Y / { { A

LIBRARIES

UNIVERSITY OF WISCONSIN-MADISON

Arsenic as a naturally elevated parameter in
water wells in Winnebago and Outagamie
Counties, Wisconsin. [DNR-087] 1993

Burkel, Rebecca S.
Madison, Wisconsin: Wisconsin Department of Natural Resources,
1993

https://digital.library.wisc.edu/1711.dlI/PYO2FLQSYOZ2IA9E

http://rightsstatements.org/vocab/InC/1.0/

For information on re-use see:
http://digital.library.wisc.edu/1711.dl/Copyright

The libraries provide public access to a wide range of material, including online exhibits, digitized
collections, archival finding aids, our catalog, online articles, and a growing range of materials in many
media.

When possible, we provide rights information in catalog records, finding aids, and other metadata that
accompanies collections or items. However, it is always the user's obligation to evaluate copyright and
rights issues in light of their own use.

728 State Street | Madison, Wisconsin 53706 | library.wisc.edu



051101

el

! 051101  Arsenic as a Naturally Elevated
c.1 Parameter in Water Wells in
Winnebago and Outagamie

Counties, Wisconsin







Arsenic as a Naturally Elevated Parameter

in Water Wells in Winnebago and Outagamie Counties, Wisconsin

A by
Rebecca S. Burkel

A thesis submitted in partial fulfillment of
the requirements for the degree of

Master of Science
in
Environmental Science and Policy

University of Wisconsin - Green Bay

August, 1993

Professor

Director of Graduate Studies



ii

ACKNOWLEDGEMENTS

This was the last and hardest portion of m}' thesis. Although, it is not difficult to
thank all those who made this thesis possible, I found it difficult to find the words
that truly reflect how much each person’s support and help has meant. I feel deeply
indebted to many people.

I would like to thank my mother Fran, Ty Noe and my sister Tracy for their
support and encouragement. Thanks is also extended to those individuals at the
Wisconsin Department of Natural Resources Lake Michigan District Water Supply
Section, for all of the help, advice and support.

I am grateful to my major professor, Dr. James Wiersma, and committee
members, Rick Stoll, Dr. Ronald Stieglitz, and Dr. David Jowett who aided in
focusing my ideas.



iii

ABSTRACT

ARSENIC AS A NATURALLY ELEVATED PARAMETER IN WATER
SUPPLY WELLS IN EASTERN WINNEBAGO AND OUTAGAMIE
COUNTIES, WISCONSIN .

Rebecca S. Burkel

Concentrations of arsenic, rangin% from 1.0 to 1200 micrograms per liter (ug/L),
were detected in groundwater over a broad geographic region in Qutagamie and
Winnebago Counties in Wisconsin. The hydrologic and geochemical properties of the
area were examined and the source of arsenic determined to be natural. Groundwater
collected from two geologic formations, the St. Peter Sandstone and the overlying
Platteville/Galena Dolomite, were found to be the principle sources of the elevated
arsenic concentrations. These two formations supply most of the drinking water to a
large portion of eastern Wisconsin.

Arsenic levels of 10 ug/L or &,reater were found in 185 of 1037 water supply
wells sampled in Outagamie and Winnebago Counties. When arsenic was detected at
or above 10 ug/L, arsenic concentrations generally ranged between 10 ug/L and 16
pg/L. These levels are below the NR 140 Wisconsin Administrative code
enforcement standard (ES) of 50 "ﬁ./L for groundwater but above the 5 ug/L
preventative action limit (PAL). The enforcement standard of 50 ug/L for arsenic
was exceeded in 37 of 1037 water supply wells sampled in Outagamie and Winnebago
Counties. Arsenic was also detected in water supply wells at concentrations below 10
ug/L.

& Laboratory chemical analysis of sandstone and dolomite drill cuttings obtained
during construction of water supply wells in the area also revealed natural arsenic
concentrations ranging from 1.7 to 67 milligrams per kilogram (mg/kg). Water wells
containing elevated levels of arsenic varied in depth from 18.3 m (60 feet) to 97.5 m
(320 feet). These wells are cased off at varying depths generally within the
Platteville/Galena Formation. However, some of the wells with elevated
concentrations of arsenic have casings which terminate in the St. Peter Sandstone and
the overlying Platteville/Galena Formation is not present. Results suggest that when
gresent, the geologic contact between the St. Peter Sandstone and the overlying

latteville/Galena Formation is the predominant source of elevated arsenic
concentrations within groundwater in the study area.

Based on the data gathered from this study an arsenic advisory area for both
Outagamie and Winnebago Counties was designated. Guidelines for well drillers and
owners constructing new wells within the advisory area were developed to reduce the
likelihood of arsenic presence in the water supply. Three wells containing arsenic
concentrations exceeding the health advisory were successfully reconstructed or new
wells were constructed based on the guidelines developed, which eliminated or
substantially reduced arsenic levels in the well water supplies.’

Three wells were found within Outagamie County to have an unusually low pH.
Preliminary results suggest that the cause for each of these wells unusually low pH is
of natural origin induced by the oxidation of pyrite or arsenopyrite, iron sulfide
minerals commonly associated with acid mine drainage. In this reaction pyrite is
oxidized forming sulfuric acid. The presence of acidic water may cause metals to
leach from native rock formations in to the water supply.
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CHAPTER 1 - INTRODUCTION

Statement of the Problem

Approximately 15 percent of the United States population rely on privately owned
and operated wells, cisterns, and springs for drinking water (EPA, 1990). Taken
from a 1980 census of households occupied year round, an estimated 1,200,000
households were receiving water from public water sources in Wisconsin in 1980
(Lohr, 1985). There were an estimated 519,000 households receiving water from
privately owned drilled, dug or other wells in Wisconsin (Lohr, 1985). Itis
estimated that on average approximately 10,000 new drilled wells are constructed and
documented by well drillers each year in Wisconsin. Public water systems have to
comply with both federal and state regulations to protect the public health. Private
wells are not governed by these federal regulations and are often fegulated to a
limited degree by the states. The Wisconsin Department of Natural Resources
(WDNR) requires that all wells be sampled and analyzed for coliform bacteria after
construction. The individual well owner is responsible for the safety of their well
water. Often due to the lack of knowledge, the well owner assumes the water to be
in good condition. Most private wells have had limited testing, generally only for
coliform bacteria and possibly some for nitrate. Private well owners in Wisconsin are
not required to monitor their well water, however, the WDNR recommends that all
wells be monitored yearly for coliform bacteria and nitrate. Limited awareness of the
public about well water and its monitoring has increased the potential for unsuspecting
families to be impacted by groundwater contamination by many sources.

Arsenic contamination in water supplies was first identified in Winnebago County,
Wisconsin, in 1987, during a feasibility study for a landfill site. The proposed
landfill was to be in Vinland Township. Eight private wells, five surface water
points, along with numerous monitoring wells were sampled in the area around the

proposed landfill site. Results for arsenic (As) analysis exceeded Wisconsin’s



2 @
groundwater preventative action limit of 5 parts per billion (ppb) As in five of the
eight private wells sampled. In 1988, the WDNR performed followup sampling and
analysis. After sampling all other wells within a 1.6 km (1 mile) radius of the
proposed landfill site, they found that 8 of the 22 private wells had levels of 10 ppb
As or greater. Also, in 1987, a facility in Clayton Township, approximately 8.0 km
(5 miles) further north tested their potable water supply and found high levels of As
(75 ppb). There is an active landfill near this facility, but wastes disposed did not
contain As. Furthermore, the landfill exhibited no signs of leakage. Several other
potable wells were then sampled in the area and one had an As level greater than 10
ppb (17 ppb).

Arsenic presents a potential health concern for individuals supplied by water with
elevated arsenic concentrations. Some individuals in the area of concern have not had
their water tested for arsenic, therefore their level of risk is unknown. Long term
low level exposure to arsenic, a known carcinogen, may cause changes in the skin
which may lead to skin cancer. Routine water sampling or sampling just after well
construction is generally only for bacteria and does not normally include analysis for

arsenic.

Objectives

The objective of this project is to determine the lateral and vertical distribution of
naturally occurring arsenic in groundwater and geologic formations. This information
is to be used to develop special well casing and well construction criteria. for new
wells in affected areas.

Funds to meet these objectives were provided in September of 1991 by the
Wisconsin Groundwater Fund. This fund was established in 1983 by the Wisconsin

Legislature. It is a separate groundwater account which is used to fund groundwater

management activities. The fund is continuously replenished through various .



appropriated fees. Prior studies by the WDNR demonstrated the need for a more
extensive investigation of the occurrence of arsenic in private water supplies in
Outagamie and Winnebago Counties. Thus, this project was initiated. The work
performed by the author was as a WDNR representative. On occasion other WDNR

employees accompanied the author to aid in the data collection.



HAPTER 2 - OVERVIEW OF ARSENI

Properties

Arsenic is a naturally occurring element in the Earth’s crust and is found in all
living things. It ranks 20th in abundance in the Earth’s crust and 12th in the human
body. Arsenic is present in the Earth’s crust in concentrations ranging from parts per
billion to parts per million with the global average concentration being 1.8 ppm.

Naturally occurring arsenic is found primarily in sedimentary and igneous rocks

(Irgolic, 1982) and tends to be associated with sulfide ores, volcanic or hydrothermal .

activities.

Arsenic is classified as a metalloid. In its elemental state arsenic is silver-gray
or tin-white in color. Elemental arsenic is very insoluble in water and is nearly
odorless and tasteless (Elmsley, 1985). Its atomic number is 33, atomic weight
74.92, density 5.727 g/cm *, and melting point 817 °C.

Water soluble arsenic compounds may occur in both organic and inorganic
forms. Arsenic can be altered into one or more forms by biological and/or
chemically mediated reactions. The form in which arsenic is found in water is
dependent on the Eh, pH, organic content, suspended solids, dissolved oxygen, and
other elements in the water (Eisler, 1988). Arsenic exists primarily as a dissolved
ionic species in water (Eisler, 1988). Arsenic associated with particulates accounts
for léss than one percent of the total arsenic in waters (Eisler, 1988). It can be found
in four oxidation stateS (+5, +3, 0, -3) in aquatic systems. Arsenic is rarely found
in the elemental state in water and the -3 state only at very low Eh values (Eisler,
1988). Common forms of arsenic found in natural waters are arsenite, arsenate,
methanearsonic acid, and dimethylarsinic acid (Eisler, 1988). Arsenate [As*3] and
larsenite [As*?] are the most common forms of arsenic found in groundwater. The
most toxic form of arsenic is the arsenite form (Eisler, 1988). Pentavalent arsenic,

the most common species in water, is favored under conditions of high dissolved



oxygen (high Eh) and basic pH (Eisler, 1988). Lower Eh conditions favor the
presence of arsenites and arsenic sulfides (Eisler, 1988).

Arsenic in various inorganic or organic forms may be found in the air, water, or
soil. Arsenic enters the environment through natural processes or via human activity.
Presently, anthropogenic sources are thought to contribute three times more arsenic
than natural sources (Eisler, 1988). Some anthropogenic sources of arsenic are fossil
fuel combustion, pesticide use, copper and lead smelting, and improper disposal of
arsenic compounds. Natural forces that influence the presence of arsenic are volcanic
emissions, and weathering of arsenic containing rocks, arsenopyrite (FeAsS) and
realgar (AsS). Arsenic tends to exist naturally with sulfide ores of iron, nickel, and

cobalt (Eisler, 1988).

Uses

Arsenic compounds have been used historically for many different purposes such
as in medicine, pesticides and herbicides. Both inorganic and organic arsenicals have
been used for centuries. Arsenic compounds have been used for medicinal purposes
since the time of Hippocrates, ca. 400 B.C. (Eisler, 1988), with legend having it that
Hippocrates used an arsenic sulphide ore, realgar as a remedy for sores (Elmsley,
1985).  Organic arsenicals have been used for the treatment of syphilis, yaws,
amoebic dysentery, and rypanosomiasis (Eisler, 1988).

From the 1200’s to the 1650’s, arsenic found its way to homicidal use (Eisler,
1988). White arsenic or arsenic trioxide was the most common form used for this
purpose. It may give a slightly sweet taste to no taste at all (Elmsley, 1985).
Arsenic trioxide is only slightly soluble in water, however, a solution that is saturated
can easily contain a lethal dose. In World War II arsenic was used as a ingredient in

a poison gas called, lewisite (Eisler, 1988).
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Arsenical drugs are still used today in medicine and animal husbandry. Some
arsenic based drugs are used to treat certain tropical diseases, such as African
sleeping sickness and amoebic dysentery (Eisler, 1988). Arsenical drugs are also
used in veterinary medicine to treat parasitic diseases such as filariasis in dogs (Eisler,
1988). Arsenic is known for it use in the pig and poultry industry; it promotes
' animal growth (Eisler, 1988). These industries use a substance called roxarsone.
Roxarsone-fed pigs and hens tend to gain weight 3 per cent faster, therefore, its use is
cost effective for the production of swine and poultry (Elmsley, 1985).

Arsenic compounds have been used both historically and presently as pesticides
and herbicides. Arsenic combined with copper was used to control the Colorado
beetle in the late 1800’s (EPA, 1982). Arsenic was also combined with lead and used
to control the gypsy moth (EPA, 1982). Inorganic arsenicals such as arsenates of
calcium, copper, lead, and sodium and arsenites of sodium and potassium have been
used for centuries as insecticides, herbicides, and desiccants (Eisler, 1988). Sodium
arsenite has been used for aquatic weed control and as weed killer along roadsides.
Calcium arsenates have been used by cotton and tobacco growers against insects like
the boll weevil (Eisler, 1988). Lead arsenate has been used to control insects on fruit
trees, and the codling moth in apple orchards (Eisler, 1988). By the 1920’s arsenical
pesticide use had grown and numerous poisonings from treated fruit and vegetables
encouraged the search for other pesticides (Eisler, 1988). Today, arsenic compounds
remain in use in large quantities as insecticides, herbicides, desiccants, wood
preservatives and growth stimulants for plants and animals. Manufacturers of metal,
glass and electronic components, and medicinal and veterinary applications utilize
smaller amounts of arsenic (Eisler, 1988).

Human activities have increased arsenic concentrations in certain areas and ﬁcnce
the potential for human exposure has increased. Some human activities elevating

arsenic concentrations in the environment are: (1) the smelting and refining of gold, .



silver, copper, zinc, uranium, and lead ores; (2) the combustion of fossil fuels; (3)
careless or extensive use of arsenical pesticides; (4) the manufacture of glass and (5)
the placement of water wells in naturally arseniferous rock (Eisler, 1988). The
largest anthropogenic source of arsenic in the environment is from agricultural

applications (Eisler, 1988). All of these anthropogenic sources can be leached and

cause elevated arsenic levels in groundwater.

Health Concerns

Since arsenic is ubiquitous, it is important to understand that humans and animals
are continually exposed to it. The average person in the United States is estimated to
consume 45-50 pg/day of total arsenic, excluding that from tap water (Smith et al,
1992). Therefore, arsenic is continually replenished in our bodies through our diet,
primarily from seafood, meat and poultry (80%), and grains and cereals (17%) (Smith
et al, 1992).

Arsenic enters the body through three main routes. It may be ingested through
food or water consumption, inhaled via the air, or absorbed through the skin and
mucous membranes (Eisler, 1988). For most people, the largest source of arsenic
comes from food with smaller amounts coming from drinking water and air.

Arsenic can enter these intake sources via natural and man-made routes. Arsenic
can be introduced into food through pesticide use and animal feed. Drinking water
can contain arsenic from natural mineral deposits, placement of water wells in
naturally arseniferous rock, pesticide use, and improper disposal of arsenical
compounds. The principle source of arsenic in air in the U.S. results from the
combustion of fossil fuels (Eisler, 1988).

Adverse health effects from arsenic consumption are highly dependant on many
factors. These factors include the amount or dose of arsenic ingested, the duration of

arsenic ingestion, and the chemical form of arsenic present. The toxicity of arsenicals
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seems to be directly related to the solubility of the specific chemical species in water

and body fluids (Eisler, 1988). In general the species toxicity diagram of arsenic

from greatest to least toxic follows the order:

Inorganic  Organic Inorganic Organic
Arsines > Arsenites > Trivalent > Arsenates > Pentavalent > Arsonium > Elemental
Compounds Compounds  Compounds Arsenic

Most Toxic > Least Toxic

Elemental arsenic is the least toxic form and the least soluble form. Inorganic
arsenites and arsenates are more toxic and more soluble in body fluids and water than
is the elemental form of arsenic. Arsenate, [(+5) oxidation state] is less toxic than
arsenite, [(+3) oxidation state] (Frank and Clifford, 1986). Arsenite, however, is
more soluble in body fluids than arsenate which causes it to be more toxic. However,
the body has mechanisms which can convert arsenic from the +5 oxidation state to
the +3 oxidation state giving rise to the more toxic form (Eisler, 1988). The major
toxic effect of arsenic is its ability to inactivate sulfhydryl containing enzyme systems
(Eisler, 1988, Marquis, 1989).

Once arsenic enters the body, the gastrointestinal tract and lungs begin to absorb
it (Marquis, 1989). Cells accumulate arsenic through an active transport system
(Eisler, 1988). Skin absorption of arsenic is much slower than that of the
gastrointestinal tract and lung absorption (Marquis, 1989). Within 24 hours of
ingestion, arsenic is distributed to all body tissues but it is more concentrated in the
liver, kidney, lung, and spleen (Marquis, 1989). Most arsenicals are rapidly excreted
from the body in the urine during the first few days after ingestion (Eisler,1988). By
the second week after ingestion, some arsenic is deposited in the skin, hair, and bones

(Marquis, 1989). Inorganic arsenic, however, does not enter the brain. Apparently



the blood-brain barrier prevents the movement of arsenic to the brain. Arsenic does
cross the placenta, however, and can effect the fetus.

Between one and twelve hours after acute poisoning, symptoms may appear
(Marquis, 1989). The most common symptoms seem to be related to the
gastrointestinal tract (Marquis, 1989). These symptoms include burning of the throat,
difficulty in swallowing, nausea, and severe abdominal pain. Other symptoms include
profuse watery and bloody diarrhea and bloody vomiting (Marquis, 1989). Vomiting
can appear anywhere from 20 minutes to 12 hours after ingestion of arsenic
depending upon the amount of food present in the stomach at that time (Elmsley,
1985). Food generally slows the absorption of arsenic (Elmsley, 1985). The
cardiovascular system may respond anywhere from 30 to 120 minutes after ingestion
(Marquis, 1989). The symptoms may be hypotension (low blood pressure), cyanosis,
(a bluish or purplish coloration of the skin) or electrocardiogram changes (Eisler,
1988, Marquis, 1989). The kidneys may be effected causing blood, proteins, and
sugar to appear in the urine (Marquis, 1989). The central nervous system can also be
threatened by the arsenic causing symptoms such as headaches, delirium, muscle
spasms, weakness, numbness and tingling in the arms and legs, coma, and
convulsions (Eisler, 1988, Marquis, 1989). Death may occur within 36 to 96 hours
of digestion (Elmsley, 1985).

Chronic poisoning by arsenic can cause heart failure, edema, blackfoot disease,
anorexia, nausea, diarrhea, weight loss, and cirrhosis of the liver (Eisler, 1988,
Marquis, 1989). Some chronic effects on the nervous system include numbness and
tingling in the legs and arms, lethargy, weakness, and paralysis of the legs (Eisler,
1988, Marquis, 1989). Hyperpigmentation of the skin, appearance of small corns on
the palms, soles, and trunk may appear along with hoarseness, hair loss, and
thickening of the skin can also be signs of chronic arsenic poisoning (Eisler, 1988,

Marquis, 1989).
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Arsenic is considered to be a carcinogen, teratogen and mutagen (Eisler, 1988,
Marquis, 1989). When ingested, arsenic can cause skin tumors and when inhaled, it
may cause lung tumors (Meyer, 1989). Arsenic can cross the placental barrier and
produce fetal abnormalities and death in many species (Eisler, 1988). Chronic arsenic
toxicity has been associated with chromosomal abnormalities (Eisler, 1988). Long
term effects of exposure to low levels of arsenic can increase the risk for skin cancer,
and may cause digestive problems.

Arsenic exposure can be identified by analysis of blood, urine, fingernails or hair.
Blood is a useful indicator of only very recent exposures (Eisler, 1988). Most arsenic
is cleared from the blood within a few hours after ingestion (State of Wisconsin Toxic
Chemical Series, 1990). Urine tests are also often used to indicate recent exposure to
arsenic. Most absorbed arsenic is eliminated through the urine within a few days
after exposure (Eisler, 1988). The arsenic level in hair and nails may be a useful
indicator to measure chronic exposure because it tends to accumulate in the hair and
nails (Eisler, 1988). This test, however, is not conclusive evidence of a high dose of
arsenic because arsenic can come from both internal and external sources (Eisler,
1988).

Treatment for arsenic poisoning depends on the dose acquired. The initial
concern for the treatment of acute arsenic poisoning is to remove the arsenic from the
gastrointestinal tract. This may be accomplished by vomiting, or consuming activated
charcoal (Marquis, 1989). Arsenic is opaque to radiation and can be seen on x-ray
film (Marquis, 1989). The abdomen can be x-rayed to see if there is still a presence
of arsenic in the gastrointestinal tract (Marquis, 1989). The next treatment consists of
using a chelafing agent such as BAL (British Anti-Lewisite or dimercaptopropanol) to
enhance excretion of the absorbed arsenic from the body (Carlson, Ellis, and
McCann, 1986). Three to five mg/kg of BAL is given to the patient every four hours

until the gastrointestinal symptoms have subsided and the absorption of arsenic has | ‘



11

ceased (Marquis, 1989). Some literature suggest that selenium may reduce arsenic’s
carcinogenic effects (Carson, Ellis, and McCann, 1986).

At the present time the drinking water standard for total arsenic is 50 ug/L. This
was established by the Safe Drinking Water Act (SDWA) in 1986. Normally arsenic ‘
levels are not tested in private wells unless specifically requested. But when arsenic
levels are determined and concentrations exceed the drinking water standard, users of
the well are informed that the water should not be used for drinking or food

- preparation purposes. The reason is that chronic exposure to arsenic in groundwater
may produce harmful side effects, especially skin cancer, for those relying on arsenic
contaminated groundwater for their drinking water (EPA; 1982).

Long-term low-level human exposure to arsenic has occurred and continues to
occur at some homes in OQutagamie and Winnebago Counties supplied by potable
water containing elevated arsenic concentrations. Treatment for long-term low-level
arsenic exposure is to remove the source of arsenic. After stopping arsenic intake
most symptoms disappear. To date at least two families in the area attribute various
health symptoms to arsenic ingestion and the disappearance of symptoms to the
discontinuation of using arsenic contaminated water. Proper means of avoiding
arsenic exposure are to purchase bottled water for consumption and food preparation,
to use an approved treatment device for the removal of arsenic from the water supply,
or to reconstruct an existing well or to drill a new well.

Additional arsenic exposure can also occur through airborne inorganic compounds‘
in the workplace. This exposure is regulated by Occupational Safety and Health
Administration (OSHA). The most common cause of arsenic exposure in the
workplace is from inhalation of inorganic arsenic compounds (Meyer, 1989). The
threshold limit value over a period of eight hours is 5 ug/m*. The Department of
Transportation regulates the transportation of arsenic compounds. All compounds

must be labeled as a poison and they are to be kept away from food items.
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Geology of Outagamie and Winnebago Counties

Knowledge of the geology of both counties is important because the arsenic found
in the groundwater is believed to be of natural origin from the dissolution of arsenic
containing rock. The geology of both Outagamie and Winnebago Counties are
described in publications by LeRoux (1957) and Olcott (1966) ih the Geological
Survey Water-Supply Papers 1421 and 1814, respectively.

The crystalline rocks of the Precambrian age underlie all of Outagamie and
Winnebago Counties. The Precambrian crystalline rocks are composed primarily of
granite. The Precambrian rock impedes the downward movement of groundwater
from the overlying Cambrian sandstones (Olcott, 1966). The Precambrian rock yields
little to no water to wells drilled into it; water is only obtained from the fractures
within it. Little is known about the depth of the Precambrian crystalline rock. The
Precambrian surface is thought to be relatively smooth, dipping to the southeast at a
rate of about 3.8 m/km (20 ft/mi) (Olcott, 1966). Olcott, however, mentions the
presence of ridges or kﬁobs in the Precambrian surface which, in places, may ascend
several hundred feet (Olcott, 1966). Furthermore, Olcott states that the presence of
knobs or ridges of this nature could hinder the horizontal movement of groundwater
through the overlying Cambrian sandstones. Where highs occur on the Precambrian
surface the thickness of the overlying sandstones is reduced (Olcott, 1966).

Above the Precambrian crystalline rocks lie the Cambrian and Ordovician rocks
which comprise what is collectively referred to by Olcott and LeRoux as the
Sandstone aquifer. The Sandstone aquifer is labeled as such because, excluding the
upper dolomite unit, all the units are hydraulically interconnected even though they
are of different lithology and permeability (Olcott, 1966). These rocks are made up

primarily of sandstone but also contain some limestone. The Cambrian and

Ordovician units generally dip at the same rate as the underlying Precambrian rock in
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a southeastward direction. Figure 1 is a geologic cross-section of Outagamie and
Winnebago County.

The Cambrian sequence rests on the irregular and highly eroded surface of the
Precambrian rock (Olcott, 1966). The Cambrian System ~compr‘ises three formations,
the Trempealeau, Franconia, and Dresbach. The Cambrian System is made of fine to
coarse grained sandstone. These sandstones are a major source of groundwater
especially for municipal wells. The surface of the Cambrian System is fairly regular
and smooth (Olcott, 1966).

The Ordovician System contains the Prairie du Chien Group, the St. Peter
Sandstone, and the Platteville/Galena Formation. The Prairie du Chien is a relatively
unproductive water yielding unit. The Prairie du Chien Group consists of dolomite
with thin layers of white sandstone and green shale (Olcott, 1966). The upper surface
of the Prairie du Chien is highly irregular (Olcott, 1966). A limited amount of water
is found in fractures, joints, and bedding planes (Olcott, 1966). The Prairie du Chien
has a lower permeability than that of the underlying Cambrian sandstones and it may
hinder the vertical migration of groundwater (Olcott, 1966).

The St. Peter Sandstone is a productive water-yielding unit. It consists of fine to
coarse-grained dolomitic sandstone (LeRoux, 1957). The St. Peter Sandstone rests on
the Prairie du Chien Group filling in low areas but it is absent on the Prairie du Chien
highs (Olcott, 1966). Water yields from the St. Peter Sandstone are limited by the
presence of shale and by the limited thickness of the formation. Thicknesses range
from O to 30.5 m (0 to 100 ft) in the study area (Thwaites, 1961).

The overlying Platteville/Galena Formations are composed of sandy-gray to
bluish-gray dolomite with fine to medium grained sandstone found near the base
(Olcott, 1966). The formations are located generally in the eastern part of both
counties and generally yields little water to wells (LeRoux, 1956). The water that is

present is found in joints, bedding planes and fractures within the rocks. The
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Platteville/Galena has a lower permeability than the St. Peter Sandstone below and
therefore may cause artesian conditions within the underlying unit (Olcott, 1966).
The groundwater flows in a southeasterly direction across both counties (Figure 2).

A map of the bedrock geology of both counties is found in Figure 3. The maps
of the geology of Winnebago and Outagamie Counties provided by Olcott and
LeRoux, collectively contain a discrepancy at the interface of the two (Figure 3). The
St. Peter Sandstone should follow continuously down through Winnebago and the
Prairie du Chien should also extend continuously through Winnebago County. This
discrepancy is transferred as found in Geological Survey Water Supply Papers 1814

and 1421. The discrepancy in this area is approximately 1 to 2 km (1 mile).
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Water Sample Collection and Analysis
WDNR Sample Population

Thé objective of the initial sampling program was to determine to what extent
arsenic contamination occurs in private wells within Outagamie and Winnebago
Counties. Sampling sites were selected based on the availability of well construction
reports, the ability to contact the present home owner, the location of the well, and
the presence or absence of St. Peter Sandstone. Based on the lithology identified
from well construction reports, wells were selected for sampling. After selection of
specific wells as potential sample locations, the owners were contacted. Permission
was requested verbally over the telephone to collect a water sample from their well.
The owner was given the option to refuse permission to s/ample his/her well. If the
owner declined permission, the well was not sampled. If the owner chose to
cooperate, a mutually convenient time was set up to collect the well water sample. If
sample analysis revealed an elevated level of arsenic in a specific locale, other wells
in the immediate vicinity were selected and sampled. However, not all existing wells
close to a well with a high level of arsenic were sampled because of cost constraints.
The study objective was to determine over what geographic extent arsenic existed in
private water supplies and whether the presence of arsenic was influenced by human
or natural sources.

Samples were collected following guidelines set up in the 1987 Wisconsin
Department of Natural Resources Groundwater Sampling Procedures Field Manual
and the 1987 Wisconsin Department of Natural Resources Groundwater Sampling
Procedures Guidelines both developed by Lindox@Feld, and Connelly. Briefly, the
sample collection procedures are as follows: All samples were collected from a cold
water tap that did not receive water from the plumbing line after a treatment device

e.g. a water softener or filter. This requirement was confirmed either visually at the
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time of sampling or verbally with the owner prior to sampling. Samples that could
only be obtained from water lines after these devices were documented. Most
samples were collected at the sample tap directly after the pressure tank, or at an
outside faucet. Samples were collected after flushing the water supply tap for three to
five minutes or afier the pump started running. This procedure was used to ensure
the water sample represented in situ groundwater and not water standing in the pipes.
All samples were collected in appropriate sample containers supplied by the
Wisconsin State Laboratory of Hygiene (WSLH). The samples were preserved and
labeled as per the requirements by the WSLH. Preservation methods and sample
bottle requirements for analysis are listed in Appendix 1. All samples were sent to the
WSLH for arsenic analysis and other metals or parameters if indicated. The methods
used by the WSLH for individual analysis are documented in Appendix I. Note that
methods used by the WSLH changed over the course of this study and therefore, the
detection limits for arsenic may differ from well to well.

After receiving analytical results from the laboratory, well owners were notified
of their results via a form letter. If the As concentration exceeded the health
advisory, the form letter contained (1) an advisory notice not to drink the water or use
it in food preparation, (2) telephone numbers of individuals from various agencies to
contact for more information about arsenic, (3) information about cost sharing
programs available to them and (4) telephone numbers of individuals to contact about
reconstruction of their existing well or drilling a new well. If their As result was

below the health advisory théy were also notified.

WDNR and Department of Health Sample Populations
The WDNR along with the Departments of Health for Outagamie and Winnebago
Counties initiated a second well water sampling program for private homeowners in

affected areas to have their water tested for arsenic. A news release was distributed
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to all major media sources to inform the public of the potential for arsenic
contamination in wells within a specific geographic area. The initial area of potential
arsenic contamination was defined using prior results. The area was described using
major roads as division lines (Figure 4). These arbitrary'lines were general and not
meant as a final determination as to where arsenic was or was not present. Instead,
the lines provided a communicable boundary around an area to indicate a greater
likelihood of arsenic impact to the pui)lic. When these boundaries were selected, it
was recognized that arsenic might exist in wells outside these boundaries.

The Outagamie and Winnebago County Health Departments provided arsenic
sample Kits to interested private homeowners from October 5 to October 19, 1992, for
a fee of $ 20.00. When obtaining a sampling kit, the owner was given a unique
identification number, a corresponding uniquely numbered identiﬁcation pin, a well
information survey, and an arsenic information packet. The well owner then placed
the pin on a map corresponding to the location of the well to be sampled. The private
homeowner also filled out the well information survey to aid WDNR personnel in
finding the corresponding well log. The well location and well information survey
was used by the WDNR to obtain a well construction report which should have been
filed by the well driller after well construction. Well construction reports filed by
well drillers can be found in files located at WDNR offices. In some instances well
construction reports are not available because they were not filed by the well driller
or location information about the well is incorrect.

The arsenic information packet supplied by the Health Departments and the
WDNR explained various health effects of arsenic, where the arsenic problem had
been identified, the possible cause of arsenic contamination, approved treatment units
available for removal of arsenic from well water and how to take a sample for
arsenic. After homeowners collected the water samples, they returned the samples to
the County Department of Health. The Department of Health then brought the
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samples to Badger'l.aboratory in Appleton, Wisconsin, for arsenic analysis. Badger
Laboratories analyzed each sample by high temperature graphite furnace atomic
absorption methods. They reported that this method had a 2 ug/L lower detection
limit. All homeowners who participated in the arsenic sampling were advised of their
As result via a postcard sent from the respective county health department. Private
homeowners who did not want to participate in the arsenic sampling program but
desired to know more about arsenic contamination were provided with the arsenic

information packet by either the WDNR or county health departments free of charge.

Data Handling - Geographic Information System (GIS)

The Geographic Information System (GIS) is a computer software program
designed to handle large quantities of data for particular geographic regions. GIS is
useful to present geographical data in a detailed map format. In this study water
quality and well location data from wells sampled for arsenic was compiled and used
to aid in interpretation of arsenic contamination. Resource maps that were used by
the WDNR as base layers to produce the arsenic contamination maps were those
supplied in the reports by LeRoux, 1957 and Olcott, 1966. Both sources contained
maps of bedrock geology and piezometric contours. The bedrock geology and
piezometric surface map for Winnebago County, Water-Supply Paper 1814, Plate 1,
was published in 1963. This map was digitized for the GIS at a scale of 2.54 cm (1
in) equals 1.61 km (1 mi) using PC ARC/INFO. The bedrock geology for Outagamie
County was digitized from Water-Supply Paper 1421, Plate 2, published in 1954 at a
scale of 1.91 cm (3/4 in) equals 1.61 km (1 mi). The piezometric surface for
Outagamie County was digitized from Water-Supply Paper 1421, Plate 5 published in
1954 at a scale of 1.91 cm (3/4 inch) equals 1.61 km (1 mi). Since the
potentiometric surface contours were mapped in the 1950’s and 1960’s, the
potentiometric surface may not be the same today due to potential drawdown from
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water consumption and precipitation changes. Road and hydrology information for
Outagamie County was received from the Outagamie County Health Department. The
Winnebago County road network was received via digitizing of topographic maps
from the WDNR, Madison. All well locations were digitized from topographic maps
and data entered using the software package Paradox.

Geophysical Well Investigation Methods
Inflatable Packer Test

Packer tests are used to isolate and sample specific subsurface water-bearing
zones within a well. Thus, these tests can be used to determine potential areas in the
subsurface causing poor water quality. The packer assembly often consists of two
inflatable packers and a water pump (Chapter 4, Figures 8 and 10). The goal of the
packer test is to pump water from between the packers to obtain a representative
composite of the water that enters the well from a specific zone. Thus, the quality of
the water pumped from the entire well can be compared to water pumped from
distinct zones of the well to identify variations in water quality.

The integrity of the packer seals are important and is typically monitored
throughout each packer test by a water level indicator. If the water level above the
top packer were to fluctuate it would indicate a possible faulty top packer seal. If the
packer assembly was not sealed properly the water obtained from the packer test
would not be a true representation of the water quality or quantity that would be
received from that portion of the formation. The ability to monitor the packer seals is
based on the design of the packer assembly. Packer tests were conducted at the
Spreeman and the Olson wells. Due to the type of packer assembly used by Layne-
Northwest, the contractor conducting the Spreeman packer tests, the integrity of the
bottom packer seal could not be monitored. During each of the packer test intervals
at the Spreeman site, Layne-Northwest personnel indicated that there were no
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fluctuations in water levels above the packer assembly. This observation suggests that
the upper packer was sealed properly. The design of the packer assembly used by
Luisier Well Drilling, the contractor at the Olson site, allowed monitoring the
integrity of both packer seals. Water samples were only collected from the packer
tests that had confirmed the integrity of packer seals by water level measurements
above and below the packer assembly with little fluctuation during pumping.

Unused water pumped from all packer test intervals at each site was collected in a
large holding tank for later disposal. When the large container of wastewater was
full, it was dumped in an approved nearby sanitary sewer. Approval for disposal was

obtained by the WDNR for both the Spreeman and Olson packer testing sites.

Caliper Log

A caliper log is a graphical representation of the diameter (shape) versus the
depth of the borehole. The caliper log can be used to determine the presence of
fracture patterns within limestones and sandstones and caving or erosion in the
borehole in a particular geologic formation. This information can be used to
determine if a packer assembly would properly seal when installed. Caliper logs are
obtained by using a mechanical caliper to measure differences in borehole diameter
with depth. The mechanical device usually consists of a probe with three adjustable
arms. The measurements are obtained from three arms pushing against the side of the
borehole. The movement of the arms is transformed into an electrical output which is
translated to variations in the diameter of the borehole. A caliper log of the
Spreeman well was obtained on February 3, 1993, by Layne-Northwest over the
entire well. The caliper results from Layne-Northwest are found in Appendix II.
Layne-Northwest interpreted the results of the caliper log to indicate that the well had
no abnormality that would result in a poor seal of the packer assembly.



Gamma-ray Log

A gamma-ray log of a borehole is a graphical representation of the natural
gamma-ray radiation from radioactive elements in subsurface formations. Some
formations contain greater concentrations of radioactive materials, such as uranium,
thorium, and the radioactive isotope of potassium, than others. These radioactive
materials emit gamma radiation spontaneously. Most rocks contain some
radioactivity, with metamorphic and igneous rocks containing more than sedimentary
(Rider, 1986). Clays and shales tend to contain more radioactive elements than
sandstones and limestones (Driscoll, 1986). Gamma-ray logs can be obtained from
wells with or without casing. The casing absorbs only negligible amounts of
radiation. Gamma-ray loggers consist of a scintillation counter, gamma-ray detector.
The gamma-ray log is a plot of relative emission of gamma-rays, often measured in
counts per second, versus depth. Gamma-ray logs may be used qualitatively to
determine formation changes and lithology (Rider, 1986). A gamma-ray log of the
Spreeman well was performed by Layne-Northwest on February 3, 1993, to
determine transitions between geologic formations in the well. The gamma-ray logger
used by Layne-Northwest at the Spreeman well measured the time (seconds) to collect
a specific number of counts versus depth. Thus, a high number of seconds is
associated with a low rate of emission of gamma-rays. A gamma-ray reading was
taken every 0.6 m (2 ft) throughout the entire well column. The results of the

gamma-ray log from the Spreeman well are in Appendix III.

Packer Test Locations

The Spreeman and Olson wells were chosen for packer testing. Both the
Spreeman well and the Olson well were chosen for packer testing based on the depths
of their wells and the concentration of arsenic in their well water. The depth of most

private wells in Outagamie and Winnebago Counties typically range between 36.6 m
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to 48.8 m (120 to 160 ft) below surface. Since the Spreeman and Olson wells were

unusually deep, they allowed access to more subsurface formations. The Spreeman
well was 97.8 m (321 ft). It also contained the highest recorded arsenic concentration
at the time of site selection (470 ug/L) and an unusually high iron concentration (280
mg/L). Furthermore, the owner was cooperative. The Olson well was 91.4 m (300
ft) deep, had a high arsenic concentration of 1200 ug/L and a high iron level of 87
mg/L. This was the highest arsenic cdncentration found in a private well in
Outagamie County. Furthermore, the Department of Health and Social Services of
Outagamie County stated that the Olson’s seemed to exhibit symptoms associated with
chronic arsenic poisoning.

The Spreeman well was to be returned to its original state after performing the
packer test. Before any geophysical procedures were run, the Spreeman well was
sampled on February 3, 1993, for bacteria from the sample tap located next to the
pressure tank. Both a WDNR representative and a Layne Northwest representative
collected a water sample for bacteria analysis. This was to ensure that the well would
be returned to its initial state after packer testing. Once the bacteria test was
collected, the well was opened and the pump was dismantled by Layne-Northwest on
February 3, 1993. Packer testing of the Spreeman well began on February 4, 1993,
by Layne-Northwest. A diagram of the packer assembly used by Layne-Northwest is
shown in Chapter 4, Figure 8.

The Olson well was to be reconstructed to a useable state following WDNR
regulations based on packer testing results. Luisier Well Drilling began packer
testing on March 17, 1993. The well was reconstructed and put back to normal
operation soon thereafter. A diagram of the packer assembly used by Luisier Well
Drilling is shown in Chapter 4, Figure 10.
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Packer Testing - Water Sample Collection and Analysis

Packer tests were performed on both the Spreeman and Olson wells to identify the
potential zones of poor water quality. Gamma-ray logs and caliper logs were
performed on the Spreeman well to define subsurface lithology of the well.
Subsurface information below 36.6 m (120 ft) was not available for the Spreeman
well because a reconstruction form was not filled out by the well driller. Gamma-ray
logs and caliper logs were not run on the Olson well because the subsurface lithology
of the well was known from recent drilling operations.

The water samples were collected according to WDNR guidelines. All bottles,
preservation methods, and labeling methods used were those required by the WSLH.
Packer test water samples were collected from a brass tap located directly above the
packer assembly prior to disposal to a holding tank. All water samples were sent to
WSLH for appropriate chemical analysis. The analytical methods used by the WSLH
are shown in Appendix I.

All packer test water samples were taken after 10 minutes of pumping from the
isolated interval. This was done to obtain a representative in situ sample of
groundwater from the interval within the aquifer. Water from each packer test was
tested for field pH, field temperature, and arsenic. Some of these samples were later
analyzed for cadmium, copper, manganese, and zinc by the WSLH. Additional
chemical analysis of these samples were performed due to the unusual composition of
the Olson well water. The Olson well contained elevated levels of cadmium, copper,

manganese and zinc.

Drill Cutting Analysis |

Drill cuttings can be used to determine zones where ﬁiinerals potentially
contribute to poor water quality. Groundwater is often affected by the composition of
the bedrock it passes through. Some bedrock components may be soluble in water
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and therefore affect its quality. In conjunction with a lithological summary, the drill

cutting analysis from wells aid in determining zones within the subsurface containing
relatively higher concentrations of naturally occurring arsenic. Drill cutting samples
were collected from seven different wells located in Outagamie and Winnebago
Counties (Table 1 and Figure 5). Trace metal analysis was only performed on four of
these wells in an attempt to correlate areas of high arsenic concentrations with specific
geologic strata. This data was used to confirm conclusions drawn from packer
testing. Wells were chosen for drill cutting analysis based upon the availability of
drill cuttings and location. The drill cuttings from the other three wells will be
analyzed at a later date by the WDNR. The well construction reports and lithology
reports for these three wells are on file at the WDNR.

Drill Cutting Collection and Analysis
Maple Leaf Dairy, Fox Riyer Tractor, and Donald Valence

Drill cutting samples from the Maple Leaf Dairy well and the Fox River Tractor
well were collected in the late 1940’s or early 1950’s either by the well driller or by
the WGNHS and stored in the WGNHS repository. Samples were collected at five-
foot intervals throughout the entire well. At the request of the WDNR, a portion of
the drill cuttings were sent to WSLH for digestion and arsenic analysis. Drill cuttings
from the Donald Valence well were collected by Schmidt’s Well Drilling in cloth bags
provided by WGNHS. The drill cuttings were forwarded to WSLH for digestion and
arsenic analysis. The methods used by WSLH for digestion and arsenic analysis are
in Appendix I. The remainder of the drill cutting samples are kept in storage at
WGNHS for future use and analysis. A copy of the well construction report for each
well is in Appendix IV.



Table 1.
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Summary of Drill Cutting Sample Locations and Well
Information

Location

of Well

Site Name County Township
Maple Leaf Dairy Winnebago Vinland
Fox River Tractor Outagamie Grand Chute 653
Donald Valence Winnebago Clayton 135
Dick Olson Outagamie Osborn 300
Drill Cuttings Collected But
Not Analyzed
Mark Bombinski Wwinnebago Neenah 101 "
Mike St. Louis Outagamie Greenville 161
W131-0U-416 Outagamie Seymour
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DRILL CUTTING SAMPLE LOCATIONS IN OUTAGCAMIE AND WINNEBAGO COUNTIBS, WISCONSIN
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Drill Cutting Collection and Analysis
Dick Olson
Drill cuttings were collected at five-foot intervals throughout the newly
constructed well column by the author. Drill cuttings from each five-foot interval
were collected in a five gallon bucket and a representative subsample was taken.

Drill cutting subsamples were stored in labeled cloth sample bags and allowed to dry.

. A portion of the sample was sent to the WSLH for digestion and arsenic analysis.

The remaining portion was sent to WGNHS for lithological study and repository
retainment. A copy of the lithology report is in Appendix IV. The methods used by
the WSLH for the digestion and analysis of the drill cuttings are presented in
Appendix I.



HAPTER 4 - RES D ION

Private Well Arsenic Levels

Through the cooperative efforts of the WDNR, the Outagamie County Health
Department and the Winnebago County Health Department, 1037 water samples from
private wells located in Outagamie and Winnebago Counties were collected and
analyzed for arsenic. The Outagamie and Winnebago County well locations and the
arsenic concentrations found in them are shown in Plate 1 and Plate 2 respectively.
Plate 1 indicates a general trend of elevated arsenic concentrations clustered within a
five mile buffered strip surrounding the St. Peter Sandstone trend which extends to
the northeast throughout Outagamie County. Most elevated arsenic concentrations in
private water supplies in Outagamie County lie to the east of the mapped St. Peter
Sandstone trend. This was anticipated because that is where the St. Peter Sandstone
is presumably the aquifer supplying private wells. There are, however, areas where
wells with elevated arsenic concentrations that lie west of the mapped St. Peter
Sandstone trend. There should be no elevated arsenic levels west of the St. Peter
Sandstone trend if it is the primary source of naturally occurring arsenic in the
groundwater. However, high levels of arsenic west of the St. Peter Sandstone trend
may be explained if the Prairie du Chien or the Cambrian sandstones also contribute
arsenic to well water. This is reasonable because some drill cutting results and
packer test results support this conclusion (discussed later in this chapter).

There is also a second feasible explanation for elevated arsenic in well water lying
west of the erosional edge of St. Peter Sandstone. The map from which the bedrock
contacts were taken indicates that in certain areas the St. Peter Sandstone subcrop is
inferred because there was not enough data to map it accurately. Those areas of the
St. Peter Sandstone subcrop that were inferred correspond to the areas where wells

with elevated arsenic concentrations exist to the west of the mapped subcrop (Plate 1).
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This suggests that the St. Peter Sandstone subcrop may be incorrectly mapped in
certain areas.

The reasons for arsenic contamination west of the St. Peter Sandstone subcrop
should be further studied to verify or discredit explanations given. It would be
worthwhile, especially in those inferred areas, to more accurately map the location of
St. Peter Sandstone subcrop. This would not only aid to further define the source of
arsenic contamination in Outagamie and Winnebago Counties, but would also help
well drillers reduce the likelihood of arsenic contamination when constructing new
wells within the advisory area.

The geology of Winnebago County is more complex than that of Outagamie
County and it is, therefore, more difficult to interpret the study results. Furthermore,
Winnebago County had only one well that exceeded the health advisory for arsenic of
164 wells sampled in that county. A general trend from the plot of arsenic
concentration and geology could not be easily determined. The only common feature
was that wells with elevated levels of arsenic were found in areas where St. Peter
Sandstone is present, based on existing bedrock geology maps.

The distribution of arsenic concentrations found in Outagamie and Winnebago
Counties is found in Figure 6 and 7. These figures indicate that 37 of 1037 samples
(3.6 %) exceeded the NR 140 Wisconsin Administrative Code of 50 ug/L As. This
level is also the drinking water standard. When well water exceeded this level a
health advisory was issued to the residents. Before issuing a health advisory, all
wells that exceeded 50 ug/L As from the first water sampling were resampled and
retested to confirm that the well water indeed did exceed the health advisory standard.
The second sample was collected by the author and analyzed by the WSLH for
arsenic to confirm the first result.

During the course of this study, the WSLH determined their limit of detection for
arsenic to be 1 ug/L. Prior to December of 1992, the WSLH would only report
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arsenic concentrations of 10 ug/L or greater. Therefore, water samples analyzed
prior to December of 1992, have arsenic concentrations that could only be reported
from 10 pg/L or greater. At the request of the WDNR the WSLH recorded the raw
value for any result below 10 ug/L. The raw value was only available for water
samples analyzed after 1990. Thus, for water samples analyzed before 1990, a raw
value lower than 10 pg/L was not obtainable. Thirty-nine well water samples were
collected between 1990 and 1992. The arsenic raw data was available for all thirty-
nine of these samples. Raw data was not available for thirty-four water samples
collected before 1990. Thus, an arsenic result lower than 10 pg/L was not available.
An attempt was made to determine if a significant relationship exists between
wells exceeding the arsenic health advisory and specific geologic strata. Construction
reports of the wells sampled were consulted to determine the presence or absence of
sandstone. Of the 1037 private wells sampled in Outagamie and Winnebago
Counties, 491 well construction reports were found. Well construction reports are
filled out by the well driller at the time of well construction. It reports the depth of
the well, the casing depth, geologic strata encountered and other well information.
Some well construction reports could not be located due to one of the following
reasons: an error by the private home owner in locating their well on the map, little
or no well information filled out by the homeowner on the well consfruction
information questionnaire, inaccurate information filled out on the well construction
information questionnaire, the well constructioﬁ form was not filled out by the well
driller, or the well driller recorded the wrong location on the well construction report.
Since most well construction reports are filed by location, any misleading or wrong
information about location of the well would prevent one from finding the well

construction report.
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* Lithology Recorded on the Well Construction Report
x*=23 df =1

Table 2 shows the Chi-square table used to determine if a significant relationship
exists between the presence As exceeding the drinking water standard (50 pg/L) and
the presence of sandstone. The calculated x? value for this data set is 2.3 with one
degree of freedom. The critical value at 0.05 probability with one degree of freedom
is 3.84. The calculated value is less than the critical value, therefore, no significant
relationship exists between these two variables.

This effort to determine whether there was a significant relationship between the
arsenic levels and geologic strata recorded in the well construction reports failed. An
elevated arsenic concentration could not be correlated with a sandstone unit reported
on the well construction report. Likewise, there was not a significant correlation
between a limestone unit reported on the well construction report and an elevated
arsenic level. Such a correlation may be possible from accurate well construction
reports.

There are many problems, however, encountered when using well construction

reports for information. Often the location of the well or ownership information is
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inaccurate or incomplete. This often results in misfiling of the report. WGNHS
reports that greater than 10 percent of the reports submitted within the last few years
have incorrect county, township, range and/or section information (WGNHS, 1991).
Much information received about well construction, formation and /or pump test data
is vague or inaccurate (WGNHS, 1991). Well drillers may feel that filling out well
construction information is an added burden and that the information is of no valid
use. Contrary to this notion, well construction reports are often consulted in any
contamination problem or well problem. WDNR and other agencies use these reports
(1) for site assessment problems e.g. siting a new landfill, (2) for evaluating potential
- contamination routes of a hazardous spill or leak, (3) for homeowners having
problems with their well, and (4) for preparation of regional or statewide geologic and
hydrogeologic maps (WGNHS, 1991). This information helps protect well users,
groundwater and the environment. In this case, accurate reports could have further
helped to discriminate the source of naturally occurring arsenic and thus been very

important.

Spreeman Well - Water Quality Packer Test

The Spreeman well is located in Outagamie County, Greenville Township, NE1/4,
NE1/4, Section 24, T2iN, R16E. Leonard Spreeman was the original owner of the
site; the original well was constructed by Malcolm Veitch on October 7, 1969. The
original Spreeman well was 15.2 cm (6 in) in diameter and 36.6 m (120 ft) deep.
According to the original well log, red clay was encountered to a depth of 8.5 m (28
ft) and is underlain by 1.2 m (4 ft) of hardpan. Gravel was encountered at 9.8 m (32
ft) below the surface with limestone (Platteville/Galena) encountered from 10.7 m to
25.9 m (35 to 85 ft). Sandstone (St. Peter) was documented from 25.9 m to 36.6 m
(85 to 120 ft). The well was cased to 15.2 m (50 ft) with black steel casing grouted

in place with cement to a depth of 15.2 m (50 ft). The original Spreeman well
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construction report is shown in Appendix IV. On June 19, 1990, the well was

| reconstructed to the depth of 97.8 m (321 ft) by Bill Van De Yacht. It should be
noted that the required well reconstruction form was not filed by the well driller thus,
no subsurface information about the well was available beyond 36.6 m (120 ft).

The Spreeman well was one of two private wells selected for more intensive
investigation because of elevated As and Fe levels. On January 29, 1993, a second
water sample from the Spreeman well was collected. The water was sent to the
WSLH and analyzed for arsenic, iron, calcium, chloride, conductivity, pH, alkalinity,
hardness, magnesium, sodium, sulfate and total solids. In the field the WDNR
measured field pH and temperature. The results of these analysis are found in Table
3.

The analytical results for the January 29, 1993, sample indicates that the well had
an unusually low pH of 4.3 by a field measurement and 3.8 by a lab measurement.
The normal pH range for groundwater is between 6 and 8. A pH of 4.3 is very
acidic for well water and is likely a contributing factor for the increased arsenic and
iron concentration in the well water. Acidic water can corrode a plumbing system,
oxidizing metals associated with pipes into soluble forms and thus into the water
supply. Acidic water also will generally increase the solubility of some minerals
within an aquifer thus incorporating metal ions into the water supply.

Layne-Northwest was contracted to perform the packer test, caliper log, and
gamma-ray log on the Spreeman well because the well had no subsurface information
available below 36.6 m (120 ft). The packer test was used to determine specific
zones within the Platteville/Galena, St. Peter Sandstone, and Prairie du Chien
formations that would yield adequate water quality and quantity for potable use. The
consultant provided the necessary equipment to perform the packer, caliper, and
gamma-ray testing and also, ensured the well was returned to its original state once
tests were completed.



Table 3. Results of the Second Sampling of Spreeman Well Water on
January 29, 1993

“ Concentration (mg/L)

unless noted

Drinking Water
Standards (mg/L)

Arsenic 360 pg/L 50 ug/L
|| Calcium 100 Not Applicable
| Chloride <1 250
Conductivity 1700 umhos/cm Not Applicable
pH, Lab 3.80 SU Not Applicable
» Alkalinity ok Not Applicable f
Hardness 530 Not Applicable
Iron 250 0.3 {'
Magnesium 67 Not Applicable “
Sodium 8.0 Not Applicable Il
Sulfate 1000 250 |
Total Solids 1830 Not Applicable
Field Temperature 126 C Not Applicable

Field pH

Not Applicable
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The packer interval selected by the WDNR for pumping was 4.6 m (15 ft).
Selection of the interval between the two inflatable packers and the depth settings of
the packers within the well column were based on the original well construction
report and the gamma-ray log. A diagram of the Spreeman packer assembly used by
Layne-Northwest is shown in Figure 8. Each interval was pumbed for approximately
10 minutes at 37.8 L/min (10 gpm) so that a representative water sample could be
obtained from each formation.

The packer test intervals were chosen to define variations in arsenic concentration
within the well column and to cover the entire well column with the fewest number of
packer tests. The contact between the Platteville/Galena and the St. Peter Sandstone
formations, the zone thought to contribute relatively high arsenic concentrations to the
water, could not be packed off to obtain a water sample because of undocumented
well reconstruction which extended the casing to 27.4 m (90 ft). The existence of the
casing extension was unknown prior to choosing the well for the packer test. The
casing extension was found upon completion of the caliper log. The casings length in
the original well construction report was given as 15.2 m (50 ft), roughly 9.1 m (30
ft) above the St. Peter Sandstone contact.

Packer testing for the Spreeman well began on February 3 and continued through
February 5, 1993. The water samples collected between each packer interval were
sent to the WSLH for analysis of arsenic, iron, cadmium, copper, manganese, and
zinc. They were also tested by WDNR for field pH. The results of the packer test
analysis are shown in Table 4.

The results from the packer test indicated that the arsenic concentration found
throughout the entire well column remained above the health advisory level of 50
ug/L. The arsenic concentration was the highest at the contact between the Prairie du
Chien and the Cambrian sandstones (83.2 m to 87.8 m) (273 ft to 288 ft) (Figure 9).

However, this concentration may have resulted from the excessive sediment found in
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Inflatable
Packer

Pump

< Inflatable

Packer

Total Length 28 feet

Figure 8. Diagram of the Packer Assembly used in the Spreeman
Well Packer Test



Table 7. Summary of Olson Packer Test Results from March 17 to March 23, 1993

Packer Intervals [Identification (top) and Depth within well column in feet (below)] |

P4 Pl P1A P2 P3 No P5 P6 P7 P8
Water

114- 204- 234- 264- 264- 131-

Parameters 110 144 144 174 204 234 264 284 300 300

Field Parameters
———— —_———e
FieldpH | 707 | 713 | 700 | 720 | 708 | NA | 651 | 677 | 720 | NA |
| Field Temp | Degrees || 7.2 : 6.2 6.9 7.9 NA | 84 | 90 8.9 NA
' Celcius

NA - Not Applicable - the water sample was not tested for that parameter.
SU - Standard Units

! - Equipment problem
Conversion from feet to meters 1 ft = 0.3 m

12874
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this zone. The bottom 6.1 m (20 ft) of the well was filled in with sediment. During
the packer test, sediment probably from the bottom of the well column, was drawn up
through the pump and into the sample. Because head monitoring was not possible
below the bottom packer, the bottom packer may have had a faulty seal resulting in
sediment being incorporated into the sample. In fact, sediment clogged the pump
during the packer test and stopped it. Elsewhere, arsenic concentrations were highest
in the upper portions of the St. Peter Sandstone (610 pg/L). Arsenic concentrations
declined to 51 ug/L at the bottom of the St. Peter Sandstone. This trend correlates
with the findings from drill cutting analysis (described later) which also showed a
marked increase in arsenic concentrations in the upper portions of the St. Peter
Sandstone compared to levels in the bottom of the St. Peter Sandstone. The packer
test results show the arsenic concentration increasing in the Prairie du Chien dolomite
(55.8 m to 75.6 m) (183 ft to 248 ft). This trend was somewhat puzzling because it
does not correlate with other analytical results for As from drill cuttings. Drill
cutting analysis of the Prairie du Chien dolomite suggests that it has low
concentrations of arsenic within it.

High arsenic concentrations appear to correlate with low field pH values. Also,
other high metal concentrations (Cd, Fe, Mn, Cu, and Zn), even though not
determined on all samples, seem to correlate with the arsenic levels observed. It
appears that as the pH decreases the metal ion concentrations in the groundwater
increase. Low pH values promote soluble metal ions perhaps by dissolving metallic
minerals in the aquifer.

Iron concentrations found in the packer test intervals exceeded the standard for
iron of 0.3 mg/L. Iron concentrations exceeding the standard typically cause aesthetic
nuisance problems such as odor and staining. In addition, cadmium levels exceeded
the health advisory of 10 xg/L in all of the packer intervals analyzed for cadmium.
Copper concentrations exceeded the health advisory of 1300 ug/L in only one of the
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packer test intervals. This interval was the bottom one which contained large
amounts of sediment in the sample. Manganese concentrations remained over the
advisory of 50 ug/L in all of the packer intervals selected to be analyzed. Zinc .
concentrations exceeded the advisory of 5000 ug/L in all but one of the packer
intervals tested. The low pH may also provide an answer as to why there is excessive
amounts of these metals present in the water supply.

Due to the abnormally low pH found in the Spreeman well, it deserves more
attention. Neighboring wells surrounding the Spreeman well were sampled and
analyzed for pH, however, nothing unusual was found. Two wells in Outagamie
County (Porter well and Schneider well) are also known to have or to have had low
pH in their well water. The Porter well located in Outagamie County, Oneida
Township, SE1/4, SE1/4, Section 10, T23N, RI18E, has an abnormally low pH of
2.5. The WDNR is presently studying the Porter well further to determine whether
this pH is of natural or human origin. Neighboring wells surrounding the Porter well
were also sampled and analyzed for pH, however, nothing abnormal was reported.
The Schneider’s original well was located within one mile of the Spreeman well
located in Outagamie County, Greenville Township, E1/2, NW1/4, Section 14,
T21N, RI16E, and was found to also have a low pH of 3.0 in 1967. The wells of the
Schneider’s neighbors were sampled and analyzed for pH in 1967, however, nothing
unusual was reported. A human source for the low pH problems at the Schneider
well could not be located. The Schneiders elected to have another well drilled on
their property to alleviate the pH problem. The pH from their new well was reported
to be normal.

The Spreeman packer test results showed that the pH in the well varied
throughout the well column. This suggested that the source of the low pH may be
within a specific formation (specifically, the St. Peter Sandstone). Water from the
upper portion of the St. Peter Sandstone was found to contain substantially lower pH ‘
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than that of lower portions of the well. Groundwater associated with low pH may
contain free-mineral acid from mine water, volcanic gases or contaminants by man-
made sources (Driscoll, 1986). It is highly unlikely that the acid in the Spreeman
well is due to volcanic gases. Thus, it may be more likely that ‘_the acidic nature of
the Spreeman well water is derived from minerals within the St. Peter Sandstone that
have oxidized forming sulfuric acid or it may be derived from a man-made source.
However, due to the presence of other wells known to have low pH’s, an