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1.0 INTRODUCTION

This report presents the results of the Dames & Moore study for
Velsicol Chemical Corporation that consisted of an assessment of the nature
and extent of existing on-site contamination and an evaluation of the
integrity of the dredge pond.

This study was authorized wunder Velsicol Chemical Corporation's
Purchase Order No. 15895 issued on January 16, 1978 and revised on August 18,
1978 and January 8, 1%79.

The work proposed under this purchase order necessitated that
subcontractors be retained to provide chemical analysis and drilling services.
Envircnmental Research Group, Inc., of Ann Arbor, Michigan, having had wmuch
experience in Michigan, particularly in regard to polybrominated biphenyl
analyses, was contracted to perform the chemical analyses of soils, water, and
tissue samples. Stearns Drilling Company of Dutton, Michigan was retained to
perform drilling services.

The Velsicol Chemical Corporation plant is located on a site of
approximately 50 acres adjacent to the Pine River in the city of St. Louis,
Gratiot County, Michigan (Figure 1-1). The site is bounded on the north and
west sides by the river, which flows to the northeast and drains the entire
St. Louls area, In the vicinity of the plant site, the river widens and flows
very slowly because of a dam located less thﬁn 1,500 feet downstream.

Historically, the plant site has been used as an industrial site
since the mid-1800s and was used at various times by a salt plant, a lumber
mill, an oil refinery, and a chemical plant (before Michigan Chemical

Corporation).

f1]
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Since 1935, when Michigan Chemical Corporation owned the facility
and after the merger with Velsicol Chemical Corporation in 1977, an array of
chemical products was manufactured on the plant premises. The chemical
parameter list prepared for this study was devé10ped from a compilation
of all chemicals produced, packaged, or stored at the St. Louis facility, as
indicated from available records (since 1945)., This list was edited with
regard to general considerations such as quantity present or produced,
toxicity, carcinogenicity, and bilcaccumulation and is presented in Section 3.0
as Tables 3~1 and 3-2. This final list of chemical parameters and the scope
of the investigations were based on guidance and concurrence provided by
Mr, Jack Bails and others of the Michigan Department of Natural Resources
(DNR) in a meeting on August 8, 1978.

Specifically, the project objectives were the following:

1, To assess the present level and potential environmental impli-

cations of the possible contamination of wildlife at the
Velsicol plant site;

2. To assess the present levels of possible contamination of the
ground water, surface water, and soills at the plant site;

3. To examine the geohydroleogilc conditions at the site and
evaluate the potential for migration of contaminants, if
present, from the unsaturated soils to the ground water and via
the surface or ground water to the Pine River or nearby shallow
wells;

4, To assess the integrity of the dredge pond located on the plant
site; and

5. To recommend, 1f necessary, steps to secure the plant site im
an environmentally safe manner.

The results and discussion of the on-site studies of the terrestrial
ecology program, the ground water, soils, and runoff investigation, and the
dredge pond integrity study are presented in the following sections. A

thorough review of literature concerning toxicolegy and characteristics of all

[2]
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the organic chemicals studied in this investigation has been made, and the
conclusions herein are based, in part, on this review. Those sources reviewed
and cited in the following sections are included in the bibliography of this

report.

[3]
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2.0 TERRESTRIAL ECOLOGY

2.1 INTRODUCTION

As part of the investigation to assess the on-site contamination
issue, a limited field study was implemented. Originally, the on-site study
was planned to include the collection of tissue from small mammals, earth-
worms, and robins., However, because the study was begun in mid-September, the
lateness of the season and the ensuing fall avian migrations precluded using
robins. Plants were not considered in this study since recent research has
shown that plants bicaccumulate only small amounts of PBB and translocate even
less (Jacobs, et al., 1976; Chou, et al., 1978). Therefore, collection

efforts were concentrated on small mammals and earthworms.

2.1.1 Habitat

Agricultural land 1is the dominant land use type in the St. Louls
area, including all of Gratiot County. Major crops in the region are cornm,
dry beans, and sugar beets. Scattered forest land consists of primarily
maple, beech, and birch.

The Velsicol Chemical Corporation industrial complex in St. Louis
contains little vegetation and generally provides poor habitat for wildlife.
The only vegetative cover on the site occurs along the shoreline perimeter.
The banks of the Pine River adjacent to the plant site are generally con-
structed of a clayey, rocky fill material and contain sparse patches of
various grasses, milkweed, chicory, goldenrod, asters, and sweet clover.

Vegetation cover is greatest on the western and southwestern shoreline areas.

(4]
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The western shoreline supports two small stands of cattails. A small stand of
elm trees is located on the north side of the dredge pond.

Trapping was done solely along the shoreline, but most intensely
along the southwestern shore adjacent to the dredge pond where habitat

appeared most favorable for small mammal species (Figure 2-1; Appendix A).

2.1.2 Range and Habitats of Mammals Captured

The three species of rodents collected in this study each have

relatively limited home ranges. The white-footed mouse (Peromyscus sp.)
has a home range of 1/2 to 1-1/2 acres, while that of the meadow vole

(Microtus pennsylvanicus) is 1/10 to 1 acre (Burt and Grossenheider, 1964).

The home range of the house mouse (Mus musculus) is generally less than 1/5

acre (Jackson, 1961). Although the home range of raccoons (Procyon lotor) is

usually less than 1 mile across, the young of the year may travel many miles
from their place of birth.

Both the white;footed mouse and the meadow vole feed primarily on
seeds, nuts, and insects, and the latter will also eat bark and grasses. Both
the house mouse and raccoon are considered omnivorous {Burt and Grossenheider,
1964).

The home ranges indicate that the three rodent species collected
were permanent residents of very leccalized areas of the plant site and

’
obtained all their food within these limited territories. However, the

raccoon's presence on the site may have been transient, and it may have

obtained food from a varlety of sources, both on and off the plant site.

[51
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Environmental contaminants, if present on the site and if biocaccumu-
lative, would likely be reflected as a constituent of the tissues of the
resident rodent and earthworm populations. This would be true to a lesser

extent for the farther ranging raccoons.

2.2 RESULTS

The trapping program yielded a single young raccoon and 12 small
rodents == one white~footed mouse, two meadow voles, and nine house mice
(Figure 2-1). In addition, a composite sample of earthworms was collected
from an area near the northwestern corner of the dredge pond.

Results of tissue analyses are presented in Table 2-], Analytical
methodologies employed are jdentified in Appendix C. No tracé of allyl
chloride, PHT4 (tetrabromophthalic anhydride), tris [tris (2,3-dibromopropyl)
phosphate], CCl4 (carbon tetrachloride), DMAE (dimethyl aminoethanol),
or EDTA (ethylene diamine tetracetic acid) was detected in any of the tissue
samples. Only a trace (0.70 ppm, wet weight; 1.89 ppm, dry weight) of HBB
{hexabromobenzene) was found in one mouse (Peromyscus sp.).

PBB (polybrominated biphenyl) was detected in tissues from every
animal. Tissue concentrations ranged from 0.15 to 17.14 ppm, wet weight (0.52
toe 61.21 ppm, dry weight) in the rodents and 0.17 ppm, wet weight (0.74 ppm,
dry weight) and 1.12 ppm, wet weight (3.39 ppm, dry weight) for the raccoon
and earthworms, respectively., The mean concentration [i Standard Deviation
(s.D.)] of PBB in the nine house mouse specimens was 4.92 + 5.14 ppm, wet
weight (16.39 + 18.85 ppm, dry weight).

Chromium values ranged from less than 0.25 to 1.0 ppm, wet weight

{(less than 0.55 to 3.45 ppm, dry weight) in mouse tissue and less than

(6]
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0.22 ppm, wet weight (less than 0.96 ppm, dry weight) and 1.0 ppm, wet weight
(3.03 ppm, dry weight) in the raccoon and earthworm tissue, respectively. The
nine house mice had a mean concentration (+ S.D.) of less than 0.46 + 0.31
ppn, wet weight (less than 1.48 %+ 1.03 ppm, dry weight).

Analytical values reported for copper in the rodent species ranged
from 1.6 to 6.7 ppn, wet weight (5.1 to 23.1 ppm, dry weight)}. Copper concen~
trations in the raccoon and earthworms were 1.6 ppm, wet weight (7.0 ppm, dry
weight) and 3.3 ppm, wet weight (10.0 ppm, dry weight), respectively. The
house mouse specimens had a mean concentration (+ S.D.) of 3.7 + 1.3 ppm, wet
weight (11.8 + 5.1 ppm, dry weight).

The mean concentration {+ S5.D.) of zine in tissues of the house mice
was 32 + 6 ppm, wet weight (102 + 29 ppm, dry weight), while the range for all
mammals was 23 to 44 ppum, wet weight (51 to 152 ppm, dry weight). In the
raccoon tissue concentration was 34 ppm, wet weight (148 ppm, dry weight).
However, the value determined for zinc in the composite earthworm sample was
much higher: 160 ppm, wet weight (485 ppm, dry weight).

With a tissue concentration of 9.0 ppm, wet weight (27.3 ppm, dry
weight), earthworms also exhibited the highest concentration of lead. In
raccoon tissue, lead was reported in a concentration of less than 0.5 ppm, wet
weight (less than 2.2 ppm, dry weight). The mean lead value (+ S.D.) reported
from the house mouse specimens was 1.8 + 1.2 ppm, wet weight (5.5 + 3.4 ppm,
dry weight), while the range for all mice was less than 0.5 to 4.4 ppm, wet
weight (less than 1.4 to 14.2 ppm, dry weight).

In rodent tissue, magnesium levels ranged from 290 to 990 ppm, wet
weight (607 to 3,536 ppm, dry weight), while the mean value (+ S.D.) for house

mouse specimens was 427 + 98 ppm, wet weight (1,364 + 386 ppm, dry weight).

(7}
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The raccoon and earthworms had concentrations of 150 ppm, wet weight (652 ppm,

dry weight) and 540 ppm, wet weight (1,636 ppm, dry weight), respectively.

2.3 DISCUSSION

2.3.1 Hexabromobenzene (HBB)

Acute oral and dermal lethal doses for 50 percent of the exposed
population (LDSO) of hexabromobenzene (HBB) determined for experimental
mammals were 2.15 to 4.64 gm/kg of body weight and greater than 10.0 gn/kg of
body weight, respectively (Root, 1978); therefore, it is not considered highly
toxic. HBB was found in trace amounts in the body tissue of only one specimen
of white~footed mouse collected from the plant sgite, It appears that HBB

contamination of on-site fauna is relatively insignificant.

2.3.2 Polybrominated Biphenyl (PBB)

The Michigan Department of Natural Resources (DNR) analyzed muscle
tissue from five raccoons and one muskrat collected near the Pine River
downstream from St. Louis and found polybrominated biphenyl (PBB) in all
samples in concentrations ranging from 0.470 to 1.600 ppm, wet weight, in the
raccoons and 0.430 ppm, wet weight, in the muskrat (Table 2-2) (Shauver,
1978). These values are higher than the PBB concentration found in the
raccoon collected on-site during this investigation, but are very similar to
many of the values reported for the mice and voles.

Several groups of rats 1in a study by Harris, Cecil, and Bitman

(1978) that were fed PBB (fireMaster BP-6) mixed with food at 50 to 200 ppm

[8]
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concentrations for 10 weeks accumulated PBB concentrations in the liver and
abdominal fat ranging from 55 to 295 ppm, dry weight, and 864 to 3,574 ppm,
dry weight {(lipid), respectively. Kimbrough, Burse, and Liddle (1978) fed
rats a single dose of PBB (fireMaster FF-1) at 1,000 mg/kg body weight. After
10- to l4-month recovery periods, the ranges of mean PBB concentrations in the
liver and adipose tissues of these animals were 22 to 63.2 ppm, wet weight and
713.6 to 1,201.7 ppm, wet weight, respectively. These data must be viewed
with cautioﬁ when compared to those obtained from the animals collected
recently on the plant site, since the recent data were determined from whole
animal samples while the work presented in the above studies concerns two
tissue types, liver and fat, of which the latter has been shown to concentrate
PBB (Matthews, et al., 1977).

Also, it is interesting to note that even the control animals in the
studies of both Harris, Cecil, and Bitman (1978) and Kimbrough, Burse, and
Liddle (1978) often had detectable levels of PBB in their tissue even though
they had never been administered the chemical., Highest PBB concentrations in
the control animals were 31 ppm, dry weight {(lipid) and 0.73 ppm, wet weight,
respectively,

All the animals collected on site were found to have PBB concentra—-
tions of various levels in their tissues. Highest levels were found in two
mice; one (17.14 ppm, wet weight; 61.21 ppm, dry weight) was collected from an
area that received surface water runoff from the waste drum storage area where
PBB containers were occasionally stored, and the other (7.69 ppm, wet weight;
27.46 ppm, dry weight) was collected adjacent to that section of the plant
where PBBs were once manufactured. The above studies indicate that some of

the animals collected from the plant site had PBB tissue levels higher than

(9]
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those reported by the DNR for animals collected off the site, and that the
most probable route of contamination is oral through ingestion of soil

particles during activities such as feeding, burrowing, and grooming.

2.3.3 Chromium

Studies by Beardsley, et al, (1978) in Great Britain found the

median chromium concentration in fileld vole (Microtus agrestls) carcasses

(liver, kidney, brain, and femur removed) collected from a sewage spray field
to be 5 ppm, dry weight. Lower median concentratioms, 3 and 4 ppm, dry
weight, were reported for voles collected from two contrcl areas. Separate
analyses of liver, kidney, brain, and femur tissue in both the control and
experimental groups found chromjum in even lower median concentrations than
those reported for carcass analyses.

Laboratory mice fed chromium in their daily diet developed a mean
concentration of this metal in major organs (kidney, liver, spleen, heart, and
lung) of 1.26 ppm, dry weight (Schroeder, et al., 1964). DMean concentration
of the control group was 0.37 ppm, dry weight.

These data suggest that the chromium levels recorded for animals
collected from the Velsicol plant site, and the redents in particular, are
levels that might be found in chemically uncontaminated individuals. The
results of the current investigation indicate no apparent distributional

pattern of chromium in mammals around the plant site.

2.3.4 Copper

Copper in field voles (M., agrestis) in the experimental group

examined by Beardsley, et al. (1978) had median dry weight concentrations

4

(10]
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of 7 and 11 ppm. In British wheat fields treated with dieldrin and mercury,
Jeffries and French (1976) found copper levels in long-tailed field mice

(Apodemus sylvaticus) to range from 2.8 to 5.5 ppm, wet weight (x + S.D.

= 4.0 + 0.96). A single specimen of a bank vole (Clethrionomys glareolus)
from the same fields was found to have a wet weight tissue concentration of

copper of 4.3 ppm. Deer mice (Peromyscus maniculatus) and short-tailed shrews

(Blarina brevicauda) collected from the Hubbard Brook Experimental Forest in

New Hampshire by Schlesinger and Potter (1974) had mean wet weight copper
concentrations of 3.2 + 0.16 (§.D.) and 2.9 + 0.92 (S.D.) ppm, respectively.

The data presented in the above studies compare favorably with the
results of recent tissue analyses from the Velsicol plant site and indicate
that the copper concentrations in these animal tissues probably reflect
typical background levels, particularly for the small mammal species. Also,
there is no indication of significant distributional patterns of copper in

on—site mammals.

2,3.5 Lead

The composite sample of earthworms had a much higher level of lead
than the mammals, a condition that is not unexpected since earthworms have
been shown to reflect lead levels in soils (Ireland and Wooton, 1976).
Relatively high so0il lead concentrations were found on the plant site at
various locations {Appendix B).

Van Hook (1974) found lead in a mean concentration of 4.7 ppm, dry
weight, in earthworm tissue collected from uncontaminated soils in Tennessee
that contained a mean dry weight concentration of 27 ppm. Investigations by

Gish and Christensen {1973) have found that earthworms collected from solls

(11]



P

~NO oo O | ‘4@0\0'(

with a 14.3 ppm mean dry weight lead concentration in the Patuxent Wildlife
Research Center in Maryland had a meén lead concentration of 12.0 ppm, dry
weight. In the same study, the investigators found mean lead values in soils
and earthworms collected near two highways to range from 34.9 to 700.0 ppm,
dry weight and 38.5 to 331.4 ppm, dry weight, respectively. Goldsmith and
Scanlon (1977) found the lead content of composite earthworm samples from
Virginia solls adjacent to roadways to range from 8.51 to 51.01 ppm, dry
weight.

Lead concentrations in earthworm tissue at the Velsicol plant site
approach the lower values reported by Gish and Christensen (1973) and fall
within the range of values presented by Goldsmith and Scanlom (1977) for soils
near highways. However, the lead values recorded from the Velsicol plant site
may have been influenced, to some degree, by the ingested soil in the gut of
the worms which, depending on the lead content of this material, may have
magnified these results.

Lead concentrations in small mammals collected from sites of
metallic mines in Great Britain have been compared by Roberts, et al. (1978)
to uncontaminated control areas. Mean lead concentrations in the body tissues
of field mice (A. sylvaticus), field voles (M. agrestis), and bank voles
(C. glareolus) collected from two control sites were 0.92 and 1.16, 2.76 and
2.76, and 2.36 and 2.64 ppm, wet weight, respectively, and mean tissue
concentrations for all three species collected from contaminated sites ranged
from 13.9 to 45.3 ppm, wel weight,

Beardsley, et al, (1978) found median lead levels in body tissues of
the field voles (M. agrestis) to be 3 and 6 ppm, dry weight, in two control
groups. A third group of voles collected from a population inhabiting a

sewage spray field had a median concentration of 12 ppm, dry weight.

f12]
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Like earthworm studies, many studies regarding lead levels in
small mammals have been directed at rodent populations adjacent to highways.
Comparing tissue levels of lead between population of the field mouse
(A. sylvaticus), field vole (M. agrestis), and bank vole (C. glareolus) living
near roads with varying traffic densities, Jefferies and French (1972) found
the mean wet welght concentration to range as high as 2.26 ppm, wet weight, in
animals closest to the most heavily traveled road. Mean concentrations from
populations collected in control areas were only 1.32 ppm, wet weight,

A similar study in Illinois by Getz, et al. (1977) found mean lead

levels in the body tissues of deer mouse (P. maniculatus), prairie vole

(Microtus ochrogaster), and house mouse (Mus musculus) collected mear roads of

varying traffic densities to range from 2.4 to 5.5, 2.6 to 8,1, and 3.4 to
6.9 ppm, dry weight, respectively. Lead concentrations for the control
specimens collected in this study were 2.8, 3.3, and 4,6 ppm, dry weight,
respectively.

In Virginia, Quarles, et al. (1974) found mean lead levels in

specimens of meadow voles (Microtus pennsylvanicus), white-footed mice

(Peromyscus leucopus), and short-tailed shrews (B. brevicauda) to be highest

in tissues from populations nearest a major highway (16.3, 6.8, and 22.7
ppm, dry weight, respectively). Concentrations reported for control groups
ware 4.9, 2,6, and 5.4 ppm, dry weight, respectively.

The above data suggest that the concentrations of lead in the
various mammal species captured at the Velsicol plant site are not abnormally
high. No apparent distributional pattern on the plant site i1s indicated by

the study data.

[13]
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2.3.6 EE

Jefferies and French (1976) reported a mean zinc concentration in
long-tailed field mice (A. sylvaticus) captured from a dieldrin/mercury
treated fileld of 33.5 + 8.95 (S.D.) ppm, wet weight. In the same study, a
similar concentration (36.9 ppm, wet weight) was detected in a single specimen
of bank vole (C. glareolus).

Beardsley, et al. (1978) found the median concentrations of zinc in
field vole (M. agrestis) tissue samples collected from two control populations
and from a third population resident in a sewage spray field to be 117, 101,
and 174 ppm, dry weight, respectively.

The concentration of zinc detected in the tissues of all the mammals
collected from the Velsicol plant site are relatively similar, reveal no
apparent distributional pattern, and, as suggested by the above data, do not
appear to be abnormally high.

The earthworms sampled collected on the Velsicol plant site had a
much higher concentration of 2zinc than any of the mammal samples collected
there. Although it is possible for zinc contamination of soils contained in
the digestive tracts of the earthworms to contribute to these results, the
high concentration reported for the earthworm tissue was enhanced by the
phenomenon of bicaccumulation which has been demonstrated by Van Hook (1974).
In his work in Tennessee, Van Hook found mean zinc¢ concentrations in earthworm
tissues of 317 ppm, dry weight, collected from soills within a naturally
occurring mean zinc concentration of 43 ppm, dry weight.

Studies by Gish and Christensen (1973) found zinc levels in earth-

worm tissues as high as 670 ppam, dry weight collected adjacent to Maryland

[14]
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highways. The contrel group collected from isolated fields had a concen-
tration of 223.8 ppm, dry weight.

Ireland and Wooten (1976) investigated zinc contamination in soils
and earthworms from a lead/zinc mine in Great Britain. Levels of zinc in
earthworms from these contaminated soils ranged from 450 to more than 800
ppm, dry weight. All control groups examined had concentrations of less than
150 ppm, dry weight.

It can be concluded with regard to the above data that the earth-
worms collected from the Velsicol plant site had higher zinc tissue levels
than what would be expected for noncontaminated areas. Zinc levels in
earthworms collected from the plant site, although not as high as zinc concen-
trations in worms from soils near highways, were within the lower range of

zinc values reported for worms from soilils near metal mines.

2.3.7 Magnesium

- Magnesium 1is an essential element 1in animal nutrition, a common
constituent of mammalian tissues, and found most abundantly in bone (Scott,
1972). Data presented in Bowen (1966} indicate that the average magnesium
concentration in wammal tissue is 1,000 ppm, dry weight. In his study, it was
found that the concentrations ranged from 150 to 640 ppm, dry weight for
various organs, and the level reported for bone was 1,700 ppm, dry weight.

Generally, magnesium concentrations found in the mammals collected
on site appear to be somewhat above levels that might be expected from uncon-
taminated populations. However, two of the three mice having highest magne-

sium concentrations were collected from habitats adjacent to the kilns and the
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hydrotreater pit. Although specimens were washed before processing, dust of
magnesium compounds, which i{s very abundant in these areas, may have adhered
to the skin and fur of these animals and influenced analytical results,

The concentration of magnesium in the earthworm tissues does not
seem to be particularly high in regard to the much higher levels often found

in site soil samples.

(16]
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3.0 GEOLOGIC AND HYDROGEOLOGIC INVESTIGATION

3.1 SCOPE OF WORK

This investigation was conducted in two overlapping phases. Phase 1
was basically designed as an environmental assessment of the entire plant
site. At the close of the field work involved in Phase I, the data collected
were analyzed and it was determined that additional sampling in certain areas
of the plant would be helpful. Also at that time, an assessment of the
integrity of the dredge pond was added to the scope of work. Phase II
included both’ this additional sampling and the study of the integrity of
the dredge pond. Analytical methodologles employed are identified in

Appendix C. Both phases are described in detail in the following paragraphs.

3.1.1 Phase 1

A literature search was conducted by visiting state and federal
agencies to obtain gechydrologic data on the region, area, and the site.
A brief visit was also made to the site to obtain any additional and pertinent
data in Velsicol's files. These data were compiled, tabulated, and assessed
for guidance in other data collection activities and inclusion in the final
report.

A site reconnaissance was conducted to gain familiarity with the
site, to select locations of borings, and to discuss procedures with the
drilling contractor, Locations were selected based on the geography of the
site and on the proximity to suspected areas of potential ground-water

contamination. Ten borings were completed at nine locations that are shown on
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Figure 3-1, Stearns Drilling Company of Dutton, Michigan was retained as a
subcontractor to Dames & Moore to provide on—-site drilling services,

The first-phase borings were drilled and sampled using the methods
described in Appendix D. Selected samples were subjected to physical identi-
fication and testigg for grain—size distribution. Selected scil samples were
also used for chemi;;1 testing to determine the presence and concentration of
contaminants (Table 3~1).

Piezometers (small-diameter wells), constructed of 5.08-centimeter
(2-inch), galvanized iron pipe and steel well points, were installed in the
borings and packed with gravel around the well points. The remainder of the
annulus between the well pipe and the boring wall above the wall points was
grouted with concrete. Figure 3-2 shows a typical pilezometer installation.
Appendix E lists pertinent information concerning pilezometer construction,
The piezometers were developed and falling head tests conducted to determine
the aquifer or aquiclude permeability. Ground-water samples were collected
from the piezometers for laboratory analyses to determine the presence and
concentrations of certain constituents (Table 3-1). The plezometers were also
used to measure ground-water levels,

Shallow soil samples were collected from land surface to a depth of
0.3 to 0.6 meter (1 to 2 feet) at 15 locations on the plant site (Figure 3=3).
The soil samples were visually described, and selected samples were subjected
to chemical testing.

Office analyses, using the field data generated and existing
records, included the assessment of the direction of ground-water movement and
calculations of rate of ground-water movement based on the potentiometric

gradient, porosity, and permeability. A map showing the elevation of the
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underlying clay till confining unit was constructed (Figure 3-4). Calcula-
tions were made to assess the transport of contaminants, if any, to nearby
wells and the Pine River.

Analysis of the data gathered during Phase I and concern expressed
to Velsicol by the Michigan DNR about the integrity of the dredge pond on the

south end of the plant site led to the formulation and completion of Phase II.

3.1.2 Phase 11

In order to augment the data collected in Phase I, 20 additiomal
soil samples were collected from 16 locations on the plant site (Figure 3-1).
Also, additional ground-water samples were collected from six of the ten
Phase I piezometers. These soll and water samples were analyzed for selected
chemical parameters (Table 3-2). Many of the parameters included in Phase I
were eliminated on the basis of concentrations found in the first phase.

In order to determine the integrity of the dredge pond, seven
additional borings were drilled at six locations in and around the pond
(Figure 3-1). Pilezometers were installed, developed, and falling head tests
run in each of these borings. Water samples taken from the plezometers and
two soil samples taken from the boring located in the center of the pond
{DP~6) were analyzed for selected chemical parameters (Table 3-2). These
plezometers were also used to monitor water levels in the pond and embank-
ments. Shallow backhoe pits were dug at the interface between the pond
surface and the embankment; however, the instability of these observation pits

prevented close examination or sampling of the dike materials.
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3.2 SITE GEQLOGICAL CONDITIONS

The topography and drainage patterns of the St. Louis area are
the result of geologlc processes assoclated with the retreat of the last
continental ice sheet that at one time covered the entire state of Michigan.
The plant site is located in a topographic low cut by the Pine River through a
north-south trending belt of morainal hills.

The bedrock formations underlying the St. Louls area consist of
sediments deposited in extensive inland seas that covered Michigan during the
Paleozoic era between 500 and 200 wmillion years ago. Deformation, subsidence,
and compaction that occurred contemporaneousiy with the sedimentation produced
a bowl=shaped structure known as the Michigan Basin. When these sediments
were lithified, limestones, dolomites, shales, and sandstones were formed,
which are commonly interbedded with evaporite deposits such as rock salt and
gypsum.

The time interval following the Paleozoic era was characterized
principally by erosion. During this time, an extensive drainage pattern was
cut in the bedrock surface.

During the Pleistocene glacial epoch, a thick mantle of glacial
drift was deposited on this eroded bedrock surface. This drift is approxi-
mately 91.4 meters (300 feet) thick in the St. Louis area and consists of
lacustrine deposits, outwash, and till. The generalized columnar section in
Table 3-3 illustrates the lithology and water-bearing properties of the
glacial drift material as well as that of the bedrock units present beneath

the site.
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For the purposes of this study, the deposits present within approxi-
mately 9.1 meters (30 feet) of the suyrface are of particular interest. These

deposits are described in detail in the following section.

3.2.1 Near-Surface Stratigraphy of the Velsicol Plant Site

The near-~surface stratigraphy of the plant site is quite complex.
This is primarily due to the many different industrial and construction
activities that have taken place on the site over the past 100 years.
The materials present in the upper 9.1 meters (30 feet) of the plant site
include miscellaneous fill, alluvial sands, marsh deposits, lacustrine silts
and clays, and clayey glacial till. The general area and vertical distribu-
tion of these materials are illustrated on the cross sections on Figures 3-5,
3-6, and 3~7. Appendix F contains the boring logs for the 17 borings com—

pleted for this study (Figure 3-1).

Miscellaneous Fill - The upper 0.6l to 6.1 meters (2 to 20 feet) of

material at the plant site generally consists of fill that is highly variable
in composition, both vertically and areally. The f£1ll material includes
relatively clean sands, cinders, bricks, mixtures of sawdust and small pieces

of lumber, and other miscellaneous refuse.

Alluvial Sands - Sands of probable alluvial origin were penetrated

in 12 of the 17 borings drilled for this study. These sands vary from 0.61 to

5.5 meters (2 to 18 feet) in thickness and are generally well sorted.

Marsh Deposits - Deposits indicative of a marsh environment were

penetrated in one boring completed for this study and were reported in three
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of the borings completed during soils exploration completed earlier by the
Michigan Drilling Coumpany. All these borings were located in the northwest
portion of the site within 76.2 meters (250 feet) of the Pine River. These
deposits consist primarily of a layer of pear from 0.91 to 1.5 meters (3 to 5

feet) thick.

Lacustrine Silts and Clays - A 0.91 to 1.2 meter (3 to 4 foot)

thick layer of silty clay over— and underlain by sands was penetrated in
five borings in the southern half of the plant site. This deposit contains
little, if any, coarse material and is indicative of deposition in a low-

energy environment such as a lake or pond.

Clayey Glacial Till - A hard, gray, clayey silt with a trace of fine

gravel was penetrated at depths ranging from 1.5 to 6.4 meters (5 to 21
feet) in each of the borings completed for this study. Each of the borings
was completed in this unit. Occasional thin [0.3 meter (1 foot) or less]
lenses of fine to medium sand were found at various depths within this clayey

till.

3.3 SITE GEQOHYDROLOGY

The bedrock formations which underlie the Velsicol plant site
generally yileld only moderate supplies of water that are typically highly
mineralized. Some of the deeper formations are used as sources of brine for
the chemical industry in central lower Michigan. As illustrated in Table 3-3,
the outwash portion of the glacial drift is the best source of fresh ground
water in the vicinity of the plant site. Examination of drillers' well logs

(Appendix G) from an area within approximately 1.6 kilometers (]l mile) of the
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site reveals the existence of relatively thin [3 to 9 meter (10 to 30 foot)]
lenses of sand or sand and gravel capable of yielding reliable supplies of
fresh water to small-diameter, domestic wells. These lenses occur within or
between thick layers of till which consist of relatively impermeable clayey
silt with a trace of sand and gravel. The presence of these thick clayey
till deposits beneath the entire site makes the downward migration of any
contaminants extremely unlikely. Therefore, only the geohydrology of the
near-surface materials will be described in detail.

As mentioned in the preceding section, the surficial deposits in the
immediate vicinity of the Velsicol plant site consist of variable thicknesses
of fi1l material and alluvial sands. These deposits are underlain by a clayey
glacial till that appears to constitute the lower boundary of an unconfined,
perched, ground-water flow system. Due to the impervious nature of the till,
any contamination of the ground water is expected to be contained in this
thin, perched aquifer system.

Water levels in this perched system were obtained from the 17
plezometers installed on the plant site for this study (Table 3-4). This
information was used to construct a general potentiometric map of the site
(Figure 3-8). The ground-water gradient represented on this map indicates
that the direction of flow is toward the Pine River, The gradient is
generally quite gentle, ranging from 0.005 to 0.02 over most of the plant
site. On the interilor surfaces of the embankments which surround the dredge
pond, a thin layer of clayey silt applied in construction and the fines
contained in the dredged material have combined to establish interior surfaces
having relatively low permeability. This condition has created a ground-
water mound in the pond itself as well as 1n the area in and around the

calcium chloride tank farm. Gradients of 0.10 to 0.50 may exist in this area.
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The permeability of the various soil and f£ill materials at the plant
site were evaluated using falling head permeability tests in the pilezometers.

Also, permeability calculations were made using the Hazen aﬁé&oximatioﬁ that
relates the grain size of granular material to its perQ;;g;iiéy (Hazen, 1911).
The results of the tests and calculations are presented in Tables 3=5 and 3~6.

The median of the permeability values calculated using the falling
head test is 5.2x10.-5 cm/sec [1.1 gallons per day per foot squared (gpd/ftz)].
This result should be indicative of the permeability of the sand and fill
material on the site., However, it is believed that the values obtained from
the falling head tests are misleadingly low due to the partial plugging of the
screened intervals with silt, The permeabilities calculated using the Hazen
approximation are believed tc represent a more realistic value for the sand
and f1ll material. This method results in a range of permeabilities from
41{10-5 to E:xlO-2 cm/sec (0.8 to 1,270 gpd/ftz) with a median value of 2x10-3
em/sec (42 gpd/ftz).

For the clayey till waterial, the Hazen permeability approximation
results in a range of 4){10-.6 to 3x10-4 cem/sec (0.08 to 6.4 gpd/ftz) with a
median of 4x10_5 cm/sec (0.8 gpd/ftz). Norris (1961) tabulated permeability
values for 37 samples of clay-rich till deposited by continental glaciers.
The permeabilities ranged from 1.6::10"'8 to 40.8:&410'“5 em/sec (0.0003 to 1,0
gpd/ftz) with an average of 2.11«:10”6 en/sec (0.04 gpd/ftz).

The quantity of ground water being discharged to the Pine River

adjacent to the plant site can be calculated using the following equation:

Q = KIa (EX 3-1)
where Q = total ground water discharge;
K = permeability of the aquifer;
I = hydraulic gradient; and
A = area of discharge to the river.
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Using the median permeability for the sand and £ill of 2x10'-3

cm/sec (42 gpd/ftz), an average gradient for the entire site of 0.02, and a
cross~sectional area of 2,284 square meters (24,590 square feet), the total

discharge equals 0.91 liter per second (21,000 gallons per day).

3.4 DREDGE POND INTEGRITY

The dredge pond was constructed in the early 1970s to contain
material dredged from the Pine River in the vicinity of the plant site. The
pond was constructed using material present on the site. The sand and fill
present at the surface was pushed up into berms forming the outer portion of
the embankment. Excavation of material continued through the sand and fill
and into the clayey till which was lapped up on the interior of the embankment
in an effort to minimize the movement of water from the pond. Fines contained
in the dredged material were expected to further seal the pond, and this
material was then emplaced as a slurry from a single pipe at the north
end of the pond.

This brief summary of the pond construction history was compiled
primarily from personal communication with Velsicol employees and the local
contractor who built the pond. Details such as the continuity and thickness
of the till liner were impossible to verify. Borings on the embankments did
show that the outer portion was composed of sand and sandy fill material. An
attempt to visually verify the existence of the till liner using backhoe
trenches at two locations failed due to the instability of the material
forming the observation pit walls and limited depth that could be reached. A
layer of fine-grained clayey silt was observed to a depth of 3.0 to 3.7 meters

(10 to 12 feet) below the top of the embankment, but this 1s still at least
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3.0 meters (10 feet) above the pond bottom. Figures 3-9 and 3-10 show
generalized cross sections of the dredge pond.

The water-level measurements from pilezometers in and around the pond
provide indirect evidence of the coatinuity of the till liner. As indicated
on the general potentiometric map, a substantial drop in head occurs from the
material in the pond to the sandy outer portion of the north, west, and south
embankments. This suggests the existence of a less permeable layer in the
embankments.

The total quantity of ground water discharged from the vicinity of
the dredge pond can be calculated using the same equation mentioned earlier,
Q = KIA. This dredge pond area includes the dredge pond, the calcium chloride
tank farm containment area, the truck staging and washing area, and the
southwestern portion of the waste drum storage area. If the high gradient
from the interior of the pond and the calcium chloride tank farm containment
area to the river is used in this equation, some assumptions about the
existence, thickness, and permeability of the till layer on the inside of the
embankments of the pond must be made. To circumvent the error inherent in
these assumptions, the total discharge can be calculated using the gradient
from the sandy exterior of the north, west, and south embankments to the
river. The permeability of 2:»&10“-3 cm/sec (42 gpd/ftz) for the sand and fill
material can be used with an average gradient of 0.04 and a cross-sectional
area of 819 square meters (8,820 ftz). This yields a total discharge from the
pond area of 0.66 liter/sec (15,000 gal/day), which equals approximately 70
percent of the total flow from the plant site to the river.

The general integrity of the pond appears to be good, as shown by

the large drop in the water levels from the interior of the pond to the sandy
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portion of the embankments. Impeded movement of water from the pond due to a
seal of low permeability created by the thin, clayey till layer and the
fine—grained dredged materials could account for this drop. Even with this
large difference in water level from the pond to the embankments, the gradient
from the embankments to the Pine River is considerably higher than that for
the remainder of the plant site. This can be explained by the probable flow
of ground water mounded in the area of the calcium chloride storage tanks
through the sandy portions of the embankments to the river. This flow around
the pond through the pond embankments is further supported by the high
chloride content of the water samples collected from the calcium chloride tank
farm and embankment piezometers. These results suggest a hydraulic connection

between these plezometers.
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4.0 GROUND-WATER AND SOIL CHEMISTRY

4,1 GROUND-WATER CHEMISTRY

Cround-water samples were taken from 15 of the 17 plezometers. Two
of the piezometers, DM8 (deep) and DP2 {(shallow), did not yleld enough water
to make up a sample. Piezometer DM3 did not yield enough water to make up a
sample during Phase 1 but was sampled during Phase II and analyzed for an
abbreviated list of parameters based on the results of the Phase I analyses.
Table 3-1 lists the parameters for which analyses were made during Phase I,
and Table 3=2 lists the parameters for Phase II. 1In addition to the above
samples, the ground water used as the plant water supply was also analyzed.
This water was used to make up the drilling fluid and the results of the
analysis were included in the statistics of the ground-water chemical
analyses.

Table 4-1 summarizes the ground-water chemical analyses. The
parameters listed reflect plant site activities which have occurred over the
years. Allyl chloride, EDTA, hexabromobenzene, PHT4, and tris, raw materials
which were used in product formulation or chemical products which were formu-
lated over the years, were "not detectable” in the ground water. However,
ammonia is present in the brines ugsed, as are chlorides and magnesium.

It was found that, in general, a log-normal distribution more
accurately defined the variability of parameter concentrations than did
the traditional normal distribution. As a result, the geometric mean and
geometric standard deviations were calculated for each parameter and are

listed in Table 4-1.
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Ammonia concentrations in the ground water ranged from 0.14 to
53 mg/l and had a geometric mean of 4.7 mg/l. Concentrations of chlorides
ranged from 82 to 82,000 mg/l with a geometric mean of 5,800 mg/l, while the
ground-water concentrations of magnesium ranged from 26 to 570 mg/l with a
geometric mean of 220 mg/l. The highest concentrations of ammonia and
chloride were found in the water samples taken from piezometer DM8, while the
highest Eoncentration of magnesium was found in the water from DM6. Both DM8
and DM6 are located in the waste drum storage area,

Nitrate is an oxidation product of ammonia, and sulfates are
probably due to the use of sulfuric acid in product formulation and due to the
high quantity of sulfate in the plant water. The concentrations of nitrate
ranged from less than 0.0] to 0.}l mg/l with a geometric mean of 0.021 =mg/l.
The sulfates had a geometric mean of 150 mg/l and a range of 3 to 2,400 mg/l.
All the nitrate concentrations were well below the drinking water standard of
10 mg/l. The highest sulfate concentration was found in the plant water, with
the highest concentration found in a piezometer water sample being 650 mg/l
from DM6.

Chromium and lead concentrations probably reflect the use of stain-
less steel fixtures and lead pipe plumbing, respectively, The geometric mean
of chromium was 0.087 mg/l and chromium concentrations ranged from 0.060 to
0.14 mg/l. The highest chromiuﬁ concentrations were found at DM7 and DM9.
The water sample from DMY also contained the highest concentrations of lead,
zinc, and copper. Ranges of concentrations for lead, zinc, and copper are
0.015 to 8.1 mg/l, 0.040 to 1,000 mg/l, and 0.035 to 9.0 mg/l, respectively.
The geometric means were 0.26 mg/l, 26 mg/l, and 0.25 mg/l, respectively.
Zinec levels result from the use of zinc bromide and zinc oxide, and copper

reflects the earlier use of ion exchange facilities.

[29)



~N~Oo Il nMOoOoO "-II.DG\OD—(

The remaining parameters listed are also used in product formulation

as shown below:

PARAMETER PRODUCT
Carbon Tetrachloride Bromotrichloralmethane
DMAE Dimethylaminoethylchloride
Hydrochloride
PBB fireMaster BP-6
Phencl Tribromophenol

Carbon tetrachloride, DMAE, sand PEB occurred only occasionally in
the samples analyzed, and then only in trace amounts. Carbon tetrachloride
concentrations ranged from less than 0.0l to 0.08 mg/l with the highest
concentration being found at DM6. DMAE was found only in the water from
plezometer DM5. The highest concentration recorded was for the Phase 11
sample taken at this station. This value was less than 500 mg/l and reflects
interference in the analytical procedure. The Phase I1 sampling was done to
verify the 20 mg/l concentration recorded for the Phase I sample. PBB concen-
trations were found at DM5 and DM8 during the Phase 1 sampling. Their
presence there was verified during the Phase II sampling. In addition, trace
PBB values were found in all the DP-series water samples. The PBB concen-
tration ranged from less than 10-5 to 0.0013 mg/l. For both phases, the
highest PBB values were recorded at DM8 (1.3x10-4 and 0.0013 mg/l) while the
second highest values were recorded at DM5 (2x10-5 and 3.5x10_4 mg/l).
Phenols were found in all ground-water samples and ranged from 0.004 to 1.2
mg/l‘yith a geometric mean of 0.029 mg/l. The highest phenol concentration
was found at DM9.

While the ground-water quality of the site would not meet drinking

water standards (U.S. Public Health Service, 1962; U.S, EPA, 1976a), the
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effect of ground-water seepage from the plant site would result in little, 1if
any, change in concentrations of water constituents, the criteria for which,
if not exceeded, are expected to result in an aquatic ecosystem suiltable for
the higher uses of water as outlined by the U.S. EPA (1976b).

This small amount of change can be shown by predicting the down-—
stream concentrations for each parameter using the geometric mean of the
recorded concentrations, the approximate ground water contribution to the
river, the 30-day low flow of the Pine River, and the assumption that the
concentration of each parameter In the river water 1s zero. Complete mixing
1s also assumed. biﬁ by 44

The approximate ground-water flow toc the river is 0.0009 m3/sec
(0.03 efs). The flow of the Pine River was chosen to be the 30-day low flow
of 1.2 m3/sec (42 cfs). This was chosen because it was the flow used by the
Michigan DNR to develop the discharge standards for the plant permit (1971).

Table 4-~1 lists the predicted concentrations for the parameters
listed. These predictions provide an estimate of the effect of the consti-
tuents on the water quality of the receiving stream, As can be seen, this
effect would be minimal, This effect 1is minimized even more when one con-
siders that ;pproximately 70 percent of the total ground-water seepage
originates in the dredge pond area. The general ground-water quality in
this area 1is, in most cases, better than that of the rest of the plant site.
Therefore, the general water quality of the ground-water seepage into the Pine
River would probably be better than assumed above.

The water quality at each piezometer was ranked Iin order to
determine the order of the general water quality. Water samples from each
piezometer used in Phase I and the plant water source were ranked for each

parameter by giving the highest concentration a ranking of one and the lowest
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concentration a ranking of nine. If two concentrations were equal they were
given the same ranking. Once the concentrations were ranked, the number of
times a particular ranking occurred for each water sample was recorded. Each
ranking was given a value where the ranking of one would have a value of nine,
the ranking of two would have a value of eight, etc., The number of times a
particular ranking occurred for each water sample was then multiplied by 1its
appropriate value. The results were totaled to yield a number which was used
as an indicator of the general water quality. These general water quality
indicators are listed in Table 4~2, As can be seen, the water sample having
the best overall water quality is the plant water. The indicators for DMl and
DM2 seem to show that these samples are representative of the background water
quality lévels on the plant site. The two samples having the highest ranking
numbers (DM6é and DM8) are located in the waste drum storage area, and the
others are located in the main body of the plant. Upon reviewing the ground-
water ranking numbers in conjunction with individual parameter values, several
plezometers were found to have questionable concentrations of certain para-
meters, and these plezometers were resampled during Phase II. A summary of

these samples is presented below:

PHASE 1 PHASE II
CONCENTRATION  CONCENTRATION

SAMPLE _ PARAMETER (mg/1) (mg/1)
DMl CCla 0.03 0.0026
D5 PEB 0.00002 0.00035

DMAE 20 <500
DM6 CCl4 0.08 0.027

DM7 CClA 0.02 0.0016
DM8 PBB 0.00013 0.0013
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Values for carbon tetrachloride were significantly lower for the

Phase I1 samples., The existence of PBB in DM5 and DM8 samples was verified
and no evaluation could be made of DMAE wvalues because of %Esggﬁg;gggg in the 7
analytical methodology. é"””“’ O
There is little correlation between ground-water sawmples based on

chemistry, probably reflecting the processes of dilution, dispersion, and
sorption. This condition is reflected in the water quality data of DMS

and DM6. DM8 1s upgradient from DM6; thus, the ground water flows from DM8

- to DM6. A definite decrease in the concentrations of all parameters occurs at

DM6 with the exception of sulfate, magnesium, carbon tetrachloride, and

phenols.

The PBB concentrations in the ground-water samples reflect the
insolubility of this chemical (Jacobs, et al., 1976; Filonow, et al,, 1976;
Jacobs, et al., 1978). Ground-water PBB concentrations are listed in Table
4-3, Concentrations range from less than 0.0l to 1.3 ng/l and the geometric
mean is 0.12 ug/l. The highest concentrations were recorded at DM8, which is
located in the center of the waste drum storage area, No PBB was found in the
water from DM9, which is located next to the area in which PBB was handled in
product formulation. PBB was found in water from DM5, which is southwest of
the above area. Small amounts of PBB were also found in the ground water
sampled during Phase 11. The Phase II piezometers are located near the truck

washing area. In this area, truck exteriors were washed and this exterior
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road dust accumulated, in part, on site and may be a source of PBE in this

area.
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4.2 SOIL CHEMISTRY

Surface and subsurface soil samples were taken for chemical analy-
sis. In additicn to samples taken for this study, samples wefe previously
taken by personnel of both the Velsicol Chemical Corporation and the Michigan
DNR. A summary of the analytical results can be found in Table 4-4.

Soll samples taken for Phase I of this study were analyzed for the
parameters listed in Table 3=1 while the soil samples taken during Phase Il
were analyzed for the parameters listed in Table 3-2. A ;ummary of the
results of chemical amalyses for both surface soil and subsurface soil samples
are listed in Tables 4-5 and 4-6, respectively. Allyl chloride, EDTA, and
PHT4 were not found in any of the soil samples. Carbon tetrachloride was not
found in any of the surface soil samples, but was found in trace amounts in
some subsurface soil samples, The subsurface carbon tetrachloride concentra-
tions ranged from less than 0.03 to 0.06 mg/kg with a geometric mean of 0.02
wg/kg.

DMAE was not found in any of the borehole soil samples and was found
only occasionally in the standard surface and subsurface soil samples.

Concentrations ranged from less than 7.0 to 53 mg/kg with a geometric mean of

-—

3.9 mg/kg for surface soil samples and 4.5 mg/kg for subsurface soil samples,

The highest DMAE concentration was found in the subsurface sample taken at SS6
which is located in the waste drum storage area.

Hexabromobenzene 1s generally distributed in the samples collected.
The highest value of 56 wg/kg was measured at SS10. The geometric mean of the
hexabromobenzene concentrations was 2.4 mg/kg for surface soil samples and
0.10 mg/kg for subsurface samples. The coancentrations ranged from less than

0.02 to 58 mg/kg.
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PBB was also generally distributed in most of the soil samples
collected. PBB concentrations ranged from less than 0.02 to 53,000 mg/kg and
had geometric means of 7.9 and 0.13 wmg/kg for surface and subsurface soil
samples, respectively. Highest PBB values were recorded for the soil samples
taken at the waste drum storage area.

Concentrations of phenols were found inm all soil samples analyzed,
The surface and subsurface geometric means for soil samples were respectively
0.26 and 0.23 mg/kg. Phenol values in the soil ranged from less than 0.15 to
4,2 mg/kg. Borehole soil sample data indicates that phenol concentrations
were highest in the waste drum storage area; however, the highest phenol
concentration was recorded at SS10,

Tris concentrations were recorded from only one borehole soil sample
(DM6). Tris was recorded in less than 50 percent of the standard surface soil
samples, and only occasionally in the subsurface soil samples. Concentrations
ranged from less than 0.60 to 4,700 mg/kg and the geometric mean was 4.7 mg/kg
for the surface and 1.5 mg/kg for the subsurface samples. Highest tris values
were reported for those samples collected from the waste drum storage area.

Ammonia concentrations occurred in most soll samples. Concentra-
tions ranged from 2.5 to 390 mg/kg and the geometric means were 36 and 24

mg/kg for surface and subsurface soils, respectively. Highest concentration

LY

was reported for DM4 in the waste drum storage area,

Chlorides were found in all scil samples analyzed. Concentrations
ranged from 2.8 to 4,700 mg/kg. The highest chloride concentrations were
recorded from the area of the kilns and hydrotreater pit located in the
northwest portion of the plant site, The geocmetric means were 42 mg/kg for

surface soils and 100 mg/kg for subsurface soils.
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Similarly, highest magnesium concentrations occurred in the north-
west portion of the site in addition to high concentrations in the waste drum
storage area. Magnesium values ranged from 33 to 130,000 mg/kg and had
geometric means of 6,900 mg/kg in surface soils and 3,100 mg/kg in subsurface
soils.

Nitrate values were often below detection limits, Values for
nitrates ranged from less than 0.0l to 17 mg/kg and highest recorded were fron
DMl. However, other high values were also recorded from the soils from the
northwestern portion of the site. The geometric means were 0.16 and 0,10
mg/kg for surface and subsurface soils, respectively.

Highest sulfate concentrations were found in soils from the waste
drum storage area. Sulfate values ranged from less than 10 to 5,900 mg/kg and
the geometric means were 38 mg/kg for surface and 58 mg/kg for subsurface
soils.

Chromium values ranged from 4.4 to 51 mg/kg. The highest concen-
tration occurred in the waste drum storage area, The geometric means were 16
and 13 mg/kg for surface and subsurface soils, respectively.

Copper values ranged from 5.2 to 410 mg/kg and the geometric means
were determined to be 47 mg/kg for surface soils and 26 mg/kg for subsurface
soils. The highest concentration was found in sample S5l2,

Lead occurred in various concentrations in the samples collected,
These concentrations ranged from 3.3 to 11,000 mg/kg. The highest concentra-
tion was recorded from SS13. The geometric mean for this metal was 92 mg/kg
for the surface samples and 32 mg/kg for the subsurface samples.

The highest zinc values occurred in samples taken from the waste
drum storage area. Zinc values ranged from 1.2 to 2,700 mg/kg. The geometric

means for surface and subsurface soils were 86 and 32 mg/kg, respectively.
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Two samples were collected for analysis of DDT and its analogs from
the dredge pond (DP6). Results of the analyses of surface and subsurface
samples were 0.55 and 13 mg/kg, respectively.

As was the case with the ground-water samples, it was found that, in
general, the results of the chemical analyses conformed to a log-normal
distribution more readily than to the traditional normal distribution. A
review of the paraneter geometric means of both the surface and subsurface
soll samples shows significant decreases in the concentrations of most of the
parameters between surface and subsurface concentrations. This 1ndicates
limited downward movement of contaminants due to percelating water and is
further substantiated by the relatively low concentrations of most of the
parameters in the ground water {Table 4-1).

General soil quality indicators were determined for all the soil
samples using the same technique outlined previously for the ground-water
samples, A summary of the indicators can be found for borehole soil samples
and for standard soil samples in Tables 4-7 and 4-8, respectively.

As with the ground-water samples, soil samples taken at DM6 and
DM8 had the highest ranking numbers. These two boreholes are located down-
gradient from and directly in the waste drum storage area, respectively. The
variation of ranking numbers between surface and subsurface samples at DM6 and
DM8 suggest the surficial nature of the contamination. This is further
supported by the generally lower ranking numbers for the subsurface samples
indicating that no measurable concentrations of certain parameters, which were
found in the surface samples, were found in the subsurface samples.

The standard scll samples taken in the waste drum storage area also

exhibit the highest ranking numbers. The standard subsurface samples do not
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reflect a general decrease in the ranking numbers as do the borehole subsur-
face samples. This occurs because the standard subsurface samples were taken
at 0.3 m (1.0 ft) as opposed to 1.1 m (3.5 ft) for the ;orehole subsurface
samples.

Upon reviewing the standard soil sample ranking numbers in conjunc-
tion with individual parameter values, several areas were found to have
questionable concentrations of certain parameters, and these areas were

resampled during Phase II. A summary of these samples is presented below.

PHASE I PHASE II
CONCENTRATION  CONCENTRATION

SAMPLE  PARAMETER (mg/kg) {mg/kg)
$S3 DMAE 14 <8.0
SS10 - PBB 31 2.0
HBB 52 1.1

ssi1 Tris 930 790
Ssl2 Tris 8.9 2.5

In all cases, except for the tris, the Phase I1I sampling resulted in
significantly lower values, indicating that these chemicals are not uniformly
distributed in the soils and are probably in their original state, randomly
mixed in with the soil.

In addition to the soll sample taken at S$S10, the only area found to
have significant concentrations of PBR in the soil was the waste drum storage
area. In order to assess the extent of the PBB contamination in this area, 12
more surface soil samples and one composite soll sample were taken in this
area as part of Phase II1. A summary of PBB soil concentrations is presented
in Table 4-9, As can be seen by analyzing the data in the table, there

is a significant decrease in the PBB concentrations of the subsurface samples
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when compared to the surface samples. In addition, the Phase II soil sampling
of the waste drum storage area (DS1 through DS12) exhibited the same degree of
variability 1in PBB concentrations as was found throughout the site during
Phase I with the exception that the high PBB concentrations were several
orders of magnitude higher than previously recorded.

All available PBB information was analyzed in order to establish an
overall perspective of the PBB situation on the plant site, This data is
summarized in Table 4~10. This summary shows that the PBB is, in general,
retained by the surface soils., PBB concentrations as high as some of those
found in surface soil samples (Tabler 4-9) and the variability in the concen-

trations found suggests that in addition to sorption and leaching much of the

- PBB is probably in its original undegraded state and randomly mixed in with

the soil (Jacobs, et al., 1978). PBB will be physically transported downward
by percolating water, but this {s a minor migration as can be verified by the
approximately 2-1/2 orders of magnitude difference between the surface and
subsurface soil samples (Table 4~10). Very slight amounts of PBB are solu-
bilized by the percolating water as can be seen by the geometric mean of the
ground water PBB concentrations.

The major route of migration for PBB appears tc be from the surface
so0ils to the river by storm runcff erosion where PEB remains in the river
sediments and possibly 1is transported downstream as part of the sediment load
of the river. This is reflected in the geometric mean of the PBB concen-
tration in the sediments as compared to the subsurface soll data. In addi-
tion, the insolubility of PBE is again emphasized by the 1975 data which show
relatively high PBB concentration in the river sediments when compared to the

nondetectable PBB concentration in recent river water samples.
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Although high values of contaminants occurred at various points on
the site, these points are generally scattered, localized, and difficult to
quantify. Of the chemical contaminants investigated in this study, only PBB,
phenols, tris, zinec, chromium, lead, copper, and magnesium appear to be
present in relatively high and widespread concentrations in the ground water
and soils to be considered an environmental concerun.

Tris was not found in any ground-water sample due to its low solu-
bility, and it is of no concern in ground water. Concentrations of phenols,
zinc, lead, and copper were highest in water samples collected from piezometer
DM9 located in the northeastern corner of the site. However, analyses
indicate that the dilution capacity of the Pine River negates the effects of
loading of these contaminants into the river system, The remaining two
contaminants, PBB and wmagnesium, occurred in highest concentrations in the
ground-water samples collected from the waste drum disposal area.

PBB, phenols, tris, zinc, chromium, and copper occurred most
consistently in high concentrations in the soils of the waste drum storage
area. Although magnesium also occurred in high concentrations in the waste
drum storage area, high values were found most widespread in the soils from
the northwestern corner of the site in the vicinity of the magnesium and
dolomite kilms and the hydrotreater pit. However, the magnesium compounds
which occur on the site are, for the most part, magnesium coxide and magnesium
hydroxide, both dietary food supplement additives, and are of no significant
environmental concern. Highest concentrations of lead in soils were found
near the tank farm and truck washing area in the southern portion of the site

and in the northeastern corner of the site.
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Generally, as indicated by the results of soill and ground-water
analyses, 1t appears that the majority of the chemical parameters deemed
environmentally significant occurred most consistently and in highest concen—

trations in the waste drum storage area.
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5.0 EROSION LOSS AND PBB LOADING TO THE PINE RIVER

The annual soil loss from the plant site due to storm runoff erosion
was calculated using the Universal Soil Loss Equation. This information was
used along with the PBB concentrations in the soil to estimate the PBB loading
to the Pine River due to storm runoff erosion.

The Universal Seil Loss Equation, as shown below, estimates the rate
of erosion from an exposed area and depends on the erosive power of the
rainfall, the erodibility of the soil, the slope and slope length, the degree

of soil cover, and conservation practices (Haan and Barfield, 1978).

A = RKLSCP (EX 5-1)
where A = Computed soil loss (tons/acre);
R = Rainfall factor;
K = Soil erodibility (tons/acre=~R unit);
LS = Length~slope factor;
C = Cover factor; and
P = Conservation practice factor.

The rainfall factor (R) is based on rainfall energy and intensity
(Wischmefer and Smith, 1965). The average annual value for R was taken from
an iscerodent map developed by Stewart, et al. (1975) and is equal to 100.
The range of R values of 35 to 161 was the 22-year range observed by Beasley
{1975) at East Lansing, Michigan.

The soil erodibility factor (K) based on the physical character-
istics of the se0il such as the grain-size distriburion, general structure,
general permeability, and the amount of organic matter. This information is
used in a nomograph developed by Wischmeier (1971). Typical surface soil
on the plant site had the following characteristics which were used to

determine K:
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%Z Sand 7
Z Very fine sand

%2 8ilt 1
Z Clay

Structure medium or coarse
Permeability slow to moderate
% Organic matter 2,2

ML~y
[en BE« LI L 0 S

The resultant erodibility factor was equal to 0.16.
The length—-slope factor (LS) was determined using the following

relationship (Baan and Barfield, 1978):

A B 430x% + 30x + 0.43
LS = Gz ¢ 6.613 )

(EX 5-2)

where A = Slope length
X = Sin ©
6 = Slope angle
.3 for slope < 3%

0.3 £ £
0.4 for slope > 3% and < 5%
0.5 for slope > 3%

m =

Where the slope was greater than 10 percent (Haan and Barfield, 1978):

B 430%% + 30x + 0.43

- A 10000
LS = GGz 6.613 ) (

10000 + (100x)2

) (EX 5-3)

and m = 0.6

Slope length was determined from the site drainage map (Figure 5-1)
and was, therefore, the horizontal distance between points. The slope length
was used in conjunction with the change in elevation between the same two

points to calculate the average gradient or slope.
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The control practice factor (CP) was calculated using the relation—

ship:
CP = Cs . Cr . C° (EX 5-4)

where Cs = Factor due to surface stabilization or protection treatments
Cr = Factor due to runoff reduction practices

Co = Factor due to other practices.

Since Cr and Co were not applicable to the site area, CP = Cs' Most
of the site has no hppreciable ground cover and therefore a value of 0.45 for
Cs was used based on Soll Conmservation Service tables (1977). Areas of the-
plant site having a grass or weed cover also were the areas having the steeper
slopes. The CS value for these areas was determined to be 0.0ll. A summary
of the soil loss conditions is presented in Table 5-1.

The drainage of the site 1s shown on Figure 5-1. The site was
divided into drainage basins based on the ground cover and the average
gradients determined from the drainage flow patterns and the average change in
elevation. The drainage basins are shown on Figure 5-2 and the areas are
listed in Table 5=1. Only erodible surfaces were used in determining the
areas of the drainage basins. Approximately 42 percent of the site had
erodible surfaces.

Annual soill losses were calculated for each drainage basin and for
each of the rainfall factors. The results are tabulated in Table 5-2 and are

symmarized below:

ANNUAL SOIL LOSS

RAINFALL FACTOR (R) (metric tons/year)
35 9.6
100 27
161 45
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In order to determine the PBB loading to the Pine River as a result
of soil loss, all existing site soil data were analyzed. Many of the higher
PBB values recorded prior to this study were not used in this analysis because
the areas generating these values have been paved over and therefore are not
erodible surfaces. The geometric mean was calculated for the set of samples
contained in each drainage basin, and this value was taken to be the average
concentration of PBBR in the soil for that dralnage basin. If only one sample
existed within a drainage basin the PBB value of that soil sample was used for
the basin average. Several of the smaller basins had no available PBB data
and the soil for these basins were considered void of PBB. A summary of the
surface soil PBB concentration data is listed in Table 5-3.

Annual PBB loadings were determined using the information from
Tables 5=2 and 5-3, and the results are tabulated in Table 5-4. The PBB
loading from the entire plant site as a result of average rainfall factor
conditions is 260 grams/year (0.57 pound/year), and the loading as a result of
high rainfall factor conditions is 440 grams/year (0.97 pound/year). Because
PBB is relatively insoluble, very little of the PBB will be dissolved in the
river water. Most of the PBR will remain in the river sediments and could be
transported as part of the sediment load.

Data from the chemical analyses of river sediment samples were
analyzed (Michigan Chemical Corporation, 1975). Although all outfalls origi-
nating from the plant site are now sealed, in 1975, PBB concentrations seemed
to have been highest near the outfalls located in the area where PBB was used
in product formulation (outfalls 002, 003, 006, and 008). The PBB values in
the sediment at these locations were significantly higher than at any other

location where sediment was sampled. Other high PBB concentrations were
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recorded in portions of the river receiving surface runoff from the truck
washing area and from the waste drum storage area. The data suggest that PBB
in the sediment, in general, remains in place. In most cases, sediment
samples taken downstream from these locations and those samples taken outboard
from the plant site had lower PBB concentrations by several orders of mag-
nitude. Sediment transport is responsible for sediment PBB concentrations in
sediment samples taken downstream from the plant site, but the low PEB
concentrations of these samples suggest that sediment containing FBB is
transported in periocds of high flow and little is transported under normal or
low flow conditions. As is the case with the soil samples, sediment samples
exhibit a large degree of variability in PBB councentration for samples taken
in the same location. This suggests that PBB material is physically mixed in
with the sediment (Jacobs, et al., 1978).

The geometric mean of the PBB concentrations of the sediment samples
is 0.12 mg/kg. Most of the PBB found in the sediment results from surface
runoff and transport by wind with the exception of some contribution from the
outfalls, mentioned previously, prior to sealing, Sediment concentrations
should, therefore, reflect the PBB concentrations of the soils. The geometric
wean of PBB concentrations found in all the soil samples is 12 mg/kg which is
two orders of magnitude greater than the PBB concentration in the sediment,.
The geometric mean of the PBEB concentration of the soil samples used in the
surface runoff erosion model was 6.8 mg/kg which is over 1=-1/2 orders of
magnitude greater than the PBB concentration in the sediment. This suggests
that average concentrations used in the surface runoff erosion model are
probably higher than those that actually exist. This indicates the annual PBB
load to the river may be substantially less than that calculated using the

surface runoff erosion model.
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6.0 CONCLUSIONS

The till layer which underlies the site and extends uniformly
throughout the Alma-St. Louls area appears to act as a confining layer that
prevents the downward migration of any contamination contained in the ground
water.

In general, the ground-water movement on the site 1s toward the Pine
River. Approximately 70 percent of the ground-water contribution to the river
from the plant site originates in the disposal pond area. The tetal ground-
water seepage from the site to the river is low, 0.9l 1/sec (21,000 gal/day).

The site ground water 1s contaminated, but the extent and nature of
contamination varies and, in general, reflects the activities which occurred
in the area monitored. The waste drum storage area contains the most highly
contaminated ground water found. The degree of contamination of the water
from this area 1s significantly decreased by the time the ground water moves
downgradient and reaches the river. Dilution, dispersion, and sorption appear
to be factors that mitigate the degree of contamination which enters the river
through the ground-water regime.

By wvirtue of dilution and dispersion, contaminants which do enter
the river are expected to have little or no effect on the overall water
quality of the river. The contribution from the dredge pond area to the total
ground-water flow of the site i1s relatively high, but the water quality is
higher than that of the balance of the site,

The solls of the waste drum storage area generally contain the
highest concentrations for those contaminants found on the site. Isolated

high contaminant values were also recorded at various other locations, these
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values being attributable to localized plant activities. There 1s a signifi-
cant decrease in mest of the contaminant concentrations between surface and
subsurface samples indicating that, in general, wmost of the contamination is
surficial in nature and that a limited amount of contamination migrates below
the surface due to percolating water. This 1s further supported by the
relatively low concentrations of most ¢of these parameters in the ground water,

Upon analyzing all the water and soil chemistry data, it was con—-
cluded that the only contaminant having significant environmental concentra—
tions throughout the plant site was PBB., The major migration pathway of PBB
is considered to be from the surface so0ll to the river sediments via surface
erosion. However, there are other contaminants present in relatively high
concentrations on the site, but they are confined to the waste drum storage
area. These contaminants include phenols, tris, copper, chromium, zinc, and
magnesium,

PBB loading to the Pine River as a result of storm runoff erosion
was calculated to be 260 grams/year (0.57 pound/year) for periods of average
rainfall and 440 grams/year (0.97 pound/year) for periods of heavy rainfall.
The low concentrations of PBB 1in the river sediments suggests that the average
PBB soil concentrations used in the surface runoff erosion model may be higher
than those that actually exist. This suggests that the annual PBB load to the
river may be substantially less than calculated here.

Very little PBB is solubilized, as can be seen by the very low PBB
concentrations of the ground water and the nondetectéble PBBE concentrations in
recent river water samples. Plant effluent data from samples taken prior to
sealing the plant outfalls also reflect relatively low PBB concentrations.

The low PBB concentrations of the subsurface soil samples indicate very little
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PBB migration downward from the surface. The wvariability of the surface soil
PBB concentrations suggests that PBB material is physically mixed in with the
surface soils in addition to that PBB which 1s bound to the soil particles.,

Contaminated surface soil can also be expected to be carried off the
site by other agents, such as wind, trucks, and animals. Available data seem
to indicate that once the PBB reaches the river sediments, it generally stays
in place. Downstream sediment PBB concentrations suggest that the majority of
PBB migration as part of the river sediment load probably occurs during
periods of high flow.

Wildlife on the site exhibited various levels of contamination of
metals, PBB, and, to a very limited extent, hexabromobenzene.

The magnesium concentrations in the mammal tissues are of no
particular concern, as the magnesium compounds which occur commonly on
the site, particularly in the northwestern portion, are for the most part
magnesium oxide and magnesium hydroxide, both dietary supplement food addi-
tives and they would appear to pose no threat to local wildlife. Concentra-
tions of other metals in the site mammal population appear to be typical of
uncontaminated mammal populations.

Earthworms have been found to biocaccumulate both lead and zinec in
their tissues, and relatively high concentrations of these metals were found
in the worms collected from the site. Although regular consumption of
contaminated individuals could potentially provide toxic doses (Gish and
Christensen, 1973), the levels of lead and zinc found in the earthworms
from the plant site are below or within the lower ranges for lead or zinc
reported for worms collected from roadside soils. However, this potential

is diminished by the poor habitat found in the site fill wmaterial which
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contributes to low worm densities, and the uneven distribution of abnormally
high soil concentrations of lead and zinc limits this problem to very local-
ized areas on the site. Consequently, it appears that there is little
justification for any environmental concerns in regard toc these metals in
animal tissue collected from the Velsicol plant site.

The trace amount of hexabromobenzene found in the deer mouse is
probably of no significance in regard to area wildiife and food web impli-
cations. However, polybfominated biphenyls were found consistently in the
animals c¢ollected on site and cccasionally in relatively high concentrations.
These high concentrations are probably a result of bioaccumulation of this
chemical due to repeated exposure to PEB associated with on-site soils.
However, due to the poor habitat and the proximity of human activities on the
plant site, it 1is reasonable to assume that predatory animals would seldom
feed from the native site mammal population. It appears, therefore, that the
plant site represents a source of PBB contamination to mammals, but the
potential for PBB being dispersed from the site through faunal food pathways

is low.
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7.0 RECOMMENDATIONS

As 1s typical of an industrial chemical complex that has been
actively operating for 45 years, scattered points of relatively high concen-
trations of various chemicals are present in the site soils. Among the
contaminants studied, however, only PBB appears to be present in relatively
high and widespread concentrations that are deemed worthy of particular
environmental interest. Like many of the chemicals investigated, it occurred
occasionally in soil samples, but was confined to very localized points
in the surficlal soils. Generally, these points, which cannot be accurately
quantified, probably exist as a result of handling PBE during packaging,
storing, and shipping activities. However, in one section of the site, the
waste drum storage area, the study results indicate that PBE and occasionally
other chemicals are varicusly distributed in concentrations that are typically
higher than those ccncentrations generally found in site soils. Further, this
area is particularly susceptible to transport of surficlal soil contaminants
directly to the Pine River‘by surface water runoff.

With regard to these considerations, Dames & Moore recommends that
mitigating measures be directed at stabilizing or, preferably, removing the
contaminated soils of the waste drum storage area. This area coﬁsists of
approximately 2.6 acres that may be contaminated to a depth locally of as much
as 1 or 2 feet. Based on a 2-foot depth, the volume of soil that may be
affected is approximately 8,430 cubic yards.

Several methods can be employed to handle this material. Stabil-
ization could be accomplished in place by paving with asphalt or, more
effectively, with the construction of a soil-bentonite slurry trench cut—off
wall, built to the depth of glacial till, and a clay cap seal. The latter
method is the more desirable of the two, since it provides for the complete
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encapsulation of the contaminated area. Estimated costs for these two methods
are $112,000 and §$75,000, respectively. Another alternative is that the
surficial soils could also be removed and deposited in an appropriate landfill
or on site in the dredge pond. However, since no landfill currently exists in
Michigan to handle these contaminants, it appears that the most practical and
expeditious alternative is to remove the surficial scils from the waste drum
storage area and deposit them into the dredge pond. It 1s believed that the
pond has integrity sufficient to provide an effective containment structure
for soils contaminated with quantities of PBB and other chemicals that were
identified in samples collected from the waste drum storage area. Although
Dames & Moore is aware that Michigan legislation (Act 641, 1978) regulations
concerning landfills are now being developed, we have made our recommendations
with regard to existing guidelines (Act 87, 1965). Also taken into consider—
ation were the results of the present site study and the Michigan Water
Resources Commission's approval of the location and construction of the dredge
pond on the St. Louils site in 1972,

This work could probably be accomplished in 2 to 3 days for less than
§15,000. However, additional costs will be incurred for subsequent grading of
the waste drum storage area. Finally, the dredge pond should be filled and
capped with at least 2 feet of compacted clay. The clay should be applied to
cover the crest of the embankment to provide an umbrella cap over the entire
structure. This cap should be constructed with a 2 to 8 percent slope toward
the Pine River. After a layer of topscil has been applied, this area should
be revegetated, preferably with a shallow-rooted, swift-growing grass mix.

Since it was assumed that closing the St. Louis plant would require
similar measures to secure the dredge pond, the cost of this task ($120,000 to

$140,000) was not  considered In cost comparisons of mitigating measures.
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TABLE 2-1
CONCENTRATIONS OF CHEMICAL PARAMETERS IN ANIMAL TISSUE COLLECTED
FROM THE VELSICOL CHEMICAL CORPORATION PLANT, ST. LOUIS, MICHIGAN
SPECIHEN PARTS PER MILLION WET WEIGHT (DRY WEIGHT)
NUMBER SPECIMEN CHROMIUM ZINC COPPER LEAD MAGNESTUM PEB HEXABROMOBENZENE*

- Earthworms 1.0 ( 3,03) 160 (485) 3.3 (10.0) 9.0 {27.3) 540 (1636) ba12 ( 3.39) ND
1 Raccoon <0.22 (<0.96) 3 (148) 1.6 ( 7.0) <0.5 (<2.2) 150 ( 652) 0.17 ( 0.74) ND
2 White-footed mouse €0.35 (<€0.95) 3 (84) 5.1 (13.8) <0.3 (<1.4) 290 ( 784) §.42 ( 3.84) 0.70 (1.89)
3 Meadow vole 0.67 ( 2.31} 37 {128) 4.4 (15.2) 2.0 ( 6.9) 650 (2241) 0.153 { 0.52) ND
4 Meadow vole 0.60 ¢ 2.14) 34 (121) 3.0 (10.7) 1.1 ( 3.9) 990 (3536)  1.52 ( 5.43) ND
5 House mouse <0.30 (<0.51) 30 (51) 3.0(5.1) 3.1 ( 5.3) 340 ( 576) 3.42 ( 5.80) ND
6 House mouse 0,31 ¢ 1.07) 32 {110) 3.3 (11.4) 1.1 { 3.8) 410 (1414) 0.23 ( 0.19) ND
? House mouse 0.28 { 1,00) 31 (111) 3.2 (11.4) 1.4 ( 5.0) 350 (1250) 17.14 (61.21) ND
8 louse mouse 0.44 { 1.42) 36 (116) 3.3 (10.6) 4.4 (14.2) 430 (1387) 1.92 ( 6.19) ND
) House mouse €0.25 (<0.83) 23 (717) 2.6 ( 8.7) 1.4 ( 4.7) 370 (1233) 3.00 (10.00) ND
10 House mouse 0.30 ( 1.07) 25 (89) 2.6 (9.3) 0.9 ( 3.2) 320 (1143) 7.69 (27.486) ND
11 House mouse 1.0 ( 3.03) 30 (91) 3.6-(10.9) 1.4 ( 4.2) 620 (1879) 2.81 ( 8.52) ND
12 House mouse 1.0 ( 3,45) 44 (152) 6.7 (23,1) 1.6 { 5.5) 500 (1724) 6.37 (21,97) ND
13 House mouse <0.28 ( 0.93) 37 (123} 4.7 (15.7) 1.0 ( 3.3) 500 (1667) 1.68 ( 5.60) ND

House mouse

Wet weight x + S.D. <0.46 + 0.31 2+46 3.7+1.3 1.8 + 1.2 427 + 98 4.92 + 5.14
House mouse
Dry weight x + S.D, <1.48 + 1.03 102 + 29 11.8 + 5.1 5.5+ 3.4 1364 + 386 16,39 + 18.85
House mouse
Median 0.30 { 1.07) 31 {110) 3.3 {10.9) 1.4  4.7) 3.00 ( 8.52)

410 {1387}

*Detection limit:

0.05 ppm

ND = Not detectable



TABLE 2-2

WILDLIFE MONITORING
MICHIGAN DEPARTMENT OF NATURAL RESQURCES

LOCATION WEIGRHT PEB PERCENT
SPECIES DATE {COUNTY) kg g /kg FAT
Raccoon 7/18/78 Gratiot | 6.7 1600 4.0
Raccoon 7/18/78 Gratiot 1.8 650 3.7
Raccoon 7/18/78 Gratiot 4.8 920 5.7
Raccoon 7/19/78 Gratiot 1.9 1000 2.2
Raccoon . 7/14/78 Gratiot 2.5 470 2,2
Muskrat 7/12/78 Gratiot -— 430 0.59

(Source: Shauver, 1978)



TABLE 3-1

PARAMETERS FOR PHASE I CHEMICAL ANALYSIS

Ammounia DMAE (dimethylaminoethyl alcohol)
Nitrate Carbon tetrachloride

Chloride Lead (Pb)

Sulfates Chromium (Cr)

Phenol . Copper {(Cu)

Allyl chloride . Zine (Zn)

PHT4 (tetraSromOphthalic anhydride) Magnesium (Mg)

PBB (polybrominated biphenyls) EDTA (ethylene diamine tetraacetic acid)

Tris (tris 2,3-dibromopropylphosphate) HBB (hexabromobenzene) .



TABLE 3-2

PARAMETERS FOR PHASE 11 CHEMICAL ANALYSIS

PARAMETER

SAMPLING LOCATION CClA PBB DMAE PHENOL HBB DDT & ANALOGS TRIS SO Cl

Water Samples

DM-1
DM-3
DM-5
DM-6
DM-7
DM-8
DP-1
DP-25
DP-2D
pp-3
DP-4
DP-5
DP-6

Ea i E
>
e

L]
E]
<
e

[a il A B )
><><><><><'
Pe oDl e e
PSP D P P e
Ea -
oo P e Pl g

Soil Samples

DS~1-12 X X X X
§5-35&D X

§85-10s8 X X

55-115&D . X
55-125&D X
DP-6£14&2 X



TABLE 3-3

GENERALIZED COLUMNAR SECTION
DESCRIBING THE LITHOLOGY AND WATER-BEARING CHARACTER
OF THE SOIL AND ROCK UNITS OF THE SITE AREA

LITHOLOGY WATER-BEARING
AGE SUBDIVISION {GENERALIZED COLUMN) CHARACTER
Sand and silt Source of small supplies of
Glacial lake water
deposits
D) § Sandy and silty clay Not a source of water
o g ™ (leaky agquiclude)
[ o -
5] 2 -
g QUATERNARY | & C
W : Outwash g Sand and gravel containing Source of moderate to large
i = 2 silt and clay lenses supplies of water
: Till Blue, gray, buff, and red clayey Not a source of water
! tfll, Some gravel at base
i PERMIAN(?) Bed beds Red sandy gypsiferous shales Not a source of water
! and shaly sandstones
7 ? -
Black and gray shale
Coal
w Sandy shale Yields moderate supplies
o PENNSYLVANIAN Saginaw formation of water containing
; § Sandstone objectionable amounts of
= chloride
P Limestone
‘ Shale
: Sandstone
} Shale
|
i Limestone
b PRE-PENNSYLVANIAN | Pre-Saginaw rocks Shale Yields mineralized water
L, Sandstone

Reference:

Vanlier, K.E., 1963, Ground-water resources of the Alma area, Michigan: U.S. Geological
Survey, Water Supply Paper 1619-E.
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TABLE 3-4

WATER LEVEL FLUCTUATIONS

BORING DEPTH TO WATER BELOW GROUND SURFACE (feet)

NUMBER _09/29/78 10/02/78  02/21/79 03/01/79 03/31/79 Q4/09/79
DM~-1 3.6 3.7 4.3 3.2 2.5 3.2
DM~2 2.2 2.2 2.0 1.6 l.4 2.1
DM~3 3.2 2.9 4,1 3.3 1.0 2.6
DM-4 3.8 3.2 3.9 3.2 2.6 3.2
DM-5 2.8 2.8 3.5 3.0 1.6 2.6
DM~6 0.5 1.8 1.7 0.8 0.4 1.2
DM=7 3.2 3.7 4,3 3.6 1.2 2.1
DM~-85 6.1 6.3 7.6 6.5 3.0 5.8
DM=-8D 7.5 9.9 5.4
DM-9 4.8 5.3 6.0 3.0 4.0 5.1
DP-1 17.8 17.3 15.6 15.1
DP-25 12.7 12,2 10.1 10.1
DP-2D 13.9 13.3 10.0 11.1
Dp-3 13.2 13.3 10.8 9.7
DP-4 15.2 14.9 13.8 13.4
DP=5 1.0 0.5 1.0
DP-6 9.2 8.8 5.1 4.7



RESULTS OF FALLING HEAD PERMEABILITY TEST

TABLE 3-5

P1EZOMETER SCREENED INTERVAL EFFECTIVE INTERVAL PERMEABILITY 3
NUMBER (ft below ground surface) {ft below ground surface) cm/ sec gpd/ft
DM-1 4.9 ~ 8.4 3.0 - 20.5 6.8x10_, 1.4

4.5%10 0.96
DH-2 6.1 - 9.6 3.0 - 15.5 3.4x100) 072
3.2x10 0.68
DpH-3 6.0 - 9.5 2.0 - 15.5 7.9x107° 1.7
DM-4 9.3 - 12.8 3.0 - 20.5 1.6x107% 3.4
DM-5 6.2 - 9.7 3.0 - 15.5 -8
DM-6 3.9 - 7.4 2.0 = 9.5 -
DM~7 9.7 - 13,2 3.0 - 20.5 1.2x1073 26
DM-8S 10.1 - 13.6 3.0 - 15.5 1.7x107% 3.6
DM~9 9.5 - 13.0 2.0 - 20,5 -1
pp-1 25.0 - 28.5 10.0 - 30.0 2.8x107°  0.59
DP-2D 25.0 - 28.0 22.0 - 30.0 8.2x10 0.17
DP-25 15.5 - 19,0 10.0 - 19.0 1.2x10~% 2.5
pP-3 25.5 - 28,5 12.0 - 28.5 1.9x10°  0.40
DE-4 25.0 - 28.5 10.0 - 30.0 9,4x107° 2.0
DP~5 4.0 = 6.0 3,0 - 6.0 --b
DP-6 18.5 - 23.5 14.0 - 25.0 3,9x10™°  0.83

Ayater level fell too rapidly to measure accurately.

bLeaky piezometer pipe prevented falling head test.



TABLE 3-6

SUMMARY OF HAZEN PERMEABILITY APPROXIMATIONS

HAZEN APPROXIMATION
OF PERMEABILITY

PIEZOMETER  DEPTH

NUMBER (feet) MATERIAL cm/sec gpd/ft:2
DM-1 19.5 Clayey silt with trace sand 9x10_6 0.19
DM~-2 3.5 Clayey silt with some fine sand and trace fine gravel 4x10:§ 0.85

14.5 Silt with some clay, trace coarse sand and fine gravel 9x10 1.9
DM~3 14.5  Clayey silt with trace fine gravel 2%107° 0.42
DM-4 3.5 Fine sand with trace fine to coarse gravel 4x10:§ 850
10.5 Fine sand ‘ 2x10_4 42
19.5 Clayey silt with some fine sand and trace coarse sand 2x10 4.2
DM-5 3.5 Medium to coarse sand 6x10:§ 1300
10.5 511t with some clay and trace fine gravel 1x10_6 0.21
14.5 Silt with clay, trace fine gravel 4x10 0.08
DM-7 3.5 Fine sand, trace fine gravel 2x10:§ 424
7.5 Clayey silt luclO_6 0.85
19.5 §11lt with some clay and trace fine gravel 9x10 0.19
DM-8D 3.5 Miscellaneous fill 2x10:g 42
7.5 511t with trace clay, trace coarse sand and fine gravel 7x10_3 1.5
10.5 Fine sand with trace silt 2x10_5 42
14,5 511t with some clay, trace fine gravel 4x10_4 0.85
19.5 511t with some clay, trace fine gravel 1x10_5 2.1
23.5 Silt with some clay, trace fine gravel lucl()__3 0.85
30.5 511t with some clay and some fine sand Ixt0 64
DM-9 3.5 Fine to coarse sand with some silt, trace fine gravel 2x10:2 42
19.5 Silt with some clay, trace fine gravel 3x10 6.4



TABLE 4-1

SUMMARY OF GROUND-WATER CHEMICAL ANALYSES

EPA CRITERIA
GEOMETRIC DOMESTIC  FRESHWATER  CALCULATED
GEOMETRIC STANDARD  NUMBER  WATER AQUATIC  CONCENTRATION
RANGE MEAN DEVIATION  OF SUPPLY LIFE IN PINE RIVER
PARAMETER {wg/1} (wg/1) (mg/1) SAMPLES (mg/1) {mg/l) (mg/1)
Aamonia-N 0.14 - 33 4,7 1.3 9 - 0.02 4 x107°
Chloride 82 - 82000 5800 1.0 15 - - 5
Nitracey €0.01 = 0.11 0.021 21 9 10 - 2 x107
Sulfates 3-2400 150 1.0 15 - - 0.1
Chromium (Total) 0.060 - 0.14 0.087 13 9 0.050 0.100 7 x107
Copper 0.035 ~ 9.0 0.25 2.6 9 1.0 t 2 x107¢
Yeead 0.015 - 8.1 0.26 2.4 9 0.050 * 2 x107¢
Magnesium 26 - 570 220 1.0 9 - - 0.2
Ztae 0.040 - 1000 26 1.0 3 5 . 2 x 1072
Allyl chloride® D ND 5 9 - - ND
Carbon Tetrachleride  <0.01 ~ 0.08 0.010 27 20 - - 8 x10°°
DMAE <1.0 - <500 0.66 1.0 16 - - 5 x 107
EDTA® 0 D D 9 - - KD
u88° o ) D 9 - - ¥
PEB <0.00001 - 0.0013  0.00012 99 11 - - 3 x108
Phenols 0.004 - 1.2 0.029 14 17 0.001 0.001 2 x 107
prT4? D ND KD 9 - - KD
D D ¥D 9 - - XD

);u‘

NOTE: ND = not detectable.

t0.1 x 96~hour LCgy-
*0.01l x 96=hour LC...

Detection Limits:

%10
b0
€5.01
99,01
€0.01
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GROUNDWATER SAMPLE RESULYTS FROM THE VELSICOL CHEMICAL
COMPANY PLANT IN ST. LOUIS, MICHIGAN
COLLECTED ON OCTOBER 31, 1978 RESULTS SHOWN IN

PARTS PER BILLION (ppb)

LOCATION PARNMETER
Allyl
Well Sample No, ol g 504 Phenol Pb CR Chloride Piﬂ‘4 PBB EDIA Hexabromobenzena TRIS DMAE OCL‘
Detection Limit 1,000ppb 10ppb .Olpph 1,000ppb IOppI.: 10ppb 1,000ppb 10ppb |
DM 1 220,000 180,000 P 240 6  N.D. N.D.  N.D. N.D. ND. N.D.  N.D. 30
a2 2,600,000 3,000 20 0 75 N.D. N.D. N.D. N.D, N.D. N.D.  N.D. N.D.
i 3 - ~ - - - ~ .08 - - - - 30 March 12, 1979
o4 12,000,000 270,060 8 230 110 N.D. N.D. N.D. N.D. N.D. N.D.  N.D, N.D.
DM 5 1,000,000 320,000 12 180 6  N.D.  N.D. 20 N.D. N.D. - N.D. 20,000  N.D.
™ 6 7,800,000 650,000 100 126 64  N.b. K.D. N.D. ND. ND. . ND. N 80 -
m 7 47,000,000 95,000 12~ 60 140 N.D.  N.D., N.D. N.D. N.D.' N.D. N.D. 20
DM B 82,000,000 220,000 76 1,800 110  N.D. N.D. - 130 N.D. N.D.  N.D.  N.D. 30
oM 9 6,800,000 260,000 1,200 5,100 130 .N.D. N.D. N.D. N.D. N.D. N.D.  N.D. N.D.
e 1 9,200,000 100,000 16 - - - - a7 - - - 0.2 27 *%,1. 4000 ppo
~op 28 - - 53 - - - - - - - - - 38
DP 2D 16,000,000 180,000 " - - -7 - a2 - - - 0.2 30 *%p.1L. 4000 ppb
o 3 30,000,000 36,000 28 - - - - w015 - - - N2 22 "1, 4000 ppb>
oP 4 24,000,000 130,000 160 - - - N - - 0.2 .3 *Zp.r. 4000 ppb
be 5 6,200,000 230,000 12 - - - - .06 - - - . mp? 2.6 .. 4000 ppb
bP 6 4,000,000 59,000 260 -~ Tae w0.2' 53 "Zpip. 4000 ppo



TABLE 4-2

WATER QUALITY INDICATORS
OF GROUND WATER SAMPLES

WATER QUALITY

WATER SAMPLE INDICATOR
DM-1 49
DM-2 48
DM=-3 *
DM~-4 61
DM-5 65
DM-6 86
DM~-7 65
DM-8 79
DM-9 65

Plant Water 27

*No sample was taken.




TABLE 4-3

GROUND-WATER PBB CONCENTRATIONS

PHASE 1 PHASE II
WATER SAMPLE (ug/1) (ug/l1)
DM-1 ND* —
DM~2 ND* —
DM-3 - 0.083
DM=4 ND* -_
DM-5 0.02 0.35
DM=6 ND* -
DM-7 ND* —_
DM-8 0.13 1.3
DM-9 ND* —_
Plant water ND* —
DP~-1 — 0.17
DP-28 - —
DP-2D - 0.12
DP-3 - 0.075
DP-4 — 0.058
DP-5 — 0.067
DP-6 - 0.19

Notes: ND = Not detectable.
-— = No sample taken.
See Figure 4-1 for piezometer
locations,

*Detection limit = 0.0l pg/l.



TABLE 4-4

SUMMARY OF SOIL SAMPLES

NUMBER OF
TYPE OF SAMPLE SAMPLES

Surface Soil (Phase I) 24
Subsurface Soil (Phase I)

0.3 m (1.0 ft) 9

1.1 = (3.5 £t) 11
Surface So0il (Phase II) 19
Subsurface Soil (Phase II) 5
Velsicol Surface Soil 31
Velgicol Subsurface Soil 12
DNR Surface Soil 4
DNR Subsurface Soil 12



TABLE 4-5

SUMMARY OF SURFACE SOIL CHEMICAL ANALYSES

GEOMETRIC
GEOMETRIC STANDARD
RANGE MEAN DEVIATION  NUMBER OF
PARAMETER (mg/kg) (mg/kg) (mg/kg) SAMPLES
Ammonia-N 3.0 - 330 36 1.1 24
Chloride 2.8 - 2900 42 1.0 24
Nitrate=N <0.01 17 0.16 3.1 24
Sulfates <11 - 5900 38 1.0 24
Chromium (Total) 4.4 - 51 16 1.2 24
Copper 8.4 - 410 47 1.0 24
Lead .7'2 11000 92 1.0 24
Magnesium 380 - 120000 6900 1.0 24
Zinc 20 -~ 2700 86 1.0 24
Allyl Chloride * * 24
Carbon Tetrachloride * * 24
DMAE <7.0 - 14 3.9 1.4 37
EDTA * * 24
HBB <0.062 - 58 2.4 1.0 37
PBB 0.13 = 53000 7.9 1.0 37
Phenols <0.016 = 4.2 0.26 4.3 24
PHT4L * * 24
Tris <0.60 - 4700 4.7 1.0 38

*Not detectable.



(

SOTL, SAMPLE CHEMICAL AMALYSTS RESULTS FROM THE
VEISIOOL CHEMICAL COMPANY PLANT IN ST. LOUIS, MICHIGAN
- OOLLECTION (N OCTCBER 31, 1978 RESULTS SHOWN IN
PARTS PER BILLION (phb) DRY

PARAMETER
SAMPLE Allyl -
SAMBELE NO, DEPTH Phenol Fb lead Chloride m_.a.h PEB EDA Hexabramobenzena ) TRIS DMAE Q.H._
. 1-1400ppb
Detection Limit 6,000ppb 200ppb 20ppb  15G0pph 2-20ppb 1000ppb 1000pph 30ppb
oM 1 1 £t 700 63,000 600 z.u.w N.D. N.D. N.D.
™ 1 3.5 ft. M0 19,000 950 H.D. N.D. N.D. N.D,
oM 2 0 ft 340 250, 000 12,000- 940 N.D. N.D. N.D.
DM 2 3.5 Ft 360 3,700,000 2,500~- 830 N.D. N.D, N.D,
M 3 0 ft 320 7,200 810, 220 , N.D. N.D. N.D.
Dt 3 3.5 ft © <200 23,000 430 N.D. N.D, N.D. N.D.
DM 4 1 ft <160 18,000 .m 3,200~ 1,300 , N.D. N.D, N.D.
DM 4 3.5ft . <170 33,000 .m N.D. @ N.D. N.D. N.D. N.D.
™ 5 0 ft <170 160,000, 8 5,200 o 1,300 ; N.D. N.D. N.D, .
M5 3.5 ft <160 3,300 0 = 8 230 m 420 s N.D, N.D. N.D. _
M 6 0 ft 780 8,200 bt o 190 ! 7%, 9,300 N.D., N.D.
DM 6 3.5 ft <340 6,600 et H N.D. he N.D. M.D. N.D. N.D.
7 0 ft 620 u.oo?cj m m 130 m 5, N.D. N.D. N.D.
DM 7 7.5 ft <360 11,000 N.D, N.D. M.D, N.D. 40
n8 0 ft 1,200 330,000 8§ 1,100,000~ 660 N.D. N.D. N.D.
M 8 3.5 ft <200] 7,800 200 64 N.D, N.D. N.D.
M 9 0 fi A;J 24,000 36,000~ N.D. N.D. N.D. N.D,
DM 9 3.5 ft 2,000 610, 000 r's 790 3 2,700 N.D. N.D. N.D.
55 1A 0 ft <160+ 85,000 680 870 N.D. N.D. N.D,
Ss 1B 1 ft 1,000 54,000 ¢ ' “ N.D. ' 23 N.D. N.D. N.D.
85 2a 0 ft <160 13,000 280 2,400 N.D. N.D. N.D.
SS 2B 1 ft <150 8,000 45 1,900 , N.D. N.D. 8.D,
85 3A 0 ft 330 210,000 1,200~ 1,200 17,000 14,000 N.D.
S5 3B 1 ft 340 33,000 N.D. 24 : 2,200 40,000 ¥.D,
55 4A 0 ft 330 120,000 & 92,000 - 44,000 £20,090 N.D. N.D.
S5 5A 0 ft - 320 270,000 5,000 - 23,000 | 66,800 N.D. N.D.
Ss 5B 1 ft 420 170,000' m m 550 h N.D. N.D. N.D. 60 m.
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6A 0 ft <160 220,000 29,000 - 15,000 , 4,700,000 8,000
6B 1ft 360 49,000 " ° 2,600 N.D. 3,200,000 53,000
A 0 ft 640 . 43,000 : 3,800- . 720 , N.D. N.D. ]
78 1 £t 320 84,000 ;‘;' 5 - 420 § N.D. N.D. N.D, §
8A 0 ft <170 14,000 10,000 ~ 1,900 K.D. N.D.
88 2 £t 430 38,000 L 6 B4 45 N.D. N.D,
oA 0 ft 420 64,000 o . '§; 5,800 - o 2,300 2,800 N.D,
104 0 ft 4,200 105,000 8 34,000 8 56,000 , N.D. N.D. @
108 1 ft 320 2,900 23 a 24 . H.D. N.D. N.D, o
11A 0 ft 650 45,000 . o 1,300 ~ 570 1,000,000 N.D, ™
12a ¢ ft 340 310,000 7,400 - 2,000 8,900 N.D, o
12B 1 £t <170 130,000 E 98 51y 11,000 N.D,
13A 2 ft <160 11,000,000] 1,400- N.D. N.D. * ND. :
14n 0 ft © €160 17,000 g 14,000 - 2,800 N.D. N.D.
14B 1 ft <160 - 5,200 160 100 N.D. N.D, &
15A 0 ft 160 120,000 § 5 18,000 35,000 N.D, N.D.
15B 1 ft 310 3,800 160 5 300 N.D. N.D. §

MARCH 12, 1979 RESAMPLE RESULTS

Dateccion limit 8,000 ppb

3¢& 0 ft - - - - - - - - N.D.
3D 1 ft - - - - - - - o - N.D. -
105 a ft - - - - 2,000 - 1,100 ' - -
11 s 0 ft - - - - - - - 930, 000
1p 1 ft - - - - - - - 1,200,000 - -
128 o ft - - - - - - - 2,500 - -
12D 1 £t - - - - - - - 1,300 -




e

TABLE 4-6

SUMMARY OF SUBSURFACE SOIL CHEMICAL ANALYSES

GEOMETRIC
GEOMETRIC  STANDARD
RANGE MEAN DEVIATION NUMBER OF
PARAMETER (mg/kg) (mg/kg) (mg/kg) SAMPLES
Ammonia-N 2.5 - 390 24 1.1 20
Chloride 4.3 - 4700 100 1.0 20
Nitrate=-N <0.01 - 15 0.10 3.9 20
Sulfates <10 - 740 58 1.0 20
Chromium (Total) 4.8 - 43 13 1.2 20
Copper 5.2 - 380 26 1.1 20
Lead 3.3 = 3700 32 1.0 20
Magnesium 33 - 130000 3100 1.0 20
Zinc 1.2 - 290 32 l.1 20
Allyl Chloride * * 20
Carbon Tetrachloride <0.03 - 0.06 0.02 27 20
DDT & Analogs 0.55 - 13 2.7 1.2 2
DMAE <7.0 - 53 4.5 1.2 21
EDTA * * 20
HBB 0.02 = 2.4 0.10 6.2 20
PEB <0.,02 2.6 0.13 5.5 20
Phenols ' <0.15 =~ 2.0 0.23 5.5 20
PHT4 * * 20
Tris <0.60 = 3200 1.5 1.0 22

*Not detectable.



TABLE 4-7

INDICATORS
OF BOREHOLE SOIL SAMPLES

INDICATOR
BOREHOLE SURFACE SOIL SUBSURFACE SOIL
DM-1 62 65
DM-2 68 89
DM-3 63 52
D=4 57 40
DM~5 67 30
DM-6 84 41
DM-7 41 45
DM~8 " 85 65

DM-9 37 73



TABLE &4—

8

INDICATORS OF STANDARD SOIL SAMPLES

INDICATOR
SOIL SAMPLE _  SURFACE SOIL __ SUBSURFACE SOIL

ss-1 82 115

§5-2 63 92

s5-3 97 137

$S~4 164 -

ss-5 113 162

S5-6 138 145

$5-7 117 114

55-8 65 147

55-9 119 -

5§-10 118 100

ss-11 127 -

§§-12 112 142

ss-13 95 -

Ss-14 70 102

§S-15 106 107



TABLE 4-9

SUMMARY OF PBB CONCENTRATIONS IN THE SOIL

PHASE I PHASE 11
SURFACE SUBSURFACE SURFACE SUBSURFACE
SAMPLE (mg/kg) (wg/kg) (mg/kg) {(mg/kg)
DM~1 0.60 0.95 - -
DM=-2 12 2.5 - -
DM-"' 3-2 * - -
DM-6 0.19 * - -
DM-7 0.13 * - -
DM-8 1100 0.90 - -
DM-9 36 0.79 - -
§5-1 0.68 * - -
§5-2 0.28 0.045 - -
§5-3 1.2 * - -
854 92 - - -
8§5=5 5.0 0.55 - -
55-6 29 2.6 - -
8s5-7 3.8 0.42 - -
s5-8 10 0.064 - -
$5-9 5.8 - - -
§5-10 34 0.024 2.0 -
s5-11 1.3 - - -
S§§-12 7.4 0.098 - -
§5-13 1.4 - - -
SS— 14 1 04 0. 16 - -
§5~15 1.8 0.16 - -
DS-1 - - 34 -
DS-2 - - * -
Ds-3 - - 36 -
DS—4 - - 0.84 -
DS~5 - - 250 -
DsS-6 - - 3.6 -
DS-7 - - 4,3 -
DS-8 - - 53000 -
Ds-9 - - 11 -
Ds-10 - - 240 -
Ds-11 - - 6.5 -
Ds-12 - - 34 -
DS (comp.)} 1-12 - - 3100 -

*Not detectable
=No sample taken



TABLE 4-10

SUMMARY OF SOIL AND SEDIMENT PBB CONCENTRATIONS

GEOMETRIC
GEOMETRIC  STANDARD NUMBER
RANGE MEAN DEVIATION OF
TYPE OF SAMPLE (mg/kg) (mg/kg) (mg/kg) SAMPLES
Surface Soil 0.11 = 53000 12 1.0 74
Subsurface Soil 0.0005 - 2.6 0.041 9.1 39
Sediment <0.001 - 180 0.12 1.1 55
SUMMARY OF WATER AND EFFLUENT PBB CONCENTRATIONS
GEOMETRIC
GEOMETRIC STANDARD NUMBER
RANGE MEAN DEVIATION OF
TYPE OF SAMPLE Queg/l) (ug/l) Gigll) SAMPLES
Pine River Water <0.01 = 24 0.16 2.5 100
Ground Water <0.01 = 1.3 0.12 8.1 11
Plant Effluent <0.1 - 503 1.8 1.0 61
NOTES: = Surface and subsurface scil samples include all samples

taken since 1974,
Sediment samples were taken in 1975,

River water samples were taken in 1974 and 1975.
Subsequent river water samples have had no detectable PBB

concentrations.

All outfalls which directed plant effluents into the
Pine River are no longer active and have been sezaled.



TABLE 5-1

SUMMARY OF PLANT SITE SOIL LOSS CONDITIONS

SOIL LENGTH-SLOPE FACTOR (LS)  CONSERVATION

AREA ERODIBILITY CHANGE IN PRACTICE

DRAINAGE 5 RAINFALL FACTOR (R) FACTOR LENGTH ELEVATION FACTOR
BASIN km ACRES  AVERAGE RANGE (K) (ft) (ft) (CP)
Ay 6.537x10°>  1.616 100 31 - 161 0.16 186 2.5 0.45
A, 1.903x10>  0.4704 100 31 - 16l 0.16 7 5.0 0.011
B, 3.332x10 2 §.238 100 31 - 161 0.16 422 4.0 0.045
B, 1.834x10>  0.453 100 31 - 161 0.16 7 5.0 0.011
¢, 1.002x1072 2,477 100 31 - 161 0.16 944 4.0 0.045
c, 1.033x2072 2,555 100 31 - 161 0.16 318 4.0 0.045
¢, 9.401x10  0.2324 100 31 - 161 0.16 15 5.0 0.011
¢, 1.078x10>  0.2664 100 31 - 161 0.16 20 12 0.011
D, 2.360x10">  0.5835 100 31 - 161 0.16 35 16 0.011
D, 2,522x1073  0.6235 100 31 - 161 0.16 33 2.0 0.011
E, 1.377x1072  3.404 100 31 - 161 0.16 367 6.0 0.45
E, 2.222x10>  0.5493 100 31 - 161 0.16 168 5.0 0.45
E, 4.356x10 % 0.1077 100 31 - 161 0.16 20 10 0.011
F 1.639x10">  0.4053 100 31 - 161 0.16 167 5.0 0.011
G 3.795x1073  0,9381 100 31 - 161 0.16 198 4.0 0.011




a

TABLE 5-2

SOIL LOSS DUE TO SURFACE RUNOFF EROSION

SOIL LOSS FOR VARIOUS RAINFALL FACTORS

DRAINAGE (metric tons/year)
BASIN R = 100 R = 35 R = 161
A 1.9 0.67 3.1
A2 0.34 0.12 0.55
B, 10 3.6 17
B, 0.33 0.12 0.53
c, ‘ 3.0 1.0 4.8
¢, 3.4 1.2 5.6
C3 0.11 0.036 .17
C4 0.31 0.11 0.49
D1 0.68 0.24 1.1
D2 0,039 0.014 0.063
E1 5.6 2.0 9.1
E2 1.2 0.42 1.9
E3 0.10 0.035 0.16
F 0.022 0.0076 0.035
G 0.037 0.012 0.060

TOTALS 27 9.6 45



TABLE 5-3

SUMMARY OF SURFACE SOIL PBB CONCENTRATIONS

GEOMETRIC

GEQOMETRIC STANDARD NUMBER
DRAINAGE RANGE MEAN DEVIATION oF

BASIN (mg/kg) (mg/kg) (mg/kg) SAMPLES
A]. 1.3 - 36 6;5 1.2 9
A2 1.5 - 510 12 1.0 3
Bl 0.79 - 92 6.6 1.1 13
32 - -10 - 1
C2 0.19 - 53000 31 1.0 il
C3 - - - 0
C4 - 0.22 - 1
D1 - 0.28 - 1
D2 - 0.38 - 1
E2 0.68 - 12 2.2 2.0 3
E3 - - - 0
F - - - 0



TABLE 5-4

CALCULATED PBB LOADING TO THE PINE RIVER
DUE TO SURFACE RUNCFF EROSION

PBB LOADING (g/yr)

AVERAGE HIGH
RAINFALL RAINFALL
DRAINAGE FACTOR FACTOR
BASIN (R = 100) (R = 161)
Al 12 20
A2 4.1 7.2
B1 130 221
32 3.3 5.3
C1 0.99 1.6
02 100 170
C3 0 0
C4 0.068 0.11
D1 0.19 0.31
D2 0.015 0.024
El 6.2 10
E2 2.6 4.2
E3 0 0
F 0 0
G 0 0
TOTALS 260 440



10637-002-07

FROM UEGS SURVEY
COVERING TME MICHIGAN ALMA

VELSICOL PLANT SITE
AND SURROUNDING AREA

® ] -
MICHIGAN ST Louls
KEY
N IVELSICOL PLANT SITE
WLES
[+] /2 1
[ —° —
FEET
Koo Q 3000
| —— s |
(4 o]
9 .
3l/ °
LTl (iiS:L\\Q |
: A GURE |-
VAR LAY FIGURE 1-1




10637 -002- 07

'ERX]
. LI L )
----- 'R
----- R
----- RN
----- se e
----- a0
LR sesew
..... ss v
*eeaee saae
LI I Y
serne »as e
LR ) RN
s “eswae
----- 'R
----- sswe
;;;;; ssen
..... RN
e . savw
‘e R
.o (RN
“e e
----- 'R
----- LAY
----- sn e
. s e s
----- e
..... s eunw
. EEEE
----- ... d
----- .. d
..... ...1
----- ]
----- .o
----- e d
.o ..
-0 ll]

e

.

.

----- -

{ NOT TQO SCALE)

2" pvC

_CEMENT GROUT

5:.2.4/—SCREENED INTERVAL
----- s a s /-'SAND

FIGURE 3-2
PIEZOMETER CONSTRUCTION

OCAMES 8 MOOwRE




10637-002-07

DASE AP FRDM USLS SURVEY 1352500 MAP
QUADRANGLE

COVERING THE MICH)CA ALRA

e N i H L)
BTN

. 75‘;7—
S\ s 60 )
L// i ";j é‘{s\;':\’r\\) :}:‘ ~
N A LG

CONTOUR ON TOP OF GLACIAL
e 720%=  TILL {10 FT CONTOUR NTERVAL)

N VELSICOL PLANT SITE
MRLES
o vz 1
FEET
000 o 3000
H
FIGURE 3-4

CONTOURS APPROXIMATING THE
TOP OF THE GLACIAL TiLL

l\ AMES & RSN




10837 -002-07

- - — - —-— [ — — — L3 — .
(
at
A A
(1]
? : i
=
Z 2 2
74 - 740
s 70 .
W
& i
S =2 == -2 v S
3 720 - Tpear o FiLL AND SAND : - - 720 3
i: FILL AND SAND t
I TILL s
§ TILL §
700 - \- 700
¢ S50 K00 10 200 FEET
w
KEY:
‘ PIEZOMETER LOCATION
—3 —. INDICATES GROUNDWATER TABLE
WOTES-
V. ELEVATIONS REFER FO FEET ADOVE MEAN SEA LEVEL, F'GURE 3- 5

1,

SUBSURFACE SECTIONS ARE INTERPRE FED FROM WIDELY
SPACED BOREROLES, CONDITIONS BETWEEN BOREHOLES
MAY DIFFER FROM THAT SHOWN,

CROSS - SECTION A - A’

DAMEE S MolRE




~

10637 -002- 07

KEY:

}

DM-B8D

OM -1

(1]
]
=
[»]
740
™
$
2
x 720
N
3 4
iy
i~
700 -

PiEZOMETER LOCATION

¥ INDICATES GROUNDWATER TABLE

MOTES:

1. ELEVATioNS REFER TO FEET ABOVE MEAM SEA LEVEL,
1, SUBSURFALE SECTIONS ARE |NTEAPRETED FROM WIDELY

SPACED BOREMOLES. CONDITIONS DETWEEM BOREMOLES
MAY DIFFER FROM THAT SHOWM,

-o

—_
FILL AND SAND -
Tl
0o 150 200 FEET
| —

BI

~ 740
™
by
2

- 720 %
~
I
3

L 700 W

FIGURE 3-6

CROSS - SECTION B - B'

Bamas i wotna




10637 -C02-07

. ol . — - - - - — - - = — .- - . '
n [}
c & c
o
0 2 ?
L]
= =
g (=] [=1
W 790 — 740
i &
vy =V X — Y
z YT FILL AND SAND - v 2
x 720 ' SILT ———— - L 720 =
Q e e - — - e Q
[ l TILL FILL AND SAND ! =
§ THL TILL §
3 y
u 700 - 1 L 700 y
[ 50 00 150 200 FEET
e |
KEY:
‘ PIEZOMETER LOCATION
-'-Y— INDICATES GROUNDWATER TABLE
o FIGURE 3-7
. ELEVATIONS REFER TO FEET ASDVE MEAM SEA LEVEL,

1

1, SUBSURFALCE SECTIONS ARE INTERPRETED FRADM WIDELY
SPACED BONEHOLES, CONDITIONS SETWEEN BOREHOLES
MAY DIFFER FROH THAT SHOWM,

CROSS - SECTION C-C'

LaMEd & Watnn




K637 -002 -07

VA

DREDGED FILL ANDR $SAND

- 740
_ 9 7%::*—__

T o
3ILT

:; 740 S

Oy N\ _2_

z

= 720 -

S

= ¥ SILT
§ TILL

4

“ 7op -

KEY:

—l e INDICATES GROUNDWATER TASLE

MOTES: V. ELEVATIONS REFER TO FEET ABOVE MEAN SEA LEVEL,
2, THE SUBSURFACE SECTION SHOWM REPAESENTS DUR
EVALUATION OF THE MOST PROBABLE COMDITIONS
PASED UPON JUTERPRETATIONS OF PRESENTLY AVAILABLE
DATA, SOME VARIATIONS FRONM THESE CONDITIONS
MUST BE EXPECTED,

< THIL

%0 - Ko 150 200 FEET

”

W

2

>

N

X

u

L 700 Y
FIGURE 3-9

GENERALIZED EAST - WEST
CROSS - SECTION THROUGH
DREDGE POND




0637 -002-07

L - — — _— r
S N
7 - 740
t 740 7 ‘G
o a0 — = T _ . /8 o
=z N DREDGED FILL AND SAND >
N -t} GRADES FINER 3
g 720 _/ - 720 %
5 ThL N ST swr ol TiLL E
§ | 3AND ™o TILL E
hy
700 - L 700 W
0 100 130 200 FEET
KEY :
— ¥ . INDICATES GROUNDWATER TABLE FIGURE 3-10
MOTES:

-

. ELEVATIONS REFEN TO FEET ADOVE MEAN SEA LEVEL,
o THE SUBCURFACE SECTION ShOwM AEPRESERTS OUR

EVALUATION OF THE MOST PROBABLE CONDITIONS
BASED UPON INTERPRETATIONS OF PRESENTLY AVAILASLE
DATA, SOME VANIATIONS FAOM THESE CONQITIONS

MST BE EXPECTED,

GENERALIZED NORTH - SOUTH
CROSS - SECTION THROUGH
DREDGE POND

eAMES & MOORS




APPENDIX A

TERRESTRIAL METHODOLOGY




APPENDIX A

TERRESTRIAL METHODOLOGY

A preliminary reconnaissance was made of the plant site to determine
the most suitable habitat areas for trapping small mammals. Generally, the
quality of on—site small mammal habitat is poor, However, the border of
vegetation along the shoreline of the Pine River appears to provide the best
locations for trapping.

Pairs of snap-traps {one large and one small) were baited with an
oatmeal=-peanut butter mixture and set at each of 45 locations near the river
(Figure 3-1). Seven, mediumsize, collapsible live-traps were baited with
sardines and set at various locations. The traps were concentrated 1in the
western and southwestern regions of the site along the shoreline of the Pine
River because the more dense and abundant vegetation in these areas appeared
to provide the best small mammal habitat on the site. Trapping was continued
for two nights, and traps were checked each morning.

One raccoon and twelve specimens (comprised of three species) of
small rodents were collected from the traps. In addition, a composite sample
of earthworms was collected from an area adjacent to the northwestern corner
of the dredge pond., All animals were tentatively identified in the field,
rinsed with distilled water, wrapped in aluminum foil, and frozen. Welghts
and lengths were recorded for those mammal species collected. Chemical
analysis of tissue samples was performed by Environmental Research Group of
Ann Arbor, Michigan. From the raccoon, skeletal muscle was analyzed, and
whole animal samples were prepared for analysis of the rodents and earthworm

tissues.
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RESULTS OF SOIL ANALYSES

Results reported in parts per million
on wet and dry weight basis

October 31, 1978

ERGH Sample ID Date NH,-N NO,-N cl
Het Dry Wet Dry Wet Dry
AA 25611 10167-002 9/14 250 290 15 17 53 62
DM1 #1 1"
AA 25612 10637-002 9/14 13 15 13 15 190 220
DM1 #2 3.5"

AA 25613 DM2 #1 O" 3/15 48 54 <.1 <.11 28 32
AA 25614 DM2 #2 3.5" 9/15 83 97 .24 .29 390 460
AA 25615 DM3 #1 0" 9/18 26 28 1.6 1.7 1500 1600
AA 25616 DM3 #2 3,5" 9/18 65 87 <.1 <.13 3500 4700
AA 25617 DM4 #1 1" 9/18 24 26 .53 .56 270 290
AA 25618 DM4 #2 3.5" - 9/18 350 390 <.1 <.11 540 600
AA 25619 DM5 #1 0" 9/21 16 19 .28 .32 51 59
AA 25620 DM5 #2 3.5" 9/21 5.2 5.7 <.1 <.11 23 25
AA 25621 DM6 #1 0" 9/19 60 78 .35 .45 490 640
AA 25622 DM6 #2 3.5" 9/19 26 30 <.1 <11 700 800
AA 25623 DM7 #1 O 9/20 4.8 4.9 <1 <.10 3.0 3.1
AA 25624 DM7 #3 7.5" 9/20 17 20 <.1 <.12 2000 2400
AA 25625 DM8 #1 O 9/21 41 48 .1 .12 800 930
AA 25626 DM8 #2 3.5" 9/21 2 2.6 .63 .83 2100 2800
AA 25627 DM9 #1 Q" 9/22 21 22 <.1 <.11 28 30
AA 25628 DM9 #2 3.5" 9/22 14 16 .14 1.2 1400 1600




_Z—

EETEEETEEEREEREREEREREERE

ERGH

AA

4

25611

25612

25613
25614
25615
25616
25617
25618
25619
25620
25621
25622
25623
25624
25625
25626
25627
25628

Sample ID

10167-002
DM1 #1 1"

10637-002

DM1
DM2
DM2
DM3
DM3
DM4
DM&
DM5
DM5
DM6
DM6
DM7
DM7
DM8
DM8
DM9
DM9

#2
#1
#2
#1
#2
1
#2
#1
#2
#1
#2
1
#3
#1
#2
1
#2

3.5"
0"
3.5"
oll
3.5"
lll
3.5"
Oll
3.5"
0"
3.5"
0"
7.5"
0"
3.5"
0"
3 L) 5"

Date

9/14

9/14

9/15
9/15
9/18
9/18
9/18
9/18
9/21
9/21
9/19
9/19
9/20
9/20
9/21
9/21
9/22
9/22

)

Wet

79
176

<10
490
26
35
<10
88
430
35
40
<10

22
5100
97
<10
140

200

11
580
28
47
11
98
500
38
52
12

26
5900
130
11
160

Wet

.30

.30
.30
.30
<.15
<.15
<.15
<.15
<.15
.60
<.30
.60
<.30
1.0
<.15
<.15
1.8

o ?

Phenol

.70

.34

.34
.36
.32
<.20
<.16
<.17
<.17
<.16
.78
<.34
.62
<.36
1.2
<.20
<.16
2.0

% Moisture

14

12

11
16
7
25
6
10
14
9
23
13
3
17
14
24
6
12
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2222 EREREEERERERRER

ERGH

AA 25611

25612

<

25613
25614
25615
25616
25617
25618
25619
25620
25621
25622
25623
25624
25625
25626
25627
25628

Sample ID

10167-002
DM1 #1 1"

10637-002
DM1 #2 3.5"

DM2 #1 O"
DM2 #2 3,5"
DM3 #1 0"
DM3 #2 3.5"
DM4 #1 1%
DM4 #2 3.5"
DMS #1 O"
DM5 #2 3.5"
DM6 #1 O"
DM6 #2 3.5"
DM7 #1 0"
DM7 #3 7.5"
pM8 #1 0"
pM8 #2 3.5"
DM9 #1 0"
M9 #2 3.5"

Date

8/14

9/14

9/15
9/15
9/18
9/18
9/18
9/18
9/21
9/21
9/19
9/19
9/20
9/20
9/21
9/21
9/22
9/22

Wet

44

75

80
100
24
49
280
20
88

140
63
19
34
54
40
22

1.1

Total Zn

Dry Vet
51 330
85 5400
90 6300

120 2000
26 4700
65 9300

300 4000
22 800

100 7200

7.8 2900

180 8900
72 1400
20 15000
41 2000
63 3100
53 97000
23 11000

1.2 29

Total Mg
Dry

380
6100

7100
2400
5100
12000
4300
890
8400
3200
12000
1600
15000
2400
3600
130000
12000
33

Vet

19

9.8

39
20
11
9.3
4.5
25
20
6.4
12
27
15
12
19
7.9
7.9
38

Total Cu

g

22

11

44
24
12
12

28
23

16
31
15
14
22
10
8.4
43
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EEEETETEREREEEERRRE SR

ERG#

<

25611

25612

25613
25614
25615
25616
25617
25618
25619
25620
25621
25622
25623
25624
25625
25626
25627
25628

Sample ID

10167-002
DM1 #1 1"

10637-002

DM1
DM2
DM2
DM3
DM3
DM4
DM4
DM5
DM5
DM6
DMb6
DM7
DM7
bM8
DM8
DM9
DM9

#2
#1
#2
31
#2
1
#2
#1
¥2
31
12
1
#3
3
#2
#1
12

3 . 5"
0"
3.5"
0"
3.5"
1"
3.5"
oll
3.5"
Oll
3 L] 5"
0"
7.5"
Oll
3.5"
0"
3.5"

Date

9/14
9/14

9/15
9/15
9/18
9/18
9/18
9/18
9/21
9/21
9/19
9/19
9/20
9/20
9/21
9/21
9/22
9/22

33

41
130
9.3
11
21
10
35
9.7
81
110
8.1
17
62
44
12
13

Total Cu

Dry
21

38

46
160
10
15
22
11
41
11
110
130
B.4
20
72
58
13
15

Wet

54
17

220
3100
6.7
17
17
30
140
3.0
6.3
5.7
2900
9.1
280
59
23
540

Total Pb

Dry
63

19

250
3700
7.2
23
18
33
160
3.3
8.2
6.6
3000
11
330
78
24
610
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2EXTETEEEEERERREER

ERGH

AA

=

25611

25612

25613
25614
25615
25616
25617
25618
25619
25620
25621
25622
25623
25624
25625
25626
25627
25628

Sample ID

10167-002
DMl #1 1"

10637-002
DM1 #2 3.5"

DpM2 #£1 0"
DM2 #2 3.5"
DM3 #1 0"
DM3 #2 3.5"
DM4 #1 1%
DM4 #2 3.5
DM5 #1 O"
DM5 #2 3.5"
DM6 #1 0"
DM6 #2 3.5"
DM7 #1 O"
DM7 #3 7.5"
DM8 #1 0"
pM8 #2 3.5"
DM9 #1 O"
DM9 #2 3.5"

Detection Limit:

Date

9/14
9/14

9/15
9/15
9/18
9/18
9/18
9/18
9/21
9/21
9/19
9/19
9/20
9/20
9/21
9/21
9/22
9/22

Non

Non

Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non

Non

Allyl chloride

Wet

Detectable

Detectable

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

5.0

Non

Non

Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non

Non

Dry

Detectable
Detectable

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectahble
Detectable
Detectable

6.0

=

Non

Non

Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Hon

Non

Wet

Detectable
Detectable

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Petectable

.10

Non

Non

Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non

Non

bry

Detectable
Detectable

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

.20
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2 EEEETREREEREEREEREEREERE

ERG#

AA 25611

<

25612

25613
25614
25615
25616
25617
25618
25619
25620
25621
25622
25623
25623
25624
25625
25626
25627

Sample ID

10167-002
DM1 #1 1"

10637-002
DM1 #2 3.5"

DM2 #1 O"
pM2 #2 3.5"
DM3 #1 Q"
DM3 #2 3.5"
DM4 #1 1"
DM4 #2 3.5"
DM5 #1 O"
DM5 #2 3.5"
DM6 #1 0"
DM6 #2 3.5"
DM? #1 O"
DM7 #3 7.5"
DM8 #1 O"
DM8 #2 3.5"
DM9 #1 O"
DM9 #2 3.5"

Detection Limit:

Date

9/14

9/14

9/15
9/15
9/18
9/18
9/18
9/18
9/21
9/21
9/19
9/19
9/20
9/20
9/21
9/21
9/22
9/22

Wet

.52
.84

11
2.1
.81
.34
3.0
Non Detectable
4.6
.20
.15
Non Detectable
.12
Non Detectable
960
.73
34
.71

.02

PBB

.60

.95

12
2.5
.87
.43
3.2
Non Detectable
5.2
.23
.19
Non Detectable
.13
Non Detectable
1100
.90
36
.79

.02

Non

Non

Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non

Non

Wet

Detectable
Detectahle

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

1.0

EDTA

Non

Non

Non
Non
Non
Non
Hon
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non

Non

Dry

Detectable
Detectable

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

1.5
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SEEEEESEEREREEEREEZR

FRG?

AA

AA

25611

25612

25613
25614
25615
25616
25617
25618
25619
25620
25621
25622
25623
25624
25625
25626
25627
25628

Sample ID

10167-002
DMl #1 1"

10637-002
DMl #2 3,5"

DM2 #1 0"
DM2 #2 3,5"
DM3 #1 O"
DM3 #2 3.5"
DM4 #1 1"
DM4 #2 3.5"
DMS5 #1 oO"
DM5 #2 3.5"
DM6 #1 O"
DM6 #2 3.5"
DM7 #1 0"
DM7 #3 7.5"
DM8 #1 O"
DM8 #2 3,5"
DM9 #1 0"
DM9 #2 3.5"

Detection Limit:

-1

Date

9/14

9/14

9/15
9/15
9/18
9/18
9/18
9/18
9/21
9/21
9/19
9/19
9/20
9/20
9/21
9/21
9/22
9/22

N’
Hexabromobenzene
Wet Dry
Non Detectable1 Non Detectable1
Non Detectable1 Non Detectable1
.84 .94
.71 .83
.20 .22
Non Detectable2 Non Detectable2
1.2 1.3
Non Detectable2 Non Detectable2
1.1 1.3
.38 W42
.062 .076
Non Detectahle2 Non Detectable2
.073 075
Non Detectable1 Non Detectab1e1
58 66
.051 . 064
Non Detectahle1 Non Detectablel
2.4 2.7
1. 1.4 1. 1.4
2. .02 2. .02

Non

Non

Non
Non
Non
Non
Non
Non
Non

Non

Non
Non
Non
Non
Non
Non

Non

Wet

Detectable

Detectable

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
7.1
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

.60

TRIS

Non

Non

Non
Non
Non
Non
Non
Non
Non

Non

Non
Non
Non
Non
Non
Non

Non

Dry
Detectable

Detectable

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
9.3
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

1.0
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SEEZEEREEREERREEEREEER

ERGY

AA 25611

=

25612

25613
25614
25615
25616
25617
25618
25619
25620
25621
25622
25623
25624
25625
25626
25627
25628

Sample 1D

10167-002
DMl #1 1"

10637-002
DMl #2 3.5"

DM2 #1 O“
DM2 #2 3.5"
pM3 #1 0"
DM3 #2 3.5"
DM4 #1 1"
DM4 #2 3.5"
DM5 #1 0"
DMS #2 3.5"
pM6 #1 0"
DM6 #2 3.5"
DM7 #1 O"
DM? #3 7.5"
pM8 #1 oO"
pM8 #2 3.5"
DM9 #1 O"
DM9 #2 3.5"

Detection Limit:

Date

9/14
9/14

9/15
9/15
9/18
9/18
9/18
9/18
9/21
9/21
9/19
9/19
9/20
9/20
9/21
9/21
9/22
9/22

Non

Non

Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non

Non

Wet

Detectable
Detectable

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

5.0

DMAE

Non

Non

Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Nen

Non

Dry

Detectable
Detectable

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

Detectable

7.0

Non

Non

Non
Non
Non
Non
Non
Non
Non
Non
Non
Non

Non

Non
Non
Non

Non

Detectable

Detectable

Detectable

Detectable

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
.03
Detectable
Detectable
Detectable
Detectable

.02

Non

Non

Non
Kon
Non
Non
Non
Non
Non
Non
Non
Non

Non

Non
Non
Non

Non

Dry

Detectable
Detectable

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
.04
Detectable
Detectable
Detectable
Detectable

.03



ERGH

|

EEZEEEEEREEREEREREEREZRERERE

25629
25630
25631
25632
25633
25634
25635
25636
25637
25638
25639
25640
25641
25642
25643
25644
25645
25646
25647
25648
25649

Sample ID

Ss-1A
55-1B
S5-2A
$5-2B
55-3A
$5-3B
SS-4A
§5-5A
S8-5B
55-6A
S5-6B
SS-7A
Ss-78
55-8A
55-8B
§5-9A
S5~-10A
55-10B
$§8-11A
55-12A
§5-128

Date

9/26
9/26
9/28
9/28
9/28
9/28
9/28
9/27
9/27
/27
9/27
9/27
9/27
9/27
9/27
9/29
9/29
9/29
9/29
9/29
9/29

120
36
80
38
93

7.4
24
26
16

2.9
12

300

130
33

2.6

9.4

82
53
2.5
86
140
40
85
53
99
8.7
35
28
18
4.2
17

330

140

35
3.0

11

<.01
<.01
<.01
<.01
<.01
.05
.38
.14
.09
<.01
<.01

<.01
<.01
<.01
<.01
<.01
.06
42
.15
.13
.01
<.01
2.9
.61
.15
1.2
1.1
.26
.06
.13
.07
.05

c1
Het bry
10 11
44 49
27 30
10 10
37 41
170 195
56 62
3.9 4.1
4.0 5.6
43 46
140 160
270 390
20 22
2.5 2.8
11 16
2100 2900
4.6 5.0
4.0 4.3
15 16
8.3 9.4
19 22



.-0‘[_

ERG?

EEE R

BEE 2B

25650
25651
25652
25653
25654

25664
25665
25666
25667

Sample ID Date
55-13A 9/27
S5-14A 9/27
SS-14B 9/27
§5-15A 9/27
$5-158 9/27
DMl sand 10/16
DM2 sand 10/16
10637-002 mud 10/16
DM8 Portland 10/16

Cement Grout

.80
1.2
1.6
.4

NH-N

g

30
6.9

14

15

12

.85
1.3
1.6
<.4

5.4
.62

5.7
.30

14
.10
.48

.03

5.7
.66

5.7
.30

.90
1.1
8.0

14

.96
1.2
8.0

14
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EEzEETREREREEREZEEREZEZRER

ERGH

25629
25630
25631
25632
25633
25634
25635
25636
25637
25638
25639
25640
25641
25642
25643
25644
25645
25646
25647
25648
25649

Sample ID

55-1A
S§5-18
§5-2A
S5-2B
§5-3A
§5-3B
SS-4A
S5-5A
§5-5B
§5-6A
$S-6B
S5-7A
§5-78
S55-8A
55-88B
S5-9A
55-10A
§5-108
55-114
55-12A
S$5-12B

Date

9/26
9/26
9/28
9/28
9/28
9/28
9/28
9/27
9/27
9/27
9/27
9/27
9/27
9/27
9/27
9/29
9/29
9/29
9/29
9/29
9/29

Wet

44
35
<10
40
13
40
260
74
120
13
22
44
<10

510
230
<10

13

18
<10
270

290
79
170
14
26
64
<11
4.6
740
320
{11
14
19
<11
310

HWet

<.15
.90
<.15
<.15
.30
.30
.30
.30
.30
.15
.30
.45
.30
.15
.30
.30
3.9
.30

.30
<.15

Dry
<.16
1.0
<.16
<.15
.33
.34
.33
.32
.42
<.16
.36
.64
.32
<.17
.43

4.2
.32
.65
.34

<.17

% Moisture

10

10
13

28

15
31

12
31
28

12
14



-Z'[_

ERGH

SEERER

S <

25650
25651
25652
25653
25654

25664
25665
25666
25667

Sample ID Date
$S-13A 9/27
SS-14A 9/27
SS-14B 9/27
S5-15A 9/27
§5~15B 9/27
DM1 sand 10/16
DM2 sand 10/16
10637-002 mud 10/16
DM8 Portland 10/16

Cement Grout

120
<10

18
440
17000

570
11
54

130

10

19
440
17000

Phenol

<.15
<.15
<.15
<.15

.30

<.15
<.15

.30
<.15

Dry
<.16
<.16
<.16
.16
.31

<.16
<.16

.30
<.15

% Moisture

F - V= B R - )

[=a B ¥
[=)]
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ERG#

25629
25630
25631
25632
25633
25634
25635
25636
25637
25638
25639
25640
25641
25642
25643
25644
25645
25646
25647
25648
25649

Sample ID Date
S5-1A 9/26
S5-1B 9/26
§5-2A 9/28
55-28B 9/28
S5-3A 9/28
SS-3B 9/28
SS-4A 9/28
SS~5A 9/27
$S-5B 9/27
SS-6A 9/27
S5-6B 9/27
§S-7A 9/27
$S-7B 9/27
SS-8A 9/27
SS-8B 9/27
S5-9A 9/29
55-10A 9/29
$5~10B 9/29
58-11A 9/29
S5-12A 9/29
§5-128 9/29

Total Zn
Wet. Dry
46 50
37 41 .
21 23
13 13
23 26
4.9 5.6
2500 2700
77 82
210 290
150 160
36 42
55 80
26 28
31 35
67 97
95 130
290 320
19 20
89 96
220 250
82 95

R

~—
Total Mg

Vet Dry
3100 3400
950 1100
11000 12000
4700 4800
1800 2000
93 110
12000 13000
2300 2400
28000 39000
4600 4900
9500 11000
82000 120000
730 780
22000 25000
86000 120000
66000 32000
8500 9200
490 530
2800 3000
6800 7700
26000 31000

Total Cr

8.9
7.0
7.1
46
22
26
18
9.8
18
11
16
12
5.2
7.9
5.0
4.1
17
4.1

g

13
38
9.2
7.8
8.2
51
23
36
19
12
26
12
18
17
7.2
B.6
5.4
4.4
19
4.8



ERG# Sample‘ID Date Total Zn Total Mg Total Cr
Vet Dry Wet Dry Wet Dry

AA 25650 $S8-13A 9/27 90 96 1000 1100 14 15
AA 25651 5S8-144A 9/27 346 38 8800 9200 8.4 8.8
AA 25652 $5-14B 9/217 14 15 360 400 4.9 5.4
AA 2565) S5-15A 9/27 120 130 4700 5100 10 11
AA 25654 55-158 9/27 _ 15 16 7000 7300 6.9 6.9
AA 25664 DMl sand 10/16 <.27 <.29 110 120 21 22
AA 25665 DM2 sand 10/16 <.37 <.36 9800 10000 3.0 3.2
AA 25666 10637-002 mud 10/16 12 12 170 . 170 <.53 <.53
AA 25667 DM8 Portland 10/16 2.7 2.7 11000 11000 46 46

Cement Grout



EEZTETEREEEREREEREREEZERERERER

ERGH

25629
25630
25631
25632
25633
25634
25635
25636
25637
25638
25639
25640
25641
25642
25643
25644
25645
25646
25647
25648
25649

Sample ID Date
SS-1A 9/26
SS-1B 9/26
SS-2A 9/28
SS-2B 9/28
SS-3A 9/28
SS-3B 9/28
SS-4A 9/28
$S-5A 9/27
SS-5B 9/27
5S-6A 9/27
SS-6B 9/27
SS-7A 9/27
SS-7B 9/27
SS-8A 9/27
SS-8B 9/27
SS-9A 9/29
$S-10A 9/29
$S-10B 9/29
$S-11A 9/29
S5~124A 9/29
$5-12B 9/29

Total Cu

7.8
11

5.0
360
43
270
150
32
46
12
17
19
33
46
82
76
360
48

Dry
240
13
16

12

400
46
380
160
38
67
13
19
28
74
50
88
82
410
56

7.8
190
29
110
250
120
210
42
30
78
12
26
46
97

2.7
42
270
110

8.0
210
33
120
270
170
220
49
43
84
14
38
64
105

2.9
45
310
130
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ERGH

=2 ERE

5B &R

25650
25651
25652
25653
25654

25664
25665
25666
25667

Sample ID

S5-13A
SS-14A
5S-14B
SS-15A
S$5-158

DM1 sand
M2 sand
10637-002 mud

DM8 Portland
Cement Grout

Date

9/27
9/27
9/27
9/27
9/27

10/16
10/16
10/16
10/16

Total Cu

8.1

1.4
4.3
1.3

36

Dry
110
14

512

58
8.4

1.5

4.6

1.3
36

Total Pb

Wet

10000

16
4.7

110
3.7

2.2
<l.1
4,2

<1.5

Dry
11000
17
5.2
120
3.8

<2.3
<1.2
4,2

<1.5
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ERGH

25629
25630
25631
25632
25633
25634
25635
25636
25637
25638
25639
25640
25641
25642
25643
25644
25645
25646
25647
25648
25649

Sample 1D Date
SS-1A 9/26
SS-1B 9/26
S5-2A 9/28
SS-2B 9/28
$S-3A 9/28
§5-3B 9/28
SS-4A 9/28
SS-5A 9/27
SS-5B 9/27
$S-6A 9/27
SS-6B 9/27
SS-7A 9/27
SS-7B 9/27
S$S-8A 9/27
55-8B 9/27
SS-9A 9/29
S5-10A 9/29
SS-10B 9/29
S5-11A 9/29
8S-12A 9/29
55-12B 9/29

Detection Limit:

Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non

Non

Allyl chloride

Wet

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

5.0

Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non

Non

Non
Non
Non
Non
Non

Non

Dry

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

6.0

Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non

Non

" Non

Non
Non
Non
Non
Non

Non

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

.10

Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non

Non

Non
Non
Non
Non
Non

Non

Dry

Detectable
Detectable
Detectabie
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

.20
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EEEEE

ERG
25650
25651
25652
25653
25654

25664
25665
25666
25667

S <

Sample 1D

$S-13A
SS-14A
$5-14B
SS-154
$5-158

DM1 sand
DM2 sand

10637-002 mud

DM8 Portland
Cement Grout

Petection Limit:

Date

9/27
9/27
9/27
9/27
9/27

10/16
10/16
10/16
10/16

Allyl chloride

Wet

—

Non Detectable
Non Detectable
N_% Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable

5.0.

Non
Non

Non

Non

Non

Non
Non
Non

Non

Dry
Detectable
Detectable
Detectable
Detectable
Detectable

Detectable
Detectable
Detectable
Detectable

7‘0

Non
Non
Non
Non

Non

Non
Non
Non

Non

Detectable
Detectable
Detectable
Detectable
Detectable

Detectable
Detectable
Detectable
Detectable

.10

Non
Non
Non
Non

Non

Non
Non
Non

Non

Dry
Detectable
Detectable
Detectable
Detectable
Detectable

Detectable
Detectable
Detectable
Detectable

.20
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ERGH
25629
25630
25631
25632
25633
25634
25635
25636
25637
25638
25639
25640
25641
25642
25643
25644
25645
25646
25647
25648
25649

Sample ID Date
SS-1A 9/26
SS-1B 9/26
$S-2A 9/28
$S-2B 9/28
$5-3A 9/28
55-3B 9/28
§S-4A 9/28
SS-5A 9/27
$S-5B 9/27
$5-6A 9/27
SS-6B 9/27
SS-7A 9/27
$S-78 9/27
SS-8A 9/27
SS-88 9/27
§5-9A 9/29
SS5-10A 9/29
$S-108 9/29
$S-11A 9/29
$S-12A 9/29
§S-128 9/29

Detection Limit:

Non Detectable
.26
.041

1.1
Non Detectable
84
4.7
.43
27
2.3
2.9
.39
8.9
.048
4.5
31
.022
1.2
6.6
.085

.02

.68
Non Detectable
.28
.045
1.2
Non Detectable
92
5.0
.55
29
2.6
3.8
42
10
064
5.8
34
024
1.3
7.4
.098

.02

Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non

Non

Detectable
Detectable
Detectable
Detectable

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

1.0

Non
Non
Non

Non

Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non

Non

Dry
Detectable
Detectable
Detectable
Detectable

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

1.5
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ERG#
25650
25651
25652
25653
25654

SEEERZ

25664
25665
25666
25667

S S <

Sample ID

§5~13A
§5-14A
8S-14B
§§-15A
§5-15B

DM1 sand
DM2 sand
10637-002 mud

DM8 Portland
Cement Grout

Detection Limit:

Date

9/27
9/27
9/27
9/27
9/27

10/16
10/16
10/16
10/16

PBB
Wet
1.3
13
.14
17
.15

Non Detectable
Non Detectable
Non Detectable

Non Detectable

.02

Non Detectable
Non Detectable
Non Detectable

Non Detectable

.02

Non
Non
Non
Non

Non

Nen
Non

Non

Non

EDTA

Wet

Detectable
Detectable
Detectable
Detectable
Detectable

Detectable
Detectable
Detectable

Detectable

1.0

Non
Non
Non
Non

Non

Non
Non

Non

Non

bry
Detectable
Detectable
Detectable
Detectable
Detectable

Detectable
Detectable
Detectable

Detectable

1.5
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ERG#

25629
25630
25631
25632
25633
25634
25635
25636
25637
25638
25639
25640
25641
25642
25643
25644
25645
25646
25647
25648
25649

Sample ID Date
5S-1A 9/26
SS-1B 9/26
SS-2A 9/28
$5-2B 9/28
$S-3A 9/28
SS-3B 9/28
SS-4A 9/28
55-5A 9/27
SS-5B 9/27
SS-6A 9/27
$S~68 9/27
SS~7A 9/21
SS-78 9/27
$S-8A 9/27
S5-8B 9/27
SS-9A 9/29
SS-10A 9/29
SS-10B 9/29
55-11A 9/29
§5~12A° 9/29
5$5~12B 9/29

Detection Limit:

Hexabromobenzene
Wet bry
.80 .87
.020 .023
2.2 2.4
1.8 1.9
1.1 1.2
.021 .024
40 44
21 23
Non Detectable1 Non Detectable1
14 15
Non Detectable1 Non Detectable1
.54 .72
Non Detectab1e2 Non Detectable2
1.7 1.9
.034 .045
1.8 2.3
52 56
Non Detectab1e2 Non Detectable2
.53 57
1.8 2.0
D44 .051
1. 1.4 1. 1.4
2 .02 2, .02

TRIS

Wet

Non Detectable
Non Detectable
Non Detectable
Non Detectable
15
1.7
- 580
5.3
Non Detectable
4400
2800
Non Detectable
Non Detectable
Non Detectable
Non Detectable
2.1
Non Detectable
Non Detectable

930
7.9
9.8

.60

Non
Non
Non

Non

Non

Non
Non
Non

Non

Non

Non

Dry
Detectable
Detectable
Detectable
Detectable

17
2.2
620
6.8
Detectable

4700
3200
Detectable
Detectahle
Detectable
Detectable
2.8
Detectable
Detectable

1000
8.9
11

1.0
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ERG#

25650
25651
25652
25653
25654

SEEEER

25664
25665
25666
25667

A

Cement Grout

Detection Limit:

Sample ID Date
S§S-13A 9/27
SS-14A 9/27
SS-14B 9/27
SS-15A 9/27
55-15B 9/27
DM1 sand 10/16
DM2 sand 10/16
10637-002 mud 10/16
DM8 Portland 10/16

N’
Hexabromobenzene
Wet Dry
Non Detectable1 Non Detectable1
2.7 2.8
.09 .10
a3 a5
.28 .30

Non Detectable
Non Detectable
Non Detectable

NN NN

Non Detectable

1. 1.4
2. .02

Non Detectable
Non Detectable
Non Detectable
Non Detectable

M NN R

1. 1.4
2. .02

Non
Non
Non
Non

Non

Non
Non
Non

Non

TRIS

Wet

Detectable
Detectable
Detectable
Detectable
Detectable

Detectable
Detectable
Detectable
Detectable

.60

Non
Non
Non
Non

Non

Non
Non
Non

Non

Dry
Detectable
Detectable
Detectable
Detectable
Detectable

Detectable
Detectable
Detectable
Detectable

1.0
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ERG#

25629
25630
25631
25632
25633
25634
25635
25636
25637
25638
25639
25640
25641
25642
25643
25644
25645
25646
25647
25648
25649

EPEEEZEEREREEREREERZERRERERERERER

Sample ID

SS-1A
55-18
$S-2A
§5-2B
§5-34A
§5~38
SS-4A
55-5A
5$5-5B
SS-6A
S55-6B
S5-7A
55-7B
§5-8A
S5-8B
§5-9A
§S-10A
55-108B
§5-11A
5S-12A
55-128

Detection Limit:

Date

9/26
9/26
9/28
9/28
9/28
9/28
9/28
9/27
9/27
9/27
9/27
9/27
9/27
9/27
9/27
9/29
9/29
9/29
9/29
9/29
5/29

4

Non
Non

Non
Non

Non
Non

Non

Non
Non
Nen
Non
Non
Non
Nen
Non
Non

Non

DMAE

Wet
Detectable

Detectable
Detectable
Detectable

13

36
Detectable
Detectable
Detectable

6.0

50
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

5.0

Non
Non

Non
Non

Non

Non

Non

Non
Nont
Non
Non
Non
Non
Non
Non
Non

Non

Dry
Detectable

Detectable
Detectable
Detectable

14

40
Detectable
Detectable
Detectable

8.0

53
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

7.0

Non
Non
Non
Non
Non

Non

- Non

Non

Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non

Non

cCl

..;{.

Wet
Detectable

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
.04
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

.03

Non
Non
Non
Non
Non
Non

Non

Non

Non
Non
Non
Non
Non
Non
Non
Non
Non
Non
Non

Non

Dry
Detectable

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

Detectable
.06
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

. l02
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ERGH
25650
25651
25652
25653
25654

S G

25664
25665
25666
25667

[ <

Cement Grout

Detection Limic:

Sample ID Date
5§5-13A 9/27
SS-14a 9/27
§5-148 9/27
85-15A 9/27
$5-158 9/27
DMl sand 10/16
DM2 sand 10/16
10637-002 mud 10/16
DM8 Portland 10/16

Non
Non
Non
Ron

Non

Non
Non
Non

Non

DMAE

Wet

rr—

Detectable
Detectable
Detectable
Detectable
Detectable

Detectable
Detectable
Detectable
Detectable

5.0

Non
Non
Non
Non

Non

Non
Non
Non

Non

Dry

Detectable
Detectable
Detectable
Detectable
Detectable

Detectable
Detectable
Detectable
Detectable

7.0

Non
Non
Non
Non

Non

Non
Non
Non

Non

CCl5

Wet

Detectable
Detectable
Detectable
Detectable
Detectable

Detectable
Detectable
Detectable
Detectable

.02

Non
Non
Non
Non

Non

Non
Non
Non

Non

Dry

Detectable
Detectable
Detectable
Detectable
Detectable

Detectable
Detectable
Detectable
Detectable

.03
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EKG#

25655
25656
25657
25658
25659
25660
25661
25662
25663

Sample ID Date
DM4 10/2
DM7 10/2
D)2 10/2
DM5 10/2
DM6 10/2
DM8 (9) 10/2
DM1 10/2
DM9 10/2
Wl 10/2

RESULTS OF W

ATER ANALYSES

Results repo

rted in mg/l.

October 31, 1978

NH.-N No.-N €1
19 .01 12000
25 .01 47000
2.0 .04 2600
2.8 .08 1000
12 ‘ .02 7800
53 .04 82000
4 .11 220
9.9 <.01 6800
YA <.01 82

270
95

320
650
220
180
260
2400

Phenol

.008
.012
.020
.012
.10
.076
. 004
1.2
.004



LRC#

S EEEEERR

25655
25656
25657
25658
25659
25660
25661
25662
25663

Sample ID Date
DM4 10/2
DM? 10/2
DM2 10/2
DM5 10/2
DMb 10/2
DMB (9) 10/2
DM1 10/2
DM9 10/2
Wl 10/2

Total Zn

30
41
30
110
18
84
21
1000
. 040

—
Total Mg Total Cr Total Cu
S
440 11 .29
440 .14 .25
240 .075 .19
150 .060 .14
570 . 064 .15
510 11 .17
92 .060 .26
280 .13 9.0
26 .076 .035

Total Pb

L 08
.23

.060
.36
.18
.12
1.8
.24
8.1
.015
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SEE Rz iy TR

25655
25656
25657
25658
25659
25660
25661
25662
25663

Sample 1D

DM4

DM7
DM2
DM5
DM6
DM8 (9)
DM1

DM9

Wl

Detection Limit:

Date

10/2
10/2
10/2
10/2
10/2
10/2
10/2
10/2
10/2

Allyl chloride

Non
Non
Non
Non
Non

Non

Non
Non

Non

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

Detectable
Detectable
Detectable

1.0

Non
Non
Non
Non
Non

Non

Non
Non

Non

PHT

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

Detectable
Detectable
Detectable

.01

Non
Non

Non

Non

Non
Non

Non

e e L - - —

PBB

Detectable

Detectable

Detectable
.02

Detectable
.13

Detectable
Detectable
Detectable

»00001

L
&.0\ M’,'\a

Non
Non
Non
Non
Non

Non

Non
Non

Non

EDTA

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

Detectable
Detectable
Detectable

1.0
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25655
25656
25657
25658
25659
25660
25661
25662
25663

w» .

Sample ID Date
DM4 10/2
DM7 10/2
DM2 10/2
DM5 10/2
DM6 10/2
DM8 (9) 10/2
DM1 10/2
DM9 10/2
Wi 10/2

Detection Limit:

Hexabromo-

Non
Non
Non
Non
Non
Non
Non
Non

Non

_benzene

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

.01

Non
Non
Non
Non
Non
Non
Non
Non

Non

TRIS

Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable
Detectable

.01
J
oot

Non
Non

Non

Non
Non
Non
Non

Non

DMAE

Detectable
Detectable
Detectable
20
Detectable
Detectable
Detectable
Detectable
Detectable

1.0

Non

Non

Non

Non

Non

Non

CC15

Detectable
.02
Detectable
Detectable
.08
Detectable
.03
Detectable
Detectable

ol



Dames & Moore
March 12, 1979

Organic and Inorganic Analysis

Water Samples (30552-64) reported in mg/1

ERG#

30352
30353
30354
30355
30356
30357
30358

Detection Limit:

Sample ID

DM-1
DM-5
DM-6
DM-7
DM-8
DM-3
DP-1

ND = Non Detectable

CCl5

.0026
027
.0016
.030
.027

PBB

.00035

.0013
.000083
.00017

DMAE
NDl

ND2

1. 500
2. 4

Phenol

.004
.016

9200

100




Dames & Moore
March 12, 1979

Organic and Inorganic Analysis
Water Samples (30552-64) reported in mg/l.

Soil Sample 30365 is reported in mg/kg on a dry weight basis,

ERGH Sample ID
30359 DP-2D
30360 pP-3

30361 DP-4

30362 DP-5

30363 DP-6

30364 DP-25

30365 DS1-12 Comp

Detection Limit:

ND = Non Detectable

CClﬂ

.030
.022
.0003
. 0026
.059
.038

-

PBB

.00012
.000075
.000058
. 000067
, 00019

3100

1.

DMAE

S T ™

ND
ND
ND
ND
ND

-

NDZ

4.0
8.0

Tris

HBB

31

Phenol

.044
.028

16,000
30,000
24,000
6,200
4,000

180
36
130
230
59




Dames & Moore
March 12, 1979
Organic and Inorganic Analysis

Soil Samples (30365-79) reported in mg/kg on a dry weight basis.

ERG# Sample 1D PBB DMAE Tris HBB
30366 $8-38 - ND - ' -
30367 $5-3p - . ND - -
30368 §5-108 2.0 - - 1.1
30369 $5-118 - - ' 930 -
30370 $8-11D - - 1200 -
30371 §5-11 Comp - - 790 -
30372 55-12§ - - 2.5 -
Detection Limit: 8.0

ND = Non Detectable




Dames & Moore
March 12, 1979

Organic and Inorganic Analysis

Results reported in mg/kg on a dry weight basis.

ERGH Sample ID
30373 $5-12D
30374 §5-12 Comp
30375 bP-6 #1
30376 DP-6 #2
30377 $8-3 Comp
30378 DS-1
30379 DS-2
301380 DS-3
30381 DS-4
30382 DS-5
30383 DS-6
30384 DS-7
30385 DsS-8
30386 DS-9
30387 DS-10
30388 ps-11
30389 DS-12

Detection Limi

ND = Nen Detec

ts:

table

Analogs

Tris

1.3
1.2

34
1400

29
20
51
39
250
30
1.9
.89
56
1.6

PBB_

250
3.6
4.3
53000
11
240
6.5
34
26

5888

« 33 833538888

DMAE HBB

21

51

= 8,83 8.~ 8

"ENVIRONMENTAL RESEARCH GROUP INC,
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APPENDIX C

ANALYTICAL CHEMISTRY METHODS

The analytical methods and instrumentation employed by
Lnvironmental Research Group, Inc. were consistent with published
and accepted laboratory procedures. Complete references follow

the Summary of Analytical Methodology.

In all cases, analyses were performed within the re-—

commended holding times set in the EPA Manual of Methods for

Chemical Analyses of Water and Wastes.

A summary of the methodology for each parameter is shown

below.
Parameter Summary of Analytical Methodology Reference
Ammonia Nitrogen Automated Phenate 1
(NHB-N)
Nitrate Nitrogen Automated Cadmium Reduction 1
(NOB-N)
Chloride (C17). Automated Ferric Thiocyanate 1
Phenols 4~AAP Methed feollowing Distillation
Sulfate (SO,) Turbidimetric Method ' 1
Metals:
Cr, Cu, Mg, Pb, Zn Atomic Absorption following 1
nitric acid digestion of waters
and Aqua Regia digestion of
solls and tissues
Polybrominated Extraction, florisil clean-up, 2
Biphenyls (PBB) Gas Chromatography
Tetrabromophthalic Extraction, florisil clean-up, 3
anhydride (PHTA) high pressure liquid chromato-
graphy
Ethylenediamine Extraction, chelation, high pres- 4
tetraacetic acid (EDTA) sure liquid chromatography
Tris 2,3 dibromo- Extraction, florisil clean-up, 3
propyl phosphate (TRIS) high pressure liquid chromato-
graphy
Dimethyl aminoethyl Extraction, gas chromatography 5

aleohol (DMC-0M)




Parameter

Allyl Chloride

Carbon tetrachloride
(cc14)

Hexabromobenzene

Percent Moisture
(ZM)

Summary of Analytical Methodology Reference

Extraction, gas chromatography

Extraction, gas chromatography 6

Extraction, florisil clean-up, 2
gas chromatography

Gravimetric 1



i‘*\..
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VELSICOL CHEMICAL CORPORATION
Resezarch and Development Department
Ann Arbor, Michigan

Analytical Method No. 919-A 919-A-013178
Determination of Trace Quantities of
PHT-4 in Waste Waters

Scope

This method {s applicable to the determination of trace quantities of
PHT-4 (tetrabromophthalic anhydride) in waste water.

Principle

Waste water suspected of containing PHT-4 1is first extracted with
methylene chloride. The solvent is evaporated to a 10 ml volume using

a Rotovap? and Kuderna-Danish evaporator. A portion of this extract is
then injected into a liquid chromatograph which separates PHT-4 from
other impurities in the waste water. &4s PHT-4 emerges from the column,
a signal is generated which is recorded as a peak on a strip chart recorder.
The peak height is measured and comwpared with that of a standard to deter-
mine the concentration of PHT-4 from the water sample.

Safetv
Standard laboratory dress should be worn during this analysis. Avoid

breacthing the vapors of these chemicals. Avoid open flame; these solvents
are extremely flammable.

Apnaratus and Reagents

Balance, 1000 gm maximum, 0.1 gm divisions
Balance, semimicro :
Rotovap or equivalent

250 ml Kuderna-panish evaporator with graduated thimble or equivalent
2-liter separatory funnel

1000 ml beaker

500 ml erlenmeyer flask

1000 ml boiling flask

2-100 ml volumetric flasks

50 ml volumetric flask

25 ml volumectric flask

10 ml volumetric flask

1.0 ml pipetres



Liquid chromatograph with standard 254 nm UV detector and Rheodyne Model
7120 precision injection valve or equivalent

Nitrogen, dry with regulator

Hexane, spectro-grade, UV cut-off approx. 200 nm

Methylene chloride, distilled in glass, UV cut-off approx. 230 nm

Tetrahydrofuran, spectro-grade, UV cut-off approx. 210 nm

Sodium sulfate, anhydrous granular

PHT-4, technical grade, Velsicol Chemical Corp.

Syringe, 100 !l or equivalent

Waters pBondapak CN column, 30 cm x 3.9 mm I.D,

Accuracy and Precision

The accuracy of this method was investigated by determining the 7
recovery of PHT-4 from splked water samples. All the water samples
were spiked in the range of 1.0 teo 1.5 ppm. The extraction efficiancy
of PHT-4 when extracting Immediately after spiking {s approximately
93%. The hydrolysis rate of PHT-4 in water was determined by splking
water samples with PHT-4 and allowing them to stir together for a
given amount of time. The data obtained from this study indicates

a hydrolysis rate of 20 to 25% per day.

Precision has not been thoroughly investigated, but four water samples
analyzed immediately after spiking showed the following results:

Sample PHT -4, ppm added Efficiency of Extraction, %
1 1.38 91.3
2 1.02 : 94.7
3 1.39 96.0
4 1.86 ' 90.0

The detection limit of PHT-4 by this methéd is ) ppm i{n solvent or
1 ppb based on a 1000 g water sample at a 1.0 ml dilution. Calibration
curves for PHT-4 indicate detector response to be linear over a range of

zero to 50 ppm.

Sample Preparation ,

l. Approximately 900 to LOCO gms of waste water sample 1is weighed out
(+0.1 gm) in a 1000 ml beaker. The sample is then transferred to a
2-liter separatory funnel. The water is then extracted with 3 x 100 mis
of methylene chloride and shaken vigorously for at least 2 minutes
each time. The organic layer is separated each time into an erlenmeyer
flask. After the 3 extractions, the aqueous layer may be discarded.

2. Approximately 5 to 10 gms of sodium sulfate is added to the erleunmeyer
flask to dry the organic extract if nacessary. Swirl for about
l minute.




The organic extract must be transferred from the erlenmeyer to the
1000 mi boiling flask. A small funnel with a cotton ball plug may be
used when transferring to prevent any sodium sulfate from entering
the boiling flask. The erlenmeyer is then rinsed with 3 x 5 mls of
methylene chloride and these washings are added to the boiling flask
also,

The organic liquid in the boiling flask is concentrated to 5 to 10

mls using a Rotovap and hot water bath. It is then transferred into

a Kuderna-Danish evaporator equipped with a graduated thimble. The:
boiling flask is rimsed with 3 x 5 mls methylene chloride and these rinses
are added to the Kuderna also. Using a dry air or nitrogen current, the
organic extract is concentrated to approximately 5 ml and brought back

to 10.0 ml volume with methylene chloride. The extract i{s then poured
into a 10 wl vial for HPLC analysis.

Standard Preparation

1.

i

A standard sample is prepared by first weighing out accurately 0.15000 g

of PHT-4 in a 100 ml volumetric flask. The PHT-4 is then dissolved in
50 mls of methylene chloride and diluted to the mark with an additional
50 mls of methylene chloride. This may then be labeled as the stock
solution having a concentration of 1500 pg/ml or 1500 ppm.

The following standard concentrations are then made up by accurately
pipetting 1.00 ml of the above stock solution into the appropriate
volumetric flask and diluting to the mark with methylene chloride.

Dilutions: 12100 = 15 ppm
1—>50 = 30 ppm
1—>25 = 60 ppm
1—> 10 = 150 ppm

Further dilutions may be accomplished I{in the same manner as shown above.

Liquid Chromatographic Analysis

l.

Operating Conditions

COlumN:eeeeasenonneonn, Water's Bondapak CN, 30 cm x 3.9 mm I.D,
Mobile phase...... ... 80% Hexane, 207% MeClz, 1% THF
Pressure/Flow.......... 450 psi/~z 1 ml per min,

Detector..... ceesacesen UV 254 nm

Chart speed....veeveess 5 wm/min.

Injection volume....... 20 p 1

*For increased sensitivity, a maximum of 50 ;1 may be injected.
However, an increase in sample volume may result in an increase in
peak broadening and peak tailing.



f ) 2. Calculations

a. Inject 20 yl of standard (15 ppm at 0.1 AUFS) and measure the
retention time of the peak in the standard (i.e., measure the
distance from time of injection to peak maximum).

b. Measure rthe peak area for the standard [i.e., area (mmz) = peak
ht. (mm) x peak width at % peak ht. (mm)].

c. Inject 20 gl of sample into the liquid chromatograph. Measure
the retention time of the peak(s) and compare this retention time
to that of the standard to identify the peak.

d. Measure the peak area of this peak as in 2b above.

p—
T~ e. Calculate the PHT-4 concentration in the waste water as follows:
PHT-4 peak area volume of conc. of PHT-4
{ Conc. of PHT-4 (ppm) = in sample (mmz) X extractg(ml) X in std. pom
PHT -4 peak area in std. (mm“) X sample wt. (g)
i
%Zﬁﬁﬁggy A. Wallan
: PAW/ jlw
—
[
{ .
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VELSICOL CUEMICAL CORPORATION
Research and Development Department
Ann Arbor, Michigan

dnalytical Method 900-A . 900-A-081977
Determination of Trace ™uantities of LV-T23P and
LV-T23P Low Boilers in Waste Waters

Scope

This method is applicable to the determination of trace quantities of
tris(2,3-dibromopropyl)phosphate, 1,2-dibromo-3-chloropropane, 1,2,3-
tribromopropane, 1,3-dibromo-2-propanol and 2,3-dibromo-1-propanol

in waste waters,

Principle |

Samples should be analyzed as soon as possible after being taken due
to the slow hydrolysis of LV-T23P in water. Waste water suspected of
containing LV-T23P and LV-T23P low boilers is first extracted with
15% diethyl ether in hexane, then concentrated to a known yolume, One
half of this concentrate is submitted for the gas chromatographic
analysis of LV-T23P low boilers while the other half is evaporated to
near dryness then brought back to its original volume with methancl.

A portion of each extract is injected into either a gas chromatograph
or a liquid chromatograph which separates the components from each
other and from other impurities in the waste water. As each component
emerges from the column, a signal is generated which is recorded as

a peak on a strip chart recorder. The area under each pealk (for GC)
or the height of each peak (for LC) is compared with that of a
standard sample to determine the concentration of each component
present in the waste water. : : :

Safety
Standard laboratory dress should be worn during this test. Avoid

breathing the vapors of these chemicals. CAUTION: Avoid open
flame; these solvents are extremely flammable,

Accuracy and Precision

The accuracy of this method was investigated by determining the recovery

of LV-T23P and LV-T23P leow boilers from spiked water samples. The
resules showed that LV-T21P beging hydrolysis immediately upon contact

with water., Recovery of LV-T23P is approximately 207 vhen the solubility

of LV-T230 in water (1-2 ppm) is not exceeded, llowever, when the



Analytical Mechod 900-A
Page Two
900-A-081977

solubility is exceeded, the recovery is approximately 85% up to the 10
ppm level where the efficiency then drops to 50%. This decrease in
efficiency at the 10 ppm level is probably due to the limited
solubility of LV-T23P in hexane. This data indicates that this method
of extraction 1s capable of recovering about 80% LV-T23P when present
in water between 2 and 6 ppm. Recovery above and below these levels
is significantly less. :

The LV-T23P low boilers show the following extraction efficiencies:

Dibromochloropropane 66%
Tribromopropane 68%
1,3-Dibromopropanol 8%
2,3-Dibromopropanol 9%

The poor efficiencies of the alcohols is due to their fair solubility in
water,

The detection limit for these compounds is as follows:

LV-T23P ~ 56 ppb
DBCP ~ 600 ppb
TBP ’ ~ 960 ppb
1,3-DBP ~ 14 ppm
2,3-DBP ~ 12 ppm

/
The precision data for this method was obtained from the first four extrac-
tions in which the LV-T23P concentration was in the rainge of 1 to 2 ppm. The
precision was calculated using the extraction efficiencies (percentages)
since these take into account the slight differences in the amounts of
LV-T23P added to the water,

The precision was calculated as follows:

S = 5131-222 where Xi = the extraction efficiency
N-1 of each sample spiked in

the 1 ~—2 ppm range,

N=24 X = average extraction efficiency

X = 20.43 of samples spiked in che
1—22 ppm range

S = 0.659 § = standard deviation

Rel, error = % x 100 R = relative error

R = 3,22%

Therefore, the extraction efficiency at the 1-2 ppm level is 20.43% + ,659,

By
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Analytical Method 900-a
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900-A-081977

Apparatus and Reagents

a.

Sample Preparation

Balance 1000 g maximum, 0.1 g divisions

Rotovap® or equivalent

250 ml Kuderna-Danish evaporator equipped with a graduated thimble
or equivalent

2 liter separatory funnel

1000 ml beaker

500 ml erlenmeyer flask

1000 ml round bottom flask

Diethyl ether, pesticide analysis grade

Hexane, pesticide analysis grade

Methanol, spectro-grade, U.V. cutoff approx. 205 nm

Sodium sulfate, anhydrous granular

Standard Preparation, Gas Chromatographic Analysis.

,3-dibromo-1l-propanocl, pure

,3-dibromo-2-propanol, pure

,2-dibromo-3-chloropropane, pure

y2,3-tribromopropane, pure

1.0 ml pipettes

250.0 ml pipettes

8 dram vials

Gas chromatograph equipped with a flame ionization detector or
equivalent

Helium, dry with vegulator

Hydrogen with regulator

Air, dry with regulator

Washed 100/120 mesh glass column

6' - 10% Reoplex 400 on Chromosorb W AW DMCS

Syringe, Hamilton 10 p

2
!
1
1

Standard Preparation, Liquid Chromatopraphic Analysis

Tris (2,3-dibromopropyl)phosphate, low volatile

2-100 ml volumetric flasks

50 ml volumetric flask

25 ml volumetric flask

10 ml volumetric flask ‘ ’

1.0 ml pipettes

Balance, semi-micro ,

Licquid chromatograph equipped with variable wavelength ultraviolet
detector and Rheodyne Model 7120 precision injection valve; or
equivalent

Nitrogen, dry with regulator

Methanol, spectro-grade; UV cutoff approx, 205 nm

Distilled 1120

Syringe, Hamilron, 250 41 or equivalent

Dulont Permaphase 008 column, lm x 2.1 mm I[.D,
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Sample Preparation

Samples should be analyzed as soon as possible after being taken due to
the slow hydrolysis of LV-T23P in water (~ 0.7 ppm per day).

1.

Approximately 900 to 1000 g of waste water sample is weighed

(+ 0.1 g) in a 1000 ml beaker, The sample is then transferred into
a 2 liter separatory funnel. The water solution is extracted with

3 x 100 mls of 15% diethyl ether in hexane by shaking vigorously for
approximately 2 minutes each time. The organic layer is separated
each time into an erlemmeyer flask (500 ml), The aqueous layer may
be discarded after extraction.

Approximately 5 to 10 g of sodium sulfate may be added to dry the
organic extract if necessary. 8wirl for about 1 minute,.

The organic extract must be transferred from the erlenmeyer to a
1000 ml round bottom £lask. The erlenmeyer is then rinsed with

3 x 5 ml of 15Z diethyl ether in hexane and these washings are added
to round bottom flask also.

The organic liquid in the round bottom flask is concentrated to
5-10 mls using a Rotovap® and hot water bath. It is then trans-
ferred into a Kuderna-DPanish evaporator equipped with a graduated
thimble. The flask is rinsed with 3 x 5 ml 15% diethyl ether in
hexane and these rinses are added to the Kudernma. Using a dry air
or nitrogen current, the organic extract is concentrated to 5 ml and
brought back up to exactly 10.0 ml using hexane, Exactly 5.0 ml of
this concentrate is submitted for gas chromatographic analysis of
LV-T23P low boilers.

The remaining 5 ml of the extract is concentrated to approximately
0.5 ml (near dryness) and then brought back to exactly 5.0 ml

with methanol. This concentrate is now ready for liquid chroma-
tographic analysis.

Standard Preparation

a.,

GC Standards

1. A standard sample is prepared by pipetting 1.0 ml of each of the
following components into a 250 ml volumetric flask:

2,3-dibromo-1-propanol density = 2.11 g/ml
1,3-dibromo-2-propanol density = 2,12 ¢/ml
1,2-dibromo-3-chiloropropane density = 2.09 g/ml
1,2,3-tribromopropane density = 2,44 g/wl
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2. The standard sample is now diluted to the mark with 15% diethyl
ether in hexane and labeled as "Standard I."

3. A second standard sample 1s prepared by pipetting 1.0 ml of
Standard I into a 250 ml volumetric flask and diluting to
volume with 15% diethyl ether in hexane. This may be labelead
as '"Standard II."

The above standards contain the following concentrations:

Standard I* Standard Il
2,3-dibromo-1-propanol - 0.8440 3376
1,3-dibromo-2-propanol 0.8480 33.96
1,2-dibromo-3-chloropropane 0.8360 33.44
1,2,3-cribromopropane 0.9760 39.04
% (wiv)
ww ppm

density of coﬁponent (g/ml) X volume (ml) X 106

Conc, of component (ppm) =
P PP total volume (ml)

Note: 1If these standards are not in the range of interest, octhers
may be prepared in a similar manner,

b, L€ Standards

1. A standard sample is prepared by first weighing out accurately
0.15000 g of LV-T23P in a 100 ml volumetric flask. The LV-T23P
is then dissolved in 50 ml of methanol and diluted to the mark
with an additional 50 ml of methanol., This may be labeled as the
stock solution having a concentration of 1500.0 pg/ml or 1500.0

ppm.

2. The following standard concentrations are made up by accurately
pipetting 1 ml of the above stock solution into the appropriate
volumetric flask and diluting to the mark with 55% methanol/Il,0

(v/iv).
Dilutions: 1 ——>100= 15 ppm
1 —— 50= 30 ppm
1 ——3 25 = 60 ppm
1l 3 10 = 150 ppm
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Gas Chromatographic Analysis

1. Operating Conditiong

Column Temperature . . + + + « « +» » « + » « +180°C

Detector Temperabture . . . . . . « . + » +» . 2230°C

. : Injector Temperatur® . « . 4« « o« + o o+ « o o .235°C
Carrier Gas F1ow . « . « « « & « o o o s + o .100 ml/min

. Sample Size. . ., . . . . . i 4 4 e e e e W2l
Chart Speed. . . . . + ¢« ¢« « o « =« « + « + » 0.5 in/min

e Sensitivity., . . . ¢« . 4+ + + ¢ 4+ « + « « « . JAttenuate as needed to

keep peaks on scale

' 2. Calculations :

a. Inject 2 ul of the standard into the gas chromatograph. Measure
\ the retention time of each peak in the standard, i.e., measure
the distance from time of injection to peak maximum of each peak.
b. Measure the peak height and width at ¥ the height of each peak
; in the standard. Multiply the height times the width at % height
. of each peak to obtain the area.
~ c. Inject 2 pl of sample into the gas chromatograph. Measure the
retention time of each peak, Match these retention times to the
retention times of the four peaks in the standard to identify the
t peaks.
\v'
' d. Measure the peak areas of each peak as in 2b above.
L
' e, Calculate the concentration of each component as follows:
{ peak area of comp. X volume of conc, of comp,
: 2 ‘ . i
in sample (mun<) extract {(ml}) in std. {(pom)
conc. of comp., ppm =
! peak area of comp, in standard (tm?Z) X sample wt. (g)
§
{ A typical chromatogram of the above is attached.
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nc.,

of LV-T23P (ppm) =
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Licuid Chromatographic Analysis

1. Operating Conditions

Column . ¢ o « o & « &+ e -0 o o o

Mobile Phase . ., . . . . . . . .

Pressure . . . o 4 o o s o o o & o
Detecltor . 4 . . & ¢ & &« & s & o &
Sensitivity. . . . « 4 + o o 4+
Chart Speed, . . . . . v « « « « &
Injection Volume . . . . . . . . .

2. Calculations

a. Inject 100 ;1 of standard into liquid chromatograph.

Ll

. I mx 2.1 mm I.D, DuPont
Permaphase ODS

. 55% MeOH/Ho0 (v/v)

. 1000 psi

« 220 nm

. 0.02 AUFS

. 2 mm/min

. 100 gl

Measure

the retention time of the peak in standard (i.e,, measure
distance from time of injectien to peak maximum),

b. Measure the peak height for the standard.

¢. Inject 100 pl of the sample into the liquid chromatograph.
Measure the retention time of peak(s) and compare this
retention time to that of the standard to identify the peak.

d. Measure the peak height as in 2b above.

e. Calculate the LV-T23P concentration as follows:

LY-T23P peak ht,
in sample (nm)

volume of
extract (ml)

conc. of LV-T23P
in std. (ppm)

LV-T23P peak height in standard (mm) X

o
oy

sample wt., (g)

Pl ] 1
” - ..
LA )

Peggxyﬁ. Wallan

- 1
. / L/" ff'//l S /
A/ / s ,"L f z'r,-:‘-/'i 4
Dennis W, Dobritt R

PAR:DWD: 1sb
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APPENDIX D

GEOTECHNICAL FIELD PROCEDURES

In order to minimize the dangers of any fugitive contamination of
soil and water samples during the course of the drilling program, the

following procedures were stringently practiced in the field:

I. PREDRILLING PREPARATION

Upon arrival at the plant site and prior to going to the specific
drilling locations, the drill rig, drill rods, bits, subs, auger flights,
Dames & Moore samplers, wrenches, clamps, vise, and miscellaneous tools, bath
troughs, tabtle, drying racks, casing, and piezometer screens were steam
cleaned. The drill rods, auger flights, samplers, casing, and plezometer
screens were then wrapped in PVC before proceeding to the drilling site, In
' moving on site, the rig was driven slowly to minimize the contamination by
dust.

Upon reaching the site and laying out the ground covers for the
drilling and cleaning sites (as described below), the cleaning area was set
up. The cleaning area contained the following equipment:

1. A table for disassembling the samplers consisting of a table

with a vise, wrench, cleaning brush, and container for hexane

used for cleaning;

2. Trough, containing soap and water, with drainboard, gloves, and
cleaning brush;

3. Two troughs containing hexane with drainboards, gloves, and
cleaning brushes;

4, Drying rack with gloves;

5. Containers of fresh water and unused hexane;

1



6. Waste containers for used soap and water, hexane, rags, etc.;
and

7. Grounding clamps.

Gloves remained at and were used only at one cleaning station.
Whenever hexane was transferred from the container to the bath or from the
bath to the waste container, grounding clamps were used to minimize the risk

of fire.

II. PREPARATION OF DRILLING SITES

Before drilling began at any location, the area was sprayed with
water in order to control the dust. Next, a PVC ground cloth was lain over
the entire work area in order to catch any solid or liquid wastes produced in
the course of drilling. When possible, the drill rig was located on the
ground cloth upgradient from the point where the hole was to be drilled. The
downgradient portion of the ground cloth was supported on stakes or by using
some other appropriate measure in order to contain any liquid wastes. When
the ground around the proposed site was level, the ground cloth was supported
around the entire perimeter in order to provide a catchment.

In preparation for drilling the hole, the auger flights were
unwrapped and cleaned in the following manner:

1. The auger flights were placed in the soap and water bath and

scrubbed with the brush assigned te that cleaning station.
When finished scrubbing, the auger flight was placed on the
drainboard and allowed to drain for a minute or two.

2. The auger flight from the previous station was then placed in

the first hexane bath, scrubbed down with the brush assigned to
this cleaning station, and then placed on the drainboard to

drain.

3. Step 2 was repeated for the second hexane bath.



4, The auger flight was retrieved from the previous station and

placed on the drying rack, allowing it to air dry before use,

In order to minimize the possibility of airborne contaminatiocn,

the auger flights were lightly draped with PVC while drying.

Prior to drilling, a hole was cut in the ground cover large enough

to accommodate the auger flights. Before the actual drillig took place, a

surface soil sample was taken. Thereafter, subsurface soil samples were taken

at 5-foot intervals or when changes in material occurred.

I1I. DRILLING

The upper portion of the deep boring and the entire depth of
the 25-foot borings were drilled using a 3-3/4-inch ID (9~inch OD) hollow
stem auger. The hollow stem auger was effective in isolating the sidewall
materials from the undisturbed materials being sampled using a drive sampler.
A positive pressure of clean and uncirculated drilling mud was maintained
in the auger flights to minimize infiltration into the auger by possibly
contaminated ground water.

The deep hole drilled was completed 1in two steps. The first step
was to drill a 9-inch OD hole, using the hollow stem auger, into the clayey
till., A 4-inch prewashed (using the method described above for the auger
flights) steel casing with casing centralizers was placed in the hole and
pressure grouted with neat cement slurry containing 6 to & percent bentonite
through the casing from bottom to top. An appropriate-sized gate valve was
attached to the top of the 4=inch ID casing in order to shut in the pressure
and prevent the cement from siphoning back into the casing. After the

calculated (+30 percent) quantity of grout was placed in the casing, a2
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bentonite-water drilling mud mixture was pumped into the casing to force the
cement grout out. A 2= or 3-foot~thick cement plug was left in the casing.
No activities were permitted in the hole or casing for at least 24 hours.

The second step involved drilling out the cement plug in the casing
and drilling to a depth of about 4 feet below the base of the casing.
The hole was then thoroughly flushed with water of known quality before
proceeding. The hole was deepened to an approximate depth of 30 feet using
the rotary wash method. During this deepening process, the drilling mud was
used only once and not recirculated. At the completion of drilling, a
plezometer was set. Next to the deep hole and piezometer, a shallow hole was
augered without taking samples to the required depth of about 12 feet and a

shallow piezometer installed.

IV, SAMPLING

The actual sampling proceeded in the following manner: first, the
hellow stem auger was advanced to the top of the desired sampling interval.
The auger flights were kept filled with clean, uncirculated drilling mud to
prevent infiltration of possibly contaminated ground water. The prewashed
Dames & Moore sampler was then lowered to the bottom of the hole on drilling
rods and driven using a drive hammer. A record of the blows required to drive
the sampler was recorded. When the sampler was removed from the hole and
broken from the rods, it was wiped down with cloths or paper towels to remove
all traces of mud from the exterior of the sampler. The sampler was then
taken to the table in the cleaning area where the exterior of the sampler was
wiped with paper towels wetted in hexane. The joints were then broken loose

using a hexane~washed wrench and vise. If the sample was to be used for

4



chemical analysis, the center six rings were removed as one piece, wrapped in
tin foil, enclosed in a plastic bag, and placed in the Dames & Moore sample
container prior to freezing, Of the remaining four rings, the outer two were
discarded and the other two were transported to the Dames & Moore laboratory
for soil analysis. The surface sample and the sample taken at the 5-foot
interval were the only samples used for chemical analysis; therefore, only the
sample taken at the 5-foot interval was handled as described below. All other
samples were transported directly to the Dames & Moore laboratory for soil
analysis.

After the 5-foot sample was prepared, it, along with the surface
soll sample, was taken directly to the Velsicol quality control laboratory and
frozen prior to transfer to the gnvironmental Research Group (ERG) laboratory
for chemical analysis.

After each sampling, the work table and tools were scrubbed with
hexane. The sampler was then put through the scap and water bath, followed by
two hexane baths and air drying before being wrapped in PVC prior to reuse.

All samples were carefully logged and labeled. The log included
date, boring number, sample number, Dames & Moore representative's name,
sample depth, blow count, visual sample description, and soil classification,

as well as any other pertinent detalls of the drilling.

V. PIEZOMETER INSTALLATION

Piezometers (prewashed wusing the method described above for the
auger flights) constructed of 2-inch ID galvanized iron pipe and 2-foot-long
steel well points were installed In each of the borings. These piezometers

were used to determine ground water levels, to make in-situ permeabilirty



tests, and to obtain water samples for chemical analysis. The piezometers
were installed using the following procedure: the hollow stem auger was
withdrawn to the top of the clay layer, and the portion of the hole in the
clay was grouted with concrete. The drilling mud in the auger flights was
replaced by clean water of known quality by pumping in clean water through a
rod extending to near the hole bottom. A clean piezometer was then lowered
into the auger flights to the desired depth and a sand pack was added as the
auger was gradually pulled from the hole. When the sand pack extended a foot
or two above the top of the well point, the remainder of the annulus between
the piezometer and the walls of the boring was grouted with concrete. A
sample of the water in the pilezometer was collected using a teflon bailer, and
the piezometer was capped and allowed to sit for at least 24 hours before
further development, testing, or sampling. The location of each piezometer

was marked using a 2 x 4 sticking up at least 4 feet above ground surface.

Vi. SECURING THE DRILLING SITE

Once a hole had been drilled and the plezometer installed, the site
was secured in the following manner:

1. As the auger flights came out of the hole, the excess material
was cleaned off and each flight was wiped down with water. It
was then wrapped in the PVC wrapper used originally. The auger
flights were then ready for transportation to the steam
cleaning area for steam cleaning prior to moving on to the next
site.

2. All baths were drained into proper waste containers using
grounding clamps.

3. All solid wastes, including gloves and brushes, were placed in
a container for disposal.
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All equipment was removed from the cleaning area and trans-
ported to the steam cleaning area for cleaning prior to setting
up at the next site.

When the ground cover for the cleaning area contained any
spilled liquids, these were drained into a proper container
before disposing of the cover.

All drilling equipment was removed from the drilling site and
transported to the steam cleaning area for cleaning prior to
setting up at the next site.

Step 5 was repeated for the ground cover at the drill site,

After all equipment was steam cleaned, the equipment proceeded
to the next site.
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APPENDIX E

PIEZOMETER DATA

ELEVATION . DEPTH TO WATER
TO TOP OF ELEVATION OF SCREENED INTERVAL  EFFECTIVE INTERVAL (3/31/19)

PIEZOMETER PIEZOMETER GROUNG SURFACE DEPTH OF BORLNG (feet below (feet below DIAMETER (feet below

NUMBER {feet) (feet) (feer) ground sutrface) ground surface) {inches) top of casing)
Di-1 728.14 727.38 20.5 4,9 - 8.4 3.0 - 20.5 2 1.3
D=2 728.39 723.94 15.3 6.1 - 9.6 3.0 - 15.5 2 5.8
DM-3 727.79 723.56 15.5 6.0 ~ 9.5 2,0 - 15,5 2 5.2
DM-4 723.28 722.15 20.5 9.3 - 12.8 3.0 - 20,5 2 3.7
DH-3 730.17 725.66 15.5 6.2 - 9.7 3.0 - 15.5 2 6.1
DH-6 721.87 720.26 9.5 3.9 - 7.4 2.0 - 9.5 2 2.0
-7 732.13 731,86 20.5 9.7 - 11,2 3.0~ 20,5 2 2.1
DM-85 726.99 726.55 k5.5 10,1 - 13.6 3.0 - 15.5 2 5.4
DM-8D 728.52 726.36 31.5 25.5 - 29.0 20.0 - 31.5 2 5.4%
DM~9 724.95 723,91 20.5 9,5 - 13.0 2.0 - 20.5 2 5.0
DP-1 7139.1¢ 738,12 30.0 25,0 ~ 28.5 10,0 - 30,0 2 16.6
DP-2D 738.62 738,10 30.0 25.0 - 28,0 22,0 - 30.0 2 10.5
DP-25 738.88 737.89% 30.0 15.5 - 19,0 10.0 - 19.0 2 11.1
be-3 740.44 739.94 30.0 25.5% - 28.5 12.0 - 28.5 2 11.3
DP-4 738.55 737.74 30.0 25,0 - 28.5 10.0 - 30.0 2 14.6
DP-5 725.76 720,83 6.0 4,0 - 6.0 3.0 - 6.0 2 5.4
DP-6 737.60 734,19 25,0 18,5 - 23.5 14,0 - 250 2 8.5

*Water level taken 4/9/79.
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BORING DM-—I

o SURFACE ELEVATION T2T.38
3
g
3
3  srmeocs DESCRIPTIONS
" QL | BLACK HIGHLY ORGANAC TCPSOIL
'1” LIGHT BAOWN FINE TO MEDIUM SAND WiTH TRAGE
I IV CLAY AND TRACE FINE CRAVEL (LOOSE}
8 ki GRADES WITH DCCASIONAL LENSE OF CLAYEY $ILT
|al
GRAY CLAYEY SILT WITH TRACE COARSE SAND (STIFF)
4
|
ML GRADES VERY STIFF
a
GRADES WITH SOME CLAY AND TRACE FINE
GAAVEL {BLOW COUNTS NOT RECORDED}
a
BORING COMPLETED AT A DEPTH OF 20,5 FEET ON 9-]4-78.
PIEZOMETER INSTALLED GN 9-14-78,
SCAEEMED INTERVAL: 4.9 FEET TO B.4 FEET,
SAND PACK: 3.0 FEET TC 20.5 FEEY
CROUT: 0 TO 3.0 FEET
WATER LEVEL RECORDED AT A DEPTH OF 3.2 FEET ON 4=9-79,
- SURFACE ELEVATION T23.94
3
[y
3
3 srmEoLs DESCRIPTIONS
L] OARK CRUWL FILE SAWD WITH TRACE CLAYEY SARLD AND
DRGAIIC BATTER .
| ] GRAYISH BROWN CLAYEY SILT WETM SOME FINE SAND AND
TRACE FINE GAAVEL (S0FT)
GRAY FENE SAND WITH TAACE MEDILUM TO COARSE SAND
. H GRAY SILT WITH SOME CLAY AND TRACE FINE CAAVEL (STIFF)
B GAADES WITH TAACE COARSE SAND AID FINE CAAVEL
ML
a

BORING COMPLETED AT A DEPTH OF 15,5 FEET Ok 9-15-78.
PIEZOMETER INSTALLED QW 9=15-78,

SCAEENED INTERVAL: b6.] FEET T¢ 9.6 FEET,

SAHD PACK: 3.0 FEET TG 15.5 FEET.

GRCUT: 0 TO 3.0 FEET.

WATER LEVEL RECORDED AT A DEPTH OF 2.1 FEET QN k-9-79.

DAMES 8 MOORR

FIGURE F-I
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BORING DM-3

SURFACE ELEVATION T23.5%

SYmsoL §

DESCRIPTIONS

ML

LIGHT BROWN FENE TO MEDIUM SAND WITH SOME COAASE
SAND AND TRACE GRAVEL (FILL)

BLACK PEAT WITH OCCASIONAL LENSE DF CRAY SANDY $ILT
SILT GRADES OuT

GRAY CLAYET SILT WITH TRACE FIME GRAVEL ($TIFF)

GAADES BROMM (MEDIUM STTFF)
GAADES GRAY WITH SOME CLAY (WARD)

BORING COMPLETED TO A DEPTH OF 15.5 FEET OM S-18-78,
PIEZORETER INSTALLED )ON 9-18-78.

SCREENED INTERVAL: 6.0 FEET T 9.5 FEET,

$AND PACK: 2.0 FEET TO 15,5 FEET,

GRTUT: O TO 2.0 FEET,

WATER LEVEL RECORDED AT A DEFTH OF 1.6 FEET ON hage79.

BORING DM-4

SURFACE ELEVATION T22.13
'

SYMBOL S

DESCRIPTIONS

SP

PT

SP

ML

BROWN FINE SAND WITH TRACE FINE TO COARSE GRAVEL
AND BLACK CINDERS (LOOSE)

BLALX HIGHLY ORGANIC PEAT COHSISTING OF (PREDOMINATELY
DECOMPUSED WOOD FRAGMENTS AkD SAWCUST)

YELLOW AROWN FIME SANG (MEDTUM DENSE}

GRAY CLAYEY SELT WITH SOME FINE SAND AND TRACE
COARSE SAND (MEDIuM 5STIFF)

GRADES HARD

BORING COMPLETEC AT A GEFTM OF 20.5 FEET ON 9-19-75,
PIEZCMETER INSTALLED ON 9-19-78.

SCAEENED INTERVAL: 9.3 FEET TO (1.8 FEET.

SANC PACK: 3.0 FEET TO 20.5 FEET

GACUT: O TO 3.0 FEET.

WATER LEVEL RECOADED AT A DEPTH OF 3,2 FEET ON 4-9-79

DaAaMES B MOORE

FIGURE F-2
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BORING DM-5

SURFACE ELEVATION 125 66

SYMBOL S

DESCRIRTIONS

FINE TO HEJILM SAND WITw SOME COARSE SAND AN
FINE GRAVEL

TELLOW AROWN MEDIUM TO COARSE SAND (FILL} (MEDIUM
DENSE)

BAOWN FINE, MEDEUN AND COARSE SAND, TRACE SOmt FINE
GRAVEL TRACE RECIUM GRAVEL (FILL} (mEDIuM DENSE)

GRADES DEWSE

GAAY SILT WITH SOME CLAY A TRACE FINE GRAVEL
(STLFF)

GRADES WITH CLAY (VERY STIFF)

BORING COMPLETED AT A DEPTH OF 15.5 FEET On 9-21-78,
PIEIOMETER [NSTALLED ON 9-21-78.

SCREEHED INTERVAL: 6.2 FEET TO 9.7 FEET,

SAND FACK: 1.0 FEET TO 15,5 FEET,

CREMIT:, @ TD 3.0 FEET,

WATER LEVEL RECORDED AT A BEFTH OF 2,6 FEET ON 4~5-79.]

BORING DM-6

SURFACE ELEVATION T20.28

SrMacL s

DESCRIPTIONS

YELLOW CADWI FILE TO mEDIUM SANG W1Th TAACE
COANSE SAND (LOGSE)

GRADES WITH SOME COARSE SAD AND ELACK
DRGANIC STAIKS

CRAY SILT WITH SOME CLAY AND TRACE FINE GRAVEL (FARD)

BORING COMPLETED AT A DEPTH OF 9.5 FEET On 9-13-78,
PIELCMETER INSTALLED Oh 9-19-78.

SCREENED INTEAVAL: 1.9 FEET TU 7.4 FEET.

SALD PACK: 2.0 FEET TO 8.5 FEET.

LPOUT: @ 7O 2.0 FEET.

WATER LEVEL RECORDED AT A DEPTM OF 1.7 FEET OM &=9-79,

DAMES 8 MOORE

FIGURE F-3
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Lt INGEX
] &3 srmsoLs DESCRIPTIONS
TW 4 i BAOWN FILE SAND WITH TRACE FILE GRAVEL ALD
OCCASICNAL BLACK MOTTLING AND SOME CAGANIC
MATTER
GAADES BLACK
s 4= GNADES EACK TO BROWN
GRAY CLAYEY SILT {STIFF)
$A,HA 208
BROVN FIE, MEDIUN AND COARSE SAND TMACE FINE
GRAVEL {LDOSE)
10 R
iz a BARK YELLOW AROMN CLAYEY SILT (STIFF)
GRADES GRAY
l ML
S HA GRADES WITH SOWE CLAY AND TNACE FIPE GRAVEL
42 0 (HaRD}
BORING COMPLETED AT A DEPTH OF 20,5 FEET ON §-20-78.
PIEZOMETER |NSTALLED ON 9-20-78,
SCREEMED INTERVAL: 5.7 FEET TO 13.2 FEET,
SAND BACK: 3.0 FEET TO 0.5 FEET.
- GROUT: O TO 3.0 FEET.
WATER LEVEL RECORDED AT A OEFTH OF 1.1 FEET ON LeB=75.
- o BORING DM~8D
ATTERBERG « x = .
oTwER Ean LIMiTS ol 5. 2. SURFACE ELEVATION 726.38
TESTS “',E,"y”" ;! | x% S g
weus [eLasticry| ¥ 2 E g ;
LY (L1141 -
5 & & SrMaoLs DESCRIPTIONS
TW B MISCELLAMEOUS REFUSE AND CHENLCAL WASTE (FILL}
‘\__ -
$A 4an
SA, HA 20 8B GRAY SILT WITH TRACE CLAY AND TRACE COARSE SAND
ML AND FINE GRAVEL (STIFF)
GAADES REDDISH BADWN
34 21 YELLOW BROWN FENE SAHD WITH TRACE SILT (HEDIUM
BEHSE)
SA, HA 40 @ GRAY SILT WiITH SOME LLAY AND TRACE FIGE ZRAVEL {UAPD)
GRADES VERY STIFF
L L 31 @
ML GRADES WITH OCCASIONAL LAYER OF GRAY FIHE TQ
SA,HA 2 KEDIUM SAND
i
I
|
|
!
SA  HA LI T
BORING COMPLETED AT A DEPTH OF 11.% FEET On 9-32-7E,
PIEZOMETER INSTALLED on 9-22-78.
SCREENED INTERVAL: 15.5 FEET TO 29.0 FEET.

SAND Fatk: 0.0 FEET 1O 31.5 FEET.
LROUT: 15.0 FEET T0 20.0 FEET.

WATER LEVEL RECURDED AT A DEPTH OF 5.% FEET ON %-9-79,

LOG OF BORINGS

DAMES B MOORE

FIGURE F-4&



-

DEPTH IN FEET

DEPTH IN FEET

=
A'rﬂ:llr:!nﬁ g s
» SHEAN LEMI £
‘,’I;‘?, STRENGTH E! ® §E
i vobin [ruasriervf Y2 H
' LMt INDEX § o
o
5
10
15
20
£
ATTERBTE!RG 'S‘ »
SHEAR LIM} =
SEere STRENGTH Bt §E
pSF = | .
Liouin  [moasticiry - H
LMY INDEX 4
0 i
54
L]
1o
15
Sa, A
20
25

LOG OF BORINGS

N
§ SURFACE ELEVATION T28.5%
"
QU O
s o T
88 SrmeoLs DESCRIPTIONS
TW R %u.n:ous AEFUSE AND CHEMJCAL WASTE (FILL) ..~
S o el
E N |
20 g GRAY SILY WITH TRACE CLAY AMD COMSE SAND
AND FINE GRAVEL (ST1FF)
GRADES REDDISH BROWN
21 @
YELLOW BROWN FINE SAND WITH TRACE SILT {MEDIUM
DENSE)
””i ML | PRAY SILT VITH SONE CLAY AND TIACE FINE GAAVEL (HARD)
40 B :
BOMING COMPLETED AT A DEPTH OF 15,5 FEET OM 9-2[-78.
F{EZOMETER INSTALLED ON 9-21-7B.
SCHEENED INTERVAL: 10.) FEET TD 13.6 FEET,
SAND PACK: 3.0 FEET TO 15,5 FEET,
GROUT: O TC 3.0 FEET,
WATER LEVEL RECOMDED AT A DEPTH OF 5.0 FEET ON 4-9-79.
o BORING DM-9
=
8 SURFACE ELEVATION T23.91
“
G w
~d
[
S X
B3 srmeoLs DESCRIPTIONS
™ BT BROWN FINE TG HEDIUM SAND WiTH TRACE SORE GRAJEL
{FILL)
BLACK FINE TO COARSE SAND WITH SOME SILT AND TRACE
zn FINE GRAVEL (CINDERS} (VERY LOOSE)
CRADES WITH GRAY TO WWITE GHALKY FATERIAL
48 )
GRAY BROWN FINE TO MEDIUM $AND (VERY LOOSE]
18" GRADES DARK PURPLE S{TH GAAVEL
BLACK DECOMPOSED WOOD A:D FILL
za
GRAY SILTY SAND AND CAAVEL (FILL)
57 @ GRAY SILT WITW SOME CLAYT AHD TRACE FI%E GRAVEL (wARD}

BORING DM-8S

BORING COMPLETED AT A DE#TH OF 20,5 FEET ON 9-22478.
PIEZOMETER INSTALLED ON §-32-78.

SCREEKED INTEAVAL: 9.5 FEET TO I3.0 FEET,

SANC PACK: 2.0 FEET TO 20.5 FEET.

GROUT: O TO 2.0 FEET.

WATER LEVEL RECORDED AT A DEPTH OF 5.1 FEET ON 4=9-79,

DAMES 8 MOORE

CINIIRFE F_&




DEPTH IN FEET

DEPTH IN FEET

0

15

20

a5

30

10

15

20

25

30

..
ATTERBERG ] v
oTwHER SHEAR LiMeYs a m 2
YESTS STRENGTH MR 8
PSF 2% »
Ligwo peuastiery| T2 £
LiT INDER |4 e
3
T
ATTERBERG s »
OTHER swean LimiTy of .
YEST STRENGTR VRS 4
ESTS bl iy B2
- =
3 a
3

LioWD A ARTICITY
LT L1 &)

LOG OF BORINGS

BLOW COUNTS

SAMPLES

39

BLOW COUNTS
SAMPLES

43

58

BORING DP-|

SURFACE ELEVATION T3B.I2

FrmM80L §

DESCRIPTIONS

ML

|

SP

BROVN SILT WITH $QME FINE SA) TRACE FERILM TO (OAKSE
SAND MHD FINE GRAVEL (MEGIUM STIFF}

SRQWN FINE TO MEDIUM SAND WITH TRACE SILT AND
OCCAS IONAL CRAVEL (LYOSE)

GRADES LESS FINE SAND

GRADES LIGHT BROWN

«15' LERSE OF GRAY SILT AT t1.5°

[ BLACK CAGANIC MATERIAL (VERY S50FT}

ML

BAOWN CLAYEY SILT WITH YRACE MEDIUM TO COANSE SAND
AND FINE GRAVEL (VERY STIFF)

‘7 GRADES GRAY WITH LESS CLAY

GRADES WITH COMSE GRAVEL

BORIKE COMPLETEEL AT A DEPTH OF 30,0 FEET

ON [-11-78.

PIEZOMETER INSTALLED ON 1-11-78.

SCREENED [NTERVAL 5.0 FEET = 18,5 FEET,

SAND PACK- 10,0 FEET Tp 30.0 FEET

GROUT: Q.9 TO t0.0 FEET.

WATER LEVEL RECOADED AT A DEFTH OF 14,8 FEET ON L=9=79.

BORING DP-2D

SURFACE ELEVATION T38.10

DESCRIPTIONS

SYMBoL S

cL

i

LIGHT BROWN MEDIUM SAKD WITd TRACE CLCAASE SAME,
.25 LENSE QF GRAY CLAY SILY FROM 1.5 [ MEDIUM
OENSE )

GRAY CLAYEY SI1LT WITH FIME GRAVEL

BROWH MEDTUM SAND WITH TRACE COAASE $AMD ALD FINE
GRAVEL ({ MEDIUM DENSE }
GAADES DARK BROWN

1.0 FOOT BLACK OREANIC MATERIAL AT 8.0 FEET
GRADES ALACK WITH .1 FOOT YELLOW NDOULE

AT 11,5 FEET

GRADES LIGHT BADWN WITh GRAVEL
GRAY SELTY CLAY (STIFF)

GRAY CLAYEY SILT WITH TRACE COAASE SAND AND FIKE
GRAVEL (HARD)

1.1 FOOT LENSE OF GRAY]SH=SRQWN MEL (M

SAND AT 28,6 FEET
BORINZ CCMPLETED AT A CEPTH OF 30.0 FEET
oN F-11-79,
FIEZOMETER INSTALLED On 1-12-79,
SCREENED INTEAVAL: 25.0 FEET TO 8.0 FEET
SAND PACL: 32,0 FEET TG 30.0 FEET
GROUT: 0.8 TO $C.0 FEET.
WATER LEVEL RECORDED AT A DEPTH OF #1.1 FEET ON h=9u79,

DAMES BE MOORE

[l Ral I =1 ~SR Y =




DEPTH IN FEET

DEPTH IN FEET

=
ATTENBENG m s
LiMtTs -
OTHER SHEAR ) a =
TESTS ﬁﬂnuznﬂx @ m ] %%
veun |eeasremy) T2 H
LAMLT N0 € g
0 ]
5
10
15
20
25
20
L]
ATTERSERG m r
SHEAR LiMiTs :
mmmﬂ. STAENGTH E; m s &3
Ps¥ vauin fesseere] © 2 H
LIMT NEER z °
o H
5
o
5
20
25
30

S OW COUNTS

SAMPLES

44

BLOW COUNTS

SAMPLES

13

48

56

BORING DP-3

SURFACE ELEVATION T39.94

SYMB0L S

DESCRIPTIONS

I

ML

SP

ML

SP

ML

SM

ML

CAAK GRAY SILT wWITH TRACE COARSE SAnd, FINE CRAVEL
{STIFF}
LIGHT SROWN HEDJUM SAND (“EDIUM DENSE)
.5 FOOT LENSE OF CRAY SILT WiTh SOME GCRAVEL
AT 2.0 FEET
GRADES BADWN WITH TRACE FINE SAKD, COARSE
SAKD AKD GAAVEL

GRADES DARK BRUWN WITH SCME {(RTANIC
MATERIAL AT 8.9 FEET TO 9.0 FEET

GRADES WITH SOMF CCARSE SAND AND GRAVEL

GRAY CLAYEY SILT WITH TRACE COARSE $SAND AND
FINE GRAVEL (MED{IUM STIFF TO ST|FF}

GRAY MEDIUM SAND WiTH TRACE COARSE SAND AND GRAVEL
(MEDIUM DENSE)

GRAY CLAYEY SILT WITH TRACE COARSE SAND FENE GRAVEL
1IN BIT

GRAY FINE SAND WITH SILT AND TRACE COMSE SAND
{WEDUM DENSE)

GRAY CLAYEY SILT WITH TRACE COARSE SAND AND FINE
GRAVEL {HARD)

BOR{NG COMPLETED AT A DEPTH OF 30,0 PEET

on 1-11-79, .

FIEZOMETER INSTALLED ON 1-15-T79,

SCREENED INTERVAL: 25.5 FEET TO 28,5 FEET,

SAND PACK: 12.0 FEET TO 25.5 FEET

GROUT: 0.0 TO 12,0 FEET.

WATER LEVEL RECORDED AT A DEPTH QF 9.7 FEET ON 4-9-79.

BORING DP-4

SURFACE ELEVATION T3T.T4

SYMEOL S

OESCRIPIICNS

BROUN TO-REDDTEn EAGWN PECICH Ga.® 911m Serl B1LT,
TAACE COANSE $AND AND GRAVEL (LSOSE)

GRADES WITH SOME FIKE SAND
BROWN SILT WITH TRACE CLAY, SAND AND TRAVEL
MOTTLEG WITH GRAY TRACE CRSANIC MATERIAL
(STIFF}
BROVN MEDIYM SAND WITH SOME FINE SAND AND TRACE COARSE

SAND (MEDIUN DENSE)
SAADES WITH SOME GAAVEL

BAOWN CLAYEY SILT WiTH TMACE COARSE SAND (STIFF)

ML GRADES GRAY (HARD)
CRAY SILT WETH TRACE CLAY, COARSE $AND AND FINE
GRAVEL (RARD)
ML

LLOG OF BORINGS

BORING COMPLETED AT A OEPT™M OF }9.0 FEET,

oN 1-17-79,

FIEIOHETER INSTALLED ON 1-17-79,

SCREENED INTERVAL: 25.0 FEET TC 24,5 FEET,

SAKD PACK: 19,0 FEET TO )9.9 FEET,

GROJT; 0.0 TO 10.0 FEET

WATER LEVEL RECORDED AT A DEPTH GF 1).4 FEET ON k=379

DAMES E MOORE

FinleF F.7




DEPTH IN FEET

DEPTH IN FEET

10

/0

/5

20

25

-
r
ATTEHRBRERG - ;
OTHEN THEAR Lt oh w .
TESTS STRENGTH o P
PSF -5 e
LU |wcasTiceTy - «
Lt INDER z e
2
H
ATTERBERG W. z
LIMITS L
THER SHEAR E
Yete STRENGTH dos] &%
PEF v § -
LD |rLastienty = [
Lt INDER m a

BLOW TJuwTS
SAvaLES

BLOW COUNTS
SAMPLES

o

44 0

&3 D

BORING DP-5

SuURFACE £ EvATION T2083

Sraeng €

OESCRIPTIONS

\SFP
ML

JROWH MEDIUM SAKD WITH TRACE FIKE T3 1ED| oM CRAVEL
AMD ORCAKLIC MATERIAL

GREEN|SH=GRAY SILT WITH TRACE: CLAY AND FINE CRAVEL
GRADES MORE CLAY

sP

BROWN FINE SAND WITH TRALE GRAVEL

BORING COMPLETED AT A DEPTH OF 6.0 FEET
ON 2-21-79.

PIEZOMETER (NSTALLED ON 2-23-79,
SCATENED INTERVAL: .0 FEET TO 6.0 FEET.
SAND PACK; 3.0 FEET To 4.0 FEET.

GROUT: 1.0 FEET TO 3.0 FEET,

WATER LEVEL NECORDED AT A DEPTH OF 1.0 FEET ON &=y=T9.

BORING DP-6

SURFACE ELEVATION T34.19

SYeRnt € DESCRIPTIONS R
T 3.5 FEET OF ALTERKATING LAYERS OF BACW: FILE T2
MECIUM FINE SAND WITH GRAYISH CMEFICAL RESIDUCS
«_AND GRAY TO DARK GAAY CLAYEY SILT (VERY SQFT) -
gttt A L R S
FiLL

SP

BLACK ORGANIC MATERIAL AT 9.8 FEET,
BAOWN MEDIUM SAND WITH TRACE GAAVEL {LDOSE)
GRADES COARSER SALD AND MORE GRAVEL

ML

ML

BAROWN CLAY 5ILT {VERY STIFF)

GRADES GRAY (HARD)

GAAY SILTY CLAY WITH TRACE COARSE SAND AND FILE
GRAVEL (HARD)

BORTNG COMPLETED AT A DEFTH OF 25.0 FEEY

oN 2-21-79,

LOG OF BORINGS

PIEZCHETEN INTERVAL: 1.5 FEET t0 23.5 FEET.
SAND PACK: 14,0 TC 25,0 FEET.
GROUT; 0.0 TO 14.0 FEET,

WATER LEVEL MECORDED AT A DEPTH OF 5.1 FEET ON &~§-73.

DAMES 8 MOORE

FIGURE F-8
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el

WATER WELL RECORD

U SN [ N W S S U S OO U S [ A |
MICHIGAN DEPARTMENT -~

) ACT 294 PA 1965 OF .t:
1 LOCATION OF wELL | ﬂ ,C'//,:/ 2= 5_[,"_,‘ PUBLIC HEALTH Wi
Coun . ! i Fraction P Jgection No. Town chgn
M Zw/%bﬂ RE NEWSE u | /4 /2 s,
Distonce And Direction from Road Intersactions 3
VEST OF v Efiompme—l 1 URICHARD HERGEN
PN T e o 3
el AR i NI T DT TND, MR o2
THICKNESS | OEPTH TO { § WELL DEPTH: {completed} Date of Compluuon
z FORMATION STAATUM | CSTRATUM. 1. % & /74 %
5 Coble roal D Rétary D Driven Dug
. ﬁ’@ /( /7 /4 /¢ g”ollow rod (J Jetted [ eored 0.
. ! pr—a 0 usE: Domestic D Public Supply D industry
d/g g g’ 7# - ff g lerigation EDJ Air Condi:ioning 0 Commercial
4 ] Test well
;y/% ?f ”M /ﬂ ?f i S_AGSHI:IG: Threoded E WeldcdD :Hpighh Above/Balow
! ¢_in. to e St Depth surface fr.
=Wo|9h Jbs /it
—in. to —Jt, Depth 1Drive Shoe? YuHNoD

- -

8 scREENG AN soN
Typs: Dio.:

L)

J#

Siot/Gauze 1 L Length

Sat h-huc%__h. cndﬁz—h.

e

Fmingl’Z/{((}/nylﬂt’fp/{(/k/‘/?

8 s‘r:‘r‘gwnza LEVEL
#t. below fand surface

10 PUMPING LEVEL below land surfacs

. nﬂm pmpong@———l

_ga_ﬂ afrer. hrs, pumpmo———%g p.m.

11 WATER QUALITY in Parts Par Mitlion:
Iron {Fe) Chlorides (Cl}

Hardnes

12 WELL HEAD COMPLE TION: In Approved Pit
D Pitlass Adapter m’ 12°" Above Grade

™

13 GROUTING: L LA [COON
F W TH

Well Grouted? D Yes g Na ﬁ& /P[‘.'.'
Moterial: [ ] Nect Cement _&E:HL{_;FM

Depth: From_ [t to——_F1.

14 sANITARY:

Nearest Source of passible conmmmahnn

SEPTIC /’"W(

foat ype

ALDnnclmn

Well disinfected upon complcllen D Yu3
15 pump: 0

-~

. -

Length of Drop Pipe
Type: Submersible
Jot D Reciprocating

16 Remarks, elevation, source of dato, etc.

AUUED iNFO. 8Y DRILLEK, Licas Shie

= ORRECTED BY,

CALDDITION Iy T

17 waTER
This we

to the best of my knowladg

Address J?
L\

WELL CONTRACTOR'S CERTIFICATION:
1} was drilled under my jurisdiction and this report is true

nd belief. }//K

NEGISTRATION NO,

Signe

2870 100 &-56

DEc 21 1y GEOLOGICAL SURVEY COPY

[ -
Date ’/—-'*"‘"/ ‘/’ 7

AUTHORIZED REPRESENTATIVE =’



UGEOLOGICAL SURVEY SAMPLE No.

/ MAR 2 8 1975

1 LOCATION OF WELL |

Ly

WATER WELL RECORD MICHIGANOIEEPARTMENT

ACT 294

»

[] K

-
&

PA 1985

PUBLIC HEALTH

County

%

Township Nama

Pine Biver

F‘Fracnan Section Number [Town Number Range MNumbaear
SY Y

SEf 5w u

Distance And Direction from Road Intecsections

/
1/I0 E of Jorome Rd on Madison Rd & N Ezs £t.

Street addreas & City of Well Location

Sare

13 TI2N/s. I B3 E/w.
3 OWNER OF WELL:

Yy Raymond Alward
Addross 878 W Madison _ﬁ_d
RFD S4% Louis M1 48880

|

.-..:..-.—- 3wt
|
|

1

|
$
L] S NS TS NI | -

T
] 1

T

|

L

[

Locate with " X'’ tn section below
.

Sketch Map:

4 WELL DEPTH: {(completed) Date of Compietion

. Dec T4

5 EI Cable tool |j Rotary D Driven D Dug
D Hollow rod D Jatted E] Bored D

6 UsE: |3 Domastic [ Public Suppty O tndusiry

Dlrrigation D Air Conditioning D Commercial

Tast Wall
7 CASING: ‘l’hraad!;i ; WetdedD {Haight: Abau/felow
im,

2 FORMATION

THICKNESS
OF

STRATUM

DEPTH TO
BOTTOM OF
STRATUM

pia Surf f
urface t.
98

4 in, 10 o 1t. Depth IWeiqht E

Ibs./ 1.

R _7/8n. 1o IO8. Deoth | Drive Shoe? yos Euo D

Sandy

-

9 9

9

8 SCREEN: Johnson

Tyoe: _Stainlens 9% oia: 3 7!8 oD

Clay

78 69

78

Stot/Gauze 5'_3.0.,_.5'_250ng1h 10

Sand

78

94 I6

94

Set batween 9& ft. and I@ f1.
Fittings: 3 in X Packer

94

108 I

108

9 STATIC WATER LEVEL

ft, below land surfaca

" & Flne sjone

C].ay.

10 PUMPING LEVEL below land surface
IO ft. afer 2 hrs. pumping 50 0.p.m,

ft. after __ hrs, pumping g.o.m,

11 WATER QUALITY in Parts Per Million:

Iron (Fa) ) Chiorides (CI)

Hardness Qthear

12 WELL HEAD COMPLETION: [ 1n Approved pit
E Pitless Adapier L1 12" Above Grade

13 wetl Grouted? [%] yes [} no
E] Neat Carmtrvc:)I Dsenmnita Egrla mud

ft.

Deoth: From f1. to

14 Naarest Source of possible contamination
50 feat SE Direction SOP tio Tyoe

Well disinfactad upon completion K] ves Ino

b USE A IND SMEET tFf NEEDED

15 Pume: Not instalied
Manufacturer’s NM.,PCB &3, his puap
Modsl Number 3/4 gr £, 230
tangth of Drop Pipe
Type: E] Submersible

] Jet [J Reciorocating ; R

ft. capacity _‘:__..G.P.M.

.

P

16 Remarks, elevation, source of data, etc,

TTIETY RV
- 4

AUIED A gy "’;'J.ER, ”Ev‘[ ‘11\).

R

17 WATER WELL CONTRACTCOR'S CERTIFICATION:

This wall was drilled under my jurisdiction and ths report is true
10 the best of my_knowiedogs and beiief,

Oberlitnex 0 MI

D&7d 100M [Rev. 12:68) .

et 4alNalad Fal Y

REGISTERED BUSINESS NAME REGISTRATION NO.

aacress 4664 N Stats R4 Alma M4 4820I.

O 86t . Do

AUTHORIZED PEPRESENTATIVE

CIIDYV/ OV m~Aanv



GEOLOGIC

IR 3 g

~

AL SURVEY SAMPLE No.

Counlv

e

5T D

Distance And Dire ton from R

e

1 LOCATION OF WeLL |

WATER WELL RECORD

ACT 294

[

MICHIGAN DEPARTMENT
PUBLIC HEALTH .

PA 1985

Ftact an

,V@%M/_{?

——
Saction Number [Town Number

/13 ] LS.

Range Number

3 EAD

ownship Name
ﬁcﬂ_ﬂ ﬂuuv'/l——

crions %C gl g {N

dress
we .
£:rgt address & City of Well Location 42) A/J\
Locate wuh""x" in S8ClLIONn below Sketch Map: 4 WELL DEPTH tcompleted) Date of Completion
R U7 & Feya2-T7Y5
b — - .—l[- --: SﬂCablo tool D Rotary D Oriven D Dug
N [ Hottow rod 7 serted [ sorsa O
Y- ':""";' - _:"_ - t—1_ 6 use: %Dmstic [ Public supniy O industry
H ] | trrigation D Air Conditioning D Commerciai
---:-_T-_:-_- bt [rest wert 5 |
| v { _I_ 7 CASING: Threaded weldsa [ ] I iiwight: Above G
l.-—--»-t Mr‘u Oiam. ] :Surfoco ‘ fr.
- FORMATION R N [ S S PN T~ S
STRATUM STRATUM in. to M. Depth { Drive Shoe? ves‘m No D
—_ 8 SCREEN: rd
%4 / 6 15’-@' Type: Dia.: j// 4
g;—-.Slc: Bowen Vi /) Lenolh "t 4

29

/] ©
5~

e

—
“,."‘n

 =Set between 7 f1. and

g

Fittings:

S

)

I M 7

L7

9 STATIC WATER LEVEL
;"- ft. below tand surface

10 PUMPIWEVEL baltow land surface J—

25 ft. aflerl hrs, pumping /i 9.p.m,

ft. alter hrs., pumping G.p.m,

11 WATER QUALLTY in Parta Per Million:

fron (Fal Chlorides {C1)

Hardness Qther

12 WELL HEAD COMPLETION: [ 1n Acorovea Pit

Pittess Adapter ] 12* abova Grade

Depth: From

13 wen Grouted_?‘g] Yes D No
D Neat Cement D Bentonite \B
—%"“%B .

14 Neorest Source of possibla contamigatione

faat Diraction Type
Weit disinfectad upon comaletion ‘m\res [Ine
15 pumP: Not instalied

Manufacturer’s Nara

Modet Nurnber_{‘c-"q' HP Volts _LLL
tength of Drop Pip&lﬂ. capacity _g_G.P.M.

Tyee: [ ] Submarsible
[[J meciprocating

USE A 2ND SHELT IF NLCEDED

ﬁ Jot

15 Remarks., elevation, source of data, etc.

ADPCTD INFO BY DRILLER, ITEM NO.

*CORRECTED BY

¢ “AGDHION BY cf
ELEVATICH

PEPTH TD ROCK

[

to

Da7d

100M {Rev. 12-68)

(adSalNaled Faly)

This wal
to the b

17 WATER WELL CONTRACTOR'S CERT|FICATION

! was dritled mnder mv iup ydighion am Nes report 3 trua
my &
L R

B

7

aned

ISTERED BUSINESS NAME

REGISTAATION MO,

v / %:‘/{}/ Date7“‘/§-"'7j—

AUTHORIZED REPRESENTATLIVE

CTIINNIEV rAanv




WEJLUOIL AL SURVEY DAMPLE No.

SEP 12 1y;,

T LOCATION OF WELL

WATER WELL RECORD

L]

MICHIGANODEPARTMENT

County

gl

Dystance And Dj m,:lon from Hoa-d-
Y /L
Vi

Street address &

o .gét'a

ity of Well Location

Zs e £uZ 73

ACT 292 PA 1965 F
l ) % PUBLIC HEALTH
Tow, :huQ Name Fraclion Section Numbur [Town Mumber Ruatge Numbuae
l ;:3‘1"-"- _3_2‘/"“""_“__._ _ 501 NU] Se., /0wt 3 4w
ntursecnqns 3 owin WELL:
el Aw'/ 2 ol + ol
Address -

7"‘,7

Tor ute with X" 1n seclion helow

. Skeich Map 4 wsé' DEPTH: (compieted) Oote of Completion
t t L
I T ~l! 7& . 2-'/-2"72-
- _..! -— _.:_ _:—. g 5 [T cabte 1001 E Rotary D Driven D Dug
I | 1 . D Hoilow rod [:] Jerted D Bored D
“F- -:" _':'.— —-- . ? 6 USE: [Fpomestic [ Public Supaty J industy
| oty el . o o .
| is { et 4 ol 3 ierigation D Ajr Conditioning D Commercial
T T -: + ) ! Test Well
Ly, ! \/ 7 CASING: Triasdea]X] Weidea[ ] ; Heraht: Anaw/ Sad
[] 1am.
,L t omrLE [ ’SUHBL. :i .U'
THICKMESS | DEPTH TO g . :
2 FORMATION oF BOTTOM OF | =f=—in. to .Eiﬂ. Depth IWenghl_ﬁ:“C_ bs./ .
STRATUM | STRATUM in. to fi. Depth | Drive Shos? ves [¥lno [}
- - 8 SCREEN:
- ‘ ¢
/é;,wlﬁ[ / 6’ /4‘ Tvpc:g.t{_;ﬂ:z.m‘ Dia.: Lﬂ
. /[ 3 ) Siot/Gauze ..__/.[..-3._.._._...._ Length I
R i . s
(7 ‘«'-‘:—'Ej;l ‘ Set between_7_%  #. and _f_ﬂn.
2 -r Frttmgs
A = 2
et / 5 |3 ‘S’ {3 drornt” M
N . 9 STATIC WATER LEVEL
C'.’-f fo et ‘53 é?éi Y'Y 1. below tand surface
(7 . 10 PUMPING LEVEL below land surface
; / -~ ¢ d/" @ ot ,
,,,7,._-,-—(/ 7L 1.""’"—“""(—‘ - = ) fr. aftar_fohrs, purmping (2 g-p.m.
G
";-':[/6"’.,» 22 et ] e -t 5— ft. after ___ hrs. pumping g.D.m.
11 WATER QUALITY in Parts Per Million:
Iron (Fe) Chlgridas |C))
Hardness QOther
12 WELL HEAD COMPLETION: [0 1n Acproved pit

X] Pitiess_adapter Abave Grade

[Jr2-
13 weil Grouted? m Yes D No
D Neat Cement D Bentonite

Depth: From ft. to ft.

14 Nearest Source of possible contamination

_{_ﬁ_:_feat :22' (é Dirmcrion ;

Well disinfectad upon complation E ves [ Jno

Tyvpe

15 pumpe: Not ir:slqlled

Manufacturer’s Name
-

Model Number

HP g vous _£ /3
< [{N canacwﬁMG M,

Length of Drop Pipe

USL 4 ZND SHELT (F NMEEDED

Tyoe: [[] Submarsibte

& ger

{7 Reciprocating

16 Remarks, elevation, source of data, etc.

WY DtupikRe L2sh D
e

ADES e

I'....'ll‘..'-ni'-u BY:

+«3DNITION BYY

17 WATER WELL CONTRACTOR'S CERTIFICATION:

1o &e}a-sl ofthnowledge Er\'ﬂ nu?!

REGISTERED BuS/NESS NAME

Address ﬁam’_fa{:.c.(s__/j; 4«/,{ .

This well was dritied under my JurisdiClion and thes raport i3 ttus

Ei REGISTRAT: 0'6

Dard 100\ (Rewv, 12-568)

GEOI NGICAL

s-umd;?ft,dz@*{f ‘ /

4UTRORIZED REPFZSENTATIVE

CHRVEY rnbv

2




(R} -

Brine Well
13.12N8-3W TD 1307 in Marshall
Pine River Twp. (Gratiot Co.)
Michigan Chemical Co. ‘ ' L
Fea No. 8 | |
Location: NEi SEb NE section 13, T. 12%., R. 3W.
150* from Horth and 200°' from =ast line of guarter section S

E’levat._ion: 727.9 feet above 3ea level

Record by: L. Hale from driller’s log

Thicktess
(feet}
FLEISTOCEME::
Drift: .
Drife : 207
L PERMO- CARSONIFEROUS {7):
i "Hed Beds": )
Pad, red 66
Cypsum shell T 6 R
No record 58 335 0
. i (123)
PEANSTLVANIAN: .
Saginaw: ’
Sand, white ~ 37 372
Shale, blue 56 428
Sand, white i3z 550
Mud, blue 20 580
Sand . : 10 530
Vud, gray 6 596
Yud, blue | (S 360
325)
— Parma {7)}: :
i ' Sand, white : 50 710 . e
MISSISSIPPIAN: Py
Payport: T
‘ Lime, hard, white 15 725
! Sand 25 750 -
Shale 5 755 ¢
Line : 15 770
Sand 15 785 .
i (7s) -
fichigan : I
J COMPLETED Sh:le, brown 5 796. i
-_— . Sard, white at 790 -
CASING Shale, gruen : 70 £60 ..
Shale, gray 50 910 A
ECORD Shale, blue; shells, and grpsum 43 958 - "\
bo 22 P27 S:a{e, f:lue 1 33 99L i
-, Shale, Llge and gyrsunm 9 1000 =
Py 2’ Lime und jypsum 20 1020 1
S - 7 Lime, grav, hard 10 1030 -
4 57; S727 Shale, gray and Llime 22 1052 -
35 1027

N2 /\_7 / Lima ard gyusus shalls .
AL YS ,
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WATER WELL RECORD

{ 1 LOCATION OF WELL "[ ?f//‘N d,QA- Acrzv)?Jms

MICHIGAN DEPARTMENT 5” !

OF

PUBLIC HEALTH

County £

GRAT 12T | Prwi IV ER IMA@UJZJJ

Section No.

Town

LV 4

Range

2/

Dutnnc. And Direcrion from Reaed Intersections

//me\’p "’,)d’jd‘
/..‘T‘E .r‘ ‘SE 770”:\7-&.

Strawt address & City of Well Location

\;“

-F FieS AN P2

[owNERNo__;___] 3 OWNER o;)ws:.t. “ ‘J'} _3 j= Lod ,L.J/ pdl}
Address 'l - T J- €} JD

TEAL JER o/

A

D

2 FORMATION

THICKNESS | DEPTH 10 "
¥ BOTTOM OF 4 ELL DEPTH: (completed

} Dcu of Comphlacm

STRATUM s'rnnu»; Ao V' AY; . {{2/

(G — 79

Ic' 75 ’ M £

- 5 E Cable taol O Refa
7 3 7 D Hollow rod D Jﬂl-r:

D Driven
D Bored

E.]Dug
O___

‘ 7\'7:/»”.7-//' Pty gosted

() Irrigation O a

D Teast Well D

ir Conditioning

. 6 USE:E’S\Domouie 3 public Supply
A7 /02

D indusiry
D Commarcial

in. to 4 3 t. De
//"' i E/ ,’3-._’5—"%’%— ) .:.sﬁ..fr.( 2o | /2y _‘;t /43

—in. to —ft. Do

/é ﬁf)/o b ’(_:'2"“ 4}3""/ .j ! f: Tg‘.ASING: Thrudeda‘#.ldod D.{Hoighi: Above/Below

pth :lurfuct

IWeight A _ib-/h. ‘
pth 1Drive Shoa? Yeas NOD
|

fr.

/H‘" é;-/g;wﬁiﬂ”-fﬁfj—, /J( /7‘..5 8 sCREEN:

TYP.' & J

Dia.:

:\VJ)/J /'7//&/-*:?;{;/ p-c-w./_r' / /iy

“Slot/Gauze

Length

Set betwaen ft. and Ir.

Fittings:

9 sTATIC WATER LEVEL
Y =..A...?ﬂ=r___f!. below lond

surfoce

10 PUMPING LEVEL below lond surface . .
Lo ufuihrs. pumpingi“;—__ﬂ-p-m.

f1. after hrs. pumpingee — ________g.p.m.

/

11 WATER QUALITY in Parts

Hardness______________

Iron {(Fe)ee_____ _____ Chlorides (Ci1)

Per Mitlion:

Pitless Adopler

12 WELL HEAD COMPLETION: [ In Approved Pit

E 12'* Above Grade

13 GROUTING:
Well Groutad? D Yeos D

Material; D Neat Cement

FlLi Allov A
"W A IPE WITH

Depth: From___._ Jt. ta___fr. )A/\n‘_}r‘f,{A-

14 SANITARY:

Neorast Source of paysible

fuot M Dire

eonivammguq\

cﬂon

Well disinfected upon complation D Yes

J,,.

"

‘/Y < Io

15 pump:

Manufe;efuur'a me ! TA ,7._

Mode! Number & ‘--

HPZ

),,)

Type: Submersible
ot

Length of Drop Plp..t‘—A—h capacity.

0

G.P.M,

0 Reciproco

Mg

16 Remarks, elevation, source of data, ete.
ADCED I C. Y DuiLLER, ITEM NO.
$0RRICTED BY;

«ofDDITICN BY,

to the best of my knowiedgo ?nd belief,

RECISTERID BUSINESY NAMEL -

Address

.1.\:',/,,_,,;/ 3 JA‘_,'Z.———

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and this repert is true

2 f
S NG

NEGISTRATION NO.

Sigred

AUTHONILZIED REFRISCNTATIVE

D670 100Mm 6-66

AbL L 0 1470

GEOLOGICAL SURVEY COPY

,ﬁjz"‘"/ - 70




LEULULIL AL SURVEY DAMMLE NO. V . D
AUG 011973 l_____.’
%)
o WATER WELL RECORD - ‘ MICHIGAN DEPARTMENT
ACT 294  PA 1965 / OF
1 LOCATION OF wert | PUBLIC HEALTH

Coumy Town-hm Fatime Frachon E S E— Section Number [Town Nuinber Runge Number

B 7 > S - T e s I T W - 7

D-Mt:-m(") And D g tram Ro. ctions ENs) ER OF
W ﬁﬂ ~+ J?&@.Qﬂ%l ﬁaclf

) b
z g! ‘ g . ddrass e < "w’-
K: address & Caty of Well Locnmn WJ Wﬂ?ﬂj 6 32‘

4 EELL 'BEPTH tcomplelgm

Locate with X in section below Sketch Map: ; . Date of Comgletion

T ¥ ) ';.2#-'

b G« 23,/973
- —-:' - —:— —:-— -1 5 ﬁ Cabte tool D Rotary D Oriven D Dug

] H | . D Moliow rod D Jutted D Borad D

- _:— _b':' - '_:_— 9 T 6 use: gomsnc D Public Supply D industry
| _ I_ LI } Bl trrigation D Air Conditioning D Commercial
A T -: ’ Tast Wall
I 1 1 _l__ 7 CASING: Threadad WDldDdD Haight: Abova/Balow
) Diam. |

Surface ft.
—
THICKNESS DEPTH YO _éiin. s d.lft. Depth | Waight _[/_ms./fr.
STRATUM | STRATUM in. to fi. Depth ) Drive Shoe? ves fod no []
L4

B SCREEN:

T W B Y/ NONE. + SN TLL

A B 7w s .if:n,
o lag |l Ly Ww&u

o 9 STATIC WATER LEVEL
o
; _‘3 H‘ A f1, below land surface
M - t0 PUMPING LEVEL below tand surface
f-*‘ q —
/é—d/ 7 % | / ? é_L ft. after l hrs. pumping Zé g.p.m.

fr. after ___hrs,. pumping ____________ @.p.m,

2 T, )LJ /| G2

v

11 WATER QUALITY in Parts Per Milhion:
tron (Fe) Chiorides (CH

Hardness Othar

12 WELL MEAD COMPLETION: O 1n Approvea #it

ﬂ Pittass Adapter  [T] 12°* Above Grada

13 wall &-oulnd?m Yas [:l No
D Neat Cement Dsantonne m

Depth: From P ft.ro___} gt
14 Nearest Source of possible contaminatign

" .
!Bs feer !AZ Direction Tvoe

Well disinfectad upon completion R Yes D No

15 pump:

: [ not inscart o
Manufacturer’s Name

Model Number é E 2/ g " Volls : ) ao

Length of Drop Pipu.?_Q_ft capacnlv G.P.M.

Type: Submearsible
Jot D Aeciprocating

-

VSE A 2MD SHEET IF NELEDSED

16 Remarks, elevation, source of dota, etc. 17 WATER WELL CONTRACTOR'S CERTIFICATION:
. h&bp L This well was drilled undfr my jurisdiction and thig repoct i3 true
ADDED INFO. BY Divilidre s /"-’/ ‘

«CORRECTED B ﬂ«’}t/ﬂﬁ "77 750 )0
/ —-,.:."f. e .
=S Auruon{z%nsszunru: Datdﬁ;'zﬂ@'

GEOLOGICAL SURVEY cnpy

eapD DmCﬂ m

Dard 100M (Ruev, 12-68)
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_AUg 6‘1"1973

1 LOCATION OF WELL

WATER WELL RECORD

ACT 294 PA 1965 Of - 4

L

MICHIGAN DEPARTMENT o+

-

PUBLIC HEALTH

(..mu;;s I ownt Ilru Name

ey,

TFrac luunCIVL \t SactuorL:l;unxber fowni\l_\unnbur
| > | G~n/K.

-+ ?:::c,.

96 f2 2T off

Steewt wddress & City of Wull Location

Range Mumbear

ST

F

— —_—— e e e —— >
Corate with X7 i Section helow Sketch Map: 4 WELL DEPTH: [compieted) Date of Completion
T T T
i | | | ft. /q 7
- — _!. — _:_.. —:- - 5 w Cable toot Rotary D Driven Dup
t | 1 D Hollow rod 7 Jetred O eored [l
[
- -JI_ —':' - -:-"W T 6 use: NdDomestic ] Punlic Suoply O industry
] ! ! ' D irrigation [ air conditioning [ Commercial
[~ T II— ) Tust Wall
I i L 7 SASJNG: Thraaded WsldedD : Height: Above S
3 18m,
l-.—\ MILE 5__ 15!"[&5. fr.
TRICKNESS | DEPTH TO R g.
- FORMATION or pOTTOM OF 3_.n. to &4 t. Depth | Weight _Alalbs./n.
STRATUM STRATUM in, to ft. Depth | Drive Shoe? YesE No
8 SCREEN:
» H
For Foid g | % ‘0
Tvpe: Cia.: i P
3 7
@Z—'L Q-Z. / / ; E Slot/ Guere —_AL-__ Length
L Set bewween ft. and
2 ol 15 i D B s fbbanprce
9 STATIC WATER LEVEL
4 %’ /2 56 é z 1, below land surface
V ¥ = 10 PUMPING LEVEL below land surface
—
'/ ;2—4{‘*"/ 5/ é / Eli ft, after , hrs. pumping i(_i_ 9-0.m.
tr, after hrs. pumping g.0.m.
11 WATER QUALITY in Parts Per Million:
{ron (Fe) Chioridus ICI)
Hardness Ciher
12 WELL HEAD COMPLETION: [ n Avproved rix

X Pitioss Adapter [T 127 Above Grade

13 wail Grouted? f ves [ no
Meat Cement D Bentonite

Danth: From_ 24 ww fZ

14 Nearest Source of possible contamination

feet Direction Typas
Well disinfected upon compietion Dves D No

15 pymP:

Manulactursr's Name

Model Number ‘S 6.14 HP Volts 4‘ [ ‘ 2

Length of Drop Pioeéécg.ft :aoactlv G.P.M,

Type: [[] Submarsibie

USEL & 28D SHELT (F NCEDED

B et [[] meciprocating

16 Remarks, elevation, snurce-o’(’;aelc.
' LT »

14_

Veat D .—J

Eluitein 75010 P P

e

-

4%

This wel
to the h,

17 WATER WELL CONTRACTOR’S CERTIFICATION

I was dgill under my rl% Ctlgn] thas report is trus
st of owﬂ O ? 77

j:”._

pard 1008 (Rav. 12-68)

GFOIOGIC AT

Signued

HE ﬁ?sﬂin lusmw &/ RESISTRATION NO.
Urg& p

iaate o2V 8,(97

AUTHORIJED REPRESENTATIVE

SHIPVEY rm~Anbv
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TTTEETITm T s e mm e | J O | A N
WATER WELL RECORD MICHIGAN DEPARTMENT
. ACT 204  PA 1985 oF o
1 LOCATION OF wELL | NE se NE PUBLIC HEALTH -
Coun ., Twp. . . Fraction Section No. Town Rang- ’
/g..ﬂfmj Bernstonsits : /3 ! P~ N/%. EM.

=

Distance And Direction from Read lnrd-ch

[o,muen Ne. |

EOMJWA/{ yric g rr

s

3 OWNER OF WELL
% e/ aj-w/t
Address 6/0 3 WB

ﬁ,@a@)ﬂamﬁw ‘/Y??a

Slnﬂ cddro/& Gﬁ%ﬁ:ﬁf}j_ﬁ& Votre

THICKKESs [ DEPTH TO | 4 WELL DEPTH: (complﬂed) Obte, of Completion
or BOTT OFf
2 FoRMATION saru | st | [ © O o/ 25 19 70
5 'D Cablw tool D Roj’ary D Driven Dug
E"Hollow rod D Jatted D Bon.d_ D U
6 UsE:T] Domestic [ pPublic Supply O ladustry -
O Irrigotion O air Conditioning L& Commercial
D Test Weli [
(’&M\( [Z0 7 GASING:  yy00ded [J Welded [ Height: Above/Balow
|
_2,11'\. 1o E_;_Jh. Depth jsurfoce ft.
_M/ %&0 r}?ﬂ _/ g Q IWaigh be/fr.
—in. t0 Tt Depth {Drive Shoe? YCIENOD
- 8 SCREEN: \
‘ T,,,.J"S‘S" L 1.7 Dia.: ’ o;é_
- Slet/Gouze /-O Q0 L-ng?'\_'%y_____
Sat between_ 1.2.2..'!. ond o 1. ’
Fitlings:

9 STATIC WATER LEVEL

= O .

below land surfoce

10 PUMPING LEYEL below land surface

fr. a{refihu. pumping é g.p.m.

ft. ofter. hrs. pumpin

p.m.

11 WATER QUALITY in Parts Per Million:

lron {Fe), Chlorides (C1)

Hardness

12 WELL HEAD COMPLETION: L] 1n Approved Pit

E] Pitless Adapter @]2" Above Grade

13 GROUTING:

Well Grouted? [ Yes ] No

Moteriol: D Neat Cament D
Depth: From_____ft, to___f1.

14 sANITARY:
Neorest Source of passible contomination
{sot Direction Type
Wall disinfected upon completion mﬁ‘(.s ,D Na
15 pPump:
Monufacturer's Name. ‘\Mfffim
Model Numbar HP )’7,

Length of Drop Pipo_.L/_&fr. capacity. J-*'B.P.M.

Typs: D Submersible D

m’ Jet G R.ciprotdﬁng

16 Remarks, slevation, source of dota, ete.

D&70 100m 6-66

17 WATER WELL CONTRACTOR'S CERTIFICATION:

This well was drilled under my jurisdiction ond this report is trus
to the best of my lmowlcdgo ond belief,

4 [
NECISTERED BUSINESS NAME

\.Q—"é&"’l nt 2

J mre¥raaTion wo.




SEP 0 - 1472

WATER WELL RECORD

ACT 294

| Y |

PA 1965 OF

Y B

MICHIGAN DEPARTMENT

A ACICAL STIDVICY rAanv

U [T Cocation oF weLe | o PUBLIC HEALTH
c unt Fraction v Saction No. Town Ronge
Cﬂ’}fﬂlaf - 74!5/\7'/;‘? NEy MY, 5P, 1> NGy | 3 .tw
Distance And Direction from Road Inlus_gchons 3 OWNER OF WELL: &5 E
5""”.&'—‘""}?0»‘5‘“ ]0‘,/(/)/1., Iownenno_._.[...___] 7.% ?‘/’fozg‘é—/—-{dj D
DI O E MADISON -0 ) FROME.
Strest addrcu & City of Wo l.ocation
< i .
f A ‘5’ /;oaba'rmnﬂ O PA = - v:fr:s::::s 'E’EEE:‘:,E' § wELL DfPTH (comp::fod) Date of Co}nylmon Fal—
5 N Coble 100 D Rotery drivon DDU o
é’ —./L/‘ 6 LAJ{ / ‘% / y Hollow rod 0 serred [ Bored |8 _' .
{ i ’ y 4 6 usE: Domastic D Public Supply D Industry
/{’7,—- .22. 6!-3; ‘/ 5[4’”ﬁ\:& % glrriqution 8 Air Conditioning O commercio
) Tast Wall
) 23 / 7 7 giﬂNG Th?? WoldcdD IHﬂgh! Above/Below .
D€~ Y2 CLAYT Y2 | jg | Fr SFomn e
- in. te —St. Depth |Dr|vo Shos?Ye NoD -
ifﬁ[//-é" ‘/)‘- (‘?‘j \_:5‘ Sscn.lzsg‘?f I'f;:"? 200 - -
e 4 '
‘X + 4 ‘—\’ i Die.:
.’?‘/A i ot 6['7 / 5‘01’/00&1::424 lé Lcngfl\__i/,b_-._ n
\5‘4 F.LA V 4‘ Sat between ;/ fr. and ?74_/ 1. . ’
{ I
Z///f-r CRAYFL SYL L] rpp 3 200 Prr g
o S, 9 STATIC WATER LEVEL T
""’ﬂ—)/-—' { ’I/ /;'/'e L . . fr. balow Jand susfoce :
- e 110 PUMPING LEVEL below land surface -
( /"L/’!/( V J ? ~ :;7/1?' fr. oﬁ¢7Lhrs. pumping—Lﬂ.p.m.
. i -’ — ‘g / £ /4' _‘FL j / 2 2 ft. after. hrs. pumping— ... .. g.p.m.
’ 11 WATER QUALITY in Ports Per Million:
6-[\;){'1.? ; /\(\ O I{ L“ Iron (Fe) Chiorides {Cl}
: —\_’az"_.-;_} T _/}\'/ — '7 / - Hardness g-
P . WELL HEAD COMPLETION: tm Appraved Pit
!f) /{ I /:’ /r _S /4 /‘/y 9 / / 0 D Pitless Adapter D 12 Abo;;/(‘uz-
13 GROUTING: i/ /AY
Well Grouted? [] Y.s NI <
Moteriat: (1 Neat Cnm-n' -—w\b./
Depth: Fromo___ . ft. ta___ _ft. 2z
| 14 saNITARY: ﬁ‘
Negrest Sovrce of possible :m!aqmcnoﬂ { /p/
@tﬂ Lonrn:tmn;‘___n___/c' (
Well disinfected upon completion O Yes m' Ne
15 pump:
l ADNEd iy, WY DRIER, Wil T Manufacturer's Nome TA ,T-
fpp Model Number, HP /
oCCRRECTED BY) 1/,.‘.//“’-".'.’- I;;::Themf l)s:’:mi:::of'z’l_fbeopomly )‘7—
=+ADDITION B 4 Jat [} Reciorocating
16 Remarks, elevation, source of date, ete, y 17 waTER weLL CO'NTRACTOR'S CERTIFICATION:
| )2 ndet At oo D25 .’J“.;.":,”.5’:?,:’;'3::‘.:123::'::..E}EL’I L
L /X /( l o fp / .J' f,')- J{L & ’ j'\l:lsTt%:i{:anlli »ﬁiH ﬁsls%{;u wa.
Addr-ns,iL 7 d" r ! ¥ el
Signed m i -~ . / Vi j
t AUTHORIZED REPRESENTATIVE Vv ¥
D670 100M 6-66
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GEOLOGICAL SURVEY SAMPLE No.

4%

3 K75

WATER WELL RECORD

il

MICHIGANODEF'ARTMENT

ACT 294 PA 1965 F
I LOCATION OF WELL | ) . PUBLIC HEALTH
Cm.mi-v """ Township Nama P Fractipn Section Number (Town Numbar Range Numbet
- . .
Aad oA IW “"[;5*0 BAA 13 /> Ays. 2 EwW)
Distance_and Dir n from Roadnter ppctions n q.’ 3 pwn OF WELL: i
. Ad £}
Y iy Yoo /06! 2o Ak R F‘E A
Strdet address & City ol Well Location - M "777
Locata with "X ° in seciion below Sketch Map: 4 WELL DEPTH: (completegd Data of Completion
I .l‘ 1
A O3 »n G—-25~795
IR U N M 5 Cabie tool D Rotary D Driven D Dug
' { i
[ . | | | Hollow rod Q Jetted D Bored [:I
- -:"'" ‘:‘ - _:-' -] t_r 6 use:¥lbomestic [ ] Pubtic Supoly O incustey
I | | ' I:]lrrignion D Air Conditioning D Commarcial -
L PN ISR SR B PR
T T : Test Well
[ 4 ‘ 7 CASING: Threaded ] Welded] ] | Height: Above/ Srerers
] Diam. |
L.-—- t MILE ] i Surface fr.
. THICKNESS DEPTH TO . q ;
. FORMATION BOTTOM OF &rn to ft. Depth |Wu.=ghl fos ./t
o N STRATUM STRATUM in, to - ft. Depth | Drive Shoe? \fesm No_D_
i S [[ 8 SCREEN,
‘ ¥
- é é Type: Dia.: H‘ / £
—_————1 4
Q 2: : ! Slot Langth .
0 Af 7{7 Set batween £!2 2 F.
' Uy p L] |87 | " Pyt PdbesPochu
- 9 STATIC WATER LEVEL
. / 0 ; ; ft. below land surface
= 74 ‘?7 10 PUMPING LEVEL below Iand surface
m {Im W / S ? & 0 fr. :hcr,[_ hrs. pumging & Q g.p.m.
{
ft. after _ hrs. pumping Q.p.m.
11 WATER QUALITY in Parts Per Mitlion:
Iron (Fe) Chlorides (CI}
Hardness Other
| ~ 12 WELL HEAD COMPLETION: 7] |n Approved Pit
' E’Fitless Adaprer [[] 12° Above Grade
'3 werl Groul&d?E ves [ I no j
Neat Cement [_] Bentonite -+
Depth: From_ {9 tr. 10 _3 44
14 piparest Source of possibie contaminati
l O faet /V Direcciomj Type
Well disinfected upon completion Yes D No )
15 pump: O
Monufacturer's Name
Model Number =P Volts
Length of Drop Pipe 1. canacitviFQG.P.M.
| ,
Tvpe: Submersibie
D Jet D Reciprocating
USE A 2ND SH[.ET IF HEEQEKD
16 Remarks, elevation, source of data, etc. 17 WATER WELL CONTRACTOR'S CERTIFICATION:
This wel! was drilledqunder my jurisdiciion and this report is true
ACUEYD INF . to the besj) of myk led
i ACUED | -o 8y um./m, ITEM ND. @L) pi (o) 7 7
CURRECTZD BY {/ REGISTEAED BUSINESS NAME TGISTRATION AD.
" EALDITION BY Add
ELEVATION - . ¥ !
DEPYH TO ROCK %j. é&pu.o 077 J/ /' — 74
X =1 sighe A Date { /7 ‘% o 1)
AUT 3
I Da7a 100M (Rev. 12-68) UTHORIZED REPRESENTATIVE

[l el Natall ol B |

CIIDVCVW MmAanar




GEOLOGIC AL SURVEY SAMPLE No.

NOY 311973

1_LOGATION QF WELL |

ACT 294

WATER WELL RECOR‘D/

]

PA 18965 8]
PUBL!C HEALTH

MICHIGAN DEPARTMENT

Coynty Townsiip Name
‘L

-y

u;tanj‘t:nd Dirertion frum Raad Inte sections

9?5777,&& 3/

Street aJddress & Tity of Well Locauon

7Woz£%

Section Number |[Town Number

.’/ Sy SE /g /A W

Range Number

2 Zw.

P

‘|
53.NER OF WELL: :
dd

Locatas wnth“ "X in section below
1 I i
] [} |
I AN JR S
1 | i
! | t
L. TSP PUUSIIS RySHpN S ) -
I | | |
| | l

it ikt ks § oMt

Sketch Map:

4 WELL BEPTH: {cofipletedi Date of Complstion

L & )
5 %Clblo 100l
Hollow rad

D Jatted C] Bored

o, /973

-1
D

D Rotary DD Driven
§ use:

O rubiic Suppiy
[ air conditioning

]

omastic
Irrigation
DTesr Well

D Industry

D Commercisl

LA B ,

Tt 7 CASING: Thraaded E\wudad[:] 1 ieight: Aboye/Bemy

] Diam. Surt "

1 MILE urrace .

: 7 l
THICKNESS | DEPTH TQ : 6 :
EORMATION oF BOTTOM OF .Zm. to e _f1. Depth 'Wenght 1oa./f,
1\,, STRATUM STRATUM in, to f1. Depth | Orive Shoe? ves Ea NO l [
/ 8 SCREEN:
-é é oty s
8' / g Type Dia.: D ‘l
AZZNQT; Chosy S/ VY7 e s
1 < Setr bawween ft. and D ft.
- . /€ |65 ek, Lo
U g -7 9 STATIC WATER LEVEL
S—,
“jiﬁ » 3 ft. below land nurface
y _7 10 PUMPING LEVEL below land surface
/L{)@M yd fr. afier t hrg. pumping l 1 9.p.m,
ft. aftar ___ hrs. pumping G.p.m.
11 WATER QUALITY in Parts Per Million;
jran (Fe) Chiorides (C1)
L]
Hardness Other
L

12 WELL HEAD COMPLETION:

E.Pnless Adaptar

D in Approved Pit
312 Above Grads

13 wal Groutad?@,\'es D No
D Neat Cement D Bentonite

Depth: From n 10

¢64M,M

14 pearest Source of pogaible conta
2 8 fent moiuﬂion m

ven

Well disinfected upon compietion mves LT

15 pume: O Kt inskatiaa
3 Namo w

Manufacturer®

modal Number
Length of Drop Pipe

Vclts
ft. capacity G.P.M.

Type: Submersible
Jet

D Reciprocating

VK A 2ZNO SHELT IF NELOED

16 Remarks, elevation, source of data, etc.
B3 1,
&‘/C/
//":LL,U')) 730

hat} L

STRCES

QA)

"y | Fenin, Torich

D&7d 100M  (Rev, 12-68)

17 WATER WELL CONTRACTCR’S CERTIFICATION:

Thls well wa dnlied under dicti nd this report is true
ﬁlef.

3 E o
REGISTERED SUSINESS NAME

<3

771

o/

Address

REGISTAATION NO.

Data

Al §,/972

AUTHORIZED REPRESENTATIVE

7



o

GEQLOGICAL SURVEY SAMPLE No,

1701 1973

| LOCATION OF WELL _ |

WATER WELL RECORD

PA 196’5/

ACT 294

[]

MICH IGANO%EPARTMENT
PUBLIC HEALTH

[Coy uv Township Names

Fracuog_ S W (

Town Numbes

/- nrd,

Sechon Numbar Range Numbar

5 A,

ot address & City of Well| Lm:atlon

MM
Distan ’ An sction fro;q Road 1mew ; .e,.f?p&j—“

QJ leLLW

Addrassﬂ Q .
07, Sin T

=

Locate Wﬂhu "X™" in section bafow Sketch Map: 4 WELL DEPTH: {(completed) te of Lomaletion
T T T / ? j
i i 1 ? ) ft. q J 7
- — Jl. —_— _:_ _.:... -— 5 % Cable tooi D Rotary VD Driven D Dug
1 | 1 Hollow rod D Jetted D Bored O
" e |
s ":"’“""":' - ""':" — ] T 6 ust: [ oomestic [ Public Supply ] incusiey
1 : Irrigation Air Conditioning Commercial
) !
-__1__.‘.__‘__... §omi,
h | | Test Well
) 1 1 l ? th.SING: Threaded welded[ ] "| Height: Above/ Qe
18m,
et iLE ] | Surtace fr.
THICKNESS DEFTH TO i g
FORMATION oF 80TTOM OF llm. to _Lﬁ. Depth 'Welghlz_ibl./ft.
' staaTum | sTRaTUM in, to ft. Depth | Drive Shoe? ves [ no (]

L

B SCREEN:
Type: M’m Dia.:

Zly P

ﬂ-” '
Sloﬁa /"?‘ Low H ‘

Set batween fr. and 3 2 t.

Fittings:

ﬁp‘w #M»ﬁ%

Ay

9 STATIC WATER LEVEL

ft. betow land surface

%dmi .Q-ME

10 PLgFING LEVEL balow land surface
é ft. after J hrs. pumping A 1 g-p.m,

fr. after___hrs, pumbing g.p.m,

11 WATER QUALITY in Parts Per Million:

jron {Fe) Chiorides {C])

Hardness Other

12 WELL HEAD COMPLETION: [] in Approved Pit

YR, Pittess Adapter [} 12" Above Grade

13 Welt érouled?.@.\'as D No

[ neat Cement [ Bentonite m % ""M

Depth: From 1. 10 / 3 f-

‘Vé\wnun Source of no sible comaj;.\;-natloi: ! !
\A feet Dlrecllon

u:s D Mo

Weil disinfected upon complenon

USE A 2ND SHELT IF NEENLD

15 pump:

Manulacturer's Nm
Modal Numbef
Langth of Drop Pipe

HP } Volts {/6,

ft. capacity G.P.M,

Submersible

3 g

Type:

D Reciprocating

16 Remarks, elevation, source of data, etc.
v M-

Fones IR0, 5Y ORILLER, LA iie
/

s

SACOITION RS E‘ﬁwnz.tp}-}?ﬁ% 7302/0

EY

This well
to

17 WATER WELL CONTRACTOR'S CERTIFICATION:

r|lled under v Lunsdnp
ehﬁl‘

WBS n and this report i3 true

o977

?-,-J

REGIS

ddress

TERED BUSINESS NAME REGISTRATION NO.

3 '}

Signed

] ;&ww

0 ] G-

Date

Ds7d 100M (Rev. 12-68)

AUTHORIZED REPRESENTATIVE




LIELILA UL ML DIJAVET Irumr LT N,
l - I
N

| ]

CER d WATER WELL RECORD q//’ MICHIGAN DEPARTMENT
ACT 284 PA 1965 c:/
1 LOCATION OF weLL | Su) S< PUBLIC HEALTH
County Township Nomg Fraction Ser.uun Number {Town Number Ronge Number
| Gratiot ___ Bathany Siu ¥ wu| oY | TI2Nws, [R2H  grw,

Dtstancy and Direction \ from Road |r;u.r;ect|or\s

I20 £t E of Union Rd & I50 £t N of Madison Rd

3 OWNER OF WELL:
Mr Jerxy Mayar
Address 9020 N Union Rd

Slreu address & City of Well tocation RED St Louis Mi 48880
[~ Tow ol \""‘ XTI section bufow Sketch Map: 4 WELL DEPTH: (complated) Date of Complation
T 7 T
i | ! 102 fe. Nov 13
- -..-|l - -—:— —:-- --1 5 D Cable toal Rotary D Driven D Ouo
' w | . {1 mottow roa O seted (3 sores 1l
e -:- -':' ——:—-- T 6 USE: [ Domastic  [] Pubtic Suppty O industey -
l_ _ ] ] s D Irrigation D Air Conditioning D Cammercial
- ‘:‘ : . (Qresewen {1
| L) l 7 CASING: Threaded (X wetded[] | Height: AtovesBeiow -
L—-—1 “LE ———I Surface I fr.
THICKNESS | DEPTH TO : i
2 FORMATION . oF BOTTOM OF in. to 95.__,,". Depith IWelohl _ma:s/ft
stratun | staatom | 3 7/81w0  I02 . Deoen j Orive Shoe? ves® | na [
t__ 8 screen: Jonnson
* Sand 0 7 7 7 ryoeR0d Erass o 3 7/8 OD
- Stot/Gauze g.g.___.__ Length 7
Clay‘:ellow 7 19 12 19 Set mweer95 ft. andloz fr.
Fitlinggi~ =
Blus 19 70 61 70 %3in K Packer
. I 9 STATIC WATER LEVEL
Sa_nd 70 102 N 32 02 65 f1. below land surface
. 10 PUMPING LEVEL below land surface
5 fr. afttg_hu. pumping dQ Q.p.Mm,
\,

ft. after hes, pumping _________ g.0.m,

11 WATER QUALITY in Parts Par Mitlion:
iran {(Fe) Chtorides (C1)

Hardness Other

12 WELL HEAD COMPLETION: D In Approved Pit

E Piliess Adaptar E 12" Above Grade

13 wen Grouted?ﬂ Yes D No

] Neat Cement ] Banwonite [ Qlﬂl___________

Depth: From ft. 1o

14 Nearest Source of possibie contamination

5@ feer _E Direction se;ﬁ' io Tv;n_c

Wet| disinfected upon completion kr]ves [ No

USE 4 2NC SHEET IF NELDED

15 pump: [ wot instatied

Manufacturar’s Name Bada -
Model Numbe?D[BE“Z I Heé'g voits _2 30
Length of Drop Pipeaﬂ___ ft. capacity 12 G.P.M.

Tyoex] ] Submarsible

D Jat D Reciprocating

16 Remarks, elevation, socurce of data, etc.

ADD"D INeg 5V por

'C!‘R n-,--—, SY' ‘\

. “-Di-?['f by _/ /
ELEVATION

LPFTH TO Rock

" T-II ‘IO

Address

Dé&2d 100M (Rev. 12-68)

17 WATER WELL CONTRACTOR'S CERTIFICATION:

This well was drilled under my jurisciction and this report i3 true
to the best of my knowledgs and belief.

-£ 35 Oberlitnar 0341
REGISTEAED BUIINESS NAME HEGISTRATION NO.

46564 i1 State Rd Alma M1 48801

/%a-/ Dam_Z")‘(-/ 7\5

GEQLOGICAL SURVEY rnpy



WATER WELL RECORD

ACT 294

1 LOCATION OF WELL |

I TN Y IO A N O Ay e 3

PA 1945

SE WE SW

OF

8

I [ O S A O

MICHIGAN DEPARTMENT

PUBLIC HEALTH

T'P.

Cou Y.
Thatiot Bethany

Tﬂwl’l

/2 Gs.

Fraction Section No.

oSy, uwl| €L

Ronge

2 e

Intersections

Dist, nd Direction irem Ro
ﬂfﬁ%t. nion Ride

. oL - @

[OWNER Na.

J-’J.J

33 | 3 OwNER OF WELL:

Street oddress & City of Well Location Union Nd. ST. LOUIS

80 rods South LacCregor Rd.& Union Rd. Intersect

! ioxgd,,,ED {/ARD TLESS

y »:1CM.

116 5a TREMEatop royn,

THICKNESS
2

FORMATION s“"‘-"';uu

DEPTH TO
BOTTCOM OF
STRATUM

4 WELL DEPTH: (completad)

&3 July

Date of Completion

31 =67

> Seil ' '3

5 L} Cable too! ] Rotary

6 '-‘El Hallow rod D Jutted

£ Driven
D Bored

DDog
0O__

el
S y

d & Clay

6 use:B] Domestic [ Public Supply
E] lerigation El Air Conditicning

33

Clay 30

D Test Wall D

a Industry
3 Commerciol

63

7 CASING

Sard & Cravel

15

iom.

T8_h1. Depth

N, to

83

—in. to

—ft. Dapth

Threadad D Welded D [H.lghi- Above/Below

Iturfoc-

:w.;,m_}lﬁ__ls.m

jDrive Shoa? Yal:BNoD |

2 abgve

8 screen:

Type: S].Ot Din.:

1+

€0

Slot/Gauze

Length

73 83 St.

Set ‘cfwcnn ft. ond

Fittings:

Check Valve

58t

479

9 STATIC WATER LEVEL
26 ft. below lond surface

10 PUMPING LEVEL balow land surfoce
A fr. ofter2 _hrs. [ ]

12

-]

36

fr. after.

hrs. pumpinge———————g.p.m.

9-p.m.

12

11 WATER QUALITY in Parts Per Million:
lron (Fe) Chiorides {Cl).

Hardness_____i 11 _%ggt later

D Pitless Adopter

12 WELL HEAD COMPLETION: [ tn Approved Pit
E] 12'* Above Grads

13 crOUTING:

Wall Grouted? [ Yes No

O

Material: D Neot Cement

Depth: From.____ft. to f,

14 sANITARY:

Nogrut Source of possible contemination

fout nort‘ﬁ

rection

ssptic 1 ..

Well disinfectead upon compietion l:\l Yas D No

15 Pump: not Installed

Menufacturer’s Nome.

Model Number. HP

Length of Drop Pipe ft. capacity,

a

Type: D Submersible

G.P.M.

D Jeot

D Racipracating

16 Remarks, slevation, source of data, etc.

ADDED {NFO. BY DRILLER. ITEM hO.

«ORPECTED BY- LS

h ] -
=#ADDITICN TY: Cood vatér Su;ply.

17 WATER WELL CONTRACTOR'S CERTIFICATION:

te the best of my knowledgs ond belisf.

Lewds Could

This well was drilled under my jurisdiction and this report ia true

D256

RECISTERID QUSINESS NAME

RESISTRATION NC.

Ds7D 100m 6-66

SEP 12 1387

rENYARICAL

SIIRVEY rmmnbwv

3] .
address 229 13010 St Tonia 3ich
Signed / L 'qu.-- ‘r’,ﬁ Dote froer !~ L 2
AUTHORIZED REPRESENTATIVE ,-

Dar



O WEW LM LA L WA LD AN L Y. l ]

(S OO I IS O T ) S O I I

2

'l’NICKNESS

FORMATION s““uu

DEPTH TO
BOTTOM OF
STRATUM

4 WELL DEPTH: {completed} Dote of Completion
215 fr. Cot 68

Yellow clay 9 22 22

22 |

5 D Coble tool Rotory D Driven D Cug
D Hollow red U Jetted D Bored D J—

Blue "™ . 22 27 5

1’27

8and 27 29 2

29

6 use: [} Domestic D Public Supply O Industry
D Irrigation D Air Conditiconing 3 commereiol

D Test Well D

Blue clay 29 I4Q0 IIX

140

.-

T owm " 140 I79° 30

I70

7 CASING Thuudcm ‘NeldedD {Height: Above/Balow
___in to 20 5 ¥/ _fr. Depth lsurfncc I f1.

fwei M__I_,I_,ai_lba/fr
37/8.1.  2I5 4. Depn D e Shou? Yes@na ]

I90

L"‘\ind ;ﬁﬁe 170 I90 20

" 130 215 25

215

8 SCREEN:
Johnson Esd Brasg . 37/8

Type:

Slot/Gavze 18 Length IO
205 4 235

Set bllw...n ft. on

Fivings:3% FPThread

fr.

9 STATIC WATER LEVEL
ft. below lond surface

10 PUMPING LEVEL below land surfoce

525 f1. uhuA‘_hu. pumping.Im—__a «pam.

fr. aftar. " hrs. pumping__"__g.p.m.

11 WATER QUALITY in Parts Per Million:
tron (Fe)______________ Chlorides {C])

Hardnes

12 WELL HEAD COMPLETION: [ tn Approved Pit
a Pitless Adopter E 12'* Above Grade

13 crOUTING:
Well Groufcd?p Yas D No

Moterial: U Neot Cemant D"’eonita azlay
Depth: From___ft. to_ 0 fr.

14 SANITARY:

Nuarest Source of possible contominelion

_éo_ft.' --s-—ouochon.ﬂmtc_.__.ﬂ'ypc

Well disinfected upon completion g Yes D Mo

15 pump,
Monufacturer's Name.__long x
Model Numbe RP
Length of Drop Pipe. fr. copacity.
Typs: [} Submersible O

G.P.M,

O] Jet O Raciprocating

16

Remarks, elevation, source of dota, ste.

et ulaER, HEM N
rd

= .,.I‘;:-;E:;'ED (4§ —’?————-—'—-——

se\MTICN BYY

D&7D 'IOONO &-66

114 1339 | . GECLOGICAL SURVEY COPY

17 WATER WELL CONTRACTOR'S CERTIFICATION:

This well was drilled vndee my jurisdiction and this report is true
to the best of my knowledge and belief,

F1 & C3 Oberlitner 0341

RECISTERED BUSINESS NAME REGISTAATION nO,

AUTNO'II[B- [‘I[SKHTATIV(

WATER WELL RECORD MICHIGAN DEPARTMENT
ACT 294  PA 1965 OF . ,.-’M
1 LOCATION OF WELL | NWANEsE X PUBLIC HEALTH oot
Cn(uj-ury Twp, Fraction Section No, Town Range
ratiot . Bethany 7 % fSﬁ TI2Mus. | R2Y Ew.

Distance Direction from Road Intersections 3 OWNER OF WELL:

I 2710 E Bagley Rd on ilc Graoé&’”‘“ SR Josepl:r 'f?rgina

& S 80 Pt. " Address8 62 E Ko Gregor Rd

5828, F ife Grepger B4 St Louis “ich $880I REFD St Iouis “ich



GEOLOGICAL SURVEY SAMPLE No.

MAR 15 197,

WATER WELL RECORD

N

MICHIGAN DEPARTMENT

ACT 294 PA 13565
1 LOCATION OF WELL | PUBLIC HEALTH
County s Township Name Fraction . Section Number |Town Numbar Ranges Number
Cratiot Bethany SW. ww v S I8 TI2N N | Roy  drw.
Distance And Direction from Road tntersections 3 OWNER OF WELL: -
th S of lc Gregor Rd on Riverside Dr & E
7§ n 4 &0 Address M Paul Bean
L
)
Srraet address & City of Well Location S&lﬂﬂ RFD’ 9I87 Rivemida’ St LU\JiB Mi.
Locate with X" in section balow Skaich Map; 4 WELL DEPTH: {completed) Dat# of Completion
T T ]
I I i 85 fr. Jan 7T
. — _} - .._.:._.. _:_ - 5 D Cable ool x:] Rotary D Driven D Dug
| - 1 I [:] Hollow rod D Jetted D Borad D
‘ =3
- -:—-':'- -I"‘“‘ T 6 USE: [Yoomestic  [] Public Suopty [ industry
s i | §aon Dmigation D Air Conditioning [ ] Commerciat
-—T-T__: ) _ Test Wall
1 1 | l 7 gAaerG Throadedﬂ w:ldedD rneught Aboves/Below
1am,
1 MI‘L! . Surface fe.
THICKNESS | DEPTH TO .
2 FORMATION o porrom or | 4——in-to T8 __ft. Depth ) Weight TIBgIbss A
. STRATUM | sTRatum | 3 7/e B4 #. Denth | Drive Shoe? ves fr]no [
U 8 SCREEN:
Jo N
Sana 0 3 3 3 W)Iemscn Everdure oi-.:3 7/8 0D
—
Siov/Gavze _I2 .  _  Leng:8 8e+
Clay 3 68 65 68 Set between 78 fr. and 86 f1.
tiings: 3in K Packer
Sand 68 86 I8 84
9 STATIC WATER LEVEL
] f1. below land surface
10 PUMPING LEVEL below land surface
____86__ 1. after3_ hes. puroing ___ 40 gom.
" fr. after " hrs. pumping " @.0.Mm.
11 WATER QUALITY in Parts Per Miilion;
fron (Fe) Chlorides (C))
Hardness Other
~— ' 12 WELL HEAD COMPLETION:

L1 1n Aporoved pit
E Pitiess Adapter E] 12" Above Grade

13 wetl Grouted? Qves D No

D Naar Cemant g D —'Ehy—-'———
Deopth: f1. 1o 4 0 f1.

Bantonite

From

14 Nearsst Source of possibia contaminstion

50 feet _E__Difeclicm Septic

Well disinfected upon compietion Eves D No

Tvoe

USE A 2ZND SWEET (F NEEDED

15 pume: [:l Not installed

Manulacturer’s Name Reda
Model Numberd D HP ELZ’WH, 230
0 ft, capacity 14 G.P.M.

Longth of Drop Pipe
Tvpe: ﬂ Submersible

7] der

[} Recipracating

16 Remarks, efevation, source of data, etc,

ISR RO PSR B H RS ) R0 TH
SCORREITID O

R £

This well

17 WATER WELL CONTRACTOR'S CERTIFICATION:

to the best of my knowledge and balial,

C S Oberlitner

was drilied undeér my jurisdiction and this report is true

0341

REGISTERED BUSINESS WAME

adares¥246 64 N State RA Alnma Mieh

REGISTRATION NO.

Signed

Dé7d 100M [Rewv, 12-68)

o N e a ]

EERE W1

AUTHORIZED REPRESENTATIVE

<A L/P///J 7:;.,.. Jan I

i

PEL S e e — - .



] LOCATION OF WELL |

P P . : L P N J L i "

WATER WELL RECORD MICHIGAN DEPARTMENT

ACT 294

-~

PA 1965 OF
PUBLIC HEALTH

Cwqu Twp.
.} f f i !3 E7iva

b

Froction Section No. Town Range

w NEw 2y [ /2 @s. Z E@-)

Distance And Direction from Rood Intersections

/.5'5’ E/'t ST O)2 TR

Streer uddrcu (Cny of Well Lcechon

[OWNER No.

) 3 OwNER OF wsLLf‘ = A
i~ ¥ o i

"GILEEX

IV e DIRWWE

Addrass 3 i:’r‘n Criyio :v S‘T
37V i f_j'f’:r‘ Ai R

2 FORMATION

THICKNESS
oF
STRATUM

’%ET';ngF 4 weLL. DEPTH: (completad) Dm of Completion

STRATUM (’-: ,? fr.

Diz/ 17 L% )f!f,cr'\

/2

5 E Cobla tool D Ratary D Driven [:]pu’ o
/ z" D Hollow rad D Jetted D Bored D —_

]2 F e iy {')’::w,l "f"cni-ﬁf

/2

6 Use: {& Domestie O public Supply O industry

14 B3 oy s

/

O Testwen O

l {71 D irrigotion D Air Conditioning D Commeroial

J / 7 CASING: Threoded ngé-d D |nghr- Above/ Gabaw .

2/ 75 $ir Sy

o

v

’ &
TV £ 30 WAl S

/2

m.
""‘i gLn. to .i'ZH Depth linrl’oen Pl
/ :w..gm._/_,_ljs./h-

8 scREEN:

in. to et t. Dapth 4 Drive Shoa? Y.IGNBD o

Tvp"?jéff;(w-- Di -7 “:/”

4
s
Slot/ G / i Length ‘;,[’
—
Set betwaan_=— zh. ond é ¥ fr.

Fittings: == )
S ,‘,---- ,.Q-,--/" Aa-'.’..-f

9 STATIC WATER LEVEL
fi. balow lond surfoce

10 PUMPING LEVEL below land surfocs -

2 2 f1. nfhr_L_hrs. pumping_.:._.g__a.p.m.

fr. afrer. hes. pumpin g .p.m.

11 WATER QUALITY in Parts Per Million:
lron (Fe)e . Chlorides {Ch).

Hardnes

12 weLL HEAD COMPLETION: (] In Approved Pit
D Pitlass Adapter D 12’ Above Grade

13 crouUTING: 74 —z(,.--q/ﬂ s

Well Groutsd? (1 Yas [J Na'f ,.-J(ji. J@;fr_f

Maoterial: D Neot Cement

Depth: Fromo_____f1. |o__._Ff

14 sANITARY: _ T

H.L‘buochonMu

Well disinfected upon completion E] Yeos m No

le.t

Ncorul Sour /vcf peuab!. contamination // '-1" '.-':'.

15 PUMP: (7 s Eota o dd L Grer

[y
! /.-'m-\.

Manufacturer's Nome

Model Numb He,

G.P.M,

Length of Drop Pipe_______ft. capacity.

Type: D Submarsible 0

3 et ] Reciprocating

16 Remorks, elevation, sowrce of dota, etc.

ADDED INFO. BY DRILLER, ITEM NO.

#CGRRECTED BY:

wADDITION BYy T

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and this report is true

ERRNE Y -3 ‘.--f f,‘/‘f ~ ’ }

to rh%oﬁ of my Imcn-lc&go °"dl’:_ﬁ." o S . " = g

REGISTENED BUSINLSS NAMT nl’.eurnanm-—
I} o r ,i Ly—

L Y P

) R A ar I
Address, "( — PN !

Signed Dmﬁ" L& '/7‘

o670 100M  6-66 N 19 1968

AUTHORIZED REPAESENTATIVE

GEOLOGICAL SURVEY COPY

N




Bethany (Gratiot County)

Yichigan Chemical Company
Beach #6

Location: NW of NEL} of SW: of section 18, T. 12 N., R. 2 W.
Elevation: 709.7 feet above sea level,

-Record by: L. Hale from driller's log. o~
: ' Thickness Depth

PLEISTOCENE: _ (Feet) (Feet)
Drift; )
T Drift L . 325 @
PEVNSYLVANIAN; ) _
Saginaw: T
Sand 209 532
Shale : 14 - 5
Sand, gray and white 46 594
Sand 171 765
Shale 10 175
Sand 11 786
Snale _ g0 866
Shale and lime . 39 905
MISSISSIPPIAN: . )
Bayport:
Lime 41 g6
Mlchigan:
Shale, blue 9 975
Lime 25 1000
Saale L2 1012
Lime, white and ©tlue shells 15 1057
Shalc, gray 28 1085
Shells, dark 6 1091
#Stray" sand (1) 5 1096
Yo record 34 1130
Shalc, bluec 4 1134
Shale, blue and shells ' 23 1157
Napoleoonr (Upper liarshall): ' aa
liarshall, whitc Lg . 120
Sand - 21 122
Lowor Marshall: : - e
Sand, rcd 11 1235
Red rock . 29 1264
Casing rccord: ‘ ' TOTAL DEPTY 1264
10" 7167 Commcncod: 8-26-36
e-5/8" 791t Complected: 9-U-36

5-3/16" 1096¢ Initial production; Brine wcll,



—a

..-N

VieWihWi AL JURTC T JAaMTLE VD, l I

WATER WELL RECORD

IIHIII_IIIIJl_l_HIII

MICHIGAN DEPARTMENT

ACT 294  PA 1965 oF &
1 LoCATION OF wELL | PUBLIC HEALTH e
Co?nfy Fraction Section No. Town Ran o

Trstior 12w i le v Jo% [ wulD i

Donnncc And Direc*icn from Rood Interséctions

fm/va OF RCAD Iz A z:A:nd"[""‘"“"“’
Ti¢SEeTiioNY BL’&Gp;l-PVMZA' KefZ

.-‘\-n

] 3ownen OFWELLEDJ £U’UQD HILLS
Ada/f CﬂD;V>f‘ /X7 AEST. MoK

Sfrtﬂ address & City of Well Lecation f 2 ¢7 2 7 LS / Lo [ \: T’L’:—,—.., K
M THICKNESS | DEPTH TO
? FORMATION _ IeKN uhTH TO 4 WELL DEPTH: (completed)’  Date of Complation .
STRATUM | STRATUM S /o fr. },1 et L 7%!_
5 gCnmo'rool E] Ro!ury mwnn i DDu
— '
rﬁ "'”/ - ‘ ,;///_///%" 4’7/1,_;_,‘,,,} /_‘) /S’. Hollow rod D Juttad D Bored D....._ ’
6 use: D Domestic Public Supply D Industry o
’, (. ? 7_‘ ,,./f_,,f/;_ .,_; /A///“ 1} /:? ,2 “H O Irrigation Alr Conditiening a Commercial
= .

//3 m[ /f-', f”//{{d

fmar O Tesr weit O

CASING:

//w 47‘1 L fj/é/jl{!/ 1_11'[ 2}?

7 Diem.  Threaded Q Walded D lHugM Above/Balow

J‘“v
in. to ,.,nf_f-ﬂr. Depth wrfuco l fr, - e
4 & ?l— /S5 ’ Ewushr_i,_lbsm

1 in. to —ift. Dupth |Drive Shae? Yts.NoD
_p-«},-./ %am.//'f/ﬂ-vL- B screeN: :
f?’/ Az s d < | Tt A Dia.ip2 L
[ ] -~ S~ Slot/Gauze £ 72 : Length___X" ¢
/ _'_} ~— 7 \ /) Pl .-\.—,/'w"— ,’/ Set betwean / {r cnd_#_h. . - T
- l?'l’ _2_ P 21 _FAY, PAC I
///‘} "/"r_ /() /7\-—— “"‘F: / 9‘/‘;’! {/> \_.—__-
k - =~ | 9 STATIC WATER LEVEL -
/ \ ”~ /P_) }/,/[‘ f // ’;L."y/?‘/’?//-,&f/ * :_\_ ,;.TJ—"_' ,?-.-/"‘ .t below land surface
/. 10 PUMPING LEVEL below land sucface . '
9 Qﬂ* / / /] ’A //4'-’//{/ éf\ #{Lh. cfter.l'é_hn. pumping_,L.a._.p.p.m.
/:’/,f/ﬂr/; ;-‘: "LZ./ {//"d 3 ///) fr. after. hrs, pumping——————?.p.m.
_ ' 11 WATER QUALITY in Parts Par Million:
///J / /4 )‘/ !,;.- 4/_-4": Z ‘K""’ //C lron (Fe). . Chlorides {CI).

=

e )2 AN

/ - '\.’ Hardnes
/' -

Y

12 wELL HEAD COMPLETION: [] th Approved Pit

8
1.
%

N
RN S

27 all fireiiba . -
I;ﬂ :’/' Wall as {1 v }ql

/ 4//. [ 57 My # it

L -
Material: D ‘Neot Cement D

. 5 _
0) 5 , / L// @4 /17 At P f /6// U’[Eh Pitless Adapter 'Q‘ 12'" Above Gradse _'?."_:
13 6rOYTING: - PP S
/Z/f"‘ ////MAHM‘/ “-3'-'.-_"-’-';

/_5? Dapth: From_..___ft. to_____f*,

/g > -/ 3Y é/’é' c-//w/

i %_hﬂ 5_&&!@:?!” i ""

/ ; '7 Well disinfectad Jpon complation m‘é.u
- )

$

Uy T

' HJ'.E-
P

ey

14 SANITARY: -
/J‘L/ Nearest Sourc- of poulblo con'cmpdEA”!I /— __F"

i -

%]
3
4
L]
']

t.:a
»

4

/ Y — .,-4/;-;1 ﬂ,&,} s
/ ‘S't/-— // /_. 2 lordde 2 _)’d"f

15 :
/ é ! :'::::ae?uror't N:m-]jfn ,LT/

o

u/ _ Lyl zald,
7 AT zﬂcj_;c, -_/ o5 —

Model NUMbWL—-—-H P_'?.__-
'} ,é//‘f Length of Drop Pip-'l;_'_h capocl!y’Ld_G P.M. 1

Type: % Submersible D

Jet D Raciprocating

‘—--"""l

16 Rmark:, olovclmn, wouree of du}o, ate. /W‘_{-‘L‘(/V"v

ADDED INFO, BY DRUJtEe Uil o

i

-

SCCRAECTED BYY

ratNATION BTY

De7D 100Mm 6-66
ol ol Nalal Fall B

17 WATER WELL CONTRACTOR'S CERTIFICATION:

This well was drilled under my jurisdiction and this report is trus

to thp bast of my knowlodgennd b-luf
/1_141_‘ / /- M}—L—— ’
ALMETRATION MO,

MEGIITERED IUS’IISS w—(

Alfdrcss//'." N / s y 2 !fft ul"' '1‘/1"" 2 -

.,,_ﬂ 1 -
Signed Dated "

AUTHOMITED REPRESENTATIVE

CHIDVEY MDY




-

GEOLOGICAL SUAVEY SAMPLE No,

\-\

[] |

.

95,1974
& WATER WELL RECORD- QF/ MICHIGAN DEPARTMENT
ACT 293 Pa 1965 A OF
| LOCATION OF WELL | - PUBLIC HEALTH
County ’ Townstup Name Fract Section \lumbur Town Numibnse Range Number '
' Do (R | WU PR VE 3
., ot [ Ceta /2 wg. AW,
Destance And Duection trom Road |ntersections 3 0&% Py
- s
A}W FE-o '/ CTL :?—-——y- o - ,f;'c' f M
5 drass . .
s e d e W/MCM-D—»x.—;-— .—--/—!-1—'/5/0, /—-..2
Streut addross & City of Waell Location e ‘,i—vsﬁv / ] J*C)—’V‘-"-’O
[~ Tovats wiih 7X A Seciion FicTow < Sketch Map: 4 WELL DEPTH: (completsd) Dute of Comulalwn
~ 0
B 3 /22 . 5~ /"3
- — .% - __:_.. __:... - e 5 E] Cable too! m Rotary D Driven - . D Dug’ R
| I 1 m L P Raer D Hollow rod D iatted D Boced D
V- ‘:"' —“L - "":""‘ :_i_ @ 4 6 use: Eoomunc [ eubric Sugety - [] indusiey
] ! | i Dfrfiguion D Alr Conditioning D Commercial
- —t— -T === - } T
I . | ‘ est Wall .
] . \ l K N 7g:ﬂ;S|NG: Thrgadgdm wetded | P heighe: atovwe/Below
% m.
beposemmmene 1 At LK -.---—-J X ISLIrflc. ft.
THICKNESS | DEPTK TO . 7/ . ? %;
- FORMATION oF BOTTOM OF ﬂ_m. o /.....g'ft. Dapth [WllBht bs./ft.
o STRATUM STRATUM _in. to ft. Depth | Oriva Shoe? vas m No E]
e ; I8 screen: ) A
el I -
! __&9{ 4/1/ 4/’/ Tvu:#‘f{ﬁ/""’—w Dia.: /4?
d /0 tength 7

5-& Slot/Gauze
Set between 212 ft. and / Z 2. fr.

35

/0 S Fittings: E : Z

Yo /o

9 STATIC WATER LEVEL

//5 Xﬁ ft. balow land surface

7

10 PUMPING LEVEL below land surface

2 2 | é é ft. aftcr_z_hrs. pumping t (2] 0.p.m,

ft. aftar__bhrs. pumping _____________ g.p.m,

11 WATER QUALLITY in Parts Per Mitlion:
fron (Fe) Chloridas (C1)

Hardness Other

12 WELL HEAD COMPLETION: [ in apsreves pit
{?] ritiess Adapter [] 12 Above Grade

13 well Grouted? @Yea D No
D Neat Cemant Daentonite E]

Depth: Feom 1. 10

fr.
14 Nearest Source of possible contaminalti .
L4 .)
_&_afeet ﬂ_oi:ection jﬁ'zﬁ— ""[éfype

Wel! disinfected upon completion E]Yes D No

15 pyme:

Not installed
L3

Manufacturar’s Name >

Length of Drop Pips:'?_‘if:. capacity ______G.P.M,

Typa: D Submersibla

m Jet {:] Reciprocating

V3E A 2ND SHMEERT IF NLEDCD

L} S— rd
Model Number o0 o= fommy &y HP/ Volts / / e}

16 Remarks, elevation, source of data, etc.

ATCES 1770 BY DRELER, ITEN N
*LCRNECTED BY

*SAUDITION BY. ﬂ
ELEVATION

DEPTH TO ROEK

D57d

100M (Ruw, 12-6R) -

17 WATER WELL CONTRACTOR'S CERTIFICATION:

This weall was drilled under my |unsd|ctmn and this report is truy

to 5"»'7)" /dm:vfk';o;:d and be)s f 0 ?3&

- n:?ﬁsr:nrn BUSINESS NAME n=a|snuno~ %0,

Addruss qué /7}/’/4-(//

/i Ear
Siqned dﬁ'ﬁ Wm - Dats 7——

AJTHOAICED REPRESENTATIVES

CEO AGICAY RIIRVEY DV

572

\i



. "

WATER WELL RECORD

— i L Ji " It

MICHIGAN DEPARTMENT

A// a /\I/

Smof odér-u & Cltﬁéf Wall Loculmn

rsactions 3 OWNER QF WE| LL
-../3 "'Ggri;: MEM":I w“é “%‘L
/j!‘d/’///‘)/"—““- Address

Mfﬁmﬁf[ ok 2

FE3 24 1873 ACT 294  PA 1965 OF

, PUBLIC HEALTH
| LocaTion OF weLL
County Twp. o~ Eraction So:!mn No Tewn y Range

i z 2 Sar S
A/‘ﬁ,‘d? //1/,.2-/)/,’:",5/? = Y % k=7 AL 1Y Wi, D E.

Du!anco Qnd Dlr-cflen from Rocd fnte P
,( f'/"’ AkY F/f‘) 7 ;.

o

2 © “ FORMATION

THICKNESS
orF
STRATUM

7
DEPTH TO
BOTTOM OF 4 WELL DEPTH: (completed) ~ Dote of Compl.n

STRATUM fr. =

\

PR

5 Cublo toal DRomry [ Driven
7o [ B

pr (‘w u \-Ql-'lﬂ

DDug .
i

Hollow rad : [ Jerted [ Bored
Jo

9

7

D Test Well'™~ D

b use-{) Domestic [ Public Suppty - -[J Indultry
0O Irrigation [ Air Cond:liomng m Cammorelol

{

Lo

/2

7 CASING:

\5{—’% g r‘ﬂ et

// /.:fnr/ _,.Q /—Zn_m_»-f/ / 4.

Z‘y; ‘ 1Weight

b

o

om. Threaded ] Welded D |Hoight- Ab vo/Bolew
A
. : in. to / ‘2 h. T Dopfh Is»rfoco i __h. !

“bashr.

B SCREEN:

e

- z

1 1 .
__in. ta —ft. Depth 1Driva Shoa? Y“E Na[.-.] |

Slo!/chxe_'/ﬁ,%E‘Longn:J.
Set bﬂwccn?L;ﬁ__ﬁ. nnd_'z_:z'Ll;

TYP".M LD Wf‘gf p.;._. .:2_ "-\;;'/' '-g .
. H
¥
é’

e Y o RrPE= A Vst

9 STATIC WATER LEVEL  ~.
L B ) P

olan L f1. bulow lond surfoce. - h

10 PUMPING LEVEL below lond surface 3

f1. aftere—m.hrs. pumping—

N I

s 5_ ft. af!or,&hrs..pumping_&_iz_._a.p.m. ! ¥
L e -

I1 WATER QUALITY in Parts Per Milliom" .=
Iron (Fe) Chlorides (Cl‘

Ha;dncsx@—g&/

12 WELL HEAD COMPLETION: L1 In Approved Pit

113 GrouTiNG:
Well Grouted? D Yes Neo

Matericl: D Neat Cement D

D Pitless Adopter > m 12' Above Grade - -

",.r .

Depth: From______f. ta____ f1. .

.
.

R 14 saNITARY: s R

o

Neares! Source of possible contaminalion

16
t-—-.

Well disinfectad upon completion _&] Yeos D Neo

/..IZQ.J... .ﬁi.ovraclmn@___l.'ryp;

e ‘{

] ’.,." q

15 PuMP:
Monufacturer’s Nome_ j“a r’p

Model Numbaer L .:'“’4 HP. / 7 .._;_':.
Length :f Drop Pnp-_)lw__/ A6, copacily MG.P.M. e

Type: D Suhmnrubl C]
Ko =

0 Reciproceoting

16 Remoarks, slevation, source of doto,

#LCRIECTED BN

20 TN BYY

]

AGIED NFD. BY CloclER, 11isi - - LA

[ 119 ) o xﬂ"f‘{

17 WATER WELL CONTRACTOR'S CERTIEICATION:

This well wes drillad under my jurisdiction and this report ix true

ta the best of my knowledge and belief,

- H
Y - § o
ALCISTERED ByUsINESs nh L EciSTraTiON NO.

Ds7D 100M  §-66

GFOLOGICAL SURVEY COPY

\3



——

]

WEULLHGICAL SUHVEY SAMPLE No.

JUN1 6 197.:.

1 LOCATION OF WELL |

WATER WELL RECORD

ACT 294

PA 1365

]

MlCH|GAN0?:EPARTMENT
PUBLIC HEALTH

rﬁ:ﬁ::: W AANEA_,

Fraction

@/.\Q \S-_)/a

Section Number |Town Numbar

Ranga Number

Erw,

Street address & City of wall Location

R

-

o

Locate with "X’ in seciion balow

Skatch Map:

4 WELL DEPTH: {complefad)

g

5.

2 Daxe of Compietion
] /Jg’n.?mmf/y,/qm
- _:_ _:- - 5 E Cable tool [:l Rotary [:] Driven D Dug
1 | I ] Holtow rod [ Jetrea [ sored |
e "'}""":""—:"'“ Lr 6 USE:aDomoslic D Public Supply 3 incustry
[ _ 4— _.:_ _ _:_ I Oirrigstion ] Air Conditioning D Commercial
' ! " Tast Well
1 1 1 __L 7CA53NG= Threaded[ | Weldadi i T|-um.~;m: Abov e/ Sem;
I-——-! m.v.: ] Oie ) lSurf.c. ft.
FORMATION et ] wemie A in've L3O vwemn |w-==m tos.str.
N " STRATUM STRATUM in. to _____ft. Depth | Drive Shoe? v-sfgm
~ 8 SCREEN:

33

41

Tv:&ﬁ&?ﬂj_—j oia.: A 7 ,
Slot/ Cmorwe o Lenglh
Set betwee

55196

Fittinga:

25

/2 /

9 STATIC WATER LEVEL

ft. below tand surface AN

4

/25

14} PU’MPlNG LEVEL below land surface

.5 ft. af!er_Lhrs. pumping é ,.2 9.p.m.

7

135

ft. after ___hrs. pumping . g.p.m,

11 WATER QUALITY in Parts Per Million:

lron {Fe} Chlorides {C))

Hardness Othar

12 WELL HEAD COMPLETION: [T} jn appraved Pit
,@ Pitisss Adapter [ ] 12°* Above Grade

13 wen Grouted? E Yes D No ;E !'
D Naat Cement Bentanite E <+ %—2
Depth: From f1. 10 _J 6 f1. (d

14 Nearast Source of possibie conta

Ll‘un CE WDirection

Well disinfected upon completion

yoe

ves [ Ino

15 pump:

%ot instatied

USE A 2ND SHEKT IF MELDED

Manufacturer's N
Modal Number _/ ...22 Q_
Length of Drop P-ne ft. capacity

Tvpa; ESubmorslhle

3 =

Volts el ot £

G.P.M,

[0 Reciprocating

16 Remarks, elevation, source of data, etc.
AJ2ED g .
Y 0RILLER, priy; Tt
WCANErTED gy,

TTRTITION By,

W

Signed

REGISTERED BUSINESS NAME

17 WATER WELL CONTRACTOR'S CERTIFICATION:

This weil was drilled under my jurisdiction and this report is true .
1o ths besp of m‘-

1
Z

REGISTRATION MO,

LAe2
RS Ay

2y

De7d 100M (Raev. 12-68)

AUTHORLIED REPRESENTATIVE




GEQLOGICAL SURVEY SAMPLE No, D

BRI YT v'--T:
A WATER WELL RECORD MICHIGAN DEPARTMENT :*

ACT 294  PA 1965 OF
1 LOCATION OF WELL i PUBLIC HEALTH

CW Townshnn Name < Fraction Secuoan Numbar [Town Number Range Numbar
Dt 22002 _NFtnSH, ;2} I s | Oww
e

Opgtance And Diregtion from Raad rntcrseznons RJ 3 wm?aaos WELL
ﬁ &WMIJIWMQ / fgﬁ Mi

?en address & City of Well Location
Locate with "X’ in section below Sketch Map: 4 WELL DEPTH: {coﬁpleted} Dal.;:fI.tlon

[47 2%, /973

}
IR [ _:_-n . 5 m Cable 100! D Rotary D Orciven D Ouo

- -

1 I
o ] sotiow rod O setted [ eorss O
E - m——
bl "":——':‘-—:-"' T 6 Usmomnic [ public Supely (O 1ndustey RIS |
i co f din Dlrriuation [J Air conditicning O commerciai =
° ':' ': [Orest wen C-
[ t 1 l 7 g:ﬂaillNG: Threaded Welded [_] {Hoinht: Above/FeeER . .
£l 3 e .
] I MILE . | Surface _l__h._ .
\ orATION e 0o | 4 e SR oo (weise L woasn,
.~ A STRATUM { STRATUM in. to fi. Depth | Drive Shoe? Yes ZNo | | |

! 43—4’--50 |\ Z | Z a::::% o §5 o AT .
SZsy b . |PO | 37| 0Tt —|
Ly el 3037 g
Lo 2lZ 2 3120 7T e e

o N~ el /S 1138 LT SO e
) don St A

11 WATER QUALITY in Parts Per Million:

R fron {(Fe} Chlorides {(CD

Hardness Other
o 12 WELL HEAD COMPLETION: O tn Aproved pit

EQ Pitless Adaptar [} 12" Above Grads
13 wel Grouted? ms D No

D Neat Cemant GBantonile
Dsapth: From Q ft. to

14 Nearestource of aossnble contam;:aum! m
MGI /V Direction Tvp.

Wall disinfected upon completion vas CLNo
15 pumP:

D Not installed )
Manufacturer's Name _F -}_ 1A/ Rt
Model Numbum up [ vors _ 22 =2
Lenath of Droo Pice _ZL. capsciry /4Gem. - =]
Tvpe: aSuhmﬂsiblu

[ dee [J Rreciprocating

USE A 2ZND SHELT IF NELRED

16 Remarks, elevation, source of data. etc. 17 WATER WELL CONTRACTOR'S CERTIFICATION:

This wet! was drilled under my jurisgiction and this report is true
to the best of my kXrpwiedge b f,

Fiww. oy

el OALLER, ITEM N

REGISTRATION NO.
W.ORAELTID BY,

»ADCITION B . s‘fﬁi‘?"“"' ,777)‘:':-& Date M]

Dard 100M [Rev. 12-68) AUTHORIZED REPRESENTATIVE ;
\S



—_ J

WATER WELL RECORD

1 LoCATION OF WELL |

ACT 294

PA 1965

MM NE

(S I T N U O T T B B S S S

MICHIGAN DEPARTMENT
OF
PUBLIC HEALTH

County Tw

CEEETTSOT

ks Yy

Fraction

P e o)

Saction No.

Town Range
3

MW,

[owNER Ne

|

Dis e And-Diresi rem Road Intersections
5".2”? .é?dix?‘_% AT GOr S AL
NEF o wesr 5 /00" Soorry

Streat address & City of Well Location

L wr] =
3 OWNER OF WELL: ,
Addrg‘sspé == &ﬁ gy £

2 FORMATION

THICKNESS
or
STRATUM

DEPTH TO
BOTTOM OF
STRATUM

S Lovrs NZres

4 WELL DEPTH: {completed)

S0 ? fr.

Date of Complation

Z-Z83-6 37

LRy
rd

30

30

9 C.] Cabte tsel D Rotary D Driven
E Haollow rod D Jetted D Bored

Dug

O_

C/A/y g Copysl

GO

70

b USE:E Domestic D Public Supply

N O {ndustey
D Irrigotion D Air Conditioning

TRy

257

D Test Well D

0.

7 CASING: Threaded a Welded [ ] h-highl: bbranre /B olow

V4
WAhA7z2 Sasred

/057

/09

Diam. x i
/62_& ft. Dapth i aurfo:o'_ﬁ__ﬁ. .

—lf. e

; . ':W-ighl 3‘ &’Jhl/h.
1. Depth

8 scrReEN,___

Typl:_;LQ&'éQ’_‘-L_Din : /y¢ -

4_/

STat/Gauzs 202 Length__

-
Sat bl'w-.n,&ih. nnd_’&LT.

Fittings:

9 STATIC WATER LEVEL

ft. below lond surface

10 PUMPING LEVEL below lond surfacs

ft. ofter.

hrs, pumping g§.p-m,

f1. after. hes. pumpingeme—e . g.p.m.

11 WATER QUALITY in Parts Par Million:
Iran (Fa) Chlorides {CI)

Hardnes

12 wELL HEAD COMPLETION: [J In Approved Pit
m Pitless Adaprer D 12'" Above Grade

13 GROUTING:

Well Grouted? [J Yes [0 N
Moterial: D Neat Cemant [
Depth: From__ft. va____ fr.

14 saNITARY:

Nuarest Source of possible contamination

mhcr _M‘C_Diuclian S

Well disinfected upon complation & Yus D Na

vpe

15

PUMP:
Manufacturer's Nuth
Modsel Numbac, HP_.%_._

Length of Drop Pipt&é‘h. copatity. G.P.M.
Type: D Submaersibie D

&’ Jet D Reciprocoling

16 Remarks, sievation, source of dato, ete,

ST
S8

. AD inFO. BY LRILLER, (124 Mi

SCRRECTED WYy A

eRAOPITEN B

L

D7D 100M 6-66

17 WATER WELL CONTRACTOR'S CERTIFICATION:

This wall was drilled under my jurisdiction and this repart is true
to the best of my knowledge and belief,

MEG!STEIRKD BUSINESS NAME
mf.,.Aﬁ;cz,‘%_A&c&_
Signodwﬂ!a_cD

AUTHOMIED ACPRESEN FATIVE

zAf

énta;s"ann; "o,
4
alc-—z'z-ﬁ—”{’ﬁ

1L

O cCommerer| -

| Drive Shoe? YuaNoD .

Lobsh

e

.
fng webrd



e Nl D e P i ) W et PPN ek TWAL ‘ D
- o L____—J

WATER WELL RECORD MICHIGAN DEPARTMENT
ACT 294 PA 1965 : R OF
1 LOCATION OF WELL | ] & #PUBLIC HEALTH
County Townanip Name Fraction Section Number [Town Number LBange Number
_Gratolt Pins River WNE% 24 % R3 ew.
Distance And Direction from Road Intersections / 3 OWNER OF WELL:
Berea and Olney coner Add Maynard Danks
' - #2210 Olney street
Street address & City of Weit Location St. Lculs, Ml chigan l|.8880
Locate wntl‘!u"x" in secton below Sketch Map: 4 WELL DEPTH: (completed) Date of Compistion
b ' 110 «. June 1973
- _-Il — _:... i, P 5 D Cable tooit E; Rotary [:l Driven El Dug
i 1 | 7 Hottow rod D Jetted D Bared D
bl ol ":"- ':' - ":--' t_r 6 ust: [Npomestic [ public Supply O 1ndustey
] ] | § e D terigatian D Ait Conditioning D Commercial
-—-:-_T—‘_’_— ) Tast Well
} 1 ! ._L TSﬁSINﬁz Thuadedi§ welded | :Heinhl: Above/Batow
1am.
| gl m’u -——-—---lI B N iSu!f.CQ fr.
R FORMATION Tnlc:::ss '%5;;;*:4'3' __Ll-_an. o 1@_&. Depth | Weight b/,
STRATUM STRATUM in. to fr. Depth { Drive Shoe? Yas E] No D
8 SCREEN:
3 "
Ssnd 16 16 Type: ___doOhNson Dia: __ &
cl 1 i Slot/Gauze 10 Length ke
ayand grave l 31 1'"7 Set batween 100 ft. and 6 ft.
Fittings:
Send erd eclay 3 g0 oversll 15 ft.
h 9 STATIC WATER LEVEL
Clsv 20 87 &0 ft. below tand surface

10 PUMPING LEVEL below tand surlace

8znd and gravel 13 100 70 fi attar __Lhes. pumeing 9092 ¢em.
Sgme QLEI 2 aqnd' 2nd grgvel 10 110 —  ft.after__hrs.pumping _______ . ___ g.0.m.

11 WATER QUALITY in Parts Per Million;

tron (Fel Chlarides {C1)

Hardness Other

12 WELL HEAD COMPLETION: ] in Aperoved fit
Pittess Adapter [ ] 12" Above Grade
13 well Grouled?gves D No
D Neat Cement D Bentonite D
/"\pemh: From 1. to ft.

yearest Source of possible contaminstion

- faot Direction Tyoa
Well disinfected upon comnlelionE Yas D No
15 Pume: % Not installed
Manufacturer's Name anldayton
Model Number -P"37 HP gvmu <l
Langth of Drop Pipe 0 f1. capacity P.M,

Typa: E] Submeraible
L [J Reciprocating

USE A ZND SWELT tF NEEDED

16 Remarks, elevation, source of data, etc. 17 WATER WELL CONTRACTOR'S CERTIFICATION:
: .- o isdiction and this report is true

Fel o This well was drilie f
‘ T b 1o the best of my knmsoehe!. ——
- - 1 NG R SERV]CE éﬁ:
Y !i REOI'S"P'E‘?ES %EHESS F;"H(EJHG 7?33.67 J/ REGISTAATION NO. '

Mt. Pleasan

Address
. nnny j f/
Signed \b-—£42 L/_/ Q-Jl{,zz Daw/J? '[r’p-yé
AJTHORIZED REPRESENTATIVG
0s7d 100M {Rev. 12-68)

GEOLOGICAL SURVEY CoPy TN




WATER WELL RECORD

L I

MICHIGANODEPARTMENT

ACT 204 PA 1965 F
1 LOCATION OF WELL _{ PUBLIC HEALTH
County ) Townstup Nama Fractign Section Number |Town Number Range Number
Cratiot . <~ _Pine River Me % Sy _n | o4 TIZN N/s. | R3d _E/w.
O stance And Dure..uon from Acad Intersuctions 3 OWNER OF WELL:
4 ths I M46 at 407 Omnard Ct Hr Wm Cagood
Agdress 40T Oxchard ct.
. |Street address & City of Weli Location Same St Louisg IFi 48880
— Lorat: with TX7T 0 section Delow Sketch Map: 4 WELL DEPTH: (compisted} Datu of Completian
N 2156 " June 13
I N B S 5 D Cable tool Rotary Driven Dug
i t 1
t } ; D Hollow rod D Jerted D Bored [:]
c e |
bl -x-}-'- ':‘ - -:" - T 6 USE: ] Domestic [ ] Pubtic Suppiy O industey
i 1 | Dlrrigation D Air Conditioning D Commercial
——-:——T——:—*” b Test Well
Ly l 7 CASING: Threaded EE Weldod [_] IrHeighl: Abave/Below
|
e t— | Ml'l,: —— 4 208 ISutl’aca ft.
THICKNESS | DEPTH TO in. to ft. Depttr Weight los./ft.
2 FOAMATION oF BOTTOM QF —77 : . | -
staarom | staatum |3 a to 238 4 peon | Orive Shoe? yves [T no [
. 8 SCREEN:
~ chnson
U~ Sana 0 1Ir| 13 I red°B283E 37/8 0B
i 18
Siot/Gauze Length 8
0133' II 178 167 178 Set between __ 208 t. sna 2TA 1.
-Fitings: 3in K Packer
Sand 178 196 18 196 3
9 STATIC WATER LEVEL
Clay I96 199 3 I99 57 f1, below land surface
I 10 PUMPING LEVEL beiow land surface
Sand 199 216 I¢ 216 2I6 . .fter?_hrs. pumping Zo g.p.m.
fr. after _hrs.pumping .. . g.p.m.
11 WATER QUALITY in Parts Per Million:
iton (Fa) Chicrides (Cl)
Hardnesa Other
- 12 WELL HEAD COMPLETION: ] 1n Approved pit
i_"*—;’t L el t.,”:..- 7..'\ / e Pitiess Adapter 12°* Above Grade
- j /” 7 13 well Grouted? X] ves [ ] no
A t
'@,{' Kot L £l g [ Al (O neat cement [Baentonite [ ] _clay
. Depth: From 9] 1. 1o 178 fr.
14 Nearest Source of possihlie contamination
50 teat S Dicection __Sogtig Tyne
Well disinfected upon comptetion [X]ves [No
15 Pume: D Not installed
Manufacturer’s Name Beda
Model Number I4DI'PIEI HPI Iféala 230 —
’ Length of Drop Pipe EO 1. caoacih26 G.P.M,
Type: B Submearsible
D Jet I:] Reciprocating
USE &4 2NO SHELT 1F MECDLD

16 Remarks. elevation, source of data, etc.
ARDTD IMNF0 OY DRILLER, ITEM NQ.

TLIFRICTID BY
v\_7 —

CSETSTION B
ELEVATION .
DEFTH TO ROCK :

17 WATER WELL CONTRACTOR'S CERTIFICATION:

This well was drilled undar my jurisdiction and this report is true
to the best ot my knowledga and belief,

C S Oberlitner

0341

REGISTERED BUSINESS HAME

adaress4664 M State Rd Alma i 48801

REGISTRATION MO,

D&7d 100M (Rev, 12-68)

GEOCLOGICAL SURVEY COPY
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WATER WELL RECORD

PA 1365 OF -

1 LOCATION OF weLt |

ACT 294

L0

MICHIGAN DEPARTMENT .~

I

PUBLIC HEALTH

Coyde

Townhship Name

Fractton

Am

Section Number |Town Number Range Number

AF [0 | 347 7 Bt

Distance And Direction from Road Wsecuons

P61 Berse, I ‘LJMMM

Street address & City of Well Location

3 OWNER OF weum [ ) D

Address é ! 53

,P - S VR SR Y .

Locals with X
o

wn section below Sketch Map:

—.-.J'-.—-..-—-q-

IR RS RS MR § -
| | ]

-——'-——T——-'—-—-

1 T
i |

i M.

- B
| T T |

l-o— 1 MI‘I.E

4

{compieted) Date of Complot-gn

4 ws;\tieapm

ft.

@ Rotary D Oriven
D Jetted D Bored

5 D Cable tool
D Hollow rod

D Oup
O

6 ust: [Doomestic  [] Public Suppty
D letigation D Air Conditioning

Tast Weall

7 CASWG ThreadedB‘Waldod[] ! Height: Above/Below

D Ingdustry
D Commerciai

THICKNESS
OF
STRATUM

FORMATION

DEPTH TO
BOTTOM OF
STRATUM

Diam,
i Surface ft.
.;ih. to ﬁl‘l. Depth | Weioh%.ﬂt.
ft. Denth

in. to | Drive Shoe? Yos @ No D

L

B SCREEN:
[ %

Dia.:

A

Lo

ft. and

Type: G. /14 i
7

;S1ot/Gauze Length

/
Set between ft.

>

. Fittings:

73

9 STATIC WATER LEVEL

g; 0 ft. below fand surface

10 PUMPING LEVEL below land surface

b % . niler_lz/hrs. pumping é Q.p.m.

fr. after __hrs. pumping _______ g.p.m.

11 WATER QUALITY in Parts Per Mitlion:

fron (Fe) Chiorides (C1}

Hardness Other

12 WELL HEAD COMPLETION: [ ] |n Approved Pit

itless Adapter D 12" Above Grade

13 weit Grouted? [ Jves [ ] no
D Neat Cemant D Bentgnite

a

Depth: From ft. to ft.

14 ngarest Sourca of possible conta

O feet H/ Direction,

Well disinfected upon compietion

Type

ves [INo

VUSE A 2ND SHELT iF NEEDTOD

15 pumP: (0 Not instanies

Manutacturer's Name
Modal Number

Length of Drop Pipe
Tvpe: [] Submersible

0 ser

Volis
G.P.M,

HP
ft. capacity

[[] Reciprocating

L VS

L3

16 Remarks, elevation, source of data, etc.

D080 INFQ. BY CRILLER, TN i

Ve

.

LT Yy

BUTLIT YT
VTN TV

D674

100M (Rewv. 12-68)

17 WATER WELL CONTRACTOR’S CERTIFICATION:
This well was dritled undar my jurisdiction and this report is true

/@; best of mykﬂowla ?eé(]d be/a ;2 Z

06/ 2

R[GISTERED ausm:ss MAME

,@";ﬁ-e/x.;-.x )Ot/—r,Zc. o Lot 5/?.?? o

Address

Signed

REGVETRATION NO,

o

AUTHORIZED RUPAESENTATIVE

GEOLOGICAL SURVEY COPY
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'.‘fl'{ l w\-v.-

1 LOCATION OF WELL |

PA 1965

L]

WATER WELL RECORD MICHIGAN DEPARTMENT _,.-"/

ACT 2594

OF
PUBLIC HEALTH

M Townsfip Name '

e

Sechan Number |[Town Number Range Number

V.ﬂ—f) Y% ‘ /9‘ N/Z. J 2w,

Diatangpghnd

[ibe Eus? o) b

Lion from Road lﬁtersectlons

ALY o

3 owma&opﬁveup :

Street address & City of Well Location &
Locate wan"x" in section befow Sketch Map:
-t }

4 WELL DEPTH: tcompigfed) Oste of Comp
R "-cz@é 20,/47/
5 mCabla 100l E] Rotary D B Dug

Addtaswﬂ 1

Dnvm

] Hottow rod ] setrea 7 eored 0.

Teast Well
7 CASING: Threaded [ Welded [} Height: Above/Beme -

6 USE:EDomsﬁc ] public supmvy . O incusiry
Dlrrigation D Air Conditioning D Comwnercial

. /l

l . L
Diam. | i
] 1 MILE ) I Surface fr.
THICKNESS | DEPTH TO &_ Z? i 2 E ;
2 FORMATION oF BOTTOM OF in. to ft, Dapth | Weight ths/fr. -
. . STRATUM | STRATUM | _  in.to ft, Depth  { Drive Shoe? ves & no []
B SCREEN: -

/

20

3/ |

€y
(o Qo) 3

24

/
Tv%&b&ﬂ:&, Dia.: é}‘ ¢ s
Slot” v Lengih 5_

Set betwean ft. and jo“ ft.

M Fope, /?Wm&.

-»8.3\-\;/\. {,0-04-—3. L5

49

g STZJC WATER LEVEL R
/d ft. below 1and surface

Vel © 39

69

10 PUMP _E,EVEL below land surface

Lond Al 30

77

fr, afrer / _hrs. pumeing é ‘] n.p.m-.

ft. after___hrs. pumping ____________ 0.p.m.

/o4

11 WATER QUALITY in Parts Per Million:

Iron (Fe} Chiwrides (CI1)

Hardness QOther

12 WELL HEAD COMPLETION: [ ] tn Aporoved Pit

BFpitiess Adaoter 7] 12°° Above Gradse

13 wet1 Grouted? [I{ves [Ino

D Neat Cament DBuntonim
Depth: Erom __CD ft. 10 } ~ fr.

14 Nearest Source of possible contampation

faet Direction vpa

wel! disinfected upon completion

ves {Jno

USE A IND SHEET IF MEEDID \

15 pyumr:

Dﬁ)l insullgz c B
Manufacturer’s

Model Number}%f/;' HP / Volts _?_____EZ :
Langth of Drop Pipe Ef:. caputm.&hﬁ. e W,

Type: m Submersible
[ 4= [ Reciprocating

16 Remarks, elevation, source of data, etc.

ADUED INFO. BY DRILLER, ITEM fitw @l‘/ to the be
.. 2RECTED BYY 9
A
*2a02ITICH BYY . _@ .
Signed
D67d 100M (Rev, 12-68)

17 WATER WELL CONTRACTOR'S CERTIFICATION: -

This well was drilled {14 mv ju¥ sﬂu o ong this report ia true | el
77 292 7 |

Gi TFQ:! a;smus :uut REGISTRATION NO.
ddress

- %hzs;ﬁ;/
AUTHORIZED REAPRESENTATIVE -

o~

\qr‘«

GEOLOGICAL SURVEY COPY
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WATER WELL RECORD

' LU e

|

MICHIGAN DEPARTMENT

=i
Rir

] ¥ Monroe Ed, on Orchard Ct,

Street address & City of Wellé&}ion

Orchard Ct St Louis Mich.

address 403 Orchard Ct
St Louis lMich.

‘IMR 2 A ACT 294  PA 1965
1 LOCATION OF WELL | 4 1071 PUBLIC HEALTH
County Township Name Fraction Section Numbar |Town Number Range Number
Gratiot Pine River Sw,, SH, v 24 T I2N ns. | B3W o
Distance And Direction from Road Intersections 3 OWNER OF WELL:
HL & I tenth E of Begole B4, &2 tentha N of John W Baker

Locate wnhn“x“ in section below Sketch Map: 4 WELL DEPTH: (complate Datiof Completion
. 203 n ar <8 69 I
X ....!. - _.I_. —f = 5 {7 cavle oot ™ Rotary [ oriven O owe
1 } 1 . D Hotlow rod Q Jatted D Bared D .
o 'J'-"':‘ - -:-"' . T 6 use: [TIpomestic [ Public Sucoly {7 industry
| | t 4 et Jucigstion  [] air Conditioning [ Commercial
_1-:- -.T - —:— - ’ [rest wen rj:] — -
) i i l 7g.itﬁll'NG: Threaded ‘] weided E}Tmigm: Above/Beiv
btran | WA LE ] 4 ) 193 ISurl‘ll:l I fl. . .__
THICKNESS | DEPTH TO in. te ft. Deoth Waight _I'L-B—Q:_/" B I
2 ORMATION oF 8OTTOM OF " . | . -1
F staaton | Carnatom B 374, w 203 Oepth | Drive Shoe? ves ﬂno |
- B SCREEN: N
o — FRu N
C3and o 23 23 23 Johnson R Brass 3 3/4
S Type: v Dia,:
7 9z Siot/Gauze <2 é 1h v -
2 4 I
Blue clay 3 97 Set between 73 ft. and 63 . -
Fittings: P a
Brn " 97 154 57| 154 3in K Packer
18 9 STATIC WATER LEVEL
Sand fine 154 184 . 30 4 73 ft. balow land surface
I 10 PUMPING LEVEL below land surface L.
" Hed 84 203 19 203 203 f1. alur3_hrs. pumping ZO g.p.m.
]
" f1. ehert__ hrs. pumaing g.0.m.
11 WATER QUALITY in Parts Per Mitlion:
Porisity Good. Iron (Fe) Chiorides (C1)
Hardness Other Good
. 12 WELL HEAD COMPLETION: [ in aoeroves pit
. E Pitless Adapter E 12°° Above Grade
13 wan Gmmed?ﬂ ves [ I No
E] Neat Cament EBantonito D 1
cxay
Depth: From 0 ft. to 1.
14 Nearest Source of possibie contamination .
*

* Vell was approvied by Mr Barmsd

Wall disinfectad upon complation gves [:] No

15 pumP: %] Not instailed
: oda

Manulacturer®s Name

due to drainage conditions, &

with provisions for perodical

e

Length of Drop Pipa ;3 s

checks,

ft. canlcitv_Ia_,G.P.M.
Type: i] Submersible :

7 der

{J Reciprocating

USE A 2NG SHEET IF NEEDED

16 Remarks, elevation, source of data, etc.

I e vem
Ao | TLoay {1578

_—
ol iy

~MARITIED Ly, g

REARL S 7P

17 WATER WELL CONTRACTOR’'S CERTIFICATION:

This well was drilled under my jurisdiction and this report is true
to the best of my knowledge and belief, T

Carl S5 Oberlitner

REGISTERED BUSINESS NAME

Address _4664 N State R4 Alma MiCho

REGISTRATION NO,

Signe

D&7d 1008 (Rev. 12-68)

CEN! OGIC AL

Date Map 18 69 -

fost W DirectionSink _drain Pieldea |

sodel Number L4BISPIOT HI_I/%“, 230 N

ALTHORIZE

TpabiT —

ClIPVEY oY

Yer.



i

1 LOCATION OF WELL

] L
WATER WELL RECORD

ACT 294 PA 1965

1 il 1 1 1 } | ] ! 1

MICHIGAN DEPARTMENT
OF
PUBLIC HEALTH

-

e

Courpy Tw

FJ

4

ﬁz‘ 7£9

i_w Section No Town ’-‘f
w| 24 | 2@ | B

Ca

Awg.é)’m.dj L5 2o
Streer address & City of Well Location 72 owwd

Distone A}.J Duucnon from Rood I'(cru w%} /ﬂlOWNER N
0 Lz 2 D ——

Wi

)

3 OWNER OF WELL: K : :ze &W
Address QM ﬂ?

ety 1120 CorniZl

FORMATION

THlCKNESS
STRATUH

DEPTN TO
BOTTOM OF
STRATUM

{ wE TH: (camplt!e&) Dote of Complation
g ° Nel'5

ﬂ/aw Lot

g6

3 D Coble tool D Rolcry D Driven
E"'Ho”ow red D Jutted D Bored

DDug
0O_

Q-/V\&LLL

g

6
4

) USE:@"Damouic O public Supply
D Irrigation D Air Conditioning

O industry -
O Commarcial

IT‘

SN ST Mol e

O Tesewenn O

o ot 5 Coenmthh ST

?ﬁosp@cﬁ' ST
Ne SUC

. [}
7 GASING: Threoded mu?d-d 0 {Height: Above/Below

Diom.
_.Z_in. to ft. Depth

e Lo.‘:‘_:l" L\cxl.xsc:

in, ta

|
1Drive Shoe? -!E'NOD

——Fft. Depth

.ﬂ

e

{\__.

8
o el okl

Slot/chzo Lengt

Set betwesn ft. ond fr.

Fittings:

™

9 STgI WATER LEVEL
ft. below Jand surface

land surface

hrs. pumping__é_ﬂ.p.m.

10 Pu;/m G LEVEL bel

ft. afrer. hrs. pumpinge g p.m.

ft. ofrer.
11 WATER QUALITY in Parts Per Million:
Iron (Fe), Chlorides {Cl)

Hardnes

12 WELL HEAD COMPLETION: [} In Approved Pit
D Pitless Adopter E’l?" Above Grade

13 GROUTING:

Well Grouted? D Yeos [E/'Nc

Material: D Neat Cement D
Depth: From_ ____ft, ta___F1,

14 sSANITARY:

Neorest Source of possible contampnati

faot Direction

Yas E’No

Well disinfected upon completion

15 pump.

Manufacturer's Name.

Model Numbac
L-nqﬂ\ of Drop Pipe

HP.
ft. copacity

G.P.M,

Type: D Submarsible E]
D Jeot D Recipracating

15_ Remarks, elevatian, scurce of data, etc.

" ADDED INFO. BY DRILLER, tTem A, \ 5 231

»CORRECTED By,

**ADDITION BY:

17 waTER

This well wos drilled under my jurisdiction and this report is true

WELL CONTRACTOR'S CERTIFICATION:

’ lz the best o
:31:'{ BUSINESS “W
Addres

A bl 45

REGISTRATION WO,

49750

Signed

MJM«J/ Loaeldte. /8- 1961

P87D 100M §-66

AJTHORIZIED REPRESINTATIVE

Gt 21 ¥ cr61 OGICAL SURVEY COPY



. J A 1 L i ||_m_|L 1 i 1 } L i 11 1 F |

WATER WELL RECORD MICHIGAN DEPARTMENT
ACT 294  PA 1965 oF
] : . — e PUBLIC HEALTH

=Y

Froction Section No. Tewn Range

Twp. .
Jb,.q./, P atis m % 2. v /2 wi. =% em.

Distance AndzDiu'cfion from Road jifersections E)WNER o J 3 OWNER OF WELL. 7 f #
o gy /3 (loctcin, L are

AF
Address y/ [Rer e Aﬁ;‘
Street addr-(::%a}; zﬁ%ohon )/)'M-U( ?" ,.»E;l ? Wﬂ-ﬂ Q?ffd

THICKKRESS OEPTH TO W H
) FORMATION XS LQepTiTo. 4 WELL DEPTH: {completed)  Dote of Completion
STRATUM | STRATUM il 38 ft,

5 D 'Coblo tool D Rotary D Driven E] Dug
{d-Hollow rod O serted 4 Bored 0.

6 USE:@'Domnfic D Public Supply D Industry
_%14 gf' D lerigotion D Air Conditioning D Commercial

! LOCATION OF WELL
Couglt

L4

d O Testwen [
! é' zz ﬁ! / _/':-Z.Eﬂﬂ _ﬂ! ﬁ 7; 7 CﬁﬂNG Threaded @ Welded D {Hoigh': Above/Below
= I
' in, ta gj:h. Depth ‘surfu:o fe.
. :\Vliphr_g,zz...lhl/fr.
—in. 10 z..._fl. Depth tDrive Shes? Y-IB’NoD
| B scrREEN: T Y,
\\_, . Type: s.)-. C 'M Dia.: / {7’
Siot/Gauze é a .t ength___ quf
Sst belweeni&h. cnd_iz._l. t.
Fittingss
9 STATIC WATER LEVEL -

ft. below lond surfoce
10 PUMPING LEVEL below land surfoce -
‘5/0 fr. ohu.3_hrs. pumping é Q.p.m.

fr. ofter. hrs. pumping g.p.m..

11 WATER QUALITY in Parts Per Million:
lren (Fe) o Chlorides (C})

Hardnss

12 WELL HEAD COMPLETION: [ In Approved Pit

~ ] Pittess Adaptar {3 12 Above Grode
13 GROUTING:
Well Grouted? [ ves T Mo
Material; D Neat Cament D
Dapth: From_____ft. ta_____f1.
14 SANITARY:
Neareat Source of possible contomination
_éa_hﬂ .&Dirocﬂon_s__zl___'fypo
We!l disinfected upon completion [E/Y.I D No
15 pump.
Manufacturer's Nome
Model Nymbar. HP
Length of Drop Pipe ft. copacity. G.P.M.
Type: D Submersibie D
0 ser ] Reciprocating
16 Remarks, elevotlion, source of data, etc. 17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drillad under my jurisdiction ond this report iz trus
to the best of my knowledgs ond belief.
ADDED BT 3Y ShiueR, 1T W 22, 2] ﬂjﬂ&%q ©0e/ 2
""" ALGISTIRLD BUSINESS NAMK REGISTRATION MO,
B I
o Address_< [ WA—JM o
. siontf Voprine sl ol Beno? /18]
AUTHORIZED ACrRESEn TATIVE J
087D 100Mm 6-66 i

SEP 1 g 1003 GEOLOGICAL SURVEY COPY
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LEULULIC AL BUHVEY SAMPLE No.

nIL 71973

WATER WELL RECOR

L]

MICHIGAN DEPARTMENT

ACT 284 PA 1365 [a]
1 LOCAT!ION OF WELL | PUBLIC HEALTH .
Caumty 77 Township Name Fraction Section Number |Town Number Range Numbwr
GRAFiIor Se7hbrasl Swusw y ME Y /7 /2 s, 2z Ew.

Distance 4nd Oirection from Road Intersections
O.6 A, AORTEA D7 N~
PSSO AT OSSP ON ATD.

Fe 1 M Urrrpa)
Street aJddress & City of Well Location If’d/ 7. Lowis Adee 4.

3 OWNER OF WELL:

O, Jodw ISt Dors
Address 56""" A uuao-ll

Rul §i Louis MEL.

Locatz wrth "X"° In xection balow
N

T T T
I ¢ |
1 ] '
1 I

wh o e P 4t
I t {
L

F= =T =~ — §wmi.

R I _L

L.—--_| ulst..t

Sketch Map:

L4

4 WELL DEPTH: {completed) Date of Comaletion

@7 f. I~ 20 =723

5 m Cable tool D Rotary D Driven
D Hallow rod D Jetted D Bared

[ ouw
]

8 USE: [Domastic  [[] Public Supply
[dirrigation  [[] air Conditioning
Test well

D industry .
D Commercial

—

| 1 i
FORMATION

THICANESS
oF
STRATUM

| Surface

DEPTH TO

BOTTOM OF
STRATUM

4

iin. to

in. to

_?_’_,.ft. Depth
fi, Deoth

i Weight

78{:5““01 Thrnadedz,] weidea ] IHeith: Above/ SEry
iam,

tbs. /11,
 Drive Shoe? Yes E No D

ft.

SAnwn € Gravet

70’

B SCREEN:

o’ Type: /?_’nSTIC

3%

Dis.:

Grhay CLov r' Svows

S’

Siot/ Geore 70 Length 4

Set batween ?/ ft. and @7 ft.

ﬁfw) Y Sccaw CeAay

25

Fittings:

NI GALL L PE | Fib. K. FPAcKER

LoWE To meD reom Sand wyf Some

72’

9 STATIC WATER LEVEL
4

ft, betow land surface

eV ¥4

10 PUMPING LEVEL below land surface

Jo

f1. after hrs. pumping

ft. after ___ hrs. pumping

g.p.m.

[-N-8 N

11 WATER QUALITY in Parts Per Million:

0;5-

1ron (Fe) Chiorides {C1)

Hardness /4 Other

12 WELL HEAD COMPLETION: [J tn Aporaved pit

[ﬂ Pitless Adaoter ] 12 Above Grade

13 weil Grouted? [ ] ves [V no
Neat Cament D Bentonite D

Depth: From ft. to ft.

14 Naarest Source of possible contamination

feost Direction

Tyve

Well disinfected upon comoletion m Yes D No

15 pump: Not

Manufacturer’s Names c2

inspalied
ACIeES

Model Numbers Pt/ -7 8C

Length of Drop Pipe o ft. capacity

Type: m Submersibie

3 ser

[ Reciprocating

USE A 2NO SHEET {F NEEDED

HP_I-/Z_VoHs 230 -

7L G.eam,

16 Remarks, elevation, source of data, etc,

NUUED INFO, BY LioWEd, Lism ‘:“'u,;jc‘/

=SUNNTINY By

CRETD I Suatis, 939270

17 WATER WELL CONTRACTOR'S CERTIFICATION:

to the st of mv koo dpe an

P ek EEB R sr09

This well was dritled under my jurisdiction and this report is trus

REGISTERED BUSINESS NAME RtGISTRATION

Address 2 TrHpcaq Ad/ch.

ND.

0ard 100M (Rev. 12-68)

Signed &KJMW Date F/-t0 =/P 23

AUTHUHI ZEQ REPRESENTATIVE




WATER WELL RECORD

MICH!GAN DEPARTMENT ‘

ACT 294 PA 1965 " OF -
I LocaTioNoF weLL | SWNWSE PUBLIC HEALTH  /
County £ 7y TWPK ~ Fraction Section No. Town Range
fﬁ/ﬁh 7 g2.Lf Yt Stg | /7 7 AR AZ L/ em.
Distanie And Direction fram Road Intersections
¥NER No OWNER OF WELL: [’MM
vx e //f/.a /;ZZ: Lok [/Q ] Add LOF & (Waster
(s . /a g ress
treet address & Eﬁ%w." Location ,,;ZL ﬁ“.—h{,ﬂ-{z, 777_,,/__& /
) THICKNESS | DEPTH 10 4 WELL DEPTH: {completad}  Date of Complation
FORMATION STRATUM | STRATUM &2 fr. ﬁ,{q&— I+
¢ < S0 5 D Cable too! E Rotary D Driven E] Dug
j dzlz, Eé)[ fz;(_c/ 50 30 D Hollow rod D Jettad D Bored O
] 30 - H 6 USE:D Domestic D Public Supply D industey
%L/////Iﬂ ’ZZ' 5& D Ierigotion 8 Air-Canditioping (’:ommorciol
P O Test Welt
Z ; ZZ éé , “/é.//u/ :-2/ 73 7 C:j‘iNG Threadad E Walded D : sight: Abova/Below
= - g in. to é 2 ft. Depth |svrface. fr.
/)/ :4_’_:9';-4_-_5/ 7 9 /7 ?"& :WNQHOZ 3 %bs/'l
3—[‘_111 to f Depth 1Drive Shoe? YC!ENOD
" 8 screEn;
- TypcM M
{ Slot/Gauvze Length /4’ /

Set bﬂwoor\_&z...fh undiz__h.

3 "fL?Vwc

Fittings:

9 sTatIC inen LEVEL
/ ft. below Jond surface

10 PUMPING LEYEL balow lond surface

fr. uher_z.._hrs. pumpinp_iLa pom.

ft. after hes, pumpin

11 WATER QUALITY in Parts Per Million:
Iren (Fe Chlorides {CI}

Hcrdms:_LZ__ /‘9/, /7/ (;'

12 wELL HEAD COMPLETION: ] 1n Approved Pit
D Pitlesxs Adoptar [X 12 Abovc Grade

13 GROUTING: S el Tl
Well Grouted? D Yas D Ne

Material: D Neat Cement CE'

Depth: From_£J_ . fo.ﬁ..g.h.

14 SANITARY:

Nsarest Source of possible contamination

Type
Ma

faot Direction

Well disinfected upon completion D Yes

ADDED INFO. BY DRILLER, ITed {40

v

15 PumP:

Manufacturer's Name 7;/-46//\—

L4

«COARECTED BY.

Model Numbar. HP_.A/_L
Length of Drop Pip._ﬂ_h. :apuciry_[_fi..G.P.M.

e IPCN Bh Ot 3/9(67

Type: 3 submersitle O
Jat D Recipraocating

16 Remarks, elevation, source of data, etc.

/2

%2 / Y Ll ity - 4{-6-461'

17 waTER
This we

7atho ﬁdf/‘wuég. und_%:-—’

WELL CONTRACTOR'S CERTIFICATION:
1! was drilled under my jurisdiction ond this report i3 true

2%/

Addreas

F:clsn-;u BUBINESS NAME

MEGIATRATION NO.

7 /;/z(/ /)Z///

[T ¥ 4] 100 6-66

FE8 9 N

AuTHORI ZED ICFRISINYATIV(

GEOLOGICAL SURVEY COPY



o FER 1 g

WATER WELL RECORD

L1l

UL L]

MICH!GAN DEPARTMENT

3 el

H

d ACT 294 PA 1965 0
1 LOCATION OF WELL l PUBLIC HEALTH
Countv - Township Nﬂmeﬂ Fraction f Section Number |Fown Number Range Number
' USE 5SSy 17 1 (3. 2 e
B:‘ =: tances And Digactyon f.rom Road ln:erse:uons f n‘ ﬁmsa zF WELL: 0:)76 !Jz r
y /%J 5/ Address
o0~ ;/
Street address & City of Wall Location m
Locate W'l"‘ X7 in section below Sketch Map: 4 wELL DEPTH: {completsdd Date of Comoletion
T
A / / _3 n 4 -/ é -7
b — J". - .:-- _:_ - 5% Cable too) (] Rotary D Driven D Dug
i i I Hollow rod [ Jetres ] gorea 0
“F- "J]"'-‘lL - _=-" y I:_i" 6 use goomnluc D Public Supply {1 rndusey SRR §
| i i Jrrciontion  [J air Condirioning D Commorciat -
..__I__T—--’n-.-—« I'RT1N 4
I i ( Test Wel|
| i l 7 CASING: Threaded | Welded[ ] | Haight: Abope/aauy
] Diam. | Z st
l.—v-w-—l MILE ] lé Is“".c. n'ﬂl.‘ .
THICKNESS | DEPTH TO . g ; N
2 FORMATION EGTTOM OF L_.'Lm. w fr. Depth |y Waight _Ll._tln./h. Ll
STRATUM STRATUM in. to fr. Depth | Dtive Shoa? Yes‘m No D B
8 SCREEN: :

Lt O

4
) Tvnlﬂ'?()&m. oia: £ —
Sto/Omere _ A 22 engin a4

=581 beiweend ¥ 5 f1. lné/t 5 h. e =1

50

Fiuingswp’w :72 CQ ~ C [y

/2

9 STATIC WATER LEVEL

¢
/ '7 ft. below tand surface

7

10 PUMPING LEVEL below land surface

é ‘ 1 ft. after , brs. pumping é a g.8.m,

ft. aftar ___ hes. pumping Q.0.m.

1% WATER QUALITY in Parts Per Mllion;

tran (Fe) Chlorides (Cl}

Hardness QOther

12 WELL HEAD COMPLETION: [ 1~ Approvea it
\é Pitless Adapter  [[] 12° Above Grada

D Neat Cemant D Bentonite ‘E]

13 well Grauted? (W] ves D No
i
[
ft

Depth: From D ft, to
14 Nearest Source of possible contarm

[

’_;’__quez S Directio

Well disinfected upon compietion

15 PUMP: Not installed

Manufacturer’s Name

Length of Drop P!Du I‘t capacit G P.M,.

Model Number /{210911 HP-}VoHs 3:2 -

Submersibie

[ e

Type:
[ Aeciorocating

YSEC A 2ZND SHEET IF NCEDED

16 Remarks, elevation, source of data, etc.

ACDED INFO By DRNLER, 1Tem my,
CoRRECTED 8y &
**ADDITION By T
ELEVATION
DEPIH To Rack

M?’ j n:'lsrznsu BUSINESS NAME

5 43

Ds74d 10084 (Rev. 12-68} -

17 WATER WELL CONTRACTOR’S CERTIFICATION: - ‘ -

This wel

to the besi of mv en, O -doo \s}

and s report is trus

4?77

| was drilied dar my jurisget

re§5

I_ﬁmsrnnron MO.

A -7f B

AUTHORIZED REPRESENTATIVE

GEOLOGICAL SURVEY CO?RY

b



(

Feo #U

Location:

Elcvation: 735 foct above sea lovel.

Record by:; L. Holo from driller's log.

Bothany (Gratiot County)

ifiichigan Chomical Company

SW: of SE} of FE} of soction 19, T. 12 N., R. 2 W,

No rccord

MISSISSIPPIAN:
tiichigan:

Napoleon (Upper iiarsuall):

Shale, bluc
Sand, whits
Saale, bluc
Slate, gray
Slate, blus znd gray
Slate, blue
YLime shells
Slate, dlue

Slate, blue and gypsum shells

Lime

Lime, broken
Slate, dlack
Lime

Slate, blue
Lime, gritty

Sand

Slate, blue
Tima

Lime and sand
Sand

Sand, dark gray
Sand, light gray
Shale, blue

Sand, gray and s.ale
Slate, blue, hard

Sand, gray, gritty
Sand, red .

Sand, lizht

Sand, red

Sand, red, grittiy

Casing record:

5-3/16"

1091! Initial production:

Brine Tell

Thiclmess
(Fect)

750

25
20
15
25
28
47
16
27
15

5
20
70
26

™
WA AD MWD AN =)\ 0N

(vl

25
17
23

5
10

TOTAL DEPTH

Deptn
(Feot)

150

775
79%
810
835
863
910
926
9§3
g8
973
g93
1023
1loug
1052
1058
1063
1070
1085
1028
1091
1033
1132
1138
1147
1150

1175
1192
1215
1220
1230

1230



GEOLOGICAL SUAVEY SAMPLE No.

(

1_LOCATION OF welL |

WATER WELL RECORD

]

ACYT 284 PA 1965

PUBLIC HEALTH

MICHIGAN DEPARTMENT

County Township Name

6»@4?1;:7 HE7

HAEY

Fraction Section Number {Town Numbar Runge

N Sw WA & % Ve 4 /2 N8,

Numbur

L E/w.

Distance And Direction from Road intersoctions
O.F 7. Sourh o a0/ Ton 20,

{ P -T- M wg-.‘\rra; S o L2,

3 OWNER OF WELL:

Addrass

Streat address & City of Wall Location ﬁ,-r/ J‘J'- /gu,:f M!C‘ /?#'f .r}"- é ou;JJ Mf e:z .

TrousrRRL SoLvErTs Far.,

Locate wizh "X7 in section beiow
M

T
T
! i L _J_

L.—-.. ' wsr.r

Skatch Map:

4 WELL DEPTH: (completed) Date of Completion

DS . S22 -R-4974

5 D Cabla tool Er Rotary D Oriven
D Holtow rod D Jotted D Bored

"0 owe

O

I lTest Wetl I }

6 USE: [ Jpomestic  [_] Public Supplv Industry
Dlrriuation D Air Conditioning D Commercial

Diam.
Surface

! 2 FORMATION

THICKNESS
OF

B8OTTOM QF

: 4
/ |
DEPTH TO J/in. to g t. Depth | Weight & iva,

7CA5ING Trreaded ] wetded[ ] | Height: Abovesmerem

fr.
/.

STRATUM in, to ft. Dopth ) Drive Shoe? ves [idno [

STRATUM

8(

8 SCREEN:

fﬁvarépnust.’  Srone
(zrar Clay

47"

_8 | roudod S7H/mlESS o 3 % oo

Stot/ oty 1Q Lenpth 8’

S\S" Set batween ?G ft. and 9# ft.

Sanoy Freown Clay

23!

Fittings:

78’ Fis tc. PocecR -3%3" Pre

Janp w.rd Some Cea¥

* 16’

9 STATIC WATER LEVEL
‘2-4-' éo fr. below land surface

10 PUMPING LEVEL below iand surface

G § f1. Bflal’__z_ hrs. pumping ls 9.p.m.

e
__,_7____0_ ft. after_g_ hrs, pumping____}_-?_o__ g.p.m.

11 WATER QUALITY in Parts Per Mitlian:
tron {Fe} 0' / Chlorides {C1)

Hardness /J Qthar

12 WELL HEAD COMPLETION: [[] 1n Aopeavea Pit
[ pittess Adapter [ ] 12°* Above Grade

13 weil Grouted? [P ves [ no

D Neat Cement Bentonite D

Depth: From 1. 10 ft.

14 Nearest Source of possible contamination

5{7 toer LEST Direction ’DPRN’J f’le Type

Well disinfected upon completion Mves [} no

15 pume: t instatied

Manufacrurer’s Name <) ﬁ

Length of Drop Pipe_Zf_ft. capacity DG.P.M.

Type: m Submersible

USE A 2MD SHELT IF NEEDED

[ e (O reciprocating

PrY - FPPPL

Model Number 72/8LP 0 7/ HP_%_Vous 230

16 Remarks. elevation, source of data, etc.

] PDDED 1170 B LRYIFR. TTEM .
’ *COIRECTED BY \

sarnnTIZA BY

ELE/ AT, i

* prptv TN R X

17 WATER WELL CONTRACTOR'S CERTIFICATION:

This well was drilled under my jurisdiction and this report is true

h f my kno e an ief,
© rse "DEEL Troce 104

Address 4@:2 ﬂﬁ’ﬂ(‘ff A (_'4

REGISTERED BUSINESS NAME REGISTRATLON NO,

‘ Da7d 100M (Rev, 12:68)

FLEMAYLASISATL CHIMVITY Aoaansgy

Signed QE;_Q&‘Z_&% /£2-9-/779
AUTH I1LED REPRESZNTATIVE




FER & 127 WATER WELL RECORD

ACT 294 PaA 1965

MICHIGAN DEPARTMENT

F
1 _LOCATION OF WELL t PUBLIC HEALTH ’
County Township Nama Fracnai&ﬁ_ Secuon N/umner Town Number Range Numbuer
- - H —
e 7-1 o7 F2are  LTvEL INEwmNw | ZCo [ Z vt | B pw,
Distance And Direction from Road Intersections - ‘} 3 OWNER OF WELL:
M4 -.'\'.. S otV By £ e
= 4 = s
__4_ MGL&- 2 EALT {78 ¢+ S’-J;.JTI'{ drass é 60 - -7
Steaet sddrass !- C:lv of Wetl Location / . /} C M/’} Af/c //
Locata with "X in section balow Skatch Map: 4 WELL DEPTH: (completed) Date of Completion
e M-~ & o ! El F-6-70
- _..E - ._:... _:... — y b 5 D Cabile tacl Ratary D Qeivan D Dug
t | | u! — + D Hollow rod D Jetred D Bored D
€ — o
b "'}"”-‘:‘_-:""' T J‘ﬂ 4- % & USE: [X)Domastic  [] Public Supsly 3 industey
( | ! Q « == . "! Dtuigalion D Air Conditioaing D Commaccial
L“"1|--1|“‘._:_-‘ W \gﬁ-' Ml e IZ75' Test Wail
I ] ] _’_ ) 7 CASING: Threaded Walded i Height; Abgve/Below
s /_‘[) Diam. | =
1 MiILE 8 ‘Surflcl ft.
THICKNE DEPTH TO . z . - o
2 FORMATION t :F 35 BOETTO':A oF c_m. to ft. Dapth i Womhlz-_l_-?_lbl./h.
STRATUM | STRATUM in. to f1. Depth | Drive Shoe? vas M no [

. F] ¢ 8 SCREEN:
¥ o e
(;'ff 7 2 L, O 2 Tyoe: A i = 0 M i _Llf"'l'

" ! - Sioveaees __ L L2 lengn oG fo G i
L rd ;/ I /0 =4 ’Se( batween % | . end _ e 6.
- . ’ 7 | lFittings:
U7 7 EL£  Snars /0 140 |
" —r ) STATIC WATER LEVEL
C‘d Y] o/ 5 O 70 o] O fi. below land surface
/

’ 10 PUMPING LEVEL below funa surface

> |
/,JZ /:-[' fz_:,.\_:‘_"-i’ ﬁ'ﬁ AsSD /é _OQ? —_—— .t afer___ brs. pumping 9.p.m.

t1, mfrer hrs, pumping - g.p.m,
11 WATER QUALITY in Parts Per Million:

tron {Fae} Chiorides [CH)
Hardness Other
12 WELL HEAD COMPLETION: D In Approved Pit
' — E Pitless Adapter [} 12'* Avove Grade

13 went Grouted? DYQ: BNO
D Neat Cemant D Bentonite D
Oepth: From 1. to .

14 Nearest Source of possible comaminauon

" .
é’d fest 5 W Direction 5 ¢ -7_/ Tvna
Well disintecied upon compiation EYes E Ma

16 PumP:

Not installed
. —-—
Manufacturar's Name _ Ao ‘JJ/"/‘,)’-" pr Q:""’/
- 7 7 —
Model Numbar __ 2 L& Hp-végvgm L5
Length of Drop Pipe (:; ::, ft. capacity G.P.M.
Type: D Submersibie

E Jet D Reciprocating

USE A 2NMD SHEET IF NIEDED

16 Remank: alevauon. source of data, etc. 17 WATER WELL CONTRACTOR'S CERTIFICATION:
M,-a BY This well was drilled under rnv iurisdiction and this report true
LLER — to the bew my knowiedgu -
o g 4, //E:’C = P 7 A7 /.f /&4{/ /;/C
- ‘:TFDB):. S~ REGISTERED © sUsiwess name REGISTRATION NO.
*oAn0rmiem sswoss _ L7 Y T e, AT
aw Ly
P -
Data = bl
Da7d 100M (Rav. 12-68) I ;‘/ ~

CEM ARICAT CHIDVTY FAams



— P N | i JL . J1 1 1

WATER WELL RECORD MICHIGAN DEPARTMENT .
ACT 294  PA 1945 OF R
|_LOCATION OF WELL 1 PUBLICHEALTH .-
Counr, Twp. action Section No, Town /zf Range aaj
(7T 45 . p/;va//ux) Pj MWSE oJ &

4 N/S. - E/W.
Dlnenc- And D:rc:han from Road Intersections’ 3 OWNER OF WELL: D; ﬂ o s /‘o
[ovmsn No._ &} - "

1179 CHES MR [PanD FOMARD REDNIRICA .
e wit LAsrer REGO# iy
Srr.q! oddrass & City of Wall Location m\)j J "J d cﬁ-;\s‘ﬂ, _’4/{} [p

TNICKN£§3 DEPTH TO
2 FORMATION DEPTR TO 4 WELL DEPTH: (campltnd) Date of Completion

sthatum | STRATOM 2 I 2V A" -'-' '
) . 5 Cabls tool O RoTary L] oriven . Dug
4 /- (4 ;‘/ / / & //ﬂ //“g % Hallow rod D Jerred D Bored - D___

& USEE Damestic D Public Supply D lnduury
C}-’r s o A ;S- 4?}3 P e /ﬁ o -o:"/ (] O Irrigation L3 Air Conditioning O Commorcinl
O Tesrwern OO

SAND — (/04450 7 L/ & [T Theeaded L] Welded L | [Haighi: Above/Batow -

+L Diom,

‘iL'm' to Mh. Dapth ixur‘uec h r
:W-wh'.l.{_..,lbs/h. s

—in. 1o ——ft. Dapth {Drive Shoe? Y-nﬁNoD
8 scrEEN: ' i

S Typnf_r v-f"?--’:- z‘::':'_ 'D‘ia.a;i- y: -

t S Ll
' Slorfﬁcuxe/d Length Kot e

Set blf“l.ffj,_/-__a__h. und;’_‘!’#_h.

Fiﬂingl:S “{‘/4 J..l

9 STATIC WATER LEVEL
fr. below land surface
. 10 PUMPING LEVEL beiow land surface

. 3 Y : T
_/_..’J_.__'ff. efmr._.{{:.hrs. pumping_:l{L.a.p.m.
e

fr. afrer.

hrs, pumping e e g.pm,

11 WATER QUALITY in Parts Per Million:
fron (Fe)e . Chlorides (CI)

Hcrdrlus._‘i___

12 WELL HEAD COMPLETION: L] in Approved Pit
i_"‘“ E Pitless Adaprer D 12" Abave Grode T

13 GROUTING:
Well Grouted? D Yca-a Na

Meteriol: (] Neot Cemens [
Cepth: From __ __fr. ta______ft,
14 sANITARY: / : -

f Nearest Sourfe of passible contamingtion IR RS
/..‘:J_"’_looi _ﬁ_Dl’ucfim\m_Typ- . N

Well disinfectied upon complation E Yes [J No N

15 punp: DR I

Manufocturer’s NM‘M -r"} ;.) A N

-l i ~

‘ . Model Number. - A HP_J‘";"‘=I______

Length of Drop Pipe fr. eopﬂcif%.)_._.'. G.PM. " - ) ‘

’ Type: % Submersible D ’ _ .

Jut )] Raciprocating £ ;<‘.

16 Remarks, elevation, source of dota, etc. 17 WATER WELL CONTRACTOR'S CERTIFICATION: Y
. This well was drilled under my jurisdiction and this report is trve- 2} 5"
ADDEC jnrp. oo ome e ;T e ) ho besr o' my kno-ltdgo und boluf o

L 5—/ usrsrzun PUSINESY u.-u( a(surlunon wo.

. Address uﬁ-ﬁ" p / )

SIOHC ,“. -}4- ; Date {/ cé g )

AUTHORIZIED udts'nfnnvt ‘ ‘ 4 , .

-t

§ os70 100M  6.66 _ i

4oy 121969 GEOLOGICAL SURVEY COPY ~



e

GEQLOGIC AL SURVEY SAMPLE No.

CZC 01 1972

1 LOCATION PF wsu. |

[]

WATER WELL RECORD MICHIGAN DEPARTMENT

ACT 294 PA IQGSW

F
PUBLIC HEALTH

nsmp Nams

yﬂ:n And Dum.m r\ from Road mersectmns
2,

Fraction

Secrion Number [Town Number Range Number

Wl S St | 26 1 /2wl 3 g

3 ELL: ¢
WNER O W WMW

At

"Tor ate win 70N seciion below Sketch Mop: 4 WELL DEPTH: Icompleted) OCate of Completion
. /4D o Doov—yiut, /972
- --} - —:— —:— -1 i & w Cable a0l D Rotary D Driven D Dug
] i 1 D Hollow rod D Jetted D Borad D
wl _ _:_.,_ .:. - ..:._.__ ‘_,_ 6 use: Mloomesuc [ pubtic Suboly _ C] industey
| | 1 irvigatian [ air Conditioning G Commercial
st i Sk ikt L Creswen (]
] L1 _l_ 7CASING Threaded [A] Weided ] | Meight: Above B
P oty ey
3. /138 ~
~ e || Lo PP
N | Drive I-LL YQSEND D
B SCREEN:

> 13

* ¥/
Tvpa,@&:&%_ pia: 22"

Slot/ Swarze __...L; Length H ‘

&, el

HS | H4E
6 4 | /o

S e Bl .

D ATl @ZW

28 /30

9 sr/ ?ATER LEVEL
ft. below tand surlace

T Y W

& V36

i Fre Dol

28 uz

10 PUMPING LEVEL below land surface

2 5 ft. afterl hrs, pumping ; O 9.0.M.

ft. after__hrs, pumping __________  p.0.m.

11 WATER QUALLTY in Parts Per Miltion:

Iron {Fe) Chilorides (C1)

Hardnass Other

12 WELL HEAD COMPLETION: [7] 1n Aporoved Pit

[] pirtess Adapter a 12'" Above Grade

13 wen Grouted?E Yes D Na J
O neat coment Dsentomte E—g*'“ < Q&"’]Q

Depth: From Q ft, to

14 nearest Sourco of possibie contamination
SV tee A Direction voe

Weil disinfected upon completion m Yes I:I No

ABLED ot BY UriuER, Libe b

i 3

e

.. {eUTED BYy /}
s

I

*=AD0ITION 89

USK A 2HD SWEET IF NCEDED

15 pump: E’ Not installed t

Manufacturer's Nams
Model Number HP Voits

tength of Drop Pips ft. capacity G.P.M,
Type: [ ] Submersible
E] Jet D Raciprocating

16 Remarks, elevation, source of data, etc.

17 WATER WELL CONTRACTOR'S CERTIFICATION:

9 3 9 Aume

This well was driilgd undef m ;u dicpyon oy thu reDOT i trus
to the owie(' i " 77
/},\Ju?-n.c a7
REG NEPED DpSINESS NAME

'-’ REGISTRATION NO,

2

Sigaescl /

=S T ov 14172

Dé7d 130M (Rev. 12-638)

AUTHORIZED REPRESENTATIVE

FENTMRIC AL STIRYEY mAnv




WEULDGICAL SUMVEY SAMFLE No.

wt

-
T

[

- s R T s 2 . .
AR -WATER WELL RECORD MICHIGAN DEPARTMENT
ACT 258  PA 1965 g_a_k/ S
1 LOCATION OF WELL | Vi PUBLIC MHEALTH
County oo Tt T [Towhshlp Name Froction Mg LO Saction Numbar |Town Numbur Range Number
| Gratiot _____ _____|Pine River A oL TI2H wns. | R39 erw.

Distanca And Direction from Road Intersections

4 ths E of Begole Rd on W Monroe Rd
St Louis M

Streat widress & City of Wall Location

4 48880

3 OWNER OF WELL:
Church Christ
Addrass 126 E Saginaw St
St Louis Mi 48880

I~ Loiate wilh X7 In section below Skeich Map:
i}

4 WELL DEPTH: (completad) Date of Complation

N fr. June 73
__.z, - ..:... . 5 [ cabie toot E] Rotary [ triven J owe
i { 1 D Hollow rod D Jettad D Borad D
Y- -:- —4" - —:‘— - "—r & use: Domslic D Public Supply D 1ndustry
I i | Ourigation  [J air Conditioning  [] Commercial
........:.:_.:...._:_—- 1N Tast Well
| n _L 7 gi‘\:‘“NGi Threaded ] weidea[ ] ! Height: Above/Below
oo | m‘u —-! ’ | Surface fr.
2 FORMATION bl I in. ta ——fi. Depth | Weight Ibs./tt,
STRATUM | STRATUM in. to —___t. Denth  ; Drive Shoe? yes[ Ino [}
N 8 SCREEN:
.0 I Sand o I1 II o4 I oias
™ Slot/Gauze Length
CIE-y I 20 9 20 Set between ft. and fr.
Fittings:
No 2 Sand e 3 3
9 STATIC WATER LEVEL
CIEIy Brn 3_.. 1T ' 8 II ft, below land surface . -
"~ -0 PUMPING LEVEL below land surface
" Blue I 21 IO 21 f1r. aftar ____ hrs. pumping 2.p.m.
Yo 3 Sand ' O 7 7 7 f1, after ____ hrs. pumping g.0.tm,
11 WATER QUALITY in Parts Per Million:
CIE.y ¥Wht 7 12 5 12 iron (Fe) Chtorides {C}
" Blde I2 21 G 21 Hardness Other
7 12 WELL HEAD COMPLETION: [ ] yn Approved Pt
~s 4 Sand o 5 5 o] [] Pitless Adapter  [[] 12** Above Grade
13 weu Grouled?D Yes D No K11
elay ¥ht I0 5 '_IO D Nest Cement [ ] Bentonite D d:r.'lg mud.
Deoth: From - .
" Blu’ Io 2I Io 21 14 Nearest Sc::rce of possibI:c;:lamination .
faot Direction Type
Test holes for buildings. Well disintected upon comptetion [Jves [Jno
15 pump: D Not installed
Manufacturer's Name
Model Number HP ____ WVolts
Length of Drop Pipe fr. capacity G.P.M.
Type: [ ] Submersibla
] et [0 Reciprocating
USE A ZND SHMELT (F NCELDED

16 Remarks, elevation. source of data, etc.

RDDED INFO BY DNILLER, ITEM NJ.
*CCRRTZTED BY

TPATRITION BY

ELEVATION

DEFTH TO ROCK TR

17 WATER WELL CONTRACTOR'S CERTIFICATION:

This well was drilled under my Jurisdiction and this report is true

e rsg U‘B’e‘i‘fi tﬂnnglfcne and belief,

0341

100M (Rev, 12-68)

Dé7d

REGISTERED BUSIMESS NAME

Adaress 4664 M statae B3 Alma 1 4PPmT

REGISTRATION KO.

GEOLOGICAL SURVEY COPY



T TR R

WATER WELL RECORD

PA 1965

! _LOCATION OF WELL 1

ACT 294

AN RN RSN ERIEE]

/& MICHIGAN EEPARTMENT

[Coy ntv

Townsmp Name -

Fracu_on

Aange Number

2 Pw.

PUBLIC HEALTH
S £ /V o IaFction Number

Town Number
% QCf)

And Direglion ffom Roagjintersections
M—\ &qu"‘ ﬂJ""
St i address & Cltv of Well Locanon / f

AL

'-

A ] A N/E.
Jn OF W:L P

tocate wllh X" 1n sectioh befow

Wh o b -]
R T
| | i

- = = ] § .

1 ' 0 _L

| i 1

I
1

- =
t

Sketch Map:

4 WELL DEPTH: u:ornpfemdj Date of Comoietion

39 w e §,1973

5 m Cable tool D Rourv I:] Dnvnn D Dug
D Hollow rod Q Jetted D Bored D

6 USE: E.Domeatic [ public Supoty 1 industey
Dlrrigation D Air Conditioning D Commaercial

Test Well
7 S_ASSNG: Threaded WeldedD Il Height: Above’ el
18m,

/157) 26

J— 1 N —— . lSurfaco d ft.
THICKNESS | DEPTH TO . ;
2 FORMATION oF BOTTOM OF H_m. to J‘Loﬂ. Depth | Weight _J_les./n.
| STRATUM | STRATUM in. to fi. Depth | Drive Shoe? ves ) no []
E % / 8 SCREEN:
N~ ; / g. Type: "/VO Mt Dia.:
I sto/Gauze Length

Set between

Mﬂa«/
oL

220 "

J2Z

9 STATICZ'\Fi}}ER LEVEL A
?L ft, batow land surface

Yo
S A VA
laq&Iszgaﬁﬁ

230

10 PUMPING LEVEL below land surface

‘i H ft, after t hrs, pumping Zé g.p.m.

fr. after hrs. pumping 9.p.m,

11 WATER QUALITY in Parts Per Million:

iron (Fe} Chigrides (C1)

Hardness Other

12 WELL HEAD COMPLETION: ] 1n Approved pit
E Pitless Adaptar

& 12 Above Grage
13 well Grouted? Yas D No
D Neat Cement D Bentonite

Depth: From D 1. to .)

14 Nearest Source of possible /rrtEf
feat Dﬁ

Well disinfected unon completion [ ]ves [ no

Type

15 pumpP: mnot instalted
Manufacturer's Name

Model Number
Length of Droo Pipe

HP
ft. capacity

— Volis
G.P.M.

Type: [] Submersible

USE A ZND SHEET IF NELDED

I L

[ Reciorocating

16 Remarks, elevation, source of data, etc.

: Ei;' _,QC/

- e = Cemy
&L

SR H 0 R

e BT N - f‘% ‘er-t- -b‘J ‘740 +}f9

2Wog=

17 WATER WELL CONTRACTOR'S CERTIFICATION:

This well was dnHe under ¥ jur ict
to the be% nd y

this report is true

g9

Da7d 100M (Rev, 12-68)

L/ REGISTERED BUSINESS NAME

\JREGISTRATION w0,

Dau% }3 'Il ﬁj'}

AUTHORIZED REPRESENTATIVE

GEOLOGICAL SURVEY COPY




Togation:

Pa2cord Ly

Elovation:

2C=121= 50 NG
Plune River Twp., (Grazia® Coundy)
Veatar Ieonard
Frneat R. Sheppler #1
Drilling Conbtracior:

SEL MW} I} section 26, T.l27,,R.37.

Pormit $1367
C. T, 3iillard

1020* from rorth and B6l'from waat 1lins of qua.:*ar 3eotion.

PLTISTOCTNE:

No racoxd

FENNSTLTANTAN:

Seglnew:

Shsle, blus
Sendatora
Shelse, bius

Pormn:

Sendsteone ’

HISSISSIZRIAN: '

COMPLETED
2y 2"3
CA3ING

RZCORD

-y

(/d "’ gf7/ T

- PR P3¢
mEEe J322F

Baypozrt:

Limeatons
Sandsiono
Shale,. groen
Sandstond
Shzlie, gresn
fhale, hina
Linsstona
Shale, blua
imestone
Shale, blue
Iiceatona
#Shalle®

!Te.po'l.aon (Uppezr .larahall)

Eo rocord
T Marshpll:
P.ad rock

Coldwat"r.

Lizestone
Bod . zock
Lizastons
Ead “rosk
Ehe.?_:. blus

- Rpd=yoclc

Shale, gresn
Lizeatons

Shala, gray

chale, bluas
Limastons; "ghella"
Saela, gray
Limestone “Shella™

thels, gray

748.5 fest sbove goa lavel.

Tyle W, Price from driliorts log.

Thicknegs

(feot)

332

€0
153
85

30

" Depth
{f20t)

Y2
535
€30

710

760
500
805
815
835
305
925
9k5
1045

1125
1160

1180
1200
1220
1265
1320
1352
1;70
1L25
1550
1570
1630
172% -
1740



GEQLOGICAL SURVEY SAMPLE No.

[

APR -6 1976
WATER WELL RECORD, MICHIGAN DEPARTMENT
ACT 294 PA 1965 OF
1 LOCATION OF weLL | At it PUBLIC HEALTH
County Tewnship Name Fraction / Secuog Number (Town Number Ranss'Numbor
Gratiot Pine Rivex o ELLUNYRE s, | B3W .

Distance And Diraction from Road Intersections

5.0 v of Jorome

Steeet address & City of Well Location

Rd on W lonxoa RA & S 400 f£4.
RFD ¥ Momnzoe Ed or M46 St Louls, Mich.

Church oOf Carict
126 E Sagicaw St
St Louis M1 4£880

3 OWNER OF WELL:

Address

Locate w:th“"x" in 3ECLION betow Sketch Map: 4 WELL DEPTH: (completed}) Date of Complation
—Tx | 240 . Yune 75
n _.* - _:_ _:_ - 5[] cable toal Rotary 1 oriven [J ow
"R | | [:[ Hollow rod D Jetted E] Bored D
b —:-"":‘ """:"-' z—r 6 USE: Doomstic Public Supply D Industey
-1] | 1 N Dlrrinnion D Air Conditioning D Cammercial
e i St it Rl Mrescwen  [R Chupeh
t e
! : : _L 7SA5‘::'NG Thraadadm waided [ ] Imngm Aiave/aelow
| S it e L 3 lSur(aco f.
THICKNESS | DEPTH TO " Depth Waight /10
? FORMATION s'mn:ruu .g;:g%ar 3 i)u’nB to fc Depth : Orive Shoe? ves No D
- 8SCREEN: Johuson Stalnlsss sieel
' Sand & clay £111 0 4 & 9 | tuoe: 0ia:3_7/8 OD
T | StovGauze BE3I8, ALH20engm 9
Blue CIay 9 92 83 92 Set bnwung SI ft. and 250 ft.
ittings:3 in K packar FPT.
s‘nd 92 IOI (9 IOI Fittings 3 ¥ &
9 STATIC WATER LEVEL
Brown clay 10X 221 ’ 120 221 ft. balow land surface
10 PUMPING LEVEL below land surface
Floe gravel 221 240 39 240 io__ ft. after3_hrs. pumping Iﬂ__ 9.p.m.
‘ ft, after __hrs.pumping _____ . g.p.m,

Porisity good, largs wsll aviablo.

11 WATER QUALITY in Parts Per Million:

Iron (Fe} Chiorides (C1)

tn Approved Pit

Hardness Qther
E Pitimss Adapter 12'" Abova Grade

12 WELL MEAD COMPLETION: %
13 weil Grovtea? {*] ves

Neat Cemant

}t] Eﬂtomtg QD?IQ omud

Depth: From ft. to
14 Nearest Source of possible contamination
75 feot N Direction baptio Type
Wetl disinfecied upan complation Eves D No
15 pump: q th Instalied
Manufacturer® sfa RB acko
Modei Number HF 1 yguszocj 230
Length of Drop Pi9073 ft. capscity _____ G.P.M,
Tvpe: Submarsibie
D Jet D Reciprocating
USE A 2ND SHECT 1F MEEDED
16 Remarks. elevation, source of data, etc. 17 WATER WELL CONTRACTCOR’S CERTIFICATION:
This well was drilled under my jurisdiction and this report is true
the pest of v knowiedge and balief,
ADDED INF b TEM NO, & i 5 T tRer 0341
ODED INFO BY [%“‘ER' ne * REGISTERED BUSINESS NAME REGISTRATION NO,
CCURRECTEN ny o Y] G
Sate R4 Alma M1 4S80I
**ALUITIIN BY Agaress 4664 1 / A 4
ELEVALICN , / 7L
Deili I0.-ROCK \i% Srcﬂe@wlj (“'—,—/ ‘- bate _June TS
Derd 100M {Rev. 12-63) ik 4..-'}@ AUTHORTIED REPRCSENTATIVE

fad el Nalal VoV Y |

UMV, /AR




~

GEOLOGICAL SURVEY SAMPLE No,

/MAR 2 § 1975

[]

WATER WELL RECORD MICHIGAN DEPARTMENT 7
ACT 294 PA 1965 £ v
1 _LOCATION OF WELL _ | PUBLIC HEALTH
County Township Name Fracuon Section Number |lown Numbar Range Number
Gratios Pine River BW  w NH u % | 25 TI2Nnss. |BR3W erw.
Distgnce And Direction from Road Intersect 3 OWNER OF WELL;
2/I0 B of Jewome Rd on Cheesman Bd & S 60 £t. iz D If Robins
Address 41 Cheesman R4
S% Louis i 48880 .
Street address & City of well Location Same
Locaie Wlﬂ; "X in section beiow Sketch Map: 4 WELL DEPTH: {completed) Date of Completion
: i i 227 ft. Deo T4
F__!. - _:_ ._:_ -~ 5 [ cabis 1ol X notary [ oriven ] owe
X | ] D Hollow rod D Jetied D 8ocad D
4
- -:-'"‘:' —"‘:"‘""" T 6 UsE: @Domstic D Public Supply D industry
I T j o [Dirrigacion [ Air Conditioning  [] Commercia
C— = T _: 1. restwan (]
P v _L 7 CASING: Threaded [£] welded ] | Height: Above/Beiow
1 Mn’u e -y Surface I fr. .
) FORMATION 'I'HICDK:E” '%ST;L':‘T& A _inro 2I.§_ft. Depth | Weight l@lbsﬂt.
staatum | staatum | 3 74810 227 . Depn { Drive Shoe? ves E]na []
— 8screen:  Johnson
.+ Sand o 15 15 I5 Tvmstaini.gsa 54 ol z/s.on
~F Slov/Gavze = Length 9
Blue CIW 15 155 140 153 Set between 218 ft. and 223 fr.
Sand Fittings: 3 K Packer
Bran Clay & lena HXIX I55 2I0 55 210
9 STATIC WATER LEVEL
Sand 210 227 . 17 227 27 ft. below land surface
10 PUMPING LEVEL below land surface
. 70
ft. after ____ hrs. pumping .p.m.
fr. aftar ___ hrs. pumping S.p.m.
11 WATER QUALITY in Parts Por Million:
iron {Fa) Chtoridas [C1}
Hardnass Other
~— 12 WELL HEAD COMPLETION: 7] 1n Aporoved Pix
K] pitless adapter 12°* Abave Grade
13 wenl Groutad?ElYea D No
D Neat Cemant DB.momu ﬂ D:lg md
Depth: From 0 .10 197 fr.
14 Nearest Source of possible contamination
fest Direction S.piio Type’
Well disinfected upon completion EVB’ [ ne A
15 pume: D Not installed
Manufacturer’s
Mode! Number Wg? HP 1[ 2rans 23QZ Qh -
Length of Drop Pips 84 1, cavacity _TLG.p.M.
Type: Submersible
D Jat D Reciprocating
USZ A Iwo SHEXT IF HEEDED

16 Remarks, elevation, source of data, etc.

TRRREE B AT
AOIID LY ne
ST iy

R ‘TEH‘ l.j
00& o

oo e,
i

Ly ay

This weli

Address

17 WATER WELL CONTRACTOR’S CERTIFICATION:
to the best of my knowiadpe and belief,

REGISTERED BUSINESS NAME

was drilled undeer my jurisdiction and this report is true

0341

REGISTRATION NO,

4664 N State Rdalza M1 4880I

ar

Signed

Da7d 100M (Rev. 12-63)

PRt R W I

- rmy FAnn

. Ce

AUTHORIIED REPRESEN?ATIVE

14

Date___L@G

}
-

!




»

- - - L f N NN [ YRV NN NN [ TV VRN NN S I SN PO I N S
WATER WELL RECORD MICHIGAN DEPARTMENT
ACT 294 PA 1965 OF .
1 LocaTioN OF WELL | Se /&ﬂ) PUBLIC HEALTH 3
Couhr s, . Twp. . Fraz:i”qn Section No. Taown Ronge
Wf Aen t 73 S lidly] 2 v [2vwpl 2 pm.
Distonce And Direction from Rocd‘yﬁonoenonl lOWNER oy ] 3 OWNER OF WELL: }/1/‘.—@ ? ‘4 ﬁ 2 Z

Streat address & Ciry of Wel! Lo:cfuoéﬁMu}lj&l

-

-

Address. 5,?0 VA /»ma.ﬁ

THICKNI‘Q THTO | 4 WELL DEPTH: (compl.!od) Date of Complc!ion
2 FORMATION STRATUM | STAATUM ,2 O ft. 4/._ Q o - g
5 D Coble 100l D Rotory D Driven D Dug
ﬁ/@a&f . 2/” E‘Hollow rod D Jetted D Bored D —
’ 6 UsE: L Domestie [ Public Supply (] Industry
&"’f.{ﬂi ;\/d ﬁggo D Irrigation E] Air Conditioning D Commarcial

O Test weit 3

14 SANITARY:

Well disinfected upon complation E’ Yes C] No

15 pump:
A/p”""

Marufacturer's Name. .
Model Number. HP
fi. capocity.

G.P.M,

Length of Drop Pipe
O

Type: {3 submersible
Jat D Reciprocating

16 Remorks, slevotion, source of data, etc.

Spubpnd ot S iy

ADDED INFQ. BY DRILLER. ITEM MO

«CORRECTED BY: %

{_=eanniTION BY.

™ This wel
to the
[

Addrexs

17 WATER WELL CONTRACTOR'S CERTIFICATION:

REGI!T!I[ LY

| was drilled under my jurisdiction ond this report is trus

st of my knowledge and balief.
[eeld {1 06/ 2
RESCIBTAATION MO,

nESS nAutJ/

/’)W/MM//S' 74

i

DeID 100M E-66

TN

e

T SASING:  Threaded B3 Wetded [ [Height: Above/Below - _
in. to Mﬁ. Dopth :swfcco i |
IWeight 22 Ibs/hr. .
i
—in. to ——ft. Depth {Drive Shoe? YLM
> 8 SCREEN: - ‘% ~- '
" Typo-_c' /rdj Dis.:. I
”,
|' Slot/Gauze. Length. - y
Sat h.twaeﬂL—h. ond_._g?_.é U 1. e
Fittings: . - T
3 STATIC WATER LEVEL .
. 1. below |ond surface
10 PUMPING LEVEL below lond surfoce
? 2 fr. ofter. qhn. pumping. pom.
ft. after. hrs, pumpinguw——— .~ g.p.m.
11 WATER QUALITY in Parts Per Million:
tron {Fe) Chiorides (Cl)
Hardnes
| — P 7 saddun
i (C"y«ELL HEAD COMPLETION: [J In Approved Pit
| [ D Pitless Adopter D 12" Above Grade
( 13_5ROUTING: .
Wall Grayted? D Yes D Neo ’V"/r\-‘-—
Moterial; D Nea! Cament D
Depth: From —___ft ta_ 11, =

Neorest Source of possible contamigation . ' A A .
.é.o_fcﬂ .&Diro:iien.%_—'fypu ':';':‘

Slgn-wwoornw )
AUTHORIZED WESASSENTATIVE



L 1 _ [ Y OO 1 N e s O O A
. WATFR WELL RECORD MICHIGAN DEPARTMENT -~ o
ACT 294 PA 1965 oOF =

1 LoCATiON OF WELL | PUBLIC HEALTH
County Twp. Fraction KX [Section No. Town Ronge
Gra.tlot Pine River By By sy, 25 P I2 n4/l R 3 wemw

d Direction irom Road n'or!nchon‘ ] 3 OWNER OF WELL: D K Barsiow

6.leesma.ana 2591 Cheesman R4 .
p 59? ee"””%% ED is IHoh, Address St Louis Mich,

Strast address & City of Well Locetion

[owNER No

) THICKNESS | DEPTM YO | § WELL DEPTH: (completed) ; Date of Complation
|2 - FORMATION staarum_| Staaron | 2T5 . 6 6 67

_ § [J Coble toal _ LX Rotary O oriven Dlowe
Sand -9 i 9 ) 9 (] Hollow rod (3 setread O Bored O__
( Blue olay 9~ 36 25 36 |® Use: (X Domesric [J Public Supply [ Industry
D Irrigation D Air Conditiening D Commarcial
Sand 36 = 37- I 37 O Testwenn O _

7 C:’:’I‘NG Threaded D Weldad D IHugM Abovc/Bﬁmﬂ x

' 4 ® ___in, to 210 fr. Depth lsudaeo I
Blueclay 37 = 110 73 II0 37/8 215 7 Iwaighi OB e m

i ' ——ft. Depth 1Drive Shoc’\'-l[:'biom

own ¢l II0 - I90 8o 190 T —
- ay ‘ 8 screen: © yonnson Silicon Bedbrass
~and L 190 - 205 15 205/ T Dio-37/3-0—Bv—
Stot/Gouze30 Length—-2 £%

' Sand -"E/ stone 205 - 215 Io 215 . Set batween__2T 1000, ond__ 215 5. .
: Fluin:s: 3 in Felmale Top end.

———
. 9 STATIC WATER LEVEL
LY B 19 1. balow lond surface

' . V. 10 PUMPING LEVEL below lond surfoce -
:t i ._50 lf ah.r_}_hrs pumping_as__a.p.m.
. ’ - . —ISD-—-J? afterd— hrs.. pumping_as__g.p.m.

11 WATER QUALITY in Parts Per Million:

tron (Fal_Lul_ Chiorides (1 f2t 27, 2
Hordnlu__L_w

b 12 WELL HEAD COMPLETION: LJ In Approved Pit

m Pitlass Adapter Ek'li" Above Grade

13 GROUTING:

- Well Grouted? [J Yes [J No

Materisl: (] Neot Cement D-—Beoni-eﬁ—&s}w— .

Depth: From ____ _fr. toe . ft.

14 sANITARY: .

Naorest Source of possible contamination

. . o faer _.BQ_Durncuon__SaPHga.'pr-
l Well disinfected upon completion .E Yes D Nn <

15 pump. - e

( Manufacturer’s Neme__. ' Ragda : N ‘_
I : _ Model Number_4TI0T He_T/2 o

Length of Drop Pipc_,4_2_.!f. eapacify_._,I4.G.P.M. -

Type: T submersible O -

" ] ser O Reciprocating *

116 Remorks, elevation, source of dota, etc. 17 WATER WELL CONTRACTOR'S CERTIFICATION:

This well was drilled under my jurisdiction and this report is true
i Good Porisity L4 to the best of my knowledge ond beliel. .

P ¥% C3 Cherlitner 0341

ALGINTERLD BUSINESS NAES REGIBTRATION wa,

Address. 4664 N State Rd Alma mich
Signe o Dare L,//' "f_/ -:’7

{ I UTHB AT (1 (0 2's 1T
DS7D 100M 666 ) 3,
_‘AN 4 \g Falaf oS I oWl W ol W | FUITLIT™A? o d

I"'.'F-__u,____..—




GEOQLQOGICAL SURVEY SAMPLE No.

WATER WELL RECORD

ar

MICHIGAN DEPARTMENT

35~

ACT 294 PA 1965 OF

1 LocaTion oF weLL | PUBLIC HEALTH
County Twp. Fraction Section Ne. Town Ronge

C‘\—-a-'_r/a'f', . Y207 p vey” chpfotisg %] 57 fafd WNgs 1 F o
Distance And Dnuehon rom Road Intersections 3 OWNER OF WELL:

OWNER No. ] -

Jooo 4‘5@07’6 AHor) v oa -4 p-oA v c7tod 0“' e J j JS.SQC is ]L
6V Alge R.Cr4) Zowes? sida of Afpes T
Straet odduu & Ciry of Well Location A’LJA’/) /// Z}Qa <

THICKNESS | DEPTM TO | 4 WELL DEPTH: (compieud) Darte of Gompletion
2 FORMATION sTRATUM | STRATUM' LSO fr. SO/ T !/ z
5 ﬁ Coble toal - D Rotary D Drwcn DDuo
SO_ Al Ju C:[d e o ,2»0 [ Hollow rod D Jutted D Bored D —
Q ' b USE}% Domestic L] Public Supply O Industry
=N AL .:_'(. ao J 2 -’ _ Irrigation 0O air Conditioning Commercial
i o D Tast Well D
U PRY 22| .72 [7 SASING:  Threaded [ Weldad [J {Haight: Above/Bataw
— I
. n. te ogff. Dapth l:wfeeo___'t____h.
S g WJ cl z:. N Qo< So 57 4— / :W-igbf bs/it,
é o in, to k1. Dapth tDrive Shoa? Yts@ NoD

‘\/ e [acy 57"-.-1‘1\!5;:)'-5
Qfa]q !

oo

8 sCREEN:
Trp-ﬁs‘i-w M

Sandd.

S5~

Slot/Gaunas Length

Set b-fwn-n.&iﬁ. undm__h.

4‘\
—

Clay

58

Soo

G‘s‘/a‘éﬁ—/'l Sﬁ_ ;ch

/10 | J/0

Fim‘ngs.-/.)/_@,ﬂ -~ :‘?é(/[ -(. i. f .

9 STATIC WATER LEYVEL
A_’J ft. below lond surface

10 PUMPING LEVEL below land suefoca

73 =z

fr. afrer 2 _hra. pumpin NE W

ft. after. hrs. pumpingeeme _g.p.m.

Il WATER QUALITY in Parts Per Million:
tron {Fe) Chlorides (C1)

Hordnes

12 WELL HEAD COMPLETION: D In Approved Pir
m Pitless Adapler D 12" Above Grade

13 GROUTING:
Wall Grovted? D Yes D No

Matwriol: D Neot Cemant D

Dapth: From_...___ft. ta.._#.
14 -

SANITARY:
ral 3{

Nearest Source of possible contominotion Y
%I’cﬂ J‘LDiuclion_s%E‘.Typo -

Well disinfected upon completion m Yoz L O Ne

15 PumpP:

Manufocturess Num.}gpf {Jﬁ i 17-;/

Model Numbo%ﬂ / 5/\_9 HP 7

Length of Drop Plpn.&.ﬁ_f?. :opoelry_Lz_G.P.M.
Type: Submarsible 8,
Jot D Reciprocating

16 Remarks, elevation, source of datn, etc.

-y GRILLER, T e
7

’
-

~nD NTOL

LeiniiD BT

v L LITION BYS

17 waTER

Alaa

This well wos drilled under my jurisdiciion and this report is true
to the best of my knowledge and beliei.

WELL CONTRACTOR'S CERTIFICATION:

d Wt Rril, &S 7).

Addres

Signed "; 7

//'u’
/

EEISTEMED BUSINESS NAME

REGISTRATION N,

L

- B —r—
/‘uﬁﬂlllto REFRCAEN TATLY




GEOLOGICAL SUARVEY SAMPLE No. [

- L]

o
[ PRI T
SEP Log g WATER WELL RECORD MICHIGAN DEPARTMENT
ACY 294 PA 1965 QF
I LOCATION OF WELL | K PUBLIC HEALTH
Couwmty - Tfonnship Name fraction Section Number [Town Number Range Number
Grerwr | Beruanl Sw/ i SWu SEn Jo (Ang | 2w
Dnsm 1war And Dnm_tuon from Hoao lnturger_no 3 OWNER OF WELL: 3
0 C e dd 6”5“ 0!' ‘f ‘ E"‘) Lﬁﬂ/dﬁ-//";— -Z;J’.'
S MowTH o J“‘e”:‘”u £0 0 Address A1l IS TH L AT ECD
v E Jacw o 0
Street address & City af Well LocationA” 70 Sr ‘LOU /3 o Al ch. /?f'-l} . S-'." LGLUS ‘,!f f-'f‘l-
" Lo ale wulh TN section bulow Skutch Map: 4 WELL DEPTH: (completed) Date of Completion

; ; { 32 n S g 25’ 7L
NP S —:— - - 5 EICable toot D Rotary D Driven D Dug

D Hollow rad [:] Jeled . D Bored D

| {
i
4 =T
el o —“:' = == - 1 T & use: [:loomesuc EJ Pule:,‘S,u,DDIV D industry
l Dlrriualion D Air Conditioning D Commaercial

|
-——1— -7 --:—.—« [
I 1 1 Tast Well
! LI l 7 CASING: Thraaded we ided[_] : Height: Above/Bemiw

3 Diarm, /7
e 1 MaiLE 4 I Suriace fi.
: - THICKNESS | DEPTH TO . Vid
" FORMATION of BOTTOM OF in. te ‘ZZH. Depth IW-rom ibs./ft.
STRATUM STRATUM in. to ft. Depth j Drive Shoe? ves EINO
— 8 SCREEN: /o4 pussat
V. o’ ! B . o -
/&//Ouj Cray s Srone iZ 12° 1 ype:STAIvlESS Dis.: # i
. , ,| stovesme ___ 42 tengen et
6/."‘7"/ C’-‘? > /‘f ‘ZL Set between 4(7 ft. and JZ fr.
- . . qungs _
FarneE KD SAanD J 292 43" Gare. Binwk -6 K [Frcxsd
9 STATIC WATER LEVEL
I . -~
(rﬁ,—? Y CLay o ‘7’ jé. __j_-{__’___ f1. below tand surface
10 PUMPING LEVEL below land surface -
/‘-";Ic.’:' Sew i 7o Coawse Savd /6 527 O . stter % _hrs. pumoing = g.5.m.

fr. after _hrs.pumping ... ... . g.e.m.

11 WATER QUALITY tn Parts Per Millton:
3

tron (Fe) o Chlorides {C1)

prd
Hardness Qther

12 WELL HEAD COMPLETION: J 1 Aoproved pit

D Pitless Adapter 12** Above Grade

13 weit Grouted? D ¥Yes B No
Neat Cemant D Bentonite D

Depth: From ft. 10 fr.

14 Nearest Source of possible contamination _
79 faet wesi Direction Dean Fieed Tvpe

Wweil disinfected upon completion ﬁvns Flnoe HTH

15 Pump & Not instajled
Manufacturer's Name LMinGs (u SE'D)
Model NumorM HP .__{__Volts <3u
Length of Drop Pipe So fr. capacity 12 G.P.M,
Tvpe: [] Submersibie

[3‘ Jet (O] Aecinrocating

2,—33" o p U.Jl:”

USE A 2ND SHELTY IF MELDFD

16 Hemarks, elevation, sowce of data, elc. 17 WATER WELL CONTRACTOR'S CERTIFICATION:

LLER ][EM oL Thiz well was drillied under my juaisdichion and this raport 1S true
ADDED INFO. BY DRI to the—best of my knowlednu and belief.

v”. }TJCCA" f) C'(’/-JN(__J‘) //0‘11

. REGISTERED BuUSIN NAM 3 T N MO,
€CORRECTED BYs }/-4 tRED SusTNERS NAME RTGTSTARTID
! v |- - -
Addess N2 L THASE 4. h

eaaNNTION 61 _ - /_
L

Signed ?ﬁ:’: el ("‘ﬂa‘(’{/: é - S5t 7 ?2

Date

AJTHORIZED FEPRESENTATIVE
D&7d 100M {Ruev. 12-68}

el l o S A Wl IV o A ] CTIVIPW A s



WATER WELL RECORD

Y T T T

MICHIGAN DEPARTMENT

A1

tke:

. ACT 294 PA 1965 OF
1 LOCATION OF WELL | ; Su) SWw S]g?" PUBLICHEALTH
County Twp. 2 Froction Section MNo. Town Range
Cratit Bethney =W w| 30 T I2 Nwnss. | R 2 W e,
Distamce And Direction fram Road [ntersections 3 OWNER OF WELL:
6685 £tN of Jackson R, on {oWNER No. | I.ed? gimom, ,
State Rd, I20 £t East. aedQ¢3 Slperiors Alma Mich.
StreslGTHN s S*@w’i%r m,LQSu;a;"ouis Mich. -".
THICKNESS | DEPTH 10 | 4 WELL DEPTH: {(completed]  Dare of Complation
2 FORMATION sTAATUM | STRATOM 170 t h. T5 67 ’
5 D Coble tool -E Rotary D Driven D Dug
Clav Yellow 0-=17 T T 0 }Elaw rod ] Jerred [J 8ored O
= " 6 USE-L] Damestic 1 Public Supply O tndusiry
Sand Gray 7 = 15 8 15 glnigoﬁoﬂ ED] Air Conditioning D Commercial
- e 80 Test Wall
Blue Clay 15 =95 i 95 ] GASING: Thmgd}@ Welded [ [Haight: Aboverdelol
=I 150 T __in. to ft. Depth {sutlace I fr.
Brown Clay 95 =150 33 2 ;w.ighrlg_i.lgwn.
Coursa Gravel I5o — ITO 20 ITO an to I'LQ_!! Depth 1Drive Shoe? YtsmNo_[:]_
I . \‘ 8 screen. Silicon Red Brass
F’ ‘\- T”“. Dia.: 37/8 GD.
. Slot/Gauze, 2? L.ngih_Io____Lt_t_____
’ Set between IOO '!.: ond ITO fr.
} Finings3in female top end ,Johnson pa
: 9 STATIC WATER LEVEL
N 45 11. below lond surface
10 PUMPING LEVEL below lond surfece
d 160 fr. eﬂore hrs. pumping————é—Q——-—'.p.m.
160 8 40
ft. ofter hrs. pumping g2.p-m.
11 WATER QUALITY in Ports Per Million:
“tron (Fe) - Chlorides {CI)
‘ Herdﬂtll_._..—_-___\
H—\_, 12 WEU?{:IEAD COMPLETION: (] tn Approved Pir

:] Pitless Adapter 12" Above Grade

13

/.Moforiul: D Neot Cement

GROUTING:
Well Grouted? E Yes D Ne Beonite &CJ.Byq

Depth: From_ 5. _ft. to.20_f1.

I50 —170 Course Gravel Mixsd With

14

Fine Sedlment, Porisity £coT.

-

SANITARY: -

rg rest Sourcoéf- possible contuminotion
5 : Septic , .,

Well Jisinf.cfo'd vpon completion E Yes Q No

fewt Direction

15

PUMP:
-, Reda
Monufacturer's NuaarIl "
Model Numbaet. > HP 3/4
Length of Drop Pipe 120 ,, capacit G.PM.

O

0 Reciprocating

Type: EY Submarsibie
D Jot

16 Remorks, slevation, sourcs of dota, etc.

%

e
.

12
i & C3

17 WATER WELL CONTRACTOR'S CERTIFICATION:

This well was drilled under my jurisdiction and this report is true
the best of m

knowledge ond beliel.
Oberlitner

034I

Address

REGISTIRED BUSINESS NAMT

4664 N State Rd Alma itiche

REGCISTRATION NO.

oo
0870 YOOM (B

6-66 &H &

Signod&/f@kﬁ{ﬁ ‘,,7;,'/7.___, Dote 7 5 67'

AUTHOMIZEO REPACSENTATIVE

GEOLOGICAL SURYEY COPY



7

CEIT by

D Test Wall D

WAIE?Z\::ELL&EI;?RD MICHIGAN %EFPARTMENT R (5.,-

1 LOCATION OF WELL | _ PUBLIC HEALTH <F
cf"?_‘ 2h7 /0T . 5/5 77 /,(,.d//}( :JE’/NE v S LY s'su'o TT 2 N5t Rng_. .
7S, 0F 00k 508 g s e =) | gy GRS TOR
S LaULS, 3 Bhock s oF 015 1y e ek

) it | i | " ST AR 2,
01 Y Muck L S 1 Otes G O g
Yz ypicipr Py | 7 | D O mecenaminn B

1 —
[ Gor T4 /G5

Fatid

I ” »
'712/ ’fé 7 5///[‘1'!?0 f/, A Y 7 S;S"I‘NG Thrrudod,@ Welded D EHeight: Above/Below
. ’ in. 1o % 3. Dept surfoce 1.
+§ /‘?fq Q 13'»{— f— g 7/ I#f Oeett E\\'oirghf_zz____]él/:?. )
1. in. ta ——it. Depth Drive Shoa? Yes PINa[]
i 77’/3 rjt?d/ é,.f_,: " 8 scree Jd/’)f.:-"'v' - ! oo N
SO AT G x| Tree EQEML__“" Dia.: '

' [" A J E L‘ /// ) 7 Sle1/Goure /2. Length _DF—"

e
Set bﬂwem&_}_.h. nnd__AZ_—_d:_f!.

AT ER SAND

Fittings: };; /‘/JP/" P/{‘/(’i::-f(

9 STATIC WATER LEVEL

f1. below land surface

10 PUMPING LEVEL below land surfoce

L)
ig__h. ofu:_.z_hrs. pumpinpﬁ"éa_q.p.m.

i fr. after. hrs. pumpingee e _g.p.m.
ra 11 WATER QUALITY in Ports Per Million:
fran (Fe). Chlorides {C1)
/ Hordness_________________ .
[ v 12 WELL HEAD COMPLETION: LJ In Approved Pit
~ -

Pitless Adapter 12'* Above Grode

13 GROUTING:
Well Grouted? D'-_.Y-: & No

Materiol: D Neat Cemaent D

Depth: From ____fr to__ _f1.

14 saNITARY:
Neorest Souree of poasible ¢ metcoﬂ ! Aﬂ J(
faer Drrochugl Typn

Well disinfected upon completion D Yoz ﬂ No

15 pump: 7-/! T

Monufactyrer’s Num.

Modsl Number 2 5 /0 P

HP -"’l—

Length of Drop F‘lpo_,.._ih capacily, G.P.M,
Type: Submersible .
Jet D Reciprecoting

16 Remarks, elevation, soures of data, etc.

RDODED INFD. BY DRILLER. ITEM HO, Mu@
o ORRECTED BY:

**ADDITION By

17 WATER WELL CONTRACTOR'S CERTIFICATION:

This well was drillad yunder my jurisdiction ond this report is true
to the best of my knowledge ond belief.

114

L] ER{D BUS E1Y) .EJST.ATION '10
(13 LSS N t b,

Addl’.ls'/ .-:‘:. '/f , PR o,."- /;r 3 /Of / 'r -~ "

Ry J/LZ:.

£

Signed

D&7D 100m £-66

Jun 131988

Dol- f""’*"" /I
f

fAUTHORIZED Rt-nu:nr‘rrvt

GEQOLOGICAL SURVEY COPY

‘\




_—

NMAITLA e
ACT 294 PA 1945 —

¢ WELL [ PUBLIT ﬁtm\\
Froction Ssction No, Town Ronge \:—E-;::__L-—J

p— Twp.

2 | LerAary suhsuwh SW | JO /A gl R ogml z
srection fram Rogd (ntersections - 3 DWNER OF WE :, - H .
%@ecpa% -+ Sheo- Jwvva"v .

" ) Addres gg’ 4
: af b5 Rl B et

o City of Well Location e P YL

7““5:'":55 !%ﬁ_ﬂg';TgF 4 WELL DEFTH: (completed) Dote of Completion
STRATUM | STRATUM Sa/ i, _
2 5 ﬁ Cable raal ] Rta‘!:.:yr Driven Doy

5—‘ ;(' U3 Hotlow rod 3 serred [ gored 0

5 USE:& Domestic D Public Supply - D Industey -

i&r%‘ﬂf ’ / . 6 D lrrigotion D Alr Conditioning D Comoﬂ:iql

i ] D Tasy Well ] :
ey Qa 2 6 7 CASING: Threadsd a Welded D :ﬂoig{nt: Above/ Gaybijer .

FORMATION

Digm.

, J / ‘{' 4 I Hoine F o b 0w g;:f::._%:.

et Dapth (Orive Shoe? YﬂﬁNeD

& 2 LA 473w

‘——\— J Ty@#’&ﬂi-.bic.- .2// - ! .—
%—M ? ér/ /‘Ij Length, {j . 1

$lor/ e

ol & [ 18R s.:b.fw:nﬁ%‘h. n-Lﬂ-LJ; LL“V/ P z

: il g 3 € /3 q{ Fitrings:
Z 9
M ) LY é / d / STg}'%A:fi:lf: IE:;J sucface

10 PUMPING LEVEL balow land sutface

_&_h. cfln_Lhra. pumping__L-p.m.

ft. afrar, hes. pPUMPIN G g P,

11 WATER QUALITY in Parts Per Million:
tron {Fe)me . Chiarides {Cl)

Hardnas

12 WELL HEAD COMPLETION: [} tn Approved Pis
~ B Pitless Adgoter D 12" Above Grode
13 GrOUTING: -

Weil Gmuta&?E Yas D Neo
Matericl: ] Neat Cement ﬁ

Depth: From.ﬁ__ﬂ, toLZ.fr.

! 14 SANITARY: S Do
Nearest Saurce of possible contamgigat] - %‘p:_' 1 Ve

Z.é—hﬁ ”E_Dirtc!i% ype :
Well disinfocted ypon completian Yes D No 3 -

15 punp: SR

Monufacturer's Name

Mode! Numb-%ﬂp
Length of Orop Pipe ft. cnpueih‘ﬁ.?.ﬂ. CRERTEE
Tyae: Submaersible D .-
Ll Jet | Reciprocating
17 WATER WELL CONTRACTOR'S CERTIFICATION: : - a

‘ This well was drilied under my jurisdiction and this raport is true R
) 1o the bust of my knowledgs and beiigf =

e Tz 3,/' i
AT . d
REGISTERES BTSINLSS RAME

e T A R

267D 100M &-66
PAR TG00 GEOLOGICAL SURVEY COPY
-wnred LUPY -

Remarks, slevotion, saurce of dota, etc,




