/L in about 7 and 5 per-
cent of samples collected at the Wamego and De Soto sites,
respectively. Geosmin and MIB model development assigned
a categorical response value of 1 to samples with concentra-
tions greater than to 2.0 ng/L and 0 was assigned to samples in
which concentrations were equal to or less than 2.0 ng/L. The
2.0 ng/L threshold was selected because it was greater than
the laboratory minimum reporting level for both, (1.0 ng/L)
and created categories that allowed model development. In
addition, using the 2.0 ng/L threshold for model development
will provide an indicator of when geosmin and MIB may be
detected before concentrations reach the human detection
threshold.

Explanatory variables available as inputs to the mul-
tiple logistic regression analyses for the entire study period
were specific conductance, pH, water temperature, dissolved
oxygen, turbidity, chlorophyll fluorescence, and streamflow.
Seasonal components (sine and cosine variables) were used
as explanatory variables to determine if seasonal changes
affected the model. All combinations of physicochemical
properties and a seasonal component were evaluated to deter-
mine which combinations produced the best models.



Logistic model equations were developed using the
multiple logistic regression routine in SigmaPlot® version
11.0 (Systat Software, Inc., 2008). Explanatory variables
were evaluated individually and in selected combinations.
Model combinations and the final best model were selected
based on the statistical tests described in Stone and others
(2013) in the following order: Pearson Chi-Square Statistic,
Likelihood Ratio Test statistic, Hosmer-Lemeshow Statistic
(Hosmer and others, 2013), and the -2 log likelihood ratio
(see the model archive summaries, appendixes 1-6). Variance
inflation factors and Wald Statistic p-values (Menard, 2002)
were used to evaluate the redundancy of multiple explanatory
variables included in the models and the association between
explanatory and dependent variables. Model simplicity also
was considered for model selection because as more variables
are included the greater likelihood that the variability of the
system is not described by the sampling dataset increases. A
model classification table with a threshold probability for posi-
tive classification (TPPC) of 0.5 was also used in final model
selection. A model classification table places dependent vari-
able data into one of four categories: positive response pre-
dicted as positive (true positive; model sensitivity), reference
response predicted as reference (true negative; model specific-
ity), positive response predicted as reference (false negative),
and reference response predicted as positive (false positive)
(Systat Software, Inc., 2008). A model was considered suit-
able for use for constituent probability computations if the
model properly classified 65 percent or more of the sample
data as positive or reference, and the positively classified data
included the highest measured concentrations. After the best
model was selected, the TPPC for the model was adjusted to
maximize the number of samples classified as positive to make
the model more conservative (more likely to give a false posi-
tive than a false negative) by guarding more strongly against
false negatives. The regression then used the newly adjusted
thresholds, which changed the number of sample data clas-
sified as positive and reference, but the model constants and
other statistical outputs remained the same.

Development of Linear Regression Models

Models were developed using simple linear (ordinary
least squares) regression analyses (Helsel and Hirsch, 2002)
to relate discrete sample concentrations or densities of water-
quality constituents to continuously measured water-quality
physicochemical properties (Rasmussen and others, 2009).
Linear regression models were not developed if more than
10 percent of the data for a given constituent was censored
(that is, ammonia and total suspended solids at the Wamego
and De Soto sites, nitrate plus nitrite at the De Soto site). Con-
comitant in-situ continuous measurements were used to corre-
spond with discrete measurements as described in Rasmussen
and others (2009). Comparisons of cross-sectional averages
and continuously measured data were within 8 percent or
less for all final explanatory variables except chlorophyll

Methods 7

fluorescence, which was 20 percent. Cross-sectional averages
from the field water-quality monitors were used when con-
comitant continuously measured data were not available (for
example, were deleted due to excessive fouling or equipment
malfunction). Methods used for model development, quanti-
fying uncertainty, and identifying and removing outliers are
described in detail in Rasmussen and others (2009). Outliers
that were removed from analysis are identified in the model
archive summary for each model (appendixes 7-31).

Linear regression models were developed using R 3.2.0
(R Core Team, 2015). Explanatory variables available as
inputs to linear regression for the period of record were those
physicochemical properties that were used in the logistic mod-
els: specific conductance, pH, water temperature, dissolved
oxygen, turbidity, chlorophyll fluorescence, and streamflow.
Seasonal components (sine and cosine variables) were used
as explanatory variables to determine if seasonal changes
affected the model. All combinations of physicochemical
properties and a seasonal component were evaluated to deter-
mine which combinations produced the best models.

Linear regression models were evaluated based on
diagnostic statistics (R?, coefficient of determination; Mal-
low’s Cp; RMSE, root mean square error; PRESS, predic-
tion error sum of squares), patterns in residual plots, and the
range and distribution of discrete and continuous data (Helsel
and Hirsch, 2002). The best model for each constituent was
selected to maximize the amount of variance in the response
variable explained by the model (multiple R? for models with
one explanatory variable and adjusted R? for models with more
than one explanatory variable), fit the data (Mallow’s Cp), and
minimize heteroscedasticity (irregular scatter) in the residual
plots and uncertainty associated with computed values (RMSE
and PRESS). Variance inflation factor was used to measure
the exact or approximate linear relation between variables
(collinearity; Marquardt, 1970). Model simplicity also was
considered for model selection because as more variables
are included the likelihood that the variability of the system
is not described by the sampling dataset increases. Signifi-
cant (p-value less than 0.05) additional explanatory variables
were included in final models if retaining them increased the
amount of variance explained by the model by 10 percent or
more, decreased Mallow’s Cp, and minimized heteroscedastic-
ity in residual plots. Models were considered suitable to use
for constituent concentration computations if the amount of
variance explained by the models (R?) was 0.55 or greater.

Mean square error (MSE) and RMSE were calculated
for each model to assess the variance between computed
and observed values (Helsel and Hirsch, 2002). The model
standard percentage error (MSPE) was calculated as a percent-
age of the RMSE (Hardison, 1969). Because transformation of
estimates back into original units results in a low biased esti-
mate (Helsel and Hirsch, 2002), a bias correction factor (BCF)
was calculated for models with logarithmically transformed
response variables (Duan, 1983).
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Results of Logistic Regression Analysis
for Cyanobacteria and Associated
Compounds

Logistic regression models that estimate probability
of occurrence above selected thresholds were successfully
developed for cyanobacteria, microcystin, and geosmin at
the Wamego and De Soto sites. Final models are presented in
table 1 (at the back of this report). Statistical model output and
model datasets are presented in appendixes 1-6.

Cyanobacteria

Cyanobacteria were present in 66 percent (n=56) of sam-
ples collected at the Wamego site during July 2012 through
June 2015 and concentrations ranged from 0 to 69,000 cells/
mL (median: 280 cells/mL). Cyanobacteria were measured
above the 2,000 cells/mL threshold used for logistic model
development in 28 percent of samples. The best fit model at
the Wamego site for probability of cyanobacteria occurrence
at concentrations more than the 2,000 cells/mL threshold
included a seasonal component and turbidity, likely because
cyanobacteria occurrence at the Wamego site has seasonal
patterns and are also affected by light. The threshold of the
cyanobacteria model for the Wamego site was reset from 0.50
to 0.31. The final logistic model correctly estimated the likeli-
hood of cyanobacteria abundance exceeding 2,000 cells/mL
75 percent of the time and not exceeding the detection thresh-
old 82 percent of the time, resulting in an overall sensitivity of
80 percent (table 1, appendix 1).

Cyanobacteria were present in 67 percent (n=57) of
samples collected at the De Soto site during July 2012
through June 2015 and concentrations ranged from 0 to
295,000 cells/mL (median: 340 cells/mL). Cyanobacteria
occurred at more than the 10,000 cells/mL threshold used for
logistic model development in 23 percent of samples. The
best fit model at the De Soto site for cyanobacteria occurrence
at concentrations more than the 10,000 cells/mL threshold
included a seasonal component and turbidity, likely because
cyanobacteria occurrence at the De Soto site has seasonal
patterns and are also affected by light. The threshold of the
cyanobacteria model for the De Soto site was reset from 0.50
to 0.48. The final logistic model correctly estimated the likeli-
hood of cyanobacteria abundance exceeding 10,000 cells/mL
85 percent of the time and not exceeding the detection thresh-
old 93 percent of the time, resulting in an overall sensitivity of
91 percent (table 1, appendix 2).

Microcystin

Microcystin was detected in 22 percent (n=59) of sam-
ples collected at the Wamego site during July 2012 through
June 2015 and concentrations ranged from <0.1 to 1.7 pg/L

(median: <0.1 pg/L). The best fit model at the Wamego site
for microcystin occurrence at concentrations more than the
0.1 pg/L detection threshold included a seasonal component,
streamflow, and turbidity as explanatory variables, likely
because microcystin occurrences at the Wamego site have
seasonal patterns mediated by streamflow as affected by
reservoir releases. The threshold of the microcystin model for
the Wamego site was reset from 0.50 to 0.40. The final logistic
model correctly estimated the likelihood of microcystin con-
centrations exceeding the detection threshold 77 percent of
the time and not exceeding the detection threshold 87 percent
of the time, resulting in an overall sensitivity of 85 percent
(table 1, appendix 3).

Microcystin was detected in 27 percent (n=60) of
samples collected at the De Soto site during July 2012 through
June 2015 and concentrations ranged from <0.1 to 2.4 ng/L
(median: <0.1 pg/L). The best fit model at the De Soto site for
microcystin occurrence at concentrations more than 0.1 pg/L
included a seasonal component and streamflow as explana-
tory variables, likely because microcystin occurrences at the
De Soto site have seasonal patterns mediated by streamflow
as affected by reservoir releases. The threshold of the micro-
cystin model for the De Soto site was reset from 0.50 to 0.36.
The final logistic model correctly estimated the likelihood of
microcystin concentrations exceeding the detection threshold
75 percent of the time and not exceeding the detection thresh-
old 80 percent of the time, resulting in an overall sensitivity of
78 percent (table 1, appendix 4).

Geosmin

Geosmin was detected (>1.0 ng/L) in 78 percent (n=59)
of samples collected at the Wamego site during July 2012
through June 2015 and concentrations ranged from <1.0 to
16 ng/L (median: 2.1 ng/L). Geosmin occurred above the
2.0 ng/L threshold used for logistic model development in
52 percent of samples. The best fit model at the Wamego site
for geosmin occurrence at concentrations more than 2.0 ng/L
included a seasonal component and chlorophyll fluorescence
as explanatory variables, likely because geosmin occurrences
at the Wamego site have seasonal patterns mediated by algal
community composition and abundance. The threshold of the
geosmin model for the Wamego site was reset from 0.50 to
0.53. The final logistic model correctly estimated the likeli-
hood of geosmin concentrations exceeding the 2 ng/L thresh-
old 71 percent of the time and not exceeding the threshold
75 percent of the time, resulting in an overall sensitivity of
73 percent (table 1, appendix 5).

Geosmin was detected (>1.0 ng/L) in 88 percent (n=61)
of samples collected at the De Soto site during July 2012
through June 2015 and concentrations ranged from <1.0 to
42 ng/L (median: 2.3 ng/L). Geosmin occurred above the
2.0 ng/L threshold used for logistic model development in
56 percent of samples. The best fit model at the De Soto site
for geosmin occurrence at concentrations above 2.0 ng/L



included a seasonal component and streamflow as explanatory
variables, likely because geosmin occurrences at the De Soto
site have seasonal patterns mediated by streamflow as affected
by reservoir releases. The threshold of the geosmin model for
the De Soto site did not need to be changed from 0.50. The
final logistic model correctly estimated the likelihood of geos-
min concentrations exceeding the 2.0 ng/L threshold 76 per-
cent of the time and not exceeding the threshold 74 percent

of the time, resulting in an overall sensitivity of 75 percent
(table 1, appendix 6).

MIB was detected (>1.0 ng/L) in 47 percent (n=59)
of samples collected at the Wamego site during July 2012
through June 2015 and concentrations ranged from <1.0 to
11 ng/L (median: <1.0 ng/L). At the De Soto site, MIB was
detected in 33 percent (n=61) of samples and concentra-
tions ranged from <1.0 to 26 ng/L (median: <1.0 ng/L). MIB
occurred above the 2.0 ng/L threshold used for logistic model
development in 34 percent of the Wamego site samples and
15 percent of the De Soto site samples. Logistic models for
MIB that met model selection criteria were not successfully
developed. At the Wamego site, there were no models that had
statistically significant explanatory variables (Wald Statistic)
and the highest MIB values were incorrectly classified. At the
De Soto site, models properly classified less than 65 percent
of sample data at a TPPC of 0.50. In addition, all explanatory
variables show strong diurnal patterns, which may lead to
artificial variability in the probability of occurrence throughout
a 24-hour period.

Results of Linear Regression Analysis
for Selected Constituents

Linear regression models for 15 constituents were
developed for constituent concentration computations at the
Wamego and De Soto sites. Modeled constituents included
major ions and dissolved solids, nutrients (nitrogen and
phosphorus species), suspended sediment, indicator bacteria
(E. coli, fecal coliform, and enterococci), and actinomycetes
bacteria. Final models are presented in table 2 (at the back of
this report). Statistical model output and model datasets are
presented in appendixes 7-31.

Specific conductance was the single explanatory vari-
able for dissolved solids, major ions, and alkalinity models at
both study sites (table 2; appendixes 7-20). All constituents
were positively related to specific conductance and mod-
els explained between 65 and 98 percent of the variance in
constituent concentrations. Explanatory variables for nutrient
models varied by site and constituent, and included specific
conductance, chlorophyll fluorescence, turbidity, tempera-
ture, and a seasonal component (table 2; appendixes 21-24).

Summary 9

Nutrient models explained between 57 and 85 percent of the
variance in concentrations. Neither a total phosphorus or
nitrate+nitrite model that met selection criteria could be devel-
oped for the De Soto site. The variability in nutrient models by
site and constituent likely reflects the complex range of hydro-
logical and biogeochemical processes than influence nutrient
concentrations in the Kansas River. Turbidity was the single
explanatory variable for suspended-sediment concentrations at
both study sites (table 2; appendixes 25-26). Suspended sedi-
ment was positively related to turbidity and models explained
between 78 and 84 percent of the variance in concentrations.
Turbidity and seasonality were explanatory variables for
bacteria concentrations at both study sites (table 2; appendixes
27-31). Bacteria models explained between 64 and 84 percent
of the variance in concentrations. Models for E. coli, fecal
coliform, and enterococci bacteria that met model selection
criteria could not be developed for the Wamego site, likely
because of the relatively narrow range of turbidity conditions
sampled as part of the fixed-schedule sampling regime.

Summary

Cyanobacteria cause a multitude of water-quality con-
cerns, including the potential to produce toxins and taste-and-
odor compounds. Toxins and taste-and-odor compounds are
of particular interest in lakes, reservoirs, and rivers that are
used for drinking-water supply. The Kansas River is a primary
source of drinking water for about 800,000 people in north-
eastern Kansas. Before distribution, source-water supplies are
treated by a combination of chemical and physical processes
to remove contaminants. An advanced notification system of
changing water-quality conditions and cyanotoxin and taste-
and-odor occurrences would allow drinking-water treatment
facilities time to develop and implement adequate treatment
strategies. Surrogate models using discretely sampled and
continuously measured physicochemical properties to estimate
concentrations of constituents of concern that are not eas-
ily measured in real time may be used to provide advanced
notification. In July 2012 the U.S. Geological Survey (USGS),
in cooperation with the Kansas Water Office (funded in
part through the Kansas State Water Plan Fund), the City of
Lawrence, the City of Topeka, the City of Olathe, and John-
son County Water One began a study to develop models at
two Kansas River sites located upstream from drinking-water
intakes.

Regression models were developed that establish rela-
tions between continuous and discrete water-quality data
collected from the Kansas River during July 2012 through
June 2015 at the Wamego and De Soto sites, Kansas. Logistic
regression models that estimate the probability of occurrence
above selected thresholds were developed for cyanobacteria,
microcystin, and geosmin because the necessary assumptions
for using linear approaches were not met for these constitu-
ents. Linear regression models were developed for major ions,
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nutrients, sediment, and bacteria. These models will be used to
provide real-time estimates of the probability of occurrence of

cyanobacteria and associated compounds and concentrations
of other water-quality constituents upstream from drinking-
water supply intakes on the Kansas River. These models are
useful for characterizing changes in water-quality conditions
through time, characterizing potentially harmful cyanobacte-
rial events, and indicating changes in water-quality conditions
that may affect drinking-water treatment processes.

References Cited

American Public Health Association, American Water Works
Association , and Water Environment Federation, 2010,

Standard methods for examination of water and wastewater:

American Public Health Association, part 9250, Detection
of Actinomycetes.

Duan, N., 1983, Smearing estimate a nonparametric retrans-
formation method: Journal of the American Statistical
Association, v. 78, no. 383, p. 605-610.

Fishman, M.J., and Friedman, L.C., 1989, Methods for
determination of inorganic substances in water and fluvial
sediments: U.S. Geological Survey Techniques of Water-
Resources Investigations, book 5, chap. A1, 545 p.

Fry, J., Xian, G., Jin, S., Dewitz, J., Homer, C., Yang, L.,
Barnes, C., Herold, N., and Wickham, J., 2011, Completion
of the 2006 national land cover database for the conter-
minous United States: Photogrammetric Engineering &
Remote Sensing, v. 77, p. 858—864.

Graham, J.L., 2006, Harmful algal blooms: U. S. Geological
Survey Fact Sheet 2006-3147, 2 p.

Graham, J.L., Loftin, K.A., and Kamman, N., 2009, Monitor-
ing recreational freshwaters: LakeLine, v. 29, p. 16-22.

Graham, J.L., Ziegler, A.C., Loving, B.L., and Loftin K.A.,
2012, Fate and transport of cyanobacteria and associated
toxins and taste-and-odor compounds from upstream reser-
voir releases in the Kansas River, Kansas, September and
October 2011: U.S. Geological Survey Scientific Investiga-
tions Report 2012-5120, 65 p.

Guy, H.P.,, 1969, Laboratory theory and methods for sediment
analysis: U.S. Geological Survey Techniques of Water-
Resources Investigations, book 5, chap. C1, 58 p.

Hardison, C.H., 1969, Accuracy of streamflow characteristics,
in Geological Survey Research, 1969: U.S. Geological Sur-
vey Professional Paper 650-D, p. D210-D214.

Helsel, D.R., and Hirsch, R.M., 2002, Statistical methods in
water resources—Hydrologic analysis and interpretation:
U.S. Geological Survey Techniques of Water-Resources
Investigations, book 4, chap. A3, 510 p.

Hosmer, D.W., Lemeshow, S., and Sturdivant, R.X., 2013,
Applied logistic regression (3rd ed.): John Wiley and Sons,
Inc., Hoboken, New Jersey, 528 p.

Hudnell, H.K., ed., 2008, Cyanobacterial harmful algal
blooms—State of the Science and Research Needs:
Advances in Experimental Medicine and Biology, v. 619,
950 p.

Kansas Riverkeeper, 2012, Kansas River Inventory: accessed
June 18, 2012, at http://www.kansasriver.org/.

Loftin, K.A., Meyer, M.T., Rubio, F., Kamp, L., Humphries,
E., and Whereat, E., 2008, Comparison of two cell lysis pro-
cedures for recovery of microcystins in water samples from
Silver Lake in Dover, Delaware, with microcystin produc-
ing cyanobacterial accumulations: U.S. Geological Survey
Open-File Report 2008-1341, 9 p.

Marquardt, D.W., 1970, Generalized inverses, ridge regres-
sion, biased linear estimation, and nonlinear estimation:
Technometrics, v. 12, p. 591-612.

Menard, S.W., 2002, Applied logistic regression analysis (2nd
ed.): Thousand Oaks, California, Sage Publications, Inc.,
119 p.

Perry, C.A., 1994, Effects of reservoirs on flood discharges in
Kansas and the Missouri River Basins, 1993: U.S. Geologi-
cal Survey Circular 1120-E, 20 p.

R Core Team, 2015, R—A language and environment for
statistical computing: Vienna, Austria, R Foundation for
Statistical Computing. [Also available at http://www.R-
project.org.]

Rasmussen, P. P., Gray, J.R., Glysson, G.D., and Ziegler, A.C.,
2009, Guidelines and procedures for computing time-series
suspended-sediment concentrations and loads from in-
stream turbidity sensor and streamflow data: U.S. Geologi-
cal Survey Techniques and Methods, book 3, chap. C4,

53 p.

Rasmussen, T.J., Bennett, Trudy, Stone, M.L., Foster, G.M.,
Graham, J.L., Putnam, J.E., 2014, Quality-assurance and
data-management plan for water-quality activities in the
Kansas Water Science Center, 2014: U.S. Geological Sur-
vey Open-File Report 2014—1233, 41 p.

Rasmussen, T.J., Ziegler, A.C., and Rasmussen, P.P., 2005,
Estimation of constituent concentrations, densities, loads,
and yields in lower Kansas River, northeast Kansas, using
regression models and continuous water-quality monitor-
ing, January 2000 through December 2003: U.S. Geological
Survey Scientific Investigations Report 2005-5165, 117 p.


http://www.kansasriver.org
http://www.R-project.org
http://www.R-project.org

Sauer, V.B., and Turnipseed, D.P., 2010, Stage measurement
at gaging stations: U.S. Geological Survey Techniques and
Methods, book 3, chap. A7, 45 p. [Also available at http://
pubs.usgs.gov/tm/tm3-a7/.)

Stone, M.L., Graham, J.L., and Gatotho, J.W., 2013, Model
documentation for relations between continuous real-time
and discrete water-quality constituents in Cheney Reservoir
near Cheney, Kansas, 2001-2009: U.S. Geological Survey
Open-File Report 2013—-1123, 100 p. [Also avaialble at
http://pubs.usgs.gov/of/2013/1123/.]

Systat Software, Inc., 2008, SigmaPlot® 11.0 Statistics User’s
Guide, 564 p.

Taylor, W.D., Losee, R.E., Torobin, M., Izaguirre, G., Sass, D.,
Khiari, D., and Atasi, K., 2005, Early warning and man-
agement of surface water taste-and-odor events: American
Water Works Association Research Foundation, 373 p.

Trevino-Garrison, 1., DeMent, J., Ahmed, F.S., Haines-Lieber,
P., Langer, T., Menager, H., Neff, J., van der Merwe,
D., Carney, E., 2015, Human illnesses and animal deaths

associated with freshwater harmful algal blooms—Kansas:
Toxins, v. 7, p. 353-366.

Turnipseed, D.P., and Sauer, V.B., 2010, Discharge measure-
ments at gaging stations: U.S. Geological Survey Tech-
niques and Methods, book 3, chap. A8, 87 p. [Also available
at http://pubs.usgs.gov/tm/tm3-a8/.)

U.S. Environmental Protection Agency, 2015, Drinking water
health advisory for the cyanobacterial microcystin toxins:
Washington D.C., U.S. Environmental Protection Agency,
Office of Water, EPA 820R15100, 67 p., accessed December
2015 at http://www.epa.gov/sites/production/files/2015-06/
documents/microcystins-report-2015.pdf.

References Cited 1

U.S. Geological Survey, 2006, Collection of water samples
(ver. 2.0): U.S. Geological Survey Techniques of Water-
Resources Investigations, book 9, chap. A4, 166 p. [Also
available at http://pubs.water.usgs.gov/twri9A4/].

Wagner, R.J., Boulger, R.W., Jr., Oblinger, C.J., and Smith,
B.A., 2006, Guidelines and standard procedures for con-
tinuous water-quality monitors—Station operation, record
computation, and data reporting: U.S. Geological Survey
Techniques and Methods, book 1, chap. D3, 51 p., plus 8
attachments, accessed April 2012, at http://pubs.water.usgs.
gov/tm1d3.

Wilde, F.D., ed., 2008, Field measurements, in National field
manual for the collection of water-quality data: U.S. Geo-
logical Survey Techniques of Water-Resources Investiga-
tions, book 9, chap. A6, p. 3-20.

YSI Incorporated, 2015, YSI 6136 turbidity sensor documen-
tation: YSI product documentation, accessed November 20,
2015, at https://www.ysi.com/File%20Library/Documents/
Specification%20Sheets/E56-6136-Turbidity-Sensor.pdf.

Zar, J.H., 1999, Biostatistical analysis (4th ed): New Jersey,
Prentice-Hall Inc., 663 p.

Zimmerman, L.R., Ziegler, A.C., and Thurman, E.M., 2002,
Method of analysis and quality-assurance practices by
U.S. Geological Survey Organic Geochemistry Research
Group—Determination of geosmin and methylisoborneol
in water using solid-phase microextraction and gas chro-
matograhphy/mass spectrometery: U.S. Geological Survey
Open-File Report 02-337, 12 p.


http://pubs.usgs.gov/tm/tm3-a7/
http://pubs.usgs.gov/tm/tm3-a7/
http://pubs.usgs.gov/of/2013/1123/
http://pubs.usgs.gov/tm/tm3-a8/
http://www.epa.gov/sites/production/files/2015-06/documents/microcystins-report-2015.pdf
http://www.epa.gov/sites/production/files/2015-06/documents/microcystins-report-2015.pdf
http://pubs.water.usgs.gov/twri9A4/
http://pubs.water.usgs.gov/tm1d3
http://pubs.water.usgs.gov/tm1d3
https://www.ysi.com/File%20Library/Documents/Specification%20Sheets/E56-6136-Turbidity-Sensor.pdf
https://www.ysi.com/File%20Library/Documents/Specification%20Sheets/E56-6136-Turbidity-Sensor.pdf




Tables




Regression Model Documentation for Continuous Real-Time and Discrete Water-Quality Constituents, Kansas

14

SL 19 [[eI9AQ €€ 8¢ s[eloL.
9/ ¥€ ApAnisuag 97 8 sasuodsar aanisod renmjoy
(D)ELY0000°0 + (S9€/ALT)SOHR0°T +
vL LT Aroyroadg L 0T sosuodsar 9oudIdJaI [ENOY S0 9 x1puaddy (S9€/qrT)WIsS8S 0 + 9€T°0 = d W80T 030§ o
€L 6 [[e19A0 6T 0€ s[eloL
1L 1€ ApAnisuag w 6 sasuodsar aanisod renjoy
(14D)LTS0°0 — (S9E/ALTISO6IT' T +
SL 8¢ Aroyroadg L 1T sosuodsar 25udIdJaI [ENOY €50 ¢ xipuaddy (S9€/qrT)uIspes 0 + STE'l = d N80T oJourepm
(039) ulwsoag
8L 09 [[BI9AQ 1T 6€ s[ejoL
SL 91 KyAnisuag 71 v sosuodsar aanisod fenjoy
(BO)S11000°0 — (S9E/TLT)SOMHTY ) —
08 4 Aroyadg 6 o3 sosuodsor 9oudIaJAI [Ny 9¢°0 t x1puaddy (S9E/quWISTH1°1 = 120'[- = d W80T 0j0S 2
S8 6 [[BI9AQ 91 34 s[elo]
LL €1 ApAnisuag 01 9 sasuodsar aanisod fenjoy
(@411)06%0°0 —
(0)6r£000°0 + (S9€/quT)SOdET € T~
L8 9% Ayroyradg 9 0 sosuodsar 25udIaJaI [eNOY 0%'0 ¢ xipuaddy (S9E/qro)uIs9IL 1 — TLY 0~ = d W80T oJouwrepm
(9IN1) unsAsolaiy
16 LS [[eI9AQ vl 34 s[elo].
g8 €1 AnAnisuag 11 z sosuodsar aanisod fenjoy
(@411)8760°0 — (S9E/LT)SOSTL '€ —
€6 4% Aoyroadg € 8% sosuodsar oouaIajal [EMOY 870 ¢ xipueddy (S9¢/quOIuIsyST 1 — ¥TL'0 = d W80T 030§ o
08 9 [[e19A0 61 LE S[eI0L
SL 91 ApAnisuag 4l + sasuodsar aanisod renmjoy
(@4n1)61€0°0 — (S9E/ALT)SOMW 6T —
8 (1] Aroyradg L €€ sosuodsor 9ouaIdJaI [ENOY 1€0 [ xipuaddy (S9¢/quT)uIssL8°0 — L8800 = d 30T oZourepm
(oueAn) eusloeqouehy
sasuodsal
sasuodsal sasuodsal sasuodsai uoneaiysse|a
payisse|o e Aewuns
A |emoe  ansoubelq aapisod  aguaiajal a|qe) uonealyisse|) annisod
13931109 jejoL pajolpald  paloIpald 100 >=.__.a_m._o=_ |eAlyase uonenha uoissaifiai ansifio] ajdnnpy ajg
Juadiad == EL ]
ploysalyy

uoneunojul asuodsay

aunp yBnoayl z1oz Ainp ‘sesuey ‘(05£26890) 0308 8 pue (00528890) 0BaWeAA 18 JaAlYy sesuey Joj sansnels Alewwns pue sjapouw uoissalbal onsiBbo| ajdinw 1y 1s8g

[puooos 1ad 3095 o1qnd ur mopweans ‘G iAydoro[yo se 10y1] 1od swesd
-0I0IW U SIAOWIOURU () 01 0S9 JO [ISUS[ARM B 90USISAION] 71/ UBY) SSI] > ‘S)iun oLndwo[aydou uizewioy ur AIpIqn) ‘g.mnj auIsod ‘sod L1eak Jo Aep ‘7 ‘auls ‘urs ouasaid jo Anjiqeqord onsi3of g 1307]

‘Gl0o¢
‘LalqeL



15

Tables

(0£1°0) ($10°0) (81€°0)
(O)ELY0000°0 + (S9€/@LT)S0H80°T +
€0S°C1 LSTEL 20501 SSH09 9 x1puaddy (S9€/qrT)uIss8$'0 +9€7°0 =4 80T 030§ 2
(997°0) (100°0>) (6L£°0)
(7YD)LTS0'0 — (S9€/qLT)S061T T +
6L6'6 9€0°79 €09°61 LLS'9S ¢ xrpuaddy (S9€/qrIUISOEY’) + STE' I =4 N30T oFowepm
(039) ulwsoagn
(¥zT0) (110°0) (9T°0)
(O)ST1000°0 — (S9¢/qrT)$09478°0 —
619°01 ¥0t'8S 981°11 7819 ¥ xipuaddy (S9¢/quuIs[H 11 — 120'[-=d N80T 010§ 2
(885°0) (100°0>) (szL0)
(g111)06¥0°0 —
(0)6¥£000°0 + (S9€/LT)SOICTE T —
¥€5°9 P18 1% 11+°0T SLY'9F ¢ xrpuaddy (S9E/qLUIS9L ] — TLY'0- = d 80T  oFowepm
(OIN) unsA20J91|
(996°0) (100°0>) (826°0)
(§111)8760°0 — (S9€/qLT)S0IGTL ¢ —
SIv'C §20'8C S8I°€e 6v6°LE 7 x1puaddy (S9E/qLDWSYST T — ¥TL' 0 =d N80T 010§ 2
(81+°0) (100°0>) (8€7°0)

(n1)61€0°0 — (S9€/qULT)SOMH 6T —
¥91°8 vrO 'Ly 29661 TIS'LS [ x1puaddy ($9¢/qrT)wIss/8°0 — L8800 = 4 180T  oFawem

(oueAq) eusioeqouei)

(onjen-d) (anjea-d) (onen-d) Mewwns

ansnels pooyiayi| ansnels

moyswa Boz. ansnels 1sa) arenbs.1yo [eAlyale uonenba uoissaibai ansibo ajdnnpy ang
Jousol onerpooyNT lapopy

[puooas 1ad 3095 o1qnd ur mogweans ‘0 jAydoro[yo se 1031] Jod sweISoIoru ur SIWOoueU ()()/ 03 ()59 JO Tuo|
-OABM 18 90UdISAIONY [U)) ‘UBYL SSI] > (S1IUn dLIdWO[Ydaou uIzeuLioy ur ANpIqing ‘g7 Quisod ‘sod LIedA Jo Aep ‘(7 ‘duls ‘uis doussald Jo Lijiqeqoid onsiSo ‘g 1507]

panuiuo)—g10g aunp ybnolyl 10z Ainp ‘sesuey
'(05£26890) 0108 8 pue (005/8890) 0BBWEAA 1B JaAlY Sesuey 10} So1snelS Alewiwns pue sjapouw uoissalbal ansiBo| ajdiynw 1y1s8g | ajqeL



Regression Model Documentation for Continuous Real-Time and Discrete Water-Quality Constituents, Kansas

16

10°1 ¢l €vl 1850°0 8€€00°0 196°0 196°0 0 1 xipuaddy €1°¢ = (08)801 x TL'T = (PN)30] 03082

10°1 €11 LTl 125070 1L200°0 $96°0 $96°0 0 ¢1 xipuaddy $$'T—(0$)30[ x 7S'1 = (WN)30] o3owepm

/6w “panjossip ‘(eN) wnipog

I 80°L 9L 61€0°0 70100°0 1560 756°0 0 71 xipuaddy 1~ (08)301 % $$8°0 = (8/4)30[ 01082

I 86'8 98°6 80100 99100°0 6160 0260 0 11 xipuaddy 966°0 — (05)30] x 89L°0 = (54)30] oZawep

7/Bw ‘panjossip ‘(Byy) wnisaubeyy

I 91°6 101 L1¥0°0 ¥L100°0 080 L]0 0 01 xtpuaddy €0°0 — (D$)30[ x §+9°0 = (vD)30[ 01089

I 6€°L 86°L $€€0°0 Z1100°0 €26°0 $T6°0 0 6 xtpuaddy 8520°0 — (D$)30[ x 9+9°0 = (vD)30[ ogaurep

7/Bw ‘panjossip ‘(e) wnioje)

I 1TL LL'L §T€0°0 901000 6560 096°0 0 g xipuaddy  Sp€0'0 — (DS)30] x 8€6°0 = (S@L)30] 030821
I LS ¥0'9 $S70°0 $9000°0 9L6°0 LL6O 0 L xrpuaddy 8%50°0 + (D$)301 x 116°0 = (STL)30] ogowrep
7/Bw ‘(S@L) SPIjOS panjossIp [e10]
(€861 ‘weng) ejep Aewwns
10398} A._u>>o= A._mnn_.; o < 910Suad BAIYdIR apow uoissaiha I
uonoauos  3gsw  aasw S I paspy ey P ety |opow uoissaibay us
seig jJuadiad 13poiN

[szonipraa 001 Jod SAIUO0O “TuI ()() [ /SOIUO[OD ‘QUISOD ‘SOO IBAA JO ABp { (7 ‘ouls ‘uls ‘arnjerad
-wo) ‘dwd) ‘spun oLawopaydau UIZewLIo) Ul ANIPIGIN) ‘] ejep ou -- 3)BJNS J[NS ‘PI[OS PIAJOSSIP (S ‘SNIS[S)) $321FaP G7 I8 191owua0 10d SUSWSISOIOIW Ul 30URIdINPU0d ay1oads g 'Sof ‘Soy 1oy
1od sweidiu /3w sojdures 93210SIp Jo Iaquinu ‘u ssnurw Jo snid ‘F {10110 93ejud1ad pIRpURIS [9POW TSV 10110 d1enbs UBIW J00I ‘FSHAY 1011 2IeNbS UBIW ‘FSHA ‘UONBUIULIAIIP JO JUIIIYFA0I 7]

'GL0Z aunp ybnoiy z1oz Aine
‘sesue)| ‘(0G£Z6890) 010S a( pue (00G/8890) 0HaWEAA 18 JBAlY Sesuey| J0j suoileIndwod uoeJuadU0d SNONUIIU0D 104 SANSNels Alewwns pue sjapow uoissalbay ‘g a|qeL



17

Tables

0LL 9ZL 011°1-L61 08

€89 9°€9 811-6T°S ‘BN 6 1 xipuaddy €1°¢ = (08)80] x 7L = (PN)30] 03082
678 €6L 082°1-09T :0S

9'08 LyL PEI-6L'6 BN sS ¢1 xipuaddy §$ T~ (08)301 x T¢'1 = (VN)30] oFouwep

/6w ‘panjossip ‘(eN) wnipos

0LL 9ZL 011°1-L61 DS
L1 8¢Sl I'€+1°S SN 6§ Tl xipuaddy T 1 = (08)30] x 5480 = (S)30[ 0308271
678 €6L 082 1-09T :0S

6Ll 891 $'97-T6'S SN S 11 xipuoddy 966°0 — (D8)30[ x 89.°0 = (/4)30] oZouwresm

7/Bw ‘panjossip ‘(By) wnisaubeyy

0LL 9ZL OTT°T-L61 DS

6'L9 9 €$6-T°6T ®D 6 01 xtpuaddy €0°0 — (28)30] x §+9°0 = (?D)30] 00827
678 €6L 08T‘1-09T :0S

9TL L'69 066-1°7€ ®D S 6 x1puaddy 85200 — (D8)30[ x 9¥9°0 = (vD)30] oZowem

7/Bw ‘panjossip ‘(e9) wnioje)
0LL 9TL 011°1-L61 DS
0Ly by S¥9-8€1 :SA 6S g x1puoddy S¥€0°0 — (D8)30] x 8¢6°0 = (S@.L)30] 0J0S2(
678 €6L 08T 1-09T :0S
Tes vov ¥8L-961 :Sd SsS L xipuaddy 8%50°0 + (DS)301 x 1160 = (SA.L)F0[ oZowem
/6w ‘(S@L) SPIOS panjossIp [e10]
ueipapy — S)UaWIINSeaW ajqeren u Aewwns
ui sanjen jo abiuey |eAlyaie |apow uoissaifiay ajug

12POIN
ejep ajai19siqg

[szoqiqiua 001 1od S91UO[0O ‘T ()() [ /SOIUO[OD ‘AUISOD ‘SOO (IBAA JO Aep {(7 ‘ouls ‘us ‘arnerddwd) ‘dwo) syrun dsawodydau uizewof ur A)piqiny
‘qn] e1ep ou ‘-- A)RJNS ‘J[NS ‘PI[OS PIA[OSSIP {G( ‘SNIS[) SIAIFP G7 I© 191oWNua0 1od SUSWAISOIDIW Ul 3dUBIINPU0d ay1oads ‘g 'Sof ‘Goy e 1od sweaSiiw /3w ‘sajdwes
9)2I9SIp JO IquINu ‘% ‘snurul 1o snjd ‘F {10119 93ejua0I1ad pIepur)s [9powl ‘FJSHY (10110 2Ienbs uBAW 1001 ‘FGHY 10119 drenbs UBSW ‘G {UONBUILLIAP JO TUAIIYFI0D ;]

panuRuod—g10g aunp ybnoiyi z1oz AN ‘sesuey ‘(05€26890)
010S 8 pue (005/8890) 0BaweAN 1 JaAlY sesuey 10} suoneindwod UoRUIIUOI SNONUIRUOD J0j SINSNE]S Alewwns pue sjapow uoissalbay -z ajqel



Regression Model Documentation for Continuous Real-Time and Discrete Water-Quality Constituents, Kansas

18

- 8'8¢ 8'8¢ v6T0 1%80°0 ¥79°0 LS9'0 L€ 1z x1puaddy  68°1 + (14D) x 9L10°0 — (35)T0100°0- = ON ogowe\
/B ‘panjossip ‘("ON) BN + 811N
I 56 $ol vEP0'0  88100°0 ¥59°0 L99°0 0 0t x1puaddy 919°0 + (DS)301 x L9§°0 = (41¥)30] 01082(1
I LEL S6°L T€E0'0 1100°0 8680 0060 0 61 x1puaddy €€L°0 + (D$)30] x 9750 = (¥7¥)30] oZoureA\
/6w (1v) Auutjexiy
1071 vl 991 L9900 Sy00°0 096°0 196°0 0 81 xipuaddy 8L'¢ — (D8)301 x L6°T = (1D)30] 0305
10'1 8¢l 91 9¥90'0  LI¥000 7960 €96'0 0 L1 xipuaddy €€'¢ — (0§)301 x 78T = (1D)30] oZowem
76w ‘panjossip ‘(19) apliojy
1071 £7Cl I'vl LS00 LTE00°0 ¥€6°0 Se6'0 0 91 x1puaddy €L'1 = (08)30] x 671 = (Jjng)30] 0105°d
10'1 Lol 4| 60°0 #2000 L£6°0 8€6'0 0 §1 xipuaddy 90'1 — (D§)301 x §0'1 = (Jin§)30] o3owep
7/Buw ‘panjossip ‘('0S) a1eyns
(€6l ‘vena) ejep Aewwns
1019¢} (tamoy)  (taddn) < ol 210SU99 eAlyase apow uoissaiba ay
uoijaaL09 IdSw IdSw asind asw paysnipy  ajdniniy P . 1P : 4 Hs
Juadiad |2poN
selg
[szouqiyIur g | 1od SOIUO[OD “TUW ()() [ /SIATUO[OI QUISOD ‘SO (IBIA JO AP ‘{ (7 ‘QuIS ‘UIs ‘drmerad
-woy ‘dwd) ‘sprun orowo[oydou UIZewIoy ur AJIpIqiny ‘g.my <ejep ou -- $3JBJINS JINS ‘PI[OS PIAJOSSIP ‘S( SNIS[O)) $9213aP G I8 )OI 10d SUSWSISOIOIW U 0UBONPU0d dy1dads ‘Og "'Sof ‘Soy 1oy

1od surer3iiw “J/Sw ‘sojdwes 23a19SIp Jo JoquNnU ‘¢ snurw 10 snjd F {10110 93ejudotad pIepur)s [9pOU S/ (10119 d1enbs UBIW 1001 ‘FSHY 10110 d1enbs UBIW ‘FSy {UORUILLINIP JO JUSIIYJO0D ;3]

panunuoy—gLoz aunp ybnoiyi z1oz Ainp

‘sesuey ‘(06£¢6390) 030S 8Q pue (00G/8890) 0BaWeAN 18 1aAlY sesuey| Joj suoieiINdwod UoKeRUSIU0I SNONUIUOD 10} SINISHRIS Alewiwns pue sjapow uoissaifay ‘g ajqel



19

Tables

911 v'91 TISL'T D

€8 008 087°1-09T :0S
1L9°0 87L°0 $1°2-500°0 : ON s 1¢ x1puaddy $8°1+ (14D)9L10°0 — (DS)T0100°0- = ON ogowem

/B ‘panjossIp ‘("ON) BN + 81BN

69L 0TL 011°1-L61 S
SLI 0L1 YETH08 MV S 0 x1puaddy 919°0 + (D8)30] x £95°0 = (¥71)30] 03082

318 v8L 087°1-09T :0S
081 LLT $ST—68 MV 6 61 x1puaddy €€L°0 + (OS)30[ x 9760 = (47¥)30] oZawepm

/6w (1Y) Auuiexy

0LL 9ZL 011°1-L61 DS
€8 €9L 6¥1-€6'% 11O 65 81 xipuoddy 8L°¢ — (08)301 x L6°1 = (1D)30] 00827

678 €6L 08T 1-09T :0S
€96 €6 SLI-S01 1D S L1 x1puaddy €g'¢ — (08)301 x 78'T = (10)30] oZawepm

76w ‘panjossip ‘(1) apuojyY

0LL 97L OTT°T-L61 :0S
001 $'6 6%1-L'C1 JInS 6S 91 xtpuoddy £L'1 = (08)30] x 671 = (jns)3o[ 0J0S2(

678 €6L 08T 1-09T :0S
€86 L'66 0LI—¥'1€ JInS 99 S1 xipuaddy 90'1 — (D§)301 x S0 = (f15)30] oZowem

7/Bw ‘panjossip ‘('0S) aeyns
sjusawailnseauw ajqeriea
HetPol Hean u ul sanjea jo ma_“am_ ! \”“—_____—“_M |apow uoissaifiay ajug

ISpPON

ejep ajaIasiqg

[szoqiqiua 001 1od S91UO[0O ‘T ()() [ /SOIUO[OD ‘AUISOD ‘SOO (IBAA JO Aep {(7 ‘ouls ‘us ‘arnerddwd) ‘dwo) syrun dsawodydau uizewof ur A)piqiny
‘qn] e1ep ou ‘-- A)RJNS ‘J[NS ‘PI[OS PIA[OSSIP {G( ‘SNIS[) SIAIFP G7 I© 191oWNua0 1od SUSWAISOIDIW Ul 3dUBIINPU0d ay1oads ‘g 'Sof ‘Goy e 1od sweaSiiw /3w ‘sajdwes
9)2I9SIp JO IquINu ‘% ‘snurul 1o snjd ‘F {10119 93ejua0I1ad pIepur)s [9powl ‘FJSHY (10110 2Ienbs uBAW 1001 ‘FGHY 10119 drenbs UBSW ‘G {UONBUILLIAP JO TUAIIYFI0D ;]

panuRuod—g10g aunp ybnoiyi z1oz AN ‘sesuey ‘(05€26890)
010S 8 pue (005/8890) 0BaweAN 1 JaAlY sesuey 10} suoneindwod UoRUIIUOI SNONUIRUOD J0j SINSNE]S Alewwns pue sjapow uoissalbay -z ajqel



Regression Model Documentation for Continuous Real-Time and Discrete Water-Quality Constituents, Kansas

20

1810 — (S9E/AQLT)S0d X 6670 —
98'1 TEL LT €LSO 8T€°0 999°0 889°0 80°C gz x1puaddy  ($9¢/AqruIs x 8770 — (¢411)30] x LL8°0 = (1702.1)30] 010891

W pOL/S81U0J0 ‘(1]094) B1IB}IBY WI0|09 |83

6’1 G'8¢ L1T 2050 (4540 SCTLO 1€L°0 14 Lt xipuaddy €08°0 — (¢-1)30] x "1 = (11027)30] 0105°d

W p1/s81U0J0D ‘(i/03F) B1IBIR] /0D BIYILIaYIST

cll cLE  T6S <0T0 80%0°0 ¥¥8°0 L¥80 0 9¢ xipuaddy %40 + (¢11)30] x 760 = (DSS)30] 03108°d

171 9ty TLL 8¥CT0 S190°0 9LL0 I8L°0 0 §z xipuaddy 19%°0 + (¢411)30] x 696°0 = (DSS)30] oFouwrepm

7/6w ‘(9SS) UoneNUAIUOD JUBWIPAS-papuadsNg

€68°0 — (S9€/A@LT)S0d X €0L00°0 +
¥0'1 €Y 1TE 121°0 910 ¥LS0 0090 0 ¢ xipuaddy (S9¢/1qre)us x €9.0°0 — (¢41)30] x LT°0 = (d1)30] oZowrepm

/6w ‘(d1) |e303 ‘snioydsoyd

- 6l S6l $8€°0 8710 9¥8°0 #58°0 0 €z xipuaddy S€L°0 — (g4n)30] x €671 + (dw2[)79¢0°0- = N.L 0J0S2(
20T I'LT  L0T  LISO0 899000 6180 6280 0 gexipuaddy  1€1°0 — (140)30] x 6¥1°0 — (¢411)30] x $1€°0 = (N.L)30] oZourep
(NQ@ + NdL1) uabouyu panjossip snjd uabosyiu azejnonued [e303 /6w ‘(N1) (€303 ‘uaboiuy
(€861 "uena) ejep Aewuwns
l0)0e} (+amoy) (1addn) d d a10suad eAlyoIe apow uoissaifia ayl
UonYBL0d  JJSW  IdSW sy asw paisnipy  ajdninn p |ealy I12p ! d NS
seig Juaalad EJ ]

[szonipraa 001 Jod SAIUO0O “TuI ()() [ /SOIUO[OD ‘QUISOD ‘SOO IBAA JO ABp { (7 ‘ouls ‘uls ‘arnjerad
-wo) ‘dwd) ‘spun oLawopaydau UIZewLIo) Ul ANIPIGIN) ‘] ejep ou -- 3)BJNS J[NS ‘PI[OS PIAJOSSIP (S ‘SNIS[S)) $321FaP G7 I8 191owua0 10d SUSWSISOIOIW Ul 30URIdINPU0d ay1oads g 'Sof ‘Soy 1oy
1od sweidiu /3w sojdures 93210SIp Jo Iaquinu ‘u ssnurw Jo snid ‘F {10110 93ejud1ad pIRpURIS [9POW TSV 10110 d1enbs UBIW J00I ‘FSHAY 1011 2IeNbS UBIW ‘FSHA ‘UONBUIULIAIIP JO JUIIIYFA0I 7]

panunuo)—g|0z aunp ybnoiyr z1oz Ainp
‘sesuey ‘(06£26890) 010S 8Q pue (005/8890) 0Bawep) 18 JaAly sesuey 10} suonendwod UoneUdIU0I SNONURUOD J0j SINSNE]S Alewwns pue sjapow uoissalbay -z ajqel



21

Tables

§3 106 yL9—L gL

181°0 — (S9E€/AQLT)S0d X 6G°0 —
Ll 69S 0L9°L—S"0 1[0oq 8t gz xpuaddy  (S9¢/FquIuIs x 8770 — (¢41)30] x L8 = (1702,])30] 0j0So(1
Jw QOL/S8IUO0|09 ‘(11004) B1i819B(] WIOH|0D [BI3

€3 ¥'86 786—L :qInL
Sop 819 0007 1-5°0 4027 0S Lt xipuaddy €08°0 — (¢411)30] x $§'1 = (1102:7)30] 01080
Jw pQL/S81uoj0d ‘(j097) el181deq /j09 BIyIlIayIsy
o3 801 6TS 1-L 1L
L8 374 061°CT-11 :0SS IS 9 x1puaddy 1470 + (¢411)30] X TH6°0 = (D§S)30] 0308271
T6¢ ['9L 66779 :qInL
01 9CT 00811 :0SS 8t ¢t xipuaddy 19¢°0 + (¢411)30] x 696°0 = (D§S)30] oZoures
7/6w ‘(DSS) uoneIUBIUOI JusWIPas-papuadsng
6¢ 6'tL 66779 :qInL

€68°0 — (S9E/A@LT)S09 x €0L00°0 +
9¢0 68€°0 L16°0-LTT°0 :dL 6t ¥ xipuaddy (S9¢/xqr)uts x €9,0°0 — (¢41)30] x LT'0 = (d1)30] ogowepm

/6w ‘(d1) |e303 ‘snioydsoyd

vor 6C1 786—F'L :qInL
90T L'81 9000 :dwoy,
v9'l 86’1 SOHP8SL°0 ‘NL ot €z xipuaddy S€L0 — (¢4n[)30] x €6°T + (dwa[)79€0°0- = N.L 01082
Tl 1'9L 667—TF'L :9mL
601 781 TIS—LET TUD
vS'l 8’1 79°€—+E€L°0 ‘NL 9¢ gexipuaddy 16170 — (740)301 X 64170 — (41[)30] X $1€°0 = (N.L)TO] oZourep

(N@ + Nd1) uabouyu paajossip snjd usbouyu a1enaiyed |ejoy -7/6w ‘(N1) €101 ‘uaboinN

SJuUaWAINSeau |qerien
ueipapy ueapy ¥ 1qe! u Aewwns
ui sanjea jo abuey |ealyase |apow uoissaifiay aus
12PON

ejep aja19siq

[szoqiqiua 001 1od S91UO[0O ‘T ()() [ /SOIUO[OD ‘AUISOD ‘SOO (IBAA JO Aep {(7 ‘ouls ‘us ‘arnerddwd) ‘dwo) syrun dsawodydau uizewof ur A)piqiny
‘qn] e1ep ou ‘-- A)RJNS ‘J[NS ‘PI[OS PIA[OSSIP {G( ‘SNIS[) SIAIFP G7 I© 191oWNua0 1od SUSWAISOIDIW Ul 3dUBIINPU0d ay1oads ‘g 'Sof ‘Goy e 1od sweaSiiw /3w ‘sajdwes
9J2I0SIp JO Ioquinu ‘% ‘snurw 10 snjd ‘F 10119 9FeIu0010d pIepue)S [9POW ‘FJSHV 10119 d1enbs uedw 1001 S Y 10110 dIenbs UBSW ZSyY SUONBUILLIAIP JO JUAOYJI09 “.y7]

panuRuod—g10g aunp ybnoiyi z1oz AN ‘sesuey ‘(05€26890)
010S 8 pue (005/8890) 0BaweAN 1 JaAlY sesuey 10} suoneindwod UoRUIIUOI SNONUIRUOD J0j SINSNE]S Alewwns pue sjapow uoissalbay -z ajqel



Regression Model Documentation for Continuous Real-Time and Discrete Water-Quality Constituents, Kansas

22

1L1°0 — (S9E/AQLT)S09 X $61°0 +

YTl 9'0S 01 90€°0 9€60°0 080 0S8°0 0 T¢ xipuaddy  ($9¢/A@quDUIs x 9470 + (¢411)30] X $§°[ = (12F)30] 03082
8S°1 $'6S LYl €6€0 ¥S1°0 vE€L0 6€L°0 0 0¢ xipuaddy 861°0 + (g41)30] x G¢'[ = (Jop)3o]  0Fowepm
Jw 0QL/s@luojo9d ‘(19y) eLI8}IB] S8}8dAWOUNIY
762770 — (S9E/AQLT)S0d X $1T°0 +
€TT 99 61 69%°0 0 6£9°0 199°0 0 67 xpuaddy  ($9¢/AqLuIs x 1170 + (§4nL)30] x 6¢'T = (Ju)30] 01089

7w O1/s81U0J09 ‘(3uJ) BLIBIIRY 19909043}UT

(€861 ‘uenq)

l0)oe} (+amoj) (1addn)
uonasuod  I4SW  IdSW swy sw
selg

y " ejep Mewwns
4 4

palosuad |eAlyaie |apow uoissaifiay s
paysnipy  ajdninpy Juasiag [opO

[szonipraa 001 Jod SAIUO0O “TuI ()() [ /SOIUO[OD ‘QUISOD ‘SOO IBAA JO ABp { (7 ‘ouls ‘uls ‘arnjerad

-wo) ‘dwd) ‘spun oLawopaydau UIZewLIo) Ul ANIPIGIN) ‘] ejep ou -- 3)BJNS J[NS ‘PI[OS PIAJOSSIP (S ‘SNIS[S)) $321FaP G7 I8 191owua0 10d SUSWSISOIOIW Ul 30URIdINPU0d ay1oads g 'Sof ‘Soy 1oy
1od sweidiu /3w sojdures 93210SIp Jo Iaquinu ‘u ssnurw Jo snid ‘F {10110 93ejud1ad pIRpURIS [9POW TSV 10110 d1enbs UBIW J00I ‘FSHAY 1011 2IeNbS UBIW ‘FSHA ‘UONBUIULIAIIP JO JUIIIYFA0I 7]

panunuog—gL0z aunr ynoiy 1oz Anp

‘sesuey ‘(06£26890) 010S 8Q pue (005/8890) 0Bawep) 18 JaAly sesuey 10} suonendwod UoneUdIU0I SNONURUOD J0j SINSNE]S Alewwns pue sjapow uoissalbay -z ajqel



23

Tables

v'ze 98 ¥L9—L :q],
1L1°0 = (S9E/AQLT)S0d X 16170 +
SS1 68L 00S°8—8 30V 0S 1€ xipuaddy (S9¢/AqLDUIS X 9470 + (¢11L)30] X $§' = (12V)30] 0j08o(J
43 1'L9 667-C'S gL
091 L8 000°6—01 PV €S 0¢ xipuaddy 861°0 + (¢4n[)30] x G¢'[ = (10F)30]  0Fdwep
Jw QL/s8luojod ‘(19y) elLdlaeq sa18oAwoundy
I€ L8 ¥L9—L :qm],

76770 — (S9E/AQLT)S0d X $1T°0 +
9 109 00L°91— ug 0S 6C x1puaddy (S9¢/AqruIs x 117°0 + (g4n1)30] x 6¢°T = (Ju7)30] 0j0So(

Jw poL/S8Iuojod ‘(1u3) el81oe( 199090181U7

SJUaWaINSeLaW 3|qeLIeA
ueipap ueapy } Iqe! u Arewuns
uy sanjen jo abuey leAlydie |apow uoissaifiay als
12PON

ejep ajaiasiqg

[szoqiqiua 001 1od S91UO[0O ‘T ()() [ /SOIUO[OD ‘AUISOD ‘SOO (IBAA JO Aep {(7 ‘ouls ‘us ‘arnerddwd) ‘dwo) syrun dsawodydau uizewof ur A)piqiny

‘qn] e1ep ou ‘-- A)RJNS ‘J[NS ‘PI[OS PIA[OSSIP {G( ‘SNIS[) SIAIFP G7 I© 191oWNua0 1od SUSWAISOIDIW Ul 3dUBIINPU0d ay1oads ‘g 'Sof ‘Goy e 1od sweaSiiw /3w ‘sajdwes
9)2I9SIp JO IquINu ‘% ‘snurul 1o snjd ‘F {10119 93ejua0I1ad pIepur)s [9powl ‘FJSHY (10110 2Ienbs uBAW 1001 ‘FGHY 10119 drenbs UBSW ‘G {UONBUILLIAP JO TUAIIYFI0D ;]
panunuod—g10g aunr ybnouy z1oz Ainp ‘sesuey ‘(09€26890)

030S 8(] Pue (00G/8890) 0BBWEAA 1B JBAIY Sesuey| 10} SuoileIndwod uoiIeJuadU0d SNONUIIU0D 104 SANSNe]s Alewwns pue sjapow uoissalbay ‘g a|qeL






Appendixes 1-31

Appendixes 1-31 contain the model archive summaries for the logistic and linear models.
Logistic models have not been previously developed for the Wamego and De Soto sites on the
Kansas River. Linear models for some constituents were previously developed for both sites
and are indicated in the model summaries. Previously developed linear regression models are
documented in Rasmussen and others (2005).

The following appendixes are availabe at http://dx.doi.org/10.3133/0fr20161040.


http://dx.doi.org/10.3133/ofr20161040
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Appendix 1. Logistic Model Archival Summary for Cyanobacteria Concentration > 2,000 cells per mil-
liliter at Station 06887500; Kansas River at Wamego, Kansas

Appendix 2. Logistic Model Archival Summary for Cyanobacteria Concentration > 10,000 cells per mil-
liliter at Station 06892350; Kansas River at De Soto, Kansas

Appendix 3. Logistic Model Archival Summary for Microcystin Occurrence at Station 06887500; Kansas
River at Wamego, Kansas

Appendix 4. Logistic Model Archival Summary for Microcystin Occurrence at Station 06892350; Kansas
River at De Soto, Kansas

Appendix 5. Logistic Model Archival Summary for Geosmin Concentration > 2 nanograms per liter at
Station 06887500; Kansas River at Wamego, Kansas

Appendix 6. Logistic Model Archival Summary for Geosmin Concentration > 2 nanograms per liter at
Station 06892350; Kansas River at De Soto, Kansas

Appendix 7. Model Archival Summary for Total Dissolved Solids Concentration at Station 06887500;
Kansas River at Wamego, Kansas

Appendix 8. Model Archival Summary for Total Dissolved Solids Concentration at Station 06892350;
Kansas River at De Soto, Kansas

Appendix 9. Model Archival Summary for Calcium Concentration at Station 06887500; Kansas River at
Wamego, Kansas

Appendix 10. Model Archival Summary for Calcium Concentration at Station 06892350; Kansas River at
De Soto, Kansas

Appendix 11. Model Archival Summary for Magnesium Concentration at Station 06887500; Kansas
River at Wamego, Kansas

Appendix 12. Model Archival Summary for Magnesium Concentration at Station 06892350; Kansas
River at De Soto, Kansas

Appendix 13. Model Archival Summary for Sodium Concentration at Station 06887500; Kansas River at
Wamego, Kansas

Appendix 14. Model Archival Summary for Sodium Concentration at Station 06892350; Kansas River at
De Soto, Kansas

Appendix 15. Model Archival Summary for Sulfate Concentration at Station 06887500; Kansas River at
Wamego, Kansas

Appendix 16. Model Archival Summary for Sulfate Concentration at Station 06892350; Kansas River at
De Soto, Kansas
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Appendix 17. Model Archival Summary for Chloride Concentration at Station 06887500; Kansas River at
Wamego, Kansas

Appendix 18. Model Archival Summary for Chloride Concentration at Station 06892350; Kansas River at
De Soto, Kansas

Appendix 19. Model Archival Summary for Alkalinity Concentration at Station 06887500; Kansas River at
Wamego, Kansas

Appendix 20. Model Archival Summary for Alkalinity Concentration at Station 06892350; Kansas River at
De Soto, Kansas

Appendix 21. Model Archival Summary for Nitrate + Nitrite Concentration at Station 06887500; Kansas
River at Wamego, Kansas

Appendix 22. Model Archival Summary for Total Nitrogen Concentration at Station 06887500; Kansas
River at Wamego, Kansas

Appendix 23. Model Archival Summary for Total Nitrogen Concentration at Station 06892350; Kansas
River at De Soto, Kansas

Appendix 24. Model Archival Summary for Total Phosphorous Concentration at Station 06887500; Kansas
River at Wamego, Kansas

Appendix 25. Model Archival Summary for Suspended-Sediment Concentration at Station 06887500;
Kansas River at Wamego, Kansas

Appendix 26. Model Archival Summary for Suspended-Sediment Concentration at Station 06892350;
Kansas River at De Soto, Kansas

Appendix 27. Model Archival Summary for Escherichia coli Concentration at Station 06892350; Kansas
River at De Soto, Kansas

Appendix 28. Model Archival Summary for Fecal Coliform Concentration at Station 06892350; Kansas
River at De Soto, Kansas

Appendix 29. Model Archival Summary for Enterococci Concentration at Station 06892350; Kansas River
at De Soto, Kansas

Appendix 30. Model Archival Summary for Actinomycetes Concentration at Station 06887500; Kansas
River at Wamego, Kansas

Appendix 31. Model Archival Summary for Actinomycetes Concentration at Station 06892350; Kansas
River at De Soto, Kansas
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