Water-Quality and Ground-Water Hydrology of the
Columbia/Eagle Bluffs Wetland Complex,
Columbia, Missouri—1992-99

By Joseph M. Richards

Abstract

Inan effort to restoreriverine wetlands along
the Missouri River, the Missouri Department of
Conservation constructed the 2,700-acre Eagle
Bluffs Conservation Area. The primary water
source for managing 1,200 wetland acres on the
Eagle Bluffs Conservation Areaistreated effluent
received from a 91-acre constructed wastewa-
ter-treatment wetland operated by the city of
Columbia, Missouri. The combined areas of the
Eagle Bluffs Conservation Area and the wastewa-
ter-treatment wetland are termed the Colum-
bia/lEagle Bluffs Wetland Complex. The U.S.
Geological Survey, in cooperation with the Mis-
souri Department of Conservation and the city of
Columbia, Missouri, collected samples quarterly
from August 1992 to March 1999 from a monitor-
ing network that included 33 ground-water sites
and 4 surface-water sites to establish abaseline
pre-effluent data set and to provide post-effluent
datafor trend analysis.

Changes in major chemical constituent con-
centrations have been observed at severa sam-
pling locations between pre- and post-effluent
data. Analysis of post-effluent time-series
water-quality data indicates changes occurred in
sodium, potassium, calcium, sulfate, and chloride
concentrations at 13 sites. These changes can be
correlated to the beginning of the operation of the
wastewater-treatment wetland. The concentrations
of these major chemical constituents plot on the
mixing continuum between pre-effluent ground

water as one end member and the treated effluent
as the other end member. At ground-water sites
that had changes in concentrations, the relative
percentage of treated effluent in the ground water,
assuming chlorideis conservative, ranged from 11
to more than 100 percent.

At ground-water sites, few changes were
noted in fecal indicator bacteria, nutrients, trace
constituents, total and dissolved organic carbon,
and organic constituents. Other than changesin
boron concentrations at one ground-water site,
these changes could not be directly correlated to
the operation of the treatment wetland or the man-
agement of the Eagle Bluffs Conservation Area.
After the treatment wetland began operation,
improvement in the water quality in Perche Creek
was observed. With respect to fecal indicator bac-
teriaand nutrient concentrations, the water quality
of water discharging from the Eagle Bluffs Con-
servation Areawas improved rel ative to the water
entering the area.

Persistent ground-water highs have been
observed beneath the Eagle Bluffs Conservation
Area and wastewater-treatment unit 1 following
the flooding of the wetland areas. These
ground-water highs occur during the fall and win-
ter months when ground- and surface-water levels
are high and during the spring and summer months
when the water levels are lower. The Missouri
River stage had a strong effect on the water levels
in the aquifer during pre-effluent conditions, but
the effect has been lessened by the ground-water
high.
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INTRODUCTION

The Missouri Department of Conservation
(MDC) and the city of Columbia, Missouri (fig. 1), ini-
tiated a project to utilize constructed wetlands to treat
municipal sewage. Because expansion of the Columbia
wastewater-treatment facility became necessary, con-
structing a wastewater-treatment wetland, hereafter
referred to as treatment wetland, was selected as an
aternative to expanding the existing activated sludge
facilities. The MDC uses the treated effluent from the
treatment wetland as a water source for managing
1,200 wetland acres on the 2,700-acre MDC Eagle
Bluffs Conservation Area, arestored riverine wetland
on the Missouri River aluvium (Baskett, 1991). The
combined areas of the treatment wetland and the Eagle
Bluffs Conservation Area are termed the Colum-
bia/Eagle Bluffs Wetland Compl ex.

The treatment wetland consists of three wetland
units with atotal surface area of 91 acresand is
designed to treat an average flow of 17.68 Mgal/d (mil-
lion gallons per day). Unit 1 isthelargest and northern-
most of the three units (fig. 1). Flow distribution and
control structures have been designed for peak flows of
as much as 60 Mgal/d. Wastewater entering the treat-
ment wetland consists of blended primary and second-
ary treated effluent from the existing city
wastewater-treatment facility. The treatment wetland
has been designed to consistently meet U.S. Environ-
mental Protection Agency National Point Discharge
Elimination System permit limitations and treated
effluent is pumped to the Eagle Bluffs Conservation
Area. Treatment wetland vegetation primarily consists
of cattails (Typha).

The city of Columbiapumps water for its munic-
ipal supply from awell field containing seven pairs of
wells located north of the Eagle Bluffs Conservation
Area and adjacent to the treatment wetland (fig. 1).
During 1992, the U.S. Geological Survey (USGS)
began astudy in cooperation withthe MDC and thecity
of Columbiato collect hydrologic datain the Colum-
bia/Eagle Bluffs Wetland Complex. The objective of
the study was to evaluate effects on water quality and
ground-water hydrology that result from the construc-
tion and use of the treatment wetland and the use of the
treated effluent on the Eagle Bluffs Conservation Area.
Because wetland areas are sensitive to both physical
and chemical changesin the hydrologic environment, a
hydrologic monitoring network of ground-water and
surface-water sites was devel oped to provide data that

can be used to evaluate changes and to analyze trends.
The ability to evaluate changes is important because
treated sewage effluent is used as a major source of
water for wetland management on the Eagle Bluffs
Conservation Area. Trend analysisisan inval uabletool
for identifying concerns so that management options
can be considered. Thefirst task of the study wasto col-
lect background data before the areawas inundated and
wetland management processes began so that a base-
line for the hydrologic environment could be estab-
lished.

Before October 1994, Perche Creek was the
receiving water for the discharge from the Columbia
wastewater-treatment facility, and this discharge
affected the water quality of the creek for approxi-
mately 11 mi (miles) between the plant discharge point
and the confluence of the creek with the Missouri
River. When the treatment wetland began treating
wastewater, the city of Columbia stopped using Perche
Creek as the receiving water for the treated effluent.
The city of Columbiawas scheduled to begin using the
treatment wetland in thefall of 1993, but because of the
damage caused by the 1993 Missouri River flood, oper-
ation of the treatment wetland began in October 1994.
Management of the wetland areas on the Eagle Bluffs
Conservation Areafor recreation, hunting, and wildlife
habitat was to begin in the fall of 1993, but as aresult
of the damage caused by the 1993 and 1995 Missouri
River floods, full management of the wetland areas
began in late 1995. The Eagle Bluffs Conservation
Area began accepting treated effluent from the treat-
ment wetland in October 1994. While repairing the
damage from the Missouri River floods, the treated
effluent that was discharged to the Eagle Bluffs Con-
servation Area from the treatment wetland was con-
fined mainly to the distribution canal and the areas
designated as semi-permanent marsh (fig. 1). Thedis-
tribution canal is used to control the various wetland
pool water levels by diverting water either out of, or
into, the canal from the wetland pools on the Eagle
Bluffs Conservation Area. After the damage caused by
the 1993 and 1995 Missouri River floodsto theinternal
levee system of the Eagle Bluffs Conservation Area
was repaired in late 1995, the area was flooded with a
blend of Missouri River water and treated effluent from
the treatment wetland. This was the beginning of the
MDC management cycle of annually flooding and
draining parts of the Eagle Bluffs wetland. The MDC
floods the wetland in the late summer to attract migrat-
ing waterfowl and keeps the wetland flooded through
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Figure 1. Location of the Columbia/Eagle Bluffs Wetland Complex near McBaine, Missouri.
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thefall and winter months. In the spring, thewetland is
slowly drained so that the seasonal wetland can be
farmed to provideforagefor waterfowl inthe next year.
While the wetland is being farmed in the spring and
summer, the treated effluent again is confined to the
distribution canal and the semi-permanent marsh areas.
The Eagle Bluffs Conservation Areawas officially ded-
icated by the MDC on October 12, 1996.

The purpose of thisreport isto: (1) present the
water-quality datafrom samples collected from August
1996 through March 1999 from 33 monitoring wells
[data collected before August 1996 can be obtained
from Richards (1995, 1999)]; (2) present water-level
datacollected from the monitoring wells and from two
continuous water-level recorders; and (3) discuss the
changes and trends in ground- and surface-water qual-
ity and the changes in ground-water hydrology as a
result of the operation of the treatment wetland and the
wetland management at the Eagle Bluffs Conservation
Area.

STUDY AREA

The Columbia/Eagle Bluffs Wetland Complex is
located 7 mi southwest of Columbia, Missouri, near the
town of McBaine, along the north bank of the Missouri
River (fig. 1). The 8.7-mi? (square mile) areais
bounded to the south and west by the Missouri River
and to the north and east by the Missouri River bluffs.
Perche Creek flows southward along the base of the
Missouri River bluffsand dischargesinto the Missouri
River in the southeast part of the study area. Before the
construction and operation of the treatment wetland,
Perche Creek was used by the city of Columbia asthe
discharge point for their treated sewage effluent. Sev-
eral “blew holes’ (scour holes) caused by leveefailures
during past flooding events have formed along the
levees surrounding the study area. Many of these blew
holes contain water year-round and provide habitat for
fish and other forms of aquatic life. The area outside of
the wetland complex isflat lying agricultural land that
primarily is used for raising row crops such as corn,
wheat, and soybeans. The area receives an average of
38 in. (inches) of precipitation annually (Missouri
Department of Natural Resources, 1986).

The surficial material underlying the Colum-
bia/Eagle Bluffs Wetland Complex primarily consists
of Missouri River alluvium that is composed of fine
sand, silt, or clay near the surface and sand and gravel
at depth. The sand and gravel in the lower part of the

alluvium form the aluvial aquifer. The average satu-
rated thickness of the alluvial aquifer is approximately
60 ft (feet; Emmett and Jeffery, 1969).

Ground water generally flows from north and
northwest to south and southeast down the river valley
(Foreman and Sharp, 1981). Local differencesin the
general flow direction result from pumping in the
Columbia municipa well field, discharge from the
treatment wetland, and changesin river stage.

METHODS OF STUDY

Water-quality samples were collected at 37 sites
from August 1992 through March 1999. The samples
were analyzed for several constituents at the USGS
National Water Quality Laboratory (NWQL). Qual-
ity-assurance/quality-control (QA/QC) samples were
collected and analyzed to evaluate accuracy of analyti-
cal results. Ground-water levels were measured at 35
sitesfrom August 1992 through March 1999. Satistical
methods were used to analyze the water-quality data
for changes and trends.

Water-quality samples were collected quarterly
from as many as 33 ground-water and 4 surface-water
sites beginning in August 1992 (fig. 2). Sample collec-
tion dates for the ground-water and surface-water sites
are shown in table 1. The sampling sitesinclude 19
monitoring wells installed by the city of Columbia, 14
monitoring wells installed by the USGS, and 4 sur-
face-water sites. Well-construction data are given in
Richards (1995). The four surface-water sitesinclude
one blew hole, the outflow from the treatment wetland
(city outflow), the outflow from the Eagle Bluffs Con-
servation Area (Eagle Bluffs outflow), and Perche
Creek. Samples from the city outflow and the Eagle
Bluffs outflow were collected to better understand the
changes observed in the ground- and surface-water
quality.

Water-Quality Sampling

Ground-water samples and the blew hole and
Perche Creek surface-water samples were collected
and processed as described in Richards (1995, 1999).
Samples collected at the city outflow and the Eagle
Bluffs outflow were collected in a 1-gallon basket sam-
pler as close as practical to the outflow point. Samples
were analyzed for specific conductance, pH, tempera-
ture, dissolved oxygen, fecal bacteria, alkalinity, major
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Table 1. Monitoring well depth and screened intervals, and sample collection dates for sites at the Columbia/Eagle
Bluffs Wetland Complex
[N/A, not applicable; EB, Eagle Bluffs)

Site identifer or Depth to bottom  Depth to top of
name Total depth of screen screen
(fig. 2) (feet) (feet) (feet) Period sampled
MW1-1A 31 31 21 June 1993, December 1993 - March 1999
MW1-1B 60 60 50 June 1993, December 1993 - March 1999
MW1-2A 31 31 21 June 1993, December 1993 - March 1999
MW1-2B 61 61 51 June 1993, December 1993 - March 1999
MW1-3A 31 31 21 June 1993, December 1993 - March 1999
MW1-3B 61 61 51 June 1993, December 1993 - March 1999
MW1-4A 295 293 19.8 August 1992 - March 1999
MW1-4B 60.0 59.8 50.3 August 1992 - March 1999
MW2-1A 29.8 29.6 20.1 August 1992 - March 1999
MW2-1B 59.9 59.7 50.2 August 1992 - March 1999
MW2-2A 30 30 20 December 1994 - August 1998
MW2-2B 60 60 50 December 1994 - August 1998
MW3-1A 30 30 20 December 1994 - March 1999
MW3-1B 60 60 50 December 1994 - March 1999
MW4-1A 299 29.7 20.2 August 1992 - March 1999
MW4-1B 59.4 59.2 49.7 August 1992 - March 1999
MW4-2A 295 293 19.8 August 1992 - March 1999
MW4-2B 59.9 59.7 50.2 August 1992 - March 1999
MW13-67 105 105 85 August 1992 - June 1993
USGS-1 330 275 175 August 1992 - June 1998
USGS-2D 62.0 57.0 47.0 August 1992 - June 1998
USGS-2S 324 274 174 August 1992 - June 1998
USGS-3D 63.0 58.0 48.0 August 1992 - June 1998
USGS-3S 320 270 17.0 August 1992 - June 1998
UsSGS-4 62.6 57.6 47.6 August 1992 - June 1998
USGS-5D 51.1 51.1 411 August 1992 - June 1998
USGS-5S 295 245 145 August 1992 - June 1998
USGS-6 335 285 185 August 1992 - June 1998
USGS-7 60.8 60.8 50.8 August 1992 - June 1998
USGS-8D 62.8 57.8 47.8 August 1992 - March 1999
USGS-8S 328 27.8 17.8 August 1992 - March 1999
USGS-9D 68.0 63.0 53.0 August 1992 - March 1999
USGS-9S 38.0 33.0 230 August 1992 - March 1999
Perche Creek N/A N/A N/A August 1992 - August 1998
Blew Hole N/A N/A N/A August 1992 - August 1998
City Outflow N/A N/A N/A December 1996 - June 1998
EB Outflow N/A N/A N/A December 1996 - June 1998
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chemical constituents, nutrients, trace constituents,
total and dissolved organic carbon, and selected
organic compounds. The USGS NWQL analyzed all
samples for inorganic (major chemical constituents,
nutrients, and trace constituents) and organic constitu-
ents according to methods described by Wershaw and
others (1983), Fishman and Friedman (1989), Patton
and Truitt (1992), and Fishman (1993).

Specific conductance, pH, temperature, dis-
solved oxygen, fecal coliform, and fecal streptococci
were determined onsite using procedures described by
Wilde and Radtke (1998). Occasionally, equipment
problems occurred onsite and the onsite specific con-
ductance values were considered unreliable. On such
occasions, the reported valuesin table 2 (at the back of
thisreport) were determined in the [aboratory. Specific
conductance and temperature val ues were measured
using a portable conductivity meter with temperature
compensation designed to express readings in microsi-
emens per centimeter (uS/cm) at 25 °C (degrees Cel-
sius). The pH value of the water was measured at the
time of collection with an electronic meter calibrated
with buffers bracketing the expected pH values of the
samples. Dissolved-oxygen concentrations were deter-
mined using alow-range, colorimetric method for
ground-water sites and a portabl e temperature compen-
sated meter for surface-water sites.

Based on spatial distribution, 8 of the 33 wells
were selected to receive detailed sampling for organic
compounds. Samples from these eight wells and four
surface-water siteswere analyzed for base/neutral/acid
(BNA) semi-volatile organic compounds, selected pes-
ticides (and metabolites), and selected organochlorine
compounds. In addition, samples from the eight wells
were analyzed for purgeable volatile organic com-
pounds. Most of the organic compounds were not
detected in the samples from the wells or the sur-
face-water sites (table 3, at the back of this report).
Data for the samples collected from the wells and the
surface-water sites that had organic compounds
detected are listed in table 4, at the back of this report.
Themethod detection limits (MDL ; lessthan values) in
table 4 vary from constituent to constituent and with
time, for the same constituent. An explanation for the
variation in the MDL is given in Richards (1999).

Quality Assurance/Quality Control

The components of analytical variability (uncer-
tainty) in water-quality results can be estimated when

QA/QC samples of the correct types and quantities are
incorporated into measurement procedures. The USGS
NWQL incorporates numerous QA/QC samplesin the
laboratory to ensure that the measurement system is
functioning properly. In addition to the laboratory
QA/QC procedures, QA/QC samples were collected
onsite at the Columbia/Eagle Bluffs Wetland Complex.

The most common error attributable to onsite
proceduresis contamination of the sample matrix. Two
general forms of contamination occur: systematic and
erratic. The goal of thefield QA programisto decrease
the systematic component and provide evidence of the
erratic component by collecting replicate samples and
filtration, equipment, field, and trip blanks. The onsite
QA/QC samples made up approximately 10 percent of
all water-quality samples collected for the project.

Replicate Samples

Replicate samples are collected and analyzed to
determine the precision of sampling, processing, and
field analysis. Generally areplicate sampleiscollected
immediately after aregular sample using the same
equipment and sampling techniques. Both the regular
and replicate samples are analyzed at the NWQL using
identical analytical techniques. A relative percent dif-
ference greater than 20 percent between the regular
sample and replicate usually indicates that the sam-
pling process is not representative.

Replicate sampleswere collected throughout the
project and most of the analyses were less than the rel-
ative percent difference threshold of 20 percent. The
nutrient analyses (nitrogen and phosphorus constitu-
ents) and the organic carbon analyses had the highest
relative percent differences and were sometimes
greater than the 20 percent threshold. Occasionaly,
some trace constituents also had high relative percent
differences. However, the concentrations of nutrient
and the trace constituents usually were close to the
detection limits, and small errorsin measurement pre-
cision at the laboratory trandlate to large relative per-
cent differences for these constituents. Based on the
results of the blank analyses (discussed in the next sec-
tion), the samples were unlikely to have been contami-
nated with nutrients or trace constituents onsite while
sampling. A small amount of dissolved organic carbon
contamination may have been present in the organic
free water used to clean the sampling apparatus. How-
ever, following the cleaning of the dissolved organic
carbon apparatus, amaost none of the cleaning water
remainsin or on the apparatus. The deviceis rinsed
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with native water before the collection of aregular sam-
pleis attempted, and the contamination from cleaning
water is considered to be minimal. Organic carbon
analyses probably were most affected by interference
of alarge amount of iron precipitate present in most of
the ground-water samples.

Blanks

Filtration blanks are defined as sampl es obtained
by pumping analyte-free water through the sampling
pump mechanism and through the capsule filter used
for preparing dissolved nutrient, major ion, and trace
constituent samplesfor shipment to the laboratory. The
filtration blank is processed according to the same pro-
cedures used for aregular sasmple and is submitted to
the NWQL for analysis. These samples are used to
determine the cleanliness of the pump and filter.

Equipment blanks are defined as samples
obtained by processing analyte-free water through
sampling and/or sample-processing equipment. The
equipment blank sample is processed according to the
same procedures used for aregular sample and is sub-
mitted to the NWQL for analysis. These samples are
used to determine the effectiveness of cleaning proce-
dures, both onsite and in the [aboratory.

Field blanks are defined as the onsite collection
(the transfer of analyte-free water into the appropriate
sample collection containers) of analyte-free water.
Theseblanks are submitted to the NWQL and analyzed
for the same constituents as aregular sample. These
samples are used to determine if any contaminants are
present in the sample collection area that may affect
sample results. Field blanks are randomly collected
throughout the sampling year.

The purpose of the trip blank is to assess the
effect that transporting a sample has on representative-
ness. Thetrip blank is prepared by completely process-
ing a particular laboratory schedule with analyte-free
water, then transporting this package to and from the
site. The sample is then sent to the laboratory for anal-
ysisasif it were aregular sample.

The blanks collected throughout the study
showed few instances of contamination. Calcium and
silicawere detected in the blanks at or near detection
limitsin most of the blank samples. The reason for the
presence of these two constituentsin the blank samples
isuncertain. Analytical uncertainty at the detection
limit could account for these concentrations. The fre-
guency and consistency of the detections indicate that
the purity of the "analyte-free" water used for the

blanks could be suspect. The calcium and silica con-
centrationsin the natural water are approximately four
orders of magnitude higher than the concentrations
detected in the blank water. Even if contamination of
the samplesdid occur, the small mean concentrationsin
theblank samplesof 0.02 mg/L (milligram per liter) for
calcium and 0.03 mg/L for silicawill not affect the ana-
Iytical results or interpretation for the natural -water
samples collected.

Dissolved ammonia, total phosphorus, dissolved
phosphorus, and orthophosphorus were detected at or
near detection limitsin about one-third of the blanks.
The analytical variability near the detection limit for
these constituents could explain the measured concen-
trations in the blanks.

Total and dissolved organic carbon were detected
in several of the blanks. The average concentration for
both the total and dissolved organic carbon in the blank
samples was 0.3 mg/L. Because of the consistency of
the organic carbon detectionsin the blank samples, the
purity of the "organic free" blank water used for the
blank samples and for onsite cleaning of the sampling
apparatus could be suspect.

Ground-Water Levels

Ground-water levels were measured at the 33
wellsin the water-quality monitoring network and at 2
wells with water-level recorders (SP 4 and SP 11, fig.
2). The dtitude of well measuring points (usually the
top of the riser pipe) was surveyed so that accurate
water levels referenced to acommon datum (mean sea
level) could be measured and potentiometric-surface
maps could be made. Water-level measurements at all
sites were made synoptically so that Missouri River
stage fluctuations or temporal ground-water fluctua-
tions would have aminimal effect on the measure-
ments. Water-level measurementswere made quarterly
for the period indicated on table 1. An electric tape was
lowered into thewell, and the depth to the ground water
from the measuring point was read to the nearest 0.01
ft. The wells with water-level recorders (SP 4 and SP
11) collected water-level data at hourly intervals using
afloat from July 1992 to July 1997 and using a sub-
merged pressure transducer from July 1997 to June
1998.

The 35 wells for ground-water-level measure-
ment are distributed throughout the study area. Two of
the wells (USGS-9D and USGS-9S) are in the north
part of the study area and two wells (USGS-8D and
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CALCIUM, IN MILLIGRAMS PER LITER

USGS-8S) are located in the southern part of the
Columbia municipal-supply well field. Several wells
located near the treatment wetland with eight wells sur-
rounding unit 1, four wells near unit 2, and two wells
near unit 3. The other wells are spatially distributed on
Eagle Bluffs to provide a reasonabl e representation of
the potentiometric surface in that area. The monitoring
network was not designed to allow a detailed potentio-
metric surface to be interpreted for the entire study
area.

Statistical Analysis

A boxplot is useful for visually examining the
central tendency and dispersion of a group of data or
for comparing two or more groups of data. An example
boxplot is shown in figure 3. Only sites having an ade-
quate number of samples to evaluate pre- and post-
effluent conditions using boxpl ots are shown on figures
410 24.
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NOTE: Statistically significant increase (+) or decrease (-)
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Mann-Whitney test with the p-value less than 0.05

Figure 3. Boxplot example.

Nonparametric statistical methods were used to
analyze the water-quality data collected. These meth-
ods were appropriate because the data were not nor-
mally distributed, and alarge percentage of the data
were censored; that is, many of the concentrationswere
less than the reporting limit. The nonparametric statis-
tical method used was the Mann-Whitney test (Helsel
and Hirsch, 1992). Because this study was undertaken

to determine if the operation of the wetland increased
or decreased concentrations of constituentsin the
ground and surface water, a two-tailed Mann-Whitney
test was used. For gtatistical analysis, censored data
were changed to one-half thelaboratory reporting limit.

A significance level of 0.05 was applied for all
statistical testsin this study. Results of the Mann-Whit-
ney test with a p-value less than 0.05 indicated that a
statistical difference exists. Indication of a statistical
difference does not alwaysindicate apractical or chem-
ically significant difference. This acceptable probabil-
ity of error (alpha= 0.05) meansthat the chanceislin
20 that results of the statistical test indicated a signifi-
cant difference when one did not exist.

WATER-QUALITY CHARACTERISTICS

During the study, samples were collected at
ground-water and surface-water sitesto establish a
baseline and to identify changes and trends in the
ground- and surface-water quality. Characteristicsin
physical properties, major chemical constituents, nutri-
ents, trace constituents, organic carbon, and certain
organic compounds are used to eval uate the interaction
of treated sewage effluent with the ground and surface
water in the Columbia/Eagle Bluffs Wetland Complex.
In most cases, the discussion will focus on the differ-
ences between the pre-effluent background conditions
(August 1992 to August 1994) and the post-effluent
conditions (December 1994 to March 1999) that exist
in the study area. To better understand the changes
observedintheground and surface water, samplesfrom
the city outflow and the Eagle Bluffs outflow were col-
lected. Data collected prior to December 1996 are
listed in Richards (1995, 1999) and data collected from
December 1996 to March 1999 are listed in table 2.

Physical Properties

Physical properties including specific conduc-
tance, pH, temperature, dissolved oxygen, indicator
bacteria, and alkalinity contribute to the overall water
quality of ground or surface water. The pH value, water
temperature, and dissolved oxygen affect the rates of
chemical and biological activity.

Water-Quality Characteristics 9



Specific Conductance

Specific conductance is a measure of the ability
of the water to conduct an electric current. The specific
conductanceisrelated to the type and concentrations of
ionsin solution and can be used for approximating the
dissolved-solids concentration of the water. Boxplots
of the pre- and post-effluent specific conductance val-
uesfor sites sampled throughout the study are shownin
figure 4.

Pre-effluent minimum, mean, median, and max-
imum specific conductance values from al ground-
water samples collectively were 458, 839, 803, and
1,630 uS/cm (microsiemens per centimeter at 25 °C),
respectively. Pre-effluent median specific conductance
in the ground-water samples ranged from 458 uS/cm at
MW2-2A to 1,420 pS/cm at USGS-4. Post-effluent
minimum, mean, median, and maximum specific con-
ductance values from allground-water samples collec-
tively were 421, 863, 838, and 1,800 uS/cm,
respectively. Post-effluent median specific conduc-
tance in ground-water samples ranged from 452 at
MW2-2A to 1,300 at MW1-1B.

In most cases, at sites with well clusters (wells
with A and B or D and Sin their site designations),
samples from the deeper wells (B and D designations)
have a higher median specific conductance value. The
exception to thisis when the water in one or both wells
in the cluster have been substantially affected by sur-
face water. The ground-water sites with a larger range
of values (longer boxes) generally are those that have
been affected by effluent-enriched surface water.

Samples from wells MW1-2A, MW1-2B,
MW1-3A, MW1-4A, MW2-1A, MW2-1B, MW4-2B,
and USGS-9S had a statistically significant increasein
specific conductance values between pre- and
post-effluent samples. Samples from USGS-4,
USGS-5D, and USGS-8S had a statistically significant
decrease in specific conductance values.

Pre-effluent minimum, mean, median, and max-
imum specific conductance values from the blew hole
and Perche Creek surface-water samples collectively
were 223, 621, 600, and 1,040 pS/cm, respectively. The
pre-effluent median specific conductance valuesfor the
blew hole and Perche Creek were 582 and 691 uS/cm,
respectively. Post-effluent minimum, mean, median,
and maximum specific conductance values from blew
hole and Perche Creek surface-water samples collec-
tively were 215, 641, 624, and 1,200 uS/cm, respec-

tively. The post-effluent median specific conductance
values for the blew hole and Perche Creek were 866
and 461 uS/cm, respectively.

Samples from the blew hole indicate a gradual
increase in specific conductance values with time, and
samples from Perche Creek indicate an overall
decrease. The blew holeislocated outside of the flood
control levee along Perche Creek; however, when flood
conditions exist, water from Perche Creek or the Mis-
souri River, or both, interactswith the water in the blew
hole. The maximum depth of the blew hole is approxi-
mately 12 ft, and it has a soft mud bottom. Because of
the relative infrequency of flooding, the small basin
(approximately 1 acre) diverting precipitation to the
blew hole, and water remaining in the blew hole all
year, water from the blew hole most likely contains a
large component of recharge from the local
ground-water system. The blew hole also probably has
large evaporative losses that could concentrate solutes
in the summer.

Median specific conductance values for the out-
flow from the treatment wetland and the outflow from
Eagle Bluffs were 1,200 and 984 uS/cm, respectively.
In nearly all samples, the specific conductance values
at the outflow from the treatment wetland exceeded the
values at the outflow from Eagle Bluffs. Based on the
specific conductance values of the outflow from the
treatment wetland, the specific conductance in wells
with median pre-effluent values less than 1,200 uS/cm
would be expected to increase and those with median
pre-effluent values larger than 1,200 pS/cm to
decrease. Post-effluent specific conductance valuesin
samples from 15 of 25 wells with median pre-effluent
specific conductivity values greater than 1,200 uS/cm
increased and in samples from 2 of the 3 wellswith
median pre-effluent specific conductivity values less
than 1,200 pS/cm decreased.

pH

The pH value is ameasure of the hydrogen ion
activity in water and is an important factor regulating
the rates of chemical and biological activity. In the
Columbia/Eagle Bluffs Wetland Complex, as with
most natural waters, the principal factorsregulating the
pH are carbonate reactions. The degree of dissociation
of weak acids or bases, some of which aretoxic, is
affected by changesin pH. For example, the dissocia-
tion of ammoniaisincreasingly inhibited by increasing
pH, and the water becomes more toxic as aresult. The

10 Water-Quality and Ground-Water Hydrology of the Columbia/Eagle Bluffs Wetland Complex, Columbia, Missouri—1992-99



CITY OUTFLOW (1,200)
EAGLE BLUFFS QUTFLOW (984)

2,000

500 —

SNISTIO S3FHHIA S2 LV HILINILNIO H3d SNIWIISOHIIN NI ‘FONV.LONANOD JI4103dS

Y3340
3HOH3d

370H
Mm3ang

S6-SOsSN

ae-sosn

$8-s9sn

as-sosn

VASONIE]

9-s9sn

SS-SOsn

as-sousn

¥-s9sn

S€-S9sN

ae-sovsn

Sc-sHsn

dc-sOsn

L-8OSN

aec-vMIN

Ve-vMIN

a-vMIN

VIi-YMIN

al-cMIN

VE-2gMIN

av-LMIN

V- EMIN

ae-tMIN

ve-EMIN

ge-FMIN

Ve LM

a-IMIN

Vi LMIN

Water-Quality Characteristics

SITE

11

Figure 4. Distribution of specific conductance values at monitoring sites sampled at the Columbia/Eagle Bluffs Wetland Complex during pre- and

post-effluent conditions.



solubility of trace constituents contained in the aquifer
material and the bottom or suspended sediments asso-
ciated with surface water also generally increases with
decreasing pH. Boxplots of the pH values for
ground-water sites sampled throughout the study are
shown in figure 5.

Sample pH values did not change substantially
between pre- and post-effluent sampling, and as a
result, the summary statistics are not split into pre- and
post-effluent categories. Minimum, mean, median, and
maximum pH values from all ground-water samples
collectively were 6.2, 7.0, 7.0, and 7.4, respectively.
Median pH valuesin the ground-water samples ranged
from 6.6 at MW1-1A to 7.2 at MW1-2B, MW1-3B,
and USGS-3D. Minimum, mean, median, and maxi-
mum pH values from all surface-water samples collec-
tively were 6.3, 7.7, 7.6, and 9.0, respectively. Median
pH valuesin the surface-water samplesranged from 7.4
at the city outflow and Perche Creek to 8.4 at the Eagle
Bluffs outflow.

Temperature

Therates of most chemical reactions and biol og-
ical processes generally increase with increasing tem-
perature. Increased temperature accel erates the
bi odegradation of organic material inwater and bottom
sediments. Boxplots of the temperature valuesfor sites
sampled throughout the study are shown in figure 6.

Temperature values did not vary significantly
between pre- and post-effluent sampling, and as a
result, the summary statistics were not split into pre-
and post-effluent categories. Minimum, mean, median,
and maximum temperature values from all
ground-water samplescollectively were6.9, 14.4, 14.3,
and 18 °C, respectively. Minimum, mean, median, and
maximum temperature values from all surface-water
samples collectively were 1.5, 13.7, 10.9, and 28 °C,
respectively. Because of the seasonal nature of the sam-
pling events and the relatively few number of data
pointsfor the surface-water sites, these summary statis-
tics may not adequately represent daily and seasonal
variationsin surface-water temperature.

Dissolved Oxygen

Dissolved oxygen is required for survival by
most forms of aquatic life and also is necessary for
chemical oxidation of naturally occurring organic
materials, waste |oads, and dissolved trace constituents
that precipitate as metal oxides. The concentration of

dissolved oxygeninasurface-water body isdetermined
by water temperature, atmospheric pressure, plant pho-
tosynthesis, biologica activity, chemical reactions,
wasteloads, and hydraulic propertiesthat affect rates at
which atmospheric oxygen can be supplied. The water
quality and ability of a surface-water body to support
diverse aguatic life are directly related to the dis-
solved-oxygen concentrations.

The ground water at the Columbia/Eagle Bluffs
Wetland Complex generally had little (lessthan 0.1
mg/L) dissolved oxygen (table 2). WellsMW2-1A and
USGS-9S had fairly consistent measurable dis-
solved-oxygen concentrations. Most other wells had
dissolved-oxygen concentrations that were less than
0.1 mg/L. Often when purging the well during sam-
pling, aslight to almost pungent hydrogen sulfide odor
was present. Gaseous hydrogen sulfide generaly indi-
catesastrong reducing environment and, asaresult, the
dissolved-oxygen concentration usually is extremely
low.

Dissolved-oxygen concentrations did not change
substantially between pre- and post-effluent sampling
for surface-water sites, and as aresult, the summary
statistics were not split into pre- and post effluent cate-
gories. Minimum, mean, median, and maximum dis-
solved-oxygen concentrations from all surface-water
sampleswere 2.5, 9.41, 9.10, and 19.7 mg/L, respec-
tively. Median concentrations of dissolved oxygenin
surface-water samplesranged from 4.8 mg/L inthecity
outflow to 12.0 mg/L in the Eagle Bluffs outflow.

Indicator Bacteria

Fecal coliform and fecal streptococci bacteria
occur in theintestinal tracts of warm-blooded animals.
Although fecal coliform bacteria are not pathogenic,
their presence in water indicates fecal contamination
and, therefore, the possible presence of other organisms
that are pathogenic (Hem, 1992). The sources of fecal
coliform and fecal streptococci contamination include
municipal wastewater-treatment effluents, septic tanks,
animal wastesfrom feedlots and barnyards, and animal
wastes from waterfowl and other warm-blooded ani-
malsliving in and near the wetland areas.

Few ground-water samples contained indicator
bacteria, and the densities did not differ significantly
between pre- and post-effluent conditions. Fecal strep-
tococci weretheindicator bacteriamost often detected.
Therange of densities of fecal streptococci bacteriain
ground-water samples was from less than 1 to 256
(non-ideal count) col/100 mL (colonies per 100

12 Water-Quality and Ground-Water Hydrology of the Columbia/Eagle Bluffs Wetland Complex, Columbia, Missouri—1992-99
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Figure 5. Distribution of pH values at monitoring sites sampled at the Columbia/Eagle Bluffs Wetland Complex during pre- and post-effluent conditions.
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milliliters). The range for fecal coliform in ground-
water samples was from less than 1 to 39 col/100 mL.
The median concentration for both fecal streptococci
and fecal coliform was less than 1 col/100 mL in
ground-water samples.

In surface-water samples, the median bacteria
density decreased slightly between the pre- and
post-effluent conditions. Pre-effluent median fecal
coliform densities in the blew hole and Perche Creek
were 20 and 135 col/100 mL, respectively. Pre-effluent
median fecal streptococci densitiesintheblew holeand
Perche Creek were 100 and 78 col/100 mL, respec-
tively. Post-effluent median fecal coliform densitiesin
the blew hole and Perche Creek were 10 and 92 col/100
mL, respectively. Post-effluent median fecal strepto-
cocci densitiesin the blew hole and Perche Creek were
90 and 65 col/100 mL, respectively.

Alkalinity

The property of alkalinity isanimportant charac-
teristic of natural and contaminated waters. The alka-
linity of asolution can be defined as the capacity of the
solution to neutralize an acid. In amost all natural
waters, alkalinity isproduced by the dissociation of dis-
solved carbon dioxide and is reported in terms of the
equivalent amount of bicarbonate and carbonate (Hem,
1992).

Alkalinity values changed substantially between
pre- and post-effluent sampling in many of the
ground-water sites and one surface-water site (table 5,
at the back of thisreport; fig. 7). The minimum, mean,
median, and maximum pre-effluent alkalinity values
for all ground-water siteswere 171, 433, 412, and 914
mg/L, respectively. Therange of median alkalinity val-
ues for pre-effluent ground-water samples was from
250 mg/L at well MW1-1A to 798 mg/L at well
USGS-4. The minimum, mean, median, and maximum
post-effluent alkalinity valuesfor all ground-water sites
were 178, 401, 395, and 953 mg/L, respectively. The
range of median akalinity values for post-effluent
ground-water samples was from 205 mg/L at well
MW2-2A to 639 mg/L at well USGS-4. The median
pre-effluent alkalinity values for the blew hole and
Perche Creek were 217 and 185 mg/L, respectively.
The median post-effluent alkalinity valuesfor the blew
hole and Perche Creek were 369 and 176 mg/L, respec-
tively. The median alkalinity valuesfor the city outflow
and Eagle Bluffs outflow were 192 and 167 mg/L,
respectively.

Samples from wells MW1-4A, MW2-1A,
MW2-1B, MW4-1A, USGS-5S, and USGS-9S had a
statistically significant increase in alkalinity values
between pre- and post-effluent samples. Samplesfrom
USGS-3S, USGS-4, USGS-6, and USGS-7 had a sta-
tistically significant decreasein akalinity values. Alka
linity values significantly increased in samples from
the blew hole surface-water site.

Major Chemical Constituents

Hem (1992) defines major chemical constituents
as those substances that commonly occur in concentra-
tions greater than 1.0 mg/L. The cations generally
included in this category are calcium, magnesium,
sodium, and potassium. The anions generally included
in this category are sulfate, chloride, and bicarbonate.
Bicarbonate is the primary contributor to alkalinity.

Significant differences in the concentrations of
several of the mgjor chemical constituents were mea-
sured between pre- and post-effluent sampling. Sum-
mary statistics for major chemical constituents for
samples collected from ground- and surface-water sites
are shown in table 5. Boxplots of the major chemical
constituents separated into pre- and post-effluent
groupsfor ground-water sitesare presented infigures 8
through 13. Sites where post-effluent changes in water
chemistry occurred are generally indicated by alarger
datadistribution (larger boxplot) and a higher or lower
median than the pre-effluent data. The temporal
changesin the major chemical constituents are dis-
cussed in further detail later in this report.

State maximum contaminant level (MCL) stan-
dards for selected inorganic constituents for ground
water, drinking-water supply, and surface water (pro-
tection of aguatic life) are givenin table 6. Thefollow-
ing discussion will focus on the constituent
concentration distribution, the relation between the
concentration and the MCL, and the concentration
changes measured during pre- and post-effluent condi-
tions.

Calcium

Calcium concentrations changed substantially at
many of the ground-water sites and at two sur-
face-water sites (table 5, fig. 8). No MCL standards
exist for calcium. The minimum, mean, median, and
maximum pre-effluent cal cium concentrations for all
ground-water sites were 72, 132, 130, and 250 mg/L,

Major Chemical Constituents 15
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Table 6. State maximum contaminant level standards for selected inorganic constituents for ground
water, drinking-water supply, and surface water (protection of aquatic life; Missouri Department of
Natural Resources, 1996)

[mg/L, milligrams per liter; --, no data available; pg/L, micrograms per liter]

Drinking-water

Constituent Ground water supply Protection of aquatic life

Dissolved oxygen (mg/L) -- 250 - 5

-- -- - 6
Sulfate (mg/L) -- 250 -
Chloride (mg/L) -- 250 Chronic toxicity 230

-- -- Acute toxcity 860
Fluoride (mg/L) 4 4 -- --
Nitrate (mg/L) 10 10 -- --
Aluminum (ng/L) -- 6 - 750
Arsenic (ug/L) -- 50 - 20
Barium (ug/L) 2,000 2,000 - -
Beryllium (ng/L) -- 4 - 5
Cadmium (ng/L) -- -- Chronic toxicity 1.1-202

-- -- Acute toxicity 3.7-942
Chromium (ng/L) -- -- Chronic toxicity 11-190°

-- -- Acute toxicity 16-280°
Cobalt (ug/L) -- -- -- --
Copper (ug/L) 1,300 1,300 Chronic toxicity 19-532

- - Acute toxicity 20-842
Iron (ng/L) 300 300 - 1,000
Lead (ng/L) 15 15 Chronic toxicity 9-23¢

-- -- Acute toxicity 63-150°¢
Manganese (ug/L) 50 50 -- --
Mercury (ng/L) -- -- Chronic toxicity 5

-- -- Acute toxicity 24
Nickel (ng/L) 100 100 Chronic toxicity 160-7702

- - Acute toxicity 1,400-6,9002
Selenium (ug/L) 50 50 - 5
Silver (ng/L) 50 50 - 3.5-11¢
Zinc (ng/L) 5,000 5,000 Chronic toxicity 103-1,8932

- - Acute toxicity 112-2,0732

@Depending on the water body and hardness.
bDepending on the water body.
®Depending on the hardness.

Major Chemical Constituents
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respectively. The range of median calcium concentra-
tions for pre-effluent ground-water samples was from
83 mg/L at well MW1-4B to 220 mg/L at wells
MW1-1B and USGS-4. The minimum, mean, median,
and maximum post-effluent cal cium concentrationsfor
all ground-water sites were 49, 126, 130, and 250
mg/L, respectively. The range of median calcium con-
centrationsfor post-effluent ground-water sampleswas
from 56 mg/L at well MW2-2A to 200 mg/L at well
MW?1-1B. The median pre-effluent cal cium concentra-
tions for the blew hole and Perche Creek were 59 and
74 mg/L, respectively. The median post-effluent cal-
cium concentrations for the blew hole and Perche
Creek were 130 and 68 mg/L, respectively. The median
calcium concentration for both the city outflow and
Eagle Bluffs outflow was 55 mg/L.

Samples from ground-water sites MW1-2A,
MW1-2B, MW1-4A, MW4-1A, MW4-1B, MW4-2B,
and USGS-9S had a statistically significant increasein
calcium concentration between pre- and post-effluent
samples. SamplesfromMW1-1B, USGS-4, USGS-5D,
USGS-7, and USGS-8S had a statistically significant
decrease in calcium concentration. Cal cium concentra-
tion significantly increased in samples from the blew
hole surface-water site.

Magnesium

Magnesium concentrations changed in several of
the ground-water sites and in one surface-water site
(table 5, fig. 9). No MCL standards exist for magne-
sium. The minimum, mean, median, and maximum
pre-effluent magnesium concentrations for all
ground-water siteswere 16, 29, 27, and 61 mg/L,
respectively. The range of median magnesium concen-
trations for pre-effluent ground-water samples was
from 17 mg/L at well USGS-9D to 56 mg/L at well
USGS-4. The minimum, mean, median, and maximum
post-effluent magnesium concentrations for all
ground-water siteswere 11, 28, 27, and 60 mg/L,
respectively. The range of median magnesium concen-
trations for post-effluent ground-water samples was
from 12 mg/L at well MW2-2A to 41 mg/L at well
USGS-4. The median pre-effluent magnesium concen-
trationsfor the blew holeand Perche Creek were 15 and
14 mg/L, respectively. The median post-effluent mag-
nesium concentrations for the blew hole and Perche
Creek were 28 and 11 mg/L, respectively. The median
magnesium concentrations for the city outflow and
Eagle Bluffs outflow were 19 and 18 mg/L, respec-
tively.

Samples from ground-water sites MW1-2A,
MW1-2B, MW1-3A, MW1-4A, MW4-1A, MW4-2B,
USGS-1, and USGS-5S had a statistically significant
increase in magnes um concentration between pre- and
post-effluent samples. Samples from MW1-1B,
USGS-3S, USGS-4, USGS-5D, USGS-6, and
USGS-8S had a statistically significant decrease in
magnesium concentration. Magnesium concentration
significantly increased in samples from the blew hole
surface-water site.

Sodium

Sodium concentrations changed substantially in
severa of the ground-water sites and in two sur-
face-water sites (table 5, fig. 10). No MCL standards
exist for sodium. The minimum, mean, median, and
maximum pre-effluent sodium concentrations for all
ground-water siteswere 3.1, 13, 11, and 44 mg/L,
respectively. The range of median sodium concentra-
tions for pre-effluent ground-water samples was from
4.2mg/L at well MW2-1A to 36 mg/L at well USGS-4.
The minimum, mean, median, and maximum
post-effluent sodium concentrations for all
ground-water siteswere 3.2, 17, 9.4, and 141 mg/L,
respectively. The range of median sodium concentra-
tionsfor post-effluent ground-water samples was from
3.9 mg/L at well MW2-1A to 90 mg/L at well
MW1-2A. The median pre-effluent sodium concentra-
tions for the blew hole and Perche Creek were 14 and
35 mg/L, respectively. The median post-effluent
sodium concentrations for the blew hole and Perche
Creek were 28 and 15 mg/L, respectively. The median
sodium concentrations for the city outflow and Eagle
Bluffs outflow were 140 and 114 mg/L, respectively.

Samples from ground-water sites MW1-2A,
MW1-2B, MW2-1B, MW4-1A, USGS-3S, USGS-6,
and USGS-9D had astatistically significant increasein
sodium concentration between pre- and post-effluent
samples. Samplesfrom MW1-3A, USGS-2S, USGS-4,
USGS-5S, and USGS-8S had a statistically significant
decrease in sodium concentration. Sodium concentra-
tion in samples from surface-water sites significantly
increased in the blew hole and decreased in Perche
Creek.

Potassium

Potassium concentrations changed substantially
in many of the ground-water sites and two sur-
face-water sites (table 5, fig. 11). No MCL standards

Major Chemical Constituents 19
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Figure 9. Distribution of magnesium concentrations at monitoring sites sampled at the Columbia/Eagle Bluffs Wetland Complex during pre- and post-

effluent conditions.
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Figure 10. Distribution of sodium concentrations at monitoring sites sampled at the Columbia/Eagle Bluffs Wetland Complex during pre- and post-

effluent conditions.
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effluent conditions.



exist for potassium. The minimum, mean, median, and
maximum pre-effluent potassium concentrationsfor all
ground-water siteswere 0.7, 5.0, 5.1, and 21 mg/L,
respectively. The range of median potassium concen-
trations for pre-effluent ground-water samples was
from 1.8 mg/L at well MW1-4A to 9.2 mg/L at well
USGS-8S. The minimum, mean, median, and maxi-
mum post-effluent potassium concentrations for all
ground-water siteswere 1.4, 4.8, 4.9, and 14 mg/L,
respectively. The range of median potassium concen-
trations for post-effluent ground-water samples was
from 1.7 mg/L at well MW1-4A to 9.9 mg/L at well
USGS-8S. The median pre-effluent potassium concen-
trations for the blew hole and Perche Creek were 4.9
and 6.6 mg/L, respectively. The median post-effluent
potassium concentrations for the blew hole and Perche
Creek were5.7 and 4.1 mg/L, respectively. The median
potassium concentrations for the city outflow and
Eagle Bluffs outflow were 26 and 23 mg/L, respec-
tively.

Samples from ground-water sites MW1-2A,
MW1-2B, MW2-1B, and MW4-2B had a statistically
significant increase in potassium concentration
between pre- and post-effluent samples. Samples from
MW1-3A, USGS-2D, USGS-2S, USGS-4, USGS-5D,
USGS-6, and USGS-7 had a statistically significant
decrease in potassium concentration. The potassium
concentration in samples from Perche Creek signifi-
cantly decreased.

Sulfate

Sulfate concentrations changed substantially in
many of the ground-water sites and two surface-water
sites (table 5, fig. 12). All sulfate concentrations were
less than the secondary MCL standard for drinking
water of 250 mg/L (Missouri Department of Natural
Resources, 1996), except for sites MW1-1A and
MW?1-1B. Becausethe sulfate concentrations exceeded
the MCL at sites MW1-1A and MW1-1B during both
pre- and post-effluent conditions, the observed sulfate
concentrations in samples from those wells were not
the result of interaction with treated effluent. The min-
imum, mean, median, and maximum pre-effluent sul-
fate concentrations for all ground-water siteswere 0.1,
39, 26, and 370 mg/L, respectively. The range of
median sulfate concentrations for pre-effluent
ground-water samples was from 0.2 mg/L at well
USGS-2D to 350 mg/L at well MW1-1B. The mini-
mum, mean, median, and maximum post-effluent sul-
fate concentrations for all ground-water siteswere 0.1,

51, 30, and 340 mg/L, respectively. The range of
median sulfate concentrations for post-effluent
ground-water samples was from 0.2 mg/L at well
MW1-4B to 315 mg/L at well MW1-1B. The median
pre-effluent sulfate concentrations for the blew hole
and Perche Creek were 39 and 83 mg/L, respectively.
The median post-effluent sulfate concentrationsfor the
blew hole and Perche Creek were 45 and 46 mg/L,
respectively. The median sulfate concentrationsfor the
city outflow and Eagle Bluffs outflow were 100 and 98
mg/L, respectively.

Samples from ground-water sites MW1-2A,
MW1-2B, MW1-4A, MW4-1A, USGS-1, USGS-3S,
USGS-6, USGS-7, and USGS-9S had a statistically
significant increase in sulfate concentration between
pre- and post-effluent samples. Samples from
MW1-1B, MW2-1A, and MW2-1B had a statistically
significant decrease in sulfate concentration. Sulfate
concentration in samples from surface-water sites sig-
nificantly decreased in Perche Creek.

Chloride

Chloride concentrations changed substantially in
many of the ground-water sites and in two sur-
face-water sites (table 5, fig. 13). All ground-water
chloride concentrations were less than the secondary
MCL standard for drinking water of 250 mg/L (Mis-
souri Department of Natural Resources, 1996).
Monthly samples collected between January 1999 and
December 1999 by the city of Columbiaat the 12
municipal-supply wells had amean concentration of 17
mg/L (B.W. Kirchoff, City of Columbia, written com-
mun., 2000). The minimum, mean, median, and maxi-
mum pre-effluent chloride concentrations for al
ground-water sites sampled by the USGSwere 1.2, 7.0,
6.1, and 24 mg/L, respectively. The range of median
chloride concentrations for pre-effluent ground-water
samples was from 1.8 mg/L at well USGS-2Sto 19
mg/L at well MW13-67. The minimum, mean, median,
and maximum post-effluent chloride concentrationsfor
all ground-water siteswere 0.9, 26, 6.6, and 220 mg/L,
respectively. The range of median chloride concentra-
tions for post-effluent ground-water samples was from
2.1 mg/L at well USGS-2D to 200 mg/L at well
MW1-2A.

For the protection of aquatic life, the chronic tox-
icity concentration for chloride is 230 mg/L (table 6;
Missouri Department of Natural Resources, 1996).
Chronictoxicity isdefined by the Missouri Department
of Natural Resources (1996) as "conditions producing

Major Chemical Constituents 23
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Figure 12. Distribution of sulfate concentrations at monitoring sites sampled at the Columbia/Eagle Bluffs Wetland Complex during pre- and post-effluent

conditions.
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Figure 13. Distribution of chloride concentrations at monitoring sites sampled at the Columbia/Eagle Bluffs Wetland Complex during pre- and post-effluent

conditions.



adverse effects on aquatic life or wildlife following
long-term exposure but having no readily observable
effect over ashort time." Chloride concentrationsin
surface water exceeded the chronic toxicity MCL for
the protection of aquatic life at the outflow from the
trestment wetland and the outflow from Eagle Bluffs.
Themedian pre-effluent chloride concentrationsfor the
blew hole and Perche Creek were 16 and 42 mg/L,
respectively. The median post-effluent chloride con-
centrationsfor the blew hole and Perche Creek were 66
and 17 mg/L, respectively. The median chloride con-
centrations for the city outflow and Eagle Bluffs out-
flow were 180 and 150 mg/L, respectively.

Samples from sites MW1-2A, MW1-2B,
MW2-1A, MW4-1A, USGS-3D, USGS-3S, USGS-6,
USGS-7, and the blew hole had a statistically signifi-
cant increase in chloride concentration between pre-
and post-effluent samples. Samples from MW1-1A,
MW1-1B, MW1-4A, MW1-4B, USGS-4, and
USGS-8D had a statistically significant decreasein
chloride concentration. The chloride concentration in
samples from the Perche Creek surface-water site sig-
nificantly decreased. Although the Mann-Whitney test
did not indicate a statistically significant differencein
the chloride concentrations, the boxplots for sites
MW1-3A, MW1-3B, MW4-2A, MW4-2B, USGS-2D,
and USGS-5D indicate wider data distributions and
often substantially different means (table 5, fig. 13)
between pre- and post-effluent data. Temporal chloride
concentration changes are evident in these wells and
are discussed in more detail later in the report.

Nutrients

Nutrients are constituents that are essential to
plant growth. The fate of nutrientsis of particular inter-
est in awastewater-treatment wetland. Aquatic vegeta-
tion, such as algae, depends on nitrogen and
phosphorus compounds for a nutrient supply, but
growth al'so may be affected by the avail ability of other
required elements. Although nitrogen and phosphorus
are both essential for algal growth, phosphorus avail-
ability is considered to be the limiting factor in many
natural waters (Hem, 1992). Phosphorus-containing
rocks are relatively insoluble and the chemistry of the
element favors its precipitation in water, thereby limit-
ing the quantity of phosphorus available for plant
growth.

Nitrogen most commonly occurs in water as
nitrite (NO,") and nitrate (NO3") anions or the ammo-
nium (NH,") cation. Generally, the nitrogen species
remained largely unchanged between pre- and
post-effluent sampling. The drinking-water MCL stan-
dard for nitrate was exceeded onetimein asamplefrom
USGS-5S during pre-effluent conditions, and this
nitrate concentration was not the result of interaction
with treated effluent.

Samples from ground-water sites MW1-1A,
MW1-2A, MW1-4B, MW2-1B, MW4-1A, and
MWA4-2B had a statistically significant increase in
ammoniaconcentration between pre- and post-effluent
samples (table 5, fig. 14). Samples from MW1-3A,
USGS-4, USGS-6, USGS-8D, and USGS-9D had asta-
tistically significant decrease in ammonia concentra-
tion. The ammonia concentration in samples from the
Perche Creek surface-water site significantly
decreased.

For the most part, phosphorus species concentra-
tionswere similar for samplesfrom pre- and post-efflu-
ent conditions (table 5, fig. 15). Samples from
ground-water sites MW1-3B, MW2-1B, MW4-2A,
USGS-1, and USGS-9S had a statistically significant
increase in total phosphorus concentration between
pre- and post-effluent conditions. Thetotal phosphorus
concentration in samples from the Perche Creek sur-
face-water site significantly decreased. There are no
MCL standards for phosphorus.

Trace Constituents

Hem (1992) defines trace constituents as those
substances that nearly always occur at concentrations
lessthan 1.0 mg/L. Small quantities of many trace con-
dtituents are essential for plant and animal life, but
often slightly larger concentrations of these same ele-
ments can be toxic to aquatic life. Trace constituents
considered in this section are the dissolved metals alu-
minum, arsenic, barium, beryllium, boron, cadmium,
chromium, cobalt, copper, iron, lead, lithium, manga-
nese, mercury, molybdenum, nickel, selenium, silver,
strontium, vanadium, and zinc.

The trace congtituents that changed at severa
sites between the pre- and post-effluent sampling were
arsenic, barium, boron, iron, lithium, manganese, and
strontium (table 7, at the back of thisreport). Boxplots
of these seven constituents separated into pre- and
post-effluent groups for ground-water sites are pre-
sented in figures 16 through 22. The concentration of

26 Water-Quality and Ground-Water Hydrology of the Columbia/Eagle Bluffs Wetland Complex, Columbia, Missouri—1992-99
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Figure 14. Distribution of ammonia as nitrogen concentrations at monitoring sites sampled at the Columbia/Eagle Bluffs Wetland Complex during pre-

and post-effluent conditions.
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Figure 15. Distribution of total phosphorus concentrations at monitoring sites sampled at the Columbia/Eagle Bluffs Wetland Complex during pre- and

post-effluent conditions.



the remaining trace constituents were largely at or
below their respective detection limits or did not
change between the pre- and post-effluent sampling.
However, lead has been detected and reported at con-
centrations as high as 80 pg/L (micrograms per liter) at
several sites (Richards, 1995, 1999). During the course
of the study (August 1995), the laboratory procedure
that was used to determine lead concentrations was
changed. The change was made to conform with the
laboratory policy for minimum reporting levels
(MRLSs) that were currently in placefor the Inductively
Coupled Plasma- Atomic Emission Spectrometric ana-
lytical procedure (T.J. Maloney, U.S. Geological Sur-
vey, written commun., 1997). The change was from a
MRL of 10 pg/L to 100 pg/L. The change in the MRL
for lead caused a shift in non-detection (less than) con-
centrations in the database. The results given in Rich-
ards (1995, 1999) for lead concentrations less than 100
po/L (before August 1995) should be considered
non-detections. For example, a concentration of 20
pg/L would be reported as less than 100 pg/L and con-
sidered a non-detection. In September 1995, a new
method was sel ected to determinelead concentrationin
samples collected from sites at the Columbia/Eagle
Bluffs Wetland Complex. The new analytical proce-
dure for lead determination used the Graphite Furnace
Atomic Adsorption Spectrophotometry method and
had aMRL of 1 pg/L. Lead concentrations in samples
collected after the change in analytical procedure have
been less than the new MRL.

Arsenic concentrations (table 7, fig. 16) signifi-
cantly decreased at sites MW1-1A, MW1-1B,
MW1-3B, USGS-2S, USGS-3D, USGS-3S, and
USGS-6 between pre- and post-effluent sampling. The
state MCL standard for arsenic in drinking water of 50
Mg/L was exceeded in samples from USGS-6 thirteen
times throughout the study during both pre- and
post-effluent conditions. Based on these data, the large
arsenic concentrationswere not theresult of interaction
with treated effluent.

Barium concentrations (table 7, fig. 17) signifi-
cantly increased at sites MW1-2A, MW1-2B,
MW1-3A, MW2-1A, MW2-1B, MW4-1A, MW4-2B,
USGS-3D, USGS-5S, USGS-9D, USGS-9S, and the
blew hole between pre- and post-effluent sampling.
Barium concentrations significantly decreased at sites
MW1-1A, MW1-1B, USGS-4, USGS-5D, USGS-7,
USGS-8D, and USGS-8S between pre- and post-efflu-
ent samples. All barium concentrations were less than
the state MCL of 2,000 pg/L.

Boron concentrations (table 7, fig. 18) signifi-
cantly increased at sites MW1-2A, MW2-1A,
USGS-3S, and the blew hole between pre- and
post-effluent sampling. Boron concentrations signifi-
cantly decreased at sites MW1-1B, MW4-1B,
MW4-2A, USGS-2S, USGS-4, USGS-5D, USGS-6,
and Perche Creek between pre- and post-effluent sam-
ples. No state MCL standard exists for boron.

Iron concentrations (table 7, fig. 19) significantly
increased at sites MW1-1A, MW1-2A, MW1-2B,
MW1-3B, MW1-4A, MW2-1A, MW2-1B, MW4-2B,
USGS-3D, and USGS-9D between pre- and post-efflu-
ent sampling. Iron concentrations significantly
decreased at sites MW1-3A, USGS-4, USGS-8D,
USGS-8S, and USGS-9S between pre- and post-efflu-
ent samples. Median iron concentration in samples
from USGS-6 decreased between pre- and post-efflu-
ent conditions (table 7) and atemporal iron concentra-
tion decrease is evident (table 2). Iron concentrations
exceeded the state drinking-water and ground-water
secondary standard MCL of 300 pg/L at least once at
al sites except MW1-4A, MW3-1A, USGS-9S, the
city outflow, and Eagle Bluffs outflow (table 2). Iron
concentrationsthat exceeded the M CL at ground-water
siteswere measured in both pre- and post-effluent sam-
ples, and these iron concentrations were not the result
of interaction with treated effluent.

Lithium concentrations (table 7, fig. 20) signifi-
cantly increased at MW1-2A, MW1-2B, MW2-1A,
MW4-1A, MW4-2B, USGS-3D, and the blew hole
between pre- and post-effluent sampling. Lithium con-
centrations significantly decreased at MWA4-2A,
USGS-3S, USGS-5D, USGS-7, and USGS-8S
between pre- and post-effluent samples. No state MCL
standard exists for lithium.

Manganese concentrations (table 7, fig. 21) sig-
nificantly increased at sites MW1-2A, MW1-2B,
MWA4-1A, MW4-2B, and USGS-3D between pre- and
post-effluent sampling. Manganese concentrations sig-
nificantly decreased at sites MW1-3A, MW1-3B,
MW1-4B, MW2-1B, MW4-2A, USGS-2D, USGS-3S,
USGS-4, USGS-5D, and USGS-8S between pre- and
post-effluent samples. Manganese concentrationsin
ground-water sampl es exceeded the state drink-
ing-water and ground-water MCL standard of 50 pg/L
at least once at all sites. Manganese concentrationsin
surface-water samples exceeded the state drink-
ing-water standard at all sites except Eagle Bluffs out-
flow. Manganese concentrations that exceeded the
MCL at ground-water sites were observed in both pre-

Trace Constituents 29



=
S
[T
—
D
o
[
w e
[T
g
i
om :
{ I P w
I iy
— Q:
< :
|
—
—
_
' z
—
9’*:
[ I Ec
— . 58"
o<c!
_— e —
[ £ 3
o — c2
[
I
-
Sl
O
-
—m
— T .
. —F— oo
—
T
N
ol
O
o{n
o
‘o
| :
e |
e :
I o s
. . . | . . . | . . . .
o o o
[¢e) © <

Y3117 43d SIWVHDOHIIN NI “OINISHY

30 Water-Quality and Ground-Water Hydrology of the Columbia/Eagle Bluffs Wetland Complex, Columbia, Missouri—1992-99

Y3340
JHOH3d

370H
m3ang

$6-S9sn

ae-svsn

$8-S9sn

as-sovsn

PASIOSI]

9-§9SN

S§S-sOsn

as-sovsn

¥-S9SN

S€-s9sN

ae-sosn

S¢-sosn

dc-svsn

1-898N

ge-vMIN

Ve-vMIN

gl-vMIN

VI-YMIN

gal-cMIN

VI-cMIN

ar-EMIN

V- EMIN

ae-IMIN

Ve LMIN

ge-IMIN

Ve-LMIN

al-IMIN

Vi-EMIN

SITE

Figure 16. Distribution of arsenic concentrations at monitoring sites sampled at the Columbia/Eagle Bluffs Wetland Complex during pre- and post-effluen

conditions.
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Figure 18. Distribution of boron concentrations at monitoring sites sampled at the Columbia/Eagle Bluffs Wetland Complex during pre- and post-effluent

conditions.
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conditions.
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Distribution of manganese concentrations at monitoring sites sampled at the Columbia/Eagle Bluffs Wetland Complex during pre- and post-

effluent conditions.

Figure 21.



and post-effluent samples, and these manganese con-
centrations were not the result of interaction with
treated effluent.

Strontium concentrations (table 7, fig. 22) signif-
icantly increased at sites MW1-2A, MW1-2B,
MW1-4A, MW1-4B, MW2-1B, MW4-1A, MW4-2B,
USGS-5S, USGS-9S, and the blew hole between pre-
and post-effluent samples. Strontium concentrations
significantly decreased at sites MW1-1B, MW1-3A,
USGS-3D, USGS-3S, USGS-4, USGS-5D, USGS-7,
USGS-8D, and USGS-8S between pre- and post-efflu-
ent samples. No state MCL standard exists for stron-
tium.

Organic Carbon

Dissolved and total organic carbon sampleswere
collected and analyzed from all monitoring sites. At
times, the dissolved organic carbon val ue reported from
the laboratory would be higher than the total organic
carbon value. Theseinstances are most likely the result
of interference from an iron precipitate that formsin
nearly al of the ground-water samples collected at the
Columbia/Eagle Bluffs Wetland Complex.

Dissolved organic carbon concentrations (table
2, fig. 23) significantly increased at sites MW1-2A,
MW1-2B, MW1-4A, and MW2-1B between pre- and
post-effluent sampling. Dissolved organic carbon con-
centrations significantly decreased at sitesUSGS-4 and
the blew hole between pre- and post-effluent samples.
Median dissolved organic carbon concentrations for
city outflow and Eagle Bluffs outflow were 7.0 and 6.8
mg/L, respectively. Total organic carbon concentra-
tions (table 2, fig. 24) significantly increased at sites
MW1-2A, MW1-4A, MW2-1A, MW4-2A, USGS-3S,
USGS-5S, and USGS-7 between pre- and post-effluent
samples. Total organic carbon concentrations signifi-
cantly decreased at the blew hole between pre- and
post-effluent samples. Median total organic carbon
concentrations for city outflow and Eagle Bluffs out-
flow were 11 and 12 mg/L, respectively.

Organic Compounds

Based on spatial distribution, 8 of the 33 wells
were selected to receive detailed organic-compound
sampling. Most of the organic compounds were not
detected in samplesfrom thewells or the surface-water
sites (table 3). Datafor the samples from the wells and
the surface-water sites that had organic compounds
detected are listed in table 4. The MDL (less than val-

ues) in table 4 vary from constituent to constituent and,
with time, for the same congtituent. An explanation for
the variation in the MDL is given in Richards (1999).
Sometimes the MDL isthe same asthe MRL listed in
table 3. Estimated valuesin the water-quality tablesare
marked with an ‘E’ remark code.

The organic compounds that were detected were
predominantly pesticides and pesticide metabolites. In
samplesfrom the city outflow and the Eagle Bluffs out-
flow, the semi-volatile organic compounds 1,2-dichlo-
robenze, 1,4-dichlorobenze, and 2,4-dichlorophenol
were detected in addition to pesticides and pesticide
metabolites. 2,4-dichlorophenol was detected in one
sample from Perche Creek and anthracene was
detected in one sample from USGS-9S. All of these
detectionswere estimated concentrationsand wereless
than the MRLs for the analysis.

Few organic compounds were detected in either
of the pre-effluent or the post-effluent samples. Of
those compoundsthat were detected, little or no change
was noted in the concentrations of those compoundsin
the pre- and post-effluent samples. For the data pre-
sented in this report, al of the organic compounds
detected were lessthan their respective state MCLsfor
drinking water and for ground water (Missouri Depart-
ment of Natural Resources, 1996), with the exception
of one sample collected from Perche Creek in May
1997 that had an atrazine concentration of 6.64 pg/L.

WATER-QUALITY TRENDS

Effects of Missouri River Floods of 1993 and
1995

Magjor flooding occurred during 1993 and 1995,
resulting in the entire study area being inundated with
Missouri River floodwater for several weeks. A
description of the flooding in the Columbia/Eagle
Bluffs Wetland Complex is given in Richards (1999).
Nutrient and pesticide data were examined in detail in
Heimann and others (1997) as aresult of the flooding
events and indicated that no appreciable persistent
changes were detected in the ground-water quality asa
result of the flooding.

36 Water-Quality and Ground-Water Hydrology of the Columbia/Eagle Bluffs Wetland Complex, Columbia, Missouri—1992-99
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Figure 22. Distribution of strontium concentrations at monitoring sites sampled at the Columbia/Eagle Bluffs Wetland Complex during pre- and post-

effluent conditions.
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Figure 23. Distribution of dissolved organic carbon concentrations at monitoring sites sampled at the Columbia/Eagle Bluffs Wetland Complex during pre-

and post-effluent conditions.
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Figure 24. Distribution of total organic carbon concentrations at monitoring sites sampled at the Columbia/Eagle Bluffs Wetland Complex during pre-

and post-effluent conditions.



Ground-Water Quality Trends

Major Chemical Constituents

Most of the water-quality changes that were
measured between pre- and post-effluent sampling
were most pronounced in the major chemical constitu-
ents. The concentrations of sodium and calcium had the
largest changes for the cations, and the concentrations
of sulfate and chloride had the largest changes for the
anions. At wellsupgradient from the treatment wetland
(MW1-4A, MW1-4B, USGS-9D, and USGS-9S), no
apparent trends in the concentrations of the pre- and
post-effluent major chemical constituents were noted
(fig. 25). Also no trends were noted in the pre- and
post-effluent major constituent concentrationsin the
wells USGS-8D and USGS-8S that are located in the
southern part of the Columbia municipal -supply well
field.

Chloride concentrations had the largest magni-
tude of change in the ground and surface waters at the
Columbia/Eagle Bluffs Wetland Complex. The highest
concentration of chloride was 210 mg/L detected in
ground water at well MW1-2A. Chloride concentra-
tions in samples from wells MW1-2A, MW1-2B,
MW1-3A, MW1-3B, MW4-2A, MW4-2B, USGS-2D,
USGS-2S, USGS-3S, USGS-5D, USGS-6, and
USGS-7 have increased substantially over pre-effluent
values, though all are less than the state MCL.

Chloride concentrations increased in samples
from shallow well MW1-2A in early 1995, and chlo-
ride concentrations in samples from the deep well
MW?1-2B increased in late 1995. Chloride concentra
tions in samples from both wells have stabilized at
approximately 200 mg/L. In early 1995, the chloride
concentration increased in samples from USGS-3S. In
late 1995, chloride concentrationsincreased in samples
from USGS-6 and the blew hole. In early 1996, sam-
ples from MW1-3A and USGS-7 began to indicate
chloride concentration increases. The chloride concen-
tration increased in samples from MWA4-2A,
USGS-5D, and USGS-2D in mid- to late-1996, from
USGS-2Sin early 1997, from MW4-2B in mid-1997,
and from USGS-3D in early 1998. The chloride con-
centration in samples from MW4-2A and USGS-2S
decreased to nearly background concentrationsin
mid-1998. Chloride concentration increased a second
time in samples from MW4-2A in early 1999. Associ-
ated with the increased chloride concentrations usually
isanincreasein sulfate concentration and adecreasein
akalinity. Chloride concentrations in samples from

wellsMW1-2A, MW1-2B, MW1-3A, and MW1-3B
do not conformto thetrend of increased concentrations
followed by decreased concentrations. The wells are
located near the trestment wetland unit 1. Samples
from these wells also had increases in specific conduc-
tance and dissolved solids concentrations, which indi-
cate that water from these wells have an increased
amount of solidsin solution. Samples from MW4-2A,
USGS-2D, USGS-2S, USGS-3D, USGS-5D, USGS-6,
and USGS-7 had little or no changes in specific con-
ductance or dissolved solids concentrations, indicating
that the changesin chloride and sulfate concentrations
were balanced by the reduction in alkalinity, thus keep-
ing thetotal amount of solidsin solution relatively con-
stant.

In most cases, the concentration increases of the
major cationslagged behind the chloride concentration
increase by several months. Chlorideis arelatively
non-reactive constituent and generally istransported at
thewater velocity. Asreactive cations and anions move
through aguifer material, various physical and chemi-
cal processes such as oxidation and reduction, com-
plexation, and surface exchange with, or sorption to,
clays or organic materials, or both, tend to retard or
slow transport relative to the water velocity. Evidence
of thisretardation effect can be seen in many of the
graphsin figure 25. Concentrations in samples from
some wells indicate evidence for surface exchange on
clays and organic material. For example, samplesfrom
well MW1-2A had an increased chloride concentration
at the same time as the cal cium concentration
increased. However, the concentrations of calciumin
the treated effluent and the pre-effluent ground water
were both lower than the concentration in post-effluent
ground water. Sodium and potassium ionsin solution
are suspected to have been exchanged with calcium
ions that were sorbed to clays and organic material.
This process would increase the calcium concentra-
tionsand would account for the cal cium concentrations
being greater than the two mixing waters. Astime pro-
gressed, the geochemical system would begin to
approach equilibrium with respect to cation exchange,
and the concentration of calcium would begin to
decrease while the concentrations of sodium and potas-
sium would begin to increase (fig. 25).

The concentrations of the major chemical con-
stituents sodium, potassium, chloride, and sulfateinthe
treated effluent are large relative to the same constitu-
ents in pre-effluent ground water (fig. 25). Between
October 1994 and December 1998, personnel from the

40 Water-Quality and Ground-Water Hydrology of the Columbia/Eagle Bluffs Wetland Complex, Columbia, Missouri—1992-99
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Figure 25. Dissolved calcium, magnesium, sodium, potassium, sulfate, and chloride
concentrations and alkalinity values for selected sites at the Columbia/Eagle Bluffs

Wetland Complex.
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University of Missouri-Columbia collected monthly
samples from several surface-water locations within
the wetland complex (M.F. Knowlton, University of
Missouri-Columbia, written commun., 1999). Samples
collected in the semi-permanent marsh areas near
USGS-3S, USGS-3D, and USGS-6 (M.F. Knowlton,
written commun., 1999) indicated that a substantial
chloride increase occurred in the surface water in late
1994. Even though surface water with high chloride
concentrations remained within 100 ft of the wells,
chloride concentrationsin samples from USGS-3S and
USGS-6 did not increase until approximately 1 year
later. Chloride concentrations did not increase in sam-
ples from USGS-3D until early 1998. Measured
water-level atitudesin well pairs differ only slightly,
which indicate that the vertical component of the
hydraulic gradient is small in the study area. Even
though the gradient in the vertical component of flow is

CALCIUM

PERCENT

small, the permeability of the aquifer is high, and a
large volume of surface water can belost to the ground
water. Because flow is predominantly horizonta inthe
aquifer, flow pathsfrom the surface to aparticular well
(or depth in the agquifer) could be quite long. This
would account for the time lag between the introduc-
tion of treated effluent on the surface and the observed
constituent changes in the wells. The variability in the
major chemical constituent changes with respect to the
depth and spatial distribution of the wells partly isa
reflection of the anisotropy in the aguifer material.
Pre-effluent samplesfrom the ground water indi-
cate that the water was predominantly a calcium-mag-
nesium bicarbonate water type (fig. 26). Post-effluent
samples at wellsthat had increased chloride concentra-
tions indicated a shift toward a predominantly
sodium-chloride water type (fig. 27). The concentra-
tions of the major constituentsin these wellsare on the

@ N

CHLORIDE, FLUORIDE,
PLUS NITRITE + NITRATE

Figure 26. Pre-effluent ground-water samples collected at the Columbia/Eagle

Bluffs Wetland Complex.
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CALCIUM

CHLORIDE, FLUORIDE,
PLUS NITRITE + NITRATE

PERCENT

EXPLANATION
X PRE-EFFLUENT CONDITIONS
vV POST-EFFLUENT CONDITIONS
O TREATED EFFLUENT

Figure 27. Ground-water samples collected at the Columbia/Eagle Bluffs Wetland
Complex that had changes in major chemical constituent concentrations.

mixing continuum between the pre-effluent ground
water as one end member and the treated effluent sur-
face water as the other end member.

Forty-two samples collected by personnel from
the University of Missouri-Columbia from October
1994 to December 1998 had a mean chloride concen-
tration of 200 mg/L at the city outflow, and 50 samples
collected from March 1994 to December 1998 had a
mean chloride concentration of 20 mg/L in the Mis-
souri River near Eagle Bluffs (M.F. Knowlton, written
commun., 1999). Seven samples collected by the
USGS from December 1996 to May 1998 at the city
outflow had a mean chloride concentration of 180
mg/L. As part of the state ambient water-quality net-

work, the USGS collected 59 samples from the Mis-
souri River at Hermann between November 1992 and
September 1998 (data on file at the U.S. Geological
Survey office, Rolla, Missouri). The mean chloride
concentration for these samples was 16.8 mg/L. The
chloride concentration data collected by the University
of Missouri-Columbiaare of comparable quality to the
USGS data and because of the greater number of sam-
ples, are probably more representative of the mean
chloride concentration in the treated effluent. Chloride
generally is considered a conservative element in
ground- and surface-water environments because it
does not readily exchange with other anionsand is
fairly unreactive during normal conditions. Inanatural

Ground-Water Quality Trends 49



system, the endpoint concentration of chloride usually
can be explained by mixing all of the source concentra:
tions. As aresult, calculations can be performed to
arrive at the relative mixture of the source waters.
Based on this assumption and using a treated effluent
chloride concentration of 200 mg/L, the relative per-
centage of treated effluent in ground water rangesfrom
11 percent in USGS-3D to more than 100 percent in
MW1-2A (table 8).

Table 8. Estimated relative percentage of treated effluent
in the ground water at selected sites at the Columbia/Eagle
Bluffs Wetland Complex

[mg/L, milligrams per liter]

Pre-effluent Most recent

Site average chloride chloride

identifier concentration  concentration Relative
(fig. 2) (mg/L) (mg/L) percent
Blew hole 185 120 56
MW1-2A2 4.8 210 105
MW1-2B 8.2 190 95
MW1-3A 11.6 50 20
MW1-3B 74 88 42
MW4-2A 3.7 53 25
MW4-2B 9.1 72 33
USGS-2D 34 120 59
USGS-2S 22 b51 25
USGS-3D 6.5 28 11
USGS-3S 7.9 180 90
USGS-5D 75 69 32
USGS-6 14.0 110 52
USGS-7 4.1 86 42

8Average surface water concentration higher than 200 mg/L in
thisarea.

bConcentration on 8/21/97.

Trace Constituents

Changes in the median concentrations of some
trace constituents (table 7), barium, manganese, and
strontium, were observed in samples collected at some
sites(MW1-1A, MW1-1B, MW4-1A, USGS-8S, and
USGS-99), but the samples from those sites had few
changesin major chemical constituents (table 5).
Changesin thetrace constituent concentrationswithout
changesin the magjor chemical constituent concentra-
tions are unlikely if the changes result from mixing
ground water and treated effluent. These observations
could be the result of natural chemical evolution of the
ground water, or changes related to water-level fluctu-

ations, allowing the ground water to be in contact with
different aquifer materials. Modification of the oxida-
tion-reduction environment by alteration of the amount
of oxygen introduced to the aquifer through natural
percolation could potentially be acontributing factor in
some of these changes.

Samples from sites MW1-2A, MW1-2B,
MW1-3A, MW4-1B, MW4-2B, USGS-2D, USGS-2D,
USGS-3D, USGS-3S, USGS-4, USGS-5D, USGS-6,
USGS-7, blew hole, and Perche Creek had concentra-
tion changes in severa of the major chemical constitu-
ents (table 5), and samples from many of these sites
also had concentration changes in some of the trace
constituents (table 7). Samples from monitoring well
MW1-2A had agradual concentration increasein
boron similar to the major chemical constituent con-
centrationincreases previously discussed. Theincrease
in boron concentration lagged behind the major chem-
ical constituent concentration increases because of the
retardation effects previously discussed. Boron in sam-
plesfrom MW1-2A was the only trace constituent that
had a consistent tempora change among the sampled
wells. Boron naturally occursin igneous rocks and par-
ticularly in the mineral tourmaline, which is strongly
resistant to weathering (Hem, 1992). The measured
boron concentration increase was not likely from
increased dissolution of boron-rich minerals. Boron is
aso acommon ingredient in cleaning aids (sodium tet-
raborate — borax) and, as aresult, may be present in
sewage and industrial wastes (Hem, 1992). The
median boron concentration was 80 pg/L for all
pre-effluent ground-water samplesand was 40 ug/L for
pre-effluent samples from well MW1-2A. The median
boron concentration in the city outflow was 233 pg/L .
The boron concentration increase at well MW1-2A is
most likely the result of mixing treated effluent with
ground water. With the exception of some of the major
chemical constituents, nutrients, and boron, the con-
centrations for the trace constituents in the treated
effluent generally were the same or |ess than the con-
centrations in the ground water.

Trace constituentsare affected by processes such
as oxidation and reduction, complexation, and surface
exchange with or sorption to clays and organic materi-
alsin the aquifer. The resulting trace-element concen-
trations are most likely from a combination of mixing,
natural fluctuations, cation exchange, and chemical
changes resulting from water-level fluctuations. The
variability in the trace constituent chemical changes
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with respect to the depth and spatial distribution of the
wellsalsois partly areflection of the anisotropy in the
aguifer material.

Nutrients, Indicator Bacteria, Total and Dissolved
Organic Carbon, and Organic Compounds

Nutrient concentrations, indicator bacteriadensi-
ties, and total and dissolved organic carbon concentra-
tionsdid not have any clear temporal trends. Somesites
had changes in median concentrations,; however, corre-
lating these changes to the interaction of treated efflu-
ent with the ground water could not be made. The
changes observed for nutrient and organic carbon con-
centrations are most likely aresult of acombination of
sample matrix interference during analysis at the labo-
ratory, natural fluctuations, and the alteration of the
oxidation and reduction environment as a result of
water-level fluctuation.

From the beginning of this study, the pesticides
and pesticide metabolites alachlor, carbaryl, meto-
lachlor, propachlor, lindane (total), lindane (dissol ved),
p,p'-DDE, pendimethalin, trifluralin, chlorpyrifos,
diazinon, linuron, tebuthiuron, propargite, DCPA, atra-
Zine, cyanazine, deethylatrazine, prometon, simazine,
metribuzin, chlordane, and perthane were detected in
ground- or surface-water samples at |east once. Atra-
zine was the most frequently detected pesticide. No
temporal trends in detections of organic compounds
wereidentified. No clear correlation exists between the
detection of the pesticides, pesticide metabolites, or
other organic compoundsin ground-water samplesand
the interaction of treated effluent with ground water.

Surface-Water Quality Trends

Thewater quality hasimproved in Perche Creek
after the wetland treatment began operation. Perche
Creek, before October 1994, was used as the receiving
water for the Columbia wastewater-treatment plant.
After October 1994, most of the major chemical con-
stituent concentrations decreased in samples collected
from the creek. Fecal indicator bacteria densities
decreased in samples from the creek.

The water quality in the blew holesis connected
to the water quality in the ground water. Water-level
changes in the blew hole sampling site appear to coin-
cide with water-level changesin surface and ground
water. The blew hole near USGS-3D isisolated from
the Eagle Bluffs wetland by aflood control levee, but
changesin major chemical constituent concentrations

in samples from the blew hole parallel the changesin
concentraions in the ground-water samples from
USGS-3D. Theresulting changesin ground water have
increased the chloride concentration in the blew hole.
The maximum chloride concentration detected in the
blew hole near USGS-3D was 140 mg/L, which isless
than the standard for chloride chronic toxicity in sur-
face water. The trends in chloride concentrations
observed in the blew hole can be correlated to the inter-
action of the ground water with treated effluent that has
discharged to the blew hole.

Asthe treated effluent passes through the Eagle
Bluffswetland, amarked decrease in the concentration
of nitrogen species and mean densities of indicator bac-
tria.occur. The concentration of ammonia plus organic
nitrogen (as nitrogen) decreased from a mean of 6.1
mg/L at the city outflow to a mean of 2.8 mg/L at the
Eagle Bluffs outflow (table 2). Mean concentrations of
phosphorus species have asimilar trend. Total phos-
phorus concentrations decreased from a mean of 2.07
mg/L to 1.00 mg/L, and orthophosphorus concentra-
tions decreased from amean of 1.74 mg/L to 0.709
mg/L between the same two locations (table 2). Pro-
cesses such as biological uptake and chemical precipi-
tation contribute to this decrease in nutrient
concentrations. The mean density of fecal coliform
decreased from 2,027 col/100 mL at the city outflow to
65 col/100 mL at the Eagle Bluffs outflow (table 2).
The mean density of fecal streptococci was 5,997
col/100 mL at the city outflow and 122 col/100 mL at
the Eagle Bluffsoutflow (table 2). Natural die off of the
fecal bacteria probably account for the majority of the
decrease in fecal bacteria densities. With respect to
nutrients and fecal indicator bacteria, the Eagle Bluffs
wetland seems to be substantially decreasing the con-
centrations of these constituentsin the treated effluent.

GROUND-WATER HYDROLOGY

Synoptic water-level measurements collected
between August 1996 and March 1999 arelisted in
table 9. Daily mean water-level data collected between
August 1996 and March 1999 for wellsSP4 and SP 11
are presented in figure 28.
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Table 9. Quarterly water-level measurements for wells at the Columbia/Eagle Bluffs Wetland Complex

[Measurements are in feet below measuring point; --, no data]

Site identifier

(fig. 2) 8/20/96 12/3/96 2127197 5/29/97 8/18/97 12/1/97 2/23/98 5/13/98 8/17/98 11/30/98 2/24/99
MW1-1A 8.98 9.15 7.74 7.80 9.57 9.82 9.30 8.14 8.93 8.45 8.00
MW1-1B 13.78 1411 10.02 11.17 14.46 15.20 14.72 12.62 13.87 12.97 12.89
MW1-2A 10.79 12.20 8.86 7.82 11.80 13.29 14.14 10.74 11.14 10.70 12.69
MW1-2B 10.89 12.28 8.97 7.90 11.85 13.36 14.23 10.80 11.19 10.76 12.76
MW1-3A 12.79 14.64 12.08 10.13 14.83 16.23 16.90 12.73 13.38 12.81 15.30
MW1-3B 12.81 14.60 12.08 10.18 14.91 16.27 16.95 12.79 13.42 12.85 15.35
MW1-4A 19.72 11.68 10.25 11.20 12.10 12.23 11.42 11.29 12.04 11.86 10.77
MW1-4B 12.13 20.02 14.56 17.00 20.66 21.52 20.68 18.70 20.12 19.12 18.81
MW2-1A 15.37 15.02 13.29 11.74 17.61 16.10 19.01 16.97 17.74 15.75 18.93
MW2-1B 15.18 14.80 13.03 11.46 17.37 15.87 18.80 16.77 17.55 15.52 18.72
MW2-2A 9.22 8.87 5.65 4.98 10.93 10.19 12.57 10.53 11.01 -- --
MW2-2B 841 8.68 6.58 5.01 10.66 9.89 12.41 10.42 10.75 -- --
MW3-1A 9.95 8.64 6.80 6.20 12.41 9.03 12.05 10.59 12.17 8.52 12.06
MW3-1B 9.94 8.62 6.82 6.18 12.37 9.02 12.07 10.41 12.15 8.54 12.10
MW4-1A 8.81 6.28 5.28 5.00 11.62 6.16 9.71 9.04 11.22 5.36 9.85
MW4-1B 8.64 6.20 4.97 4.77 11.44 6.02 9.68 9.03 11.12 5.37 9.85
MW4-2A 7.02 4.52 3.40 3.92 9.97 4.19 7.92 8.12 10.51 444 7.88
MW4-2B 7.02 4.58 343 3.9 9.96 4.20 7.94 821 10.53 4.45 7.92
MW13-67 16.19 16.76 15.30 12.26 18.97 17.97 21.78 20.89 -- -- --
USGS-1 797 6.06 4.07 4.30 10.18 6.31 9.41 8.20 -- -- --
USGS-2D 6.55 3.92 3.61 4.50 9.97 3.75 6.79 7.40 -- -- --
USGS-2S 6.65 4.00 3.69 4.65 10.07 3.83 6.85 7.50 -- -- --
USGS-3D 518 3.66 2.88 3.78 8.69 3.38 542 6.02 -- -- --
USGS-3S 5.00 342 2.72 3.65 8.49 321 5.19 5.80 -- -- --
UsGS-4 10.63 9.30 6.86 7.89 13.77 9.66 12.40 12.13 -- -- --
USGS-5D 4.90 3.49 3.50 5.28 9.56 3.59 5.03 6.43 -- -- --
USGS-5S 4.93 3.56 3.58 531 9.58 3.64 5.03 6.49 -- -- --
USGS-6 7.95 6.22 4.56 5.58 11.22 6.19 8.78 8.63 -- -- --
USGS-7 9.45 6.26 4.37 512 11.85 6.86 9.52 11.18 -- -- --
USGS-8D 12.50 13.15 11.67 8.63 15.32 14.40 18.09 16.36 -- 12.72 17.39
USGS-8S 12.89 13.29 11.95 8.72 1541 14.56 18.03 15.84 -- 12.56 17.27
USGS-9D 16.20 17.48 19.94 13.89 18.01 18.65 2051 15.74 -- 1531 18.77
USGS-9S 16.11 17.42 19.95 13.85 17.96 18.59 20.42 15.59 -- 1521 18.67
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Figure 28. Water-level altitudes in monitoring wells SP4 and SP11, located at the Columbia/Eagle

Bluffs Wetland Complex.

Pre-Effluent Ground-Water Levels

Foreman and Sharp (1981) concluded that
ground-water levelsin the aquifer were largely con-
trolled by Missouri River stage variation and pumping
from municipal -supply wells. Recharge from precipita-
tion, seepage into and out of Perche Creek, and
recharge from bedrock aquifers were relatively minor
factors on the control of ground-water levels. These
conclusions still largely are true, but the operation of
the wastewater-treatment wetland and the reclamation
of wetlands on the Eagle Bluffs Conservation Areafur-
ther complicate the ground-water flow. The seasonal
flooding of the approximately 1,200 wetland acresin
the study area for wildlife management provides addi-
tional recharge to the aquifer.

Potentiometric-surface (water-level) maps can
be used to show the general direction of ground-water
flow. Generally, the ground-water flow direction is
downgradient and perpendicular to the potentiometric
contours. A potentiometric map (fig. 29) constructed
from water-level data collected from monitoring wells
in August 1978 (before the existence of the wetland

complex) indicatesthe aquifer received rechargein the
north near the bend in the Missouri River and along the
west edge of the aquifer and discharged water in the
south into the river with some discharge potentially to
Perche Creek (Foreman and Sharp, 1981). The genera
ground-water flow direction in the aquifer was toward
the south or southeast, primarily down the river valley
and toward the river with some cross-aquifer flow east
toward Perche Creek. The ground-water flow direction
can bealtered periodically by short-term events such as
temporary high or low stagesin Perche Creek and the
Missouri River. Longer-term alterations can be the
result of continuous ground-water pumping from
municipal-supply wells or long-term climatic periods,
such as multi-year droughts or floods.
Potentiometric-surface maps produced from
selected seasonal periods both before and after flood-
ing of the wetland complex are showninfigure 30. The
distribution of the monitoring wells for this study was
not designed to determine the potentiometric surfacein
the municipal-supply well field area. Available dataare
insufficient to accurately map the potentiometric sur-
face in the well field or to connect the ground-water
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Figure 29. Potentiometric surface in the alluvial aquifer at
the Columbia/Eagle Bluffs Wetland Complex, August 1978.

levels to the Missouri River, so the potentiometric con-
tours near the well field and the Missouri River are
approximately located. Potentiometric-surface maps
constructed for this study differ from Foreman and
Sharp (1981) by the ground-water high in the southern
part of the study area.

Before wetland flooding in October 1994, the
probable direction of ground-water flow in the central
and southern part of the Eagle Bluffs Conservation
Areawas to the south, away from the well field. In the
north part of the Eagle Bluffs Conservation Area, flow
probably was north toward the well field. Before and
after the construction and flooding of the wetland com-
plex, the Missouri River stage hasastrong effect onthe
ground-water levelsintheaquifer. TheMarch 1993 and
February 1994 maps in figure 30 show possible tran-
sient effects of changing Missouri River stage on the
potentiometric surface.

Foreman and Sharp (1981) noted two
ground-water response zones—a zone of rapidly fluc-
tuating ground-water levels near the river and azone of
predominantly down-valley flow. A comparison of
Missouri River stage at Hermann, Missouri, and the
ground-water level inwell SP 11 from October 1995 to
October 1997 shows a correlation between river stage
and water-level fluctuations (fig. 31). Well SP11isin

the zone identified by Foreman and Sharp (1981) of
rapidly fluctuating ground-water levels. The effects of
the Missouri River stage fluctuations are attenuated as
the distance from the river increases.

Post-Effluent Ground-Water Levels

A ground-water high (fig. 30) is a persistent
hydrologic feature beneath the Eagle Bluffs Conserva-
tion Area, and to the extent identifiable, beneath the
treatment wetland unit 1. Seasonal potentiometric-
surface maps indicate that the ground-water high per-
sists throughout the MDC wetland flooding and drain-
ing management cycleat the Eagle Bluffs Conservation
Areasince February 1995. The ground-water high also
seemsto persist through changesin Missouri River
stage, and may dampen the effects of Missouri River
stage fluctuation. Water levelsin well SP 4, located in
the area of the ground-water high, do not track river
stage in the same manner as water levelsinwell SP 11
(fig. 28). The potentiometric surface is highest when
the Eagle Bluffs wetland is flooded in the fall and win-
ter months and is lowest in the summer months. The
potentiometric surface declines several feet in the sum-
mer months when the Eagle Bluffs wetland is drained
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and farmed and the Missouri River stageislow. The
ground-water flow direction is perpendicular to the
potentiometric contours, and in general, isradially
away from ground-water highs.

Ground-Water Movement

The potentiometric-surface maps indicate that
north of the well field, ground-water flow isto the
south. The potentiometric-surface maps indicate that
ground-water flow is to the southwest away from the
treatment wetland unit 1, and to the north, west, and
south from the ground-water high beneath the Eagle
Bluffs Conservation Area. The flow is most likely
toward the pumping wells and toward the river
(depending on the river stage) in the vicinity of the
municipal-supply well field, but the flow direction is
uncertain because of the limited amount of available
data.

A study conducted by Kelly (1996) on the Mis-
souri River aluvium near Kansas City, Missouri, used
aground-water model and a particle-tracking model to
simulate the contributing recharge areas for a number
of largewell fields. Results of thissimulation indicated

38°54'

August 1992

that most of the contributing recharge areas to well
fields near amajor river induced flow from the river,
and when recharge was induced from ariver, the con-
tributing recharge area was skewed toward the river.
The simulation also indicated that the ground-water
travel times within the contributing recharge areato a
well field were affected by vertical anisotropy of
hydraulic conductivity in the aquifer.

Based on the geometry of the Columbia munici-
pal-supply well field, the contributing recharge area
before wetland construction likely wasto the north and
west toward the Missouri River. The contributing
recharge area possibly intersected the bluffs on the
eastern side of the study area and extended into the
Perche Creek alluvium. After the construction of the
wetland complex and subsequent flooding of the wet-
land aresas, the contributing recharge area likely
changed. The recharge area could extend further to the
south toward the Eagle Bluffs Conservation Area and
toward the Perche Creek aluvium (B.P. Kelly, U.S.
Geological Survey, oral commun., 1999). Because of
the probabl e induced flow toward the municipal -supply
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Figure 30. Potentiometric surface in the alluvial aquifer at the Columbia/Eagle

Bluffs Wetland Complex for selected dates.
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Figure 30. Potentiometric surface in the alluvial aquifer at the Columbia/Eagle Bluffs Wetland Complex for selected
dates—Continued.
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Figure 30. Potentiometric surface in the alluvial aquifer at the Columbia/Eagle Bluffs Wetland Complex for selected
dates—Continued.
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Figure 30. Potentiometric surface in the alluvial aquifer at the Columbia/Eagle Bluffs Wetland Complex for selected
dates—Continued.
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Figure 30. Potentiometric surface in the alluvial aquifer at the Columbia/Eagle Bluffs Wetland Complex for selected
dates—Continued.
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Figure 31. Altitude of the Missouri River at the U.S. Geological Survey gaging station at Hermann
and in monitoring well SP11 at the Columbia/Eagle Bluffs Wetland Complex.

wells and the ground-water high beneath the Eagle
Bluffs Conservation Area, effluent-enriched ground
water could be introduced into the well field.

SURFACE-WATER AND GROUND-WATER
INTERACTION

Data collected from Perche Creek and the blew
hole in connection with ground-water data collected
near these sites can give an insight to the nature of the
surface-water and ground-water interaction for these
sites. Perche Creek probably is both a discharge and
recharge point for ground water, depending on the rel-
ative altitudes of the water surface of the creek and the
ground-water potentiometric surface. Because concen-
trations of major chemical constituents remain low in
the creek following the introduction of treated effluent
to the Eagle Bluffs Conservation Area, the volume of
dischargefrom the ground water to the creek relativeto
the discharge of the creek probably is small.

The blew holeisisolated from the surface water
in the Eagle Bluffs wetland by aflood control levee.
Surface water can be introduced into the blew hole
through relatively rare occurrences of overland flow
from Perche Creek and the Missouri River during high
stage. Samplesfrom the blew hole have major chemical
constituent concentration trends similar to many of the
ground-water sites. Forty-nine samples collected
between March 1994 and December 1998 at adifferent
blew hole near well USGS-5D had a similar trend in
chloride concentration (M.K. Knowlton, written com-
mun., 1999). The water-quality changes indicate that
these blew holes have a hydraulic connection to the
ground water. The increasing trends in chloride con-
centration indicate these blew holes are ground-water
discharge points.

To help wildlife managers operate the Eagle
Bluffswetland efficiently and to hel p them estimate the
volume of water necessary to sustain the wetland pools
at aparticular level, awater budget for the wetland was
calculated. A water budget for the wetland can be used
to estimate the volume of water that percolatesinto the
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aquifer material. To calculate the volume of water that
enters the agquifer as recharge, the following mass bal-
ance equation must be solved:

AGW = Qj, + Precip-ASW - E - Qg (1)

where  AGW = the volume changein ground-water

storage, in cubic feet per second,;
Qi = thevolume of surface flow into the

wetland, in cubic feet per second;

Precip = the volume of precipitation, in
cubic feet per second;

ASW = the volume change in surface water

storage, in cubic feet per second;

E = the volume of water |ost to evapo-
transpiration, in cubic feet per sec-
ond; and

Qout = thevolume of surfaceflow out of the
wetland, in cubic feet per second.

Theperiod July 13to July 18, 1997, was selected
for calculating the water budget for the Eagle Bluffs
Conservation Area. This period was selected because
the data needed to perform the calculation were avail-
able, or could be easily estimated, and no measurable
precipitation fell during this time (Precip = 0). During
this period, the city of Columbia produced an average
of 9.54 million gallons (C.J. Cuvellier, City of Colum-
bia, written commun., 2000) of treated sewage effluent
per day [Q;, = 14.7 ft3/s (cubic feet per second)], which
the MDC uses to manage wetland areas on the Eagle
Bluffs Conservation Area. The water is placed into dif-
ferent wetland pool s at various depths depending onthe
season. During summer months, the flow is confined
mainly to the distribution canal and the semi-perma-
nent marsh areas (approximately 400 acres). During
thistime, the surface-water level in these areasismain-
tained at a constant level, so that water is not being
placed into surface-water storage (ASW = 0). The gage
on the Eagle Bluffs outflow records the water atitude
and the gate altitude from which an average daily flow
can be determined. The averagedaily flow (Q,,;) from
July 13 to July 18, 1997, was 2.0 ft%/s. Of all variables
in equation (1), evapotranspiration is the most uncer-
tain and most difficult to obtain. The average potential
evapotranspiration rate during this analysis was 0.235
in/day (inch per day) (Mid-West Climate Center, writ-
ten commun., 2000) at the Columbia Regional Airport.
The potential evapotranspiration rate is assumed to be
similar at the Eagle Bluffs Conservation Area. From
this estimate, the volume of water |ost to evapotranspi-

ration (E) is calculated to be 3.9 ft3/s. Substituting the
values into equation (1), the contributing recharge rate
during this time to the ground water is approximately
8.8 ft%/s. When averaged over the 400 wetland acres,
thisrate is equivalent to an infiltration rate of 0.04
ft/day (foot per day). This estimated rate probably isa
maximum val ue because the ground-water levelsindi-
cate that the aquifer was not fully saturated. An unsat-
urated aquifer isableto accept ahigher rate of recharge
than an aquifer under saturated conditions.

SUMMARY AND CONCLUSIONS

The Missouri Department of Conservation uses
the treated effluent from the 91-acre city of Columbia
wastewater-treatment wetland as a primary water
source for managing 1,200 wetland acres on the Eagle
Bluffs Conservation Area. The treatment wetland,
planted in cattails, is designed to treat an average flow
of 17.68 million gallons of effluent per day. The areais
located on the Missouri River alluvium and is bounded
to the south and west by the Missouri River and to the
north and east by Missouri River bluffs. The city of
Columbia pumps water from the aluvial aguifer for its
municipa supply using seven pairs of wells located
upstream (north) of Eagle Bluffs Conservation Area
and adjacent (west) to the treatment wetland.

Water-quality samples were collected between
August 1992 and March 1999 from up to 33
ground-water monitoring sites and 4 surface-water
sites. Samples were analyzed for an extensive list of
physical and water-quality parameters including spe-
cific conductance, pH, temperature, dissolved oxygen,
fecal indicator bacteria, major chemical constituents,
nutrients, trace constituents, and total and dissolved
organic carbon. A subset of the ground-water sites (8
wells) and the surface-water sites also were sampled
for base/neutral/acid semi-vol atile organic compounds,
selected pesticides (and metabolites), and selected
organochlorine compounds. These eight wells also
were analyzed for purgeable volatile organic com-
pounds. Background (before treated effluent flooding)
datawere collected from August 1992 to August 1994.
At some ground-water sites, sulfate (2 sites), nitrate (1
site), and arsenic (1 site) exceeded state maximum con-
taminant levels for drinking water, and iron (30 sites)
and manganese (33 sites) exceeded state maximum
contaminant levels for drinking water and ground
water. At some surface-water sites, chloride (2 sites)
exceeded the maximum contaminant level for the pro-
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tection of agquatic life, and iron (2 sites), manganese (3
sites), and atrazine (1 site) exceeded the maximum con-
taminant level for drinking water and ground water.
Withthe exception of chloride at the surface-water sites
and manganese at the outflow from the treatment wet-
land, values exceeding maximum contaminant levels
could not be related to the operation of the treatment
wetland or the wetland management of Eagle Bluffs
Conservation Area. Thisis because either the maxi-
mum contaminant levels were exceeded before the
treatment wetland began operation or the values for
these constituents were | ess than the maximum con-
taminant levelsin the treated effluent.

Changesin major chemical constituent concentra-
tions have been observed at several sampling locations
when comparing pre- and post-effluent data. Time series
water-quality dataindicate that there was an increasein
the chloride concentrations at MW1-2A, MW1-2B,
MW1-3A, MW4-2A, MW4-2B, USGS-2D, USGS-2S,
USGS-3D, USGS-3S, USGS-5D, USGS-6, USGS-7,
and the blew hole. The congtituents sodium, potassium,
calcium, sulfate, and alkalinity also had changesat many
of these sites that appear to be correlated to the flooding
of thewetland complex with treated effluent. Concentra-
tions of major chemical constituents also are affected by
factors such as oxidation and reduction, sorptionto clays
and organic materials, cation exchange, and chemica
changes associated with water-level fluctuation. The
variability in the magjor chemical constituent concentra-
tion changes with respect to the depth and spatial distri-
bution of the wells dso is partly areflection of the
anisotropy in the aquifer material.

The concentrations of major chemical constitu-
ents plot on the mixing continuum between pre-effluent
ground water as one end member and the treated efflu-
ent asthe other end member. Therel ative percentage of
treated effluent in the ground water at sites that had
change, assuming chlorideisconservative, ranged from
11 percent to more than 100 percent.

In ground water, there were few changesin feca
indicator bacteria, nutrients, total and dissolved organic
carbon, and organic constituents and nonethat could be
directly correlated to the application of treated effluent
in the wetland complex. Changes were observed in
trace element concentrations of arsenic, barium, boron,
iron, lithium, manganese, and strontium; with the
exception of boron in MW1-2A, these changes could
not be correlated to pre- or post-effluent conditions.
These changes most likely are ancillary changes
brought about by acombination of mixing, natural fluc-

tuations, cation exchange, and chemical changesresult-
ing from water-level fluctuations in the aquifer. The
variability in the trace constituent concentration
changes with respect to the depth and spatial distribu-
tion of thewellsalso is partly areflection of the anisot-
ropy in the aquifer material.

After the treatment wetland began operation,
decreases in median fecal indicator bacteria densities,
and sodium, chloride, and nutrient concentrationswere
observed in Perche Creek. This represents an improve-
ment in thewater quality of the creek. Decrease of fecal
indicator bacteriadensities and nutrient concentrations
occurred as treated effluent passed through the Eagle
Bluffs Conservation Area wetland, improving the
water quality with respect to those constituents.

Persistent ground-water highs have been
observed beneath Eagle Bluffs Conservation Area and
trestment wetland unit 1 following the flooding of the
wetland areas. These ground-water highs occur during
the fall and winter months when ground- and sur-
face-water levels are high, and during the spring and
summer months when the water levels are lower. The
Missouri River stage had a strong effect on the water
levelsin the aquifer during pre-effluent conditions, but
the effect is lessened by the ground-water high. Even
though the vertical gradient in the aquifer issmall, the
permeability of the aguifer material can be high. Water
budget cal culations using data collected at Eagle Bluffs
Conservation Areain July 1997 show that a substantial
volume of surface water from the wetland reaches the
ground water at an estimated recharge rate of 0.04 foot
per day.

Nutrient concentrations and bacteria densities
arereduced as treated effluent flows through the Eagle
Bluffs wetland. Except for chloride concentrationsin
surface-water samples, treated effluent is not responsi-
blefor the ground- or surface-water samples exceeding
maximum contaminant levels. Direct effects of the
interaction of treated effluent on ground water are the
increase of some constituent concentrations (notably
sodium, chloride, and sulfate) in ground water and the
formation of aground-water high beneath Eagle Bluffs.
The configuration of the potentiometric surface is
uncertain in and near the municipal-supply well field
area, but a sufficient amount of data exist outside the
well field to indicate flow toward the well field.
Because of the inferred gradient toward the well field
and the probable induced flow toward the munici-
pal-supply wells, effluent-enriched ground water could
be introduced into the well field.
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