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CONVERSION FACTORS

For use of readers who prefer to use metric (International 
System) units, rather than the inch-pound terms used in this 
report, the following conversion factors may be used:

Multiply inch-pound unit By

foot (ft) 0.3048
mile (mi) 1.609
square mile (mi 2 ) 2.590

acre 0.4047 
gallon per minute 0.0630

(gal/min) 
gallon per minute 0.2070

per foot
[(gal/min)/ft] 

gallon per day 0.2070
per foot
[(gal/d)/ftl

Sea level; In this report "sea level" refers to the National 
Geodetic Vertical Datum of 1929 (NGVD of 1929) a geodetic datum 
derived from a general.adjustment of the first-order level nets 
of both the United States and Canada, formerly called "Mean Sea 
Level of 1929."

To obtain metric unit

meter (m) 
kilometer (km) 
square kilometer

(km2 ) 
hectare 
liter per second

(L/s) 
liter per second
per meter
t(L/s)/m] 

liter per day
per meter



GROUND-WATER FLOW AND WATER QUALITY IN NORTHEASTERN UNION COUNTY,

OHIO 

By Karen S. Wilson

ABSTRACT

A study was done by the U.S. Geological Survey, in coopera 
tion with the Village of Richwood, Ohio, to determine directions 
of ground-water flow, ground-water-level fluctuations, and water 
quality in the northeastern part of Union County.

The topography of the study area generally is featureless, 
and the land surface slopes gently eastward from 985 to 925 feet 
above sea level. Glacial deposits up to 48 feet thick cover the 
carbonate-bedrock aquifer. Three municipal wells and an adjoining 
abandoned landfill are located in an area previously excavated for 
clay deposits. An agricultural supply company is adjacent to the 
well field.

Ground water flows from west to east with local variation 
to the northeast and southeast because of the influence of Fulton 
Creek. Richwood Lake occupies an abandoned sand-and-gravel quar 
ry. Water-level fluctuations indicate that the sand and gravel 
deposits beneath the lake may be hydraulically connected to the 
bedrock aquifer.

Water-quality data collected from 14 wells and Richwood Lake 
indicate that a hard to very hard calcium bicarbonate type water 
is characteristic of the study area. Dissolved solids ranged from 
200 to 720 mg/L (milligrams per liter) throughout the study area.

Potassium ranged from 1.3 to 15 mg/L, with a median concen 
tration of 2.0 mg/L. Concentrations of 10 and 15 mg/L at one 
municipal well were five to eight times greater than the median 
concentration.

Total organic carbon, ammonia, and organic nitrogen were 
present at every site. Concentrations of ammonia above 1 mg/L 
as nitrogen were found in water from two municipal wells and one 
domestic well. Total organic carbon was detected at a municipal 
well, a landfill well, and a domestic well at concentrations above 
5 mg/L.

Ground-water quality is similar throughout the study area 
except in the vicinity of the municipal well field, where water 
from one well had elevated concentrations of ammonia, dissolved 
potassium, dissolved manganese, dissolved chloride, dissolved 
sodium, and total organic carbon.



INTRODUCTION

The community of Richwood in nor 
central Ohio (fig. 1), has measured e 
ammonia and nitrite in the public ground 
years. In 1974, concentrations of 0 
liter) of ammonia as nitrogen were 
trations reached 5.91 mg/L and, in 
Environmental Protection Agency, written 
late December 1984, nitrite 
supply of 10 to 11 mg/L were detected 
Division of Water, oral commun., 1985

detected 
1981

concentrations

There is little information on the 
County, especially the northern part, 
studies of western Ohio incorporating 
in the early 1970's by the Ohio 
(ODNR) and the U.S. Geological Survey 
Norris, 1979), Union County was included 
those study areas.

Department

GeclogicalA study was begun by the U.S. 
in cooperation with the Village of Richwood 
water flow direction and seasonal water 
(2) temporal and areal variations in the 
in the northeastern Union County area

Purpose and Scope

This report describes the ground- 
quality of the study area and provides 
the susceptibility of present and 
water contamination.

future

To examine ground-water flow dir 
level fluctuations, data were obtaine 
determination of water levels. Water 
15 sites, including two municipal wel 
and were analyzed for general water ch 
Richwood Lake also was sampled and an 
chemistry. One municipal well and one 
of the Village were sampled for addit 
organic compounds, and pesticides. D 
September 1985 through June 1986.

Description of Study Area

The study area encompasses the V 
Claibourne Township, and the southwesi 
Township (fig. 1). Claibourne Townsh 
of Richwood, has a total area of 33.4 
tion of Richwood in 1980 was 2,180 (U 
1981).

heastern Union County, 
evated concentrations of

-water supply for several 
9 mg/L (milligrams per

in 1980, concen- 
8.1 mg/L (Ohio 
commun., 1983). In

in the public water 
(F. Robinson, Richwood

hydrogeology of Union 
Although hydrogeologic 
Union County were conducted

of Natural Resources 
(Norris and Fidler, 1973; 

only as a small part of

Survey in July 1985, 
, to examine (1) ground- 

-level fluctuations, and 
quality of ground water

water hydrology and water 
data necessary to evaluate 

water supplies to ground-

ction and seasonal water- 
from 38 wells selected for 
samples were collected from 
s and a nearby landfill well, 
emistry. Water from 
lyzed for general water 
domestic well upgradient 
onal dissolved constituents, 
ta were collected from

llage of Richwood,
ern part of Jackson
p, including the Village
square miles. The popula-
S. Bureau of the Census,
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Figure 1.--Location of study area.



Richwood is a rural community, anc| farming is the principal 
land use in Claibourne and surrounding ,townships. Most of the 
land is used for corn and soybean production. Commercially impor 
tant deposits of sand, gravel, and clay also were mined in the 
past. Richwood Lake and the surrounding recreational park were 
developed from an old sand-and-gravel quarry. Clay deposits once
were mined for the production of brick 
site of the Richwood well field and an 
fill located near the northeastern edge

The municipal well field has three 
drilled in 1935. Well U-67 is 70 feet
inally drilled to 60 feet, but was rediilled in May 1984 and is
now 151 feet deep. Well U-69, drilled

and tile at the present 
abandoned sanitary land- 
of the corporation limit.

wells, two of which were 
deep. Well U-68 was orig

in 1950, is 120 feet deep.
The municipal vater plant, which uses a lime-soda treatment pro 
cess, was constructed in 1974. The p!4nt serves virtually the 
entire village, although there are a few isolated wells within 
the corporation limits that still are :.n use for nondomestic 
purposes. The village has a sewage-treatment plant at the south 
western corporation limit.

Surrounding the Richwood we^l fie^d (fig. 2) is a residential 
section to the west; an agricultural supply company to the south 
(upon whose property are large liquid-nitrogen silos); and the 
Union County garage (which encompassesja salt-and-cinder storage 
area). Also to the south is a small strip of land that was once 
part of a small local dump. On this p:Lece of land are four large 
storage tanks reported to contain bituinen. An abandoned sani
tary landfill is 500 feet north of the 
corporation limits.

Description of the Hvdrog^ologic System

water plant, outside the

Union County is in the Central Lowland physiographic prov 
ince. Richwood lies on the glaciated Mississippi Valley Plain 
or Lexington peneplain at an altitude of 950 feet above sea 
level (Stout and others, 1943). The area is marked by broad, 
flat plains and rolling surfaces. North of the village is a 
small esker known as the Richwood esket. Fulton Creek drains
approximately 20 square miles of land 
south of Richwood (fig. 3).

and lies about 0.75 mile

Geology

Glaciers deposited a layer of uncbnsolidated material of 
varying thickness across Union County.| The earliest glaciation 
occurred during the Illinoian age and was followed by the 
Wisconsin ice sheet (Stout and others,! 1943). Both glaciers 
moved southward across Ohio, depositing great quantities 
of drift over carbonate bedrock of Silurian age (fig. 4).



/\

Residential

N

Figure 2. Sketch of area surrounding the Richwood well field and water plant.
(not to scale)
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39
xx Water-level measurement site
5 3   Water-quality sampling site

A Landfill Area

Figure 3. Water-level measurement and Water-quality sampling sites 
(the county prefix U- has been deleted from the well numbers).



Series Group
Lithology and 

Formation typical thickness (feet)

Pleistocene

Upper 
Silurian

Middle 
Silurian

Bass 
Islands

Lockport

Glacial 
drift

Tymochtee 
Formation

Greenf ield 
Dolomite

Guelph 
Dolomite

Goat Island 
Dolomite

Gasport 
Dolomite

Rochester 
Formation

Dayton 
Formation

Clay, sand, and 
gravel (35)

Dolomite, thin to mas 
sive bedded, gray to 
brown (65)

Dolomite, thin to mas 
sive bedded, gray to 
brown (70)

Dolomite, light, massive, 
very pure (50)

Dolomite, chert-bearing, 
slightly silty, light 
brown to grayish 
brown (30)

Dolomite, medium to 
dark gray (20)

Gray-green dolomitic 
shale and argillaceous 
dolomite (22)

Dolomite, limey, gray 
to drab, medium bedded 
(50)

Figure 4. Generalized stratlgraphic column for the study area 
(modified from Janssens. 1977).



Glacial deposits consist of clayey til,l, sand, and gravel. In the 
study area, glacial deposits range from 12 to 48 feet in thickness.

Beneath the glacial cover, the Tymochtee Formation of the 
Bass Islands Group of Late Silurian age is approximately 65 feet 
thick. The underlying Greenfield Dolomite of the Bass Islands 
Group is approximately 70 feet t;hick. I The underlying Lockport 
Group (Janssens, 1977) is divided into! the Guelph Dolomite at a 
depth of 170 feet, the Goat Island Dolomite at 220 feet, and the 
Gasport Dolomite at 250 feet. Where the Lockport is undifferenti-
ated it is referred to as the Lockport Dolomite. The Rochester
Formation is at 270 feet and the Dayton Formation at 292 feet.

Hydrology

The Bass Islands Group and the Lpckport Group (Janssens, 
1977) or Lockport Dolomite together cojmprise the principal 
carbonate-rock aquifer in the study ar|ea. This aquifer is con 
fined because of poorly permeable glacial till that overlies the 
bedrock (Norris and Fidler, 1973). Yields in excess of 1,000 gal 
lons per minute have been developed from the Bass Islands Group 
and Lockport Group at depths ranging from 190 to 270 feet. The 
transmissivity of the combined aquifer has been determined to be 
7,486 feet squared per day with a 24-hour specific capacity of
66.75 gallons per minute per foot; if 
the 24-hour specific capacity is 70.30 
(Ohio Department of Natural Resources, 
the Ohio District office of the U.S.

corrected for well loss, 
gallons per minute per foot 
unpublished data on file in

Seological Survey, 1971).

The highest yields are from the Bass Islands Group, because 
the Bass Islands rocks generally are more permeable than the 
Lockport Group (Norris and Fidler, 197,3). However, the Lockport 
Dolomite also is a good source of ground water. Farm and domestic 
supplies of 10 to 15 gallons per minute usually are obtained at 
depths of less than 125 feet (Schmidt, 1978). Historically, thin 
sand and gravel deposits throughout the drift were a source of
water; however, clay till generally is 
source of water.

Acknowledgment s
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Richwood, Division of Water, and also (expresses thanks to area 
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METHODS OF STUDY

A network of privately owned wells was developed to provide 
data on ground-water levels in the study!area. To define the 
potentiometric surface and direction of flow, 38 wells were 
selected on the basis of accessibility and good connection 
with the aquifer (fig. 3, table 1). All wells were completed 
in the bedrock aquifer of the Bass Islands Group and ranged from 
20 to 151 feet deep. Most wells were cased through the uncon- 
solidated glacial deposits and were left as open hole into the 
dolomite. Potentiometric-surface maps w£re constructed from 
water-level measurements made in September 1985, December 1985, 
March 1986, and June 1986.

Water-level recorders were installed on well U-65 and at 
Richwood Lake (fig. 3) to measure continaous changes in water 
levels. Richwood Lake was included in tie study to examine the 
general ground-water/surface-water interaction in the study area, 
A series of streamflow measurements along Fulton Creek were made
to provide additional data concerning th 
water interaction.

e ground-water/surface-

Fourteen wells and Richwood Lake were sampled for analysis of 
water quality (fig. 3, table 1). Well sjelection was based primar 
ily on the direction of ground-water flow as determined from the 
September 1985 potentiometric surface. Samples from two unused 
wells (U-65, U-70) were collected with a submersible pump. Sam 
ples from all other wells were collected from a tap. To ensure a 
sample representative of the aquifer, water had been withdrawn 
until specific conductance, temperature, and pH had stabilized.

The 15 sites were sampled on October 30 through November 1, 
1985, and April 1 through 3, 1986, for constituents used to 
describe the general chemical quality of the ground water. Field 
measurements of temperature, specific conductance, alkalinity, pH, 
and dissolved oxygen were made. Two of [the fifteen sites also 
were sampled on April 9 and June 20, 1996, for selected organic 
compounds, pesticides, and dissolved constituents (table 2).

Samples collected for analyses of dissolved constituents were 
filtered in the field. All samples were treated and preserved in 
compliance with established procedures and methods (Federal Inter- 
agency Work Groups, 1977; and U.S. Geological Survey, 1983) and
analyzed at the U.S. Geological Survey is 
Laboratory (Fishman and Friedman, 1985;

ational Water-Quality 
Wershaw and others, 1983).
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Table 2. Organic compounds, pesticides, and dissolved constituents
analyzed for 

[Samples collected April 9 and! June 20, 1986]

Organic compounds and pesticides

Dichlorobromomethane, total
Carbontetrachloride, total
1,2-Dichloroethane, total
Bromoform, total
Chlorodibromomethane, total
Chloroform, total
Toluene, total
Benzene, total
Chlorobenzene
Chloroethane
Ethylbenzene
Methyl-bromide
Methyl chloride, total
Methyl-ene-chloride
Tetra-chloroethylene
Trichlorofluoromethane
1,1-Dichloroethane, total
1,1 Dichloroethylene
1.1.1 Trichloroethane
1.1.2 Chloroethane 
1,1,2,2 Tetrachloroethane 
1,2-Di-Chlorobenzene, total 
1,2-Dichloropropane
1.2-Transdichloroethylene
1.3-Dichloropropane
1.3-Di chlorobenzene, total
1.4-Di-chlorobenzene, total 
2-Chloroethylvinyl- ether 
Dichlorodifluoromethane, total

Trans-1,3-Dichloropropene, total
Cis-li,3-Dichloropropene, total
Perthane, total
Vinyl cloride, total
Trichloroethylene, total
Naphthalenes, polychlorinated
Aldri|n, total
Lindajne, total
Chlordane
DDD, (total
DDE, total
DDT, total
Dieldrin, total
Endo^ulfan, total
Endrijn, total
Ethiojn, total
Toxaphene, total
Heptachlor, total
Hepta(chlor epoxide, total
Methqxychlor, total
PCB, [total
Malathion, total
Paratjhion, total
Diazijnon, total
Methyl parathion, total
Mire*, total
Trittyion, total
Methyl trithion, total

Dissolved constituents
i

Antimony 
Arsenic 
Beryllium 
Cadmium
Chromium
Copper 
Cyanide

1

Lead 
Mercu 
Nick  
Seler
Silvc
Zinc

2

ry 
1
ium
ir



GROUND-WATER FLOW 

Direction of Flow

Water enters the ground and moves slowly to points of lower 
elevation under the influence of gravity. The direction of 
ground-water flow is determined from the gradient indicated by 
the potentiometric surface. The potentiometric surface is the 
level to which water will rise in a cased well. Ground water 
moves along paths at right angles to potentiometric contour lines 
(fig. 5).

In the study area, the land surface slopes generally eastward 
from 985 to 925 feet above sea level. Regional ground-water flow 
is from west to east, with local variation to the northeast or 
southeast due to the influence of Fulton Creek. The potentiomet 
ric contours on figure 5 are generalized because most wells open 
in the consolidated rock aquifers are cased to the top of the bed 
rock aquifer in the Bass Islands Group and are drilled as an open 
hole for the remainder of the well depth. The water level in such 
a well represents an integration of the heads in the different 
water-yielding zones that contribute to the well (Norris and 
Fidler, 1973).

Ground water moves from areas of recharge (where water enters 
the system) to points of natural discharge (where water leaves the 
system). The quantity of recharge and discharge depends on dis 
tribution and intensity of rainfall, plant cover, altitude, slope 
and roughness of terrain, the character of the geologic materials 
through which the water moves, and other hydrologic factors.

Because bedrock is not exposed in the study area, water 
enters the ground-water system by infiltration through overlying 
glacial deposits, as well as from points of recharge upgradient of 
the study area. Points of natural discharge within the study area 
are along Fulton Creek.

The direction of ground-water flow also is affected by pump 
ing wells. The drawdown of the water surface in the aquifer under 
pumping conditions changes the gradient of the potentiometric sur 
face locally. For example, water levels in wells U-70, U-71, and 
U-72, which are located near the landfill north of the municipal 
well field, are higher than water levels in U-65 south of the 
municipal well field, even though the land-surface altitude of 
U-65 is higher than that of the landfill wells (fig. 6; table 3, 
at back of report). A cone of depression from the withdrawal of 
water by the municipal wells might induce flow from the vicinity 
of the landfill towards the municipal wells. However, water 
levels of the municipal wells were not available, and the direc 
tion of flow in the immediate vicinity of the municipal wells 
and the landfill wells is not clearly understood.
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STUDY AREA

.5
2 MILES

2 KILOMETERS

Base from U.S. Geological Survey 
Richwood Quadrangle, 1961

\ \

39

EXPLANATION

Water-level measurement site

-£ 40- Line of equal altitude of water 
surface, dashed where 
uncertain. Interval, 5 feet.

  ̂  Direction of ground-water flow

 I Landfill area

Figure 5. Potentiometric surface and flow lines for March 1986 
(the county prefix U- has been deleted from well number).
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Water-Level Fluctuations

Water-level fluctuations result from a wide variety of hydro- 
logic conditions such as ground-water recharge, evapotranspira 
tion, bank-storage effects near streams, atmospheric pressure 
effects, and ground-water pumpage. For the period of study, 
ground-water levels were the lowest in_ September 1985 and were 
the highest during March 1986 (table 31, at back of report).

Water levels at well U-65 were recorded hourly from 
October 1985 through June 1986. Precipitation records were 
obtained from a site 2 miles east of tpe study area in Prospect, 
Ohio (National Oceanic and Atmospheric Administration, 1985-86) 
arid were compared to the ground-water jfluctuations at U-65 
(fig. 7; tables 4 and 5, at back of report). Comparison of 
water-level fluctuations and precipitation data indicate that 
fluctuation of water levels in the aquifer was directly related
to rainfall.

i
Evapotranspiration, a combination of evaporation from land 

surfaces and transpiration from the soil by plants, also affects 
ground-water levels where the water table is near the land sur 
face. In a farmed area such as Claibo^irne Township, evapotrans 
pi ration has the greatest effect from April through September, as 
reflected by the water-level data for yell U-65 (fig. 7). As the 
plants develop and use water, ground-water levels tend to decline;
as temperature decreases, crops mature 
transpiration ceases, and water levels

Ground-Water/Surface-Water Interaction

and are harvested, evapo-
increase.

The streams in the study area generally are gaining streams, 
that is, streams whose flow is increased by inflow of ground 
water. This is suggested by the potentiometric contours which, 
with respect to Fulton Creek, have a njv n pattern pointing up 
stream. This is typical of area,s where ground-water flow is 
toward the stream (fig. 5). Stream-surface altitudes were used
to construct contour lines near Fultor 
measurements was made to confirm that

Creek. A series of seepage 
Fulton Creek is a gaining

stream. During low-flow conditions, Fulton Creek was measured at 
four sites and at three inflowing tributaries (fig. 8). Results 
of the streamflow measurements indicate that there is an increase 
of flow downstream that cannot be attributed to tributary inflow; 
therefore, the increase is likely inflow of ground water to the
stream (table 6). This indicates that 
area of ground-water discharge.

the stream is a natural
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Table 6. Streamflow measurements on Fulton Creek and its
tributaries, June 4, 1986

[ft3/s, cubic feet per second]

Site 
num 
ber

1 

2 

3 

4 

as 

6

7 

8

Identification 
number

402416083211400 

402409083194000 

402447083183700 

402502083174300

402504083173800 

402410083172300 

402343083170300

Discharge 
Site name (ftVs)

ruj.i.un v^tccK

,1. U J. I.VJ11 \*L CvJfV

Fulton Creek               

Sewage-treatment plant discharge   

Unnamed Tributary to Fulton
V^L CCfi

Unnamed Tributary to Fulton
V^JL CCfV

1.91 

2.40 

2.50 

2.80 

.75

.55

.33 

4.27

aThe sewage-treatment plant discharge was calculated by using the 
30-day average for the period April 1986.
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interactionGround-water/surface-water 
using water-level measurements of Richwood 
back of report). In general, the water 
the lake are similar to the water-level 
which is approximately 0.2 mile downgra 
viously, the lake occupies an old sand- 
approximately 13 acres in area. There 
or outlet associated with the lake; 
are influenced by precipitation and 
49 feet deep and completed in the dolomite 
Islands Group.

also was examined 
Lake (table 7, at 

-level fluctuations of
fluctuations of well U-65, 

dient. As mentioned pre- 
and-gravel quarry and is 
is no surface-water inlet 

, lake-level changes
Well U-65 is 

aquifer of the Bass

therefore! 
evaporation,

fluctuationsAlthough the magnitude of the 
figure 9A illustrates the similarity in 
between the lake and well U-65 (during 
change in water levels will not occur a 
because well U-65 represents a confined 
is a free-water surface. Figure 9B shows 
altitudes from October 1985 through June 
ting and water-level fluctuations indicate 
hydraulically connected to the underlyi

is not the same, 
water-level changes 
a rainfall event). A 
: the same magnitude 
system, whereas the lake
actual daily water-level 

e 1986. The geologic set- 
that the lake may be 
carbonate aquifer.ing

WATER QUALITY

Water samples were collected in Oc 
from 14 wells and Richwood Lake (fig. 2 
and U-69 were included in the 14 well s 
the water quality in this report induces 
constituents, selected minor constituen 
cides. The chemical analyses for samples 
presented in tables 8 and 9 (at back of 
are reported in approximate order from 
gradient sites across the study area.

Areal Variation

Typical of water from a dolomite a 
northeastern Union County is a very 
(fig. 10); that is, calcium is the 
bonate the predominant anion. Water 
of the bicarbonate type. The similar 
the aquifer supports the view that the 
nected to the carbonate aquifer. The 
with a median value of 7.3 for ground- 
for Richwood Lake was 9.2.

For acceptable aesthetic and tast  
Environmental Protection Agency (1986) 
limit for dissolved solids of 500 mg/L 
plies. The range of dissolved solids 
study was from 200 mg/L at Richwood LaJ 
well U-68 with a median value of 510 mci/L

20

tober 1985 and April 1986 
). Municipal wells U-68 
ites. The discussion of 
es the major inorganic 
ts, organics and pesti- 
es from each well are
report). Well numbers 

upgradient sites to down-

quifer, ground water of 
calcium bicarbonate type

cation and bicar- 
Richwood Lake also is

type in the lake and 
lake is hydraulically con- 

ranged from 7.0 to 7.5 
vrater sites. The mean pH

hard
predominant 

from 
water

characteristics, the U.S. 
recommended a concentration 
for domestic water sup- 

29 analyses from this 
e to 720 mg/L at municipal
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The measured hardness of water (as CaC03 ) ranged from 170 to 
540 mg/L; the median value for 29 analyses was 430 mg/L. Any con 
centration above 300 mg/L is classified as "very hard" water (U.S. 
Environmental Protection Agency, 1986). Analyses for two wells 
(U-46 and U-53) and Richwood Lake were below 300 mg/L and are con 
sidered "hard" water.

The U.S. Environmental Protection Agency (1986) has set a 
recommended limit of 250 mg/L for both chloride and sulfate in 
domestic water supplies. No analyses exceeded these limits. Sul 
fate ranged from 16 to 190 mg/L; the median concentration was 
97 mg/L. Chloride ranged from 2.3 to 84 mg/L with a median con 
centration of 20 mg/L. Municipal well U-68 had concentrations of 
67 and 84 mg/L of chloride, and well U-65 had concentrations of 
77 and 72 mg/L. The concentrations are below the recommended 
limit; however, the concentrations are elevated in comparison to 
the other wells in the study area.

Sodium ranged from 3.0 to 39 mg/L with a median concentration 
of 13 mg/L. The U.S. Environmental Protection Agency (1986) 
recommends a maximum sodium content of 20 mg/L in water for 
sodium-restricted diets and 270 mg/L for moderately restricted 
diets. Sodium levels for domestic water supplies have no set 
criteria. The concentrations of sodium in municipal well U-68 
were 39 and 32 mg/L, and in well U-65 the concentrations were 
34 and 35 mg/L. The similar concentrations of both sodium and 
chloride in municipal well U-68 and well U-65 (upgradient from and 
south of the well field) may indicate contamination, although the 
source is not known.

Potassium a primary nutrient used in fertilizers has no set 
criteria in domestic water supplies. Potassium is reported as 
having little or no significant concentration in water from the 
Bass Islands Group, and the average range in natural or background 
water is 3 to 5 mg/L (Ohio Department of Natural Resources, 1970). 
Potassium concentrations ranged from 1.3 to 15 mg/L with a median 
value of 2.0 mg/L. Municipal well U-68 had potassium values five 
to eight times greater than the median value (fig. 11).

In the study area, ammonia is the most common form of nitro 
gen in the water, although nitrogen also is found in the form of 
nitrate, nitrite, and organic nitrogen. Organic nitrogen, as well 
as ammonia, were the nitrogen forms that were most commonly 
detected. These forms were detected at all 15 sites on each 
sampling date (fig. 12). Organic nitrogen ranged from 0.03 to 
0.57 mg/L with a median of 0.15 mg/L. Ammonia was found at higher 
concentrations, and ranged from 0.03 to 15 mg/L as nitrogen with a 
median value of 0.18 mg/L. The most elevated levels of ammonia 
were at U-68 and U-69 (municipal wells) and also at U-52. The 
concentrations at U-68 and U-69 are elevated above background 
levels based on concentrations at the other wells. Ammonia con 
centrations in the three municipal wells have sporadically ranged 
from less than 0.05 to 34.60 mg/L since 1983 (Village of Richwood, 
written commun., 1986) (fig. 13).
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The recommended limit for nitrate in public water supplies is 
10 mg/L as N (U.S. Environmental Protection Agency, 1986). The 
level of nitrate considered to be above natural or background 
levels has not been defined; however, in ground water, concentra 
tions greater than about 3 mg/L of nitrate-nitrogen are considered 
indicative of human activity (Madison and Brunett, 1985). No cri 
teria have been set for other forms of nitrogen in water supplies. 
Nitrate was only detected in the study area at levels ranging from 
0.10 mg/L in Richwood Lake to 2.79 mg/L in U-70 (landfill well). 
Nitrate was detected in three other wells: U-66, 0.12 mg/L; U-46, 
1.50 mg/L; and U-35, 0.12 mg/L.

Nitrite may be produced by oxidation of ammonia in a process 
referred to as nitrification. Nitrite was detected at concen 
trations of 0.01 mg/L for two domestic wells (U-39 and U-52) ,and 
Q.02 mg/L for the landfill well U-70. These concentrations are 
not considered elevated, and are much less than the levels of 
10 to 11 mg/L reported in 1984 in the community's water system. 
The elevated nitrite concentrations detected in 1984 have been 
attributed to a contaminated redwood aerator, according to the 
Richwood Division of Water (F. Robinson, Richwood Division of 
Water, oral commun., 1985). The elevated nitrite concentrations 
were detected from water within the community system and not in 
the raw water from the municipal wells.

In an area that is predominantly agricultural, nitrogen con 
tamination could be attributed to nitrogen fertilizers or live 
stock wastes. Ammonia is used to manufacture such nitrogenous 
products as fertilizers and can potentially produce ammonia as a 
contaminant. Constituents leached from a chemical fertilizer pro 
duction area near production wells at an agricultural chemical 
plant in Illinois created a contamination plume with elevated 
ammonia concentrations in the underlying aquifer (Naymik and 
Barcelona, 1981).

Both ammonia and potassium were detected at levels above 
background concentrations at municipal well U-68. The source may 
be the abandoned landfill, where waste from a local lawn-care 
chemical production company was reportedly discarded. Because 
overlying clay deposits have been excavated from the site of the 
present municipal well field and the landfill, the area is highly 
susceptible to x infiltration of any contaminant from the land sur 
face. This, along with the fact that eyewitness accounts state 
that sand and gravel was exposed during operation of the landfill, 
suggests an avenue of flow for contaminants from the landfill 
through the sand and gravel deposits to the underlying carbonate 
aquifer. Pumping the municipal wells could induce flow from the 
vicinity of the landfill to the municipal wells.
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Infiltration from the land surface and the effect of pump 
ing the municipal wells also are important when considering the 
abandoned liquid-nitrogen silos at the agricultural supply company 
and the small strip of land next to the.well field that was once a 
dump. It is unknown what might have boen deposited in the dump; 
and one of the nitrogen silos leans, which indicates the possibil 
ity of a leak.

Although a source of ammonia and 
mined, it can be said that the well 
susceptible to contamination from seve

potassium was not deter- 
fiold is in an area highly 

al sources.

Concentrations of dissolved iron ;:anged from 13 to 2,300 pg/L 
(micrograms per liter) with a median value of 910 ug/L; 24 of the 
29 analyses exceed the U.S. Environmental Protection Agency water- 
quality standard of 300 ug/L for iron. The recommended limit of 
300 pg/L is to prevent objectionable tastes or laundry staining, 
thus, levels found in the study area that exceeded the standard 
are not necessarily harmful to human health (U.S. Environmental 
Protection Agency, 1976a). The sites where the standard was not 
exceeded include Richwood Lake, U-70 Qandfill well), and one 
analysis from U-35. These are the only wells that are cased with 
PVC instead of steel, which may indicate that, in many wells, cor
rosion of the iron casing adds iron to 
(Hem, 1985).

Concentrations of manganese range 
five analyses (at U-70, U-68, and U-39) 
mental Protection Agency standards of !>0 
(fig. 14).

Arsenic, lead, mercury, aluminum, 
orthophosphorus were present in trace

the water pumped from them

from <1 to 230 ug/L, and 
exceed the U.S. Environ- 
pg/L for manganese

sulfide, phosphorus, and 
amounts only (table 8).

The amount of organic material present in most waters is 
small compared to that of inorganic material. The amount of 
organic carbon in water can be an indicator of the presence of 
organic contaminants. Total organic carbon (TOO is the sum of 
dissolved organic carbon (DOC) and suspended organic carbon (SOC). 
Leenheer and others (1974) suggest that concentrations of DOC 
exceeding 5 mg/L would indicate groundfwater contamination by
organics. In ground water, since most
dissolved state with little or no suspended particles, the con 
centration of TOC measured in this study can be assumed to be 
equivalent to the concentration of DOC.

Concentrations of total organic 
8.2 mg/L with a median of 2.1 mg/L. 
ground-water analyses of total organic 
(table 8). Elevated concentrations we 
fill well), U-68 (municipal well), and 
upgradient and to the north of the 
(fig. 15).
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Figure 14. Mean concentrations of dissolved manganese in water sampled October 1985 and
April 1986 for 15 sites in the study area.
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The similar concentrations of 8.2 mg/L in U-70 and 6.6 mg/L in 
U-68 in October may indicate that both wells are affected by 
leachate from the landfill. The source of 5.2 mg/L of organic 
carbon in U-64 sampled in April is not known. Levels of total 
organic carbon in Richwood Lake exceeded 5 mg/L, but this is not 
an uncommon concentration for surface water.

Ground-water quality is similar throughout the study area, 
except in the vicinity of the well field. Municipal well U-68 
reflects elevated levels of ammonia, dissolved potassium, dis 
solved sodium, dissolved chloride, dissolved manganese, and total 
organic carbon when compared to other wells in the study area. 
Elevated concentrations of ammonia in the past and concern about 
possible contaminants from the landfill next to the municipal 
supply led to additional data collection from U-68. Well U-54, 
located upgradient of the municipal well field, was selected as 
a comparison site. Water samples from both wells were analyzed 
for 57 organic compounds and pesticides (table 2). The wells were 
sampled in April and June 1986, but no detectable concentrations 
of any of the 57 constituents were found in either well.

The water also was analyzed for selected dissolved trace con 
stituents (table 9). Lead, copper, nickel, zinc, and arsenic were 
present in trace amounts below the contamination limits (table 9). 
The other constituents were not detected.

Temporal Variation

From October 1985 to April 1986, concentrations of constit 
uents generally did not vary widely at any site. Ammonia concen 
trations at municipal well U-68 reflected the most extreme change 
between samplings from 0.15 to 15 mg/L. Fluctuating concentra 
tions of ammonia (fig. 13) have been documented by the Richwood 
Division of Water since 1983 (Village of Richwood, written com- 
mun., 1986).

Ground water is in continuous motion, although it often flows 
at slow rates. Ground-water velocities depend on local hydrogeo- 
logic conditions; normal rates range from 2 meters per year to 
2 meters per day (Todd, 1980). However, the rate of ground-water 
flow through fractures and solution cavities in dolomite can be 
as fast as surface-water streamflow. Because the rate of ground- 
water flow is slow, the quality of ground water generally changes 
slowly, especially in deep aquifers.

A major cause of cyclic fluctuations of concentrations of 
dissolved constituents, such as those reflected by ammonia in 
the municipal wells, could be intermittent infiltration of 
water-soluble substances (Pettyjohn, 1976). Soluble constit 
uents infiltrate during periods of recharge (precipitation) and 
migrate towards points of discharge, such as pumping wells. 
When precipitation stops, infiltration ceases, and the con 
stituent is no longer introduced into the ground-water system.
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Later, another period of recharge flushes 
uents into the ground-water system aga 
cyclic fluctuations include laminar fl 
and differences in specific gravity, t 
between the constituent and the native

the soluble constit- 
n. Factors affecting 
>w conditions, p urn page, 
mperature, and viscosity 
ground water.

SUMMARY

The hydrology and ground-water 
Richwood, northeastern Union County, w 
38 wells and 1 surface-water site, Richwood 
sisted of preparation of a potentiomet 
tion and interpretation of water-quali

quality in the vicinity of 
ire studied using data from    ^

mww Lake. The study con- 
:ic-surface map and collec- 
:y data.

In the study area, which included 
southwestern part of Jackson Township, 
less due to glaciation, and the land 
ward from 985 to 925 feet above sea le 
consist of clay till, sand, and gravel 
and cover the carbonate bedrock aquife 
of Late Silurian age. The predominant 
village is agriculture.

Claibourne Township and the
the topography is feature- 

surface slopes gently east- 
/el. Glacial deposits that
are up to 48 feet thick 

 ., the Bass Islands Group
land use outside the

A potentiometric-surface map base3 
34 wells measured in March 1986 shows 
west to east. Local variations to the 
caused by the influence of Fulton Creek 
ing stream as a result of ground-water 
occupies an abandoned sand-and-gravel 
water-level fluctuations as those of w 
that the sand and gravel deposits beneath 
hydraulically connected to the carbona

(SeptembeDuring the period of study 
1986), ground-water levels were lowest 
and highest during March 1986. The 
to rainfall events with a rise in water 
that recharge to the ground-water 
From April through June 1986, evapotra 
ing of ground-water levels.

system

Water-quality data were collected 
Lake. Hard to very hard calcium 
teristic of the study area. Concentre 
were near the U.S. Environmental 
level of 500 mg/L at most sites, 
at concentrations greater than 50 ug/I 
(municipal well), U-70 (landfill well)
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discharge. Richwood Lake 
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Richwood Lake are 
te aquifer.

r 1985 through June 
during September 1985 

bedrock aquifer responded
levels, which indicates 

em is from precipitation, 
nspiration caused a lower-

from 14 wells and Richwood 
type water is charac- 

tions of dissolved solids 
Agency's recommended 
manganese was present 

in water from wells U-68 
and U-39 (domestic well).

bicarbonate
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Dissolved



Although organic carbon was present at every site, only 
3 analyses of 27 for the 14 ground-water sites had concentrations 
of TOC that exceeded 5 mg/L: U-70 (landfill well), 8.2 mg/L; U-68 
(municipal well), 6.6 mg/L; and U-64 (a domestic well upgradient 
and to the north of the municipal well field), 5.2 mg/L.

Potassium ranged from 1.3 to 15 mg/L with a median value of 
2.0 mg/L. Concentrations of 15 and 10 mg/L from municipal 
well U-68 were elevated compared to concentrations from the 
other wells.

Both ammonia and organic nitrogen were detected at all sites; 
ammonia concentrations at municipal wells U-68 and U-69 and domes 
tic well U-52 exceeded 1 mg/L as nitrogen. The direction of 
ground-water flow in the vicinity of the municipal wells is not 
well defined; therefore, the source of elevated ammonia concentra 
tions, as well as potassium concentrations, was not determined.

Additional water-quality samples were collected at well U-68 
and analyzed for organic compounds, pesticides, and dissolved con 
stituents. Well U-54 was sampled for comparison purposes. No 
contaminants were detected at either well.

Municipal well U-68 had elevated concentrations of dissolved 
solids, ammonia, dissolved potassium, dissolved manganese, dis 
solved chloride, dissolved sodium, and total organic carbon, 
whereas the other sites had only one or two constituents with 
elevated concentrations based on levels from other wells.

Several factors are potentially related to the elevated con 
centrations of constituents found in the municipal wells and those 
in the vicinity of the well field:

1. The site where the well field and landfill are
located was at one time excavated for clay depos 
its; this makes the underlying sand and gravel 
and carbonate aquifer susceptible to infiltration 
from the land surface.

2. Infiltration of precipitation is the source of
recharge to the aquifer and may be related to
the fluctuation of concentrations of constituents.

3. Upgradient from and about 100 yards southwest of 
the well field is an agricultural supply company 
with liquid-nitrogen silos that may have leaked.

4. An abandoned landfill is north of the well field.
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Adjacent to the well field is 
community dump.

The development of a cone of 
municipal wells might induce 
any or all of the potential
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Tab1e 3. Water-level data collec
from September 1985 through June 1986

~ed in Union County 
June 1986

[Altitudes in feet above sea level]

Well 
number

U-35 

U-36 

U-37 

U-38 

U-39

U-40 

U-41 

U-42

U-43 

U-44

Date 
measured

9/16/85
12/10/85
3/06/86
6/17/86

9/17/85
12/09/85
3/05/86
6/17/86

9/18/85
12/10/85
3/05/86
6/17/86

9/16/85
12/10/85
3/05/86
6/17/86

9/23/85
12/09/85
3/03/86
6/17/86

9/23/85 

9/25/85

9/25/85
12/10/85
3/05/86
6/17/86

9/23/85
12/10/85
3/06/86
6/17/86

9/25/85
12/10/85 
3/05/86 
6/18/86

Water-
altitud

(feet)

level

930.3
933.0
933.9
932.8

936.9
939.5
939.9
939.3

948.7
951.5
952.4
951.4

941.6
943.2
943.9
942.9

935.1
938.0
938.6
937.7

926.9

924.8

944.5
947.0
947.8
946.7

929.9
932.5
933.5
932.0

926.2
929.4
930.0
929.0

36

Land-surface 
altitude 
(feet)

940

953

972

957

945

937

931

959

941

937



Table 3. Water-level data collected in Union County 
from September_1985_thrpugh_June_1986 Continued

Well 
number

U-45

U-46

U-47

U-48

U-49

U-50

U-51

U-52

U-53

U-54

Date 
measured

9/16/85 
12/10/85 
3/05/86

9/24/85 
12/09/85 
3/05/86 
6/18/86

9/17/85 
12/09/85 
3/05/86 
6/18/86

9/18/85 
12/09/85 
3/06/86 
6/17/86

9/17/85 
12/10/85 
3/06/86 
6/17/86

9/24/85 
6/17/86

9/17/85 
12/10/85 
3/06/86 
6/17/86

9/24/85 
12/09/85 
3/05/86 
6/17/86

9/17/85 
12/09/85 
3/05/86 
6/18/86

9/20/85 
12/09/85 
3/06/86 
6/20/86

Water-level Land-surface 
altitude altitude 
(feet) (feet)

921.3 932 
924.0 
924.7

930,9 937 
933.3 
933.9 
932.8

934.9 941 
937.3 
938.0 
936.9

935.0 942 
937.5 
938.5 
937.0

940.6 948 
942.8 
944.3 
942.6

952.2 974 
954.5

953.8 975 
955.5 
957.3 
955.9

937.0 946 
938.7 
940.0 
938.9

934.4 939 
935.6 
936.7 
935.4

950.0 964 
952.1 
953.7 
952.1
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Table 3 
from

.   Water-level
September 1985

Well Date 
number measured

U-55

U-56

U-57

U-58

U-59

U-60

U-61

U-62

U-63

U-64

9/17/85 
12/10/85 
3/05/86 
6/17/86

9/20/85 
12/09/85 
3/05/86 
6/18/86

9/16/85 
12/09/85 
3/05/86 
6/18/86

9/25/85 
12/10/85 
3/05/86 
6/18/86

9/18/85 
12/09/85 
3/05/86 
6/17/86

9/17/85 
12/09/85 
3/06/86 
6/17/86

9/24/85 
12/10/85 
3/06/86 
6/17/86

9/24/85 
12/10/85 
3/06/86 
6/17/86

9/20/85 
12/09/85 
3/10/86 
6/17/86

9/16/85 
12/09/85 
3/05/86 
6/17/86

data colic
throuqh Ji

Water-le\ 
altitud  
(feet)

935.9 
938.8 
940.4 
938.6

934.9 
937.8 
939.2 
937.4

931.4 
933.8 
935.2 
933.9

927.8 
930.8 
932.2
930.8

936.2 
938.9 
940.6 
938.9

938.2 
940.5 
941.8 
940.2

968.7 
971.6 
973.4 
971.4

965.1 
967.4 
969.3 
967.3

944.9 
947.6 
950.4 
947.4

937.2 
936.2 
942.3 
940.5

38

icted in Union County
me 1986   Continued

rel Land-surface 
i altitude 

(feet)

948

954

938

940

955

948

981

980

960

951



Tab1e 3. Water-level data collected in Union County 
from September 1985 through June 1986 Continued

Well 
number

U-65 

U-66 

U-70 

U-71 

U-72

U-73 

U-74

U-76

Date 
measured

12/09/85 
3/05/86 
6/17/86

12/09/85 
3/05/86 
6/17/86

12/09/85 
3/05/86 
6/17/86

12/09/85 
3/05/86 
6/17/86

12/09/85 
3/05/86 
6/17/86

3/03/86

3/06/86 
6/17/86

6/18/86

Water-level Land-surface
altitude altitude
(feet) (feet)

937.7
938.4
937.5

941.0
941.6
940.5

939.7
941.2
939.4

938.6
939.4
938.3

938.8
940.2
938.5

965.3

921.5
920.2

919.7

949

946

946

947

946

976

930

930

39
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Table 8.   Water-quality data collected i

[Recommended limits at the bottom of each colu
Protection Agency water quality criteria (1 
(1976b). Sites are in order from upgradien 
area. Abbreviations used: C, degrees Cel 
ug/L, micrograms per liter; uS/cm, niicrosie 

Celsius; a dash indicates no data are a

Water 
level Depth

Well below of Temper - 
num- Date land well ature
ber surface (feet) (°C) 

(feet)

U-54 11-01-85 12.70 68.0 12.0
04-09-86 10.96 11.5

U-75 04-02-86   42.0 11.5

U-66 10-31-85 7.40 114.0 12.0
04-09-86 5.03 11.0

U-39 10-31-85 9.70 32.0 13.0
04-03-86 6.74 11.0

U-64 10-31-85 14.80 78.0 12.0
04-03-86 8.78 12.0

U-52 10-30-85 9.50 44.0 14.0
04-09-86 5.92 12.0

LAKE 10-31-85   ~ 11.5
04-02-86     14.0

U-65 10-30-85 15.10 49.0 12.0
04-01-86 10.12 13.5

U-69 10-31-85   120.0 11.0
04-02-86   11.5

U-68 10-31-85   151.0 12.0
04-09-86   12.0

U-70 10-30-85 11.25 33.0 14.0
04-01-86 4.42 12.0

U-53 11-01-85 6.30 55.0 12.5
04-03-86 2.30 12.5

U-46 11-01-85 6.93 85.0 12.0
04-02-86 3.31 12.0

U-35 10-31-85 10.12 62.0 11.5
04-03-86 6.80 12.0

U-58 10-30-85 12.70 36.0 12.0
04-01-86 7.86 12.5

Recommended
limit

46

n October 1985 and April 1986

mn are taken from U.S. Environmental
986) and drinking water standards 
t to downgradient across the study 
sius; mg/L, milligrams per liter; 
mens per centimeter at 25 degrees 
vailable or not applicable. ]

Spe- 
Temper- Oxygen, pH cific
ature, dis- (stand- con- 
air solved ard duct-
(OC) (mg/L) units) ance 

(uS/cm)

13.0 0.4 7.3 730
11.0 < .1 7.3 823

16.0 .1 7.3 850

16.5 .3 7.0 765
11.0 .1 7.3 860

16.0 .3 7.1 810
22.0 .1 7.2 785

10.5 .2 7.3 700
21.5 .1 7.4 685

14.0 4.0 7.2 730
11.0 1.5 7.3 800

10.5 9.3 9.6 335
14.5 10.8 8.8 360

10.5 .6 7.1 1,020
25.0 .2 7.1 1,020

10.0 5.8 7.5 836
19.0 3.2 7.2 840

11.0 2.1 7.1 1,180
11.0   7.3 1,100

14.0 .3 7.0 860
26.0 .1 7.1 755

15.0 .3 7.4 514
11.5 .1 7.2 525

16.5 .3 7.4 498
15.0 .1 7.2 495

16.5 4.0 7.1 852
24.0 5.0 7.3 935

13.0 .4 7.3 730
26.0 .1 7.3 735

  800-1,200



Table 8. Water-quality data collected in October 1985

and April 1986   Continued

Well 
num 
ber

U-54

U-75

U-66

U-39

U-64

U-52

LAKE

U-65

U-69

U-68

U-70

U-53

U-46

U-35

U-58

Date

11-01-85 
04-09-86

04-02-86

10-31-85 
04-09-86

10-31-85 
04-03-86

10-31-85 
04-03-86

10-30-85 
04-09-86

10-31-85 
04-02-86

10-30-85 
04-01-86

10-31-85 
04-02-86

10-31-85 
04-09-86

10-30-85 
04-01-86

11-01-85 
04-03-86

11-01-85 
04-02-86

10-31-85 
04-03-86

10-30-85 
04-01-86

Recommended 
limit

Solids, 
sum of Alka- 

constit- linity, 
uents, field 
dis- (mg/L 
solved as 
(mg/L) CaC03 )

510 
490

560

530 
530

570 
530

480 
470

500 
480

200 
280

660 
690

590 
590

720 
620

580 
440

310 
320

310 
280

610 
650

500 
450

500-750

411 
344

374

363 
350

433 
386

359 
305

358 
293 .

100 
208

400 
383

360 
335

505 
361

395 
274

288 
296

278 
241

370 
428

411 
312

+20

Hard 
ness 
(mg/L 
as 

CaC03 )

410 
440

490

440 
440

480 
470

380 
410

390 
410

170 
230

480 
540

430 
460

490 
470

470 
430

290 
300

290 
280

480 
510

360 
380

300

Hard 
ness, 

noncar- 
bonate 
(mg/L 
CaC03>

0 
90

110

81 
92

48 
89

24 
110

32 
110

72 
17

81 
150

71 
120

110

78 
150

6
4

8 
37

110 
76

66

 

Calcium 
dis 

solved 
(mg/L 
as Ca)

100 
110

110

110 
110

110 
110

99 
110

95 
100

21 
44

120 
140

110 
120

120 
120

120 
110

78 
80

75 
75

120 
120

90 
97

 

, Magne 
sium, 
dis 
solved
(mg/L 
as Ng)

39 
39

52

41 
41

50 
48

33 
33

37 
39

29 
29

44 
47

38 
39

46 
42

42 
38

24 
24

24 
23

43 
50

34 
34

 

47



Table 8.   Water-aualitv data

Well
num
ber

U-54

U-75

U-66

U-39

U-64

U-52

LAKE

U-65

U-69

U-68

U-70

U-53

U-46

U-35

U-58

Date

11-01-85
04-09-86

04-02-86

10-31-85
04-09-86

10-31-85
04-03-86

10-31-85
04-03-86

10-30-85
04-09-86

10-31-85
04-02-86

10-30-85
04-01-86

10-31-85
04-02-86

10-31-85
04-09-86

10-30-85
04-01-86

11-01-85
04-03-86

11-01-85
04-02-86

10-31-85
04-03-86

10-30-85
04-01-86

and^

Potas
sium,
dis

solved
(mg/L
as K)

2.0
2.1

2.3

1.8
2.0

1.9
2.0

1.8
1.9

3.0
2.7

1.7
1.8

3.7
4.0

3.1
3.7

15
10

4.1
2.6

1.3
1.5

1.3
1.5

2.4
4.1

1.7
1.9

Recommended
limit

coll

April 1986  Cc

Chlo
ride,
dis

solved
(mg/L
as CD

2.9
2.7

10

3.9
3.8

8.9
6.8

39
36

29
21

24
21

77
72

33
36

84
67

44
30

2.8
2.4

3.0
2.3

5.4
20

6.2
5.8

250

48

Sulf
dis

solv
(mg/
as £

92
10C

13C

12C
13C

lit
10C

7C
It

93
IK

5J
54

13i
151

151
151

9i9 1

11
8:

1
1'

1
1

19
17

9
9

25

ected in October 1985

ntinued

ate,

ed
L
i04 )

*

)

1

)
)

)
)

>
j

)
J

1

)
3

D
D

2
4

0

Fluo-
ride,
dis

solved
(mg/L
as F)

1.0
.9

1.0

1.3
1.3

1.0
.9

.5

.5

.3

.4

.2

.2

.3

.3

1.1
1.0

.4

.3

.2

.2

.7

.6

.5

.5

1.4
1.4

1.5
1.5

1.8

Silica,
dis
solved
(mg/L
as

Si02 )

14
15

16

16
16

17
16

14
15

9.9
11

0
.2

11
12

11
12

10
10

7.1
6.5

12
13

12
12

13
15

18
19

 

Sodium,
dis

solved
(mg/L
as Na)

11
12

16

13
13

13
13

10
10

15
14

8.0
7.5

34
35

21
19

39
32

15
9.8

3.4
3.4

3.1
3.0

12
15

11
11

 



Table 8. Water-quality data collected in October 1985 and

April 1986   Continued

Well
num
ber

U-54

U-75

U-66

U-39

U-64

U-52

LAKE

U-65

U-69

U-68

U-70

U-53

U-46

U-35

U-58

Date

11-01-85
04-09-86

04-02-86

10-31-85
04-09-86

10-31-85
04-03-86

10-31-85
04-03-86

10-30-85
04-09-86

10-31-85
04-02-86

10-30-85
04-01-86

10-31-85
04-02-86

10-31-85
04-09-86

10-30-85
04-01-86

11-01-85
04-03-86

11-01-85
04-02-86

10-31-85
04-03-86

10-30-85
04-01-86

Sodium
ad
sorp
tion
ratio

0.2
.3

.3

.3

.3

.3

.3

.2

.2

.3

.3

.3

.2

.7

.7

.5

.4

.8

.7

.3

.2

.1

.1

.1

.1

.2

.3

.3

.3

Percent
sodium

5
6

7

6
6

6
6

5
5

8
7

9
7

13
12

10
8

14
13

6
5

2
2

2
2

5
6

6
6

Carbon,
organic,
total
(mg/L
as C)

1.8
3.4

1.5

1.7
1.6

1.2
2.4

1.7
5.2

3.3
2.6

7.4
4.2

1.6
1.9

1.6
4.2

6.6
2.6

8.2
2.8

2.1
3.2

2.1
2.7

1.5
1.8

1.2
3.3

Phos
phorus,
dis

solved
(mg/L
as P)

<0.01
.05

 

.02

.01

< .01
.03

< .01
< .01

< .01
.03

.01

.03

.02
< .01

.01

.02

.05

.01

.01

.03

< .01
.02

.01

.03

< .01
.02

< .01
< .01

Recommended
limit

Phos
phorus,
ortho,
dis

solved
(mg/L
as P)

<0.01
 

.01

.01
< .01

< .01
< .01

< .01
< .01

< .01
< .01

< .01
< .01

< .01
< .01

.01
< .01

< .01
 

< .01
< .01

< .01
< .01

< .01
< .01

< .01
< .01

< .01
< .01

Sulf ide,
total
(mg/L
as S)

<0.1
.2

.1

.7

.3

< .1
< .1

< .1
< .1

< .1
< .1

< .1
 

< .1
< .1

.3
< .1

< .1
< .1

< .1
.2

< .1
< .1

< .1
< .1

.3

.2

< .1
< .1
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Table 8.   Water-quality data collec

and

Well
num- Date
ber

U-54 11-01-85
04-09-86

U-75 04-02-86

U-66 10-31-85
04-09-86

U-39 10-31-85
04-03-86

U-64 10-31-85
04-03-86

U-52 10-30-85
04-09-86

LAKE 10-31-85
04-02-86

U-65 10-30-85
04-01-86

U-69 10-31-85
04-02-86

U-68 10-31-85
04-09-86

U-70 10-30-85
04-01-86

U-53 11-01-85
04-03-86

U-46 11-01-85
04-02-86

U-35 10-31-85
04-03-86

U-58 10-30-85
04-01-86

Recommended
limit

April 1986   Conti

Nitro- Nitro
gen, gen,

organic, ammonia,
dis- dis
solved solved
(mg/L (mg/L
as N) as N)

0.19 0.21
.07 .23

.15 .25

.04 .26

.26 .44

.12 .18

.16 .14

.03 .17

.32 .18

0 1.60
.05 .65

.57 .03

.37 .03

.13
.17 .13

0 2.00
.2 2.90

.05 .15
15.0

.25 .45

.3 .10

.15
.25 .15

.05 .15

.15 .15

.1 .20

.15 .15

.08 .32

.08 .32

50

ted in October 1985

nued

Nitro
gen,

nitrite,
dis
solved
(mg/L
as N)

<0.01
< .01

< .01

< .01
< .01

.01
< .01

< .01
< .01

.01

.02

< .01
< .01

< .01
< .01

< .01
< .01

< .01
< .01

< .01
.01

< .01
< .01

< .01
< .01

< .01
< .01

< .01
< .01

Nitro
gen,

nitrate,
dis
solved
(mg/L
as N)

<0.10
< .10

< .10

< .10
.12

< .10
< .10

< .10
< .10

< .10
< .10

< .10
.10

< .10
< .10

< .10
< .10

< .10
< .10

< .10
2.79

< .10
< .10

1.50
< .10

< .10
.12

< .10
< .10

10



Table 8. Water-quality data collected in October 1985 and

April 1986   Continued

Well 
num
ber

U-54

U-75

U-66

U-39

U-64

U-52

LAKE

U-65

U-69

U-68

U-70

U-53

U-46

U-35

U-58

Date

11-01-85
04-09-86

04-02-86

10-31-85
04-09-86

10-31-85
04-03-86

10-31-85
04-03-86

10-30-85
04-09-86

10-31-85
04-02-86

10-30-85
04-01-86

10-31-85
04-02-86

10-31-85
04-09-86

10-30-85
04-01-86

11-01-85
04-03-86

11-01-85
04-02-86

10-31-85
04-03-86

10-30-85
04-01-86

Recommended
limit

Arsenic, Iron, Lead, 
dis- dis- dis 
solved solved solved
(pg/L (pg/L (pg/L 
as As) as Fe) as Pb)

<1 430 <10
<1 400 1

<1 2300 <10

2 1400 <10
3 1200 <10

5 2700 <10
3 1300 <10

<1 1400
<1 1600 <10

<1 620 <10
<1 850 <10

3 18 <10
<1 13 <10

<1 1800 <10
<1 1900 <10

<1 1100 <10
<1 910 <10

<1 2200 <10
<1 1700 1

3 220 <10
<1 18 <10

2 400 <10
<1 390 <10

<1 810 <10
<1 720 <10

<1 310 <10
<1 190 <10

3 1300 <10
4 1300 <10

50 300 50

Manga 
nese, 
dis 
solved
(pg/L 
as Mn)

3
4

12

11
14

46
130

7
6

33
24

2
<1

32
34

18
21

74
91

230
140

8
8

5
3

23
32

5
6

50

Mercury 
dis 

solved
(pg/L 
as Hg)

<0.1
< .1

< .1

< .1
< .1

< .1
< .1

.1
< .1

.1
< .1

< .1
< .1

< .1
< .1

< .1
< .1

< .1
< .1

< .1
< .1

.1
< .1

< .1
< .1

< .1
< .1

< .1
< .1

20

Alum 
inum, 
dis 
solved
(pg/L 
as Al)

<100
10

20

<100
<10

<100
<10

<100
10

<100
<10

<100
20

<100
<10

<100
10

<100
20

11
20

<100
10

<100
10

<100
10

<100
10

__
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Table 9.   Additional water-quality d 
June_198j5

[Recommended limits from U.S.. Envir 
drinking water standards (1976) and w 

are listed at the bottom of each co 
mg/L, milligrams per liter; pg/L 

a dash indicates no data

Beryl- 
Arsenic, lium, Cadmi 

Local dis- dis- dis- 
num- Date solved solved solve 
ber (pg/L (pg/L (pg/L 

as As) as Be) as Cd

U-68 04-09-86 <1 <0.5 <1 
06-20-86 <1 < .5 <1

U-54 04-09-86 <1 < .5 <1 
06-20-86 <1 < .5 <1

Recommended 50 0 10 
limit pg/L   pg/

Anti- Sele- 
Zinc, mony, nium, Mer 

Local dis- dis- dis- di 
num- Date solved solved solved sol 
ber (pg/L (pg/L (pg/L (pg 

as Zn) as Sb) as Se) as

U-68 04-09-86 6 <1 <1 <0 
06-20-86 9 <1 <1 <

U-54 04-09-86 8 <1 <1 < 
06-20-86 75 <1 <1 <

Recommended 5,000 146 10 2 
limit pg/L pg/L pg/L ug

52

ita collected in April and

mmental Protection Agency 
iter-quality criteria (1986) 
.umn. Abbreviations used: 
micrograms per liter; 

are available.]

Chro- 
im, mium, Copper, Lead, 

dis- dis- dis- 
1 solved solved solved 

(pg/L (pg/L (pg/L 
> as Cr) as Cu) as Pb)

<10 <1 1 
<10 1 <5

<10 1 1 
<10 2 <5

50 1,000 50 
[j pg/L pg/L pg/L

cury, Cyanide, Nickel, Silver, 
B- dis- dis- dis 
ced solved solved solved 
/L (mg/L (pg/L (pg/L 
Hg) as CN) as Ni) as Ag)

1   2 <1 
1 < .01 2 <1

1   1 <1 
1 < .01 <1 <1

.200 632 50
/L pg/L pg/L pg/L
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