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ABSTRACT

The use of stabilization pomds to dispose of municipal wastes
has become popular with many North Dakota cities. When managed
properly they are an efficient and economical method of waste
disposal and may not adversely affect groundwater quality. In order
to achieve efficient treatment, the ponds must be built in sediment
that has permeability low enough to inhibit excessive percolation
of wastewater into the subsurface. Some North Dakota cities have
not met this basic requiremeant in the construction of their ponds.
As a result, insufficlently treated pond liquids are allowed to
reach the water table, potentially contaminating groundwater
supplies. Three such sites located over important aquifers near
Grand Forks were chosen for this study: McVille, Larimore, and
Fordville, North Dakota.

Monitoring wells were constructed peripheral to and downgradient
from the sites beginning in May, 1980. The wells served two purposes:
to determine the flow system by recording water levels periocdically,
and to obtain water samples for subsequent chemical and biological
analyses by the Department of Health in Bismarck.

In general, concentrations of congtituents such as calcium,
magnesium, total dissolved solids, chloride, ammonium, and iron
increase immediately downgradient from the ponds, indicating that

groundwater is adversely affected by wastewater percolation. In

xid




some cases, the elevated values exceed maximum pollution standards
set by the U.S. Environmental Protection Agency.

The behavior of the contaminant plumes are complex and depend-
ent on redox conditions both in the pond bottom sediments and the
groundwater. Contaminants originate from three sources at the
McVille site: continuous percolation of anaerobic wastewater from
cell I, aerobic cell II discharges, and aerobic leachate from a
dump at the site. Groundwater gquality is severely degraded at
that site. Groundwater at the Larimore site is generally of
better quality; however, several constituents are excessive. The
transfer of pond liquids from one cell to another at Larimore has
a significant effect on groundwater quality at that site. Ground-
water quality at Fordville is least influenced by the pond, although
a few constituents are present at high levels.

Seepage from the waste stabllization ponds studied does not
presently'affect municipal water supplies of the cities that use
them. However, because of severe groundwater contamination immedi-
ately downgradient from the McVille site, it is recommended that
an impermeable clay liner be installed in the McVille ponds.
Evidence of groundwater degradation adjacent to the study sites
indicates that construction of wells near the sites should be pro-

hibited.
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INTRODUCTION

General Statement

Many communities in North Dakota use unlined waste stabilization
ponds to dispose of municipal sewage. Current State Health Departument
standards for these ponds requires natural sediment, or a compacted
clay liner, wiih permeability low enough that seepage from the pond is
less than 1/8 inch (0.3 cm) per day (Kehew and others, 1980). Reten-
tion of pond liquids insures proper treatment of the sewage by
accompanying bieclogical and chewical processes.

Construction of ponds in low permeability sediment involves
excavation and compaction of that sediment. In areas of high perme-
ability sediments, sediment must be hauled to the site and compacted
to form a low permeability limer in the pond.

In the past, some ponds were built in high permeability sediments
without the construction of compacted clay liners. These ponds
function, in effect, as rapid infiltration basins instead of waste
stabilization ponds. Many communitieg prefer to leave such ponds in
their present state unless it is proved that the ponds are contaminating
present or potential sources of groundwater supply.

The purpose of this project, then, is to study the hydrogeoclogic
setting of three unlined ponds, located over important shallow

aquifers, and to evaluate the effects of waste stabilization pond

seepage on groundwater quality.




Objectives

The four specific objectives of the project were to:

1. Determine the geologic setting of the pond sites, Including
information on the type, distribution, and physical pro-
perties of surficial sediments and those sediments comprising
the aquifers beneath the impoundments.

2, Determine the hydrogeologic conditions at the sites, including
the direction and rate of movement of groundwater and the
background chemical quallity of the aguifer.

3. Determine the changes, if any, in chemical composition of
groundwater in the aquifer caused by seepage of wastewater
from the ponds,

4, Make recommendations to the North Dakota State Departwment of

Health concerning regulation of unlined municipal waste
gtabilization ponds,

Waste Stabilization Processes

Typical municipal wastewater has solild and liquid organic matter
and significant quantities of aercbic bacteria (Caldwell, 1946}, The
primary function of a waste stabilization pond is to destroy both the
oxygen demand of the organic constituents and the potentially patho-
genlc bacteria that are present in the influent sewage.

Most waste stabilization ponds utilized by small communities in
North Dakota, the type discussed in this study, have been ternmed
facultative ponds because only organisms having the faculty to with-
stand alternating aercbic and anaerobic conditions exist in the pond
{Marais, 1970). In this type of pond, the pond liquids are predom-
inantly aerobic with most of the oxygen being produced by algal

photosynthesia. 1In addition, an anaerobic sludge layver forms on the

pond bottom by settling of solids through the liquid (Marais, 1970).




Both the aerobic and anaerobic portions of a waste stabilization
pond break down wastewater constituents to more desirable end products.
In the upper part of the pond, influent sewage ls mixed with oxygen-
bearing water. Thie upper portion of the pond recelves solar radiation,
which sustaing the growth of algae. Algae also require carbon dioxide
for respiration. One source of this gas is anaerobic fermentation of
the sludge layer on the pond bottom (Neel and Hopkins, 1956). Through
photosynthesis, algae grow by combining light energy, water, and carbon
dioxide into primitive gugars. The waste product of algae, oxygen,
can be utilized by aerobic bacteria, which are largely responsible for
the breakdown of organic matter in the influent sewage (Van Heuvelen
and Svore, 19534)., These aserobic bacteria are present in the liquid
portion of the pond, whereas anaerobic bacteria, including sulfate-
reducing bacteria, are in the bottom sludge layer (Neel and Hopkins,
1956). Bacteria 1ibar;te putrients and carbon dioxide needed for algal
growth, and the cycle continues. These processes are deplcted du
Figure 1.

A critical but commonly neglected component of proper waste
stabllization in ponds is the bottom sludge layer (Marais, 1970). In
addition to producing carbon dioxide and other gases through fermen-
tation, it seals the pond bottom and decreases perccolation of untreated
wastewater into the subsurface, The sludge layer physically traps and
prevents large particles from entering groundwater below the pond.

Also, some wastewater contaminants may be adsorbed onto particles in

the sludge laver. Chemical reduction of wvarlous wastewater consti-




Figure 1. Diagram illustrating processes operating in waste
stabilization ponds {modified from Marais, 1970, p. 18).
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tuents occurs within the anoxic sludge layer. This process alters
groundwater chemistry directly below the pond site.

Many factors, both controllable and uncontrollable, dictate how
effectively the waste stabillzation process will operate within the
pond. Contreollable factors Include water depth, pond surface area,
mode of sewage inflow, and loading (Towne and others, 1957): experience
in North Dakota suggests that three foot {0.9 m) to five foot (1.5 m)
pond depths in ponds of one acre (0.40 hectares) per 100 people are
most efficient (Van Heuvelen and Svore, 1954). Guidelines for pond
design have been established and are discussed in E. A, Hickok and
Associates {1978).

Uncontrollable factors that affect stabilizatlon pond operation
inglude such meteoroplogical conditions as wind velocity, solar radi-
ation and temperature. Because mixing of pond water with the atmosphere
aerates the pond and destroys any thermal stratification within the
water, windy conditions are usually associated with better wastewater
treatment (Marals, 1970). Algal photosynthesis, crucial to proper
ponkd performance, 1s enhanced by sunlipght and warmth. Hence, sunny
and hot weather is ideal for proper wastewater treatment (Towne and

others, 1957).

Chemical Components of Wastewater

The chemical and biological constituents in wastewater differ
markedly from those in groundwater. If & waste stabilization pond is

leaking sewage into groundwater, anomalously high concentrations of

wastewater constituents will be detected in monitoring wells down-




gradient from the pond. This sectlon will discuss the parameters most
useful in determining whether contamination of groundwater by sewage
has occurred. Table 1 lists specified limits for these constituents

for public water supplies (condensed from Freeze and Cherry, 1979,

p. 386}).

Total Hardness

Total hardness 1s commonly recognized by the increased quantity
of soap required to produce lather. Hard water tends to form scale
on boilers, water heaters and pipes. Caused predominantly by compounds
of calclum and magnesium, total hardness Is calculated as 2.5 {Ca2+}
+ 4.1 {Ngz+), where hardness and the concentrations in parentheses
are expressed in milligrams per liter {(wg/L) (Freeze and Cherry, 1979,

p. 387). Therefore, groundwater with elevated concentrations eof

calcium and/or magnesium has high total hardness as well.

Total Dissolved Solids (TDS)

TDS {in milligrams per liter), a measure of mineralization of
water, is approximately 65 percent of the specific conductance
{capacity to conduct an electrical current, in micromhos per centi-
metre, Downey, 1971). A waste stabillzation pond contributes diassolved
mineral constituents as well as some organic matter to groundwater.
Therefore, TDS concentrations should increase in groundwater down-
gradient from a leaking waste stabilization pond. Excessive dissolved

solids restrict the use of water for domestic and stock purposes,

irrigation, and some manufacturing processes.




TABLE 1
DRINKING WATER STANDARDS

Recommended Concentration

Congtituent Limit {mg/L}

Total Hardness 80 - 100
Total Disselved Solids (TDS) 500
Ritrate (N) (NO3™) 10
Chloride {C1™}) 250
Sulfate (50,447) 250
Sodium (Na*) 20%
Iron {Fe) 0.3
Manganese (Mn2*) 0.05

Maximpm Permissible
Concentration (mg/L)

Arsenic (As) 0.05
Barium {Ba) 1.0
Cadnium (cd) 0.01
Chromium ({Cr) Q.05
Copper {Cu) 1.0
Lead (Pb) 0.05
Selenium (Se) 0.01
Zine {(Zn) 5.0

Maximum Permissible

Colonies
Total Coliforms I per 100 ml
Fecal Coliforms 0 per 100 ml

Source: U.S8. Environmental Protection Agency, 1975

*Limit for people with low salt diets.




Ammonia

Ammonia (HH3} and ammonium {NKQ+} are two forms of mitrogen that
can occur in groundwater, These forms can be introduced into the
groundwater through land application of nitrogenous fertillzers, by
natural ammonification of organic nitrogen in decomposed plant
material, or by disposal of sewage on or benesth the land surface,
Below a pH value of 9, the ammonium ion (§E&+} is the dominant nitrogen

species (Preul and Schroepfer, 1968),.

Nitrate gN03_1

Ritrate can be introduced into groundwater directly through
fertilizer application onto crops and by the process of nitrification,
where ammonia or ammonium is oxidized to nitrate elther above or below
the water table. In oxidizing groundwater, nitrate is the most stable
form of nitrogen and is very mobile; no transformation or retardation
occurs as long as oxidizing conditions prevail (Freeze and Cherry,
1979, p. 413). TFigure 2 illustrates the sources and pathways of
nitrogen in the subsurface enviromment.

Nitrates are among the most serious health threats of any con~
taminants discussed In this report. When water containing greater
than 10 mg/L nitrate (expressed as N) is ingested by infants or
fetuses, methemoglobinemia (blue baby disease) may result (Culp and

Culp, 1974, p. 18).

Chloride {C1)

Chloride is an excellent indicator of groundwater contamination
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Figure 2. Sources and pathways of nitrogen in the subsurface
environment {(from Freeze and Cherry, 1979, p. 4l14).
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because of its low concentrations in matuyral groundwater in the study
areas and also because of its mobility in groundwater. Excessive
concentrations of chloride can impart a salty taste to water and

increase its laxative properties (Culp and Culp, 1974, p. 17).

Sulfate (s0,%")

The chemical species of sulfur in groundwater is dependent on
local redox conditions., When estimating or predicting oxidationw
reduction reactions in aqueous solutions, the relative proton activity
(pH = -log [H+j) and relative electron activity (pE = -log [é:]} are
used. Large positive values of pE (low electron activity) represent
strongly oxidizing conditions while small or negative values (high
electron activity) correspond to strongly reducing conditions (Stumm
and Morgan, 1970, p. 304). Oxidizing groundwater normally contains
the sulfate ion (3042"), while waters with low redox potentdial contain
sulfur in the form of HS or hydrogen sulfide (HZS) gas,

The stable form of sulfur in aerobic wastewater is the sulfate
ion (seéz'}. As the wastewater percolates through the anaerobic
sludge layer, sulfate is reduced by bacteria to hydrogen sulfide gas,
which 18 usually outgassed from the system; sometimes, 1t remains in
solution. Therefore, concentrations of sulfate are typically low in
groundwater immediately downgradient from a waste stabilization pond
having a sludge layer, Excessive amounts of sulfate affect the taste

of water and IiIncrease its laxative properties (Culp and Culp, 1974,

p. 17},
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Iron (Fe)

Local redox conditions in groundwater determine the stable form
of iron. Ferric iron (Fe3+) i1s stable in oxldizing groundwater, while
ferrous iron (Fez+) ig stable in reducing groundwater. Because
ferrous iron ig much more soluble than ferric iron, high total iron
readings reflect a greater concentration of ferrous iron. Total iron
concentrations commonly increage downgradient from waste stabilization
ponds because reducing conditions promote soluble ferrous iron (Fez+)
as the dominant iron form.

Iron in water is not toxic at most matural concentrations.
However, concentrations of iron above the standard can affect the

taste of water and cause brown staining of laundry and plumbing fixtures

{Culp and Culp, 1974, p. 18).

Sodium {Na+}

Sodium, a major constituent in sewage, is not always sbundant in
groundwater. Therefore, elevated concentrations of sodium may occur
downgradient from leaking waste stabilization ponds.

People with low salt diets may be adversely affected by drinking
water high in sodium. Also, excessive concentrations of sodium cause
foaming, which accelerates scale formation and corroesion in bollers

{(Miller, 1978, p. 126).

Manganese o)

Manganese-containing minerals, almost ubiquitous in usual ground=-

water systems, are attacked by reducing groundwaters, causing Mn to
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become soluble as Mn2+. Absence of Mn2+ in groundwater cannot be used
as an iIndication of absence of Mn—bearing minerals; rather, it 1is an
indication that water in the aquifer contains dissolved oxygen, causing
the Mn to be relatively insoluble (Stumm and Morgan, 1970, p. S545),
Manganese 1n oxidlzing waters occurs as coatings {Mn02)(3) on aquifer
sand grains.

Manganese is present in limited concentrations in wastewarer;
excessive amounts of manganese in water may affect its taste and alse

may stain the water (Culp and Culp, 1974, p. 18).

Trace FElements

Trace elements in patural or contaminated groundwaters almost
always occur at concentrations below 1 mg/L. Such concentrations
occur because of adsorption of trace elements on clay minerals or on
hydrous oxides of manganese and iron. Also, they tend o form
complexed species by combining with more common imorganic anions such
as 5042", c1, 3003-, and Hﬂau (Freeze and Cherry, 1979, p. 416).

The formation of complexes is influenced by redox conditicns, which
change the oxidation state of eilther the trace element or the anion
with which it forms complexes (Freeze and Cherry, 1979, p. 417).

Several trace elements mentioned in this thesis, such as arsenic and

chromium, can be toxilc when present in excessive concentratlons.

Coliform Bacteria

The ubiquity of coliform bacteria In sewage makes these organisms

possible dndicators of groundwater contamination by waste pond seepage.

These potentially pathogenic organisms inhabit the intestinal tract
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of warm blooded animals. Water is an unfavorable enviromment, though,
and they eventually die. The presence of coliform bacteria, then,

suggests recent pollution of groundwater (Culp and Culp, 1974, p. 133.

Previcus Work

During the Surface Impoundment Assessment, funded by the EPA,

363 municipal waste stabilization sites containing a total of 746
impoundments in North Dakota were identified and a general assessment
of their pollution potentlal was made. Sixty-seven percent of these
impoundments were evaluated as having high or moderate pollution
potential (Kehew and others, 1980). Many of these sites are near
wells and surface water bodies but the amount of groundwater degra-
dation resulting from pond seepage is unknown because of a lack of
monitoring systems at the sites. The State Department of Health, the
regulatory agency for surface impoundments, 1s obligated to determine
if communities using seeping ponds must upgrade their facilities for
greater groundwater protection. Because the cost of such projects is
large it is essential to obtain accurate documentation of the effects
of long~term seepage on groundwater quality.

The use of waste stabilization ponds became papulaxrin the Dakectas
in the late 1940's because of their cost advantages over more conven-
tional methods such as secondary sewage treatment plants. The effluent
produced by the waste poad was usually of similar quality to treatment
plant effluent (Towne and others, 1957).

The first designed waste stabilization pond in North Dakota was

installed in 1948 at Maddock (Van Heuvelen and Svore, 1954)., The pond
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design was based on a pond at nearby Fessenden, N.D. The Fessenden
site, put into operation in 1928 and used for 20 years, was merely a
dammed pothole into which the sewage was discharged (Van Heuvelen and
Svore, 1954). The State Department of Health concluded that effluent
water from the Maddock, N.D, waéte pond was of better quality than
water present in many shallow, sluggish streams of the state. Based
on Biological Oxygen Demand (BOD) values, the pond reduced sewage
strength by 63% in the winter months and 95% in the summer months,
From these data, Van Heuvelen and Svore (1954) concluded that this
method of sewage disposal was satisfactory for communities in the
state.

In 1955, the State Health Departments of North and South Dakota
conducted field investigations on waste stabillzation ponds at
Maddock and Wishek, North Dakota and Lemmon, Kadoka, and Wall, South
Dakota (Towne and others, 1957). The purpose was to obtain knowledge
of the factors involved in the stabilization of sewage in ponds and
to develop design and operation criteria. They concluded that the
efficiency of treatment at the five study sites was high during all
times of the year and they recommended their use in the Missouri River
Basin.

Preul (1968) made field observations over a three year period of
ten waste stabilization ponds built in sandy sediment. Contaminants
of concern in this study included ammonia nltrogen, niltrate nitrogen,

phosphate, and alkyl benzene sulfonate (ABS). The conclusions of the

study were that algae consume nitrate nitrogen and phosphates In the
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ponds and thus these twe contaminants are not present in sufficient
concentrations in downgradient groundwater to be a sericus health
threat. Significant ABS levels in groundwaters were detected as far
as 200 feet (60.97 m) from the waste stabilization pﬁnds, however.

In addition to field studies, 1aboratorg investigations have
also been important in defining which sediment properties attenuate
contaminant constituents. Preul and Schroepfer (1968), for example,
conducted laboratory investigations of the factors that affect nitrogen
in wastewater as it flows through different sediment types. The tests
were conducted on representative samples of clay, silt and sand.
Wastewater samples were prepared to various concentrations and mixed
with different sediment types. A battery of tests was run on the
sediment-sclution mixtures to determine the adsorptive characteristics
of the sediments, the effect of the potassium ion on ammenium adsorp-
tion, time dependency of ammonium adserption onto soil particles, and
the amount of nitrate nitrogen adsorption onto the sediment. The
results indicate that ammonium nitrogen is adsorbed onto sediment
particles, inhibiting their movement, Nitrate nitrogen movement was
not found to be inhibited by any mechanism and the presence of the
potassium ion had a limiting affect on ammonium adsorption (Preul and
Schroepfer, 1968).

More recently, extenslve research has been conducted on seeping
ponds in South Dakota., Bleeker and Dornbush (1980} suggested that,

in some cases, even seeping waste stabilization ponds should be

considered a satisfactory means of municipal sewage disposal. In
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those cases, groundwater degradation generally was not serious and
percolation often resulted in the improvement of wastewater toc a
quality better than surface discharges. The physical, chemical, and
biolegical treatment c¢apabilities of the sediment are the principal
factors that attenuate wastewater contaminagﬁs. In addition, Dornbush
(1979) summarized work done by South Dakota State University graduate
students on land treatment of wastewater by the utilization of
infiltration-percolation techniques. It was concluded that a
moderate~rate infiltration system counstructed in silty clay sediment
with a high water table can serve as a practical treatment alternative
for secondary effluents, such as stabllization pond effluent,

& study of five waste stabilization pond sites in Minnesota by
E. A. Hickok and Associates (1978) produced contrasting results., At
the sites constructed in low permeability glacial till, no significant
increases of nitrogen, phosphorous or fecal collforms were recordaed.
However, soluble salts such as chloride were much higher in ground-
water downgradient from the ponds. At other sites, significant
increases in fecal coliforms and hardness, in addition to soluble
salts, were recorded in the downgradient direction, AL one of the
study sites, groundwater quality approximately 75 feet (22.9 m) down-
gradient from the pond was equivalent to raw sewage, indicating

minimal attenuvation of pond liquids perceolating into groundwater.

Location of Study Sites

Figure 3 shows the location of the three study sites in north-

castern North Dakota. All three sites were selected because of their
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Figure 3. Map showing locations of the study sites.
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location over important aquifers and their close proximity to the
University of North Dakota.

Mcville is a city of 626 people {1982 census) in south-central
Nelson County and has been slowly increasing in population over the
last two decades. Larimore, in west-central Grand Forks County, has
1,524 people (1982 census) and has experlenced a modest population
increase during the past 20 years. Fordville is a city of 326 people
(1982 census) in south-central Walsh County and has been gradually
declinding in population during the last few decades.

All three cities have agricultural-based economies and none has
any major industry. Therefore, it is assumed that wastes entering the

ponds are primarily municipal sewage and wastewater,

Regional Geologic Setting

Cenozoic deposits In the study area include the Coleharbor
Formation of Pleistocene age and the overlying Holocene (Qahe Formatilon.
These deposits occur at the surface throughout most of the tri-county
area. The Coleharbor Formation is named for well-exposed sectioms of
glacial sediment along the shores of Lake Sakakawea near Coleharbor
in MclLean County, North Daketa (Bluemle, 1973). The thickness of the
Coleharbor Formation ranges from zero to 455 feet (138.72 m). in the
three~county ares {(Hansen and Kume, 1970). The Coleharbor and Oahe
Foymations are polygenetic; wide variations of sediment type are
commonly encountered within a short distance. Therefore, the sediment

types encountered at the three study sites will be discussed separateiy

*

in later sections.




METHODS
Field

Instrumentation

Determinatrion of the effects of wastewater pond seepage on ground-
water quality requires a denge network of wells in all directions from
the pond site. Ideally, nested piezometers should be ingtalled:
differences in groundwater quality between the piezometers of the nest
provides information on the vertical distribution of the contaminant
plume within the aguifer. Comparisons of water quality data from
piezometers downgradient from and lateral to the site with data from
upgradient piezometers indicate areal extent and magnitude of ground-
water degradation peripheral to and downgradient from the ponds.

Piezometerg are preferred over other types of wellg for a gtudy
of this type because they have a small screened interval and are
sealed above the screen, prohibiting: a) the influx of groundwater
from other aquifers or other portions of the same aquifer into the
well, and b} infiltration of surface water down the annulus of the
well and into the screened interval. Unfortunately, piezometer
installation at the three sites was prevented by the existence of
saturated sandy sediment below the surface. This sediment collapsed
into the well hole and prohibited the installation of a seal above
the screened interval of the well. Because of this problem, the

monitoring wells were driven into the aquifer. Auger cuttings then

22




23

were replaced into the hole and packed to the greatest density possible.
The packing of backfilled sediment is believed to be at least that of
the natural sediment. In addition, the top several inches of the hole
were filled with cement. For these reasons it is concluded that
surface water contamination of well water iz not a problem at the study
sites.

"Upgradient” monitoring wells at the Larimore and Fordville
sites do not approximate bagkground chemistry of groundwater because
they are within the influence of a groundwater mound created by the
stabilization ponds. Therefore, farm wells were gampled in an
attempt to determine background concentrations of constituents in
uncontaminated groundwater.

Durlng the fall of 1980, Instrumentation began at the McVille,
Larimore, and Fordville sites. Six monitoring wells were installed at
McVille and four wells were installed at Larimore and Fordville, In
the summer of 1981, three additional monitoring wells at Larimore and
two more wells at McVille and Fordville were installed. TInstrumenta-
tion was completed in the summer of 1982, when six additional
monitoring wells were Installed at McV¥ille.

The monitoring wells were constructed in the field by cementing
a five—foot (1.52 m) section of slotted, two-inch (5.08 cm) dliameter
PYC pipe onto the appropriate length of unslotted two-lnch dizmeter
PYC pipe. Holes for the monitoring wells were drilled using a truck-

mounted auger made avallsble by the North Dakota Geolegical Survey.

Well installation consisted of: 1) augering a hole to the desired
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depth; 2) dropping the PVC pipe, screened interval first, into the
hole and pushing it into the hole as far as possible (this was
necessary in holes where sandy sediment had caved back into the
borehole); 3) pounding the remainder of the pipe into the hole to the
desired depth; 4) backfilling around the pipe with auger cuttings and
5) covering the above—ground section of PVC pipe with a metal sleeve
and cementing the sleeve into the ground. A metal cap was then locked
onte the sleeve, The locked cap and sleeve was designed to diphibit
vandalisu and prevent contamination of well water. Despite this
precauticon, several wells were damaged by vandals during the study.

It should be noted that installation of monitoring wells at the
Larimore and Fordville sites was limited to the embankments because
crops surrounded these sites. At the McVille gite, where the
surrounding land is not being farmed, downgradient monitoring wells
were installed up to 1,100 feet (335.3 m) from the north edge of the
waste stabilization pond. Hence, better well control was realized at
McVille than at the other twe sites. Specifications on all monitoring

wells are listed dn Table 2,

Sediment Description

During wonitoring well installation, auger cuttings were collected
and described. Sediment texture, color, and depth were noted. Other
information, such as approximate position of the water table and
presence of a sewage smell of the sediment, were also recorded. The

samples were then placed into labeled bags and returned to the laboraw

tory for further analyses.
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Mapping
During the summer of 1981, each sit; was surveyed using plane
table and alidade. From these data, topographic base maps of the
gites were constructed. Positions of the monitoring wells were included
on the base maps and their specific elevations were recorded., By
convention, the tops of‘the embankments surrounding the waste ponds

were assumed to be 100 feet (30.5 m) above the arbitrary subsurface

datum.

Water Level Readings

In order to determine hydraulic head configurations, directions
of groundwater flow, and the effects of precipitation and/or pond
wagtewater percolation on water table elevations, monthly water leval
readings were taken at the study sites from May, 1981 to Jume, 1982,
with the exception of the months of December, 1981 and February, 1982,
when snow cover prevented access to the wells. Water levels were
measured with a battery powered water-level tape. Hydraulic head values
are reported as the elevation of the water levels above an arbitrary
subsurface datum, Because the aquifers benesth the sites are assumed
to be unconfined, water levels in the wells represent the position of

the water table at those wells.

Hydraulic Conductivity Estimates

One method for dectermining the hydraulic conductivity of under-—

lying sediment was the single—well response (slug) test (Hvorslev,

1951)., 1In this test, a solid cylinder (slug) was dropped rapidly to
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the bottom of a 2Z-inch (5.08 cm) diamater monitoring well, raising
the water level exactly 1 metre, The rate of recovery of the hydraulic
head to its original elevaticn is proporticmal to the hydraulic con=

ductivity,

Sampling Procedure

Water sampling was dome in a specially equipped van provided by
the University of NHorth Dakota Engineering Experiment Station., Samples
were collected during August and Qctober, 1981 and April and July,
1982. All wells were sampled with the exception of Fordville no. 1l in
April, 1987; apparently the well was blocked with jice at the time.
Also, Fordville well no. 6 was not sampled in July, 1982 because of
an insufficient amount of water in the well.

To be certain that the water samples were representative of
groundwater surrounding the wells, approximately 2 well volumes of
water were bailed from 3ll wells prior to sampling with a 6-foot
{1.83 m) PVC bailer.

To prevent sample contamination, the bailer was thoroughly rinsed
with distilled water prior to sampling. Before taking samples for
bacteris analyses, a small bailer was sterilized with a dilute bleach
solution and rinsed several times with distilled water. Immediately
after sample extraction, pH was determined with a Hach madel 1975 pH
meter; conductivity (micromhos/cm) was determined with a Beckman model
RC~16C conductivity bridge and the temperature (Celsius) was recorded.

Also, dissolved oxygen {mg/L) of well water was determined by the YSI

model 57 Dissolved Oxygen meter with immersible probe., Samples were
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filtered through 142 mm. diameter, 8 micron pre-filters and then through
142 wm. diameter, 0.45 micron filters.

One-quart (0.95 1) samples were collected for major ion analyses:
100 milliliter samples were collected for phosphate, mitrate, total
~and fecal coliform, and trace metal analyses. After collection, the
samples were placed in styrofcam coolers, covered with ice, and shipped
to the North Dakota State Department of Health laboratories in Bismarck

for analysis.

Laboratory

Sediment Characterization

Samples that appeared to be dominantly very fine sand-size
{(4.0¢ or 1/16 mm.) or coarser were dry-sieved using a RoTap machine
and U.S, standard sieves, Stacks of sieves at 0.5¢ intervals were
used. When silt— and clay-size particles amounted to less than 5%
of the samples (by weight), no attempt was made to separate those
glze fractions.

The hydrometer method was subgequently used to determine sand,
silp and clay percentages of dominantly silty or clayey samples,
This procedure is described by Perkins (1978).

A textural amalysis computer program, written by Br. R, D, LeFever
of the University of North Dakota Department of Geology, produced
statistical data and frequency and cumplative distribution curves.
Input data needed for the program were the grain-size distributions

obtained from the dry-sieve technique mentioned above.

The other technique to determine the hydranlic conductivity of
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sediments at the three sites utilized grain-size parameters obtained
from cumulative distribution curves (Masch and Denny, 1966). One
restriction with this procedure is that 1t can be used only for
dominantly sandy sediment; one of the assumptions made in the method
is that the particles are not cohesive., Thus, this technigue was not

used for silty and/or clayey samples.

Contaminant Contour Mapping

Chemical data were plotted on base maps of the sites to illustrate
changes in groundwater gquality. Because well control was better at
MeVille, isopleth lines (lines of equal concentration) of each para-
meter were superimposed on the base map of that site using data from

the July, 1982 sampling period.




McVILLE WASTE POND SITE

Results and Discussion

Site Description

Three cells are available for use at McVille. However, only cell
I (Figure 4) is used consistently, Wastes are discharged from cell I
into cell I approximately twice a vear for a period of less than a
week, It is believed that cell III has never been used since the
ponds were built in 1974. The area of cell I is approximately 2.50
acres (1.0 hectare); at a depth of 3 feet (0.91 m)}, it holds about

6 gallong (9.31 x 163 m3} of wastewater.

2.46 x 10
Of considerable interest to the study is the dump located near
the northwest corner of cell I (Figure 4). The dump is approximately

ten vears old.

Geologic Betting

The Pleistocene Coleharbor Formation is the most extensive
surface formation in Nelson County. It is composed of three different
facies: 1) till, 2) sand and gravel, and 3) silt and clay. At the
Mcville site, the sand and gravel facies ogcurg at the surface and is
interpreted to be outwash transported to the area from eastern Nelson
County by Wisconsinan meltwater streams (Bluemle, 1973). Test
drilling near McVille by the North Dakota State Water Commission
revealed a trench, filled with sand and gravel, incilsed into the

Pierre Formation., The McVille site overlies the axils of this buried

29
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Figure &, Topographic map of the McVille, N.D. site. Geologile
cross~gection along A-A' is presented in Figure 5.
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river valley; the sand and gravel is greater than 200 feet (60.9 ﬁ)
thick there and thins rapidly away from the trench axis. Coarse-grained
sediment within the buried valley comprises the McVille aquifer.

Samples recovered from drilling for this study were fine- to medium-

grained sand with numerous shale fragments (Figure 5, Appendix II-A).

Hydrogeologic Setting

The McVille waste stabilization ponds are in the buried fluvial
sands comprising the McVille aquifer. The aquifer extends from
T.152N., R.61W. to T.149N., R.58W. (Figure 6) and has the greatest
potential for development of any aquifer in Nelson County, with an
estimated storage capacity of 200,000 acre-feet (2.47 x lO8 m3) of
water (Downey, 1973). 1In Nelson County, the aquifer is 31 miles
(49.9 km) long and ranges in width from a quarter of a mile (0.4 km)
to about half a mile (0.8 km). TFigure 7 is a cross-section of the
aquifer near the city of McVille. The aquifer is the source of water
for that city; two wells pump approximately 70,000 gallons (2.65 x 102
m3) of water a day from it (Downey, 1973).

Figure 8 illustrates the position of the water table beneath the
McVille gite on July 27, 1982, Along the north edge of cell I, the
water table was approximately 85 feet (25.91 m) above the arbitrary
datum, while south of cell III the water table was only 79 feet
(24.1 m) above the subsurface datum. Thus, groundwater flows north
to south under the study site towards its discharge area, the

Sheyenne River. Using this contour map, the water table gradient was

calculated to be 0.06 inches per foot (0.5 cm per meter). Similar
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Figure 5. Geologic cross-section of the McVille gite. Bee
Flgure 4 for location of cross-section.
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Fipure 6. Location and trend of the McVille aquifer in Nelson County.
Geologic cross—section along B~-B' 1s prasented in Figure 7.
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Figure 7. Cross—section of the McVille aquifer near the city of
MeVille, See Figure 6 for location of cross-section, From Downey,
1973,
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Figure 8. Water table contours (heaviest lines), in feet above
an arbitrary datum, superimpozed on a topographic map of the McVille
site, July 27, 1982,
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gradients were determined using water level data from other months.
Water level readings for the entire study period are listed in Table 3.
During the study period, seasonal variations in the water table
were minor at the McVille site (Figure 9). However, an unusual rise
in water levels in wells 4, 5, and 6 in relation to the other wells
occurred in July, 1981, This is explained by the transfer of waste-

water from cell T to cell II that occurred at that time. Wastewater is

discharged into cell IT during peak sewage production in summer through
a pipe/gate assembly approximately 50 feet (15.2 m) east of well 5
(Figure 8). The distinct rise in water levels in wells 4, 5, and 6,
therefore, 1s assumed to be a response to localized recharge by the
transfer procedure. Wells 7 and 8 were not installed at that time;

but they, too, would have shown elevated water levels in July, 198l.

The velocity of groundwater flow 1s dependent on the hydraulic
gradient, porosity, and hydraulic conductivity of sediments through
which it moves. The hydraulic conductivity of the sediment under the
McVille site was estimated from grain-size distribution curves using
the statistical method of Masch and Denny (1966) and by using the
result of a single-well response (slug) test (Hvorslev, 1951).

The Masch and Denny method of determining hydraulic conductivity
was performed on samples recovered during the drilling of McVille
wells 7 and 8. Little difference exists between cumulative grain-size
distribution curves of the samples. All hydraulic conductilvity values

derived from those curves, with one exception (Table 5), are of the

same order (10_5 m/s).
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Figure 9. Water table fluctuations at the McVille site. Wells
9 - 14 were constructed in July, 1982,
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In November, 1981, a single-well response {slug) test was per-

formed on McVille well 8. Using the equations

X = R2 1n % ,
7 11,
where X = hydraulic conductivicy (cm/s)
R = radius of pipe (cm)
L = length of pipe (cm)
and T, = basic time lag (seconds, measured

graphically, see Appendix V1)

a hydraulic conductivity of 3.49 x 10"5 n/s was determined. This is
in general agreement with values obtained from the Masch and Denny
method.

The average linear velocity of the groundwater at this site was

calculated using the formula:

K (dh
n idl ’

<
)

where = average linear velocity (m/s)

v
K = hydraulic conductivity of sediment {m/s)
n

= sediment porosity (assumed to be 0.3 for
sand; Freeze and Cherry, 1979, p. 37).

aad("“) = gradient of water table surface {(m/m)

A value of 6.92 x 19-? m/s was obtained using the above equation. At
thie velocity, groundwater travel time from well 1 to 11 is 15.4 vears.

Becauge the velocity used in the calculation is an average, some

parcels of water travelling along circulfous routes will take much
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longer while other parcels taking shorter paths will arrive in less

time.

Background Chemical Quality of Groundwater

In general, water from the McVille aquifer is a calcium-
bicarbonate type of good quality. The TDS concentration is typically
less than 300 mg/L {(Downey, 1973). In an applicability study of local
groundwaters for irrigation purposes, two McVille aguifer water samples
were classified as having low alkali hazard and a moderate to high
salinity hazard (Downey, 1973). The high salinity of the water makes
it of marginal quality for irrigation purpoeses; however, high salinity
waters have been used successfully for some crops where drainage and
soll properties permit (Downey, 1973).

A farm well and monitoring wells upgradient from the McVille
waste stabilization ponds were sampled to ascertain the background
chemical quality of groundwater in the vicinity of the ponds. Data
from upgradient control wells are compared with data from other wells
at the site in the following section. In general, McVille aquifer
water has less than 1 mg/L total iron and nitrate, less than 10 mg/L
ammonium and chloride, and less than 100 mg/L calcium, magnesium,
sodium, and sulfate {(Downey, 1971, p. 431}. All chemical and bacterial

data from the McVille gite are listed in Appendix VII.

Chemical Quality of Groundwater Samples

Total Hardness, Calcium (Caz+), Magnesium (Hg2+)

The lowest readings of total hardness, calcium, and magnesium oceur




46

at well 2, upgradient form cell I, and the lateral farm well. Highest
values occur at upgradient well 1, lateral well 5, and downgradient
wells 10, 11, and 12 (Figures 10, 11, 12)}.

The farm well, located about 1/4 mile (0.4 km) west of the pond
site, had a July, 1982 total hardness reading of only 235 mg/L; not
coincidentally, calcium and magnesium also were lowest in the farm
well (Figures 10, 11, 12}, This well and well 2 reflect background
concentrations of these parameters for the McVille aguifer.

Well 1, approximately 5 feet (1.5 m) downgradient from the base
cf the dump, had a July, 1982 total hardness reading of 358 mg/L,
nearly 100 mg/L higher than well 2. Well 5 had a July, 1982 total
hardness concentration of 422 mg/L (Figure 10) and a mean value of
566 mg/L throughout the study period. The contrast of hardness,
calcium, and magnesium values of wells 1 and 5 with those of wells 2
and 3 (Figures 10, 11, 12) suggest that leachates from the dump are
reaching the groundwater. Although well 5 is farther from the dump
than well 1, its position more directly downgradient from the dump
causes it to recelve greater amounts of calciom and magnesium ions
which, collectively, elevate total hardness in groundwater. Alter-
natively, a hardness halo may have formed downgradient from the dump
in the vicinity of well 5. The formation of a hardness halo is the
result of exchange between cations from surface sources and aquifer
particles with cations adsorbed on interstitial clay particles in the
aquifer. The dump is a2 likely source of cations such as ammonium;

as these components travel downgradient, they become adsorbed

onto clay particles. Simultaneously, calcium and magnesium ions are
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Figure 10. Total hardness concentrations (mg/L) in groundwater
at the McVille site. July 27, 1982. Wells 7 and B are relatively
deep; the values are in rarentheses and not contoured.
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Figure 1ll. Calcium concentrations {(mg/L) in groundwater
at the McVille site. July 27, 1982, Wells 7 and 8 are rel-
atlvely deep; the wvalues are in parentheses and not contoured.
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Figure 12. Magnesium concentrations (mg/L) in groundwater
at the McVille site. July 27, 1982, Wells 7 and 8 are rel-
atively deep; the values are in parentheses and not contoured.
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released into solution, causing concentrations of those parameters to
increase downgradient from the dump.

Wells immediately downgradient Erom cell I have intermediate
concentrations of total hardness, calcium, and magnesium. Wells 10,
11, 12, and 13, however, have the highest concentrations of those para-
meters (Figures 10, 11, 12). The elevated values at these downgradient
wells are probably not the result of waste dump leachates reaching
groundwater because wells between the dump and those wells are not
high in total hardness. Instead, a hardness halo may have formed in
the vicinity of those wells. Ammonium jons in wastewater percolating
from cell 1 are adsorbed on aquifer particles. Concurrently, calcium
and magnesium ions are released into solution, forming the hardness halo
downgradient from cell 1 (Figure 10).

Because the McVille aquifer is incised in the sodic Pierre shale,
montmoerillonitic clays in the aquifer are likely to be sodic as well.
Therefore, calecium and magnesium ions can be attenuated by sodium-rich
clays in the aquifer by adsorption. If this is occurring, it is taking
place downgradient from the Mcville site. DBillution also will attenuate

these constituents.

Total Dissolved Solids (TDS)

Background TDS values of approximately 300 mg/L occur at well 2
and the farm well {Appendix VII). The TDS distribution pattern (Figure
13) indicates that both the dump and the sewage ponds are contributing

dissolved solids to the groundwater. 7TDS values are considerably

higher at well 1 {559 mg/L), just downgradient from the dump, than at
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Figure 13. Total dissolved solide concentrations {(mg/L) in
groundwater at the McVille site. July 27, 1982. Wells 7 and 8
are relatively deep; the values are in parentheses and not con-
toured.
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well 2 {306 mg/L, Figure 13). The high TDS levels at well 5, lateral
to the pond, also suggest a source at the dump.

Many of the wells downgradient from cells I and IT have TDS
concentrations in excess of 800 mg/L, more than a two-fold increase
from background readings. The contoured data of the site from July,
1982 {(Figure 13) indicate a plume of water with high TD§ concentrations
extending downgradient from cell I. It is not known how far the
plume extends gouth of the site. Dilution with ambient groundwater
beyond the study site will eventually reduce TDS concentrations to

background levels.

Chloride (Cl7)

Groundwater from the McVille aquifer in the McVille area has
generally less than 10 mg/L chloride {Downey, 1971, p. 451). The high
chloride concentration in wastewater makes it an excellent indicator
of groundwater contamination by sewage pond seepage from the McVille
site. Attenuation of chloride occurs by dispersion, where uncontam-—
inated groundwater mixes with the contaminant plume andglowers
chloride concentrations downgradient, eventually to background values.
The July, 1982, background readings from the farm well and well 2
were O mg/L and 14 mg/L, respectively (Figure 1l4), and mean values
are 3 mg/L and 4 mg/L, respectively.

High chloride readings occur downgradient from cell I; some wells
have chloride concentrations twe orders of magnitude greater than

those in the control wells (Figure l4). Wells 9% and 10, however,

have lower concentrations than other downgradient wells. Because the
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Figure 14, Chloride concentrations (mg/L) in groundwater at
the McVille site. July 27, 1982. Wells 7 and 8 are relatively
deep; the values are in parentheses and not contoured.
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highly mobile chloride jon is not affected by redox conditions nor
are they adsorbed onto negatively charged clays, the low chloride
values at wells 9 and 10 suggest that those wells lie on the edge of
the chloride plume,.

The chloride concentration at well 13 ig particularly high
(232 nmg/L, Figure l4). Chloride concentrations at well 6, 200 feet
{60.9 m) upgradient from well 13, and well 12, 200 feet (£0.9 m) down-
gradient, are 160 and 150 mg/L, respectively, This concentration
distribution suggests a discrete body of high-chloride groundwater in
the vicinity of well 13. This high chloride reading may represent a
slug of wastewater discharged from cell I into cell ¥Y, Cell TI, having
no sludge layer, would not retard ionfiltration of the wastewater into
the subsurface., Because the slug has not advanced very far down-
gradient, it would still have fairly distinct boundaries within a
larger, lower concentration chloride plume extending downgradient from

cell T (Figure 14).

Ammonia {Nﬁz} and ammonivam ion (§H£+)

Groundwater znd wastewaters sampled at the McVille site had pH
values less than 9. Below this value, rhe ammonium ion (&H&+) is
the dominant nitrogen species (Preul and Schroepfer, 1968). There-
fore, despite the fact that the Health Department reported “ammonia®
values, ammonium was actually being detected.

The July, 1982 ammonium reading of McVille wastewater (0.33 mg/L,

Figure 13) is probably not indicarive of actual ammeonium concentrations

in the pond, as all previous values excesded 6 mg/L (Appendix VII).
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Figure 15. Ammonium concentrations (mg/L) in groundwater at
the McVille site. July 27, 1982, Wells 7 and 8 are relatively
deep; the values are in parentheses and not contoured.
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Iisregarding the last ammonium reading, It is normally a good
indicator ©f sewage percolation and contamination of groundwater,

Hot all dovmgradient wells have high ammonium readings., In
July, 1982, for example (Figure 15), wells 9, 10, 11, and 12 had
background readings. Conversely, wells 6, 8, 13, and 14 had very
high ammonium concentrations while wells 3, 4, and 7 had intermediate
values.

Several factors determine the concentrations of ammonium at the
McVille site: first, the bottom sludge layer of cell I, amd second,
the periedic transfer of wastewater from cell I inte cell II.

The positively charged ammonium ions in wastewater may be adsorbed
onte fine-grained particles in the sludge layer as they percolate from
the pond; hence, partial artenuation is possible within the pond itself.
The ammonium concentration of wastewater which moves through the
sludge layer can be estimated by the ammonium concentration of wells
3, 4, and 7,

it is possible that the high ammopium ion readings in wells 6, 8,
13, and L[4 are the result of occasional cell IT discharges. Because
the bottom of cell IL contains no sludge layey, it offers less
resistance to wastewater infiltration and has less adsorptive capacity.
Hence, ammonium ions entering cell IT infiltrate more rapidly to the
groundwater.

The large reduction of ammonium values over a small distance

{wells 10, 11, and 12 compared to well 13, for example} suggests

strong attenuation of ammonium by adsorption between well 13 and wells
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10, 11, and 12. The low nitrate concentrations in wells 10, 11, and
12 (Figure 16) inddcate that nitrification of ammonium in the aquifer

is not occurring.

Nitrate (NO. )
3t

High levels of nitrate were recorded at wells 1, 2, 5, and 9 at
the McVille site in July, 1982 (Figure 16). The McVille sewage pond
is not the source of nitrate in the groundwater, however. While
aerobic conditions in the pond promote nitrification of ammonis to

nitrate by the reaction:

+ - +
(1) 20, + N ——aNO,” + 26 + HO

bacteria in the pond consume and denitrify that nitrate as soon as it

ig formed by the reactiom:

- - +
O 4 MO T2 W, .y + 5HCOyT + H 4 2H0 .

(2) 5¢CH
Gaseous nitrogen is then outgassed from the system (Freeze and
Cherry, 1979, p. 118). Thus, nitrates normally remain an ingignificant
constituent In wastewater. The nitrates in the wells adjacent to the
McVille ponds must have originated from a source other than the ponds.

Groundwaters with high levels of dissolved oxygen tend to oxldize
{nitrify) the ammonium ion {reaction 1), Wells 1, 2, and 5 at McVille
consistently had the highest dissolved oxygen readings of all wells at

the site, Oxidizing conditions upgradient from the pond apparently

nitrified the ammonium derived from animal wastes (Kehew, 1982), and

converted it to nltrate, The distribution of nitrate at the McVille
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Figure 16. Nitrate concentrations {mg/L) in groundwater at
the MeVille site. July 27, 1982. Wells 7 and 8 are relatively
deep; the values are in parentheses and not contoured.
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site indicates that wastewater percolating from cell T either dilutes
the nitrate or promotes denitrification of the existing nitrate.
Because no mechanism promoting low pE conditions exists below the

dump, such as a sludge layer, nitrate is not reduced there., Well 5
water therefore reflects the lack of denitrifying conditions below

the dump {(Figure 16). Because nitrates are very mobile and are not
adsorbed by clay particles, dispersion must be the dominant attenuation

mechanisna,

Total Iron (Fe) and Sulfate (SO,Z“}

Local groundwater redox conditions control the chemical form of
iron and sulfate in groundwater. Total iron and sulfate councentrations
at the McVille site are shown in Figures 17 and 18, respectively.
Oxidizing conditions {(high pE) upgradient from the pond site promote

the reaction:

(3) 0, + 4Fe’’ + 4 —>4FeT

2 + 2H20 .

The product, ferric iron (Fe3+), is relatively insoluble and combines
with dissolved oxygen in groundwater to form FQZQB(S} or Fa(OE}gis}
{(Freeze and Cherry, 1979, p. 124). Because most iron has combined to
form solid iron oxides, toﬁal iron readings are low. Because wells
1, 2, and 5 have hiph levels of dissolved oxygen, dissolved iron
concentrations are low near those wells {Fipure 17}.

Lower pE conditions in sewage pond bottoms and in groundwater

downgradient from leaking ponds lead to the presence of ferrous iron

(Fe2+} as the dominant species of dissolved irom. The reduced




67

Figure 17. Iron concentrations (mg/L) in groundwater at the
McVille site. July 27, 1982, Wells 7 and B are relatively deep;
the walues are in parentheses and not contoured,
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ferrous form is much more soluble than ferric iron. Consequently,
total dron readings iIncrease downgradient from the McVille pond;

wells 4, 7, and 14 {Figure 17) contain water with high total iron.

The scurce of the iron is not the pond, however, as total irom
readings of wastewater samples averaged only 0,06 mg/L. It is likely
that ferrous iron ions (Fe2+) from iron oxide coatings on aquifer sand
grains are made soluble as reducing pond waters flow through the gand
and convert ferric iron to the more soluble ferrous form.

As the wastewater plume travels downgradient, it mixes with
uncontaminated groundwater having higher amocunts of dissolved oxygen.
The higher pE causes the oxidation of Fe?t to Fe ™t and the subsequent
precipitation of iron oxide (Fej03) on aquifer particles. This process
ig indicated by attenuation of the high total iron plume between well
14 and wells 6 and 8 (Figure 17).

Sulfate concentrations are inversely related to iron concentrations.
Sulfates are most abundant in wells 1 and 5 and at comsiderable dig~
tances downgradient from the pond {wells 1l and 12). Lowest sulfate
concentrations occur immediately downgradient from the pond (wells 3,
4, and 7, Figure 18).

Sulfates are produced in oxidizing groundwaters by the reactlon:

+ BS ——> 50.° + H .

(4) 202 4

Wells 1 and 5 have more sulfate than other wells because of high
dissolved oxygen and sulfate content in groundwater near the dump.

Sulfates, abundant in the wastewater of cell I, are reduced to

’

sulfides by the reactiomn:
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Figure 1&, Sulfate concentrations (mg/L) in groundwater at
the McVille site. July 27, 1982, Wells 7 and 8 are relatively
deep; the values are in parentheses and not contoured.




71

100

% MILE {04 km)
‘—u—
'FARM WELL
84

CELL BOUNDARY
MONITORING WELL @

——

o 100




72

2 s us” + 2mco.” + ®

{5) 20&20 + SOQ 3 .

This reaction is catalyzed within the bottom sludge layer by anaerobic
bacteria (Neel and Hopkins, 1956). Sulfate-depleted water then
percolates into the groundwater; wells 3, 4, and 7 produce water
samples of that type. Bicarbonate (HCOB‘}, a product of sulfate
reduction (reaction 5), is present in higher concentrations in those
wells than in wastewater (Appendix VII). Iron and nitrate reduction
may also account for bicarbonate concentration increases in wells 3,
4, and 7.

Increasing concentrations of sulfates farther downgradient from
cell I could be the result of a re-oxidation of hydrogen sulfide that
has been produced in the sludge laver. The re-oxidation, if it occurs,
is biologically catalyzed. An alternative postulate is that the
intermittent discharges inte ¢ell I1 are contributing sulfates to the
groundwater, Cell IT infiltration would be high in sulfate because of
the lack of a reducing siudge laver, Well & has sulfate concentrations
nearly as high as well 1, and well 11 has an even greater concentra~
tion of sulfate (Figure 1B). Dispersion with uncontaminated ground-
water downgradient from the site may eventually reduce the sulfate

concentrations siightly.

Other Cations

Sodium and manganese concentrations increase downgradient from

cell I. Sodium concentrations in wells 3, 4, 5, and 7, for example,

are more than ten times greater than the background reading of
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15 mg/L in well 2 (Figure 19). Elevated manganese (Mn?*+) concentra-
tions, the result of reduction of manganese oxide solids in the sludge
layer, occur in downgradient wells 4, 6, 7, and 8; they are two orders
of magnitude greater than background values {(Figure 20). Manganese
concentrations decrease gradually dowagradient as a result of precipl-
tation and/or digpersion, whereas sodium is probably attenuated by
dispersion only. The exact attenuation mechanisms have not been

determined.

Trace Elements

Because laboratory tests for trace slements were expensive, only
ona upgradient and one downgradient well were analvzed for such
elements for each sampling period at MeVille. Because some of the
McVille wastewater originated at locations such as service stations,
trace elements in the wastewater were expected. Samples collected
downgradient from cell I were almost always lower in trace elements
than upgradient samples (Appendix VII). The anaerobic conditions in
the pond sludge layer promote the presence of insoluble sulfide
minerals that can limit trace element concentrations (Freeze and
Cherry, 1979, p. 4183, In addition, the mobllity of the trace elements
can be restricted by adsorption processes within the sludge layer.
Coatings on sand gralns, such as hydrous oxides of iron, Fe(OH)3(s),
and manganese, Hnﬂz(g), can econtrol the fixation of Co, Ni, Cu, and
Zn (Freeze and Cherry, 1979, p. 418). If trace elements occur in

Mcville wastewater, as is likely, one or more of the previously

mentioned attenuatlon mechanisms prohibit them from contaminating the
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Figure 19, Sodium concentrations (mg/L) in groundwater at the
McVille site. July 27, 1982. Wells 7 and 8 are relatively deep:
the values are in parentheses and not contoured.
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Figure 20, Manganese concentrations (mg/L) in groundwater at
the McVille site. July 27, 1982, Wells 7 and 8§ are telatively
deep; the values are in parentheses and not contoured.




77

% MILE (0.4 kni

-
FARM WELL \
072

e
|

2

CELL BOUNDARY
MONITORING WELL @

TN r—f

o 100"




78

groundwater,

Total and Fecal Coliform Bacteria

Bacteriological analyses from the October, 1981 and April, 1982
sampling pericds were probably not accurate because insufficient
rinsing of bleach from the sampling bailer effectively killed most of
the bacteria in the water sample. Results prcbably more representative
of actual conditions were obtained later in the project because of
improved sampling techniques. The sampling bailer was disinfected
with a dilute bleach solution and then triple~rinsed with distilled
water to remove the bleach.

Bacteria data from the July and September, 1982 sampling periocds
indicate infiltration and travel of bacteria in groundwster. The
2460 colonies per 100 ml sample in the wastewater was equalled in
well 12, over 600 feet (183 wm) downgradient from cell I (Figure 21},
In addition, wells 4, 5, 6, 7, 8, 10, 11, 13, and 14 had in excess of
10 total coliforms per 100 ml {Figure 21}. Because bacteria de not
survive very long in water, it appears that groundwater wvelocity is

much faster than that predicted by single-well response tests.

Summary - McVille

The concentrations of most parameters strongly indicate a
contaminant plume elongated downgradient from the MeVille site. The
plume likely has three scurces: 1) continucus percolation of wastew

water from cell I; 2) rapid infiltration from intermittent cell IT

wastewater discharges; and 3) continucus leachate migration from the
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Figure 21. Total and fecal coliform bacteria {(colonies per
100 ml) in groundwater at the McVille site. Total coliform counts
are the numerator values. July 27, 1982,
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wagte dump located just upgradient from cell I.

Total hardness, calcium, magnesium, TDS, chloride, iron, sodium,
manganese and coliforms are present in higher concentrations down-
gradient from cell I than in upgradlent wells, These trends indicate
groundwater contamination from cell I wastewater percolation. Dané
that suggest the influence of the cell II discharges, on the other
hand, are elevated TDS, chloride, ammonium, sulfate, manganese, and
bacteria readings. For example, wells 6, 8, and 14, downgradient from
cell IT, have high ammonium and sulfate concentrations, whereas wells
4 and 7, upgradient from cell II, have much lower ammonium and sulfate
concentrations {Figures 15 and 18)., The influence of the dump is
indicated by increased concentratiens of total hardness, calcium,
magnesium, TDS and nitrate in wells 1 and 5 (Figures 10, 11, 12, 13,
and 16).,

The concentrations of many of the comstituents are less than the
maximum limits set for drinking water by the U.5. EPA. However, a
few are excessive. The limit for TDS, for example, is 500 mg/L
{Table 1) but only two wells at McVille had concentrations less than
that value., In fact, many were greater than 800 mg/L (Figure 13).

Limits have not been established for ammonium, However, because
it can be oxidized teo nitrate, concentraticns above 10 mg/L are not
desirable. At the McVille site, four downgradient wells contained
excessive levels of ammonium. The highest value was more than 43 mg/L

{Figure 15}.

Well 1 contalned excessive nitrate levels, and wells 2, 5, and 9
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were of marginal quality with respect to nitrate (Figure 16). Water
containing nitrates at these concentrations can cause methemoglobinemia
in infants or to developing fetuses that ingest it for a long tiume.

Iron is present in excessive concentrations in three downgradient
wells; however, excessive iron is undesirable only because it colors
the water and affects the taste.

Only McVille well 2 showed 2 manganese concentration below the
limit of 0.05 mg/L. Some downgradient wells contain water two orders
of magnitude above the limit for manganese., These concentrations con-
stitute a health hazard if they persist in the vicinity of domestic
wells downgradient from the site.

Because excessive bacterial colonles in drinking water are
potentially pathogenic, coliform counts are among the parameters of
most concern in this study. The limit for total and fecal coliforms
are 1 and 0 colonies per 100 ml sample, respectively. Almost all
MeVille wells exceeded the total coliform limit and a few had excessive
fecal coliform colonies,

In summary, a4 contaminant plume, derived from different sources
at the site, has reached the water table below the site, Flow is
evident by the elevated concentrations of many of the study parameters
downgradient from the pond. Some constituents in the plume are
attenuated within the study area by adsorption, precipitation, and/or
dispersion. These attenuation mechanisms may effectively reduce

contapinant parameters to acceptable drinking water levels by the time

the plume reaches wells or discharge points downgradient. However,
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lack of well control beyond the study area precludes any definite

conclusions regarvding contaminant attenuation.




LARIMORE WASTE POND SITE

Results and Discussion

Site Description

The waste stabilization pond serving Larimore, Gramnd Forks County,
is approximately 1 mile (1.6 km) northeast of the city limits. The
pond was originally constructed in 1953 as a single cell of 10 acres )
(4.0 hectares). Because sufficient pond depths could not be maintained,
an earthen dike was built across the middle of the pond, forming two
cells (Figure 22), each having an area of nearly 5 acres (2.0 hectares).
With an estimated water depth of 2 feet {(0.61 m), the volume of each
cell is approximately 3.7 x 106 gallons (1.4 x 13& ma). The east cell
(cell I) was used during most of the study period except in the summer

of 1982 when cell T liquids were emptied into cell IT1 to facilitate

the removal of weeds from cell I.

Geplogic Setting

The most extensive surficial deposit in Grand Forks County is
Late Wisconsinan glacial drift., 1In the Larimore vicinity, the drifc,
approximately 250 feet (76.2 m) thick, is compesed of three till units
from gseveral glaciations (Hansen and Kume, 1970}, and is overlain by
glacivlacustrine clay and silt., These units, in turn, are overlain
by cross-stratified sand and gravel. The sand and gravel, overlain
locally by Pleistocene and Holocene eolian sand and silt, is inter-

preted as a delta (the Elk Valley delta) deposited in Lake Agassiz

84
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Figure 22. Topographic map of the Larimore, N.D, site. Geologic
cross-section along A-A' is presented in Figure 23.
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near the margin of an ice lobe during the Edinburg glacial phase
(Hansen and Kume, 1970). The sandy eolian sediment at the surface is
greater than 25 feet (7.6 m) thick at Larimore. Samples recovered
from drilling at the Larimore site were therefore predominantly these

silty sands (Figure 23, Apvendix II-B).

Hydrogeologic Setting

The Larimore waste gtabilization ponds are in the eolian sands
and silts that overlie the Elk Valley aquifer. The aquifer extends
from T.154N., R.56W. to T.149N., R.33W. {(Figure 24) and is one of the
most important sources of water in eastern North Dakota; the estimated
transient storage of water in the aquifer is 1 million acre-feet

9 m3) in Grand Forks County (Kelly and Paulson, 1970). The

{1.2 x 10
agquifer is 38 miles (61.1 km) long and ranges in width from 3 miles
(4.8 km) to 12 miles (19.3 km) (Figure 24). At Larimore, the aquifer
is 20 feet (6.1 m) to 30 feet (9.1 m)} thick. In 1970, the city of
Larimore pumped 150,000 gallons (5.7 x 102 m3) of water a day from the
Elk Valley agquifer for municipal use (Kelly and Paulscn, 1970).

Figure 25 illustrates the position of the water table beneath the
Larimore site on Hovember 21, 198l. Regional grourndwater flow is from
south to north toward the South Branch of the Turtle River. However,
a groundwater mound under cell I, caused by excessive recharge from
pond seepage, results in a local hydraulic gradient reversal south of

the site (Figure 25). Based on water table contours at the site

{Figure 25), hydraulic gradient estimates range from 0.02 inches per

foat {0.17 centimetres per metre)} under cell II to 0.24 inches per
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Figure 23. Geologic cross-section of the Larimore site. See
Fipure 22 for location of cross—section.
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Figure 24, Location of the Elk Valley aquifer in Grand Forks County.
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Figure 25. Water table contours (heaviest lines), in feet above

an arbitrary datum, superimposed on a topographic map of the Larimore
site, November 21, 1981.
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foot (2.0 ecm/m) along the edge of the groundwater mound under cell I.
All water level readings at the Larimore site are listed in Table 3.
Large variations in the water table vccurred during the study
period &t the Larimore site {Figure 26)., Typically, reductions in
water table elevation occurred in summer and winter, while the water
table rose in fall and spring In Tesponse to precipitation and snowmelt.
A hydraulic conductivity value of 1.% x 10_& m/s was estimated
for sediment underlying the Larimore site using the Masch and Denny
(1966) method on samples recovered during drilling of well 4. 1In
addition, a siungle-well response (slug) test was performed on well 1
and a hydraulic conducrivity value of 1.6 x 10““6 m/s was determined.
The discrepancy between the two values is either the result of
heterogeneity of the subsurface material or error inherent in the

laboratory method of hydraulic conductivity estimation.

Background Chemical Quality of Groundwater

Water from the Elk Valley aquifer generally is a calcium~
bicarbonate type of good quality and is classified as having medium
to high salinity and a low alkali hazard (Kelly and Paulson, 1970).
Concentrations of most chemical constituents are extremely variable
in the aquifer (Kelly and Paulson, 1970):; this probably is the result
of shallow agquifer depths, variability of material in the unsaturated
zone, and contamination from surface sources., 7TDS comcentrations, for

example, range from several hundred to over 1,000 mg/L. (Kelly and

Paulson, 1970).
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Figure 26. Water table fluctuations at the Larimove site.
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A farm well and several monitoring wells upgradient from the
Larimore waste stabilization site were sampled to determine chemical
and bacterial quality of natural groundwaters in the vicinity of the
ponds. These values were compared with data from other wells at the
site. Because of the switch of pond ligquids from cell T to cell IT
prier to the summer, 1982 sampling period, mean concentrations of
constituents from the first three sampling periods were analyzed

separately from the summer, 1982 data.

Chemical Quality of Groundwater Samples

Total Hardress

A background total hardness value of 268 mg/L was recorded in the
farm well, 1 mile (1.6 km) upgradient from the site. The lowest total
hardness values were recorded in wells 3, 6, and 7 (Figure 27). Well
7, 600 feet (182.9) lateral to cell I and upgradient from cell II,
had water only slightly harder than natural water from the agquifer.
Wells 3 and 6 had even softer water; although less than 30 feet (15.2 m)
from ceil I, they may be barely within the influence of the groundwater
mound.

Flevated total hardness values occur in wells 1, 2, 4, and 5, all
within the groundwater mound below ¢ell I. Well 4 had a mean hardness

concentration of 525 mg/L, the highest at the site and a two=-fold

increase over the background readings (Figure 27).
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Figure 27. Mean total hardness concentrations (mg/L) from August,
1981 to April, 1982 in groundwater at the Larimore site., Summer, 1982
value in parentheses. Farm well value is from a single reading.
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Total Dissolved Solids {TDS)

Total dissolved solids readings equivalent to background values
were recorded in the farm well (303 mg/L) and in wells 3 and 7
(391 mg/L and 442 mg/L, respectively, Figure 28). However, TDS
concentrations incressed markedly in other wells peripheral to the
Larimore ponds. Wells 1, 2, 4, 5, and 6 had average TLS5 concentrations
ranging from 736 mg/L in well 5 to 976 mg/L in well 4 (Figure 28),
representing a two~ to three-fold increase over background TDS concen—
trations.

Wells having high TDS concentrations during the first three
sampling periods had lower TDS concentrations during the summer, 1982
sampling period. For example, well 1 had an average TDS value of 861
mg/L prior to the summer of 1982 and a reading of 541 mg/L during that

summer (Figure 28).

Chloride

Typical chloride concentrations 1in the Elk Valley aquifer generally
are less than 10 mg/L. For example, the farm well showed no chlorids.
Wells 3 and 7 had slightly higher chloride concentrations; well 3 had
an average of 32 mg/L chloride while well 7 had an average chloride
reading of 49 mg/L (Figure 28). These values sguggest the presence of
a permanent or intermittent groundwater mound, causing a gradient
reversal in the vieinlty of these "“upgradient' wells.

Chloride values increased markedly in wells 1, 2, 4, 5, and 6,

gsimilar to TDS. The mean chloride concentrations in these wells
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‘Figure 28. Mean total dissolved solids (TDS) and chloride (C1™)
concentrations (mg/L) from August, 1981 to April, 1982 in groundwater
at the Larimore site. Summer, 1982 valyes in parentheses. Farm well
value is from a single reading.
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ranged from 157 mg/L in well 6 to 195 mg/L in well 1 (Figure 28),
representing a three— to four-fold increase from upgradient chloride
values in the farm well.

Chloride values in wells peripheral to cell I decreased after
pond liquids were transferred to cell I1. The greatest decrease was
in well 13 chloride concentrations were reduced by one-half in that

well following the summer, 1982 transfer.

Ammonium

Because the pH values of Larimore wastewater and groundwater are
below 9, the ammoniuvm ion is the dominant nitrogen species at the site.
Because wastewater in the Larimore waste stabllization pond had an
average ammonium concentration of 7.5 mg/L and the farm well had an
amponium concentration of less than 1 mg/lL (Figure 29}, the presence
of ammoniuvm in downgradient groundwater indicates contamination by
wastewater, In fact, wells | and & had ammonium concentrations
similar to rthat of wastewater; average ammonium concentrations in
those wells were 7.1 mg/L and 9.7 mg/L, respectively (Figure 29).

Well 2 had an average ammonium reading of 1.5 mg/L, suggesting that
it is within the groundwater mound beneath cell I.

The ammonium discributions at this site are unlike those at
McVille. At that site, ammonium was attenuated in all wells immediately
downgradient from cell 1 except for well 7 (Figure 15)}; at Larimore,
ammonium concentrations in wells 1 and ¢ were similar to that of waste-

water. Apparently, adsorption of the ammonium ion is not occurring

within the Larimore pond. Either a sludge layer capable of attenuating
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Figure 29. Mean ammonium (NH,*) and nitrate {NO3™) concentrations
{mg/L} in groundwater from Auguat, 1981 to April, 1982 at the Larimore
site. Summer, 1982 values in pareantheses. Farm well value is from a
single reading.
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ammoniwn has not yet formed in this pond, or the adsorptive capacity
of the sludge layer has been exceeded. Abundant weeds in cell T
suggest water depths of less than 2 feet (0.6 m), & depth that would
inhibit the formation of a sludge layer because of aeration by wind,
Without a sludge layer, less adsorption of ammonium would cccur.
Summer, 1982 amwonium readinge in wells 1, 2, 4, and & were lower
than in previcus sampling periods. For example, well 6 decreased by
two orders of mapnitude and well 4 ammonium decreased by one-half
(Figure 29). It is expected that ammonium would easily migrate from
cell IL hecause that cell has no sludge layer. Some adsorption could
ogcur on aquifer particles, however, Unfortunately, ne monitoring
wells were constructed downgradient from cell II because it was

assumed that only cell T would be used.

Nitrate

Nitrate was present in concentrations less than 1 mg/L in all
wells and in the wastewater at Larimore. The highest nitrate reading
was at the upgradient farm well; however, it had only 0.9 mg/L nitrate
(Figure 29). Dissolved oxygen, necessary for nitrification, was in
concentrations greater than 1 mg/L in wells 3 and 7, but nitrate was
not formed because of low ammonium levels in those wells. The transfer
of wastewater to cell II in the summer of 1982 caused nitrate levels

to decrease in all wells peripheral to cell T (Figure 29).

Total Iron and Sulfate

Iron was present in minor amounts in Larimore wastewater. However,

iron increased slightly in wells 2 and 6 and was considerably elevated
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in wells 1, 4, and 5 (Figure 30). The highest total iron reading, in
well 4, was 6.5 mg/L, two orders of magnitude above background iron
readings (0.06 mg/L, Figure 30).

Lower pE conditions within the groundwater mound under the pond
led to the presence of ferrous iron (Fe2+) as the dominant species
of dissolved iron. Ferrous iron is probably derived from irom oxide
coatings on aquifer sand grains and is released into solution by
wastewater reduction, raising total iron readings in wells screened
within the groundwater mound. |

Sulfate concentration distributions, also degendeﬁt on redox
conditions, were variable at the Larimore site. Highest amounts of
sulfate were in well 2 (143 mg/L average value, Figure 30), suggesting
either reduction of sulfate to sulfide on the pond bottom by bacteria
{(leading to offgassing of 328) or precipitation of sulfide winerals.

Some anomalies do occur ar the site. TFor example, well 4 had a
mean sulfate value ten times that of well 5, located only a few feet
away. The screened interval of well 5 is more than 16 feet (4.9 m)
deeper than that of well 4; conditions at this depth are more reduacing
than in well 4, suppressing sulfate formation. The lower sulfate
concentration in well 5 also is the result of §redominantiy lateral
movement of the contaminant plume in the upper part of the saturated
zone, Whille the contaminant plume llkely is more dense than natural

groundwater, the density contrast is probably minimal. Therefore,

the plume does not sink to the level of the screened interval of well
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Figure 30. Mean iron (Fe) and sulfate (8042'} concentrations
{mg/L) in groundwater from August, 1981 to April, 1982 at the Larimore
site. Summer, 1982 values in parentheses. Farm well value is from a
single reading.
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5 within that small lateral distance.

The transfer of pond liquids from cell I to cell IT caused
sulfates to increase in all wells near cell I except in well 1. The
greatest increases occurred in wells 5 and 6 (Figure 30). For example,
the summer 1982 sulfate value of well 5 was an order of magnitude
higher than the previous mean sulfate value for that well. It is
hypothesized that when liquids were in cell II, the bottom of cell I
became subaerially exposed, causing oxidation of reduced sulfur forms
present in the thin, poorly developed sludge laver. Sulfate was
produced, which later was leached to the water table by rainfall and

as a result, sulfate levels rose in nearby wells.

Other Cations

Sodium, a major constituent in Larimore wastewsater, occurred in
wells 1, 2, 4, 5, and 6 at levels an order of magnitude higher than
in well 3 and two orders of magnitude above the upgradient farm well
value of 1.5 mg/L (Figure 31). These sodium concentrations indicate
contaninant movement within the groundwater mound be}ow cell I.

Background manganese concentrations at Larimore were approximately
1 mg/L or less (Figure 31} but concentrations of mpanganese In wells
around cell I were at least twice that value. Well 1 contained the
highest amount of manganese (10.09 mg/L), a ten~fold increase over the
background level. Because the solubility of Mh2+ increases with
decreasing pE (Stumm and Morgan, 1970, p. 331), minimal amounts of

manganese occurs in the aerobic wastewater but 1s made soluble as

wastewater percolates through the reducing (low pE) bottom layer of
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Figure 31, Mean sodium {Na+) and manganese {an*) concentrations
(mg/L) in groundwater from August, 1981 to April, 1982 at the Larimore
site. Summer, 1982 values in parentheses. Farm well value is from a
single reading.
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the pond. Reducing conditions in the groundwater mound below the
pond allow soluble manganese to persist in the vicinity of peripheral
wells.

Both sodium and manganese concent{rations decreased in all wells
around cell I after pond ligquids were transferred to cell 1I (Figure
31}. Corresponding increases in well 7 were not observed, however,
Because the transfer procedure involved only a portion of cell I waste-
water for a period of less than 3 months, it is unlikely that a well-
developed groundwater mound developed under cell IL. As a result, the
hydraulic gradient was not reversed in the direction of well 7, and

contaminants therefore did not migrate toward that well.

Trace Elements

Concentrations. of wost trace elements were generally lower in

well 1, "downgradient” from cell T than in well 3, on the '

'upgradient"
side ¢f the groundwater mound. Although not analyzed for trace
elements, their presence is probable in Larimore wastewater. Trace
elements in Larimore wastewater are being attenuated by dilution,

chemical precipitation, and/or adsorption within the pond and sludge

layer.

Teotal and Fecal Coliforw Bacteria

Coliform bacteria counts in welis at the Larimore site were
extremely variable., As expected, both total and fecal coliform

counts were highest in the wastewaster (Figure 32, Appendixz VII}). Ko

distinct trends in bacteria counts were evident in wells peripheral
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Figure 32. Mean total coliform (TC) and fecal coliform (FC)

bacteria (colonies per 100 ml) in groundwater from August, 1981 to
April, 1982 at the Larimore site. Summer, 1982 values in parentheses.
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to cell I. For example, well 1, within the groundwater mound,
averaged only 4 total coliforms (per 100 m] sample)} during the first
three sampling pericds, and only 33 counts in the summer of 1982.
Well 6, on the other hand, showed much higher coliform counts {(Figure
32).

While bacteria counts around cell I were inconsistent, the faet
that they greatly exceed the bacteria counts of well 7 suggest that
the bacteria originate from cell 1 and are migrating into groundwater

below the Larimore waste stabilization pond.

Summary - Larimore

Chemical and bacterial trends demonstrate contamination of
groundwater by wastewater percolation from the Larimere waste stabili-
zation pond. Elevated concentrations of most parameters occurred
in wells peripheral to cell 1 during the summer and fall of 1981 and
spring of 1982 sampling periods, when pond liquids percolated from
that cell, High permeability sediment under the site prohibit
maintenance of pond depths sufficient for the development of a sludge
layer capable of attenuating ammonium. However, low pE conditions
probably still prevail at the pond bottom, and iron and sulfate are
chemically reduced in mounded groundwater beneath the pond, causing
increased levels of iron and decreased levels of sulfate. Other
parameters, such as total hardness, TDS, chloride, and sodium are

also abundant in wells peripheral to cell 1.

The transfer of wastes to cell 11 ghould cause contaminant
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concentrations to decrease in wells adjacent to cell I. Indeed,

except for sulfate, the summer 1982 readings were quite low compared
toe previous values, Sulfate readings increased because of subaeriail
exposure of the bottom of cell I and resultant oxidation of reduced

sulfur forms, such as Fe§ to form sulfate., Later, precipitation

2(s)’
could have leached sulfate to the water table, but because a ground-
water mound was absent, groundwater flow rates were slow and sulfate
had not vet moved from under the site. The other contaminants, such

as TDS, chloride, and sodium, not affectred by redox conditions, were
mervely attenuated by dilution. As a result, concentrations of thosge
parameters gradually decreased near cell I while wastewater was in

cell II.

Despite the fact that wastewater constituents reached the water
table, water gquality standards in most cases were not exceeded. The
exceptions were: a) the manganese limit of 0.05 mg/L (Table 1) which
was exceeded in all Larimore wells {including the farm well); b) nearly
10 mg/L ammonium, potentially hazardous levels if nitrified, which
sccurred in wells 1 znd 6; and ¢} total coliform levels, which were
excegsive in all Larimore wells.

Additional wells downgradient from cells I and TI1 would have
provided valuable information on contaminant percolation and travel
in the subsurface at the site. Because the surrcunding land is
farmed, this was not feasible, However, several factors suggest that

domestic well water downgradient from the site is potable: a) the

nearest farm home ig at least 1| mile (1.6 km) downgradient from the
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pond; b} no home is located between the pond site and the local ground-

water discharge area; and ¢) watey quality is generally acceptable

adjacent to the site.




FORDVILLE WASTE POND SITE

Results and Discussion

Site Description

The waste stabilization pond at Fordville, located approximately
3/4 mile (1.2 km) southwest of the city limiqg, was built in 1955 as
a single eell of 4 acres {1.6 hectares). Later, zn earthen dike was
congtructed to form a palr of 2 acre (0.8 hectare) cells (Figure 33}).
At an estimated water depth of 3 feet (0.9 m), each cell has a volume
of 1.8 x iﬁﬁ gallons (6.9 x 193 mg}. The east cell (cell I) was used

exclusively throughout the study periecd.

Geologle Setting

The sand and gravel facles of the Pleistecene Coleharbor Formation
occurs at or near the surface In the Fordville area. The sand amd
gravel was deposited during the Late Wisconsinan Edinburg glacial
phase, when the retreating Red River Valley lobe stabilized at a
position approximately 1 mile (1.6 km) east of Fordville (Bluemle, 1973).
While the ice margin paused at this positlon the Edinburg end moraine
was formed. A proglacial lake formed west of the moraine, and ice
marginal streams flowlng south into the lake deposited the sand and
gravel. These coarse-grained, cross-bedded deposits comprise thé
Forﬁville aquifer. Samples recovered from drilling at the Fordville

site were coarse sand and gravel overlain by clay and silt (Figure 34,

iig
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Figure 33. Topographic map of the Fordville, N.D. site. Geologic
cross-section along A-A' is presented in Figure 34.
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Figure 34. Geologic cross-section of the Fordville site. See
Figure 33 for location of cross—section.
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Appendix II-C). The finer material, the Holocene Oahe Formation, is

dominantly Forest River alluvium (Bluemle, 1973).

aydrogeoiqggc Setting

The Fordville waste stabilization ponds were excavated in the
alluvium overlying the sand and gravel of the Fordville aquifer. The
aquifer extends from T.156N., R.56W., to south of the city of Fordville
(Figure 35). 1In Walsh County, the aquifer is 3 miles (4.8%km) to 4
miles (6.4 km) wide and is approximately 6 miles (9.6 km) long. The
aquifer beneath Fordville is approximately 25 feet (7.6 m) thick.

The Fordville aquifer i1s the most important aquifer in Walsh
County; it has an estimated storage capacity of 63,000 acre-feet

7 ma) of water (Downey, 1973). The city of Fordville utilizes

(7.8 x 10
the Fordville aquifer as the municipal water source.

The position of the water table beneath the Fordville site on
Hovember 2], 1981 1s illustrated in Figure 36. Groundwater flows from
north to south under the site toward its discharge area, the Middle
Branch of the Forest River. A groundwater mound under cell i causes
a local hydraulic gradient reversal to the north of the site (Figure
36). Based on water levels in monitoring wells (Figure 36), the
hydraulic gradient ranged from 0.04 inches per footr (0.33 cm/m)
below cell 11 to 0.96 inches per foot (8.0 cm/m) along the edge of
the groundwater mound under cell T.

Figure 37 illusgcrates the extreme fluctuation of Fordville water

levels. Fractures, common in unconsolidated fine-grafned deposits,

may have developed in the alluvium overlying the aquifer. Such
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Figure 35. Location of the Fordville aquifer in Walsh County.
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Figure 36. Water table contours (heaviest lines), in feet above

an arbitrary datum, superimposed on a topographic map of the Fordville
site, November 21, 1941.
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Figure 37. Water table fluctuations at the Fordville site.
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fractures provide open pathways for infiltrating water; thus, precipi-
tation reaches the water table more quickly than if 1t had moved only
through intergranular voids. Such variability in water levels did not
occur at MeVille and Larimore, underlain by coarse-grained material
with only intergranular porosity. Water levels in well 6 were erratic
compared to other wells; either the screened interval of that well was
damaged during installation or the screen was clogged with fine-grained
sediment, obstructing water flow into the well.

Sediment collected at the Fordville site was too fine-grained to
use the Masch and Denny (1966) method of hydraulic conductivity deter~-
mination., Single-well response tests were performed on wells 1, 2, and
3, however, and hydraulic conductivity values of 4.8 x EOM? mn/s,

8.7 x 19_6 m/8, and 3.0 x 19"6 m/s, respectively, were determined for
those wells. Using a mean value, the average linear velocity of

8

groundwater at the Fordville site is 4.5 x 1077 m/e. Obviously, much

higher flow rates occur within the groundwater mound,

Background Chemical Quality of Groundwater

Water from the Fordville aguifer 18 a calejum~sodium type of
relatively good quality. Typical TDS values range from 315 mg/l teo
525 mg/L (Downey, 1973). A domestic well 1/2 mile (0.8 km) upgradient
from the site was sampled in an attembt to ascertain background con~
centrations of constituents in the groundwater. Water quality from
that well was poor (Appendix VII), apparently the result of smeptic

tank contamination. For example, the concentration of mitrate in the

well was 118.0 mg/L, over ten times the limit get for that constituent
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by the EPA (Table 1). Therefore, published data (Downey, 1971) was

used to determine background quality of Fordville agquifer water.

Chemical Ouality of Groundwater Samples

Total Hardness

Wells 1, 3, 4, and 5, within the influence of the groundwater
mound under cell I, had generally uniform concentrations of calcium
and magnesium ions (Appendix VII); as a result, gimilar hardness values
were recorded in those wells (Figure 38). Hardness readings similar
to background values (250-350 mg/l.) occurred in wells 2 and 6 (Figure
38), suggesting that those wells are beyond the influence of the

groundwater mound under cell 1.

Total Dissolved Solids (TDS)

Water with the greatest amount of dissolved solids came from well
3 (Figure 39). In addition, TDS values in wells 1, 2, and 5 (315 -
525 mg/L, Figure 39) also exceeded background levels. The wastewater
pond is certainly contributing dissolved mineral matter to groundwater

below the site.

Chloride

Chloride concentrations, typically less than 5 mg/L in the aquifer,
ranged from 23 mg/L in well 4 to 18] mg/L in well 3 (Figure 39),
representing five- to forty-fold increases over background levels.

Cell I wastewater, containing an average 106 mg/L chloride, is

undoubtedly the cause of elevated readings in those wells.
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Figure 38. Mean total hardness concentrations (mg/L}) in groundwater
at the Tordville site. ‘
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Figure 39, Mean total dissolved solids (IDS) and chloride (€17)
concentratlons (mg/L) In groundwater at the Fordville site.
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Chloride values in well 5 were one-half those in well 3, located
only a few feet away. Because well 3 has a shallower screened interval
than well 5, it probably received contaminated water that tends to
move along the top of the aquifer,

Chloride was abundant in wells 2 and 6, over 200 feet (61.0 m)
from cell I. Either the groundwater mound extends that distence west
of cell 1T or cell TII has been used in the past and has degraded ground-

water near those wells,

Ammoniuvm

Ammonium, the dominant nitrogen form in groundwater at the site,
was highest in the wastewater (9.62 mg/L, Figure 40). All wells at
the site had less than 1 mg/L gmmonium except for wells 2 and &6 (1.78
mg/L and 3.71 mg/L, respectively, Figure 40). The Fordville mainten—
ance worker "could not recall" cell TI ever being used; however,
ammonium and other constituentis concentrations in wells 2 aud 6
suggest a cell II wastewater source rather than fertilizers or soﬁa
natural source. If cell Il ever was used, it probably was for a
short time, thus prohibiting the formation of a sludge layer on the
bottom of the cell. Hence, attenuation of ammonium by adsorptien
would not occur, as is the case in cell 1. As a result, ammonium

reached the groundwater around cell II, attenuated only by dilutien.

Nitrate

Nitrates were not significant in wastewater nor groundwater at

the Fordville site. All average nitrate concentrations were 1 mg/L
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Figure 40. Mean ammonium (NH,V) and nitrate (NO3™) concentrations
(ng/L) in groundwater at the Fordville site.
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or less, except for the reading of 1.85 mg/L in well 4 (Figure 40).
Apparently, any nitrates produced 1In the pond are being assimilated

by serobic bacteria in the pond.

Total Iron and Sulfate

Iron and sulfate readings at this site did not show the variation
that they had at the other two sites. Total iron actually decreased
in many wells around the cells with the exception of the 1.3 mg/L mean
value of well 6 (Figure 41). The clay layer separating the pond bottom
from the agquifer retards percolation of wastewater from the pond;
apparently, the reducing wastewater is inhibited from coming into
contact with iron oxide coatings on aquifer sand grains. Therefore,
soluble ferrous ironm is not released into solution and total iron
readings remain low. Reactlon of sulfate with ferrous iron on the
pond bottom, precipitating iron pyrite is also a viable mechanism
to explain the low total iron readings in groundwater near the cells.

Sulfate concentrations in wells peripheral to cell I were similar
to that of wastewater (Figure 41). Sulfates in well 3 decreased in
abundance, suggesting some sulfate reduction in pond-botiom waters
and migration of low-sulfate water to the groundwater mound under cell
I. Higher sulfate readings in wells 2 and 6 suggest oxidation of
reduced sulfur forms that remain from a time when cell II contained

wastewater.

Manganese

The average manganese concentration in Fordville wastewater was

0.15 mg/L {Figure 42). Concentratious of manganese lncreased in all
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T

Figure 41. Mean diron (Fe) and sulfate {3642") concentrations (mg/L)
in groundwater at the Fordville site.
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Figure 42. Mean manganese (Mn2+) concentrations (mg/L) in ground=-
water at the Fordville site.
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wells at the site; the readings in wells 3, 5, and & were three times

that of natural groundwater. These slevated concentrations are the
result of Increasing manganese sgolubility in the low pE enviromment

of the pond bottom.

Trace Elements

Trace elements concentrations were greater in wells on the up-
gradient side of the groundwater mound than on the opposite side of
the mound. TIf it is assumed that trace elements exist in Fordville
wagtewater, it is difficult to explain why they preferentially occur
in one area of the groundwater mound than in any other, The trace
glements may be from an unknown source upgradient from the site.

The trace element concentrations in well 1 at the Fordville gite
were the highest of any of the study sites. For example, barium and
selenium at Fordville were three times above the levels at the other
aites. Most trace element levels from the October 1981 sampling
period were well above maximum limits set for those parameters

{(Appendix VII).

Total and Fecal Coliform Bacteria

Except for wastewater, no Fordville well sample contained fecal
coliform bacteria (Figure 43):; however, some total coliform.bacﬁeria
were detected, The highest counts from the first three sampling
periods were recorded in wells 5 and 6.

Sampling technigues were much improved for the summer, 1982

sampling period; total coliform bacteria counts were generally higher
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Figure 43. Mean total coliform (TC) and fecal coliform {FC3
bacteria (colonies per 100 ml) in groundwater at the Fordville site.
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in all wells. Wells 1 and 5 were lowest in coliform bacterlia, whereas
well 3 had the highest counts (Figure 43), suggesting bacteria migration

to the water table mound below the site.

Summary - Tordville

Centamination.ef groundwater near the Fordville waste stabilization
ponds appears to be less severe than at the other two sites. However,
contaminant concentrations in Fordville wells still exceed background
levels of those constituents. Because the upgradient domestic well
probably was contaminated by septic tank effluent and Tupgradient™
well 1 was within the influence of & groundwater mound under cell I,
they did not reflect background concentrations of groundwater consti-~
tuents. Therefore, published data were consulted te ascertain those
values.

Certain constituents in wells peripheral to cell I, such as total
hardness, TDS, chloride, and manganese, were present in concentrations
. exceeding background levels, In addition, wells 2 and 6, lateral to
cell I, had high levels of chloride, ammonium, manganese, and tetal
coliform bacteria. Fertilizers may be contributing some of these
constituents to groundwater; more likely, though, is the probability
that cell II hag been usad in the past and has contributed contaminants
to the groundwater. Subsequent removal of the contaminants did not
occur because of slow groundwater velocitiss caused by the low hydraulie
gradient below cell 11 and presence of a low-permeability silty-clay

layer. As a result, contaminant concentrations remain elevated around

cell TI.
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Many contaminant concentrations were cousiderably higher in well

3 than in well 5, located only a few feet away. For ezample, TDS,
iron, manganese, and chloride were all much higher in well 3 than in
well 5, Well 5 is screened approximately 13 feet (4.2 m) bepneath well
3; perhaps 1t recelves unaffected groundwater from below the contam-
inant plume, while well 3 contains poorer quality water from within
the plume. | |

Contaminant concentrations in Fordville wells were generally
within the limits set for those constituents. The only exceptions were
total hardness concentrations in wells 3 and 5 and total coliform levels
in all Fordville site wells. Typical Fordville aquifer water commonly
has greater than 250 mg/L total hardness (Downey, 1971}, so hardness
readings at the site were not grossly excessive.

Although groundwater quality is affected adjacent to the site,
concentrations of contaminants generally are not excessive. Because
the nearest downgradient domestic well is at least 3/4 mile (1.2 km)
from the site and on the other side of the local discharge area, the

Forest River, it is not likely to be affected by Fordville waste

stabilization pond seepage.




CONCLUSIONS

The McVille, Larimore, and Fordville waste stabilization ponds
overlie important aquifers of Pleistocene age glacioiluvial sediment.
Hydraulic gradients at the sites were calculared as less than .06
inches per foot (0.17 centimetres per metre), but groundwater mounds
under the Larimore and Fordville ponds result in steeper hydraulic
gradients. Because of highly permeable sandy sediment and a deep water
table under the McVille site, a groundwater mound did not form at that
site.

Groundwater quality at the three study sites has been adversely
affected by wastewater pond percolation. Based on concentrations of
wastewater constituents, groundwater near the McVille site 1s most
severely contaminated., S$everal constituent concentrations downgradient
from that site are two or three orders of magnitude above background
concentrations., The influence of the Larimore and Fordville ponds is
less pronounced than at McVille; nonetheless, many contaminant concen-
trations increase in monitoring wells adjacent to those sites. Lack
of wells farther downgradient from the Larimore and Fordville sites
made it impossible to determine the extent of the contaminant plume.

The following conclusions can be made about the study sites:

McVille

1. Most contaminant concentrations increase markedly downgradient
from the site, including total hardness, total dissolved
solids, chloride, ammonium, total irom, sodlum, and bacteria.
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Larimore

1.
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Three sources contribute contaminants to the groundwater:
1) slow, continuous percolation from cell I; 2) rapid
infiltration of wastewater from cell IT; and 3) leachate
migration from the dump.

Redox conditions control the chemical form of many consti-
tuents in groundwater at McVille; leachate migration and cell
IT infiltration generally are more aerobic than percolation
from cell I, which has an anaercbic bottom sludge laver
typical of such ponds.

Potential attenuation mechanisms at the site are: a) dilution
with ambient groundwater; b) chemical adsorption of wastewater
constituents onto sludge layer particles and/or aquifer parti-
cles; ¢) mechanical filtering of wastewater constituents
within the aludge layer; d) precipitation of wastewater con-
stituents with groundwater lons to form inscluble compounds;
and ¢) biologically-catalyzed reduction or oxidation of
wastewater constituents.

Numerous contaminants are present in McVille groundwater in
concentrations exceeding drinking water standards, indicating
contaminant influx rates greater than the attenuation
capacities of sludge and aquifer particles,

Many constituents are present in elevated concentrations in
wells adjacent to cell I, including total dissolved solids,
chloride, ammonium, total iron, and manganese.

Contaminant sources were cell I from August, 198l to April,
1982 and cell IT during the summer of 1982. Groundwater
quality in wells surrounding cell I improved markedly when
pond liquids were transferred to cell I1I.

The influence of redox conditions on chemical species and
attenuation processes are similar to that at Mcville, except
for possibly less efficient pond-bottom attenuation at
Larimore because of a poorly developed sludge layer.

Water quality standards are met for most constituents, with
the exception of manganese and bacteria.

Surrounding farmland prohibited construction of wells beyond
the pond site; however, i1t is believed that downgradient
domestic wells are not affected by wastewater percolation
from the pond.
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Fordville

L.

Some contaminant percolation to groundwater occurs at the
Fordville site; TDS, chloride, and manganese concentrations
are elevated in wells peripheral to the site.

Because the Fordville pond is excavated In clayey silts and
the water table is naturally shallow, a well-developed
groundwater mound has formed under the pond. This results in
a local hydraulic gradient reversal to the north and a
steepening of the gradient south of the site. Contamination
of monitering wells by wastewater constltuents is the result,

The fine-grained sediment under the Fordville site tends to
retain wastewater for long time periods, Therefore, con-
taminated groundwater is suspected downgradient from Fordville
cell II, even though that cell was not used during the study
period., A well-developed groundwater mound does not form
under cell IT 1if the transfer lasts only a few weeks, as 1s
the usual practice, The resultant low hydraulic gradient
causeg contaminants to remain pear cell II.

With the exception of total hardness and bacteria, contaminant
concentration limitg are being met.

Because of the distance of downgradient domestic wells and
generally acceptable water quality near the site, It is
believed that domestic wells are not affected by Fordville
waste pond percolation.




RECOMMEKDATIONS

To determine the suitability of potential waste stabilization
pond sites, a detailed knowledge of the geology at those sites is
critical. Although examination of geologic maps of each area pro-
vides a general idea of where sites should be located, exploratory
drilling and characterization of the sediment at candidate sites is
esgential to further narrow the choices. The hydrogeologic setting,
including determination of depth of the water table, rate and
direction of groundwater flow, and proximity of surface warer bodies
must also be understood. Only after the hydrogeologic suitability
of the sites has been evaluated should factors such as distance
from town and the potential aesthetic impacts be considered.

For proper waste stabilization processes to occur within the
pond, seepage of less than 1/8 inch (0.3 cm) a day from the pond
must be maintained. Therefore, it is imperative that the ponds be
excavated in low permeability, fine-grained sediments. In eastern
and central North Dakota, clay-rich till and glaciolacustrine
deposits are favorable settings. In the western éart of the state,
Tertiary deposits with high percentages of clay-size particles are
generally suitable, However, all sites should be carefully evaluated
because of the potential presence of fractured fine-grained sedi-
ment with increased permeability. In areas not underlain by low

permeability sediment, a low permeability liner of clay or benton-
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ite should be installed in the cell(s).

Seepage from the McVille, Larimore, and Fordville waste stab-
1lization ponds degrade groundwater quality near those sites.
Because the sites are downgradient from the cities that use them,
contaminants from the ponds travel away from the heavily populated
areas of those cities. Nonetheless, groundwater quality is so
seriously affected at the McVille site that an impermeable clay
liner should be installed in cells I and II to prevent migration
of contaminants beyond the site boundary. Groundwater contamination
is less serious at the Larimore and Fordville sites; these ponds
will cause little damage 1f left iIn their present state. Con-

struction of wells in the 1mmediate vicinity of the McVille, Lari-

more, and Fordville waste stabilization ponds should be prohibited.




APPENDICES




APPENDIX 1

MONITORING WELL CONSTRUCTION DATA




TABLE 2

MONITORING WELL CONSTRUCTION DATA

Elevations measured in feet above an arbitrary datum located at an elevation of 0 feet

Elevation of

Elevation of

Elevation of

Well Number Surface Elevation Top of Pipe Top of Screen Bottom of Screen
A. McVILLE
1 102.73 104.349 80,87 75.87
2 104.20 166,03 83.01 78.01
3 99,63 101,19 77.75 72.75
4 100,00 101,54 79.92 74,92
5 102,99 104.57 32.91 77.91
6 87.19 88, 86 63.85 58.85
7 100,00 101.42 72.08 67.08
B 47.19 88,52 58,27 53,27
9 101,62 102.04 75.29 70.29
97.61 98.44 70.86 £5.86
97.21 95.72 71.04 66,04
101.14 102,41 70.00 65.00
99.08 97.51 71.08 66.08
102,77 99.68 73.77 68.77

FATM



MONITORING WELL CONSTRUCTION DATA, Continued

Elevation of Elevation of Elevation of
Well Number Surface Elevation Top of Pipe Top of Screen Bottom of Screen

B. LARIMORE

1 96,15 97.173 B87.98 82.98
2 99.45 101.11 91.35 B6.35
3 101.27 102.85 93,02 88.02
4 100.00 101.79 93.40 BB.40
) 100.00 101.50 76.80 71.80
6 100.85 102.35 82.35 77.35
7 101.75 103.75 B3.75 78.75

C. TFORDVILLE

1 96.48 98.15 77.31 72.31
2 97.10 98.27 85.02 80.02
3 95.78 96.53 83.36 78.36
4 94.66 96.58 B6.66 81.16
) 95.78 97.11 70.70 65.70
6 96,50 98.67 78.67 73.67

8¢T



APPENDIX II

LITHOLOGIC LOGS OF MONITORING WELL HOLES
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APPENDIX II1-A, MCVILLE

Well 1

0-25 Sand; fine- to coarse~grained, gravelly, vellowish-brown to
brown.
25-27 Sand; wet, poor sample recovery.

Well 2

0-22 Sand; fine~ to coarse-grained, gravelly, vellowish-brown to
brown.,

22~30 Sand; coarse-grained, brown, moist.

30~32 Clay; sandy, pebbly, grayish-green.

Well 3

-27 Band; fine~ to coarse~grained, gravelly, vellowish-brown to
brown.
2732 Sand; coarse-grained, brown, wet.

HWell 4

0-10 Sand; fine~ to coarse-grained, gravelly, vellowish-brown to
brown.

10-17 Sand; medium~ to coarse-~grained, gravelly, brown to greenish-
gray, sewage odor.

17-30 Sand; medium-grained, dark gray to dark grayish-green, sewage
odor decreased.

30-32 Sand, medium-grained, clavev.

Well 5

0~22 Sand; fine- to medivm-grained, brown.
22-32 Sand: medium-grained, wet.

Well &

0~7 Sand; fine- to medium~grained, brown.
7-32 Band; fine- to medium-grained, gravelly, brown, wet.

Well 7

(-10 Sand; medium-grained, brown.
10-18 Sand; fine-~grained, dark grayish-brown.
18~33 Sand; medium~ to coarse-grained, pebbly, brown.
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. Well 8§

0~8 Sand; fine- to medium-grained, brown.
8-~18 Sand; medium~grained, pebbly, gravish-brown.
18-34 Sand; medium~ ¢ coarse~grained, pebbly, brown.

Well 9

0-27 Sand; fine-~ to medium-grained, gravelly, vellowish-brown
te brown.
27-43 Sand, fine- to coarse-grained, gravelly, brown, wet.

Well 1O

0~16 Band; fine- to medium-grained, gravelly, yellowish-brown
1o brown.

16-43 Sand; fine- to coarse-grained, gravelly, brown to brownish-
gray, wet.

Well 11

0~27 Band; fine~ to coarse~grained, gravelly, vellowish-brown to
brown.

27-38 Sand; fine- to coarse-grained, clayey, brown to brownish-
gray, wet.

Well 12

0~25 Sand; fine- to medium-grained, light brown.
2542 Sand; medium~ to coarse-grained, brown, wet.
Well 13

0-15 Sand; fine~ teo medium-grained, brown.
15~23 8and; medium-grained, brown.
23~42 Sand; coarse-grained, gravelly, dark brown, wet.

Well 14

0-20 Sand; fine~ to medium~grained, light brown.
20-30 Sand; medium- to coarse-grained, brown, moist.
30-37 Sand; coarse-gralned, gray to brown, wet.
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APPERDIX II-B, LTARIMORE

Well 1

0-2 811t; black.

2-5 Sand; fine~ to medium-grained, grayish-brown,
5~7 Clay; silty, brown,

7-13 Band; medium—-grained, brown, wet

Well 2

0~-2 8ilt; grayish-black.

2=~5 8and; fine- to medium-grained, gravish-brown.
5-7 Clay; silty brown.

7-13 Sand; medium-grained, gravish-brown, wet.

Well 3

0-2 8ilt; grayish-black.

2~5 5and; fine- to medlum-grained, gravish-brown.
5~7 Sand; medium-grained, light brown.

7~13 Sand; mediuym-grained, brown, wet.

HWell §

-2 Bilt; black,

2~5% Sand; fine~ to medium-grained, grayish-brown.
5~7 Sand; medium-grained, light brown,

7-12 Sand; medium- to.coarse-grained, wet.

Well &

-3 841t; black.

3-6 Sand; fine- to medium-grained, gravish-brown.
6~8 Sand; medium-grained, light brown.

8~12 Sand; medium~grained, brown, wet.

Well 6

0-3 841t; black.

3~6 Sand; fine~ ro medium-grained, grayish~brown.

6-8 Sand; medium—grained, light brown.

8-24 Sand; medium-grained, occasional silty clay lenses, brown, wet.

Well 7

D~3 8ilr; black.

3-6 Sand; fine- to medium-grained, grayish-brown.

6~8 Sand; medium—grained, light brown.

B-~23 Sand; medium-grained, light brown to brown, wet.
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APPENDIX 1I-C, FORDVILLE

Well 1

0~2 5ilt; black.

2~7 Clay; silty, brown.

7-10 Clav: silty, gray

10~24 Sand; medium- to coarse-grained, gravelly.

Well 2

0-2 Silt; black.

2«5 Clay; silty, brown.
5-6 Clay; silty, tan.

6~9 Sand; silty, tan.

9-24 Gravel; sandy, brown.

Well 3

0-2 $ilt; black.

2-5% Clay; silty, brown.

5-6 Clay; silty, light brown.

6~18 Sand; medium— Lo coarse-grained, gravelly,

Well 4

p-2 Silt; black.

Z2~6 Clay; silty, browm.

=12 Sand; medium~ to coarse-grained.
12-13 Sand; very coarse grained.
13-14 Sand; gravelly.

Well 5

0-3 8ilt; black.

3-8 (lav; brown,

8-13 Clav; brown, occasional pebbles.
13=30 Sand; coarse-~grained, pebbly.

Wall &

0-3 84ilt; black.
3-13 Clay; browm.
13-18 Sand; gravelly.
18-22 Gravel, sandy.
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WATER LEVEL DATA




TABLE 3
WATER LEVEL DATA
Elevations given in feet above an arbitrary datum of zero feet

A, McVILLE

Surface
Well Elevation 5/27/81 6/22 7/16 8/26 10/14 11/29 1/31/82 3/28 4725 6/08 7/27

1 102.73 84.71  84.81 B4.94 84.97 84.78 84.78 84,71  84.71 85.17 85.20 85.10
2 104,20 84.38  84.71 84.84 85.04 84.81 84.78 84,71  84.78 85.33 85.33  85.23
3 99.63 82.49  82.56 82.69 82,82 82.56 82.49  82.46 82,56 B3.12 83,15 82,95
4 1060.00 82.49  83.04 84.06 83.21 82.98 82.88  82.84  82.91 83.54 83.60 83.40
5 102.99 82,76  82.89 83,25 83.09 82,82 82.79  82.79  82.79 82,32 83.25 83,24
6 87.19 80.99  80.99 81.64 81.19 80.99 81.02  B80.89  80.92 81.55 81.45 81.35
7 100. 00 - - - 83.09 83.45 83.35  83.28  83.35 83,94 83.87 83.77
8 87.19 - - - 81.44 B1.24 80.88  81.14  81.17 81.70 82.06 81.60
9 101.62 - - - - - - - - - - 81.95
10 97.61 - - - - - - - - - - 80.46
11 97.21 - - - - - - - - - - 78.73
12 101.16 - - - - - - - - - - 79.24
13 99.08 - - - - - - - - - - 80,55

14 102.77 - - - - - - - - - - B2.24

c91



WATER LEVEL DATA, Contlinued

B. LARIMORE

Surface
Well Elevation 5/27/81 6/24 7715 8/30 9720 10714 11/21 1/31/82 3/28 4721 6£/22 8/10

1 96.15 93.14  93.37 92.68 92.25 92.81 93.24 92.91 - - 93.63 93.34 92.23
2 99.45 93.73  94.19 93.67 93.24 93,73 94.03 93.47 93.04 93.37 94.55 94,06 93,01
3 101.27 94,65 94.98 94.39 93.57 94.39 94.88 94.55 93,50 93.83 95,18 95.01 93.85
4 99.37 92,80 93.19 92,57 92.01 92,50 93.16 92.70 91.88 92.30 93.42 93.78 92.46
5 100.35 - 93.29 93.16 92,60 93.32 93.75 93.29 91.81 92,83 94.08 94.44 93.05
6 100.85 - 93.26 92.74 92.48 92.94 93,23 93.00 92.90 2.61 93.72 93.36 92.45
i 101.75 - 95.32 94.24 93.52 94.34 94.83 94.37 93.25 93.68 94.76 95.32 94.25

C. TGORDVILLE

5/27/81L 7/17/81 8/30/81 9/27/81 10/14/81 11/21/81 1/31/82 3/28/82 4/20/82 6/16/82

1 96.48 94.53 92.89 93.71 93.65 94,50 93.61 50.98 91.74 - 94.07
2 97.10 94.01 92,33 93.09 92.99 94.11 92,79 - 91.71 95.32 94.66
3 95,78 93.09 91.41 92.27 52,10 93.12 92.10 - 50.30 93.45 92.99
4 94.66 53.46 91.92 52.81 92.81 93.46 92,78 89.96 90.97 93.53 92,81
3 95.78 - 88.02 92.91 92.55 §3.85 92.83 - 91.03 94,26 90,62
6 96.50 - 95.00 90.54 92.34 90.01 52.05 91.19 81.09 94.14 95.06

Q97
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GRAIN-SIZE ANALYSES

The hydrometer method was used to determine sand, silt, and clay
percentages of dominantly silty or clayey samples, This method,
discussed in detail by Perkins (1978), is based on the depth to which
a standard Buoyoucos hydrometer (a weighted glass tube, graduated in
grams per liter) will sink when immersed in a sediment-water mizture.
The principle of this method is that a fluid with a high percentage of
floating c¢lay-size particles is buoyant and will cause the immersed
hydrometer to remain at a high level in the fluid. Conversely, the
hydrometer will sink farther inte a liquid lacking clay-size particles.

The sediment solution is prepared by combining 35 grams of
sediment with 1.25 x iﬁ”& m3 of Calgon (Na PD‘,‘}}6 stock solution, After
the sample has soaked for 24 hours, the disaggregated sample and solution
is mixed 1n a blender for one minute and then washed with distilled

water into a 10”3 m3 graduate cylinder., The c¢ylinder is then filled

te the 10_3 m3 mark with distilled water. Next, the solution is mixed
with a plunger to assure that all clay-size particles are in suspension.
After mixing, the time is recorded. At the end of a specified time
{Perkins, 1978, p. 48), the hydrometer is inserted inte the sample
suspension and the amount of clay {gm/L) recorded directly from the
hydrometer reading.

The solution is then wet-szleved using a number 230 U.S. Standard
sieve {(0.0625 mm) to remove silt and clay, leaving only sand and gravel.

The remaining sediment is oven—dried and then gieved in a RoTap machine

using U.S5. Standard sieves at 0.5 ¢ intervals to determine sand and

gravel percentages of the sample. The silt percentage ls determined by
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subtracting the weights of clay, sand, and gravel from the original

sample weight. Results of the procedure are listed in Table 4. Sample

numbers in the table refer to well numbers at the sites.
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TABLE 4
TEXTURAL CHARACTERISTICS OF STUDY SAMPLES
Percentage (by weight)

Sample Number Depth (£t}

Sand Silt Clay
Fordville la 2-7 2 73 25
Ferdville 1b 10-15 21 &8 11
Fordville 2 2-7 38 56
Fordville 3a 712 28 64
Fordville 3b 12-17 23 68
Fordville 5a 0-3 4 75 21
Fordville 5b 3-8 21 67 12
Fordville 5¢ 8~13 23 65 12
Fordville 5d 13-18 25 68 i 7
Fordville 6 18-23 23 66 11
Larimore 1 5«6 28 63 g
Larimora 2 67 28 &1 11
Larimore 4 2~7 97 3 3
Larimore 6 13-18 19 69 12
MeVille 7a 8-13 35 4 4
McVille 7b 13-18 85 5 5
McVille 7c 28~33 95 5 5
McVille Ba 0-3 95 5 5
McVille 8b B-13 g5 ot 5
McVille 8c 18-23 95 5 5
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HYDRAULIC CONDUCTIVITY ESTIMATES USING GRAIN-SIZE ANALYSES

Hydraulic conductivity values were estimated from grain-size dist—
ribution curves using the method of Masch and Denny (1966). Grain—-size
data are plotted as cumulative percent versus grain-size diameter in ¢
units, where: ¢ = log2 d and d is grain—-gsize diameter in millimeters.
The method involves graphic determination of the inclusive standard
deviation f by the formula:

di6 ~ 984 d5 = dgg

4 6.6
where d16’ for example, 1s the diameter of which 16 percent (by weight)
of the sample is finer., Hydraulic conductivity is determined from a

graph 1in Masch and Denny (1966) using T and d Data, grain—-size

50°
distribution curves, and results of the procedure are given in Table

5. Sample numbers in the table refer to well numbers at the sites.

TABLE 5
HYDRAULIC CONDUCTIVITY ESTIMATES

Sample Number Depth (ft) ey 9 d50 {mm) Hydraulic Con-
ductivity (m/s)
McVille 7a 8-13 0.973 2.05 9.44 x 107>
McVille 7b 13-18 1.535 1.52 7.08 x 107°
McVille 7c 28-33 1.345 1.65 8.02 x 107>
McVille 8a 0-3 0.698 2.16 1.18 x 1072
McVille 8b 8-13 1.340 2.02 8.02 x 107°
McVille 8¢ 18-23 1.319 1.70 8.97 x 10"
Larimore 4 2-7 0.483 1.90 1.89 x 107*
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HYDRAULIC CONDUCTIVITY ESTIMATES FROM
SINGLE~WELL RESPONSE TESTS

Single-well response (slug) tests were conducted on some of the
study wells. In this test, a metal slug is dropped intoc the well,
raising the water level exactly one metre. The water level is monitored
as it declines to its original position. The data are plotted as the
unrecovered head difference versus time on semi-logarithmic paper
{(Hvorslev, 1951, Freeze and Cherry, 1979) to determine the basic timé
lag (?Q), which is used with well dimensions to calculate hydraulic

conductivity using the formula:

R? 1n (L/R)
K & ——ie—  where:
2L T,
K = hydraulic conductivity {(cm/s)
L = length of well screen {cm)
R = radius of well screen {(cm), and
Tow basic time lag (seconds).

Hydraulic copductivity estimates for the study wells are listed in

Tabhle 6.
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TABLE 6
HYDRAULIC CONDUCTIVITY ESTIMATES

Well Hydraulic Conductivity (m/s)
McVille 3 4.20 x 107>
Meville 6 3,10 x 1078
Mcville & 3.49 x 1077
Fordville 1 4.84 x 1077
Fordville 2 8.72 x 10°°
Fordville 3 3,06 x 1070
Larimore 1 1.56 % 10_6
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TABLE 7
HeVILLE ~ WELL 1

Parameter 10/2/80 8/25/81 10/24/81
Water Level (i) 83.28 84.97 84,71
ol 6.6 7.2 6.8
Fleld Conductivity (umhos/cm) 1254, - -
Lab Conductivity (umhos/cm) 1044, 874, 11460,
Dissolved Oxygen (mg/L) 3.3 5.5 7.0
Total Dissolved Solids {mg/L) 559, 549, 725,
Total Alkalinity {(mg/L 228. 262. 303.
Total Hardaess (mg/L) - 354, 437.
Ammonia (N} (mg/L) - 0.476 0.132
Hitrate (N) (mg/L} 12.6 ' 27.8 31.0
Dissolved Phosphorous {mg/L) - (.256 0.217
Caleium {mg/1} 105. 96.5 117.
Hagnesium (mg/L) 27.0 27.5 35.0
Sodium (mg/L} 88.0 90.0 109.
Batassium (mg/L) 5,70 5.55% 6.10
Blcarbonate (wg/L) 352, 321, 370.
Chleride {(mg/L} 39, a5. 48,
Suifate {mg/L} 107. 10%. 186,
Iron (mz/L; 0.02 0.00 .03
Manganese {mg/L} : 4.020 0.29¢ Q.050
Carbonate {mg/L} 0.0 0.9 0.0
gluctide {mg/1) 0.2 0.2 0.1
Total Coliform (colonies/100 ml) - - lig,
Fecal Celiform (colonies/100 rl) - - €2,
Arsenic (ug/L) . - 13, 29.6
Barium fug/L) - 350, 470,
Cadmiva (ug/L) - 1.0 1.9
Chromium (ug/L} - l4.4 24.%
Copper (ug/L) we 102, 12.¢
Lead (ug/L) - 22. 35.3
Selenivm (ug/L) - 0.2 0.4

Zine (ug/L} - 119, 143.
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MeVILLE - WELL 1 (Continued)

Parametey 4/25/82 7/27/82
Water Level (Ft} 85.17 83,10
pH 7.0 6.4
Field Conductivity (umhos/cm} - 1100.
Lab Counductivity {umhos/cm) 738, 10403,
Dissolved Oxygen {(ng/L} 8.7 6.0
Total Dissolved Solids (mg/L) 415. 559.
Total Alkalinity {mg/L) 248, 267,
Total Hardness (wg/L) 241, 358,
Ammonia (N} (mg/L) 0.210 0.087
Nitrate (§) {mg/L) 12.3 14.8
Dissolved Phosphorous (mg/L) 0,107 0.084
Caledum {mg/L) 65.5 98.0
Magnesiun (mg/L) 1.0 27.5
Sedium {mg/L) 69.5 83.5
Potassium {(mgfl) 4.35 6. 40
Bicarbonate (mz/L) 303. 327,
Chloride (mg/l} 15.0 3.00
Sulfate {mgfi) 83. 166.
Iron (mg/L) 0,086 -
Manganese {mg/L) 0,830 -
Carbonate (mg/L) 0. 0.
Fluoride (mg/L) g1 -
Totzl Coliform {colonies/100 mi} <Z. -
Fecal Coliform (colonies/100 ml) <2, -
Arzaenic {ug/L) 91.8 -
Barium {ug/L} 1750, -
Cadmium {ug/L) 41.1 -
Chromium {(ug/L} 11z, -
Copper (ug/L} ' 270, .
Lead (ug/L) 146G, -
Selenium (up/L) 1.1 -

Zine (ug/L) 362, -
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TABLE 8
McVILLE - WELL 2

Paramerer 10727890 g8/26/81 16/25/81
Water Level {¥t) 83.01 B5.904 84,81
pH 6.5 7.5 6.9
Field Conductivity {umhos/cm) 610, - -
Lab Conductivity (umhos/cm} 587. 515, 541,
Dissolved Oxygean (wmg/L) 3.0 4.5 4.4
Total Dissolved Solids (mg/L) 308. 307, 308,
Toral Alkalinity {mg/L} 203. 199, 203,
Total Hardness {mg/L) 284, 285, 275.
Ammonia (N} {mg/L) - G.153 {1,098
Nitrate (0} (mg/L} 14.8 14.2 13.1
Dissolved Phosphorous {mg/L) - 0.101 0.068
Calcium (mg/L) 76.0 76.5 72.5
Magnesium {mg/L) 27,0 23.5 23,0
Sodium {mg/L) 88.0¢ 18.90 15.5
Potassium {mg/L) 5.70 2.20 2.05%
Bicarbonate (mg/L) 352, 244, 251,
Chloride (mg/L) 39. 0.0 i.0
Sulfate (mg/L) 107, 53, 57.
Tron {mg/L) 0.02 Q.00 0,00
Hanganese (mg/L) 0.010 0.660 0.020
Carbonate (mg/L) 0.0 0.0 0.0
Fluoride (mg/L) 0.2 0.2 0.2
Total Coliform {colonies/100 mb) - - <Z.
Fecal Coliform (colenies/i{d ml) - - <7,

Arsenic {ug/L) - - -
Barium fug/L) - - -
Cadmiom (ug/L) - - -
Chromium (ug/L) - - -
Copper (ug/L) - - -
Lead (ug/L] - - -
Selenium (ug/L} - - -
Zine {ug/L) - - -
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MoVILLE - WELL 2 {Continued}

Parvameter

4/25/82 7/27/82
Water Level (Ft) 85.33 85.23
pH 6.9 6.8
Field Conductivity {umbos/cm) - 650,
Lab Conductiviiy {(umhos/cm) 541. 564 .
Dissolved Oxygen {mg/L) 6.5 3.8
Toral Dissclved Selids (mg/L) 291. 3046,
Total aAlkalinity {mg/L) 205, 199.
Total Hardness (mg/L)} 256, 259,
Ammonia {(8) {mg/L) 0.06% G.022
Nitrate (®) {(mg/L} 10.0 8.1
Dissolved Phosphorous {mg/lL} 0.052 0.04%
Calcium (mg /L) 68.0 70.0
Magnesium {mg/L} 21.0 20.5
Sodtum (mg/L) 15.0 15.3
Potassium (mg/L} 2,05 2.30
Bicarbonate {mg/l} 25). 243,
Chloride (mg/L) 2.5 1.G
Sulfate (mg/l) 49, 56.
Tron {mg/L} §.05 -
Manganese {(mg/L} 9.020 -
Carbonate (mg/L) 0.0 c.0
Fiuoride {mg/L) 6.2 -
Total Coliform {colonies/100 mi1} <2, 280,
Fecal Coliform {colonies/100 ml} 2, 180.
Arsenic (ug/L) ’ - -
Bagium {(ug/L) - \ -
Cadmium {ug/L) - -
Chromium {ug/L) - -
Copper {ug/L) - -
Lead {ug/L) - -
Selentum (ug/L} - -

Zinc {ug/L) - -
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TABLE %
Me¥ILLE ~ WELL 3

Parameter 16/2/80 8/26/81 10/25/81
Hater Level {(Fz} 80.97 82.82 82.56
ol 6.8 7.4 6.9
Field Conductivity {(umhos/em) 1800, - -
Lab Conductivity {umhos/ecm) 1316, 1220, 1130,
Dissolved Oxygen (mp/L} 0.0 0.7 . 2.0
Total Disgolved Solids (mg/L)} 715, 729, 666,
Total Alkalinmiry (mg/L) 368. £55. 357,
Total Hardness (mg/L) il2. 296, 213.
Ammonia (N} {mg/L} - 2.52 4,52
Hitrate (M) (mg/L) 0.475 0.433 0.455
Dissclved Phosphorous - 0.187 0,270
Lalcivm (mg/L) 7.0 20,5 65.0
Magnegivm (mg{l) 17.0 17.0 12.3
Sodium (mg/L) 175, 199, 147,
Potassium {mg/L} 13.5 15.1 17.3
Bicarbonate (mg/L) 430. 556. 437,
Chloride {mg/L) 170. 125. 175.
Sulfate (mg/L) 20. 9. 13.
Iron {mg/L) .04 0.05 .03
HManganese f{mg/L}) 2,28 3.28 2.68
Carbonate (mg/L} 0.0 .9 ¢.0
Fluoride fmg/L) 2.1 1.8 2.2
Total Coliform {colonics/100 wl) - - <2,
Fecal €olifoerm {(colonies/100 ml) - - 2.
Arsenic (ug/L) - - -
Barium {(ug/L)} - - -

Cadmium {ug/L) - - -
Chromium {ug/L} - - -
Copper (ug/L)} - - -
Lead {ug/L} - - -
Selenium {ug/L} - - -
Zine {ug/L} - - -
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McVILLE -~ WELL 3 Ceontinped)

Pemamerer 4/25/82
Water Level (Fr) 83.12
pH £.9
Field Conductivity {(umhos/em) -
Lab Conductivicy {unhos/fom) 1373,
Dissolved Oxygen (mg L} 3.2
Total Dissolved Seltds {mg /L) 784,
Total Alkalinity {mg/L) 422,
Total Hardness (mg/L} 329,
Ammonia (N} (mp/L) 1.79
Nitrate (B} (mg/L)} &, 56
Dissolved Phosphorous (mg/L) ¢.091
Calcium (wg/L} 100.
Magnesium (mg/L) 13.0
Sodium {ng/L) 175.
Potassiom (mg/L) 131.6
Bicarbonate (mg/1) 316.
Chloride {(mg/L) 100,
Sulfate {ag/L) 117,
Tron (mg/L) .05
Hanganese (mg/L) 2,90
Carbenate (mg/L) 8.0
Fluoride (mg/L) 2.1
Total Coliform (colouies/100 mi} 8.
Fecal Coliform {calonies/100 m1) <2,
Arsenic {ug/L) -
Barfom (ug/L) -
Cadmivm (ug/L) -
Chromium (ug/L) -
Copper {ug/L) -
Lead (ug/L) -

Selenium {ug/L}) -
Zine {ug/L) -

7727782

82.95
6.6
1406,
1202.
1.6
639,
429,
253.
3.10
0.090
G¢.0%0
77.5
14.5
166,
3.5
524,
100,
1G.

0,0
27,
9.
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TABLE 10
McVILLE - WELL 4

Parameter 10/12/80 8/26/81 10725781
Water Lavel {(Ft) 81.37 §3.21 82.98
pH 6.6 6.9 6.6
Field Conductivity {umhos/em)} 1800, - -
Lab Conductivity {umhos/em) 1206. 1090, 1160,
Dissolved Oxygen (mg/L} 0,0 0.4 1.0
Total Dissclved Solids (mg/L) 671, 443, 655,
Total Alkalinity {(mg/L} 386, 378, 378.
Total Hardness (mg/L) 258, 261. 242,
Ammonia (N} (mg/L) - 3.37 3.253
Nitrare (N} {mg/L) ¢.259 0.106 1.5%
Dissolved Phosphorous (mg/L) - 2.64 1.63
Calciwum {(mg/L) 71.5 74,0 87.5
Magnasium (mg/L) 19.5 18.5 18.0
Sedium {mg/L} 181. 177. i72.
Potassium {mg/l) 7.00 6.75 7.35
Bicarbonate {mgfL) %72, 462. 462,
Chioride {(mg/L) 145, 130. 150.
Sulfate {(amg/l) 15. 9. 11.
Iron {mp/L) 11.0 13.9 13.5
Manganese (mg/L) 6.38 71.24 8.69
Carbonate {mg/L) 0.00 .00 {3.00
Fluoride (mg/L)} 4.1 5.1 5.¢
Total Coliferm {colonies/100 nl) - - “2.
Feeal Coliferm {colonies/100 mi) - - 2.
Arsenic {ug/L} - - 22.6
Barium {ug/fil) - - 0.
Cadmium (ug/L) - - 1.3
Chromium {ug/L) - - 6.9
Copper {ug/l) -~ - 0.
Lead {ug/L} - - 12.1
Selenium Cug/L) - - 0.2
Zinc {ug/L) - - 48,




191

MeVILLE - WELL & {Continued)

Parameter 4725/82 7/27/82
Water Level (Ft) 83,54 83.40
pH 6.6 6.4
Field Conductlvity {umhos/cm) - 1760.
Lab Conductivity (umhos/cm) 1274, 1358.
Dissolved Gxygen (mg/L) 2.0 0.3
Total Dissolved $olids {mg/L) 69). 702.
Total Alkalimity {mg/L) 38:. 377.
Total Hardness (mg/L) 278, 275.
Ammoniz (N} (mg/L) z.18 1.64
Wicrare (N} {mg/L) G.083 ¢.039
Dissclved Phosphorous (mg/L) .893 4.37
Calcium {mg/L) 78.5 80.5.
Magnesium {mp/L} 20.0 18.0
Sodium {mg/L) 170. 190.
Potassiem (mgfL) 7.95 3.3
Bizarbonate (mg/L} 466, 561,
Chloride (mg/L) 150, 170.
Sulfate (mg/L) 35. 8.
Iron (mg/L) 12.9 -
Manganese (mg/L) 8,33 -
Carbonace {mg/L} ¢.0 0.0
Fluotide (mg/L) 4.0 -
Total Coliform {¢olonies/100 ml) 49. 49,
Fecal Colifovm (culonies/100 nl) <2, lé.
Arsenic (up/L) 1%.0 -
Barius (ug/L} 2390. -
Cadmium (ug/L) 2.1 -
Chremiom (ug/L) 7.2 -
Capper {ug/L) 16%. -
Lead {ug/L) 25.9 -
Selenium (ug/L) 0.4 -
Zinc {ug/L) 47, -
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TABLE 11
McVILLE - WELL 5

Paramerer 10712780 8726781 16725781
Water Level {(¥r) Bi.47 833.09 82.82
pH 6.5 7.1 6.6
Field Conductivity {umhos/cm) 1960. - -
Lab fonductivity (umhos/om) 1368, 1390, 18680,
bigsolved Oxygen (mg/lL} 2.0 2.0 3.0
Total Dissolved Solids (mg/L) 771, 860. 1040,
Toral Alkalinity (mg/L) 375. 145, 391.
Total Hardness {mp/L} 676. 530. 716,
ammonia (N} {mg/lL) - 0.346 8.232
Nitrate (N) (mg/L) 22.9 271 29.8
Dissolved Phosphorous {mg/L} - 0.25% G,306
Calcivm (mg/L} 180. 149, 197,
Magnesium (mg/L) 49,4 38.5 53.0
Sodium {mg/L} 84,0 155. 124,
Potassium {mg/L) 6,95 10.7 B.75
Bicarbonate (mg/L) 549, 422, 478,
Chleride (mg/L) 85, 125. 159,
Sulfate {(mg/L) 127. 147, 244,
Iron (mg/L) 0.06 0.01 0.28
Manganese (mg/L) 8,140 0,150 0.030
Carbonate (mg/L) 6.0 0.0 0.0
Fluoride (mg/L} 0.2 0.1 0.1
Total Coliform (colonies/100 ml) - - 5.
Fecal Coliferm (colonies/i00 ml) - - €2,

Arsenic (ugfl)
Bariva (ug/L)
Cadmium f{ug/L)
Chromium (ug/L}
Cooper (ug/L}
Lead {ug/L)
Selenium {ug/L}
Zinc {ug/L)
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McVILLE -~ WELL 5 (Ceoantinued)

Parameter ‘ 4725782 7/27/82
Water Level (Fg) 83.32 83.24
o 6.8 6.7
Field Condugtivity {umhos/em) - 1500.
Lab Conductiviry {umhos/cm) 1602. 1537,
Disscived Onyzen {(mg/L) 3.4 1.4
Total Dizsolved Solids {mg/L) 901, 808.
Total Alkalinity (mg/L} 373, 365,
Total Hardness (wg/L) 431, 422,
Amaonia (N) (mg/L) 0.150 0.118
Nitrate (N} (og/L) 22.3 g.57
Dissolved Fhosphorous {mg/L) 0.143 0.078
Calcium {mg/L} 137. 119,
Maguesium {mg/L)} 36.0 30.0
Sodium (mg /L) 165. 157,
Potassiom {(mg/L) 10.9 14.5
Bicarbonate (mg/L} 4568, 4486,
Chloride (mg/L}) 150. 150.
Sulfate {mg/L) 155. 102,
Iron {(mg/L) 0.37 -
Manganese {mg/L) p.250 -
Catrbonate {mg/L} 0.0 a,0
Flooride {(mg/L) 0.2 -
Total Coliform (colonles/100 ml) 174, 350,
Fecal Coliform {colonmies/LlO0 ml} 14, 9.

Arsenic (ug/L} -
Barium {ug/L} -
Cadmivm (ug/L} -
Chrowmium (ug/lL) -
Copper {ug/L) -
Lead {ug/L} -
Selenium {ug/L) -
Zine (ug/L) -

-
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TABLE 12
McVILLE - WELL 6

Parameter 10/12/80 8/26/81 10/25/81
Water Level {Ft} 79.38 Bl.1% &0.99
pH 8.9 7.3 6.8
Field Conductivity {umhosicm) 2009, - -
Lab Cenductivity (umhos/om) 15135, 1340, 1430,
Dissolved Oxygen {(mg/L} G.4 U.4 2,0
Total Dissolwved Solids (mgfL} 758. 220. 773,
Total Alkalieity {mg/L) g3, 361. 383,
Total Hardness {mg/L) 45Q. 394, 397,
ammonia (N} {mg/L) - 31.5 10,2
Nicrate (N) {mg/L} a.721 0. 444 1.65
bigsolved Phospherous {mg/L) - 0.084 0.068
Calcive (mg/Ll) 134. 112, 110,
Magnesium {mg/L} 30.5 28.0 29.3
Sodium (mg/L) 96.0 115. 1la.
Potassium {mg/L} 19.9 18.8 16.6
Bicarbonate {mg/L} 481. 4462, 468,
Chioride (mg/tl) 138. 130. 175,
Sulfate (mzp/L} 106. a7, 95,
Iron (mg/L) 4,34 3. 58 1.23
Mangancse {mg/L} 9.20 .93 6.83
Carbonate {mg/L} 0.0 0.0 0.¢
Fluoride {mg/L} 1.0 1.2 1.1
Total Coliform {coloniesf100 ml) - - 11,
Fecal Coliform {colonies/100 al) - - <2.

Arsenic f{ug/L} - - -
Barium {ug/L) - - -
Cadmiuvs (ug/L) - - -
Chromium {ug/L) - - -
Copper (ug/lL) - - -
tead {ug/L) - - -
Seleniom (ug/L) - ' - -
Zinc (ug/L) - - -
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HMeVILLE - WELL & (Continued)

pH

Paraweter 4/25782 7727/82
Water Level (Fi) 81.55 81.35
5.9 &.8
Field Conducrivicy (umhos/em) - 139840,
Lab Conductivity (umhos/cm) 1383, 1505.
Digsolved Oxygen (mg/L) 3.3 0.8
Total Dissolved Solids (mg/L} 716, 825.
Total Alkalinity {mg/L} 398. 418,
Total Hardness (mg/L) 344, 374,
Ammonia (N) {mg/L) 20.5 25.%
Nitrate () (mg/L) 0.083 5.101
Digsclved Phosphorous (mg/L) 8.023 0.023
Calcium {mg/L} 96.0 105,
Magnesion (mg/L) 25.5 27.0
Sediua (mg/L) 117, 130,
Potassiuva {mg/L) 15.9 18.0
Bicarbonate (mg/L) 486, 511,
Chloride (mg/1} 125, 168,
Sulfate {mg/L) 28. 133,
Iron {(mg/L) 2.55 0.14
Manganese (mg/i.) 5,72 6.53
Carbonate {mg/L} 0.0 0.0
Fluoride {mg/L) 1.1 1.2
Total Coliform {(colonies/100 nl) 49. 220,
Fecal Coeliform (colonies/100 m1) 4, 33,

Arsenic {ug/L}
Barium {ug/L}
Cadmiva (up/l)
Chromium {ug/L})
Copper {ug/L}
Lead (ugfL)
Seleniun {ug/L)
2ine {ug/L}

-

an

-~
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TABLE 13
MeVILLE - WELL 7

1427782

Parameter 8/26781 16/25/81 4725782

Water Level (Fr) 83,09 831,45 831.94 83.77
pht 7.1 6.8 6.7 6.6
Field Conductivity {umbos/ea) - - - 1750,
Lab Couductivity (umhos/cm) 1250, 1240, 1342, 1449,
Dissolved Oxygen (wg/L} 8.3 c.7 1.2 1.2
Toral Dissolved Solids {(mg/L) 134, 683. 107, 7136,
Total Alkalinity (mg/L) 440, 443, 414, 399,
Total Hardness (mg/L) 322, 290, 282. 298,
Ammounia {N} {mg/L) 5.60 4.90 4.58 8.17
Nitrate {n) (mg/i) O.188 0. 061 0.393 G.115
bissclved Phospherous (mg/L) 0.828 0.214 3.101 0.053
Calcium (mg/L)} 90,5 B80. 77.5 81.3
Magnesium (mg/L} 23.5 22.¢0 21l.5 23.0
Sodium (mg/L) 194, 172, 179, 194,
Potassium {mg/Li) -~ 7,05 7.95 8.55
Bicarbonate {mg/L) 538, 542. 506. 488,
Chleride (mp/L) 149, 125, 150, 180.
Sulfate {mg/L) 15, 9. 21. 3.
Iron (mg/L) 11.3 1.84 4.51 -
Manganese (my/L) 7.76 6.06 4.51 -
Carbonate (mg/L) 0.0 0.9 .0 0.0
Fluoride {mg/L) 4.6 5.0 5.0 -
Total Coliform (colonies/i00 m1d - 540. 170, 70.
Fecal Coliform {colonies/100 ml) - 170, 14, 5,

Arsenic (ug/lL)
Barium (ug/L)}
Cadmium {ug/L)
Chromium (ug/L}
Copper {ug/L)
Lead (ug/L}
Selenium (ug/L)
Zinc {ug/L)

-
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TABLE L4
McVILLE - WELL 8

Parameter 8/26/81 10/25/81  a/25/82 7/27/82
Water Level (Ft) 81.44 81.24 81.70 81.60
pK 7.3 6.8 .9 6.7
Field Conductivity {umhos/em) - - - -
Lab Condustivity {umhos/cm} 1330, 1430, 1425. 1438,
Dissolved Oxygen (mg/LY 0.3 1.8 1.9 0.5
Total Dissolved Solids {mg/L} 724, 1es, 755, 766.
Total Alkalinity (my/L} 393, 425, 470, 394,
Tetal Hardness (mp/L) 358. 387, 308. 266,
Ammonia (H) (mg/L} 25.2 26.9 i?.& 19,6
Nitrate (N) {mg/L) G.150, 0.190 0.496 0.4035
Dissolved Phosphorous (mg/L} 4.087 0,057 0.013 0.032
Caleiuvm (mg/Ll) 101, E10, 86.5 74.5
Magnesium {mg/L} 25.5 2%.0 22,5 19.5
Sodium (mg/L) 144, 138. 155. o5,
Potassium (mg/L) 18.6 16.1 16.8 15.1
Bicarbenate {mg/i) 481, 520. 575, 482,
Chloride {(mg/L} 125. 200, 130, 160.
Sulfate {mg/L} 76. 49. 43%. 35,
Tren (mg/L) 2.69 0.78 16.0 4 46
Manganese {mg/L.} 11.0 9.13 3,30 1.72
Carbonate {(mg/L} Gg.0 0.0 0.G 0.0
Fluoride {mg/lL) 1.7 1.7 2.0 2,0
Total Coliform {eclonies/IB0 ml) - 22400. 23. 1800,
Fecal Coliform (colonies/i00 ml) - 5. <2, 220.

Arsenic (ug/L) - - - -
Barium (ugil} - - - _
Cadmiva (ug/Ll) - - - -
Chromiwm (ug/L} - - . - -
Copper (ug/L} - - - -
Lead {ug/L}) - - - -
Selenium {ug/L} - - - _
Zinc (uglL) - - - -
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TABLE 15

McVILLE -~ NEW WELLS SAMPLED
ONLY ONCE (7/27/82)

Parameter Well 9 Well 10 Well 11
Water Level (Fr} 81.95% 80,46 78.73
falif 6.6 6.6 6.7
Field Cenduccivircy (umhos/em} 600, 14040, 1600,
Lab Conductivity (umhos/cm} 637. 1162, 14355,
Dissolved Oxygen (mg/L} 1.5 1.7 1.5
Total Bissolved Selids {mg/L) 57, 374, 840,
Toral Alkalinizy (mg/L) 221. 207, 297.
Total Hardeess {(mg/L) 283, 479, 30,
Ammonia (H) {mg/L} 0,260 0.322 0.043
Nirrate (N} {mg/L) §.16 3.30 0.374
Dissolved Phosphorous {mg/L) 0.028 0. 064 0.0G47
Caleium {mg/L} 76.5 132, 146.
Magnesium {mg/L) 22.3 38.0 4.8
Sodium {mg/L} 21.5 £7.5 100.
Porassium {mg/L)} 3.00 5.%0 7,44
Bicarbonare {mg/L) 270, 375, 363.
Chleride {(me/L) 50.0 80,0 1740,
Buifare {mg/L} 78. 85. 198.
Iron {mg/L) .03 g.03 .02
Mangangse {mg/L) 0.140 3.62 0. 840
Cathonate {mg/L} 0.0 g.0 0.0
Flueoride (mg/L} 0.2 G.5 1.5
Total Coliform {colonies/100 ml) 22, 74, 920,
Yecal Coliform {colonies/ 100 al) <2, 49, 43,

Arsenic {ug/L)
Barium {ug/1)
Cadmium {ugf/L)
Chromium {ug/L)
Copper {ug/L)
Lead (ug/L)
Selenium {ug/L)
Zine (ug/L)
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TABLE i6

McVILLE ~ NEW WELLS SAMPLED
ONLY ONCE (7/27/82%

A, S——

Parameter Well 12 Well 13 Well 14
Warer Level (Ft) 79.24 80.55 82.24
pH 6.8 6.8 6.5
Field Conductivity {(umhos/em) 1809, 2000, 1800.
Lab Couductivity (umhos/em) 1444, 1566, 1738,
Dissoived Oxygen (mg/L) 1.5 1.5 0.4
Total Bissolved Sclids (mg/L) 848, 798. 818,
Total Alkaiinity (mg/L)} 413, 426, 453,
Tetal Hardness (mg/L) 441, 306, 386.
ammonia (N} (mgfL3 0.023 1.0 43.12
Nitrate (N) (mg/L) 0.261 0.044 0.304
Dissclved Phosphorous (mg/L) 0.056 0.045 0.023
Caleium {mg/L) 130, 50,5 107,
Magnesium (mg/l) 28.0 13.5 28.5
Sodium {mg/L} 145, 137, 132.
Potassium (mg/L) 8.70 39.0 28.6
Bicarbonate {mg/L) %05. 520. 554,
Chloride (mg/L) 150, 23z, 150.
Sulfate {mg/L) 137, 24. 119.
Iron {mg/L) 6.02 0.02 11.9
Manganese (mp/L) 1.72 2.06 3.65
Carhonate (mg/L) 0.0 G.9Q 8.6
Fluoride {mgfi) 6.0 1.4 1.2
Total Coliforn (colonies/10Q ml} 22400, 920, 130.
Fecal Coliform (colonies/10G ml) &3, 10, 5

Arsenio (ug/L) - - -
Bariuwm - - -
Cadmium (ug/L) - - -
Chiromium {ug/L)}) - - -
Copper {ug/L)} - - -
tead (ug/L) - - -
Selenium Cug/L} - - -
Zing (ug/L) - - -
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TABLE 17
MeVILLE - LAGOON

Parametsr 10712780 8/26/81 16725781

Water Leval {(Ft} - - - -

pH 7.5 8.2 8.2
Field Conductivity (umbos/em) 650, - -
Lab Conductivicy (umhos/cm} ‘ 14G3. 1120, 1220,
Dissolved Oxygen {mg/L} - 7.0 -
Total Dissolved Solids (mg/L} 743, - 713.
Total Alkalinicy {mp/L) 309, iRz, 343,
Total Hardness (mg/L) 259, 253. 244,
Ammonia (N) {mz/L) - 6.20 8.21
Nitrate (N} {mg/L} 0.518 0.034 0.252
Dissolved Phesphorous (mg/L) - 3.69 4,52
Calcium {mg/L) 78.0 9.5 67.5
Magnesium {mg/L} 18.0 19.5 18.5
Sodium {mg/L) 205, 176. 179,
Potassium (mg/l) 12.6 11.4 10.2
Bicarbonate {mg/i) 331. 345. 370,
Chloride (mg/L) 155. 125. 175.
Sulfate {(mg/L} 88. 83. &1,
Iron (mg/L) 0,04 0.03 0.032
Manganese (mg/L) 0.220 {.380 0. 650
Carbouate [(mg/L) 23. 0.0 0.0
Flueride {mg/L) 2.6 2.5 2.8
Total Coliform (colonies/l100 nl) - - 224G0,
Fecal Coliform (colonies/100 ul} - - 22400,

arsenic {ug/L) - - -
Barium {ug/L} - - -
Cadmium (ug/L) - - -
Chromiun (ug/L) - - -
Copper (ug/L} - - -
Lead (ug/L} - - -
Selenium (ug/i)} - - .
Zing {ug/L) - - -
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McVILLE -~ LAGOON {Concinued)

Paramerer hi25/82 7/271/782

Water Level (¥t} - -

pH 7.2 . 8.1
Field Conductivity {(umhos/cm) - 1500.
Lab Conductivicy {umhos/¢m) 917. 1234,
Disselved Oxygen {mg/L)} 2.0 -
Total Dissolved Solids (mg/L) 473, £32.
Total Alkaliniey (mg/L} 245, 261,
Total Hardness {mg/L} 166. 218.
Ammonia (W) (mg/L) 13.4 0.328
Nitrate (N} (mg/L) 0.034 0,042
Dissolved Phosphorous {(mg/L) 3.96 3.08
Caleium (mg/L} £7.0 61.0
Magnesium {mg/L)} 12.0 15.5
Sodium {mg/L} 11z, 161,
Potassium (mg/lL} 8.30 11.6
Bicarbonate (mg/i) 300. 319,
Chloride {(mg/L) 100. 156,
Sulfate {(mg/L} 46, i6.
Iren (ug/L) 0.13 0.05
Mangaoese (mg/L} 0.1%90 9.100
Carbonate {mg/L)} 0.0 0.9
Flueride (mg/L} 1.9 2.4
Tetal Coliform (colonies/i00 ml)} 22400, -
Fecal €oliforw (colonies/100 ml) 22400 22400,
Arsenie (ug/L) - -
Barium (ug/L} - -
Cadmium (ug/L) - -
Chromium (ug/L} - -

Copper (ug/L} - -
Lead (ug/L) - -
Selenfum {(ug/i) - -
Zine (ug/L) - . -
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TABLE 18
McVILLE -~ FARM WELL

Parametar 10/12/80 4725782 7721782
Water Level {(Fi} - - -

pH 7.0 6.8 -
Field Conductivity (umhos/cm) 1800, - -
Lab Conductiviry (umhos/cm) 529, 472, 533,
Dissolved Oxygen (mg/L} 13.0 - -
Total Pissclved Solids (mg/L} 302, 237. 302,
Toral Alkalinity (mg/L} 220, 207, 217.
Total Hardness (mg/L} 244, 217. 235,
ammonia (N3 (mg/L) - 0.127 0.112
¥itrate (a) (mg/L) 0.191 G.083 2.032
Dissolved Fhosphorous {(mg/i) - G.020 0,044
Caleium (mg/L) 70.5 61l.5 68.0
Magnesium (mg/L) 16.5 15.5 16.0
Sodium (mg/L) 17.5 19.6 21.5
Potassium (mg/l) 1.75% 2.20 2.15
Bicarbonate (mg/l} 289. 253. 265.
Chloride {mg/L)} 3.4 3.0 4.00
Sulfaze (mg/L) &1. 15.0 64,
Iron (mg/L} 1.12 0.55 G.26
Manganese (mg/L) ¢.810 0.670 6.720
Carbonate (mg/L) 0.0 0.9 0.0
Fluoride {mg/L) ¢.1 0.2 0.2

Total Coliform (cclonies/i00 ml)
Fecal Coliform (colonies/100 al}
Arsenic {ug/L)

Barium {ug/L)

Cadmium {ug/L)}

Chromium {ug/L}

Copper {ug/L)

Lead (ug/L}

Selenium {ug/L}

Zine f{ug/L}
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TABLE 19
LARTMORE - WELL L

Paramoter 8/72/81 10/21/8: 4/21782 8710782
Water Lavel {Ft) 92.68 93,24 93.63 9z.23
pH 7.9 6.7 6.5 .7
Field Couductivity {umhos/eom} - - - 1270G.
Lab Conductivity (umhos/om) 132¢, 1330. 1617, 1652,
Dissolved Caypen (mg/L) G.3 6.8 2.0 0.7
Total Dissolved Solids {mg/L) 809. 853. 921. 541.
Total Alkalinicy (mg/L) 445, 502, B4, 24,
Total Hardnoess {(mg/L) 399, 455, 5431, 269,
Ammonia (M) (mg/1) 6.75 7.39 7.32 5.28
Nitrate (H) {(wg/L)} .052 0.255% 0. 532 0.047
Dissolved Phosphorous {mg/L) 9.076 0.059 0.520 1.34
Cateium (mg/L} 104, 1240, 144, 71.5
Magnesium (mg/L} 34.0 37.5 46,0 22.0
Sodium {mg/L) 125, 126, 148, 95.0Q
Potassium {mg/L} 13.0 12.2 13.0 8,040
Bicarbonare (mg/L} 549, 614, 616, 195,
Chloride (mg/L) 210, 20G. 175, 100,
Sulfare {mg/L) 52. ha, 93, 50,
Iron (mg/L) 0.68 3.6 7.44 2.11
Mangarese {mg/L} 10,1 5.99 16.2 5.05
Carbonate {mg/L} 0.0 4.0 .0 0.a
fluoride (mg/L) 0.6 Q.5 0.5 0.6
Total Coliferm {colonies/l00 ml) - 12. 3z, 33.
Fecal Coliform {colonies/100 ml) 290 <2, <?. <Z.
Arsenic {ugfL) él 58.8 93.1 -
Barium {ug/L) 870, £10. 2043, -
Cadmium {ug/L) 4.5 2.8 1.7 -
Chromium (ug/L) 17.5 2.8 7.8 -
Copper (ug/L) 23.0 4.3 19.1 -
Lead (ug/i} 14.0 4,7 5.7 -
Selealum {ug/L} 0.0 2.1 0.3 -
Zinc {up/L) 181, 78. 27. -

e
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TABLE 20
LARTMORE - WELL 2

Parameter 872781 10/21/81 45/21/82 3/10/82
Water Level (Fr} 93.87 94.03 94,55 93.01
pH 7.3 6.7 6.8 6.7
Field Conductivity (umbos/cm) e - - 1860.
Lab Conductivity {(umhos/cm) 1470. 1330, 1589, 1628.
Dissclived Oxygen (og/l) 0.4 1.6 3.¢ 1.6
Total Dissolved Solids {mg/L) 908, 197. 938. 922,
Total Alkalinity (mg/L) 366. 316, 418. 309,
Total Hardness (mg/L} 465, 435, 498, 477,
Ammonis (M) {mg/L) 1.35 1.87 1,57 1.30
Nitrate (N} {(mg/L) 0.110 0.077 0.030 9.024
Dissolved Phosphorous {(mg/L) 0.074 0.089 0.107 6.632
Caleium (mg/L} 129, 121. 137. 132,
Magnesium (mg/L) A5 32.0 37.5 36.0
Sodium {mg/L) 143, l44. 182, 146.
Potassium (mz/L) 9.20 7.80 7.8 5.95
Ricarbonate (mg/L) 447 . 387. 51, ari.
Lhloride (mg/L} 240, 156, £75. 175.
Sulfate (mgfl) 13z. 181, 146, 241,
Iron {mg/L) Q.62 .84 0.42 0.09
Manganese {mg/L) 6.3% 5,93 6.31 5.34
Carbonate (mg/L) 0.0 C.0 9.0 0.0
Fluoride (mg/L) 0.8 0.8 0.7 0.8
Total Coliform {colenies/100 ml) <10. 280. 2. 49.
Fecal Coliform {colonies/100 ml) <10. <2, <2, «2.
Arsenic (ugfL} - - - -
Barium {ug/L) - - - -
Cadmium (ug /L) - - - -
Chromivm (ug/L) - - - -
Copper {ug/L) - - - -
Lead {ug/L} - - - -

Selenium {ug/L) - - - -
Zinc {ug/L) - - - -
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TABLE 21
LARIMORE - WELL 3

8/2/8: iO/Zi}&l 4/2L/81

Parameter 8/10/82
Water Level {Ft) 94 .37 94 .88 §5.18 93.85
pH 7.5 6.9 6.8 6.7
Field Conduztivity (umhos/cm) - - - 690.
Lab Conductivity (umhos/cm} 623, 597, 616. 773,
Dissolved Oxygen (ag/L) 1.2 3.6 5.2 4.7
Total Dissovlved Solids {(mg/L) 425, 314, 374, 427,
Total Alkalinity (mg/L} 281, o7, 288, 356,
Total Hardness (mg/L) 3125, 35z, 334, 392,
Ammenia (N) {(mg/L) 0.264 0,281 0.066 0.054
Nitrate (N) (mg/L} 0.204 3,162 0.024 0.835
Dissolved Phosphorous {mg/L)} 0.076 0.063 0.064 0.416
Calcium (mg/L) 85.0 a0, 84.5 99.3
Magnesium (mg/L) 27.5 31.0 30.0 35.¢
Sedium (mg/L) 17.0 7.50 10.0 4.00
Potassium (mg/L} 7.5 2.10 1.80 2.00
Bicarbonate (mg/L) 344, 375, 352. 434,
chleride (mg/L) 75. 10. 10. 13.
Sulfate {mg/L} 49, 49, 65. 60,
Iron (mg/L) 0.23 0.06 .04 0.60
Manganege (mg/L) 2.09 0.910 ¢.360 0,390
Carbonate (mg/L) 4.0 0.0 0.0 0.0
Fluoride (mg/L) 0.7 0.6 0.5 G.6
Total Coliform {colonies/i80 ml) =10, <2, <2, 7%.
Fecal Coliform {colonies/lO00 ml) <190. 2, <2. 2.
Arsenic {(ug/L} 45, - 1.3 -
Bariunm {uz/l) 1260, - 258, -
Cadmium {ug/L} 175. - 1.3 -
Chromiue {ug/L) 24,2 - 21.6 -
Copper {ug/L} 98.0 - 30,5 -
Lead {ug/L} 64, - 19.2 -
Selenium (ugfL) 8.0 - 6.0 -
Zinc {ug/L) 238, - 43, -
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TABLE 22

LARIMORE - WELL 4

Parameter 8/2/81 10/21/81 4421782 8/10/82
Water Level (Ft) 9Z.37 93.16 93.42 92 .46
oM 7.4 6.6 6.7 6.8
Field Conductivity (umhos/cm) - - - iazo.
Lab Conductivity (umhos/cm) 1510. 1510, 18140. 1554,
Diszolved Oxygen (mg/L) 3.5 1.0 3.0 0.6
Total Dissolved Solids 9l4. 924, 1090, 834,
Total Alkalinity {(mg/L) 4549, 589, 543, 4559,
Total Hardness (mg/L) 487 . 490, 597, 424,
Avmonia (N) {mp/L) 1.13 0.674 0.245 0.253
Nitrate (N} {mg/L} 0.234 0.0585 0.a51 §.042
Dissolved Phosphorous (mg/L) 0.034 0.038 0.008 0.009
Calcium (mg/L) 108. 115. 143. 102.
Magnesium {mz/L) 52.5 49.0 58.0 41.0
Sodiuvm {mg/L) 153, 188, 204, 154.
Potassivm {ag/L) 15.1 1z.9 9.20 8,20
Bicarbonate {(mgfL} 561 . 720, 684, 560,
Chleride (mg/L) 200, i75. 200. 154G,
Sulfate (ng/L) 108, 29, 136. 102,
Iron (mg/L) 4,55 2.23 12.5 . 6.20
Mangznese (mg/L) 2.14 2.76 2.99 1.87
Carbonate {mg/L) 2.0 0.¢ .0 0.0
Fluoride {mg/L) 1.1 0.9 .3 G.7
Total Coliform (colenies/100 ml)  <LO. 17, 4. 9.
Fecal Coliform (colonies/100 ml} <36, <2, 2. 9.

Arsenic (ug/L)
Barium (ug/L)
Cadmivm (ug/L)
Chromium {ug/L)
Copper (ug/L)
Lead {ug/L)
Selenium (ug/L)
Zine (ug/L}

-
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LARTHMORE ~ WELL 5

TABLE 23

Parameter 872781 10/21/81 4421782 g/10/82
Water Level (Fr) 93.16 93.75 94.08 93.05
pH 6.9 £.6 6.6 6.6
Field Conducrcivicty {umhos/cn) - - - 1290.
Lab Conductivicy (umbhos/cm) 12580, 1370. 1227, 1410.
Dissolved Oxygen (mg/L) 0.4 1.4 2.0 .5
Total Dissclved Solids (mg/Ll) Tha8. 811. 649, 718.
Tetal alkalinity (mg/fLl) 375, 509, 387, 344,
Total Hardness (mg/L) 470. 528, 341. 545,
smmonia () {(mgfL) G.436 0,398 {.369 11.8
Nitrate (M) {mg/L) 0.128 0.373 0.037 0.028
Dissclved Phosphovous (mg/L) 0.053 .043 0.075 0.014
Calcium {mg/L) 128, 149. 7.0 142,
Magnesium {mg/L} 36,3 37.5 24,0 36.5
Sodium {mg/L) 11.0 122, 144, 76.5
Potassium (mg/L} 6.9 1.6 10.7 8.95
Bicarbonave {mp/L) 450, 622. 449, 424,
Chloride {mg/L) 240. 175, 150, 150,
Sulfate {mg/L) 14, 10, 3. 97,
Ircn {sy/L) 3.15 4.9) 3.48 11.8
Hangauese (mg/L} 2,34 2.13 1.19 1.69
Catbonate (mg/L) 0.0 0.0 0.0 0.6
Fluoride (mg/L) 0.4 0.3 0.4 8.3
Total Coliform (colonies/100 mi}  110. 8, €2, 170.
Fecal Coliform {(colonies/l00 =1) <10, <Z. <2, 7.

Arsenic (ug/L)
Barium {ug/L)
Cadmivm (ug/L}
Chromium {ug/l)
Copper {ug/L)
Lead {ug/L}
Selenium {ug/L}
Zinc {ug/L}
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TABLE 24
LARIMORE ~ WELL &

——— -

Arsenic {(ug/L}
Barium {ug/L}
Cadmium {ug/L}
Chromive {ugfL)
Capper {ug/L)
Lead (ug/i)
Selenium (ug/L)
Zine (ugfL)

-

-

-

Paramerer af2/g1 10/21/81 47217492 B/10/82
Water Level (Fr) 9z2.74 §3.23 $3.72 g2.45%
BH 7.1 6.9 6.7 6.7
Field Conductivity (umhes/om) - - - 1450.
Lab Conductivity {umhos/cm) 13060, 1230, 1311, 1466.
Dissolved Oxygen {mg/L) 0.3 0.6 2.2 1.2
Toral Dissolved Solids (mg/L} 789, 721. 737, 793.
Total Alkalinity (mg/L) 352. 509, 434, 416.
Toral Hardoess {(mg/L) 350. arz. 319. 365.
Ammonia (N} (mg/L) 7.08 2.59 11.3 0.0%
Hitrate (X} {mg/L) 0.158 0,083 0,032 0.028
Dissclved Phosphorous (mg/L) 0.841 1.16 2,03 1.22
Calcium (mg/L) 106. 110, 96.5 112,
Magnesium {mg/l) 23.0 23.5 12.0 21.0
Sodium {mefL) 142, 137, 178, 141,
Potasgium {mg/L) 12.1 10.5 3.7 12.7
Bicarbonate {mg/L) 431. 622, 531. 307,
Chloride {(mg/L} 195. 125. i30. 1040,

- Sulfare (mg/L) 9K, &, 18. 157.
Iron {mg/l) (.92 G.15 .39 1.23
Manganese {mg/L} 23.0 2.20 1.88 2.03
Carbonate {mg/L) C.0 0.0 0.0 0.0
Fluoride {(mg/L} 0.6 0.5 3.5 0.4
Tatal Coliform {(colenies/100 wmi} 1100. < 2. 2. 920,
Fecal Coliform {colomies/100 ml) <10, <2, <2, 3.

-

R
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TABLE 2%

Parameter gj/z2/81 10/21/81 4721782 8/10/3az
Water Level {Ft) 94,24 94 .83 94,76 94,25
pH 1.6 6.8 £.9 8.7
Field Conductivity {umbos/cm) - - - B40.
Lab Conductivity {ushos/aom) 673, 648. 701, 746,
Dissclved Oxyzen {mg/L) G.3 2.4 2.7 1.6
Total Dissolved Solids (mg/L) 483, 415, 429. 419,
Total Alkalinity {(mg/L) 244, 253. 245, 249,
Total Hardmess {mp/L} 371, 8z, 317, 368,
Ammonia (N} {mg/L} 3.240 0.096 0.0%2 0.088
Nitrate (N} {(mg/L} 4,203 0.047 0.029 0.435
Dissolved Phosphorous {mg/L} 0.134 0.157 0.095 ¢.039
Calcium {mg/L} 162. 106, 104, i01.
Magnesium {(og/L} 28.0 28.5% 28.5 28.0
Sodium {mg/L} 6,50 4.50 5.00 2.50
Porassiom (mg/L) 2.7¢ 1.95 2.40 2.05
Bicarbonate {(mp/L} 301, 309, 305. 304,
Chloride {mg/L) G0, 25. 3z.5 35.0
Sulfarte {(mg/l) -105. 97. 107, 10l.
Iron {mg/L) 0.08 .06 ¢.08 0.4t
Manganese {mg/L) 2.58 1.66 0,650 1.78
Carbonate {mg/L} 0.0 0.0 g.¢ 0.0
Flugride (mg/L} 0.4 0.4 0.4 0.01
Total Coliform {colonies/100 =l) <100, 2. - 11,
Fecal Coliform {colonles/100 ml) < 1¢. «?, - <2.
Arsenic {ug/L} - £.6 - -
Barium (ug/L} - 1130. - -
Cadmiuvm {ug/L) - 2.7 - -
Chromium {ug/L} - 5.0 - -
Copper {ug/L} - 70.0 ~ -
Lead {(ug/L) - 11.1 - -
Saelenium {ug/L) - 0.3 - -
Zing (ug/L} - 3. - -
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TABLE 26
LARTMORE - LAGOOK

Paramerver 8/2/81 10/21/81 4721782 8/10/82

Water Level (Ft) - - - -

pH 5.0 8.5 6.9 7.8
Field Conductivity (umhos/ecm) - - - 1440.
Lab Conductivity {umbos/em) 10%17. 1230, 837. -
Dissolved Oxygen (mg/L) 4.5 - 2.6 -
Total Dissolved Solids (mg/L) 585. 739, 449, 697.
Total Alkalinity (mg/L} : 97. 333, 243. 332.
Toral Hardness {(mg/L) 140, 357, 209, 320,
ssmonis () {wg/L} 0,150 9.39 12,5 B.09
’ Nitrate (n) {(mg/L} 0,102 G.251 ¢.046 {.500C
Dissolved Phosphorous (mg/L) 0.195 2,75 2.88 1.72
Calciuvm {mg/L) 40.5% 102. 63.0 89.5
Magnesium {mg/L} 9.50 25.0 14.5 23.49
Sodivm (mg/L) 147, 25.0 77.5 146,
Potassium (mg/L} 8,80 141, 8.40 11.0
Bicarbonate (mg/L} - 4G7. 297. 405.
Chioride {(mg/L)} 215. 154. 85,0 156,
Sulface {mg/L) 104, 99, 57. 77.
Iren (mg/L) 9,11 0.0% 0,08 0.03
Manganese (mg/L) 0,04 0.820 0.930 0.740
Carbonate {(mg/L) 58. 0.0 0.0 0.0
Fluoride (ug/L) 0.5 0.7 0.6 4.9
Total Coliform {colonies/100 ml) - - £2400. T2400.
Fecal Coliform {colonies/i00 mi) 40. - <2400, $2400,

arsenic (ug/L} - - - -
Barium (ug/L) - - - —
Cadmium {ug/L} - - - -
Chromium {ug/L} - - - -
Copper {ug/L} - - - ’ -
Lead {ug/L)} - - - -
Selenium (ug/L) - - - -
Zine (ug/l) - - - -
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TABLE 27
LARIMORE ~ FARM WELL

Total Coliform (colonies/i00 al)
Fecal Coliform (colonies/100 mid
Arsenic {(ug/lL)

Barium (ug/L)

Cadmivme {ug/L)

Chromiun {(ug/L}

Coppar (ug/L)

Lead (ugfl)

Selenium (ug/L)

Zinc {ug/L)

Parameter 4721/82
Water Lewel {Ft) -

pH 6.8
Field Conduceivity (umbosfom) -
Lab Conductivity {(umhos/cm 497,
DMissolved Oxygen (mg/L) -
Total Disselved Solids (mg/l) 303.
Total Alkalinity {(mg/L) 201,
Total Hardpness (mg/L) 268,
ammonia (N} {mg/l) 0.014
Nigrate (N} (mg/L} 0.891
Dissolved Phosphorous (mg/L) 0.020
Calciom (mg/L) 75.5
Magnesium (mg /1) 19.5
Sodium (mg/L) 1.5¢
Potassium (mg/L) 2.15
Bicarbonate {mg/L) 246,
Chloride (mp/L) .00
Sulfate (mg/L} 83.
Iron {(mp/L} .06
Manganese {mg!L}- 0, 150
‘Carbonate (mg/L} 0.8
Fluoride (mg/L} 0.4
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[ORDVILLE - WELL |

TABLE 28

Parameter 8/4/81 10/25/81 8/17/82
Warer Level (Ff) 93.71 94.50 94.03
pH 7.6 6.9 6.5
Fleld Conductivity {umhos/cm) - - 1400,
Lab Condvetivity {umhos/cm) 907, 889, 1067,
Pissclved Oxygen (mg/L) 0.7 1.8 1.6
Total Dissolved Selids {ma/L) 583. 568. 589,
Total Alkalinity {mp/L} 316, 375, 346,
Total Hardress {(mg/L)} 476. 468, £76,
Ammonia (N} {(mg/L) 0,264 0.717 0.076
Bicrate (N) {mg/L) G,285 - 0.263 0,145 .
Dissclved Phosphorous (mg/L) 0,131 8.490G 0.122
Calocium (mg/fL) 118, 110. 118.
Magnesium (mg/L) b} 47.0 44,6
Sodium (mg/L} 29.8 20.5 23.0
Potagsivm {(mg/L) 4.80 3.20 3.15
Bicarbonate {mg/L} 386, 459, 422,
Chloride {mg/L} 45. 45, 100,
Sulfate (mg/L) 152. 1is. 93,
Iron {mg/l} .98 .06 0,87
Manganesa {(mg/L) 1.25 0.260 0.836
Carbonate {mg/L) 0.9 8.0 4.0
Fluoride (mg/L} 0.4 0.2 0.3
Total Coliform {colonies/i00 ml)  <10. 21, 13.
Fzeal Coliform {colonies/i00 ml) <140, <7, <2,
Arsenic (ug/L) 1.0 165. -
Barium {ug/L) 1840, 73.00 -
Cadmium {ug/L) 2.8 12.2 -
Chromium {up/L) 1.0 149, -
Copper (ug/L} 4.1 490, -
Lead (up/L) 0.¢ 182, -
Selenium (ug/L} 5.0 13.3 -
Zine (ug/L} 578, 1290. -
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TABLE 2%
FORDVILLE - WELL 2

Parameter 8/4/81  10/25/81 /20782 B/17/82
Water Level {Fr} 93,09 84.11 95,32 84 .10
pH 7.2 6.9 6.6 6.6
Field Conductivity {(umhos/em) - - - 16%0.
Lab Conductivity (umbos/om) 1043, 953, 1044, 1060.
Diasolved Oxygen (mg/L) 1.0 2.0 2.0 2.9
Total Dissolved Solids (mg/L) 587. 374Q. 557. 848,
Total Alkalinicy (mg/L} 200. 204. 246, 277.
Total Harduess (mp/L} 402, 375, 394, 232,
Ammonia (N} (mg/lL) 1.50 1.24 .11 3.:2%
Ritrate (¥} (mg/L} 0.088 2,034 G.146 0,040
Bissolved Phospﬁarous {mg/L) Q.l1i7 g.112 0.271 GC.066
Calcium (mg/L) 102. 24,5 161. 73,5
Kagnesiun {wmg/L) 35.5 33.5 34,5 26.5
Sodium (mp/l) 6.20 59.0 £53.5 77.0
Potassium {mg/L) 7.80 7.25 7.70 .25
Bicarbonate {mg/L) 245, 250. 301. 338.
Chloride (mg/l) 125. 150, 104, 113,
Sulfate {mg/L) 133, 103, 100. 70.
Iron {mg/L} 0.15 6.01 6.06 0.05
Manganege (mg/l) 4,12 3.72 2.02 1.96
Carbonate {(mg/L} 0.0 0.0 0.0 0.0
Fluoride (mg/L) 0.3 0.2 0.2 0.2
Total Coliform {colonies/100 =1} <10. 2. <2, 220.
Fecal Coliform (colonies/i00 ml) <10, <2, L <2,
Arsenic {(ug/lL)} - - 69.3 -
Barium (ugfL) - - 390, -
Cadmium (ugfL} - - 1.0 -
Chromium {ug/L) - - 85,1 -
Copper (ug/L) - - 87.0 -
Lead (ug/L) - - 30.2 -
Selenium {ug/L) - - 1.9 -
Zine Cug/L) - - 126, -
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TABLE 30
FORDVILLE - WFLL 3

Parameter 8/4781 10/25/81 4/20/82 B/17/82
Water Level {Fo) 92.27 93.12 93.45 92.72
p 7.1 6.9 6.7 5.4
Field Conductivity {umhos/cm} - - - 1630,
Lab Conductivicy {uzhosfcm) 1510. 1380, 1420, 1435,
Dissolved Oxygen {mg/L} 0.6 1.2 3.0 1.4
Total Disselvad Solids (mg/L) 850, 779. 793, 1148,
Total Alkalinity (mg/L) 399, 43%, L4R, 428.
Total Hardness {(mg/l) 538. 503, 97, 267.
Ammonia (N} {(wg/L} 0.386 0.487 0.312 0.322
Hitrate (N} (mg/L) 0,106 0.0464 0.053 0,041
Bissolved Phosphorous (mg/l) 0.099 G.124 G.045 0.032
Calcium {mg/L} 136, 124. 125, 107,
Magnesium (mg/L) 48.0 47.0 45.0 35.0
Sodium (mgfL) 124, 112. 122. 123.
Potassium {mg/L) 10.2 8,20 i1.3 9.55
Bicarbonate {mg/L) 488. 529. S48, 522.
Chioride {(mg/L) 225, 175, 175, 188,
Sulfate (mg/L) 66. 51. 4h, 13,
Iron {mg/L) 0.67 6,17 0,16 0.01
Manganese (mg/L) 2.88 3.28 3.1z 2.67
Carbonate {mg/L} 4.0 0.4 0.0 0.0
Fluoride {mg/L) 0.2 0.1 a.1 0.2
Total Coliform {colenies/100G ml) <100, <2. <2, 79.
Fecal Coliform (colonies/100 ml} <100. €2, 2. <2.
Arsenic (ug/L) 8.0 0.¢ Z.9 -
Bayrium (ug/L) 620, 430, 330, -
Cadmivm {ug/L) 1.6 1.0 0.6 -
Chromivm {ugfi) 20.5 3.2 6.3 -
Copper (ug/L} 29.0 3.% 36.6 -
Lead (ug/L} 12.90 5.8 2.5 -
Selenium {ug/L) 1.% 0.1 0.2 -

Zinc (ug/L) 61.0 29.0 28.0 -
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TABLE 31
FORDVILLE ~ WELL 4

Farameter 874781 1a/25/81 4120782 8/17/82
Water Level (Ft} szsl §3.48 93.53 92;51
pl 7.3 6.7 6.8 6.3
Field Conductivity {umhos/cm) - - - 960,
Leb Conductivity {umhos/cm) 690, 655, 687, 943,
Bissolved Oxygen {(mg/L} 1.0 1.4 3.4 2.4
Total Dissolved Sclids (mg/L) 428, 406, 418, 754,
Total Alkalinity {mg/L) 280, 280. 298, 337,
Total Hardness (mg/L) 366. 349, 355, 431,
Aamonia (W) (mg/L) 0.185 0.098 0.046 8,024
Nitrate (N). (mg/L) 2,03 2,87 0.341 2,17
Dissolved Phosphorous {mg/L) 0.124 0,063 9.06% 0.031
Caiciwn (mg/L} 80.5 88.0 9.0 1il.
HMagnesium {mg/L) 34.0 31.5 32.5 37.5
Sodium (mg/lL) 22.0 16.0 i4.5 1%.0
Potassium (mg/L) 3.25 2.15 2.25 2.50
Eicarbouate {mp/L) 342, 34z, 364, 411.
Chloride (mg/L) 18. 20. 1%.4Q 40.0
Sulfate {mg/L) 91, 78. 86.0 95,
Iron {mg/L) ¢.06 0.02 0.02 0.908
HManganess (mg/L} ¢,840 0.100 0.070 0.086
Carbonate (mg/L) 0.0 0.0 0.0 0.0
Fluoride {(mg/l) 0.2 G.1 0.1 0.2
Total Coliform {colonies/100 mi} <l{, 5, 11, g,
Fecal Coliform {(celonies/100 ml} <10, <2. X2, <2,
Arsenic (ug/L) - - - -
Barium (ug/L} - - - -
Cadmium (ug/L} - - - -
Chromium {ug/L} - - - -
Copper {ug/L) - - - -
Lead {ug/L} - - - -
Seleniun {ug/L) - - - -

Zine (ug/L} - - - -
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TABLE 32
FORDVILLE -~ WELL 3

Parameter 8/4/81 10/25/781 4/20/81 8/17/82
Wacer Level {(Ft} 92.91 §3.85 94,26 93,47
pH 7.4 6.9 6.6 6.3
Field Conductivicy (umbos/cm) - - - 1060.
Lab Cenductivity {umhos/cm) 1091. 888.0 9z5, 1142,
Dissolved Oxygen {(mg.L} 0.6 0.4 1.0 3.1
Tetal Dissolved Solids (mg/L} 604, 516, 509, 914,
Total Alkalinity (mg/L} 316, 276, 266. 294,
Total ilardness (mg/L) 461. 446, 441, 503.
Ammonia (M) {mg/L) 2.68 6.493 4,209 0.325
Bicrare {N) {(mg/L) 0.183 3,059 0.146 0,044
Dissolved Phosphorcus {mg/L) 4,141 0.066 0.042 0,034
Calcium (mg/L} 11, L4, 115, 134,
Magoesiom (mg/L) 44.5 39.0 7.5 41.5
Sodium {mz/L) 56.5 22.0 20.5 17.0
Potgssium {mg/L) B.25 5.00 5.50 4.65
Ricarbonate {mg/L) igs., 337, 325. 359,
Chleride {mg/L) 100. 75. 75.0 125,
Sulfate (mg/L)} 98. 95, 95.0 &6,
Iron {(mg/L) 3.08 .02 6.43 0.13
Manganese fmgfLl) 2.62 1.73 1.37 .41
Carbonate {mg/L) 0.0 8.0 G.0 0.0
Filuoride (mg/L} 0.2 0.1 0.2 0.2
Total Coliform (coloniss/100 ml) =10, 22400, <2. 70.
Fecal Coliform {colonles/100 =1} <10, 2. <37, €2,

Arsenic {ug/L)
Barium {(ug/L)
Cadmium {ug/L}
Chromium {ug/L)}
Copper {ug/L)
Lead (ug/l)
Selenium (ug/L)
Zinc (ug/L}
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TABLE 33
FORDVILLE - WELL 6

Parameter 8/4781 10725/81 4720782 8/11/82
Warer Level {Ft) 90,54 9¢.01 94.14 94.86
pit 7.8 7.1 6.8 -
field Conductiviry {unhbos/cm) - - - -
Lab Conductivity (umhbos/cm) 1072, 856, 809, -
Dissolved Oxygen {mg/L) 0.5 8.3 9.0 3.9
Total Dissolved Solids {mg/L} 700, 514. 468, -
Total Alkalinity {mg/L) 209, 234, 225. -
Total Hardness {mg/L) 306, 237, 215, -
Ammonia (N} (mg/L) 3.86 4.95% 2.33 -
Nitrate (N} {mg/r} G.198 0,098 1.21 -
Dissolved ?hospharaus {mg /LY 0.155 0.4620 ‘3.048 -
Caleium (mg/L) 66.5 51.5 47.5 -
Magnesium (mg/L) 34.0 26,5 23.3 n
Sodium {(mg/L) 126. 94.5 87.5 -
Potassium {mg/L} 17.6- 9,05 9.13 -
Bicarbonate (mg/L) 256, 286. 275. -
Chloride (mp/L} 175, a5, 70.0 -
Sulfate (mg/L) i34, 87, 9%, -
Irom {mg/L} 3.83 0.05 0.14 -
Hanganese {mg/L) 1.58 1.65 1.45 -
‘Carbonate (mg/L) 0.0 0.9 0.0 -
Flueride {=g/L} 0.4 0.2 0.3 -
Total Coliform {colonies/100 m1) 27000, 540, <2. -
Fecal Coliform (colonies/100 ml) <10, <z, <2, -

Arsenic {ug/L) - - - -

Barium {ug/L} - - - -

Cadmiuvm (ug/L)} - - - -

Chromium {ug/L) - - - - |
Coppear {ug/L} - - - -

Lead (ugz/L} - - - -

Selenium (ug/L) - - - -

Zine (ug/1) - - - -
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TABLE 14
FORDVILLE ~ LAGOODN

Parameter g/a/a1 10/25/81 4720/82 8/17782
Water Level {Ft} - - - -
pH 9.1 7.9 6.8 8,5
Field Conductivity {umhus/om} - - - 975,
Lab Conductivity {umhes/om) 979, 1040, 1749, 950,
Dissolved Oxygen {(mg/L} 20.0 - 6.0 -
Toral Dissolved Soiids {(mg/L} 867, 604, 322. 508,
Total Alkalinipy {(mg/L} 221. 312, 200. 222.
Total Hardness {mgfL} 226, 261. 138. 222.
Ammonia (K) {mg/L) 4,33 i3. & 7.4 3.14
Nitrate {¥} {mg/L} 3.188 0,698 0.025 0. 393
Dissolved Phosphorous {mg/L) 0.682 3.65 3.19 .814
Calcfum {mg/L) 53.5 65,0 35.4 52.5
Magnesium {(mg/L} 22.5 24.0 12.5 22.0
Sodium (mg/L) 126. 114, 53.0 39,0
Potassium {mg/L} 123.9 11.3 2.00 11.0
Bicarbonate famg/L) 150. 3s82. 245, 155,
Chloride (mg/L) 125. 125. 60.0 113,
Sulfate {mg/L) 95, 76. 33. 77.
iren {mg/L) 0,40 0.01 .08 8.00
Manganese {mg/L)} 0.170 8.120 0.260 0,063
Carbonate {mg/L} 59. 4.0 0.0 52,
Flusride {(mg/L} 0.2 2.1 0.1 0.2
Tetal Coliform {(volonies/100 ml%BDG,OOG 22400, 32400, 29400.
Fecal Coliform (colonies/100 ml) 9700 2400 23400. 22400,

Arsonic fug/L)
Barium (ug/L}

Cadmium (ug/i)
Chromiuvm {ug/L}

Copper (ug/L)
Lead {ug/L)
Selenium (ug/l)
Zine (ug/L)
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TABLE 35

FORDVILLE - HOME WELL

Parameter B/a4/B1 10/25/81 &/0/82 87177382
Water Level (Ft} - - - -
pH - - 5.6 -
Fieid Conductivivy {umhos/om} - - - -
Lab Conductivicy {amhos/cm} - - ail. -
Dissolved Oxygen (mg/L) - - - -
Total Disselved Solids (mg/L) - - 727, -~
Total Alkalinity (wg/L) - - 317, -
Total Hardness {mg/L) - = 794. -
Ammoniz (N) {mg/L} - - 6.00 -
Nitrate (¥} (mg/L} - - 118. -
Pissolved Phosphoreus (mg/L) - - 0. 047 -
Caleium (mg/L) - - 208, -
Magnesium {mg/L) - - 66,5 -
Sodium (mg/L} - - 15.5% -
Potassium {mg/L} - - 26.7 -
Bicarbonate {mg/L} - - 3as. -
Chioride (mg/L) - - 50.0 -
Sulfate (mg/L) - - 5%, -
iren (mg/L} - - 0.04 -
Manganese (mg/L) - - 0.040 -
Carbonate (mg/L) - - 0.0 -
Fluoride (mg/L} - ~ t.1 -

Total Coliform {colonles/l00 mi}
Pecal Coliform {colonies/100 =1}

Arsenic {ug/L)
Bavium {ug/L}

Cadmium (ug/L)
Cheomium {ug/L)

Copper (ug/L)
Lead (ug/L)
Selenium (ug/L)
Zing {ug/L}
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