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1.0 INTRODUCTION

I
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 under Velsicol Chemical Corporation's

Purchase Order No. 15895 issued on January 16, 1978 and revised on August 18,

1978 and January 8, 1979.

The work proposed under this purchase order necessitated that

I subcontractors be retained to provide chemical analysis and drilling services.

Environmental Research Group, Inc., of Ann Arbor, Michigan, having had much

experience in Michigan, particularly in regard to polybrominated biphenyl

i 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
•\^,
0 approximately 50 acres adjacent to the Pine River in the city of St. Louis,
6
3 Gratiot County, Michigan (Figure 1-1). The site is bounded on the north and
7

( - west sides by the river, which flows to the northeast and drains the entire
0
0 St. Louis area. In the vicinity of the plant site, the river widens and flows
2

very slowly because of a dam located less than 1,500 feet downstream.
0

C 7 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

I Corporation).
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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 developed 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 bloaccumulation 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 soils at the plant site;

*•*--
0 3. To examine the geohydrologic conditions at the site and
6 evaluate the potential for migration of contaminants, if
3 present, from the unsaturated soils to the ground water and via
7 the surface or ground water to the Pine River or nearby shallow
- wells;
0
0 4. To assess the integrity of the dredge pond located on the plant
2 site; and

0 5. To recommend, if necessary, steps to secure the plant site in
7 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 toxicology and characteristics of all

[2]



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]



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 using1 »
— robins. Plants were not considered in this study since recent research has

shown that plants bioaccumulate only small amounts of PBB and translocate even

less (Jacobs, et al., 1976; Chou, et al., 1978). Therefore, collection

efforts were concentrated on email mammals and earthworms.

I
2.1.1 Habitat

Agricultural land is the dominant land use type in the St. Louis

I area, including all of Gratiot County. Major crops in the region are corn,

0 dry beans, and sugar beets. Scattered forest land consists of primarily
6
3 maple, beech, and birch.
7

| - The Velsicol Chemical Corporation industrial complex in St. Louis
0
0 contains little vegetation and generally provides poor habitat for wildlife.
2

The only vegetative cover on the site occurs along the shoreline perimeter.
0

f 7 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.

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

0 seeds, nuts, and insects, and the latter will also eat bark and grasses. Both
6
3 the house mouse and raccoon are considered omnivorous (Burt and Grossenheider,
7

1964).
0
0 The home ranges indicate that the three rodent species collected
2
- were permanent residents of very localized areas of the plant site and
0
7 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 variety of sources, both on and off the plant site.

[5]



Environmental contaminants, if present on the site and if bioaccumu-

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*1. Analytical

methodologies employed are identified in Appendix C. No trace of allyl

chloride, PHT4 (tetrabromophthalic anhydride), tris [tris (2,3-dibromopropyl)

phosphate], CC1, (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
i
0 (hexabromobenzene) was found in one mouse (Peromyscus sp.).
6
3 PBB (polybrominated biphenyl) was detected in tissues from every
7

I - animal. Tissue concentrations ranged from 0.15 to 17.14 ppm, wet weight (0.52
0
0 to 61.21 ppm, dry weight) in the rodents and 0.17 ppm, wet weight (0.74 ppm,
2

dry weight) and 1.12 ppm, wet weight (3.39 ppm, dry weight) for the raccoon
0

I 7 and earthworms, respectively. The mean concentration [+ 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).

1 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
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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

ppm, 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 ppm, 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
t

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 (+ S.D,) of zinc 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 ppm, 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).
^
i. With a tissue concentration of 9,0 ppm, wet weight (27,3 ppm, dry
0
6 weight), earthworms also exhibited the highest concentration of lead. In
3
7 raccoon tissue, lead was reported in a concentration of less than 0.5 ppm, wet

0 weight (less than 2.2 ppm, dry weight). The mean lead value (+ S.D.) reported
0
2 from the house mouse specimens was 1.8 +_ 1.2 ppm, wet weight (5.5 +_ 3.4 ppm,

0 dry weight), while the range for all mice was less than 0.5 to 4.4 ppm, wet
7

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]



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

v population (LD5_) of hexabromobenzene (HBB) determined for experimental

mammals were 2.15 to 4.64 gin/kg of body weight and greater than 10.0 gm/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 site. 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
0
6 tissue from five raccoons and one muskrat collected near the Pine River
3
7 downstream from St. Louis and found polybrominated biphenyl (PBB) in all

0 samples in concentrations ranging from 0.470 to 1.600 ppm, wet weight, in the
0
2 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 in a study by Harris, Cecil, and Bitman

(1978) that were fed PBB (fireMaster BP-6) mixed with food at 50 to 200 ppm
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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 14-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 caution 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,
0
6 respectively.
3
7 All the animals collected on site were found to have PBB concentra-

0 tions of various levels in their tissues. Highest levels were found in two
0
2 mice; one (17.14 ppm, wet weight; 61.21 ppm, dry weight) was collected from an

0 area that received surface water runoff from the waste drum storage area where
7

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]



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 field vole (Microtus agrestis) carcasses

<•— (liver, kidney, brain, and femur removed) collected from a sewage spray field

to be 5 ppm, dry weight. Lower median concentrations, 3 and A ppm, dry

weight, were reported for voles collected from two control areas. Separate

analyses of liver, kidney, brain, and femur tissue in both the control and

experimental groups found chromium 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., 196A). Mean concentration
i
0 of the control group was 0.37 ppm, dry weight.
6
3 These data suggest that the chromium levels recorded for animals
7
- collected from the Velsicol plant site, and the rodents in particular, are
0
0 levels that might be found in chemically uncontaminated individuals. The
2
- 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« agres t is ) in the experimental group

examined by Beardsley, et al. (1978) had median dry weight concentrations
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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 i 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 A.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 (S.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
0
6
3 The composite sample of earthworms had a much higher level of lead
7

I - than the mammals, a condition that is not unexpected since earthworms have
0
0 been shown to reflect lead levels in soils (Ireland and Wooton, 1976).
2
- Relatively high soil 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 soils
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with a 14.3 ppm mean dry weight lead concentration in the Patuxent Wildlife

Research Center in Maryland had a mean 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 pprn, dry weight, respectively. Goldsmith and

Scanlon (1977) found the lead content of composite earthworm samples from

Virginia soils 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 Scanlon (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

i*-* metallic mines in Great Britain have been compared by Roberts, et al. (1978)
0
6 to uncontaminated control areas. Mean lead concentrations in the body tissues
3
7 of field mice (A. sylvaticus), field voles (tl. agrestis), and bank, voles

0 (C. glareolus) collected from two control sites were 0*92 and 1.16, 2.76 and
0 ~
2 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, wet 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.

[12]



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 Ql. agrestis), and bank vole (C. glareolus) living

near roads with varying traffic densities, Jefferies and French (1972) found

the mean wet weight 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.
i

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
i

(Microtus ochrogaster), and house mouse (Mus musculus) collected near 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
!

i—" specimens of meadow voles (Microtus pennsylvanicus), white-footed mice
0
6 (Peromyscus leucopus), and short-tailed shrews (J5. brevicauda) to be highest
3
7 in tissues from populations nearest a major highway (16.3, 6.8, and 22.7

0 ppm» dry weight, respectively). Concentrations reported for control groups
0
2 were 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 is indicated by

the study data.
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2.3.6 Zinc

Jefferies and French (1976) reported a mean zinc concentration in

long-tailed field mice ^A. sylvaticus) captured from a dieldrin/mercury

treated field 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 (£. 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

f much higher concentration of zinc than any of the mammal samples collected

0 there. Although it is possible for zinc contamination of soils contained in
6
3 the digestive tracts of the earthworms to contribute to these results, the
7

f - high concentration reported for the earthworm tissue was enhanced by the
0
0 phenomenon of bioaccumulatlon which has been demonstrated by Van Hook (1974).
2
- In his work in Tennessee, Van Hook found mean zinc concentrations in earthworm

tissues of 317 ppm, dry weight, collected from soils 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 ppm, dry weight collected adjacent to Maryland
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highways. The control 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 soils near metal mines.

2.3.7 Magnesium

- Magnesium is an essential element in animal nutrition, a common
W
0 constituent of mammalian tissues, and found most abundantly in bone (Scott,
6
3 1972). Data presented in Bowen (1966) indicate that the average magnesium

concentration in mammal tissue is 1,000 ppm, dry weight. In his study, it was
0
0 found that the concentrations ranged from 150 to 640 ppm, dry weight for
2

various organs, and the level reported for bone was 1,700 ppm, dry weight.
0
7 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

[15]



0
6
3
7

1 '
0
0
2

hydrotreater pit. Although specimens were washed before processing, dust of

magnesium compounds, which is 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.
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3.0 GEOLOGIC AND HYDROGEOLOGIC INVESTIGATION

3.1 SCOPE OF WORK

This investigation was conducted in two overlapping phases. Phase I

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
v.

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
I

the dredge pond. Analytical methodologies employed are identified in

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

i
3.1.1 Phase I

A literature search was conducted by visiting state and federal

{ agencies to obtain geohydrologic data on the region, area, and the site.
l^
0 A brief visit was also made to the site to obtain any additional and pertinent
6
3 data in Velsicol's files. These data were compiled, tabulated, and assessed
7

I - for guidance in other data collection activities and inclusion in the final
0
0 report.
2

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

[17



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-
r1 fication and testing for grain-size distribution. Selected soil samples were

"*"K-..
also used for chemical 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 well points was

grouted with concrete. Figure 3-2 shows a typical piezometer installation.

Appendix E lists pertinent information concerning piezometer 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 piezometers were also
0
6 used to measure ground-water levels.
3
7 Shallow soil samples were collected from land surface to a depth of

I -
0 0.3 to 0.6 meter (1 to 2 feet) at 15 locations on the plant site (Figure 3-3).
0
2 The soil samples were visually described, and selected samples were subjected

0 to chemical testing,
( 7

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
I

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 1 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 II

In order to augment the data collected in Phase I, 20 additional

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 soil 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

0 (Figure 3-1). Piezometers were installed, developed, and falling head tests
6
3 run in each of these borings. Water samples taken from the piezometers and
7
- two soil samples taken from the boring located in the center of the pond
0
0 (DP-6) were analyzed for selected chemical parameters (Table 3-2). These
2
- piezometers were also used to monitor water levels in the pond and embank-
0
7 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 GEOLOGICAL CONDITIONS• •

t
The topography and drainage patterns of the St. Louis area are

f
the result of geologic processes associated with the retreat of the last

i

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.
i

The bedrock formations underlying the St. Louis area consist of
»

. sediments deposited in extensive inland seas that covered Michigan during the

Paleozoic era between 500 and 200 million years ago. Deformation, subsidence,

, and compaction that occurred contemporaneously 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

0 cut in the bedrock surface.
6
3 During the Pleistocene glacial epoch, a thick mantle of glacial
7

[ - drift was deposited on this eroded bedrock surface. This drift is approxi-
0
0 mately 91.4 meters (300 feet) thick in the St. Louis area and consists of
2

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 surface 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

i-- 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 illustrate'd 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 0.61 to 6.1 meters (2 to 20 feet) of
I

material at the plant site generally consists of fill that is highly variable
0
6 in composition, both vertically and areally. The fill material includes
3
7 relatively clean sands, cinders, bricks, mixtures of sawdust and small pieces

I -
0 of lumber, and other miscellaneous refuse.
0
2
- 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 Company. 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 peat 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.
0
6
3
7 3.3 SITE GEOHYDROLOGY
-
0
0 The bedrock formations which underlie the Velsicol plant site
2

generally yield 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 (1 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
f

of fill 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
I

<_. piezometers installed on the plant site for this study (Table 3-4). This
0
6 information was used to construct a general potentiometric map of the site
3
7 (Figure 3-8). The ground-water gradient represented on this map indicates

f -
0 that the direction of flow is toward the Pine River. The gradient is
0
2 generally quite gentle, ranging from 0.005 to 0.02 over most of the plant

site. On the interior 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 in 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 fill materials at the plant

site were evaluated using falling head permeability tests in the piezometers.

Also, permeability calculations were made using the Hazen approximation that

relates the grain size of granular material to its permeability (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
-5 2head test is 5.2x10 cm/sec [1.1 gallons per day per foot squared (gpd/ft )].

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 to represent a more realistic value for the sand

and fill material. This method results in a range of permeabilities from
-5 -2 2 —34x10 to 6x10 cm/sec (0.8 to 1,270 gpd/ft ) with a median value of 2x10

2
cm/sec (42 gpd/ft ).

For the clayey till material, the Hazen permeability approximat ion
-6 -4 2X~^ results in a range of 4x10 to 3x10 cm/sec (0.08 to 6.4 gpd/ft ) with a

- 5 26 median of 4x10 cm/sec (0.8 gpd/ft ). Norris (1961) tabulated permeability
3
7 values for 37 samples of clay-rich till deposited by continental glaciers.
— —8 —5
0 The permeabilities ranged from 1.6x10 to 4.8x10 cm/sec (0.0003 to 1.0
0 2 - 6 22 gpd/ft ) with an average of 2.1x10 cm/sec (0,04 gpd/ft ).

0 The quantity of ground water being discharged to the Pine River
7

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 fill of 2x10
2

cm/sec (42 gpd/ft )f 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.
1̂
0 This brief summary of the pond construction history was compiled
6
3 primarily from personal communication with Velsicol employees and the local
7
~ contractor who built the pond. Details such as the continuity and thickness
0
0 of the till liner were impossible to verify. Borings on the embankments did
2

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 is 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 piezometers in and around the pond

provide indirect evidence of the continuity 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
vS-" embankments of the pond must be made. To circumvent the error inherent in
0
6 these assumptions, the total discharge can be calculated using the gradient
3
7 from the sandy exterior of the north, west, and south embankments to the
* - 3 20 river. The permeability of 2x10 cm/sec (42 gpd/ft ) for the sand and fill
0
2 material can be used with an average gradient of 0.04 and a cross-sectional
"" 2

area of 819 square meters (8,820 ft ). 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 piezometers.
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4.0 GROUND-WATER AND SOIL CHEMISTRY

4.1 GROUND-WATER CHEMISTRY

Ground-water samples were taken from 15 of the 17 piezometers. Two

of the piezometers, DM8 (deep) and DP2 (shallow), did not yield enough water

to make up a sample. Piezometer DM3 did not yield enough water to make up a

sample during Phase I but was sampled during Phase II and analyzed for an

abbreviated list of parameters based on the results of the Phase I analyses.
v^

Table 3-1 lists the parameters for which analyses were made during Phase I,

and Table 3-2 lists the parameters for Phase II. In 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

t*-* years. Allyl chloride, EDTA, hexabromobenzene, PHT4, and tris, raw materials
0
6 which were used in product formulation or chemical products which were formu-
3
7 lated over the years, were "not detectable" in the ground water. However,
-
0 ammonia is present in the brines used, as are chlorides and magnesium.
0
2 It was found that, in general, a log-normal distr ibut ion 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 0.1A to

53 mg/1 and had a geometric mean of 4.7 mg/1. Concentrations of chlorides

ranged from 82 to 82,000 mg/1 with a geometric mean of 5,800 mg/1, while the

ground-water concentrations of magnesium ranged from 26 to 570 mg/1 with a

geometric mean of 220 mg/1. The highest concentrations of ammonia and

chloride were found in the water samples taken from piezometer DM8, while the

highest concentration 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
I

high quantity of sulfate in the plant water. The concentrations of nitrate

ranged from less than 0.01 to 0.11 mg/1 with a geometric mean of 0.021 mg/1.

The sulfates had a geometric mean of 150 mg/1 and a range of 3 to 2,400 mg/1.
[

All the nitrate concentrations were well below the drinking water standard of

10 mg/1. The highest sulfate concentration was found in the plant water, with

the highest concentration found in a piezometer water sample being 650 mg/1
I

1s-" from DM6.
0
6 Chromium and lead concentrations probably reflect the use of stain-
3
7 less steel fixtures and lead pipe plumbing, respectively. The geometric mean

I -
0 of chromium was 0.087 mg/1 and chromium concentrations ranged from 0.060 to
0
2 0.14 mg/1. The highest chromium concentrations were found at DM7 and DM9.

The water sample from DM9 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/1, 0.040 to 1,000 mg/1, and 0.035 to 9*0 mg/1, respectively.

The geometric means were 0.26 mg/1, 26 mg/1, and 0.25 mg/1, respectively.

Zinc levels result from the use of zinc bromide and zinc oxide, and copper

reflects the earlier use of ion exchange facilities.
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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
Phenol Tribromophenol

Carbon tetrachloride, DMAE, and PBB occurred only occasionally ini
the samples analyzed, and then only in trace amounts. Carbon tetrachloride

concentrations ranged from less than 0.01 to 0.08 mg/1 with the highest

concentration being found at DM6. DMAE was found only in the water from

piezometer DM5. The highest concentration recorded was for the Phase II

sample taken at this station. This value was less than 500 mg/1 and reflects

interference in the analytical procedure. The Phase II sampling was done to

verify the 20 mg/1 concentration recorded for the Phase I sample. PBB concen-

trations were found at DM5 and DM8 during the Phase I sampling. Their

1s""*1 presence there was verified during the Phase II sampling. In addition, trace
0
6 PBB values were found in all the DP-series water samples. The PBB concen-
3 _5
7 tration ranged from less than 10 to 0.0013 mg/1. For both phases, the
- -40 highest PBB values were recorded at DM8 (1.3x10 and 0.0013 mg/1) while the
0 -5 -42 second highest values were recorded at DM5 (2x10 and 3.5x10 mg/1).

Phenols were found in all ground-water samples and ranged from 0.004 to 1.2

mg/1 with a geometric mean of 0.029 mg/1. 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, if

any, change in concentrations of water constituents, the criteria for which,

if not exceeded, are expected to result in an aquatic ecosystem suitable 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 is zero. Complete mixing
i

Is also assumed. ^
3The approximate ground-water flow to the river is 0.0009 m /sec

(0.03 cfs). The flow of the Pine River was chosen to be the 30-day low flow
3

of 1.2 m /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-
i ,̂

1 tuents on the water quality of the receiving stream. As can be seen, this
0
6 effect would be minimal. This effect is minimized even more when one con-
3
7 siders that approximately 70 percent of the total ground- water seepage

0 originates in the dredge pond area. The general ground-water quality in
0
2 this area is, 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 in 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 its

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 DM1 and

DM2 seem to show that these samples are representative of the background water

quality levels on the plant site. The two samples having the highest ranking

numbers (DM6 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

piezometers were found to have questionable concentrations of certain para-

meters, and these piezometers were resampled during Phase II. A summary of

these samples is presented below:

SAMPLE PARAMETER

PHASE I
CONCENTRATION

(mg/1)

PHASE II
CONCENTRATION

(mg/1)

DM1

DM5

DM6

DM7

DM8

cci4
PBB

DMAE

cci4
cci4
PBB

0.03

0.00002

20

0.08

0.02

0.00013

0.0026

0.00035

<500

0.027

0.0016

0.0013
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Values for carbon tetrachloride were significantly lower for the

Phase II samples. The existence of FBB in DM5 and DM8 samples was verified

and no evaluation could be made of DMAE values because of interference in the
/ . ^ <$ f'-rt-t.!./'

analytical methodology. ^ **'*•**

There is little correlation between ground-water samples based on

chemistry, probably reflecting the processes of dilution, dispersion, and

sorption. This condition is reflected in the water quality data of DM8

and DM6. DM8 is upgradient from DM6; thus, the ground water flows from DM8
ts_

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 0.01 to 1.3yg/l and the geometric

mean is 0.12 yg/1. The highest concentrations were recorded at DM8, which is

A*'""' located in the center of the waste drum storage area. No PBB was found in the
0
6 water from DM9, which is located next to the area in which PBB was handled in
3
7 product formulation. PBB was found in water from DM3, which is southwest of

0 the above area. Small amounts of PBB were also found in the ground water
0
2 sampled during Phase II. The Phase II piezometers are located near the truck

0 washing area. In this area, truck exteriors were washed and this exterior
7

road dust accumulated, in part, on site and may be a source of PBB in this

area.
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4.2 SOIL CHEMISTRY

Surface and subsurface soil samples were taken for chemical analy-

sis. In addition to samples taken for this study, samples were 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.

Soil 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 II

V were analyzed for the parameters listed in Table 3-2. A summary of the

results of chemical analyses 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

mg/kg.

DMAE was not found in any of the borehole soil samples and was found
i
0 only occasionally in the standard surface and subsurface soil samples.
6
3 Concentrations ranged from less than 7.0 to 53 mg/kg with a geometric mean of
7 —

3.9 mg/kg for surface soil samples and 4.5 mg/kg for subsurface soil samples*
0
0 The highest DMAE concentration was found in the subsurface sample taken at SS6
2
- which is located in the waste drum storage area.
0
7 Hexabromobenzene is generally distributed in the samples collected.

The highest value of 56 mg/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 concentrations 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 mg/kg for surface and subsurface soil

samples, respectively. Highest FBB values were recorded for the soil samples

taken at the waste drum storage area.

Concentrations of phenols were found in 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 ,_..

N-* were reported for those samples collected from the waste drum storage area.
0
6 Ammonia concentrations occurred in most soil samples. Concentra-
3
7 tions ranged from 2.5 to 390 mg/kg and the geometric means were 36 and 24

0 mg/kg for surface and subsurface soils, respectively. Highest concentration
0 *
2 was reported for DM4 in the waste drum storage area.

Chlorides were found in all soil 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 geometric 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 tug/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 0.01 to 17 mg/kg and highest recorded were from

DM1. 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 tag/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
I

ik_. and 13 mg/kg for surface and subsurface soils, respectively.
0
6 Copper values ranged from 5.2 to 410 mg/kg and the geometric means
3
7 were determined to be 47 mg/kg for surface soils and 26 mg/kg for subsurface

I -
0 soils. The highest concentration was found In sample SS12.
0
2 Lead occurred in various concentrations in the samples collected.

0 These concentrations ranged from 3.3 to 11,000 mg/kg. The highest concentra-
I 7

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 parameter geometric means of both the surface and subsurface

soil samples shows significant decreases in the concentrations of most of the

parameters between surface and subsurface concentrations. This indicates

limited downward movement of contaminants due to percolating 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.

K-' As with the ground-water samples, soil samples taken at DM6 and
0
6 DM8 had the highest ranking numbers. These two boreholes are located down-
3
7 gradient from and directly in the waste drum storage area, respectively. The
-
0 variation of ranking numbers between surface and subsurface samples at DM6 and
0
2 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 soil samples taken in the waste drum storage area also

exhibit the highest ranking numbers. The standard subsurface samples do not
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3
7
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0
0
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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 borehole 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
CONCENTRATION

PHASE II
CONCENTRATION

SAMPLE

SS3

SS10 *

PARAMETER

DMAE

PBB
HBB

(mg/kg)

14

31
52

(mg/kg)

<8.0

2.0
1.1

5511

5512

Tris

Tris

930

8.9

790

2.5

In all cases, except for the tris, the Phase II 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 soil sample taken at SS10, the only area found to

have significant concentrations of PBB 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 soil sample were taken in this

area as part of Phase II. 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 in 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,
r

retained by the surface soils. PBB concentrations as high as some of those

found in surface soil samples (Table- 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.t 1978). PBB will be physically transported downward

by percolating water, but this is 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-

-k bilized by the percolating water as can be seen by the geometric mean of the
0
6 ground water PBB concentrations.
3
7 The major route of migration for PBB appears to be from the surface

0 soils to the river by storm runoff erosion where PBB remains in the river
0
2 sediments and possibly is 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 soil data. In addi-

tion, the insolubility of PBB 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, zinc, 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 concern.

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 magnesium, 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 J

consistently in high concentrations in the soils of the waste drum storage

1s—' area. Although magnesium also occurred in high concentrations in the waste
0
6 drum storage area, high values were found most widespread in the soils from
3
7 the northwestern corner of the site in the vicinity of the magnesium and

0 dolomite kilns and the hydrotreater pit. However, the magnesium compounds
0
2 which occur on the site are, for the most part, magnesium oxide and magnesium

0 hydroxide, both dietary food supplement additives, and are of no significant
I 7

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 soil and ground-water

analyses, it appears that the majority of the chemical parameters deemed

environmentally significant occurred most consistently and in highest concen- J

trations in the waste drum storage area.
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5.0 EROSION LOSS AND EBB 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 Soil Loss Equation, as shown below, estimates the rate

of erosion from an exposed area and depends on the erosive power of the

t^~ rainfall, the credibility 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 credibility (tons/acre-R unit);
LS * Length-slope factor;
C • Cover factor; and
P - Conservation practice factor.

:^_f,. The rainfall factor (R) is based on rainfall energy and intensity
A.

0 (Wischmeier and Smith, 1965). The average annual value for R was taken from
6
3 an isoerodent map developed by Stewart, et al. (1975) and is equal to 100.
7
- The range of R values of 35 to 161 was the 22-year range observed by Beasley
0
0 (1975) at East Lansing, Michigan.
2

The soil credibility factor (K) based on the physical character-
0
7 is tics of the soil such as the grain-size distribution, 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:



Z Sand 77.1
% Very fine sand 5.4
% Silt 12.6
% Clay 2.0
Structure medium or coarse
Permeability slow to moderate
% Organic matter 2.2

The resultant credibility factor was equal to 0.16.

The length-slope factor (LS) was determined using the following

relationship (Haan and Barfield, 1978):

°'43>

where X • Slope length

x - Sin 6

6 " Slope angle

m * 0.3 for slope <_ 3%
0.4 for slope > 3% and < 5%
0.5 for slope >^ 5%

Where the slope was greater than 10 percent (Haan and Barf ie ld , 1978)
1~
0
6 * .430x + 30x + 0.43. , 10000) \•a . 4 « ,- . , , , , •

72'6 6'613 10000 + (lOOx)2

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 - C . C . C (EX 5-4)s r o

where C « Factor due to surface stabilization or protection treatments
0

C " Factor due to runoff reduction practices
C - Factor due to other practices.

Since C and C were not applicable to the site area, CP - C . Most
r O S

of the site has no appreciable ground cover and therefore a value of 0.45 for

C was used based on Soil Conservation Service tables (1977). Areas of thes
plant site having a grass or weed cover also were the areas having the steeper

slopes. The C value for these areas was determined to be 0.011. A summary
S

of the soil loss conditions is presented in Table 5-1.

The drainage of the site is 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

i elevation. The drainage basins are shown on Figure 5-2 and the areas are
0
6 listed in Table 5-1. Only credible surfaces were used in determining the
3
7 areas of the drainage basins. Approximately 42 percent of the site had

0 erodible surfaces.
0
2 Annual soil losses were calculated for each drainage basin and for

each of the rainfall factors. The results are tabulated in Table 5-2 and are

summarized 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

credible 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 FBB In the soil for that drainage 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

1^ PBB is relatively insoluble, very little of the PBB will be dissolved in the
°
6 river water. Most of the PBB will remain in the river sediments and could be
3
7 transported as part of the sediment load.
-
0 Data from the chemical analyses of river sediment samples were
0
2 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 PBB

concentrations of these samples suggest that sediment containing PBB is
t

transported in periods 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 concentration 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

i"s— outfalls, mentioned previously, prior to sealing. Sediment concentrations
0
6 should, therefore, reflect the PBB concentrations of the soils. The geometric
3
7 mean of PBB concentrations found in all the soil samples is 12 mg/kg which is

0 two orders of magnitude greater than the PBB concentration in the sediment.
0
2 The geometric mean of the PBB concentration of the soil samples used in the

0 surface runoff erosion model was 6.8 mg/kg which is over 1-1/2 orders of
7

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, Louis 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 is 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 total ground-

water seepage from the site to the river is low, 0.91 I/sec (21,000 gal/day).

The site ground water is 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 is 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 rivers«»_,
4.

0 through the ground-water regime.
6
3 By virtue of dilution and dispersion, contaminants which do enter
7
- the river are expected to have little or no effect on the overall water
0
0 quality of the river. The contribution from the dredge pond area to the total
2

ground-water flow of the site Is relatively high, but the water quality is
0
7 higher than that of the balance of the site.

The soils 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 is a signifi-

cant decrease in most of the contaminant concentrations between surface and

subsurface samples indicating that, in general, most of the contamination is

surficial in nature and that a limited amount of contamination migrates below

the surface due to percolating water. This is 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-

eluded 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 soil 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.

6 The low concentrations of PBB in the river sediments suggests that the average
3
7 PBB soil concentrations used in the surface runoff erosion model may be higher

r -
0 than those that actually exist. This suggests that the annual PBB load to the
0
2 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 nondetectable PBB 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 variability of the surface soil

PBB concentrations suggests that PBB material is physically mixed in with the

surface soils in addition to that PBB which Is 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 FBB 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, FBB, 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
0
6 uncontaminated mammal populations.
3
7 Earthworms have been found to bioaccumulate both lead and zinc in

I -
0 their tissues, and relatively high concentrations of these metals were found
0
2 in the worms collected f rom the site. Although regular consumption of

0 contaminated individuals could potentially provide toxic doses (Gish and
I 7

Christensen, 1973), the levels of lead and zinc found in the ear thworms

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 fil l mate r i a l 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 to 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 wildlife and food web impli-

cations . However, polybrominated biphenyls were found consistently in the /

animals collected on site and occasionally in relatively high concentrations.

These high concentrations are probably a result of bioaccumulation of this

chemical due to repeated exposure to PBB associated with on-site soils.

However, due to the poor habitat and the proximity of human activities on the

plant site, it is 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 FBB contamination to mammals, but the

potential for PBB being dispersed from the site through faunal food pathways

1 is low.
0
6
3
7

0
0
2

0
7
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7.0 RECOMMENDATIONS

As is 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 surficial soils. Generally, these points, which cannot be accurately

[ quantified, probably exist as a result of handling PBB during packaging,

storing, and shipping activities. However, in one section of the site, the

waste drum storage area, the study results indicate that PBB and occasionally

other chemicals are variously distributed in concentrations that are typically

higher than those concentrations generally found in site soils. Further, this

area is particularly susceptible to transport of surficial soil contaminants

[ j^^ directly to the Pine River by surface water runoff.
i
0 With regard to these considerations, Dames & Moore recommends that
6
3 mitigating measures be directed at stabilizing or, preferably, removing the \,
7

I - contaminated soils of the waste drum storage area. This area consists of
0
0 approximately 2.6 acres that may be contaminated to a depth locally of as much
2

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 soils from the waste drum

storage area and deposit them into the dredge pond. It is believed that the

pond has integrity sufficient to provide an effective containment structure
(

for soils contaminated with quantities of F5B 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. Louis site in 1972.
i t»->1 This work, could probably be accomplished in 2 to 3 days for less than

0
6 $15,000. However, additional costs will be incurred for subsequent grading of
3
7 the waste drum storage area. Finally, the dredge pond should be filled and -'

E -
0 capped with at least 2 feet of compacted clay. The clay should be applied to
0
2 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 topsoil 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 OP CHEMICAL PARAMETERS IN ANIMAL TISSUE COLLECTED
FROM THE VELS1COL CHEMICAL CORPORATION PLANT. ST. LOUIS. MICHIGAN

SPECIMEN
NUMBER SPECIMEN

Earthworms

1 Raccoon

2 White-footed mouse

3 Meadow vole

4 Meadow vole

5 House nouse

6 House mouse

7 House Bouse

8 House Bouse

9 House mouse

10 House nouse

11 House mouse

12 House mouse

13 House nouse

House nouse
Wet weight X + S.D.

House mouse
Dry weight x ± S.D.

House mouse
Median

PARTS PER MILLION WET WEIGHT (DRY WEIGHT)
CHROMIUM

1.0 ( 3.03)

<0.22 «0.96)

<0.35 «0.95)

0.67 ( 2.31)

0.60 ( 2.14)

<0.30 «0.51)

0.31 ( 1.07)

0.28 ( 1.00)

0.44 ( 1.42)

<0.25 «0.83)

0.30 ( 1.07)

1.0 ( 3.03)

1.0 ( 3.45)

<0.28 ( 0.93)

<0.46 + 0.31

<1.48 + 1.03

0.30 ( 1.07)

ZINC

160 (485)

34 (148)

31 ( 84)

37 (128)

34 (121)

30 ( 51)

32 (110)

31 (111)

36 (116)

23 ( 77)

25 ( 89)

30 ( 91)

44 (152)

37 (123)

32 + 6

102 + 29

31 (110)

COPPER

3.3 (10.0)

1.6 ( 7.0)

5.1 (13.8)

4.4 (15.2)

3.0 (10.7)

3.0 ( 5.1)

3.3 (11.4)

3.2 (11.4)

3.3 (10.6)

2.6 ( 8.7)

2.6 ( 9.3)

3.6 (10.9)

6.7 (23.1) t

4.7 (15.7)

3.7 + 1.3

11.8 + 5.1

3.3 (10.9)

LEAD

9.0 (27.3)

<0.5 «2.2)

<0.5 «1.4)

2.0 ( 6.9)

1.1 ( 3.9)

3.1 ( 5.3)

1.1 ( 3.8)

1.4 ( 5.0)

4.4 (14.2)

1.4 ( 4.7)

0.9 ( 3.2)

1.4 ( 4.2}

1.6 ( 5.5)

1.0 ( 3.3)

1.8 + 1.2

5.5 + 3.4

1.4 ( 4.7)

MAGNESIUM

540 (1636)

150 ( 652)

290 ( 784)

650 (2241)

990 (3536)

340 ( 576)

410 (1414)

350 (1250)

430 (1387)

370 (1233)

320 (1143)

620 (1879)

500 (1724)

500 (1667)

427 + 98

1364 + 386

410 (1387)

PBB

1.12 ( 3.39)

0.17 ( 0.74)

1.42 ( 3.84)

0.15 ( 0.52)

1.52 ( 5.43)

3.42 ( 5.80)

0.23 ( 0.7$)

17.14 (61.21)

1.92 ( 6.19)

3.00 (10.00)

7.69 (27.46)

2.81 ( 8.52)

6.37 (21.97)

1.68 ( 5.60)

4.92 + 5.14

16.39 ± 18.85

3.00 ( 8.52)

HEXABROMOBENZENE*

ND

ND

0.70 (1.89)

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

^Detection limit: 0.05 ppm
ND - Not detectable



TABLE 2-2

WILDLIFE MONITORING

MICHIGAN DEPARTMENT OF NATURAL RESOURCES

SPECIES

Raccoon

Raccoon

Raccoon

Raccoon

Raccoon

Muskrat

DATE

7/18/78

7/18/78

7/18/78

7/19/78

7/14/78

7/12/78

LOCATION
(COUNTY)

Gratiot

Gratlot

Gratiot

Gratiot

Gratiot

Gratiot

WEIGHT
kg

6.7

1.8

4.8

1.9

2.5

—

PBB
Pg/kg

1600

650

920

1000

470

430

PERCENT
FAT

4.0

3.7

5.7

2.2

2.2

0.59

(Source: Shauver, 1978)



TABLE 3-1

PARAMETERS FOR PHASE I CHEMICAL ANALYSIS

Ammonia DMAE (dlmethylaralnoethyl alcohol)

Nitrate Carbon tetrachlorlde

Chloride Lead (Pb)

Sulfates Chromium (Cr)

Phenol Copper (Cu)

Allyl chloride , Zinc (Zn)

PHTA (tetrabromophthallc anhydride) Magnesium (Mg)

PBB (polybromlnated blphenyls) EDTA (ethylene dlamine tetraacetlc acid)

Trls (trls 2,3-dlbromopropylphosphate) HBB (hexabromobenzene) ,.



TABLE 3-2

PARAMETERS FOR PHASE II CHEMICAL ANALYSIS

SAMPLING LOCATION

Water Samples

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

Soil Samples

DS-1-12
SS-3S&D
SS-10S
SS-11S&D
SS-12S&D
DP-60 1&2

cci4

X
X

X
X

X
X
X
X
X
X
X

PARAMETER

PUB DMAE PHENOL HUB DOT & ANALOGS

X X
X X

X
X X X

X
X X X
X X X
X X X
X X X
X X X

X X X
X

X X

X

TRIS S04" Cl"

X X

X X
X X
X X
X X
X X

X

X
X



TABLE 3-3

GENERALIZED COLUMNAR SECTION
DESCRIBING THE LITHOLOGY AND WATER-BEARING CHARACTER

OF THE SOIL AND ROCK UNITS OF THE SITE AREA

AGE

CE
NO

ZO
IC

PA
LE

OZ
OI

C

QUATERNARY

P
la

la
to

ce
ne

PERMIANC?)

PENNSYLVANIA!!

PRE-PENNSYLVANIAN

SUBDIVISION

Glacial lake
deposits

Outwash

Till
G

la
cl

*!
 d

ri
ft

Red beds

Saginaw formation

Pre-Saglnaw rocks

LITHOLOGY
(GENERALIZED COLUMN)

Sand and silt

Sandy aod sllty clay

Sand and gravel containing
silt and clay lenses

Blue, gray, buff, and red clayey
till. Some gravel at base

Red sandy gypsiferous shales
and shaly sandstones

Black and gray shale

Coal

Sandy shale

Sandstone

Limestone
Shale

Sandstone
Shale

Limestone
Shale

Sandstone

WATER-BEARING
CHARACTER

Source of small supplies of
water

Mot a source of water
(leaky aquiclude)

Source of moderate to large
supplies of water

Not a source of water

Hot a source of water

Yields moderate supplies
of water containing

objectionable amounts of
chloride

Yields mineralized water

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



TABLE 3-4

WATER LEVEL FLUCTUATIONS

BORING
NUMBER 09/29/78

DM-1 3.6

DM-2 2.2

DM-3 3.2

DM-4 3.8

DM-5 2.8

DM-6 0.5

DM-7 3.2

DM-8S 6.1

DM-8D 7.5

DM-9 4.8

DP-1

DP-2S

DP-2D

DP-3

DP-4

DP-5

DP-6

DEPTH TO WATER BELOW GROUND SURFACE (feet)
10/02/78 02/21/79 ------- - - • -

3.7 4.3

2.2 2.0

2.9 4.1

3.2 3.9

2.8 3.5

1.8 1.7

3.7 4.3

6.3 7.6

9.9

5.3 6.0

17.8

12.7

13.9

13.2

15.2

9.2

03/01/79

3.2

1.6

3.3

3.2

3.0

0.8

3.6

6.5

5.0

17.3

12.2

13.3

13.3

14.9

1.0

8.8

03/31/79

2.5

1.4

1.0

2.6

1.6

0.4

1.2

5.0

4.0

15.6

10.1

10.0

10.8

13.8

0.5

5.1

04/09/79

3.2

2.1

2.6

3.2

2.6

1.2

2.1

5.8

5.4

5.1

15.1

10.1

11.1

9.7

13.4

1.0

4.7



TABLE 3-5

RESULTS OF FALLING HEAD PERMEABILITY TEST

PIEZOMETER SCREENED INTERVAL
NUMBER (ft below ground surface)

DM-1

DM-2

DM-3

DM-4

DM-5

DM-6
DM-7

DM-8S
DM-9

DP-1

DP-2D

DP-2S
DP- 3
DP-4

DP- 5

DP-6

4.9

6.1

6.0

9.3
6.2
3.9
9.7

10.1
9.5
25.0
25.0
15.5
25.5
25.0
4.0

18.5

- 8.4

- 9.6

- 9.5
- 12.8
- 9.7
- 7.4
- 13.2

- 13.6
- 13.0
- 28.5
- 28.0
- 19.0
- 28.5
- 28.5
- 6.0
- 23.5

EFFECTIVE INTERVAL
(ft below ground surfac

3.0 -

3.0 -

2.0 -
3.0 -
3.0 -
2.0 -
3.0 -
3.0 -
2.0 -
10.0 -
22.0 -
10.0 -
12.0 -
10.0 -
3.0 -
14.0 -

20.5

15.5

15.5
20.5
15.5
9.5
20.5

15.5
20.5
30.0
30.0
19.0
28.5
30.0
6.0
25.0

PERMEABILITY

e) cm/sec

6.8x10"̂
4.5x10
3.4x10';!
3.2X10"5

7.9xlO"5

1.6xlO~4
_ a
a

1.2x!0"3

1.7xlO~4
_ a

2.8xlO~5

8.2x!0"6

1.2xlO~4

1.9x!0"5

9.4xlO~5

„ b

3.9xlO"5

gpd/ft2

1.4
0.96
0.72
0.68
1.7
3.4

26
3.6

0.59
0.17
2.5
0.40
2.0

0.83

Water level fell too rapidly to measure accurately.
Leaky piezometer pipe prevented falling head test.



TABLE 3-6

SUMMARY OF HAZEN PERMEABILITY APPROXIMATIONS

HAZEN APPROXIMATION
OF PERMEABILITYPIEZOMETER *n*«mti ***• **j«» ***«*!*.•.*•*.**

NUMBER

DM-1

DM-2

DM- 3

DM-4

DM-5

DM-7

DM-8D

DM-9

uijr in
(feet)

19.5

3.5
14.5

14.5

3.5
10.5
19.5

3.5
10.5
14.5

3.5
7.5
19.5

3.5
7.5
10.5
14.5
19.5
23.5
30.5

3.5
19.5

MATERIAL

Clayey silt with trace sand

Clayey silt with some fine sand and trace fine gravel
Silt with some clay, trace coarse sand and fine gravel

Clayey silt with trace fine gravel

Fine sand with trace fine to coarse gravel
Fine sand
Clayey silt with some fine sand and trace coarse sand

Medium to coarse sand
Silt with some clay and trace fine gravel
Silt with clay, trace fine gravel

Fine sand, trace fine gravel
Clayey silt
Silt with some clay and trace fine gravel

Miscellaneous fill
Silt with trace clay, trace coarse sand and fine gravel
Fine sand with trace silt
Silt with some clay, trace fine gravel
Silt with some clay, trace fine gravel
Silt with some clay, trace fine gravel
Silt with some clay and some fine sand

Fine to coarse sand with some silt, trace fine gravel
Silt with some clay, trace fine gravel

cm/sec

9xlO~6

4xlO~ij
9x10

2xlO~5

4xlO~i?
2xl°~A
2x10 *

fixio"2

4xlO~6

4xlO~^
9xlO~°

2x10"̂
7x10"̂
2xlo~f
4xl°~A
lxl°-5

3xlO"3

2xlo:3
3x10

gpd/ft2

0.19

0.85
1.9

0.42

850
42
4.2

1300
0.21
0.08

424
0.85
0.19

42
1.5

42
0.85
2.1
0.85
64

42
6.4



TABLE 4-1

SUMMARY OF GROUND-HATER CHEMICAL ANALYSES

GEOMETRIC
RANGE MEAN

PARAMETER (*g/l) (rag/l)

Amnoaia-N 0.14 - 53 4.7

Chloride 82 - 82000 5800

Nitrate-N <0.01 - 0.11 0.021

Sulfates 3 - 2400 ISO

Chromium (Total) 0.060 - 0.14 0.087

Copper 0.035 - 9.0 0.25

/Lead 0.015 - 8.1 0.26

Magnesium 26 - 570 220

Zinc 0.040 - 1000 26

Allyl Chloride3 ND ND

Carbon Tetrachloride <0.01 - 0.08 0.010

DMAE <1.0 - <500 0.66

EDTAb ND ND

BBBC ND ND

PBB <0. 00001 - 0.0013 0.00012

Phenols 0.004 - 1.2 0.029

PHT4d ND ND

\rise ND ND

NOTE: ND - not detectable.
10.1 x 96-hour LC5Q.
*0.01 x 96-hour LC5Q.

Detection Limits:
•i.o
bi.o
C0.01
do.oi
eo.oi

GEOMETRIC
STANDARD
DEVIATION
(mg/1)

1.3

1.0

21

1.0

13

2.6

2.4

1.0

1.0

ND

27

1.0

ND

ND

99

14

ND

ND

NUMBER
OF

SAMPLES

9

15

9

15

9

9

9

9

9

9

20

16

9

9

11

17

9

9

EPA CRITERIA
DOMESTIC FRESHWATER CALCULATED
WATER AQUATIC CONCENTRATION
SUPPLY LIFE IN PINE RIVER
Cmg/1) (mg/1) (ms/i)

0.02 4 x 10"3

5

10 - 2 x 10"5

0.1

0.050 0.100 7 x 10~5

1.0 t 2 x 10"4

0.050 * 2 x 10~4 .

0.2

5 * 2 x 10~2

- ND

8 x 10"6

5 x 10~*

- - ND

- ND

3 x 10~8

0.001 0.001 2 x 10~5

- SD

- SD



LOCATION

GHOUNDJftTER SAMPLE RESULTS PROM TOE VELSICOL CHEMICAL
COMPANY PLANT IN ST. LOUIS, MICHIGAN

COLLECTED ON OCTOBER 31, 1978 RESULTS SHOW IN
PARTS PER BILLION (ppb)

PARAMETER

Hell Simple No. Cl~

Detection Limit

DM 1

DM 2
i
DM 3

DM 4

DM 5

DM 6

DM 7

DM B

DM 9

DP 1

DP 2S

DP 2D

DP 3

DP 4

DP 5

DP 6

220,000

2,600,000

-

12,000,000

1,000,000

7,800,000

47,000,000

82,000,000

6,800,000

9,200,000

-

16,000,000

30,000,000

24,000,000

6,200,000

4,000,000

so,

180,000

3,000

-

270,000

320,000

650,000

95,000

220,000

260,000

100,000

-

180,000

36,000

130,000

230,000

59,000

Phenol

4

20

4

8

12

100

12

76

1,200

16

53

44

28

160

12

260

Pb

240

360

-

230

180

120

60

1,800

8,100

-

-

-
-

-

-

CR

60

75

-

110

60

64

140

110

130

-

-

-

-

-

-

Allyl
Chloride

l,000ppb

N.D.

N.D.

-

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

-

-

-

• -

-

-

PHT. PDB

lOppb .Olppb

N.D. N.D.

N.D. N.D.

.083

N.D. N.D.
i

N.D. 20

N.D. N.D.

N.D., N.D.

N.D. 130

N.D. N.D.

.17

-

- .12

.075

.058

.067

.19

ED1A

l.OOOppb

N.D.

N.D.

-

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

-

-

-

-

-

-

Hexabronobenzena

lOppb

N.D.

N.D.

-

N.D.

N.D.

N.D.
//

N.D/

N.D.

N.D.

-

-

-

-

-

-

TRIS DMAE

lOppb l.OOOppb

N.D. N.D.

N.D. N.D.

-

N.D. N.D.

N.D. 20,000

N.D. N.D.

N.D. N.D.

N.D. N.D.

N.D. N.D.
2*N.D/

-
2*N.D/
2*N.D/

N.D.2*
2*N.D/
2*N.D.

CCL.

lOppb

30

N.D.

30 March 12

N.D.

N.D.

80

20

30

N.D.

27 *2D.L.

38

30 *2D.L.
*222 *D.L.

.3 *2D.L.

2.6 *2D.L.

59 '̂ L.

, 1979

4000 ppb

4000 ppb

4000 ppb

4000 ppb

4000 ppb

4000 ppb



TABLE 4-2

WATER QUALITY INDICATORS
OF GROUND WATER SAMPLES

WATER SAMPLE

DM-1

DM-2

DM-3

DM-4

DM-5

DM-6

DM-7

DM-8

DM-9

Plant Water

WATER QUALITY
INDICATOR

49

48

*

61

65

86

65

79

65

27

*No sample was taken.



TABLE 4-3

GROUND-WATER PBB CONCENTRATIONS

WATER SAMPLE

DM-1

DM-2

DM-3

DM-4

DM-5

DM-6

DM-7

DM-8

DM-9

Plant water

DP-1

DP-2S

DP-2D

DP-3

DP-4

DP-5

DP-6

PHASE I
(us/l)

ND*

ND*

—

ND*

0.02

ND*

ND*

0.13

ND*

ND*

—

—

—

—

—

—

—

PHASE II
(ug/D

—

—

0.083

—

0.35

—

—

1.3

—

—

0.17

—

0.12

0.075

0.058

0.067

0.19

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

*Detection limit - 0.01 ug/1.



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 m (3.5 ft) 11

Surface Soil (Phase II) 19

Subsurface Soil (Phase II) 5

Velsicol Surface Soil 31

Velsicol Subsurface Soil 12

DNR Surface Soil 4

DNR Subsurface Soil 12



TABLE 4-5

SUMMARY OF SURFACE SOIL CHEMICAL ANALYSES

PARAMETER

Ammonia-N

Chloride

Nitrate-N

Sulfates

Chromium (Total)

Copper

Lead

Magnesium

Zinc

Allyl Chloride

Carbon Tetrachloride

DMAE

EDTA

HBB

PBB

Phenols

PHT4

Tris

RANGE
(mg/kg)

3.0

2.8

<0.01

<U

4.4

8.4

7.2

380

20

<7.0

<0.062

0.13

<0.016

<0.60

- 330

- 2900

- 17

- 5900

- 51

- 410

- 11000

- 120000

- 2700

*

*

- 14

*

- 58

- 53000

- 4.2

*

- 4700

GEOMETRIC
MEAN
(mg/kg)

36

42

0.16

38

16

47

92

6900

86

*

*

3.9

*

2.4

7.9

0.26

*

4.7

GEOMETRIC
STANDARD
DEVIATION NUMBER OF
(mg/kg) SAMPLES

1.1

1.0

3.1

1.0

1.2

1.0

1.0

1.0

1.0

*

*

1.4

*

1.0

1.0

4.3

*

1.0

24

24

24

24

24

24

24

24

24

24

24

37

24

37

37

24

24

38

*Not detectable.
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r

SS 6A
SS 6B
SS 7A
SS 7B
SS 8A
SS 8B
SS 9A
SS IDA
SS 10B
SS 11A
SS 12A
SS 12B
SS 13A

,JS 14A
SS 14B
SS ISA
SS 15B

0 ft
1 ft
0 ft1 ft
0 ft
2 ft
0 ft
0 ft
1 ft
0 ft
0 ft1 ft
2 ft
0 ft
1 ft
0 ft
1 ft

<160
360
640
320

<170
430
420

4,2001
320J
650
340

<170
<160
•aeo
4160
160
310

220,000
49,000
43,000
84,000
14,000
38,000
64,000

105,000
2,900

45,000
310,000
130,000

11,000,000]
17,000
5,200

120,000
3,800

*£
j
C fl
0 Q
"jj "
u o
ffi O
•O O
w to
w
fl
0
•
Q
C
S

SS 3 S
S3 3 D
SS 10 S
SS 11 S
SS 11 D
SS 12 S
SS 12 D

0 ft
1 ft
0 ft
0 ft
1 ft
0 ft
1 ft

29,000- 15,000 .
2,600 N.D.'
3,800- 3 720 .

420 J N.D.'
10,000 - 1,900

64 fi f r 45
5,800" Tl 2,300

34,000 Co 56,000 -
24 €"l N.D.'

1,300 ~H 570
7,400- .3 2,000

98 •§ 51 .
1,400- J N.D.

14,000' | 2,800
160 S 100

18,000 B 35,000
160 S 300

MUCH 12, 1979 RESAWIE RESULTS

2,000 - 1,100

4,700,000
3,200,000 '
N.D.
N.D.
N.D.
N.D.
2,800

N.D.
N.D.

1,000,000
8,900
11,000
N.D.
N.D.
N.D.
N.D.
N.D.

8,000
53,000
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.

• N.D.
N.D.
N.D.
N.D.
N.D.

*.

K

jT
ic
t
•{j\1
c
|

930,000
1,200,000

2,500
1,300

Detection limit 8,000 ppb
N.D.
N.D.

I



TABLE 4-6

SUMMARY OF SUBSURFACE SOIL CHEMICAL ANALYSES

PARAMETER

Ammonia-N

Chloride

Nitrate-N

Sulfates

Chromium (Total)

Copper

Lead

Magnesium

Zinc

Allyl Chloride

Carbon Tetrachloride

DDT & Analogs

DMAE

EDTA

HBB

PBB

Phenols

PHT4

Tris

RANGE
(mg/kg)

2.5

4.3

<0.01

<10

4.8

5.2

3,3

33

1.2

<0.03

0.55

<7.0

<0.02

<0.02

<0.15

<0.60

- 390

- 4700

- 15

- 740

- 43

- 380

- 3700

- 130000

- 290

*

- 0.06

- 13

- 53

*

- 2.4

- 2.6

- 2.0

*

- 3200

GEOMETRIC
MEAN
(mg/kg)

24

100

0.10

58

13

26

32

3100

32

*

0.02

2.7

4.5

*

0.10

0.13

0.23

*

1.5

GEOMETRIC
STANDARD
DEVIATION
(mg/kg)

1.1

1.0

3.9

1.0

1.2

1.1

1.0

1.0

1.1
*

27

1.2

1.2

*

6.2

5.5

5.5

*

1.0

NUMBER OF
SAMPLES

20

20

20

20

20

20

20

20

20

20

20

2

21

20

20

20

20

20

22

*Not detectable.



TABLE 4-7

INDICATORS
OF BOREHOLE SOIL SAMPLES

BOREHOLE

Dtt-1

DM-2

DM-3

DM-4

DM-5

DM-6

DM-7

DM-8

DM-9

SURFACE

62

68

63

57

67

84

41

' 85

37

INDICATOR
SOIL SUBSURFACE SOIL

65

89

52

40

30

41

45

65

73



TABLE 4-8

INDICATORS OF STANDARD SOIL SAMPLES

SOIL SAMPLE

SS-1

SS-2

SS-3

SS-4

SS-5

SS-6

SS-7

SS-8

SS-9

SS-10

SS-11

SS-12

SS-13

SS-14

SS-15

SURFACE

82

63

97

164

113

138

117

65

119

118

127

112

95

70

106

INDICATOR
SOIL SUBSURFACE SOIL

115

92

137

-

162

145

114

147

-

100

-

142

-

102

107



TABLE 4-9

SUMMARY OF PBB CONCENTRATIONS IN THE SOIL

SAMPLE

DM-1
DM-2
DM-3
DM-4
DM-5
DM-6
DM-7
DM-8
I»i-9

SS-1
SS-2
SS-3
SS-4
SS-5
SS-6
SS-7
SS-8
SS-9
SS-10
SS-11
SS-12
SS-13
SS-14
SS-15

DS-1
DS-2
DS-3
DS-4
DS-5
DS-6
DS-7
DS-8
DS-9
DS-10
DS-11
DS-1 2

DS (comp.) 1-12

SURFACE
(mg/kg)

0.60
12
0.87
3.2
5.2
0.19
0.13

1100
36

0.68
0.28
1.2

92
5.0
29
3.8
10
5.8
34
1.3
7.4
1.4
1.4
1.8

—
-
.
-
-
-
-
-
-
-
-
—

-

PHASE I
SUBSURFACE
(mg/kg)

0.95
2.5
0.43
*

0.23
*
*

0.90
0.79

*
0.045
*
-

0.55
2.6
0.42
0.064
-

0.024
-

0.098
-

0.16
0.16

—
-
-
-
-
-
-
-
-
-
_
—

-

PHASE II
SURFACE
(mg/kg)

_
-
-
-
-
-
-
-
—

—
-
-
-
-
-
-
-
-
2.0
-
-
-
-
—

34
*
36
0.84

250
3.6
4.3

53000
11
240
6.5
34

3100

SUBSURFACE
(mg/kg)

_
-
-
-
-
-
-
-
—

—
-
_
-
-
-
-
-
-
-
-
-
-
-
—

—
_
-
-
-
-
-
-
-
-
-
-

-

*Not detectable
-No sample taken



TABLE 4-10

SUMMARY OF SOIL AND SEDIMENT PBB CONCENTRATIONS

TYPE OF SAMPLE

Surface Soil

Subsurface Soil

Sediment

SUMMARY

TYPE OF SAMPLE

Pine River Water

Ground Water

Plant Effluent

GEOMETRIC
RANGE MEAN
(mg/kg) (mg/kg)

0.11 - 53000 12

0.0005 - 2.6 0.041

<0.001 - 180 0.12

GEOMETRIC
STANDARD
DEVIATION
(mg/kg)

1.0

9.1

1.1

NUMBER
OF

SAMPLES

74

39

55

OF WATER AND EFFLUENT PBB CONCENTRATIONS

GEOMETRIC
RANGE MEAN
(ug/D (ug/D

<0.01 - 24 0.16

<0.01 - 1.3 0.12

<0.1 - 503 1.8

GEOMETRIC
STANDARD
DEVIATION
(ug/D

2.5

8.1

1.0

NUMBER
OF

SAMPLES

100

11

61

NOTES: - Surface and subsurface soil 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 sealed.



TABLE 5-1

SUMMARY OF PLANT SITE SOIL LOSS CONDITIONS

DRAINAGE
BASIN

Ai
A2

Bl

B2

Cl

C2

C3

c4
Dl

D2

Ej

E2

E3

F

G

AREA
km

6.537xlO~5

1.903xlO~3

3.332xlO~2

1.834xlO~3

1.002xlO~2

1.033xlO~2

— IL
9.401x10

1.078xlO~3

2.360xlO~3

2.522xlO~3

1.377xlO~2

2.222xlO~3

—L
4.356x10

1.639xlO~3

3.795xlO~3

ACRES

1.616

0.4704

8.238

0.4534

2.477

2.555

0.2324

0.2664

0.5835

0.6235

3.404

0.5493

0.1077

0.4053

0.9381

RAINFALL FACTOR (R)
AVERAGE

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

RANGE

31 -

31 -

31 -

31 -

31 -

31 -

31 -

31 -

31 -

31 -

31 -

31 -

31 -

31 -

31 -

161

161

161

161

161

161

161

161

161

161

161

161

161

161

161

SOIL
ERODIBILITY
FACTOR
(K)

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

0.16

LENGTH-SLOPE FACTOR (LS)

LENGTH
(ft)

186

7

422

7

944

318

15

20

35

33

367

168

20

167

198

CHANGE IN
ELEVATION

(ft)

2.5

5.0

4.0

5.0

4.0

4.0

5.0

12

16

2.0

6.0

5.0

10

5.0

4.0

CONSERVATION
PRACTICE
FACTOR
(CP)

0.45

0.011

0.045

0.011

0.045

0.045

0.011

0.011

0.011

0.011

0.45

0.45

0.011

0.011

0.011



TABLE 5-2

SOIL LOSS DUE TO SURFACE RUNOFF EROSION

DRAINAGE
BASIN

Al

*2
Bl
B2
Cl
C2

C3
C4
Dl
D2
El
E2
E3
F

G

SOIL LOSS FOR VARIOUS RAINFALL FACTORS
(metric tons/year)

R - 100

1.9

0.34

10

0.33

3.0

3.4

0.11

0.31

0.68

0.039

5.6

1.2

0.10

0.022

0.037

R - 35

0.67

0.12

3.6

0.12

1.0

1.2

0.036

0.11

0.24

0.014

2.0

0.42

0.035

0.0076

0.012

R - 161

3.1

0.55

17

0.53

4.8

5.6

0.17

0.49

1.1

0.063

9.1

1.9

0.16

0.035

0.060

TOTALS 27 9.6 45



TABLE 5-3

SUMMARY OF SURFACE SOIL PBB CONCENTRATIONS

DRAINAGE RANGE
BASIN (mg/kg)

Aj 1.3 - 36

A£ 1.5 - 510

BX 0.79 - 92

B2
Cl
C2 0.19 - 53000

C3
C4
Dl
D2
El
E2 0.68 - 12

IT ME3
F

G

GEOMETRIC
MEAN
(mg/kg)

6.5

12

6.6

10

0.33

31

-

0.22

0.28

0.38

1.1

2.2

-

-

.

GEOMETRIC
STANDARD NUMBER
DEVIATION OF
(mg/kg) SAMPLES

1.2 9

1.0 3

1.1 13

1

1

1.0 11

0

1

1

1

1

2.0 3

0

0

0



TABLE 5-4

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

PBB LOADING (g/yr)

DRAINAGE
BASIN

Ax

*2

Bl

B2

Cl

C2
C3
C4

Dl
D2

E!
E2

E3
F

G

AVERAGE
RAINFALL
FACTOR
(R - 100)

12

4.1

130

3.3

0.99

100

0

0.068

0.19

0.015

6.2

2.6

0

0

0

HIGH
RAINFALL
FACTOR
(R - 161)

20

7.2

221

5.3

1.6

170

0

0.11

0.31

0.024

10

4.2

0

0

0

TOTALS 260 440
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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, medium-size, collapsible live-traps were baited with

sardines and set at various locations. The traps were concentrated in 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. Weights

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 CHEMICAL ANALYSES FOR SOIL AND WATER SAMPLES



RESULTS OF SOIL ANALYSES

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

October 31, 1978
ERG/'

AA 25611

AA 25612

AA 25613

, AA 25614
1 AA 25615

AA 25616

AA 25617

AA 25618

AA 25619

AA 25620

AA 25621

AA 25622

AA 25623

AA 25624

AA 25625

AA 25626

AA 25627

AA 25628

Sample ID

10167-002
DM1 ill 1"

10637-002
DM1 #2 3.5"

DM2 n o"
DM2 #2 3.5"

DM3 #1 0"

DM3 £2 3.5"
DM4 $1 1"
DM4 #2 3.5"

DM5 #1 0"

DM5 #2 3.5"

DM6 $1 0"
DM6 02 3.5"

DM7 #1 0"

DM7 #3 7.5"

DM8 #1 0"

DM8 02 3.5"

DM9 ill 0"
DM9 n 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

NH -j)
Wet

250

13

48
83
26
65
24
350
16
5.2
60
26
4.8
17
41
2
21
14

Dry

290

15

54
97
28
87
26
390
19
5.7
78
30
4.9
20
48
2.6
22
16

NO -N C
Wet Dry Wet

15 17 53

13 15 190

<.l <.ll 28
.24 .29 390
1.6 1.7 1500
<.l <.13 3500
,53 .56 270

<,1 <.ll 540
.28 .32 51

<.l <.ll 23
.35 .45 490

<.l <.ll 700
<,1 <.10 3.0
<.l <,12 2000
.1 .12 800
.63 .83 2100

<.l <.ll 28
1.1 1.2 1400

r
Dry

62

220

32
460
1600
4700
290
600
59
25
640
800
3.1

2400
930
2800
30

1600



ERG/' Sample ID Date SO, Phenol 7. Moisture

AA 25611

AA 25612

AA 25613

AA 25614

AA 25615

AA 25616

i AA 25617
NJ

' AA 25618

AA 25619

AA 25620

AA 25621

AA 25622
AA 25623

AA 25624

AA 25625

AA 25626

AA 25627

AA 25628

10167-002
DM1 //I 1"

10637-002
DM1 #2 3.5"

DM2 ill 0"

DM2 n 3.5"

DM3 #1 0"

DM3 n 3.5"
DM4 #1 1"

DM4 #2 3.5"

DM5 #1 0"

DM5 n 3.5"
DM6 #1 0"
DM6 02 3.5"
DM7 #1 0"
DM7 #3 7.5"
DM8 #1 0"
DM8 #2 3.5"
DM9 ffl 0"

DM9 #2 3.5"

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

88
430
35
40
<10
4
22

5100
97
<10
140

Dry

92

200

11
580
28
47
11
98
500
38
52
12
4
26

5900
130
11
160

Wet

.60

.30

.30

.30

.30
<.15

<'l5
<.15
<.15
.60

<.30
.60

<-30
1.0
<.15
<.15
1.8

Dry

.70

.34

.34

.36

.32
<.20
\ • ID

<.17

v . lo

.78
<.34
.62

<.36
1.2
<.20
<.16
2.0

14

12

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



E.RG/-' Sample ID Date Total Zn Total Mg Total Cu

AA 25611

AA 25612

AA 25613

AA 25614

AA 25615

AA 25616

AA 25617
AA 25618

AA 25619

AA 25620

AA 25621

AA 25622

AA 25623

AA 25624

AA 25625

AA 25626

AA 25627

AA 25628

10167-002
DM1 #1 1"

10637-002
DM1 n 3.5"

DM2 HI 0"

DM2 #2 3.5"

DM3 #1 0"

DM3 12 3.5"
DMA 11 1"

DMA 92 3.5"
DM5 #1 0"

DM5 #2 3.5"
DM6 #1 0"

DM6 #2 3.5"
DM7 tfl 0"

DM7 #3 7.5"
DM8 #1 0"

DM8 #2 3.5"
DM9 #1 0"

DM9 02 3.5"

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

44

75

80
100
24
49
280
20
88
7.1

140
63
19
34
54
40
22
1.1

Dry

51

85

90
120
26
65
300
22
100
7.8

180
72
20
41
63
53
23
1.2

Wet

330

5400

6300
2000
4700
9300
4000
800
7200
2900
8900
1400
15000
2000
3100
97000
11000

29

Dry

380

6100

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

130000
12000

33

Wet

19

9.8

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

Dry_

22

11

44
24
12
12
4.8
28
23
7.0
16
31
15
14
22
10
8.4

43



ERG/-' Sample ID Date Total Cu Total Pb

AA 25611

AA 25612

AA 25613

AA 25614

AA 25615

AA 25616

AA 25617

AA 25618

T" AA 25619

AA 25620

AA 25621

AA 25622

AA 25623
AA 25624

AA 25625

AA 25626

AA 25627

AA 25628

10167-002
DM1 //I 1"

10637-002
DM1 #2 3.5"

DM2 #1 0"

DM2 #2 3.5"

DM3 #1 0"

DM3 #2 3.5"

DM4 11 1"

DM4 #2 3.5"
DM5 #1 0"
DM5 n 3.5"
DM6 ffl 0"
DM6 #2 3.5"
DM7 #1 0"
DM7 #3 7.5"
DM8 *1 0"

DM8 n 3.5"
DM9 #1 0"

DM9 n 3.5"

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

18

33

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

Dry

21

38

46

160

10

15
22
11
41
11
110
130
8.4
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

Dry

63

19

250
3700

7.2
23
18
33
160
3.3
8.2
6.6

3000
11
330
78
24
610



ERG/-' Sample ID Date Allyl chloride PHT,

AA 25611

AA 25612

AA 25613

AA 25614

AA 25615

AA 25616

AA 25617

AA 25618

AA 25619

AA 25620

AA 25621

AA 25622

AA 25623
AA 25624

AA 25625

AA 25626

AA 25627

AA 25628

10167-002
DM1 //I 1"

10637-002
DM1 n 3.5"
DM2 n o"
DM2 n 3.5"

DM3 ffl 0"

DM3 #2 3.5"
DM4 #1 1"
DM4 #2 3.5"
DM5 *1 0"
DM5 92 3.5"
DM6 #1 0"
DM6 #2 3.5"
DM7 tfl 0"
DM7 #3 7.5"
DM8 01 0"

DM8 #2 3.5"

DM9 til 0"
DM9 ti2 3.5"

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

Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Dry

Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Wet

Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Dry

Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Detection Limit: 5.0 6.0 .10 .20



f
EKCi* Sample ID Date PBB EDTA

AA 25611

AA 25612

AA 25613

AA 25614

AA 25615
AA 25616
AA 25617

, AA 25618
* AA 25619

AA 25620
AA 25621

AA 25622

AA 25623

AA 25623

AA 25624

AA 25625

AA 25626

AA 25627

10167-002
DM1 #1 1"

10637-002
DM1 //2 3.5"

DM2 #1 0"

DM2 #2 3.5"

DM3 #1 0"

DM3 02 3.5"
DM4 #1 1"

DM4 12 3.5"
DM5 #1 0"
DM5 #2 3.5"
DM6 #1 0"
DM6 92 3.5"
DM7 #1 0"
DM7 #3 7.5"
DM8 #1 0"
DM8 #2 3.5"
DM9 #1 0"
DM9 n 3.5"

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

Dry

.60

.95

12
2.5
.87 _
.43
3.2

Non Detectable
5.2
.23
.19

Non Detectable
.13

Non Detectable
1100

.90
36
.79

Wet

Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Dry

Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Detection Limit: .02 .02 1.0 1.5



1-KG/'

AA 25611

AA 25612

AA 25613
AA 25614

AA 25615

AA 25616

AA 25617

AA 25618

ii AA 25619i
AA 25620
AA 25621

AA 25622

AA 25623

AA 25624

AA 25625

AA 25626

AA 25627

AA 25628

Detection

Sample ID

10167-002
DM1 ill 1"
10637-002
DM1 #2 3.5"
DM2 n o"
DM2 n 3.5"
DM3 #1 0"

DM3 n 3.5"
DM4 //I 1"

DM4 n 3.5"
DMS n o11
DM5 n 3.5"
DM6 #1 0"

DM6 92 3.5"

DM7 #1 0"

DM7 #3 7.5"

DMS #1 0"

DMS n 3.5"

DM9 n o"
DM9 n 3.5"

Limit:

i

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

s— •

Hexabromobenzene
Wet

Non Detectable

Non Detectable

.84

.71

.20
2Non Detectable

1.2
2

Non Detectable
1.1
.38
.062

2Non Detectable
,073

Non Detectable
58
.051

Non Detectable
2.4

1. 1.4
2. .02

Dry

Non Detectable

Non Detectable

.94

.83

.22
2Non Detectable

1.3
2

Non Detectable
1.3
.42
.076

2Non Detectable
.075

Non Detectable
66
.064

Non Detectable
2.7

1. 1.4
2. .02

s

THIS
Wet

Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

7.1
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable

.60

Dry
Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

9.3
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

1.0



Sample ID Date DMAE CC1

AA 25611

AA 25612

AA 25613

AA 25614

AA 25615

AA 25616

AA 25617

i AA 25618
00
1 AA 25619

AA 25620

AA 25621

AA 25622

AA 25623
AA 25624

AA 25625

AA 25626

AA 25627
AA 25628

10167-002
DM1 #1 1"
10637-002
DM1 n 3.5"

DM2 #1 0"

DM2 #2 3.5"

DM3 #1 Ol(

DM3 n 3.5"

DMA //I 1"

DMA n 3.5"
DM5 #1 0"

DM5 #2 3.5"

DM6 #1 0"

DM6 n 3.5"

DM7 11 0"
DM7 #3 7.5"

DM8 #1 0"

DM8 #2 3.5"

DM9 n o"
DM9 n 3.5"

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

Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Dry

Non Detectable

Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Wet

Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable

.03
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Dry

Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable

.04
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Detection Limit: 5.0 7.0 .02 .03



LKC.ff Sample ID Date NH^-N NO -N ri

AA 25629
AA 25630

AA 25631

AA 25632

AA 25633

AA 25634

AA 25635

AA 25636

AA 25637

AA 25638

AA 25639
AA 25640

AA 25641

AA 25642

AA 25643
AA 25644

AA 25645
AA 25646
AA 25647

AA 25648

AA 25649

SS-1A

SS-1B

SS-2A

SS-2B

SS-3A

SS-3B

SS-4A

SS-5A

SS-5B

SS-6A

SS-6B
SS-7A

SS-7B

SS-8A

SS-8B

SS-9A

SS-IOA

SS-IOB

SS-11A

SS-12A

SS-12B

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

Wet

86
74
48
2.4
77
120
36
80
38
93
7.4
24
26
16
2.9
12
300
130
33
2.6
9.4

Dry

93
82
53
2.5
86
140
40
85
53
99
8.7
35
28
18
4.2
17
330
140
35
3.0
11

Wet Dry

<.01

<.01

<.01
<.01

<.01
.05
.38
.14
.09

<.01
<.01
2.0
.57
.13
.83
.82
.24
.06
.12
.06
.04

<.01
<.01

<.01
<.01
<.01

.06

.42

.15

.13
<.01
<.01
2.9
.61
.15

1.2
1.1
.26
.06
.13
.07
.05

Wet

10
44
27
10
37
170
56
3.9
4.0
43
140
270
20
2.5
11

2100
4.6
4.0
15
8.3
19

Dry

11
49
30
10
41
195
62
4.1
5.6
46
160
390
22
2.8
16

2900
5.0
4.3
16
9.4
22



ERG-''

.AA 25650

AA 25651

AA 25652

AA 25653
AA 25654

AA 25664

AA 25665
i AA 25666
_4

? AA 25667

Sample ID

SS-13A

SS-14A

SS-14B

SS-15A

SS-15B

DM1 sand
DM2 sand

10637-002 mud
DM8 Portland

Date

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

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

NH
Wet

29

6.6

13

14

12

.80
1.2
1.6
<.4

-N
Dry

30
6.9
14
15
12

.85
1.3
1.6
<.4

NO -N
Wet Dry

.60

.13

.09

.45

.03

5.4
.62

5.7
.30

.64

.14

.10

.48

.03

5.7
.66

5.7
.30

Cl
Wet

32
5.8
8.8
4.0

11

.90
1.1
8.0
14

Dry

34

6.0

9.7
4.3

11

.96
1.2
8.0
14

Cement Grout



ERG// Sample ID Date SO, Phenol

AA 25629

AA 25630

AA 25631

AA 25632

AA 25633

AA 25634

AA 25635
AA 25636

AA 25637

M AA 25638M
1 AA 25639

AA 25640

AA 25641

AA 25642
AA 25643

AA 25644

AA 25645

AA 25646

AA 25647

AA 25648

AA 25649

SS-1A

SS-1B

SS-2A

SS-2B

SS-3A

SS-3B

SS-4A

SS-5A

SS-5B

SS-6A

SS-6B

SS-7A

SS-7B

SS-8A

SS-8B

SS-9A

SS-10A

SS-10B

SS-11A

SS-12A

SS-12B

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
4.1

510
230
<10
13
18
<10
270

— *t Dry

48
39
<11
41
14
46
290
79
170
14
26
64
<11
4.6

740
320
<11
14
19
<11
310

Wet

<.15

.90
<.15
<.15
.30
.30
.30
.30
.30

<.15
.30
.45
.30

<.15
.30
.30

3.9
.30
.60
.30

<.15

Dry— mjL.

1.0
<.16
<.15
.33
.34
.33
.32
.42

<.16
.36
.64
.32

<.17
.43
.42

4.2
.32
.65
.34

< 17

% Moisture

8
10
9
3
10
13
9
6
28
6
15
31
7
12
31
28
8
7
7
12
14



ERG/' Sample ID Date SO, Phenol

NJ
t

AA 25650

AA 25651

AA 25652
AA 25653
AA 25654

AA 25664

AA 25665
AA 25666

AA 25667

SS-13A
SS-14A
SS-14B
SS-15A
SS-15B

DM1 sand
DM2 sand

10637-002 mud
DM8 Portland

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

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

Wet

540
11
49
120
<10

8.6
18
440

17000

Dry

570
11
54
130
<10

9
19
440

17000

Wet Dry

\ . i.j \ . J.&

\ » 1 D ' . 16

\ * ij ' • 16

<.15 .16
.30 .31

\ i 1.5 \ , 16

N • 15 ' • 16

.30 .30
<.15 <.15

Moisture

6
4
9
7
4

5.6
6.0
2
1

Cement Grout



ERG/-' Sample ID Date Total Zn Total Mg Total Cr

AA 25629

AA 25630

AA 25631

AA 25632

AA 25633
AA 25634

AA 25635
AA 25636

AA 25637

AA 25638

AA 25639

AA 25640

AA 25641

AA 25642

AA 25643

AA 25644

AA 25645
AA 25646

AA 25647
AA 25648

AA 25649

SS-1A

SS-1B

SS-2A

SS-2B

SS-3A

SS-3B

SS-4A

SS-5A

SS-5B

SS-6A
SS-6B

SS-7A

SS-7B

SS-8A

SS-8B

SS-9A

SS-IOA

SS-IOB

SS-11A
SS-12A

SS-12B

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

46
37
21
13
23
4.9

2500
77
210
150
36
55
26
31
67
95
290
19
89
220
82

Pry

50
41
23
13
26
5.6 '

2700
82
290
160
42
80
28
35
97
130
320
20
96
250
95

Wet

3100
950

11000
4700
1800
93

12000
2300
28000
4600
9500
82000
730

22000
86000
66000
8500
490
2800
6800
26000

— - -a

Dry
1 *N»

3400
1100
12000
4800
2000
110

13000
2400
39000
4900
11000
120000

780
25000
120000
92000
9200
530
3000
7700
31000

Wet

29
12
35
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

Dry

32
13
38
9.2
7.8
8.2
51
23
36
19
12
26
12
18
17
7.2
8.6
5.4
4.4
19
4.8



ERCP Sample ID Date Total 2n

AA 25650

AA 25651
AA 25652
AA 25653
AA 25654

AA 25664

AA 25665
AA 25666

AA 25667

SS-13A
SS-14A
SS-14B
SS-15A
SS-15B

DM1 sand
DM2 sand

10637-002 mud
DM8 Portland

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

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

Wet

90
36
14
120

15

<.27
<.37
12
2.7

Dry

96
38
15
130
16

<.29
<.36
12
2.7

4 \J k U .L

Wet

1000

8800

360

4700
7000

110
9800 '
170

11000

**tf
Pry

1100
9200
400
5100
7300

120
10000
. 170
11000

* vs i_a j.

Wet

14
8.4
4.9
10
6.9

21
3.0
<.53
46

\-»i
Dry

15

8.8

5.4
11
6.9

22
3.2
<.53
46

Cement Grout



KRC// Sample ID Date Total Cu Total Pb

Ln
I

AA 25629

AA 25630

AA 25631
AA 25632

AA 25633

AA 25634

AA 25635

AA 25636
AA 25637
AA 25638

AA 25639

AA 25640

AA 25641

AA 25642

AA 25643

AA 25644

AA 25645
AA 25646

AA 25647

AA 25648
AA 25649

SS-1A

SS-1B

SS-2A

SS-2B

SS-3A

SS-3B

SS-4A

SS-5A

SS-5B

SS-6A

SS-6B

SS-7A
SS-7B

SS-8A

SS-8B

SS-9A

SS-IOA

SS-IOB

SS-11A

SS-12A

SS-12B

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

220
12
15
7.8
11
5.0

360
43
270
150
32
46
12
17
19
53
46
82
76
360
48

Dry

240
13
16
8.0
12
5.7

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

Wet

78
49
12
7.8

190
29
110
250
120
210
42
30
78
12
26
46
97
2.7
42
270
110

Dry
• i M m •

85
54
13
8.0

210
33
120
270
170
220
49
43
84
14
38
64
105
2.9
45
310
130



ERG 4 Sample ID Date Total Cu Total Pb

AA 25650

AA 25651

AA 25652

AA 25653
AA 2565A

AA 25664

AA 25665
AA 25666
AA 25667

SS-13A
SS-14A
SS-14B
SS-15A
SS-15B

DM1 sand
DM2 sand

10637-002 mud
DM8 Portland

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

10/16

10/16
10/16
10/16

Wet

100
13

4.7
54
8.1

1.4
4.3
1.3

36

Dry

110
14

5.2
58
8.4

1.5
4.6
1.3

36

Wet

10000

16

4.7

110

3.7

<2.2
<1.1
4.2

<1.5

Dry

11000
17

5.2
120
3.8

<2.3
<1.2
4.2

<1.5
Cement Grout



ERG ft Sample ID Date Allyl chloride

AA 25629

AA 25630

AA 25631
AA 25632

AA 25633
AA 25634
AA 25635
AA 25636

AA 25637
AA 25638

f AA 25639
AA 25640
AA 25641
AA 25642

AA 25643
AA 25644

AA 25645

AA 25646

AA 25647

AA 25648

AA 25649

SS-1A

SS-1B

SS-2A

SS-2B

SS-3A

SS-3B
SS-4A
SS-5A
SS-5B
SS-6A
SS-6B
SS-7A

SS-7B

SS-8A
SS-8B
SS-9A
SS-10A

SS-10B

SS-11A

SS-12A

SS-12B

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

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable

Dry

Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Wet

Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

PHT.
Dry

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable

Detection Limit: 5.0 6.0 .10 .20



001

ERG/' Sample ID Date

AA 25650
AA 25651
AA 25652
AA 25653
AA 25654

AA 25664
AA 25665
AA 25666
AA 25667

SS-13A
SS-14A
SS-14B*»*
SS-15A
SS-15B

DM1 sand
DM2 sand

10637-002 mud
DM8 Portland

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

10/1
10/1
10/1
10/1

Al ly1 chloride
Wet

Non Detectable
Non Detectable
NMK Detectable
._jBr̂

Non Detectable
Non Detectable

10/16 Non Detectable
10/16 Non Detectable
10/16 Non Detectable
10/16 Non Detectable

Pry

Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable

PHT,
Wet

Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable

Cement Grout

Detection Limit: 5.0 7.0 .10 .20



EKGtf Sample ID Date PBB EDTA

AA 25629

AA 25630

AA 25631
AA 25632

AA 25633
AA 25634
AA 25635
AA 25636
AA 25637
AA 25638
AA 25639
AA 25640

AA 25641
AA 25642

AA 25643
AA 25644

AA 25645

AA 25646

AA 25647
AA 25648

AA 25649

SS-1A

SS-1B

SS-2A

SS-2B

SS-3A

SS-3B
SS-4A
SS-5A
SS-5B
SS-6A
SS-6B
SS-7A
SS-7B
SS-8A
SS-8B
SS-9A

SS-10A

SS-10B

SS-11A

SS-12A

SS-12B

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

.63
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

Dry

.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

Wet

Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable

Detection Limit: .02 .02 1.0 1.5



ERG?-' Sample ID Date PBB

1
to
O
I

AA 25650

AA 25651
AA 25652
AA 25653

AA 25654

AA 25664

AA 25665
AA 25666

AA 25667

SS-13A
SS-14A
SS-14B

SS-15A

SS-15B

DM1 sand
DM2 sand

10637-002 mud
DM8 Portland

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

9/27

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

Wet

1.3
13
.14

17
.15

Non Detectable
Non Detectable
Non Detectable

Non Detectable

PJZ

1.4

14
.16

18
.16

Non Detectable
Non Detectable
Non Detectable

Non Detectable

EDTA
Wet

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable

Non Detectable

Dry

Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable

Non Detectable
Cement Grout

Detection Limit: .02 .02 1.0 1.5



ERG/-1 Sample ID Date Hexabromobenzene TRIS

AA 25629

AA 25630

AA 25631

AA 25632

AA 25633
AA 25634

AA 25635

AA 25636
AA 25637
AA 25638
AA 25639
AA 25640
AA 25641
AA 25642

AA 25643
AA 25644

AA 25645

AA 25646

AA 25647
AA 25648

AA 25649

Detection

SS-1A

SS-1B

SS-2A

SS-2B

SS-3A

SS-3B

SS-4A

SS-5A

SS-5B

SS-6A
SS-6B
SS-7A

SS-7B

SS-8A

SS-8B

SS-9A

SS-10A

SS-10B

SS-11A

SS-12A'

SS-12B

Limit:

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

.80

.020
2.2
1.8

1.1
.021

40
21

Non Detectable

14

Non Detectable
.54

2Non Detectable
1.7
.034
1.8
52

2Non Detectable

.53
1.8
.044

1. 1.4
2. .02

Dry

.87

.023
2.4
1.9
1.2
.024

44
23

Non Detectable
15

Non Detectable
.72

2
Non Detectable

1.9
.045

2.3
56

2Non Detectable

.57
2.0
.051

1. 1.4
2. .02

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

Dry

Non Detectable

Non Detectable
Non Detectable
Non Detectable

17
2.2

620
6.8

Non Detectable

4700
3200

Non Detectable

Non Detectable
Non Detectable
Non Detectable

2.8
Non Detectable
Non Detectable

1000
8.9
11

1.0



ERG" Sample ID Date Hexabromobenzene

1
SJto1

AA 25650

AA 25651

AA 25652

AA 25653
AA 25654

AA 25664

AA 25665
AA 25666
AA 25667

SS-13A
SS-14A
SS-14B
SS-15A
SS-15B

DM1 sand
DM2 sand

10637-002 mud
DM8 Portland

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

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

Wet

Non Detectable
2.7
.09

33
.28

2Non Detectable
2Non Detectable
2Non Detectable
2Non Detectable

Dry

Non Detectable
2.8
.10

35
.30

2Non Detectable
2Non Detectable
2Non Detectable
2Non Detectable

TRIS
Wet

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable

Dry

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable

Cement Grout

Detection Limit: 1.
2.

1.4
.02

1.
2.

1.4
.02

.60 1.0



ERG# Sample ID Date

Iro

AA 25629

AA 25630

AA 25631
AA 25632

AA 25633
AA 25634
AA 25635

AA 25636

AA 25637
AA 25638

AA 25639
AA 25640

AA 25641
AA 25642

AA 25643

AA 25644

AA 25645
AA 25646
AA 25647

AA 25648

AA 25649

SS-1A

SS-1B

SS-2A

SS-2B

SS-3A

SS-3B

SS-4A

SS-5A

SS-5B
SS-6A

SS-6B

SS-7A

SS-7B

SS-8A
SS-8B
SS-9A
SS-10A
SS-10B

SS-11A

SS-12A

SS-12B

,

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

DMAE
Wet

Non Detectable

Non Detectable

Non Detectable
Non Detectable

13
36

Non Detectable

Non Detectable
Non Detectable

6.0
50

Non Detectable

Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable

CC1
Dry

Non Detectable
Non Detectable

Non Detectable
Non Detectable

14
40

Non Detectable

Non Detectable
Non Detectable

8.0
53

Non Detectable

Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable

Wet
Non Detectable
Non Detectable

Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable

Non Detectable
.04

Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable

Non Detectable
Non Detectable

Dry
Non Detectable

Non Detectable

Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable

Non Detectable
.06

Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable

Detection Limit: 5.0 7.0 .03 .02



ERG// Sample ID Dace

1to-p-1

AA 25650

AA 25651

AA 25652

AA 25653
AA 25654

AA 25664

AA 25665
AA 25666

AA 25667

SS-13A
SS-14A
SS-14B

SS-15A
SS-15B

DM1 sand
DM2 sand

10637-002 mud
DM8 Portland

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

lO/li
lO/li
10/11
10/11

DMAE
Wet

Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable

10/16 Non Detectable
10/16 N°n Detectable
10/16 N°n Detectable

Detectable

Dry

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable

CC1
Wet

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable

Dry

Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable

Cement Grout

Detection Limit: 5.0 7.0 .02 .03



RESULTS OF WATER ANALYSES

I
NJ

Results reported In rag/1.
October 31, 1978

EKCJ?

AA 25655

AA 25656

AA 25657

AA 25658

AA 25659

AA 25660

AA 25661

AA 25662

AA 25663

Sample ID

DM4
DM7

DM2

DM5
DM6

DM8 (9)

DM1

DM9
Wl

Date

10/2
10/2

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

NH.-NJ

19
25
2.0
2.8
12
53
.14
9.9
.44

NO -N

.01

.01

.04

.08

.02

.04

.11
<.01
<.01

Cl"

12000

47000
2600
1000
7800
82000
220
6800
82

SO,— =-4
270
95
3

320
650
220
180
260
2400

Phenol

.008

.012

.020

.012

.10

.076

.004
1.2
.004



1
NJ

ERG*

AA 25655

AA 25656

AA 25657

AA 25658

AA 25659
AA 25660
AA 25661

AA 25662

AA 25663

Sample ID

DM4

DM7

DM2

DM5

DM6

DM8 (9)

DM1

DM9

Wl

Date

10/2

10/2

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

Total Zn

30

41
30
110
18
84
21

1000
.040

Total Mg

440
440
240
150
570
510
92
280
26

Total Cr

.11

.14

.075

.060

.064

.11

.060

.13

.076

Total Cu

.29

.25

.19

.14

.15

.17

.26
9.0
.035

Total Pb

.23

.060

.36

.18

.12
1.8
.24

8.1
.015



Sample ID Date

I
N)

AA 25655

AA 25656

AA 25657

AA 25658
AA 25659

.AA 25660
AA 25661
AA 25662

AA 25663

DM4

DM7

DM2
DM5

DM6

DM8 (9)
DM1

DM9
Wl

10/2
10/2

10/2
10/2
10/2

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

Allyl chloride PHT, PBB EDTA

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable

.02
Non Detectable

.13

Non Detectable
Non Detectable
Non Detectable

Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable

Detection Limit: 1.0 .01 .00001 1.0



1
N>
OO
1

ERG"

AA 25655

AA 25656

AA 25657
AA 25658
AA 25659

AA 25660
AA 25661

AA 25662
AA 25663

Sample ID

DMA

DM7

DM2

DM5
DM6

DM8 (9)
DM1

DM9
Wl

Date

10/2

10/2

10/2
10/2
10/2

10/2
10/2

10/2
10/2

Hexabromo-
benzene

Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable

TRIS DMAE CC1

Detection Limit; .01

Non Detectable
Non Detectable
Non Detectable

Non Detectable
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable

.01'

Non Detectable
Non Detectable
Non Detectable

20
Non Detectable

Non Detectable
Non Detectable
Non Detectable
Non Detectable

1.0

Non Detectable
.02

Non Detectable

Non Detectable
.08

Non Detectable
.03

Non Detectable
Non Detectable

.01

\0



-1'

Dames & Moore
March 12, 1979
Organic and Inorganic Analysis

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

ERG# Sample ID CC1, PBB DMAE Phenol Cl SO

30352
30353
30354
30355

30356

30357
30358

DM-1

DM-5

DM-6

DM-7

DM-8

DM-3
DP-1

.0026

.027

.0016

.030

.027

.00035

.0013

.000083

.00017

ND

ND

.004

.016 9200 100

Detection Limit: 1. 500
2. 4

ND • Non Detectable
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Dames & Moore
March 12, 1979
Organic and Inorganic Analysis
Water Samples (30552-64) reported in mg/1.
Soil Sample 30365 is reported in mg/kg on a dry weight basis.

ERG# Sample ID CCl, PBB DMAE Trls

30359 DP-2D . 030 . 00012 ND1

30360 DP-3 .022 .000075 ND1
i

30361 DP-4 . 0003 . 000058 ND
i

30362 DP-5 .0026 . 000067 ND
i

30363 DP-6 .059 .00019 ND
30364 DP-25 .038 -

2
30365 DS1-12 Comp - 3100 ND 390

Detection Limit: 1. 4.0
2. 8.0

ND - Non Detectable

•̂

HBB Phenol Cl SO,
' " ——— H

.044 16,000 180
,028 30,000 36

" - .16 24,000 130
.012 6,200 230
.26 4,000 59
.053

31 *" T* f
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Dames & Moore
March 12, 1979
Organic ond Inorganic Analysis

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

ERG// Sample ID PBB DMAE Trig HBB

30366 SS-3S ND

30367 SS-3D - ND - -
30368 SS-10S 2.0 - - 1.1

30369 SS-11S - - 930
30370 SS-11D - - 1200

30371 SS-11 Comp 790

30372 SS-12S - 2.5 -

Detection Limit: 8.0

ND = Won Detectable



Dames & Moore
March 12, 1979
Organic and Inorganic Analysis

Results reported In mg/kg on

ERGtf

30373
30374
30375
30376

30377
30378
30379
30380
30381

30382

30383

30384
30385

30386

30387

30388

30389
Detection

ND = Non

Sample ID

SS-12D

SS-12 Corap

DP-6 tfl
DP-6 02
SS-3 Comp
DS-1

DS-2
DS-3
DS-4

DS-5

DS-6

DS-7

DS-8

DS-9

DS-10

DS-11

DS-1 2

Limits:

Detectable

a dry weight basis.

DDT & Trls
Analogs

1.3
1.2

.55
13

-

34
1400

ND
29
20
51
39
250
30
1.9

.89
56
1.6

PBB

-
-
-
-
-
34
ND
36

.84
250
3.6
4.3

53000
11
240

6.5
34
26

DMAE

-
-
-
-
ND

ND

ND
ND

-

ND

ND

ND

ND

ND

ND

ND

ND

8,0

HBB

-

-
-

-
-

21
tm1ND
51
2ND

11
2

ND
2ND
3

ND

11

ND1

2ND

33

1.) 7,2
2.) .50
3.) 560

ENVIRONMENTAL RESEARCH GROUP, INC.
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APPENDIX C

ANALYTICAL CHEMISTRY METHODS

The analytical methods and instrumentation employed by

Environmental 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

Ammonia Nitrogen
(NH3-N)

Nitrate Nitrogen
(NO -N)

Chloride (Cl~) .

Phenols
Sulfate (SÔ )

Metals:
Cr, Cu, Mg, Pb, Zn

Polybrominated
Biphenyls (PBB)
Tetrabromophthalic
anhydride (PHT )

Kthylenediamine
tetraacetic acid (EDTA)
Tris 2,3 dlbromo-
propyl phosphate (TRIS)

Dimethyl aminoethyl
alcohol (UMC-OH)

Summary of Analytical Methodology

Automated Phenate

Automated Cadmium Reduction

Automated Ferric Thiocyanate
A-AAP Method following Distillation
Turbidimetric Method

Atomic Absorption following
nitric acid digestion of waters
and Aqua Regia digestion of
soils and tissues
Extraction, florisil clean-up,
Gas Chromatography

Extraction, florisil clean-up,
high pressure liquid chromato-
graphy
Extraction, chelation, high pres-
sure liquid chromatography

Extraction, florisil clean-up,
high pressure liquid chromato-
graphy
Extraction, gas chromatography

Reference



Parameter Summary of Analytical Methodology Reference

Allyl Chloride

Carbon tetrachloride
(cci4)

Hexabromobenzene

Percent Moisture

Extraction, gas chromatography

Extraction, gas chromatography

Extraction, florisil clean-up,
gas chromatography
Gravimetric



2.0 REFERENCES

1. U.S.E.P.A., Manual of Methods for Chemical Analysis of Water
and Wastes, Cincinnati, Ohio. 1974.

2. Fehringer, N.V., 1975. JAOAC 58(5)978.

3. Veliscol Chemical Corporation Procedures.

4. Jones, D.R. and S.E. Manahan, 1976. Anal. Chera. 48,502.

5. Johns Manville Corp., 1974. Chromosorb Century Series
Bulletin.

6. Henderson, J.E., G.R. Peyton, and W.H. Glaze, 1976.
A Convenient Liquid-Liquid Extraction Method for the
Determination of Halomethanes in Water at the Parts
Per Million Level, in L.H. Keith, ed., Identification
and Analysis of Organic Pollutants in Water. Ann Arbor
Science.



\ VELSICOL CHEMICAL CORPORATION
( Research and Development Department

Ann Arbor, Michigan

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

This mechod Is applicable to the determination of trace quantities of
PHT-4 (tetrabromophthalic anhydride) In waste water.

Principle

Waste water suspected of containing PHT-4 is first extracted with
metliylene 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. As 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 compared with that of a standard to deter-
mine the concentration of PHT-4 from the water sample.

Safety,

Standard laboratory dress should be worn during this analysis. Avoid
breaching the vapors of these chemicals . Avoid open f l a m e ; these solvents
are extremely flammable.

Appara tus and Reagents

Balance, 1000 gm maximum, 0,1 gtn divisions
Balance, semimicro
Rotovap^or equivalent
250 ml Kuderna-Danish evaporator with graduated th imble or equivalent
2-l i ter separatory funnel
1000 ml beaker
500 ml er lenmeyer f l a sk
1000 ml boi l ing f lask
2 - L O O m l vo lumet r i c f l a sks
50 ml vo lumet r ic f lask
25 ml vo lumecr ic f lask
LO ml vo lumecr ic f l a sk
1.0 ml
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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 y.1 or equivalent
Waters ̂ Bondapak 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-A from spiked water samples. All the water samples
were spiked in the range of 1.0 to 1.5 ppm. The extraction efficiency
of PHT-4 when extracting immediately after spiking is approximately
93%. The hydrolysis rate of PHT-4 in water was determined by spiking
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, 7,

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 method is 1 ppm in 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 i

1. Approximately 900 to 1000 gms of waste water sample is 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 erlenmeyer
flask to dry the organic extract if necessary. Swirl for about
1 minute.
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3. The organic extract must be transferred from the erlenmeyer to the
1000 ml 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 3x5 mis of
methylene chloride and these washings are added to the boiling flask
also.

A. The organic liquid In the boiling flask is concentrated to 5 to 10
mis 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 rinsed with 3x5 mis 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 is then poured
into a 10 ml vial for HPLC analysis.

Standard Preparation
i

1. 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 mis of methylene chloride and diluted to the mark with an additional
50 mis of methylene chloride. This may then be labeled as the stock
solution having a concentration of 1500 u,g/ml or 1500 ppm.

2. 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: 1 —»100 * 15 ppm
1 —> 50 - 30 ppm
1 —^25 - 60 ppm
1 —*. 10 - 150 ppm

Further dilutions may be accomplished In the same manner as shown above

Liquid Chromatographlc Analysis^

1 • Oera tinjLj^pnd it _lo_ns_

Column. ................ Water's u,Bondapak CN, 30 cm x 3.9 mm I.D.
Mobile phase. .......... 807»Hexane, 2079MeCl2, 1% THF
Pressure/Flow. ......... 450 psi/w 1 ml per nun.
Detector. .............. UV 254 nm
Chart speed. ........... 5 mm/min.
Injection volume ....... 20 ̂  1*

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

a. Inject 20 p.1 of standard (15 ppm at O.L AUFS) and measure the
retention time of the peak in thft standard (i.e., measure the
distance from time of injection to peak maximum).

b. Measure the peak area for the standard [".i.e., area (mm̂ ) a peak
ht. (mm) x peak width at % peak ht. (mm)].

c. Inject 20 yl 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.

e. Calculate the PHT-4 concentration in the waste water as follows:

PHT-4 peak area volume of cone, of PHT-4
X in std. ppcn
sample wt. (g)

rni-t peaK area volume or
Cone, of PHT-4 (ppm) - in sample (mm2) X extract^ml)

PHT-4 peak area in std. (mar) X

A. Wallan
v W^ - —-

PAW/jlw



VELSICOL CHEMICAL CORPORATION
Research and Development Department

Ann Arbor, Michigan

Analytical Method 900-A 900-A-081977
Determination of Trace Ouantities of LV-T23P and

LV-T23P Low Boilers in Waste Waters

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

Principle i

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 volume. 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 methanol.
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 peak (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 _P_rcc lsj._on

The accuracy of this method was investigated by determining the recovery
of LV-T23P and LV-T23P low boilers from spiked water samples. The
results showed that LV-T23P begins hydrolysis immediately upon contact
v.Lth water. Recovery of LV-T23P is approximately 20Z when the solubility
of LV-T23P in water (1-2 ppm) is not exceeded. However, when the
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solubility is exceeded, the recovery is approximately 857. up to the 10
ppm level where the efficiency then drops to 507.. 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 is capable of recovering about 807. 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 667.
Tribromopropane 687.
1,3-Dibromopropanol 87.
2,3-Dibromopropanol 97.

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 ~ 50 ppb
DBCP ~ 600 ppb
TUP ' ~ 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 range 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:

where XI * the extraction efficiency
of each sample spiked in
the 1—'2 ppm range.

N - 4 Xs" average extraction efficiency
"X = 20.43 of samples spiked in the

1~->2 ppm range

S = 0.659 S » standard deviation
c

kel, error = ~ x 100 R =* relative error
X

R = 3.227.

Therefore, the extraction efficiency at the 1—>2 ppm level is 20.437, + ,659,
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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 erlennieyer flask

^~" 1000 ml round bottom flask
. Dlethyl ether, pesticide analysis gra'de

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

j Sodium sulfate, anhydrous granular
1

b. Standard Preparation. Gas Chromatographic Analysis.

2,3-dibromo-l-propanol, pure
1,3-dibromo-2-propanol, pure
1,2-dibromo-3-chloropropane, pure
1,2,3-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 regulator

. * Hydrogen with regulator
Air, dry with regulator
Washed 100/120 mesh glass column
6' - 107. Reoplex AGO on Chromosorb W AW DMCS

{ Syringe, Hamilton 10 u,

c. Standard preparation, Liquid ChromatO)*raphic 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
lialance, semi-micro
Liquid chroipxitogrnph equipped with variable wavelength ultraviolet

I detector and Rheodync Model 7120 precision injection valvo; or
equivalent

Nitrogen, dry wit:!i regulator
Methanol, spoctro-yrudc; UV cutoff approx, 205 nm
Distilled H?0
Syringe, Hamilton, 250 ul or equivalent

I DuPont Pcrmjphase CDS column, 1m 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) *n a 1000 ml beaker. The sample is then transferred into
a 2 liter separatory funnel. The water solution is extracted with
3 x 100 mis of 15% diethyl ether in hexane by shaking vigorously for
approximately 2 minutes each time. The organic layer is separated
each time into an erlenmeyer flask (500 ml). The aqueous layer may
be discarded after extraction.

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

3. The organic extract must be transferred from the erlenmeyer to a
1000 ml round bottom flask. The erlenmeyer is then rinsed with
3 x 5 ml of 15% diethyl ether in hexane and these washings are added
to round bottom flask also.

A. The organic liquid in the round bottom flask is concentrated to
5-10 mis using a Rotovap® and hot water bath. It is then trans-
ferred into a Kudcrna-Danish 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 Kuderna. 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.

5. The remaining 5 ml of the extract is concentrated to approximately
0.5 ml (near dryncss) and then brought back to exactly 5.0 ml
with methanol. This concentrate is now ready for liquid chroma-
tographic analysis.

Clon_

a. GC Standards

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

2 , 3-dibromo-! -propanol density = 2.11 g/ml
1 , 3-d ibr onio -2 -propanol density = 2.12 y/ml
l,2-dibro!iio-3-chloropropane density = 2.09 g/ml
1 ,2,3-cribromopropane density = 2.44 y/ml
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2. The standard sample is now diluted to the mark with 157. diethyl
ether in hexane and labeled as "Standard I."

3. A second standard sample is prepared by pipetting 1.0 ml of
Standard I into a 250 ml volumetric flask and diluting to
volume with 157. diethyl ether in hexane. This may be labeled
as "Standard II."

The above standards contain the following concentrations:

Standard I* Standard II**

2,3-dibromo-1-propanol 0,8440 33.76
l,3-dibromo-2-propanol 0.8480 33.96
l,2-dibromo-3-chloropropane 0.8360 33.44
1,2,3-tribromopropane 0.9760 39.04

* 7, (w/v)
v* Pp™

Cone, of component (ppm) - density of component (g/ml) X volume (ml) X 106
total volume (ml)

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

I.C 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 jig/ml or 1500.0
ppm.

2. ']1ic 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/II >0
(v/v).

Dilutions: 1 ——» 100 - 15 ppm
50 = 30 ppm
25 = 60 ppm
10 = 150 ppm
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Gas Chromatographic Analysis

1. Operating Conditions

Column Temperature ............. ,180°G
Detector Temperature ............. ,250°C
Injector Temperature ............ ,235°C
Carrier Gas Flow .............. .100 ml/min
Sample Size. . . . . . . . . . . . . . . . . .2 ul
Chart Speed. ................ .0.5 in/min

;>_- Sensitivity. . . . . . . . . . . . . . . . . .Attenuate 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.
i

b. Measure the peak height and width at ^ the height of each peak
L- in the standard. Multiply the height times the width at ^ height
t of each peak to obtain the area.

c. Inject 2 jil 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

[ peaks.

' d. Measure the peak areas of each peak as in 2b above.
V-

e. Calculate the concentration of each component as follows:
>

I peak area of comp. ., volume of ,. cone, of comp
in sample (mm^]______extract (jiilj_____in std .__ (pom)

cone, of comp., ppm *
I O

peak area of comp. in standard (nnu^) X sample wt.
\

A typical chromatogram of the above is attached.
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Liauid Chromatosraphic Analysis

1. Operating Conditions

Column . . . . . . . . . . . . . . . . . . I m x 2.1 mm I.D. DuPont
Permaphase ODS

Mobile Phase .............. 557. MeOH/H20 (v/v)
Pressure ................ 1000 psi
Detector . . . . . . . . . . . . . . . . 220 nm
Sensitivity. . . . . . . . . . . . . . . 0.02 AUTS

(^~ Chart Speed. .............. 2 mm/min
Injection Volume ............ 100 u.1

v- 2. Calculations

a. Inject 100 jj,l of standard into liquid chromatograph. Measure
the retention time of the peak in standard (i.e., measure
distance from time of injection to peak maximum).

b. Measure the peak height for the-standard.

c. Inject 100 ^1 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:

LV-T23P peak hf.. volume of cone, of LV-T23P
** c .,,, ~-n,, / \ in samole (mm) ___ extract (ml) _____in std. (ppmlnc. of LV-T23P (ppm) = ——————————*——L——————————————*——L———————————————**-*—•——

LV-T23P peak height in standard (mm) X sample we., (g)

. Kalian

/?

Dennis K. Dobritt ^/^ ,/'
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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, table, drying racks, casing, and piezometer screens were steam

cleaned. The drill rods, auger flights, samplers, casing, and piezometer

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 to 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 contamination,
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.

III. 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 in 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 8 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, a



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

piezometer 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

hollow 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

soil sample, was taken directly to the Velsicol quality control laboratory and

frozen prior to transfer to the Environmental 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 soap 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 details of the drilling.

V. PIEZOMETER INSTALLATION

Piezometers (prewashed using 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 permeability



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 wars grouted with concrete. A

sample of the water in the piezometer 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 A sticking up at least 4 feet above ground surface.

VI. SECURING THE DRILLING SITE

Once a hole had been drilled and the piezometer 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.



4. 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.

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

6. 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.

7. Step 5 was repeated for the ground cover at the drill site.

8. After all equipment was steam cleaned, the equipment proceeded
to the next site.
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PIEZOMETER DATA

PIEZOMETER
NUMBER

DH-1

DH-2

DM- 3

DH-4

DM- 5

tH-6

DM-7

DH-8S

DH-8D

DM- 9

DP-1

DP-2D

DP-2S

DP-3

DP-A

DP- 5

DP-6

ELEVATION
TO TOP Of
PIEZOMETER
(feet)

728.14

728.39

727.79

723.28

730.17

721.87

732.73

726.99

728.52

724.95

739.10

738.62

738.88

740.44

738.55

725.76

737.60

ELEVATION OF
GROUND SURFACE

(feet)

727.38

723.94

723.56

722.15

725.66

720.26

731.86

726.55

726.36

723.91

738.12

738.10

737.89

739.94

737.74

720.83

734.19

DEPTH OF BORING
(feet)

20.5

15.5

15.5

20.5

15.5

9.5

20.5

15.5

31.5

20.5

30.0

30.0

30.0

30.0

30.0

6.0

25.0

SCREENED INTERVAL
(feet below

ground surface)

4.9

6.1

6.0

9.3

6.2

3.9

9.7

10.1

25.5

9.5

25.0

25.0

15.5

25.5

25.0

4.0

18.5

- 8.4

- 9.6

- 9.5

- 12.8

- 9.7

- 7.4

- 13.2

- 13.6

- 29.0

- 13.0

- 28.5

- 28.0

- 19.0

- 28.5

- 28.5

- 6.0

- 23.5

EFFECTIVE INTERVAL
(feet below

ground surface)

3.0 -

3.0 -

2.0 -

3.0 -

3.0 -

2.0 -

3.0 -

3.0 -

20.0 -

2.0 -

10.0 -

22.0 -

10.0 -

12.0 -

10.0 -

3.0 -

14.0 -

20.5

15.5

15.5

20.5

15.5

9.5

20.5

15.5

31.5

20.5

30.0

30.0

19.0

28.5

30.0

6.0

25.0

DIAMETER
(Inches)

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

DEPTH TO WATER
(3/31/79)
(feet below

top of caslnk)

3.3

5.8

5.2

3.7

6.1

2.0

2.1

5.4

5.4*

5.0

16.6

10.5

11.1

11.3

14.6

5.4

8.5

*Water level taken 4/9/79,
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SYMBOLS DESCRIPTIONS
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PSF

•TTSMEM
LIMITS

LIQUID
U"IT

H.AlTierTY
INDEX

w

*l *
si o

rr
M

M
liT

I 
1

K
t

TW •

4 I

16 •

4T •

32 a

BORING DM-2
SURFACE ELEVATION 723.94

SYMBOL 5 DESCRIPTIONS

• SP

ML

. SP

ML

DARK LRW:. H'.E 1̂ .0 WITH TkACE CLAYE* iAf.O «IQ
ORUKIIC liATTER

GRAY ISM BUCMN CLAYEY SILT WITM SOME
TRACE FINE CAAVEL (SOFT)

CRAY FIK SAND WITH TMCE MDlun TO

CRAY SILT WITM SOME CLAY ANB TRACE

CMADES WITH THACC COARSE &AIID

FINE SAIID AND

COARSE SAND

FIIIE tRAi/EL (STIF

AUD FINE CRAVEL

BORIW COMPLETED AT A DCPTH OF 1S.S FE£T ON 9-I5-7B.
P!£IOM£TER IhSTALLED ON 9-IS-78.
SCREENED INTERVAL: 6.1 FEET TO S.6 FE£T.
iAIlD PACK: 3-0 FEET TO 1S.S FEET.
CROJT: 0 TO J.O fEET.
WATE* LEVEL RECORDED AT A DEPTH OF 2.1 FIET Olt l*-9-

LOG OF BORINGS

DAMES 8 MOORH

FIGURE F-l
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25
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IS

25

30

35

. OTHER
TESTS

SA

IA.HA

SA.HA

SHE AM
STRENGTH

MF

ATTEROERS
LIMITS

LIQUID
LIMIT

fUUTICITT
INOtX

o 8
S|'5s O
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I 
M
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II
T

ra

TESTS

SA

SA.HA

SA

SA.HA

SA,HA

SA.HA

SA,HA

SHEAR
STRENGTH

PSF

ATTERBERG
LIMITS

uouio
LIMIT IMDC1

1

o3
SI*
i

s5
o

BORING DM-7
SURFACE ELEVATION 731.86

k

TW
SYMBOLS DESCRIPTIONS

4 •

20

10

12 a

42 a

* •
* •

SP

ML

'• sw

ML

BROWH FIliE SA.*10 WITH TRACE Fli;E CrutVEL A.'.D
OCCASIONAL BLACK KOTTL1NC AND SOME ORGANIC
MATTER

GRADES BLACK
GRADES BACK TO BNOUN

GRAY CLAYEY SILT [STIFF)

BROUN FINE, MEOlUn AMD COARSE SAND TRACE
GRAVEL (LOOSE)

DAW YELLOW BROWN CLAYEY SILT (STIFF)

GRADES GRAY

GRADES WITH SOME CLAY AND TRACE fl'E
(HARD)

FIIC

tRAVEL

* scj 4
» 7*<tt (o

TW •

4 •

20 •

zi a

40 a

31 •

LOG OF BORI

IORIHG COMPLETED AT A DEPTH OF JO. 5 FEtT ON J-10-7S.
FIEZOKEm INSTALLED ON 5-10-78.
SCREENED INTERVAL: 9.7 FEET TO D.I FHT.
SAND WttH: 3.0 FEET TO 30. S FEET.
6WJT: 0 TO J.D FEET.
WATER LEVEL RECORDED AT A OEFTtt Of 1.1 FEET ON lf-9-79.

BORING DM-8D
SURFACE ELEVATION 726.36

DESCRIPTIONS

?•?

!!*
*:>

GP

ML

SP

ML

HISCELLAHEOUS REFUSE A!iD CHEMICAL WASTE (FILL)

'^——

CRAY SILT WITH TRACE CLAY AND TRACE COARSE SA.-JD
AND FINE UAVEl (STIFF)

GRADES REDDISH BROUN

YELLOW BROWN FINE SAHD WITH TRACE SILT (r.EDIUH
DENSE)

CRAY SILT WITH SOnE CLAY AND TRACE FINE IRA.'EL (»A?

GRADES VERY STIFF

GRADES WITH OCCASIONAL LAYER OF GRAY FIME TO
HEDlun SAND

BOHINC COflPLETin AT A DEPTH OF 31.5 FEET Q>, 9-11-7=.
?IEID«ETEII INSTALLED ON 9-II-73.
StREEIiED INTERNAL: 1S.S FEET TS 19.0 FEET.
SA'io PICK' jo.o FEET TO 31. s FEET.
iBO'JT: 15.0 F E E T TO 10. 0 FSEI.

WATER UVEL RECORDED AT A DEPTH OF 5.** FIET ON "--g-

4KIMBS B MOORE

FIGURE F-4
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BORING DM-8S
SURFACE ELEVATION 726,55

SYMBOLS DESCRIPTIONS
TW I

4 •

20 B

21 B

40 B

:/
'>

r,

II"

GP

ML

SP

ML

MISCELLANEOUS REFUSE AND DlEHlCAL WASTE

CRAY SILT WITH TRACE CLAY AW COARSE SA
AND FINE GRAVEL (STIFF)

GRADES REDDISH BROWN

YELLOW IROWN FINE SAW WITH TRACE SILT
DENSE)

CRAY SILT WITH SOME CLAY AND TRACE FINE

(FILL) .-''

W

(HEDIUh

CRAVEL (HAM

BMIHO CWMTED »T A CtfTN OF 15. S rtET ON 3-11-78.
PIEZOMETER INSTALLED ON 9-Z1-7B.
SCREENED INTERVAL: 10.) FEET TO 13. S FEET.
SAND FACK: 3.0 flET TO 15. S FEET.
GROUT: 0 TO J.O ffET.
WATER LEVEL RECORDED AT * DCFTN OF 5.8 f«T OH <t-9-79.

S
IsU kj

II
5 9

TW I

Z •

4 B

2 B

57 B

BORING DM-9
$t//rr4C£ ELEVATION T23.9I

SYMBOL S DESCRIPTIONS

:i|

~~! ——

^- ——

/ '

SP

SM

SP

PT

GW

'ML"

BROWN FINE TO n£DIUn SAIJD WITH TRACE
(FILL)

ILACK FINE TO COARSE SAND WITH SOME S
FINE GRAVEL (CINDERS) (VERY LOOSE)

GRADES WITH GRAY TO WHITE CHALKY

GRAY BROUN FIIIE TO MEDIUM SAND (VERY

GRADES DARK PURPLE WITH GRAVEL

BLACK DECOMPOSED WOOD M:D FILL

GRAY SILTY SAND AMD GRAVEL (FILL)

GRAY SILT WITH SOME CUT AND TRACE N

10I'£ GftA.tL

ILT ASD TRACE

fATER 1 AL

LOOSE)

.E »AITL (HAAS

10RIU6 COMPLETED AT A OE»TH OF 10. S FEET ON 9-12-78.
P1EIOHETM I!1STALI£0 ON 9-I2-7B.
SCREENED INTERVAL: 9.5 rtET TO IJ.O FEtT.
SAllC PACK: 1.0 FEET TO 10.5 FEET.
GROUT- 0 TO 2.0 FEET.
WATER LEVEL RECORDED AT A DEPTH Of S.I FEET ON 4-9-79.

LOG OF BORINGS

DAIMK5 B MOORK

icr c.
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WELL LOGS



WATER WELL RECORD
ACT 294 PA 1965

I LOCATION OF WELL 1

MICHIGAN DEPARTMENT
OF

PUBUC HEALTH

Co Fraction Section No. Tow

N/S.

Rang

J E/W
Distonce And Direction from Rood Intersections

Sfreet address & City of Well Locoti

JOWNER No..

r3*/P a 2.
FORMATION

THICKNESS
Of

STRATUM

DEPTH TO
BOTTOM OF
STRATUM

4 WELL DEPTH: (completed) Dot* of Completion

"-——jsy——————————==—-T*——i i f-f=r——•—•7"— f
5 M Coble tool LJ R"Story |_J Driven LJ Dug

U Hollow rod D J«tt«d Q Bored D __

7 FT
ff

6 USE:^ Domestic D Public Supply Q Industry

LJ Irrigation LJ Air Conditioning LJ Commercial

D Ttt* w.n D

Ujom.
jLjn. to

tn. to

J^ Welded D (Height: Above/Below

Jt. Depth tBurfaco________ft.
JWeiph* /y _lti./f«

t. Depth iD.ivo Shoe? YesMNoD

9 ST^T^ WATER LEVEL
ft. below land surFaee

10 PUMPING LEVEL below land surface
Pi-ĵ pj-"

_———.——_ft. o f I SlSqE r̂ffi. pumping. p.m.

-ft. . / k., pumping

11 WATER QUALITY in Parts Par Million:

Iron {F»\ C.h\nrlJm, (Cl}_

12 WELL HEAD COMPLETION: ^T In Approved Pit

LJ PitUs* Adopter La 1 2" Above Grade

13 GROUTING;
W.I! Grouted? D Ye, f N

ft. to ——— ft.

pin1

Depth; Front

14 SANITARY:
N*arest Sotirc* of passibl* contamination _ . TJ*? Alff/ ** */ ^•^c/=>r/cj/o K/i^
W«M disinfected upon complelion LJ Yes j£] No

s** 3? • t - ,-,
Length of Drop Pip* V %-**- copoeity_£_^_G.P.M.

Type: LM Submersibl* LJ

CTjet LJ Reeigrocatjnfl

lo Remarks, elevation, source of doro, etc.

INK). BY ORILLEK. liut Ok

•CORRECTED BY,

D67D 100M 6-66

[7 WATER WELL CONTRACTOR'S CERTIFICATION:
Thil wall was drilled under my jurisdiction and this report is fru*
to the b*st of my Itnowledgo'ond belief.

OEC 21 1W GEOLOGICAL SURVEY COPY



litOUOUlCAL SURVEY SAMPLE No.

MAR 2 8 1975 WATER WELL RECORD MICHIGAN DEPARTMENT

1 LOCATION OF WELL I , , PUBLIC HEALTH
County Township Name [fraction/ Section Number Town Number Rang* Number

Gratiot Pine Hivex Xfrl SW '/•/ S* % 13 TI2S/S. 3}W E/w.
Distance And Direction from Road Intersections / /

I/IO E of JaromtJ Rd on Madison Rd $& H 125 ?*•>

SamftStreet address & City of Well Location *«———
Locate with "x" in section below Sketch Map:

I i T
1 1

. J '
1 1
t 1

* - _ _ ] —— J. _ _ ] _ _ _ «1 ' T1 ' /
— -1--T--T-- *Mt '

» ! ! J
s

2 FORMATION

Saady 0 9

Clay 9 IB

Sand 78 94

» & Pine s$on« 94 108

Clay*

•» -̂

U9C A 2NO 9HCCT If NEEDED

THICKNESS
OF

STRATUM

9

69

16

, J4

16 Remarks, elevation, source of data, etc.

• V ' v - ^ i; --.' w '^'ua, UV, /is).
'"•^ -::.---, w£if>
* " ' • . . ; • • ; t f t
;' ,' ' •, *i

DEPTH TO
BOTTOM OF

STRATUM

9

78

94

108

3 OWNER OF WELL:
Mr Raymond Alward

Addrws 8?8 W Madison Rd
EFD S* Louis Hi 48880

4 WELL DEPTH: (completed! Date of Completion
108 ft D«o 74

^ (_J Cable tool |_] Rotary £J Driven Q Dug

0 Hollow rod Q Jetted Q Bored Q _____

t) USE: (^Domestic (_] Public Supply 1 1 Industry

LJ Irrigation Q Air Conditioning 1 1 Commercial

nTestWell f~|

7 CASING: ThreadedTU Welded Q ! Height: Above/Below
Diam. | T

*»o lSurf8CB*^.*« ft-4 98 i Hoy
^ in. In " _»T. PtpT'* 1 W»i(jhl _, __ n * Ih.Vft,

^ 7/8". to JtO8fl- D«Ptn | Drive Shoe? Ves [3 No PI

8 SCREEN: Jo^aoa
Tvoer Stai2ll9S» S* Di».: ^ 7/8 OD

sioi/r.»,,». Sf ^Oy 5* ^5*«pth IO
Set between ^S. . ft- *nd 108 ft.

Fittings: 3 in K Pack»r

9 STATIC WATER LEVEL

^ ft. below land surface
10 PUMPING LEVEL below land surface

J.UO f,_ afttr £. nrs_ oumoino 5^ o.D.m.

ft. after n hrs. pumoinq g.a.m.

1 1 WATER QUALITY in Parts Per Million:

Iron (Pel Chlorides iri)

Hardness iiin Ofhsr

12 WELL HEAD COMPLETION: Q ,„ ADDfOvact Pjt

1"^ Pitless Adapter Cl 12" Above Grade

* •* Well GroutBd?Q£) Yes |_j No

• fl Neat Cement I~I BentoniM FlDTlff °Ud

Depth: From V _____ ft. tO|r 7r __ ft-
'4 Nearest Source of possible contamination

50 f«« S3 D.rection SeptiO TVD«

Well disinfected upon completion fC~}ves f~] No
15PUMP: D No, installed

Manufacturer's NamP««inff3, M» PUB?

Model Number 3/4 ffpf * Volts ^^

Lenoth of Oroo Pioe°*rM ft. rapm-ity ̂ ^. . n.P_uT

Type: Q Submersible

Q JBl |~1 Reciprocating

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. _ _

C S Cbarlitnar P 341
REGISTERED BUSINESS NAME REGISTRATION NO.

Ad(.rB,a 4664 N Stata Hd Alaia Ml 48201..

«^CJ.&&^Ji£rz, . D«. D*°74
.__ , ,_ .--,>! AUTHORIZED R E P R E S E N T A T I V E

A 1 CMDWTV



GEOLOGICAL SURVEY SAMPLE No.

WATER WELL RECORD
ACT 294 PA 1965

MICHIGAN DEPARTMENT
OF

PUBLIC HEALTH

Distance And Direction from

treet address & City of Well Location
Locate with X in section betow Sketch Map:

11
- _ J _ .1

1
.__! ——

1
t.__,__
1
!

*. —LI— t M

i 1

1

I

1

1

4.--I —— -
1
1
T __,__.

1
i
s

t

1 Ml

1

FORMATION
THICKNESS

OF
STRATUM

DEPTH TO
BOTTOM OF

STRATUM

_ __________
4 WELL DEPTH: (compietedf Oaie o( Completion

tool
[J Hollow rod

Rotary

jetted

("~1 Driven

D torad
Dug

6 USE: Kgoomestic O Public Supply Q Industry

Lj legation LJ Air Conditioning IJ Con»n»rci»t

7 CASING: fhreadedS
Dtam, S

in, to

In. to

HeiBht; Abov\ -
• Surf»c« / _____ ft.

It. Oapth | W«iBht^2-J2C">»-/ft

ft. Depth i Drive Shoe? Ye»S?l No

9 STATIC WATER LEVEL

ft. below lend surface
10 PUMPIN£-tEVEL balow land surface

^f- _} ft. after/_hrs. pumping * _)

ft. aftor hr«. pumoing g.B-m.
1 1 WATER QUALITY in Parts Per Million:

Iron (Pel Chloride* (CD

Hardness .Other

12 WELL HEAD COMPLETION:

Adapter

,„ Approved Pit

12" Above GradeJpQpittess Adapter f~] 12" Above Grade

Wed Grouted?fi[] Yes Q No fl Q /)

L_J Neat Cement O Bentonita fc] \_/L^*^_-f-'gy'wJ'

Depth; From u (? It-io _/__^j , *t._____________

14 Nearest Source of possible contamination—

K/ Direction «<C*/g>lC~1faat

Welt disinfected upon completion f~l No

USC A 2NO SHEET IP NEEDED

5 PUMP:

Manufacturer's Name

Mode) i

Length of Drop

Type: £3 Submersible
b

Jet J~[ Reciprocating

16 Remarks, elevation, source of data, etc.

ADDED INFO BY [)RllLER. ITEM NU.
•CORRECTED BYj

El EVAKC.N
DEPTH TO ROCK

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled^nder my lu^diqXor) ar^/this report is trua
to the

RUI5TERED BUSINESS NAME

Date
D67d 100M (Rev. 12-68]

AUTMO»I:EO

ci in\/rv



aunvev iAMHLt No.

LOCATION OF. WELL [_

WATER WELL RECORD
ACT 294 PA 1065

MICHIGAN DEPARTMENT
OF

PUBLIC HEALTH

flsra And DuHCtion f/om Rood |fltersecii((n.S 7
Fraction

Street ,KJrif«3$ ft City of Well Location
To' .nVwTfif ™]PT"Tn "sec t i on~fiie low Sketch Map:

- — _{

—

t1
I JI1
__4 .__1

I*
1 *
T--

1
t•

- t M I L E ———™ •• El

E _

1
FORMATION

THICKNESS
OF

STRATUM

DEPTH TO
BOTTOM OF

STRATUM

Section Numbur Town Nu

/a
3 OVVNEjLpF WELL:

Address

Rjngtt Number

4 WELL_DEPTH: (completed) Date of

ft.
5 Q Cable tool

D Hollow rpd
Rotary

jetted

Driven

Bored

Dug

6 USE: [^.pomasiic [_] Public Supply Q Industry

LJ Irrigation [_J Air Conditioning [~1 Commercial

7 CASING: Thf«aded
Diom* •

_in. to

.in. to

*y-—-'"-" - --

, Surface

fl. Depth I Weigrn j£|

ft. Depth [Drive Shoe?

L
8 SCREEN:

Type;

32-
.

fciuze

.*_ Dia.:

Slot/Gauze Length

-5

Set between 7^J ft. and y 3r ft.

Fittings:

9 STATIC WATER LEVEL

ft. below (and surface

''' f
l^-r-ti

10 PUMPING LEVEL be tow land surface
1?X) * ^-• t- ft. after £x-hrs. pumping

ft. after.^__hrs. pumping
1 1 WATER QUALITY in Parts Per Million;

Iron (Fe) ___________ Chlorides ICI)

Hardness .Other

12 WELL HEAD COMPLETION: Q |n Approwed Pit

____El P'tless Adapter [~\ 12" Above Grotie

vvel I Grouted? < Ye* No

[_] Neat Cement LJ Bentonit« I I

Depth: from ft. to____ ft.
14 Nearest Source of possible contamination

_££l_feet "fff £>^ Direction Type

Well disinfected upon completion fxl Yes [ 1 No

SHCCT If N C E D C D

15 PUMP:

Manufacturer's

Model Number

•&-***—'

HP Volts

of Drop Ptoe *?_ *• ft.

Type: \~] Submersible

K] jet |~] Reciprocating

16 Remarks, elevation, source of data, etc.

*-£-.;.-. *0|WI

1OOM (Rev. 12-68)

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my lurisdiction ond this ropon is true
to

Add



(R)

. CASING

Pine River Twp. (Gratiot Co.)

Michigan Chenlcal Co.

Brine Well
TO 1307 in Marshall

Fee No. 8

Location: NS-J SSj NE? section 13. T. 12S., R. 3W,
150* from Worth and 20J* from £ast line of quarter section

Elevation: ?27.9 feot above sea level

Record by: L, Hale from driller's log

PLEISTOCENE:
Drift:

Drift

PERKO.CArlSONIFEP.OUS (?)
"Red Beds":

Kud. red
Gypsum
No record

Saginaw:
Sand, white
Shale, blue
Sand, white
Mud. blue
Sand
Mud, gray
Kud. blue .

Parma (?}:
2atid. white

Eayport:
Lime, hard, white
Sand
Sh-ile
Line
Sand

Michigan ( ? ) :
Shale, brown
Sa^d. white
ohale, £ro«£n
Shdl«*. gray
Shale, blue; shslL s. and gypsum

' 2hr,Le, blue
> ShalH. bl^e and gypsyn

Llm^ . p'ay, hard

Thickness
(feet)

207

66
6
56

(123)

37
56

132
20
10
6

6*4-

(325;
50

15
25
5
15
15
(75)

5
at
70
50
**3
33
9
20
10
22
35

Depth
(feet]

_»<••' "^̂ ,-n"7̂ j

273
279
335

372
428
560
520
590
596
660

710

725
750
755
770
735 ,

790
790
£60
910
958
991
1000
1020
1030
1052
1087 .



WATER WELL RECORD
ACT 294 ^vP

I I I I I I I I t i l l

MICHIGAN DEPARTMENT - *
OF / '

1 LOCATION OF WELL [ / & 7 *> /V- Ujl*- &**-** /
County .£" -— . — / »"' Twp*. p..

bl</\t If i /-'/;/£ /<'\sp/t
f/J[ PUBLIC HEALTH

Fraction Section No. Town Rang*

IMmfffjJ / 3 te «* 3 j*.
Distance And Direction from Rood Intersections __.,..,.„.,._,_.,.,,,.., ., ,_ ——— .
wV f •- ~* tO r-i "f xT,* / C .,«V OWNER No. "-
f<,S£.V}l\\/ +- *> ** ' J> #1 ' ————————— * ————— '
;//r£ 4*S£r/o*'*3'£FFj?RSo#JtbStreet address & City of Well Location ^ K *

2 FORMATION

/? £> 7^ ' £•&-/
/7,v>/T/> 2&#'rt'Ci .-te^.<j
/£ >^>/̂ > ̂ /^-^^w
/^T ' fi/3.Sid&»* <*} +**«/

/ (/
/ ̂  • /*7 y3&#~J*l <t**SASfa

-^*" ' *" *V ̂  ̂  /-^f /̂ .̂ / ̂ /.̂ ^/

^_^

THICKNESS
or

STRATUM

7*'

^7
^

^<5>

X/
/

•

16 R«mor((9, •Ivvatfon, aoure* of data, «te.

ADC£D i::.C. L'Y [i.'xiLLtft. IIU>» NO.

•:ORS;CTtD OY:

**AODITIO:J BY(

DEPTH TO
BOTTOM OF
STUATUI^ ,

7?
jOi.

/'*'
/^-r
Sf?
/yy

s

3 OWNER OF WELL: /',' <J $ ) £ £.L. ̂  UTZ-

Addr... '^ -2- 3 r. J. o u/S Av i c: A*-
?^ v^ j /.-/? ̂ /-t r. /? A

4 WELL DEPTH: (completed) Dot. of Compl.t.on.,• /w .,./?/w /^^ ^y
5 PiJ CabUlool U Rofory Q Driven D Dwg

iO Hollow rod D J.tUd D Bored D ___

6 USE: (ZkOomeitic CD Public Supply Q Induttry

LJ Irrigation LJ Air Conditioning LJ Commercialn Ttt,t w,n n
1 oJl,mNG! Threaded ̂ Welded D |Heioht: Above/Below

*7* in. to X.VW"- Depth i»urfoc»._/ ff.

lw.;flk, // _ A-/*t.
——— In. to ——— ft. Depth (Drive Shoe? Yei£)NoC

8 SCREEN: 1

Trp.- //>_> V ^ DU..

S»t l»tWB»n _, ...__*« «•**),._ _,._,. ,,.,/f.

FitHngt:

9 STATIC WATER LEVEL
"5 —— » ft. below land lurfoce

10 PUMPING LEVEL below land surface - /

11 WATER QUALITY in Port* Per Million:

Iran fFeV_. Chl.» .̂« ICl)

12 WELL HEAD COMPLETION: Q In Approved Pit\f . rr

lS^Pitl«i» AdoD'er P4. 12" Above Grade

13 GROUTING: fnl^ /i f(Qt/ A
Well Grouted? D Ye. O No^ jj -s .^ . __

u-f-ri-hn rj-.tr — . /N -r 1 1' C • rJII •
Depth: From ————— ft. to ———— ft. 3/f A^^^^f / A

14 SANITARY:

H*are*t Source o* poitible contomingjjon,^., ̂  i ~fi /^ ,

frf .... /V >t/ ni.««M ̂ tsjt Wrp.
Well disinfected upon completion LJ Ye* LS No

15 PUMP: ^-
Manufaetur.r'. N«m.̂  / ^ / /

Model Numk.r V ^ . C« T" WO-^ , ./

O N*" ^ V

Ud3\Jet LJ Rkciprocoring

17 W A T E R WELL CONTRACTOR'S CERTIFICATION:
Thri well wo» drilled under my juri*diction and this report is true
to the k*f t of my knowledge and belief.

fffe'.^*?// I^JZ ^ '-+ f &

S;,«.J rt£Zr~S I ) - 7 0

D670 IOOM 6-66

Abb' iO 1970 GEOLOGICAL SURVEY COPY



Ut(JLUUit-AL bUNVCV SAMKLt NO.

AUG01 1973

1 LOCATION OF WELL _ |_

WATER WELL RECORD/-
ACT 294 PA 1965"^

MICHIGAN DEPARTMENT
OF

PUBLIC HEALTH
Coun Townstno N,i:nu Kr.ictioi^ ,—

Slt adrtnisc & Cav ol We
Lor at i! w i th "X" in section below Sketch Mao:

.- J

—

---1

1
- 1 Ml

1

1

I

1

1

1

1

t

1

FORMATION
THICKNESS

OF
STRATUM

DEPTH TO
BOTTOM OF

STRATUM

Swclton Number

1 3
Town Number Sang 19 Numbef

4 SELL

5 SCabl*too|

0 Holtow rod
Rotary

J»ued

D D'iv«n

Q Borad
Dug

6 USE: ^Domestic

Ljffrieation

Wall

Public Supply Q Industry

Air Coodilioninfl Pj Commercial

7 CASING: Threaded
Diam.

WeldedQ

n. 10

in. to
0—5-ft. Depth

, ft. Depth

Height: Above/Be low

Surface __/ n ft.

Weight // lh«-/ft.

Dcive Shoe? Yes K3 Noa

9 STATIC WATER LEVeL

ft. below land surface
10 PUMPING LEVEL below land surface

*t {? ft. after / hrs. pumpinB /f$'

ft. a f te r . _.. hr*. numning g-P-*«.

11 WATER QUALITY in Parts Per Million:

Iron (Fe) Chlofida* tri)

Hardness nthar

12 WELL HEAD COMPLETION: Q ln Aoprov.d P,t
^| Pitless Adapter | | 12" Above Grade

13 Well &ouied?Q]Y9s Q No ft .T 'T

M Neat Cement Q Bentonito 'Q ^^y |. -J V-JU^ /

4 Nearest Source of possible contamination

'«** t>tX Diraett

i o n ^ .

Well disinfected upon completion fs/j res Fj No

USC A 2HO SMCCT IF NCC3EO

5 PUMP: Q No

Manufacturer's Name J" |%g ,t i*j i

Model Number HP Volts

Length of Oroo Pip*JJî J_(t. capacity ____ C.P.M.

Type: C] Submersible

f~] ReciprocatingJ8t

16 Remarks, elevation, source of data. etc.

INFO. BY
f^t i. •

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled und*r my jurisdiction and thi reoon is true
lo the b«st of my knowl

D47d 100M (Rt-v. 12-68)

GEOLOGICAL SURVFY



_AUG<Ti 1973
LOCATION_OMVELL j

Stf^el address & Ci ty of WoII Location
Lor.ilJ~wTTh "X**~Mr"st;tlitin'tielaw

1
1

. _l
1
1

. _ -J__J
1
1

- — — t— — •i
T
1

i 1
WATER WELL RECORD

ACT 294 PA I96&
MICHIGAN DEPARTMENT /

OF X
PUBLIC HEALTH

Sketch Map:

3-,,

4 WELL DEPTH: (tompltnud) Odte of Complauon

15^ Cable toot

D Hoi low rod

Rotary

Jetted

1 1 Driven

C] Bored
| DUB

b USEi^Oomesnc LJ Public Suooly Q Industry

Lj Urination LJ Ail Conditioning Q Commercial

Well L~

7 CASING: Threaded Q Welded f] ! Heiflht: Above/»nw»
Diam. | /

Surface / _ft.

in. to

fi. Depth | Wei«

ft. Depth | Drive Shoe' Ves(5Q No (""}

9 STATIC WATER LEVEL

J ^ ft. below land surface

10 PUMPING LEVEL below land surface

•3 *l. after / hrs.Dumoina

ft. after ... hr*. pumaino

a.P.m.

p.n.m.

11 WATER QUALITY in Parts Per Million:

Iron IFal Chloridits (CD

Hardness Hther

12 WELL HEAD COMPLETION: Q ln Aporoved Pit

ID Pitloss Adapter | ] 12" Above Grade

Well Grouted? jjy Y*s [_J No

LJ Neat Coment LJ Bentortite

Denth: From f}____ ft. \o _

/}

Ow-U

'4 Nearest Source of possible contamination

_____feet _______Direction _____________

Well disinfected upon completion F") Yes F"l No

Tvoe

Model Number H p \ / o U *

Length of Drop P'pe=GQ*». 't. capacity _fct_G.P.M.

Type: Q Submersible

'fjjy>Jat [ | Reciprocating

U£L

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was ddlJted under my (Vi5chcti.cn A*4l this rftport is truw
to — y^ — « ~rO?77

TEHED BUSINESS

D67d JPOM fR-sv. 12-GSf AUTHORIZED R £ P « E S £ M * r i v E



I I I I
WATER WELL RECORD

ACT 294 PA 1965
MICHIGAN DEPARTMENT

OF
1 LOCATION OF WELL | N£ Si? N£ PUBLIC HEALTH /

c""ffl ?' y Twp>) ' JL^ -̂*-̂ Fraction Section No. Town Range

A _ li, C /i/'/V / 3 / 2- N/* 3 j/w.
Distance And Direction from Road InteWectigr^ i ————————— —•• •— •— •- —— — — \

vV^ X/ _-_*CX^*^CX>'̂ I^"P j -^ • ' x *
Street addret'i & City of Well Location yjr ^£-cx-*a. Wt̂ t--,̂ C<-rf»^v— *— '

2 FORMATION

^^

^f

v

,

ID Remarks, elevation, source of data, etc.
\

1 ' . _ . . : . ' ' ' • . . ̂ ,

THICKNESS
OF

STRATUM

/7rt
/7rt

OtPTH TO
BOTTOM OF
STRATUM

IX&

3 OWNER OF WELL: Q^O fa Q
^fO^y^ t^J JC3 A-fw^Y.

Address *jr O O &^l^cJ»^^^\^i G~r

4 WELL DEPTH: (completed) Oil. of Completion

5 L3 Coble tool Q Ro/ofy Q Driven Q Dug

Q^Hollowred D Jetted Q Bored D ___

6 USE: D Domestic D Public Supply O Industry

1 — 1 Irrigation LJ Air Conditioning Uncommercial

nT..,w.,i n
7 §^NG: Threaded D Welded Q )Height: Above/Below

* 1 _«•
, £2 in. la /7yjt.D»pth tsurface ^— ft.

Iw.igkt ?3£ lk./f>

——— in. to ———— ft. Depth , Drive Shoe? Y«s0NolZ

8 SCREEN:
•r ^" r^ F^- / f ^~ n . / Iff/Typ«- ,> , > > *. / jf n:» . i *<-/

r *

\~J */ / &/)
Set faetwM.it, J ^../...ft. ond . /.,a_ _ __ ./'T

Fittings:

9 STATIC WATER LEVEL
•^ |J ft. below land surface

10 PUMPING LEVEL below land surface

11 WATER QUALITY in Parts Per Million:

Hardnvli ,, _ „...„.„

12 WELL HEAD COMPLETION: D In Approved Pit

LJ Pitleis Adapter CUl 2" Above Grade

13 GROUTING:
Well Grouted? D Yes Q No

Material; I~3 Neat Cement [""] .

Depth: From _____ ft. to ____ ft.

14 SANITARY:

Nearest Source of possible contamination

Well disinfected upon completion LU~Ye« LJ No

15 PUMP:
^Manufactur»r'c Nnma, ___ /̂ T^^-1 £/> j*\

Uad«l Numbiir, ,,„.,„ HO XTL--

Length of Drop Pip* ~f 3* ft capocitr__i:̂ S.P.M.

Type: L J Sufim»r»ihl» \ | _ _ , -m

Ltr Jet LJ Reciprocating

[1 WATER WELL CONTRACTOR'S CERTIFICATION;
This well was drilled under my jurisdiction and this report is true
to the be»t of my knowledge and belief.

^" HECI3,TCMEO BUSINESS NA«-C J * t ttt"$TH A TlOft HO.

~'j£,/y 'jL0 /?//\ f j {
5ign.J ( J^V^/\-£-f ̂ — *V .-*-fV -*^f^ n-.T )^7 (* ' '.J '*?'S'

D67O 100M $.66



I I I I _ M i l l

SEP 0 • 1972 WATER WELL RECORD
ACT 294 PA 1965

1 LOCAT.ONOFWELL

MICHIGAN DEPARTMENT
OF

PUBLIC HEALTH

Count wo Fracti

s
Section No. Rong*

Diftonce And Direction from Road Inter* action* [OWNER

Street eddreii & City of Well Location

3 OWNER OF ^JL-JTE^A

/[ _
THICKNESS

or
STRATUM

DEPTH TO
IOTTOW OF
STRATUM

4 WELL DEPTH: (completed) Date of Completion

-̂  97 ... J
5 J3 Cable tool D Rotery LJ Driven LJ Dug

0 Hollow rod D JettoJ Q Bored D __

6 USE:U" Domestic D Public Supply D Industry

LJ Irrigation LJ Air Conditioning LJ Commercial

DT...W.II D ________________
7 P*S

rr|NG: Threaded ffl Welded D ! Height: Above/Below^-in. to ft.

in. to

_ .__ Depth isurfoce___

___ft. Depth [Drive Shoe? Ye%0NoC

8 SCREEN:

Set between,*// fr, ond_J_2L——Jl.^* r/
9 STATIC WATER LEVEL

below land surface

STATIC WATE
£<7 i>

$1

10 PUMPING LEVEL below land surface ^

jf**———''• oftet-/,—hrs. pumping——^£——

————- ——..f t . after____hrs. pumping.——————

-g.p.m,

-g.p.m.

11 WATER QUALITY in Parrs Per Million:

3-L
/J 12 WELL HEAD COMPLETION: ffi In Approved Pit

D Pit|e» Adapter O 1 2" Above Grade

13 GROUTING:
Well Grouted? D Ye. £f Jo

Depth; From It |Q_

///,,/

*a.
ft.

/

14 SANITARY:

Nearest Source ofposmible con to ruination
"

aaurce at possible con torn motion
•^ n. . \f /?i

*^——— treetion^^___i

Well di»infect»d upon completion LJ Yes Ljj No

;: u. yy

•CCRKECTED ffifl

15 PUMP: -— - _

Manufacturer'^ Mama ' y*T" / /

.HP-

•ADDmOH

Model Number. _______________ ____
,1 ~*S~ 7^ •'

Length of Drop P'pe_£i_L_ft. copoctly_X.__G,P.M.

Type: LJ Submersible LJ ___________

_____ytyl Jet_________ |_J Reciprocating

16 Rrmork*, •(•votion, soure* of data, «fc. 17 WATER WELL CONTRACTOR'S CERTIFICATION;
This w«ll wo* drilled under my juriidiction and thti r»poft i* Iru*
to Hi* b»it)of my fefiowUdge an'd

t t lSTt«CO BU9IMC9S (t I SI »T» A T I O W DO.

AUTHORIZES H C » * C S C < « T A T I V >
.CTo>.

/ ^ /£»* ^ /T/ ^ » /
if

D67O IOOM 6-66
rrr\\



GEOLOGICAL SURVEY SAMPLE No.

1 LOCATION OF WELL ]_

WATER WELL RECORD
ACT 294 PA 1965

MICHIGAN DEPARTMENT
OF

PUBLIC HEALTH
County Township Name

Distan

Street address £City"of Well Location
~L~oc~t»te with "X" in section below"

fractitn Section Number

;3
Town Number Rany« Numbvr

1 1 11 1 t
1 1 '1 1 1
1 I t1 1 1
1 1 11 1 1

T
J

Sketch Map: 4 WELL DEPTH: (completed/'' Date of Completion

'2-Cable tool
_J Hollow rod

CH Rotary
Q jetted

Driven

Bored
CD DuO

US£:XlDome*l'c Q Public SuOpty Q |nxJo»trv

Q Irrigation LJ Air Conriilionino (~) Commercial

L~]T«« Well
/CASING: Threadedflii Welded

Oiam. *^*
H«igrtt: Above/»«lflfr

•
i Surface / ., ft.

12 WELL HEAD COMPLETION: Q ,„ Approv.d pit

J^J Pitlass Adapter | | 12" Above Grade
13 Well GroutadTj'S Yes Q No

L_J Neat Cement [_J Bentonite

Depth: From ^S ft. to I fj

ft

V

Source of possible contaminati

feet

* | . -

s\A~~ 2»Tvoe

Well disinfected upon completion [y\Yes f~) No

USE A 2ND 3HICT IP NCCOCO

5

Manufacturer'1 Name

Model

Le
xlel Number/ VI P ~> HP _J2- Volts _^

_ ngth of Drop Pipe fc^Wt. capacity ̂ _S2.G.P.M.

Type: ̂ SJjSubmersible

I"! ReciprocatingJot

16 Remarks, elevation, source of data, etc.

APl-'EU INFO By UHCLER, ITEM NO.

•CORRcCTEO BY
"Ar.ninow BY
ELEViTION
DEPTH TO

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled^under my jurisdiction dnrtJhia report is true
to the besiof my.knd'Kledaa aod briJiaCVV . ftjl j^ s~j*— -™^

^^ /TT^Jlu ^M c r̂uIJL 0*77 7
REGIS_T£flED BUSINESS NAME ( ^Efll S T R A T l D M NO.

tOOM (Rev. 12-68)
A U T H O R I Z E D »EPf lE5£*T*T lvE

* l ciinwrv *-^rs



GEOLOGICAL SURVEY SAMPLE No.

N O V O l 1973
WATER WELL RECORD/

ACT 294 PA 1965 ^
MICHIGAN DEPARTMENT

OF
PUBLIC HEALTH

1

1

_[

1 """

1

1 "

1

---!--

j
, ________ , M

1 1

1

J-

~l~~ "~

1

1 "

1
T _ _ _ _ _ _ _ _ -

*L, __________ „

T
I Mt

}

ti USE: Ljpomestic LJ Public Suppty

Q Irrigation [| Air Conditioning

[^Test Well

Industry

Commercial
_____ nest wen i i

7 CASING: Threaded QvWeldedQ ^Height: Ab
Oiam. ^^ |

^^ jf I Surface r_j____ft.

X_^.ft. Depth i Weiaht ~7*/0 lb»yft.
__„ ft. Depth | Drive Shoe? Yss^j No [~1

8 SCREEN:

9 STATIC WATER LEVEL
^-2£.y K? ft. below land surface

10 PUMPING L6VEL below land surface

X ft. after jj__hrs. pumping / 3____ g.p.

ft. after__ hrs. pumpino ____ __.. (p.D.m,

1 1 WATER QUALITY in Parts Per Million;

Iron (Fel , Chlorides (Cl»

Hardness Other

12 WELL HEAD COMPLETION: Q ,„ ApDfov.d Pll

Tj^Pitless Adaoter I [ t2" Above Grade

Well Grouted? [S.Yes Q No

[71 Neat Cement Q Bentortite PH

Depth; From_____Q ft. to___/_j

n )

+ •&***• *>

ft.

14 Nearest Source of possible contarwati

/^Q_feet SLJc3fL Direction

Well disinfected upon completion i?lYe$ (~1 No
iFpuMP:

Manufacturer'9 Name

r **- /
______ HP J—^oits _/j

Length of Drop PipejtL3t.ft. caoaeitv ~X G.P.M.

Type: ^^Submersible
f*l Jet f~] Reciprocating

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This waif v/ai drilled undeun* jurrtdiciigind this report is true

*J *\71
REGISTERED 9USINESS NAME B t f l t S T a A T l O W NO.

067d 100M (Rev. 12-68)
AUTHORIZED REPRESENTATIVE -C7



GEOLOGICAL SURVEY SAMPLE No.

't *-.' .T , ^

•"* ? 11973 WATER WELL RECORD
ACT 294 PA 196S

1 LOCATION OF WELL [

MICHIGAN DEPARTMENT
OF

PUBLIC HEALTH

1 11 1
._ ( ___ _-.-.

1 1
.__! —— 4.__1 —— .

1 1

' 1
! i

., _______ , M|*Lt ——— ̂ i--.-*

c

1
6 USE; ra Domestic Q Public Supply |_J Industry

rrigation |_J Air Conditioning (_] Commercial
i—i

QTest Wen Q

ft.
7 CASING: Threaded JJ Welded Q ! Height: Above

Diem. *** \ I
— /" I |s<"f»c«_i.

& I fu Depth j Weight'7* ^
, ft. Depth | Drive Shoe? Yes R] No f~|

Die.:
Leng^

•i-
ft. and .'t.

9 STATIC WATER LEVEL

O _J.,___ It. below land surface
10 PUMPING LEVEL below land surface

&a It. after / hrs. Dumoino

ft. after „ hrs. Dumoinp

.

J J a.D.

g.o.m.

11 WATER QUALITY in Parts Per Million:

Iron (Pel Chlorides (Cll

pthar

12 WELL HEAD COMPLETION: Q ,n Approvftd Pit

Pitless Adapter ~~| 12" Above Grade

Welt Grouted? EJ»ves LJ No

|_J Neat Cement [j Bentonite

Depth: From CJ fi. to

t^Nearest Source of possible contar^natioj
jii LtX
'Vt feet ~^ Direction

Well disinfected upon completion

Tvpe

Manufacturer's

Model Number 'O J J 5 HP Volts

Length of Drop Pi
>>ViType: f\ Submersible

Ll Ja*

ft. capacity^L_G.P.M.

Reciprocating

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This wall vasff lr i l led und«f/Vnv Lwrisdifwon artd this report i» true

REGISTERED BUSINESS NAME

ess %

t̂ L.-v- REGISTRATION NO.

D67d 100M (Rev. 12-68)
A U T H O R I Z E D REPRE~SEf»rATlvr V



WATER WELL RECORD \// MICHIGAN DEPARTMENT

1 LOCATION OF WELL
Count v

J/ratiot

^\ Si',' *7^ / PUBLIC HEALTH

|

Tom.n»hiu N.TTW Fraction

Bethany SU » ̂ i •;
Dt st, -view And Direct on from Road Intersections
120 ft E of Union Rd & 150 ft N of Kadison Ed

Strum .iJrtrnss & Citv of W«M Location
Lo' .ii «s with X in section betow Sketch Map:

1 t 1
1 1

_ a j - .i i
i ii i
! !

T
JMI.

1

| ————————— , M,* C —————————— J

2 FORMATION

1 Sand

ClayYellow

Blue

Sand

0 7

7 19

19 70

70 102

V

•*— *-

USC A 2ND SHEET if MCC&tO

THICKNESS
OF

STRATUM

7

12

61

32
*

16 Remarks, elevation, source of data. etc.

"A-Di.'iC'i by_/ /:

ft EVA new If
CiKH TO SOCK i

DEPTH TO
IOTTOM OF

STRATUM

7

19
——————— M , 1

70
X02

Scrtion Number Town Number

TI2HN/S.
ftonge Numbvr

H2W E/w_
3 OWNER OF WELL:

Mr Jerry Mayar
Address rix-i'-vv v T T j "O J

?FD St Louis Mi 46880
4 WELL DEPTH

102
; (completed) Qjlt* of Completion

f,. NOT 73
3 l_J Cable tool P^] Rotary Q Driven [""] Dug

LJ Ho Mow rod [_J jetted It Bored {~~1 ____

t> USE: gCj Domestic [_j Public Supply l~l Industry

LJ Irrigation [ | Air Conditioning 1J Commercial-

t J T e s t v;ell 1 I
7 CASING: Threaded HS WaldedH ! Hatght: Above/Below

Diam. | ..
. i Surface J- ft.

95__ft. Depih | Waiaht I-

IQ2_ ft- Depth | Drive Shoe?
a SCREEN: Johnson

TvDBRed Harass
Slot/Gaui* 20 _

fc Set between?5 ft. and-*-^

FittinojU-j j „, K Packer

Yes«lNo_n___

«.., 3 7/8 OD
7

1 enoth 1

2 f,

9 STATIC WATER LEVEL

68 fi. below land surface

10 PUMPING LEVEL below land surface
95 2 ,«'^ ft. after hr». oumotno q.\J

ft- after , hrs. oumoino .. ,,.,.,„

„ _ o.p.m.

O.D.m.

11 WATER QUALITY in Parts Pet Million;

Iron (Pel Chlorides (CD

Hardness Oth«f

12 WELL HEAD COMPLETION: Q |r, ADDroved Pit

P Pitless Adapter ^] 12" Above Grade

'J Well Grouted?jcJ Yes f 1 No

( | Neat Cement -ft Bemonite [ j clay

Depth: From ft 10 ft.
14 Nearest Sou

50 ———— fe8t

WeM disinfe

ce of possible contamination

$ Direction fwn-M

;t«d upon complex

1 5 PUMP; rn N

Manufacturer's NamaT^fjfJ^

Model Numbe7TllfiP07T
Length of Drop PioeBO ft.

Typegrf^~l Submersible

DJ« C

on C~| Yes i 1 N

it installed

_ Hp3/4^ VQ"»
capacity X2_G.

Reciprocating

C Tvo*

1' '

2"KD
P.M.

17 WATER WELL CONTRACTOR'S CERTIFICATION:
Thts well was drilled under my jurisdiction ond this report is true
to tlie best of my knowledge and belief.

f i C G l S T c A E O a jaPHt .33 NAME K £ G I S T B * T l O t HO.

Add-ess 46*64 IT State Hd Alaa Mi 4880!

s,,,,/? ,̂///̂ ,,/,.̂  D,.>^ 73
1DOM (Rev. 12-68)

GEOLOGICAL SURVEY PDPY



I I I I 1 I I I I
WATER WELL RECORD

ACT 294 PA 1965
MICHIGAN DEPARTMENT

OF

1 LOCAT.ONOFWELL S£ *J£ S^ /O PUBLIC HEALTH

Bethany
Fraction Section No. Town
*"*T* ii- ffv.. |- *7T~ / ^

Distance. And Direction from Road ntersecfions I ——————— ^'J \^i "" —— I
iCOft. W. or 1,'e Union Hd* IOWNERNO. J JJ \
80 rods South ilacGragor Sd.& Union fid. Intersec

Street oddr... & City of W.II Location Union Ed. ST * LOUIS, MICII.

2 FORMATION

Top Soil

Sand & Clay

Clay

Sar.d & Gravel

\

_biA c r.Gt^n, /pu
<^ i
°^
3?

i.(;V'/a)^
v^Z '&.

V*r
"•. . ,

THICKNESS
OF

STRATUM

6
32

30

15

*

D Remarks, elevation, source of data, etc.
ADDED IMfO. BY ORIUIR. ITEM f*X

•CORRECTED BY»-*̂ i.̂ "

**ADDITICN Dr; Cood Wfttdr su-ply.

DEPTH TO
BOTTOM OF
STRATUM

6
33

63

83

17 WATER
This wel
to the be

Lev/is

3 OWNER OF WELL:

;i EDV7AHD FLESS

116 Sfl 77g.ghiggt.pE

Range

ItfX 2- E£>

4 WELL DEPTH: (completed) Date of Completion

83 ft. July 31 -67
5 D Cable tool D Rotary

^Q Hoi low rod D Jetted

D Driven Q Dug

D Bored D ___

6 USE:KJ Domestic LJ Public Supply Q Industry

LJ Irrigation LJ Air Conditioning LJ Commercial

PI T..r W.II l~l

7 CASING: ,, . , PI .u u j HIDjam Threaded 1 _ 1 Welded | _ I

in. to 7^ ft- Depth

——— in. to ——— ft. Depth

8 SCREEN:

(Height; Above/Below
1 1 O •
[surface 12 a°ff7«

IW.tgkt ^7^- lfc«/**'

(Drive Shoo? Y.s'Ej'NoC

Type- Slot Di«.. 1^

Slat/Gau,. , 6Q,,,, . f
•?Q Q ̂. /O , . £3 ^ .

Set b«tw..n ' h a n J M _ i i i M i .^__Jr,

Fitting,: Check Valve 479
9 STATIC WATER LEVEL

—— 2o — .^ft. below lond surface

10 PUMPING LEVEL below land surface

36 , f 2 ,. . 12

11 WATER QUALITY in Parts Per Mil

Iron (F.) ChlnrlAmm

Hardn«»s ——— TTlll test la

ion:

(CD

»-*-QT*tf W^

12 WELL HEAD COMPLETION: D In Approved Pit

LJ Pities* Adapter Q 12" Above Grade

13 GROUTING;
Well Grouted? D ^es^Q No

Material: Q Neat Cement O

D.ptS- Fr™,.. __ *.. »»_..„.,.. Jt,

14 SANITARY:

Nearest Source of possible contamination
60 ,„. r.ort̂ .̂,.. ssptic T-_.

Well disinfected upon completion L3 Yes G No

15 PUMP: not Installed
ManufacKir.r*. N"—^,,

Model N.>n.k.r

Length of Drop Pip«__., .„..,, It tip

HP

...;** _, r.,p u

LJ Jet 1 _ j Reciprocating

r/ELL CONTRACTOR'S CERTIFICATION:

st of my knowledge end belief.

Could 0256

Addreis J'~7 I-af-'l(5 St^ T.m?^^

«l«l»T**TtON HO.

iian.J X ..." •*/_, / /"' n,- /"X. 1' - t 7

D67D 100M 6-66



w

1 LOCATION OF WELL I

ATER WELL RECORD MICHIGAN DEPARTMENT
ACT 294 PA 1965 OF

xVl/JA^SE ** PUBL.C HEALTH - ,'
County Twp.

Uratiot Bethany
Fraction Section No. Town Rang*

,ilJ4!Jjjiiik" v4 ;g ̂  TI2Jfc/s. R2"rf E/W.
Distance And Direction from Road Interactions — — — —— — — —— —— - ————— .

I & ?/TO E Bafflf*y Hfl on Ho GreotfflFER.N°- ————— 1
& S 80 ft*

*,$$&&:& SftM^t&JP* ^ui3 Mi<* S880I
2 FORMATION

Yellow clay 9 22

Blue " 22 27

Sand 27 29

Blue clay 29 *4^

T Tm rt 140 I7<;
*̂ nd £dnd 170 190

" 190 215

^

THICKNESS
or

STRATUM

22

5
2

III

30
20

25

»

V

6 Remarks, elevation, source of data, etc.

... ...... wl ;,.<iai<t. lit-* ftU.
S

• *\:;n«T!CN EY|

DEPTH TO
BOTTOM OF

STRATUM

22
f?77

27
29

140

170
190

215

3 OWNER OF WELL:
Joseph Trgina

Ad*. ,^ 62 E Ko Gregor Hd
H?D St Louis Hioh

4 WELL DEPTH: (completed) Dole of Completion

215 it. Got 68
5 LJ Coble tool [Zl Rotary Q Driven Q Dug

DHollowrod D Jelled D Bored D ___

' 6 USE:® Domestic D Public Supply D Industry

LJ Irrigation LJ Air Conditioning LJ C&mmefctol

n T...W.II n
7 £otlNG: ThreadedO Welded D 1 Height: Abov./Below

^ fn. to 205 f,. Depth | surface I f».

tW.iak. 1189 lk./(»_

-LL/&\. to 2I5_/t. Depth iDriv*$ho«?Y*sQNoC

8 SCREEN:
jYpm?obnson Bed Braŝ ,, . 37/8

Sloi/G-..,. 18 I ̂ .rtk IO

205 215
Set ne»w..n, .,_... ...,__.ft- and., _.. ,.,.̂ _l ,. . ft,

Fining.^1* FPThrsad

9 STATIC WATER LEVEL
. t4 f» k.in-, Innrl .^,rfni-«

10 PUMPING LEVEL b«low lond surface

*-O f« «f*« 4 kr. p...rino IOO g r —

II WATER QUALITY in Parts Per Million:

(ran fF.l CKUrlJ., (ril

Hnr<4n««i

12 WELLHEAD COMPLETION: D In Approved Pit

Q Pitless Adopter Q 12" Above Grade

13 GROUTING:
Well GroutedTgp Yes D No

u.i.ri.i.n N.«.r.««. nSeonite &clay
Depth; From^ ___ ft. *n *\Q f*

14 SANITARY:

Nearest Source of poisible contamination

— 5O-f**t ...3,. .Oirertinn SA-^! r- TXP*
^ — V V W -k Li

Well disinfected upon completion B*J Yes LJ No

15 PUMP;

Manufacturer'. Nn«... __ llOttft—— *

Model N.,mb.r , _. HD

LJ Jet [_J Reciprocating

17 WATER WELL CONTRACTOR'S CERTIFICATION^
This well wa> drilled under my jurisdiction and thii report i» true
lo the belt of my knowledge and belief.

FM & CS Oberlitner o^4T

A.U,... 46u4 i' State Rd Aima Mi ^
j*^J\ j^" v** yr " *'*

Hf**/ s—/s 4 G f/fS // s s S ? T^t ., nn._ Q-j-f. ^5
*UTHO«IItD KlVl lCSCMTATIVC

./ M

D67D ICON* 6-66
.-'•%, i GEOLOGICAL SURVEY COPY



GEOLOGICAL SURVEY SAMPLE No.

MAR l 5 I972 WATER WELL RECORD MICHIGAN DEPARTMENT
1 LOCATION OF WELL 1 PUBLIC HEALTH
County ; •• Township Name Fraction - • Section Number Town Number Range Number

Gratiot Bethany S(|& ttWwSVi 18 TI2?T N-». T??y */w.
Distance And Direction from Road Intersections

4 th S of Kc Gregor Sd on Biverside Dr & E
75 Ft.

Street address & City of Well Location SjUQQ
Locate with "X" in section below Sketch Map:

1
J

1 V
- .__l_*4---l —— - 5——

---t~-' -- —— - *"'•

! ' 1•;-lIMi,. ' -^

1 FORMATION

Sand 0 3

Clay 3 68

Sand 68 86

r

USE * IND 9HCCT If NCCDCB

THICKNESS
OF

STRATUM

3

65

18

i

16 Remarks, elevation, source of data, etc.

AJ'JiU I.YO, T;/ U;"..LU..1. JKJ-J ML

-.scrwtco 3/1

-. - •- . • -:V.

OCPTH TO
BOTTOM OF

STRATUM

3
nMB*4

68

86

f

3 OWNER OF WELL:

Address Mr Paul Bean
EPD. 918? Riverside, St Louis Mi.

4 WELL DEPTH: (completed) Data of Completion

86 ft. Jan 71
Q Cable tool £3 Rotary Q Driven QJ Duo
(1 Hoi low rod l~l jetted PI Bored f~1

6 USE: [^Domestic Q Public Supply Q industry

LJ Irrigation Q Air Conditioning 1 1 Commercial

QTestWell O

7 CASING: Threaded^] Welded Q j Height: Above/Below

. Surface ,. •*• ft.

4 __ In. lo 78 ___ ft- Depth j Weight _IigOlb*yft.

5—7/6 lo 86 ft' Depth t
 Oriv« Shoe? Yes 0 No Q

8 SCREEN:

Johnson Everdure 3 7/8 OD
Tvne: Dia.:1^ ''

Slnr/G.u^B T? 1 .nn.R gf +

Set Between _78 fi.«nd86 *'-

Finings: 3in K Packer

9 STATIC WATER LEV£L
TflAO ft. below land surface

10 PUMPING LEVEL below land surface

°° It. after 3 hrs. pumoina 40 a.o.m.

fr_ *ftmr hrs. Dumainc o.o.m.

1 1 WATER QUALITY in Part* Per Million;

Iron (Fel Chlorides (CM

Hardness , ,., Other

12 WELL HEAD COMPLETION: Q ,n Approved Pi(

f~\ Pities* Adapter ^1 12" Above Grade

'•* Well Grouted? NJ Yes [_J No

II Neat Cement M B«monite [~] *•*

Depth: From U ft. 10 4 ..V ft-

4 Nearest Source of possible contamination

pO feet E Direction Septic Tvo»

Well disinfected upon completion p^yes | | No
5 PUMP: Q Not instalfed

Manufacturer's N.im« ^^.f"

Model Number?-" HP*/&/olts 2jO

Lonoth of Oroo Pioe , _2,5....ft. caoaeitv „ 14. G.P.M.

Type: P^ Submersible

PI Jet Q Reciprocating

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and this report i* tru«
to the best of rny knowledge and belief.
C S Oberlitner 0341

REGISTERED BUSINESS NAME NCCI STBATIO" NO.

Addres*£46" 64 $ State Rd Alna Mich

Signed (.̂
 c Q ' /f1 / /? r^s>**~>^.A. f ' /fs tSs.-liw* Jan 71

,nn.. ID ,-icoi AUTHORIZED REP3ESTST AT 1 VE
D67d



WATER WELL RECORD
ACT 294 PA 1965

MICHIGAN DEPARTMENT
OF

1 LOCATION OF WELL I „ PUBLIC HEALTH
County . •• Twp. / Fraction Section No. Town Range

Distance And Direction from Road Intersections . _. ,_,_—— ——— . ———— .
/ 5>? P/ * ' Jf *->& (OWNER No. |

?<y?6 /?*yVJ/?j/tf£ Di?i/j£
Street address & City of Well Location

2 FORMATION

$&}}•' 1} &;<•;> CtA\
Iff* 2.?.- C&it .y^W

JL*/ * -Vv ̂ 4*-' 5.W
Z/'fZC/' &h

/ , ^

<•
'

^

ADDED INFO. BY DRlUZR, ITEM HO.

•CORRECTED BYt

THICKNtSS
OF

STRATUM

JJL

/i

7
2°

}3-

0£PTM TO
BOTTOM OF

STRATUM

/ 2.

2 y
^/
xff
i7

3 OWNER OF WELL^;J- ,, •.-/*/»' "" tf "" T-

Addr.,, j i pft QM#r4 & $T
'ST /. o -.//> A\* t r

4 WELL. DEPTH: (completed) Date of Completion

t<:« ^ ft.
5 (3 Coble tool Q Rotory Q Driven Q Dwg

D Hoi low rod D Jetted D Bored C] ___

6 USE; £3 Domestic LJ Publie Supply Q Industry

LJ Irrigation LJ Air Conditioning LJ Commercial
I") T...W.II PI

7 D*amNGl Threaded ClT Welded Q JH.ight: Abo*e/fc^-

f?. In. ta J? 7ft. Depth i murfoee .j. £ * ' ft.

F* '' iw.i-t,. V7 n,./f»
——— In. to ———— ft. Depth iDrive Shoe? YesGlNaC

8 SCREEN:, -

Typ.. J'**&-*~T'#"'~ Oi. . V *9

«, .r. / 2_ A '4^'

S......... -Tf,.-J /? h '

Fitting*; V . ^ ") ' i.̂ *̂i_>-̂ le

9 STATIC WATER LEV El.
,...,_..,.. ,. ** k.l^-f ln«J *>.rfn>rf

10 PUMPING LEVEL below lond surface

11 WATER QUALITY in Ports Per Million:

12 WELL HEAD COMPLETION: D In Approved Pit

D Pities* Adopter C 12" Above Grade

13 GROUTING: -^A^/ -A <-*—>//* j^
Well Grouted? D Yes D Nc/ •+*'/& C^&HJ-SZj*
Hatoria\.\ ] Kl*n» C*m*nt LJ •

Depth; From _____ fl. to ____ ft. . '

14 SANITARY:

Neoreil Soure* >of possible contontinotion J ^ f *"" '

^i j—./t/^y :':--^i.-~,iMZ^^**>'^*T'^L

Well disinfected upon completion LJ Yes |_A. No

1 '** "MI— i- _jf *Manufacturer*! Nam« „, :. _ "* ĵ ?. _ —————————

LJ Jet LJ Reciprocating

17 W A T E R WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and this report it true
to the best of my knowledge a'nd be jjjf. . ..j "*^, j^ /•* . ^' <T

»e6l»TC»«B eullHCS* MAMI ^ _HtCl*rHAT»OIW*0.-

+±

/

D670 100M 6-66

GEOLOGICAL SURVEY COPY



Bethany (Gratiot County)

Michigan Chemical Company
Beach £6 — - .

Location: Hff£ of KEj of SffJ of section IS, T. 12 N.f R. 2 ff.

Elevation: 709-7 feet above sea level.

•Kecord "by: I. Hale from driller's log.
Thickness Depth

PLEISTOCEHS: (Feet) (Feet)
Drift;

Drift - - . 325

Saginaw:
Sand 209
Shale lU • 5US
Sand, gray and white U6 59H
Sand 171 765
Shale 10 " 775
Sand 11 786
Shale 80 g66
Shale and lime 39 905

Bayport:
Lime Ul

Michigan:
Shalo, blue 29 975
Lime 25 1000
Shale U2 10U2
Lime, T7hite and blue shells 15 1057
Shale, gray 2S 10S5
Shells, dark 6 1091
"Stray" sand (?) 5 1096
No record 3^ 1130
Shale, blue 1* 113!*
Shale, blue and shells 23 1157

Napoleon (Upper Marshall); • Z..^"-
Marshall, white U6 - 120J
Sand 21 1224

Lower Marshall: . - i«;'
Sand, red 11 1235
Rod rock 29

Casing record; TOTAL DEPTH 126U
10" 316' Commenced: S-26-36
6-5/S" 791' Completed: 9-̂ 36
5-3/16" 1096' Initial production; Brine well.



WATER WELL RECORD
ACT 294 PA 1965

I__IU___

I LOCATION OF WELL |

MICHIGAN DEPARTMENT
OF

PUBLIC HEALTH f

County

" PAT f n~\
uip.

f// /
'/ •' I

!,£ R-
Fraction

Y*

Section No. Tow

N/f.

Ro ««

3 jT/W.
Distance And Di'ecVc-n fr*»m Road Intersections

°WNPR

Street oddren & ̂ Î L -̂L^̂ JLA?1!?!'̂ . jL£*^7 ^'_._.._? 7 J~& (JJ*"*

3 O.HER OP

2 FORMATION
THICKNESS

or
STRATUM

DEPTH TO
BOTTOM OF
STRATUM

4 WELL DEPTH: (completed)* Date of Completion

5 H^Coble'tool Q Rotory LjOfiven Q Dug

c/
Hollow rod D Jetted D Bored Q

* — ̂ jfxsf *-\ ^TSLi,

• 7

6 USE: D Domestic ^0 Public Supply Q Industry _

LJ Irrigation LJ Air Conditioning LJ Commercial

>-«• D Test Well D __

/:+
: Threaded ^ Welded D (Height: Above/Below

__ . to ^wMS t̂. Depth ] surface / ft.

' /JT"^ 'Weiahr // Ih./fa

———In. to ___/t. Depth i Drive Shoe? YesQNoQ

8 SCREEN: V

A " / \ Set h-ti^.-n.-!:

to /'

9 STATIC WATER LEVEL
X ^* — __ft. below land surface

10 PUMPING LEVEL below land surface

4.p.m.

-ft. after—__hr*. pumping- -g.p.m.

J £
11 WATER QUALITY in Parri Per Million:

Iran fF.l rk!»ij.. (ri)

•^" '••—r""-u Z£
12 WELL HEAD COMPLETION: Q In Approved Pit

CS Pitless Adapter Q 12" Above Grade

/ - 9
/ ̂ ^ -2

13 GROUTING: '
W.ll ft._..*_,l9 n V— O tLr-

Material: D Near Cement U.

Depth; From_____ft. to————ft.

A 14SAN.TARY: - ,
Noareit Source of possible eontormnati

.r Well disinfected t/pon completion JS) •'Yei'

15 PUMP:

Man JS ?Jufacturer's tJ«™* ^^><-r ('erfT————————
t ~ .^^ f^f~t 1 -» ' ua Vel Numbrtjt *T. .' .ll Ji—T7.r •*•——nr -̂ *",

Length of Drop Pip*/^.^ ft copocity^l^Z——G.P.M.

Type: [2 Submersible I—1 ——————————————
_____'[^1 Jet____________D Reciprocating_____

16

AODtD INFO. BY DKUAUU

aCCRHECTEO Btl

17 WATER WELL CONTRACTOR'S CERTIFICATION:
Thi» w«ll wa» drilltd under my jurisdiction and rhis report U true
to the be,*t of my knawI

D670 'COM 6-66
r\r*l^ A I C I I O U C V



GEOLOGICAL SURVEY SAMPLE No.

K-R o>.lD7d
ft WATER WELL RECORD

ACT 294 PA 1965
1 LOCATION OF WELL
County

MICHIGAN DEPARTMENT
OF

PUBLIC HEALTH

ru AnJ Uimction from Ro.ld Intersections

Stxiut addr»s5 & City of WuM Location

Sketch Map:
11

- J _
1
1

- _ _ l _ _ .
1
1

• — J--1
!

»-<«

u _ _

r

f
__.

<

T
1

FORMATION
THICKNESS

OP
STRATUM

DEPTH TO
BOTTOM OF

STRATUM

/ '

4 WELL DEPTH: IcompleieJ) Oola ol ComuletTon ~~

2 ,, 9-f-73
* LJ Cable tool §] Rotary f"l Driven - . Q

LJ Hollow rod LJ 'Jetted_____LJ Bored Q,

6 USE: jJ^Domestic Q Public Supply • [~1 industry

[j Irrigation li Air Conditioning f~] Commercial

riTestweM n _
7 CASING: Threaded C0 Welded Q Height:

Diam. |
X i Surface ft.

t. Depth | Weight

t Drive Shoe? vas [F No

&
Slot/Gauze

Set between //X. ft- and -' *•* ft-
Fittings:

9 STATIC WATER LEVEL

jn £J ft. balow land surface

7
10 PUMPING LEVEL t>«iow land

ffF Is ft. after j/_hrs. pumping

________ ft. afier__hrs. pumping

O.D.m.

g.D.m.

11 WATER QUALITY in Parts Per Million;

iron (Fa) _________ Chlorides (CD

Hardness .Othar

12 WELL HEAD COMPLETION: Q ,„ ApprOve(j pi,

____C?l Pitless Addpter ["] 12" Above Grade

Wet I Grouted? Yes No

Q Neat Cement Lj Bentonite

Derth: From_________ft. to ft.
Nearest Source of possible contaminati

Go feet Direction

Welt disinfected upon comoletion PP] Yes ] | No

USE * 2ND SHEET ir NCCDCD

15 PUMP: G Not installed/y jt
Manufacturer's Name //^-gfr^^—ti

<; ——— / . 7 —
Model Number ^_1 .^_,- t̂ -r .̂Cn HP /__ Volts /

•Length of Drop Pioa^*^r (t. capacity____G.P.M.

Type; r~| Submersible

-<Bt Reciprocating

1G Remarks, elevation, source of data. etc.

ftf"'r3 t"rO BY

•tCSflECTED BY

ELEVATION
DEPTH TO ROCK

067d IOOM l««v. 12-6BJ

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and this report is trim
to yie,lj»»3t ?f my knowledga,and belief.

rnov



WATER WELL RECORD
ACT 294 PA 1965

MICHIGAN DEPARTMENT
OF

E

I

(

i

i

1 LOCATION OF WELL |
County A __£_

Distance And Direction from Rood

PUBLIC HEALTH

T»* ' Fraction _ -^^ Section No. I Town 'i Range
^> "̂ *~*ft^ \^ _ j ^ ~f -*2 -r \*p it i •• '' ~ *S ,.*

rnt«r>»ctions i ———— •"•— im— ——— T —————— i

cvV /l/j a ft fio £• -ft™ /?/ // 0 / ^ £•
Street oddress & City^of Well Location

2 / FORMATION

^-dxT-^V?*>C/ /"" jL*m*j

Is*/ s&i/TJ? • xv3O.£J?* ' <

X v > /""/ /7•> / r / y jf • ty
**^ Si**v*^~v ~^*y S-~7SI *#>-*-+*- f

'' £

' ' -- X.

7\
"* V

'

- •

'
>- ;

" " - \
'~\.. '*

•
^ >^.-— i \y

,— — - — ~.

AJ")£D .NrO. BY LrritLEjC t!tw

k

THICKNESS
or

STRATUM

q& '
/<r
v?^1

/^_

..'

'

.--

(*

" *.'- -

\

>fo, «fc, • ^^

****

DEPTH TO
BOTTOM OF
STRATUM

7°
f £^^J

/•??

•

;

X

"s- '

3 OWNER OF'WE'LL:, '^ /? , • %
T^>7 >^c»t*Zi fi^^Cct^d&wwL ."i:

Address f . p » •

4 WELL DEPTH: (completed) " Date of Completion^ ' '

5 E Cable tool | O Rotary D Driven \ Q Dug

U Hollow rod : D Jetted Q Bored ' D _ '—

6 USE:O Domeitic D Public Supply ' Q Indujtry

LJ Irrigation LJ Afr Conditiortino 'Jĵ I Commercial

7 S*11NG: Threaded D Welded D ]H.i9ht: Above/Below
î y*01* , i jtf- — _ i Q \

Oi.-in- *" / // fl- D*pth .surfoc. .Ĵ ^ ,.._„';*>.

lw.]0k«: y / '*«/'*
——— in. to ——— ft. Depth iDriveShoe? YesHNbO

8 SCREEN: ^ '" ?

si /e 'Xfe^,^-^--^ k /:/ "S

9 STATIC WATER LEVEL" -. ' * ' £1.
*-'- | ft. below land surface.- *"!"

10 PUMPING LEVEL below land surface ." \

11 WATER QUALITY in Ports Per Milliom' -
i

!»«* 'F.I Chloride* (CM

H«,Jn.,,//' ^ / /CT"O /

12 WELL HEAD COMPLETION: D In Approved Pit

Q Pities* Adapter1 .E3 1?" Above Grade '

13 GROUTtNG: . " ' ' . .'
Well Grouted? D Yes 0 No ... ...

Material • LI Neat Cement Cl .,

Depth; FromC ____ ft. la ___ ft. f "" '.'" . '

14 SANITARY: /

Nearest Source of no^sibi* contamination -. "-

/.-&.&. f«.« ->J.. n:".TtfwnS»L-fyO-.. iTrr- •
Well disinfected upon completion £)£] Yes LJ No

15 PUMP; - -

Manufacturer'* N«m« ,^i . ^•«*'

Model Number ^?£,,,£ /I Hp ,/rf*
\ 7y» ffSj

Length of Drop Pip« y i2 ^ ft capocityj!!JL__G.P.M.

^J Jet | _ | Reciprocating

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and this report is true
to the belt of^my knowledge and belief.

Sianeî

£Z)t ^LfsJ?t. /> / ;
\S * • •> ̂ m • j^_iw — y / *

O67D tOOM 6-66

GEOLOGICAL SURVEY COPY



SUHVtY bAMPLE NO.

JUN1 6 197£

1 LOCATION OF WELL |

WATER WELL RECORD
ACT 294 PA 1965

MICHIGAN DEPARTMENT
OF

PUBLIC HEALTH
Rang-* Number

03
Otmance^Lod Direcunu from Road intersectio

Street address & City of Well Location
Locate with~j'x'r7n~»"tctlon below 4 "WELL DEPTH: (completed) Pate of Completion

LJ Driven

Bored

Rotary
Cj jetted

6 USE: Jjjgoomeslic Q Public Supply Q IndusUy

|_J Irrigation f_] Air Conditioning Q Commercial

7CASING: ThreadedQ Welded!"] J Height: Above/-

Surface /

-//_ lb»^fift. Depth i Weight

ft. Depth ] Drive Shoe? Ve-«[5f No [~1

9 STATIC WATER LEVEL

ft. below land surface
10 PUMPING LEVEL below land surface

ft. attar f hr». pumping g^/ .J

11 WATER QUALITY in Part* Per Million;

Iron (Fe) Chloride* (CD

12 WELL HEAD COMPLETION: Q ln Approved Pit

Piileas Adapter T~l 12" Above Grade

Well Grouted? fc^J Ye* Q No

Neat Cement [J Bentonito

Depth; From ^*r n. 10

4 Nearest Source of possible contamination

Well disinfected upon complefion

Length of Drop Pipe
•r̂Type: rg,Submersib!e

(~1 Jet

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

16 Remarks, elevation, source of data. etc

£/L f l £ O I S T £ R E O BUSINESS NAME

D67d tOOM (R«v. 12-681
AUTHORIZED REPRESENTAT IVE



GEOLOGICAL SURVEY SAMPLE No.

WATER WELL RECORD
ACT 294 PA 1965

1 LOCATION OF WELL j

MICHIGAN DEPARTMENT /
OF

PUBLIC HEALTH
Township Name Fraction Section Number Tovxn Numoar

NX.

RanggNumoar

Locate with "X" in section below Sketch Map:
11

. J-1
1

._ _4 _
1
1---t-

__ ,

i 11
1
1

_J.__I — .
1
1

~T - - -— •

*

E _

T

4 WELL DEPTH: (completed) Date of Completion

Cable tool

Hollow rod
Rotary
Jetted

Q Driven

Q Bored l~]
Dug

> tv- '•*+•** i tfif m. • ,,rviha-u « _f wvi w • __f —... _ —

6 USETJgoomestic Q Public Suoely Q Industry - -:;';-

O Irrigation [J Air Conditioning | | Commercial v

"~* Welt '~1 " '"_____MTest Welt (_J
7 CASING: Threaded^ Welded [~\ , HeiQht: Abov«/K

Diam. — I *

Aj ,/ZJ.J? ' l~/——— "' ""
r7 in. to ' ":£5Vt. Depth I Weight _/jC__lbsyft. /•.

ft. Depth i Drive Shoe? Yes B No D

067d IOOM |Rev. 12-68)



WATER WELL RECORD
ACT 294 PA 1965

I ' I II I 11 I
MICHIGAN DEPARTMENT

OF

I LOCATION OF WELL 1 ' UF Uti ti£ PUBLIC HtAL. H
County Twp. - — » -— Fraction Section No. Town

z63=£3 f̂e« Z 5 /^
Disbxnr* Aj»dr*Pif«t>«&fcJrom Road nlersections r™"~ ————— ™ ~~ ~ ~~ " —— "" ——— \

Sj~~V^~ t* '''•^rfSt t j T f lOWNFR NA

£^-^ i~vt^ &?~~ •£ r0$ *^^ 0 C^y^^T
Street address & City of Well Location

2 FORMATION

<^" /̂3 y

CTX/4 y ^ <zS>s&>/9 ts4£ £~
<~£*y/

K//?/7"^/^ .5/?A/,O

,-
\

\

THICKNESS
or

STRATUM

30

4-0
?JT

/&&'

6 Rematks, elevation, source of data, etc.

AOTtD i''trO. BY LSllitKj ilî A ll£L

DEPTH TO
BOTTOM OF
STRATUM

3&

70

/&J5"

/<?<r• t

3 OWNER OF WELL:

^^7 £&£S /<> ̂  ,

Ranga

*2/3 is^^

4 WELL DEPTH: (completed) Date of Completion

5 D Coble loaf G Rotary

£3 Hollow rod D Jetted

G Driven G Dug

Q Bored Q ___

6 USE: 53 Domestic D Public Supply D Industry

LJ Irrigation LJ Air Conditioning LJ ComrnercToT*a _ n
TTft W,M LJ _ . , . . . ,

Diom ' Threaded £if Welded LJ

£ In. fa /^2-S_'t. Depth

——— in. to ——— ft. Depth

8 SCREEN-

I Height: A^flK«/B«low •
i
I surface ^7 *" ' ft..

jW.iohl ̂  Zfr'Tk./ft.

lDriveShoe?YesQ'NoC

* jf^ ft

/^ _X*- '

Satbetwaen^^^Cft and^2^Lft

Fittings;

9 STATIC WATER LEVEL
f f i. _ ft. below land iurfac«

10 PUMPING LEVEL below land surface

11 WATER QUALITY in Ports Per Million:

12 WELL HEAD COMPLETION: D In Approved Pit

CS* Pitlcis Adapter O 12" Above Grade

13 GROUTING:
Wall Grouted? D Yes D No

Material: D Neat Cement Q

Depth: From ____ ft. fo ___ ft.

14 SANITARY:

Nearest Source of possible contamination

Well disinfected upon completion L^Yes Q No

15 PUMP: ^— >

Model Numk.r

Length of Drop Pipe^^jg^^ft. cap

'uc, ?x^_-

ffC'»y „„„.,.<?,? M

LV* Jet I _ | Reciprocating

11 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my Jurisdiction and this report is true
to the beit of my knowledge and belief.

f==y

AJrf>... Jf / /x'̂ f X7^7/>^

«tOf»T"*TIOH NO.

*,„-.- ~£^Z^ 9r^<2^_ ^n'_._ ' ,̂̂ T=? -x;^
OG7D 100M 6-66

lU



WATER WELL RECORD MICHIGAN DEPARTMENT
1 LOCATION OF WELL I / £ /TOBLIC HEALTH
County Township Name Fraction ^f^f Section Number Town Number ,£»nge Numoer

Grqtolt Pine River SSflSEw NE% 2U %J&^ R3 E/W.
Distance And Direction from Road Intersections jX"^

Bsrea and Olney coner

Street address & City of Welt Location
Local* with "X ' in section below Sketc

. _ ] _ _ _ _ _ v^
i *— \?*-"-r— -<T
! : \

| 1 — • 1 MILE -•— m ~.-*j

2 FORMATION

• Send

Clayand gravel

Ssnd pnd clay

Clav

Ssnd and gravel

Some clp.v t spnd snd grovel

\*^

use A ZNO SHttr tr NCCOCO

) Map:

c Sj
-g

F*'&
THICKMCSS

or
STRATUM

16

31

7

. ™
11

10

16 Remarks, elevation, source of data, etc.
, -: •"-. • -•• v

.;;V
': .- -.P^X

DEPTH TO
BOTTOM OF

STRATUM

16

k7

<n

97
100

110

-^̂*——

3 OWNER OF WELL:

11f>.ynard Danka
Addr"210 Olney street

St. Lculs, Michigan l|8880
4 WELL DEPTH: (completed) Date of Completion

110 „. June 1973
^ [_J Cable toot L_J Rotary £J Driven Q Dug

D Hoi low rod LJ Jetted D Sored Q

fa" USE: [^Domestic LJ Public Supply LJ Industry

LJ Irrigation \\ Air Conditioning Qj Commerciat

C^Test Wen n
7 CASING: ThraadedQ Welded Q ! Heiflht: Aoove/Setow

Diam. | T
, Surface •"• ft.

t, T r\r\ \ II
H-in. to •'•"V-f't. Depth 1 Weiflhr •*"*• Ih.Vh-

in. IP ft. Depth \ Drive Shoe? Yes PR No ( I
8 SCREEN:

ivoe- Johnson Dia. 2"
SlOI/GauiH -»-U ll.nr.lh '

Set between 100 ft. Jnt, J.J.O r,

fittings:
overall 15 ft.

9 STATIC WATER LEVEL

, C)O ft. below land surface

10 PUMPING LEVEL below land surface

Yf> ft. after lhr». oumoina 900 a.o.m.

ft. after, , hrs. pumninn _ a.o.m.

1 1 WATER QUALITY in Parts Per Mill ion;

Iron (Pel Chlorides (Tit

Har dries a Other

12 WELL HEAD COMPLETION: Q |n Approved Pl,

PC] pitless Adapter | | 12" Above Grade

13 well Grouted? ft] Yes Q No

j ] Neat Cement LJ Bentonite L!

"̂ ŝ epth: From It. to ft.
1 4 Nearest Source of possible contamination

•""̂  feet Direction Tvoe

Well disinfected upon completionX"! Yes Q No

15PUMP: D No, installed

Manufacturer-. Name R 3 ̂  1 d fl jt OU

Model Number P~P~37 HP "a Volts ^-t-V

Length of Drop Pipe "U ft. capacity __L.TG-P.M.

Type: |C] Submersible

[3 J«t [~1 Reciprocating

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled/rvyy^TrTGOrisdiction an(j t^js report is true
to the best of my knoV*3«c?Qft bnlpbelief. . ,,_-• yO X s — *?~

-'H LD°ULlNft & SERVICE (j fc£3
HEftl^X^tD &t/a(f)fSS NAME _ *7 T C "^ ft7 / «£SI 5TPATION NO.Mt. pi3asantPnona77^-o//

Address

Signed >̂ dfrZrfS ^C&^ **J3~£'?£
.„„ n ^ ,„, AUTMOBUEO R E P R E S E N T A T I V E

DA7d 100M (Rev. 12-681

fiFOLOGICAL SURVEY COPY



WATER WELL RECORD MICHIGAN DEPARTMENT

1 LOCATION OF WELL [ PUBLIC HEALTH
County Townsliiu Nnrnu Fraction Section Number Town NumOer Range Number

Cratiot . ,-- Pine Hivor ^ „ ^,. H ^ TI?N N/s ^ ^
Distinct; And Direction from Ro.id Intersections

4 ths t: '"46 at 407 Oarohard Ct

Street address & City of Wwlt Location oBiw
Lor.itu with 'X * in section helow Sketch Map:

1 1

. J '
1 '
i 1•--XJ---+-Y

- _ _J — _ _ _ — . — —— - J M 1 .

! : i 1
I ————————— , M .« —————————— J

2 FORMATION

t" Sand 0 II

Clay II 178

Sand 178 196

Clay 196 199

Sand 199 216

<~,^.-«'. •&&-?» '"'V^
. / /

USE A 2ND SHCCT ir NEEDED

1G Remarks, elevation, source of data, etc.

ACnFD INFO C'/ DRILLER, ITEM NQ.

"*AC-. i lOf l BY r ——— "

ELEVATiOM
OLPTH TO ROCK :

. X

THICKNESS
OP

STRATUM

II

167

18

3

I?

.

DEPTH TO
BOTTOM or

STRATUM

II

178

196

199

216

3 OWNER OF WELL:
Hr Km Csgood

Address ^Qj Orchard ct.

St Louia Ki 48S80
4 WELL DEPTH: (completed) Date of Completion

216, ft Juno 73
& f~l Cable tool Q no*»'v L~l Driven Q Duo

LJ Hollow rod D Jetted Q Bored Q

6 USE: Q Domestic Q Public Supply f~"l industry

LJ Irrigation Ll Air Conditioning (_] Convnercral

CfTest Well [H

7 CASING: Threaded H Welded Q ! Height; Above/Below
Diam. | T

• Surface ft.
4 in. tn 2OOft n w»iffB.I^9 IK. y*t.

3 *7/1 A y^ f\ " ' -— ,
'/ m. to CAW ft. Depth | Drive Shoe? Yes f3! No M

^ Johnson . _ /Q _^Red Brass ^ 3 7/8 OB
Tvoe: _ D,a.: "^ *'

Slot/HauIB 1 *nolh ft

Set between 208 h- and ?Jfi ft.

Finings: 3in K Packer

9 STATIC WATER LEVEL

•? • ft. below land surface

10 PUMPING LEVEL below land surface

^^^ ft. after £ hr*. ournoina (« a. a.m.

ft. after ,_, , fir*, pumoino g.o.m.

11 WATER QUALITY in Parts Per Million:

iron IFe) Chlorides ICI1

Hardness nther

12 WELL HEAD COMPLETION: Q ,„ ADB,0ved pit
C] Pittess Adapter [^] 12" Above Grade

3 Well Grouted? S Yes Q No

l) Neat Cement f?8entonite ("1 Clay

Depth; From 0 ft. 10 178 ft.
4 Nearest Source of possible contamination

50 feet S Direction SdT)tiO Type

Well disinfected uoon completion S) Yes PI No

5 PUMP= D NOI installed

Uanufacturar's Nama ItQda

Mode. Number I4DI'PI5I Mpl 1/2 1. 230

Lenoth of Droo Pioa yO ft_ r.ip^rit^O G.p.«.

Type: ffi Submersible

LJ Jet [J Reciprocating

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and this report is true
to the best of my knowledae and belie'.

C S Oberlltner 0341
f t E G J S T C R E O BUSINESS NAME R E G I S T R A T I O N NO.

Address4664 N State Rd Alma Mi 48801

Sin««/^>,*/7>J?/^<^ /£ ~£ Da.e /^. ~ 72

D67d
_ _

100M (Rev. 12-68)
A- ' -

ff

GEOLOGICAL SURVEY COPY



——--;:; ~":;r 1 1
1 LOCATION OF WELL

^L^w
——— |

ID
WATER WELL RECORD MICHIGAN DEPARTMENT /

ACT 294 PA 1965 OF
PUBLIC HEALTH

Township Name Fraction Section Number Town Nun

Distance And Direction from Road intersections

Street address & City of Well Location
Locate with "x" m section below Sketch Map:

i i i
1 1
J - -'

! !
« .--4 -. . -1

1 1

1 """ ~*t i 1
^ ——— , MI'LC ———— -

T
i MI.

JL
2 FORMATION

*s —— -

1

1

C&R**\,
0

[sb/ dL'&tA^S **?3-&~y*t~iyt>

^ — -i

USE A 2ND SHCST IP MCCDCO

THICKNESS
OF

STRATUM

/
J? <P

16 Remarks, elevation, source of data, etc.

AD2-0 W."0. BY D3ILLCR. lit/.! fuJ>
/

DEPTH TO
BOTTOM OF

STRATUM

%

? '?'

73

3 OWNER OF WELL:b-v^ L^

Address ,«* / • t^, i^^ a

nber Range Number

,N/\. *? A/ /Z&rfr

""*-•' D. /
<5-&-r&*ez**r-t*-^Z-

£S ^-- ___ *SsPj?&A

4 WELL DEPTH: (completed) Date of Completion

7 3 ft.
5 D Cable tool B" Rotary £

Q Hollow rod ED J««*d C
J Driven \\ Dug
J Bored ( 1 ____

b USE: IZ-fPomeslic | _ | Public Supply D Industry

LJ Irrigation (~) Air Conditioning (~) Convnercial

[^Test Well Q

7CASING: Threaded0"WeldodQ ! Height: Above/Be low
Diam. |
XI — xi> tSurf*"c-*- • fu

I/ trtf ' ~?3^jfl==.in. to 0—/_ 't. Depth i WeiohtJ?-*^X_ih«-/fi-

in. to ft. Depth | Drive Shoe? Ve» R No f~l
8 SCREEN:

TVOBT L.*, y>7. Di«.r

.Slot/Gauia fo C? l«nfftK

Set between (J / ft. and 7-T f

Fittings:

/^"
-^ ^/

9 STATIC WATER LEVEL

ff> (} ft. below land surface
10 PUMPING LEVEL below land surface

fa O ^ . **/w ** ft. after ^hrs. oumoma

f t . after __ hr*. pumping _

C? o.D.m.

————————— Q.p.m.

11 WATER QUALITY in Parts Per Million:

Iron (Fel Chlorides IC11

Mardn*** Diner

12 WELL HEAD COMPLETION: Q |n Approved Pit

Pj^itless Adapter [~1 12" Above Grade

'•* Well Grouted? (_JYos |_J No

[J Neat Cement Ll B«n»onite [|
Depth; From ft. to , __ .ft.

14 Nearest Source of possible contamftiation

V> 0 feet PI/ DirectionJ^^J^C' ;&*^aS Tvoa

Well disinfected upon completion r |Yes [""] No

15 PUMP: Q NOI insta.led

Manufacturer'* Name _. ,. .

Model Number HP

Lenath of Droo Pioe ,.„ ,. , ft. eao»city

Volts
n.p.w.

Type: [~] Submersible

I 1 J*I Q Reciprpcating

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled undtr my jurisdiction and this report i* true

REGISTERED BUSINESS KAMC RCCWTRATION MO,

Address -^/ >-?-tXX>^/ r^^^-^-^f- -^ * —— ' 7 fTJ *

^Q^-uJ?, Jf a^tM*. 9 — ur-xz
trvi.. ,o... ,->.«, AUTHORIZED R i P R E S E K T A T l v E 1 iSD67d

GEOLOGICAL SURVEY COPY



.vUi'1372'

1 LOCATION OF WELL [

WATER WELL RECORD
ACT 294 PA 1965

MICHIGAN DEPARTMENT X
OF

PUBLIC HEALTH

Locate with X. in section Sketch Map:

-T
*M t -J

FORMATION

I
THICKNESS

OF
STRATUM

DEPTH TO
BOTTOM OF

STRATUM

4 WELL DEPTH: (CwnplSfed) Date o

D Hollow roxlnonow TOO_____L i jeiieg_____i i oorma____ i j

6 USE: WJ Domestic Q Public Supply , Q industry

LJ Irrigation Ll Air Conditioning Q Commercial
(—1_ . ... .. I 1

7 CASING: Threaded OS, WeldedQ'! Height; Abova/B*W^ •
Diam. | t

• Sofface /...__. ft.

it. Depth J Weight // lh«Vft.

ft. Depth | Dr_jv« Shoe? Yes SI No f~]
4_ \*. ta

in. to
8 SCREEN:

(

-*S-*6*~~~*-iy

Set between ^ *7_ ft. ant ft.

9 STATIC WATER LEVEL

below land surface

TATVC WATER I*££.«.
10 PUM VEL below land surfaceUM£LW£L£VEL below land

tS' ? ft- «**** * hrs.oumoina

f t . hr*. pumain^

o-o.m.

g.p.m.

1 1 WATER QUALITY in Parts Per Million:

Iron (Fel Chlorides mil

Hardnes* Other

12 WELL HEAD COMPLETION: Q ,„ ApDfov.d p,t

f^pittess Adapter Q 12" Above Grade
13 Well Grouted? L^Yes Q No

D rn PCNeat Cement |_| Bentonite Li

Depth: From O ft. to / "7 ft.*i
14 Nearest Source of possible contamiation \

feet X^ Direction

Well disinfected upon comoletion TX Ves | | No
5

HP ' Voli*

Manufacturer's Uer«ie

Model Number/,/"^ ... ___ . ....
"xTT 7^* —Length of Drop Pioe ^ W fa. opacity t_OG.P.M,

Type: DO Submersible

I I jet | [ flectprocatmg

USE A 2ND

16 Remarks, elevation, source of data, etc.

rtQUED INFO. BY URJ1LEW. /!£« ftU

17 WATER WELL CONTRACTOR'S CERTIFICATION: -
This well was drilled ivider my juusdinriion ar>J thi» reoort i* true ,

BYi

»»ADDIT?Cfl ffft

100M (Rev. 12-681
*UTHO«II£0 f iEP«Ea£f* r*TtV£

Date
&
pJL^/f:y

GEOLOGICAL SURVEY COPY



1 LOCATION OF WELL
County

Gratiot

•Jfaff 0T **4 73/7
WATER WELL RECORD MICHIGAN DEPARTMENT .- ' -

ACT 294 PA 1965 QF '"
PUBLIC HEALTH

Township Name Fraction Section Number Town Number Range Number

Pine Hiver Stf % Sffw w 24 T I2HN/S B3V ̂
Distance And Direction from Road Intersections

E HI & I tanth E of Begole Ed, &2 tenths H of
H Konroe Ed, on Orchard Ct»
««,«««.. c.w^««.«8ai.9«A««4 Ct St Louis Mioh.

Locate with "X" tn section below Sketch Map:
I i I
1

"* j ... - _ _ _ - - • *

--J---T----- *
1
1

r
Ml.

1

| ——————— , M *!.« ———————— 4

2 FORMATION

s — -

. dand

Blue clay

Brn "

Sand fine

M Red

0 23

23 97

97 ±54

154 184

*84 203

Porisity Goode

* Well was approvied by &r Barns

due to drainage conditions, 9b

with provisions

checkso

for perodioal

U3C A 2ND SMCCT IF NECBCD

THICKNESS
or

STRATUM

23

74

57

30

19

16 Remarks, elevation, source of data, etc.

""•^.RLC'tQ LYi , '

DEPTH TO
BOTTOM Of

STRATUM

23

154

*84

203

3 OWNER OF WELL:
John W Baker

Addre$s403 Orchard Ct
St Louis lUohe

4 WELL DEPTH: (completed^ Date.of Completion
203 ^ ĵar 18 6?

& LJ Cable tool Q Rotary [~~1 Driven Q Dug
Q Ho How rod D jetted O Bored D __ ,_

6 USE: j^0orn*»tic ( 1 Public Suoo'v Q Industry

Ljlrrigation LI Air Conditioning 1 I Commercial

OT«st Well f~l

7 CASING: Threaded 05 Welded Q J Heioht: Above/Bet^
Diam. | T

•j j Surface * i ft. . •--."•

/ '"- tO ^^ ft- Depth I Weinht ^-fem./ft-

3 -5/^fn. to *-*-O ((.Depth | Drive Shoe? Ves pTNo [~|
8SCREEN; Johnson E Brass ^ , ;-

*̂ 5 io
Iy3 ^ulSet between , , ,. ft. and ft. - :

Finin0s3in K Packer

9 STATIC WATER LEVEL
7-a
t -* ft. below land surface

10 PUMPtNG LEVEL below land surface

*-Vj ft. afterj hr». Dumoina i W o.ojrt.

ft. after ,.„_ hrs. aumni'ng o.n.m.

11 WATER QUALITY in Parts Per Million:

Iron (Fe) Chlorides (CM

Hardness flther GrOOd

12 WELL HEAD COMPLETION: Q |n App,oved Pit

•*F1 Pittess Adapter ^S~| 12" Above Grade

'•^ Well Grouted>rt_J Yes { J No

( ) Neat Cement k7| Bentonite f f T
ft. to JJli ft.

4 Nearest Source of possible contamination

* feet 17V Direction Sinlc drain fisld-oo
Well disinfected upon completion PjYes l~] No "

5PUMP: D Not installed
Manufacturer's Name **O<la

Model Number I4JBI&PIOI H? 1/̂ .Ms 230

Length of Drop Pipe T^Q ft- capacity _lft.G.P.M.

TVPB: ^F^T Submersible .".:

|~~1 J*' Q Reciprocating _ ;

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.
Carl S Oberlitner 0341

BESIS

Address

Signet/ f

TEoeo BUSINESS N»ME REGISTRATION HO.

4664 N State Rd Alma Mioh.

fsfJ'^//? /, , /. 7!T. D*.- Kar 18 69 -
D67d 100M (Rev. t2-68|



WATER WELL RECORD
ACT 294 PA 1965

i i i I t ____| l I I ,1
MICHIGAN DEPARTMENT •*•"

OF
1 LOCAT.OMOFWELL jS&J PUBLIC HtALtH ,-'

C]$MZZJ ' %^.tf^^ Fraction ._ ,— — ' Section No. Town Range
)&* / KO . ~\ n /~> /~>. *P _x^/-fr*5! / w ̂  M J.CT /^ CN/S. _ r5 a ĵ/

D.Ljtonce Ajtd Direction from Rood 'tfitersecj'ions 0 / ' ..-——• . — - ———— ___ ——— _
fi^fjlf^*^ /"/w p^x-rv^L^o ~^>f >J~IOWNER NO. . J

Street oddress & City of Well Location / $ O^J^^T^^^^d^ d/J >t/-&-fr^/

2 FORMATION

fl/J 0 ft
( j£&-*&\ —— ̂ .̂̂ ĵ Btfc ĵl

o STc^^ lL
<rfc''^ r-N

M >

** Lci_Vt~ U.OU.S.C?

^

'

•V

THICKNESS
OF

STRATUM

<f£
<2

/V/eM

16 Jfemarks, elevation, source of data, etc.

• '*V»£0 INFO. 8Y DfilLUS. iTtM rtU. \ ^ X ^

•CORRECTED BY:

**ADD1TION Bit

DEPTH TO
BOTTOM OF
STRATUM

&(/*)
qt..

^

3 OWNER OF WELL=y. * * * 8 4? tf *J/n-*-r—^^r^TT-t̂ X^C ^f QOtr*^"^

(5 /} T* A >H 1 JQ<**^*' • 4 +**' Address &d&**-T^ '7 ' t̂ *^ T^ , y *

/ *\ * vrf^ft- f'l^ir- .-t£y ^ * ^^ / /•^ *"** '^
4 WELL DE9TH: (completed) Dote of Completion "*

°l / ft. ">zW 5 — 6 7
5 D Coble tool Q Rotary D Driven D Dug

@*HoUow rod D Jetted D Bored D

6 USE: [&t>oine»tic D Public Supply D Industry •

LJ Irrigation LJ Air Conditioning LJ Commercial

PI T«, W.ll PI

7 [v£|NG: Threaded ̂ Lw*ldedD [Height: Above/B.law

je t̂.in. ta fl,.T?._*'- Depth |surface f . *t.

jWeight.^f.f.yl Ik./**.

——— in. to ———— ft. Depth (Drive Shoe? Tes@TJeC
A

U ^ ~-£/ //
Slot/GaiiTB I >nglk ^^t , ,/ i^*

Fittings:

9 SWIG-WATER LEVEL

10 PUMPING LEVEL below land surface

II WATER QUALITY in Parts Per Million:

12 WELL HEAD COMPLETION: D In Approved Pit

Q PitUn Adopter B*12" Above Grade

13 GROUTING: _^^
Well Grouted? D Yes (&No

Material- (] N.at C.m-nt [~J

Depth; From _____ ft. to ____ ft.

14 SANITARY:

Nearest Source of possible contaRXrnatiqn .^ /
^T5 f.-t /^^ n:«,.:_- ^ f̂r/S?>^71*»> f̂̂ _

Well disinfected upon completion LJ Yes f^THa

L5 PUMP:

Model Number „ in._ Wo

Length of Drop Pip*,,.,..,. ,,. , It eajtnflty _. „ G PM

LJ Jet LJ Reciprocating

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well wo* drilled under my [uriidietion ond tSi« report is true

_,<"- * e cc n jc^Ci^ eus(**css NAhtK • >*^ * RCGI STB*TIO** **o.

AJrfi>-4v/fr/7^-^f:-^^» f^ls<~4&<*4*£-r' ^r 344@

Sien.d t!̂ ? -̂2-C^A7/fl-̂ X^^ ' niltt Aî O //f * / 7 P/

D67D 100M 6-66
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WATER WELL RECORD
ACT 294 PA 1965

MICHIGAN DEPARTMENT
OF

1 LOCATION OF WELL | ' Stf PUBLIC HEALTH

*%LfjL,ut T^J^ /2^MX

Fraction Section No. Town Range
rj7i, » 'i.j j*t~+, i/ 3. </ y^? M/jf ^35^-^y/w*V .'C.-xig .̂'î AJ.-* A tf^t, 7 / ^- N^6. 5 ŝ=*. ->^/W.

Distance And Direction from Rood lrv/e* seer ions 1 — - ——— . l-,-,_. ... .
. ., / ^ „ . , , / • » ** IJ. ' [OWNER No-^?~ v*y/ *"3£si&&s — -v/ .**-'"

Street address & Ci^ at WellLocolion tf

2 FORMATION

G&*M.
6

^

^

THICKNESS
OF

STRATUM

gj-
£r

16 Remarks, elevation, source of data, etc.

AUOED t.va sv' :;;;LiiD. :•'" "••

DEPTH TO
•OTTOM OF

STRATUM

7*

3 OWNER OF wELL:/9 ^.^ »/?^^a^c/t̂ c-̂ , ^< C -̂T -̂C-
Address J^ ^ / jQx l̂— ̂ -tft— » ^<G~T

i&f J2-5-̂ »*-*-oj V*)̂ 1-**-*̂ **--*̂ *̂1*"1 "̂ V' >iofC
4 WELL DEPTH: (completed) Dote of Completion

4*^- '*•
5 D Coble tool D Rotary Q Driven Q Dug

Q-Hollow rod D Jetted O Bored D __

6 USE:Q-Oomestie O Public Supply Q Industry

LJ Irrigation LJ Air Conditioning O Commercial

n T.. .w.it n
' Dmm ' Threaded B Welded LJ (Height; Above/Below

1 " ^JP* ' /.̂ t. In. ta v'-l—f*- Depth jiurfae* / \\.

Iw.ioht -?^ lh./f»

——— In. to ——— ft. Depth tDriveShee? Ye»Q"N»C

8 SCREEN: . , ,,
^+. — f^ § *r

Type; $! -^ ' *~* '^ , Din.- / ^7

Fittings;

9 STATIC WATER LEVEL
_...*? J? ____ ft. below land surfoce

10 PUMPING LEVEL below land surface

11 WATER QUALITY in Parti Per Million:

Iran /F.I £Mnri,4.. frt)

12 WELL HEAD COMPLETION: D In Approved Pit

LJ Pitless Adopter LJ 12" Above Grode

13 GROUTING;
Well Grouted? D Yet D No

Material; [.I N«n» C.m.nt Cl , ,

Depth; From _____ ft. ta ____ ft.

14 SANITARY:

Nearest Source of possible contamination

(&_V_ f..» j/V Hi »<•»!.«. ?i ft Trr.

Well disinfected upon completion Lei Yes LJ No

15 PUMP:

Manufacturer'* N«IH» . ,

Model Numb.r. ,._. . . MO

1 — 1 Jet LJ Reciprocating

L7 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction end this report rs true
to the best of my knowledge ond belief.

yy y^. '\^v /^^^
O? J-/7 ./^/ J (? y y y - A -

S ' _ J f ^/ /— -• J^ f Jfc i I-i M ^ •* bL^af l*\ • jf P U^^f f / l^

D67D IOOM 6-66
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âc
B ^

9 -Mai «

cvi o
r-l r<|

£4*
o

a tO
"& (O

f J ^o rt
.H (fl

t-

iH
A)

O

to

C

«l

O

O

1-1
(4

R
o

TJ
f.
O
O
O

o IB
•rt *<

O (O O p Pw eo 1-41\» o

he
ar

in
g

a
l

d

rH
(̂  -̂̂
id C-

) W

;1 .8 J3

M

P.

«**FiJ St
h 0
T--I -tJ
^ oo

M

•rt

r*-ae*>o
•C1 T! -J•d iJ *o

O N O t; «) <3 O
flj 4* Oj .(P <•» 0

-CJ (^ £2 t? «£* fc£ C^ iC» *^^
t! A r-* fc* 1= S3

O

cl c; .r* • i ,C d ti t? ̂ U *£ .C ,« ^> î x? ra u> 65
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iUHVfcY SAMPLE No.

:: •? 1973 WATER WELL RECORJ MICHIGAN DEPARTMENT

1 LOCATION OF WELL | v PUBLIC HEALTH
County Township Name Fraction Section Number Town Number

Distance'And Direction from£oad rttersections
&,& **?/'. ̂ s<y#7A 0^ A/}- ^fb

&£ /V A*. U***04S
Street aJdress 8. City of Well Location /f"i* / i"T. £.0u*S /Mi*li .

Locau tvrth X ' in section below Sketch Map: *

i

i ' i
1 1

— --!---
___ — & __ -

t
_ 1 ___

I
i
5

t

| Ml.

j

FORMATION

S*vO C 6* «*£<.

^y $ A ¥ Cf^^A T f O 7&AJ£

^S9/V0 * Sj^G <t/>3/ Ct-rty

^s*/i? 70 sWc&'w*> S"A**& **j/St)'*i£

a*/

-

USE A 2ND SHEET \f

16

NEEDED

THICKNESS
OF

STRATUM

sa-

fe-

2S-

, '*'

Remarks, elevation, source of data, etc.

-aMto MM. dr wttLUa. ii**t OK. 'CrCx-*<• J "*"• \^f\ ̂ -^

DEPTH TO
BOTTOM OF

STRATUM

9<3

£?^ *

17

3 OWNER OF WELL: i . ,
Mff. 'J04/V /Cf*S£* Q0A*

Address f & / *^- A^. Wv^4/

Range Number

/

4 WELL DEPTH: (completed) Date of Completion

& [0 Cable tool [~l Rotary [~1 Driven |~~] Dug

Q Ho How rod \_J jetted LJ Bored D _____

b USE: |J0 Domestic LJ Public Supply Q Industry

[_J Irrigation Q Air Conditioning LJ Commefcial

QTesi Well [7]

7 CASING: Threaded 0 Welded Q ! Height: Above/SW9w
Diam. | /

i Surface ft.

JZ_in. to ?/_-•**- Depth | Weight _.//_ Ibs^ft.
in. to ft. Depth | Drive Shoe? Yes f^ No ["")

8 SCREEN:

Slot/SOTW. Xi> Lenoth <i '

Set between '' ft. and ' ' ft.

Fittings: . • — -.*e*
9 STATIC WATER LEVEL *

***" ft. betow land surface
10 PUMPING LEVEL below land surface

ft. after * hr*. oumoino ^"

fr. after immi hrs. pumping

a.D.m.

g.p.m.
1 1 WATER QUALITY in Parts Per Million;

Iron IFe) ' ^ Chlorides ICII

Hardness Other

12 WELL HEAD COMPLETION: Q |n ApDroved Pl,

(n Pitless Adapter | | 12" Above Grade

'•* Well Grouted? [_J Yes jĵ l No

IJ Neat Cement [}Bentonite ( |

Depth: From ft. to ft.
14 Nearest Source of possible contamination

feel Direction Tvoe

Well disinfected upon completion [5j Yes ( (NO

15 PUMP: QNO, in^al.ed _

Manufacturer's NnmH \*.^ V C^

Model Number>O£c''""*'̂  HP ^ Votts ^ 3fD

length of Droo Pina ,?5™ '*- *•»?»«! tw '* n

Type: [7j Submer»ib*e

I"! Jet Q Reciprocating

WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and triie report is true
to the t>^s! of my krto^cdps and belief.

REGISTERED BUSINESS NAMt REGISTRATION NO.

Address '^* 2* ^7~&fl£A /W / C /> .

Signed /p~*<,au~££^. D,,. „. ,0-S9XJ
067d tOOM (Rev. 12-68) R E P R E S E N T A T I V E



WATER WELL RECORD
ACT 294 PA 1965

MICHIGAN DEPARTMENT
OF

1 LOCATION OF WELL | JW A/IO Sff" PUBUC HEALTH '
County //•' •*"""/ * . Twp. ^7

^N I s£f&~'l-*£*&*f i y^-J / .f /* ••'/ .S17-S./

Fraction Section No. Town

/I/ & C" /~i/ i ' / £s / 'y
fr f"F O ' "* M / s f *—,

Distance And Direction from Rood Intersections f — -7* — • —————————— - ——— -i

A ••" *

Street address & City of Well Location

2 FORMATION

i ^ ° ^°

fSdit^s f /^f_^s

Jt^Zs £t/&/^, ** ' **

/%.# .^^/ ?*-?*

>-"

_

ADDED INFO. BY DRlLLtR. tlti* ULV

•CORRECTED BYi

..,n«n«rt e^ s/lfc 7

THICKNESS
OF

STRATUM

&0

^.Z

rî i /

S £•?

16 Remarks, elevation, source of data, etc.

/ //T"/*^- .'/ /'*?v/ / ' ~4*^s'/'*S '£<f-^l. - •^£-^*4L*i'

DEPTH TO
BOTTOM OF
STRATUM

30

Si

K?

9-z

Range

N/|. .2 î  E/W.
3 OWNER OF WELL: J ffaw?^-*^ /-TO&J.^y

Address ^yO\3 fe . (^J &_s4^£t*1*'*' </ &>^S&AS~*-

4 WELL DEPTH: (completed) Date of Completion

5 D Cobl* tool ffl Rotary

G Hollow rod D Jetted

Q Driven Q Dug

D Bored D ___

6 USE: D Domestic Q Public Supply Q Industry

LJ Irrigation LJ Atr-Condi t roping LJ Commercial

D Test W.M PI /0-m-/^^* >4*>c^-^-/ 0 .

i p. * Threaded Li| Welded Lj
// tf» ,
/in . to (ji ̂ i. It- Depth

O& in. to y l̂. ft. Depth

(Weight: Above/Below

iiurfoe* / ft.

!D-*££§B!OD
8 SCREEN/?. /• n

M

Set b.tw..n^£2 f̂. -^ ??- rt *••

Fittings: 3 ' ' fe>*?7 <Zs(f *

9 STATIC.WATER LEVEL
/ ^>

10 PUMPING LEVEL below and surfacer76 i, -(..,2 •.„ r«P,.0 ^^ flr.

11 WATER QUALITY in Part* Per Million:
~3 £~irAn (F.I -^- t> rhiwM.. rn\

H_-J_— «* / / /-^^J. V^^1

12 WELL HEAD COMPLETION: Q In Approved Pit

Q Pitlets Adopter C2T 12" Above Grade

13 GROUTING: /S-£
Well Grouted? D Yes D No

Depth; From_£L-/t. to_i2j2ft.

'^^^

14 SANITARY:

Nearest Source of possible contamination

*T? '-^ '"•* VTl /* n:.T»*i-_ _ Typ»

Well disinfected upon completion LJ Yes (jy No

15 PUMP: -7— • .

Model Numb. r / ft £* 2~, UD / S/t^
L«ngth of Drop Pip« . jfy _ _ _ f * - copoeity_Z^l.G.P.M.

KH. Jet LJ Reciprocating

17 WATER WELL CONTRACTOR'S CERTIFtCATIONr
This well was drilled under my jurisdiction and this report is true

^r?%'z%," ̂ ^
«;jl«.J t-p ( . ' f'fj~fJtJ*£s£-r,*tr^f-r ' n

H C 01 » T»*T(OM MO.

... 7fe£r/, ̂
^ — - ,'

O67D 100M 6-66
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LOCATION OF WELL [

WATER WELL RECORD
ACT 294 PA 1965

MICHIGAN DEPARTMENT
OF

PUBLIC HEALTH
Townshin Name- Fraction

Street address t City of Wall Location

f~* ' (/J

*^"i

LocateTvTTh "X" in section below

Section Number Town Numotrr R.lnott NumOar

Sketch Map: 4 WELL DEPTH: (coma'et£j»f' Date of Completion
1 ' 1

1 1

- -I J
1 1

1 1
. __ j —— J. __!__-

1 1

! !

T
l Ml

|

Cable tool
Hollo* rod

Rotary

J«»ed
f~] Driweo

Q Bored
Dug

6 USE: S Domestic Q Public Supply Q Industry ,;-

[J Irrigation LJ *'r Conditioning LJ Commorcial •.
C]T«t Well F~ •''•""

7CASING: ThreadedaQ WeldedQ Height: Above/AAv
Diam. /^ | J

12 WELL HEAD COMPLETION: |f> A[){>roved .„

(Cl Pitless Adapter | | 12" Above Grade

^ Well Grouted?£3 Yes Q No

I I Neat Cement (_J Qentonite ^J

Depth: From 1*^ _ft. to ̂ J? ft!*
14 Nearest Source of oossible con

fe»t
Well disinfected upon completion \f fVes

5 PUMP:

Model Number

Length of Drop

Submersible

Jet Reciprocating

USE A 2ND SHEET If NCCOCD

Remarks, elevation, source of data, etc.

ADDED INFO BV Off,UER. ,T£M Ho

•COfiRECTEo BYQf>
"ADDiriON BY ([

16 17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled tender my juriyJeticA and SIrS report is true
to the best of

• C I S T E R E D BUSINESS NAME MO.

TO RJCK

D67d 100M (Rev. 12-68)

GEOLOGICAL SURVEY COPY



Bcthany (Gratiot County)

Hichigan Chemical Company
Fee #U

Location: STTt of SE^ of EBj of section 19, T. 12 N., R. 2 T7.

Elevation: 735 feet above sea lovcl.

Eccord "by: I. Hclo from driller's log. Thickness Depth.
(Feet) (Feet)

No record 750 750

HISSISSIFPIAff:
Michigan:

Shale, "blue 25 775
Sand, whito ' 20 795
Shale, "blue 15 810
Slftto, gray 25 535
Slate, "blue end gray 28 863
Slate, "blue i*7 910
Line shells 16 926
Slate, blue • 27 953
Slate, blue and gypsum shells 15 §6s
Lime 5 973
Lime, broken 20 993
Slate, black • 30 . 1023
Lime 26 10US
Slate, blue 3 1052
Lime, gritty ^ 6 105S
Sand " 5 1063
Slate, blue 7 1070
Lima ,15 1055
Lime and sand 3 1038
Sand 3 1091
Sand, darlc gray 2 1093
Sand, light gray 35 1132
Shale, blue 6 1138
Sand, gray and s..ale 9 11&7
Slate, bluo, hard 3 1150

Napoleon (Upper Uarsuall):
Sand, gray, gritty 25 1175
Sand, rod , 17 1192
Sand, light • 23 1215
Sand, red 5 1220
Sand, red, gritty 10 1230

TOTAL DSFTH 1230
Casing record;
5-3/16" 1091' Initial production: Brine Tfoll



GEOLOGICAL SURVEV SAMPLE No.

WATER WELL RECORD MICHIGAN DEPARTMENT

1 LOCATION OF WELL
County

1 PUBLIC HEALTH
Township Name Fraction Section Number Town Ni

Distance And Direction from flojd Intersections

Street address & City of Well Location ^V/X'/ \Jf- £<0Mff f*f * c" '
Locate witn X ' in section below Sketch Map:

I ' I
1

1
w _ _ _ j —— 4---I —— -

\
\

— 1--T--T- —
1
1

1 ————————— , M*H —————————— »

E

J MI.

1

"> FORMATION

^^ ^^ / ^^

G*AV a»r
T_)£±AsQ¥ £5&Qt>vAS C£/> V

O^7/V^ VUtTn -*jC>sn£ £,£*Ar

^

•

USE A 2ND SHEET IT NCCOtD

THICKNESS
OF

STRATUM

8'

*r
23'

, /6.

16 Remarks, elevation, source of data, etc.

ADDED i:;?o BV oaiu^R. :TIV- -w-
-CORRECTED BV ̂ T^

* * r^O"' I ' -'" ^ *

E L E / V T : :i
C--.?T« TP » <

DEPTH TO
BOTTOM OF

STRATUM

£.',

7fi'

<74.

3 OWNER OF WELL: . ^

-J2'Vv<?i/$'7"VC/XrZ &c
Address

jmber Runge Number

i£ t/C^STT 4-AJt^f

4 WELL DEPTH: (completed) Date of Completion

9 | _ | Cable tool [1^ Rotary Cl Driven ' [~] Duo

LJ Hollow rod [j jetted M Sored Q

fa USE: [J Domestic LJ Public Supply PI industry

(_J Irrigation Q Air Conditioning Cl Commercial

CjTest Well [3

7CASING: Thr»aded0 WeldedQ ' Heiflhi; Abovc/Ueitm
Diam. | /

. Surface * ft.
4J ?/ ' //" in. to CCat. P«p.h | Weight /* Ibs./ft.

fn. to ft. Depth | Drive Shoe? Yes JMNo ( I
8 SCREEN:

SlOt/CftaM ,.,.,,,,/V lunjjlh

Finings:

J%- f tD

3'
ft.

9 STATIC WATER LEVEL

**C* ft. below land surface

10 PUMPING LEVEL below land surface

*° ^* ft. after 2 hrs. oumorno

*7rt 2
*,*7 . ft. after ••_ hrs. rixmriino

/•^ o.D.m.

O O n.n-m.

1 1 WATER QUALITY in Part* Per M»H ion;

Iron (Fel &• * Chlorides ICII

Hardness ' nihar

12 WELL HEAD COMPLETION: Q |n Appfoved Pit

Irl Pitless Adopter I J 72" Above Grade
ld Well Grouted? |_Q Yes [ 1 No

LJ Neat Cement 0 Bentonite Q

Depth: From It. |r» ... „»•
14 Nearest Source of possible contamination <pp_

^O feet MJCSf Direct ion lrJ£>&ttJ i 1 &{J) TVP»

Well disinfected upon completion [if] Yes P] No

15pUMf>: CUo. installed
Manufacturer's Mama M1 fV SPr*'

y * ^

Model Number iQI&POll HP •» Volts 23O

Length of Drop Pipe /'T' ft. capacit

Type; f^l Submetsible

LJ J"' r~l R*cip«

f '̂'G.P.M.

seating

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and this report is irue
to the h*st of my knowledge and-belief.

^~e6£s? & &£/t? f ' f/<J££ //&*r
RECISTEREO BUSINESS NAME

Address >C-*"-i -^-ftf'Qr'st t /*Sj * CJ •

RCCISTRATION NO.

,- ^^ST>JL~iej^ sz-+-^4
«... ,««., ,n... ,->.«, AUTHORIZED R L ? « £ 5 £ N T A T . V ED67d



WATER WELL RECORD MICHIGAN DEPARTMENT

1
Co

<2

LOCATION OF WELL
urtty ; •

I
m^

PUBLIC HEALTH
Township Name FractionjC, Section Number Town Number flange Nurnbwr

Distance And Direction fromRoad intersections

Street address & City of Wetl Location
Locatj with X ' m section below Sketch Map:

2

\ +1 1
H i

_-_ _ — . .__J__-
I

— ---T--I- —
1 t
i l

* —————— t M.* £ ———————— »

T
'l""

IVV VC£>

u!
___ _L_l

1

FORMATION

L <£***«*<_

——————— _-/ ——

J5.

•
4AS0

CS. x »•/

IA/X'^ </?«.//j

031 ft 2ND 9HCCT If

16

MIEDED

ler̂ a^ka. elevation, source of data, etc.
ai 0/?/Li£o

**tl)0ffir- »v

•̂ ^ ^^* •̂ •̂1 ^^
^ ~ J ^^^ 1 **^r*/̂

Pfc'li L tS ^^ ^ T

THICKNESS
or

STRATUM

Z.O

/#'

/O'
SO

/& '

&><

DEPTH TO
BOTTOM or

STRATUM

zo'
30 '

f
^&
7Or

&&'

3 OWNER OP WELL;

jQ {_ /\^*?/p f^rf/£, //
4 WELL DEPTH: (completed) Date of Completion

** LJ Cable tool fciJ Rotary |_J Driven C~| Dug
LJ Hollow rod f_J jetted LJ Bored LJ ____

6 USE: [^Domestic Q Public Supply LJ Industry

LJ Irrigation [_J Air Conditioning FJ Commercial

ClTest Well [^

7 CASING: ThreadedSl WeldedQ ! Height: *tw«/8elow -
Oiam. [ ^f

_ .Surface •=> ft.
^* /^5 / ? "» <-
*- -f_ '•" to *— '_Z_f't. Depth | WeightiLjf_^-lbtyft.

in. to ft. Depth | Drive Shoe? Yes F3 No [~|

8 SCREEN:
**i i- _ _. i \ / i t »

Tvo*- VlOr'lM •-- .rJ f-i Dim.: I '-^f
1 /^~> SI * f * *

Set between £5 /, ft. «nd .^'^ ft-

• Fittings:

9 STATIC WATER LEVEL

— — ' ^** ft. below land surface
10 PUMPING LEVEL below land surface

ft. after hrs. oumoina a. p.m.

ft. after hrs. riumoing ., g.D.m.

1 1 WATER QUALITY in Parts Per Million:

Iron (Fe> Chlorides [CD

Hardness , , ., Oth^r

12 WELL HEAD COMPLETION: Q ln Approvwd Plt

JjQ pitless Adapter 1 j 12" Above Grade

!3 Well Grouted? j_J Yea LS^^0

LJ Neat Cement [J Bentonite [j

Depth: From ft. to ft.

14 Nearest Source of possible contamination

Well disinfected upon completion p^Yes 1 I No
15PUMP: Q_Not installed __

—y^~Ii ' ->s s ts £ ~*~Model Number /T /71 HP-^/Volis ff.^,

Length of Drop Pipe J^->^>ft. capacity _^_^G. P.M.

Type: f~| Submersible

J2 Je! D Reciprocating

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well ivas drilled under my jurisdiction and this report^ true

REGISTERED 3tJSINE5S NAME ((£01 S T»*T IOH NO.

.,..- /̂ ,.,-.-.̂ ,,x DM v-g'-r/j
.„„ „ , „„
100M (Rev- 12-68)

Ss



WATER WELL RECORD
ACT 294 PA 1965

• . L 1 J \ I I

MICHIGAN DEPARTMENT
OF

1 LOCAT.ONOFWELL I PUBLIC HEALTH , V
County ___ ̂  Twp.

/?/<>/f?7/^/ _• P/ **/?/&$$
Ffoctien . S«crion No. To»«n /?_^/ Rong* jAi^

AWM//*VuS>flT *X?^ ^^. ,N/S. ^, E/Vf.
Distonce And Direction from Rood Intersections' i ' •• — • f — • — ~j

* J f*l f~j jr- ft ~ r rlJ* j* .1 A"5 , j. rt lOWNFP NB -nl_y ._,,,, _.,.// yy & ft t£ "f«V4/u IY&AQ > ——— - ——— '
^r X/-:/ £A&*4r &£G****
Streer oddrei* & City of Well Location

2 FORMATION

rt/.JtS Ss*
r*T/ A*' x//n) ̂ C-^/s/fr

J"x4/\/^ - t2/?A*>&i*

*

f- ——————————————

TKICKNCSS
.OF

STRATUM

//^

/£r6

/

*•

16 Remarks, elevation, »owrc« of do to, «*c.

AW£a i;:.-0. ,-•• . - - • .. [._,. ,r

DEPTH TO
BOTTOM OF
STRATUM

//&

£/a
:/y

3 OWNER OF WELL: W/ A1 & £S S +>

f&X'J&Q $3 D ft '<? ' c-/Z -
Aadroit r^ ;-n-.

^sS*S» itff^/ftSAaMi $£
4 WELL DEPTHi (eompl.t.d) Dot* af CompUiion* .*'•

^ /^ " /i/jf ̂  / — >1O ^
5 E Cob (• tool Q Rotary O Driven . 'OOwg

[J Hollow rod D Jetted D Bored D —— :

6 US£:/S1 Domestic Q Public Supply Q Industry- -

LJ Irrigation LJ Air Conditioning LJ Commercial

n T... w.n n
7 DiomNG: ThreododD Welded D |H«ight: Ab*»e/Belo^--.

</ in. to ^r/Xl.ft. Depth iiurfae. . /" , f»..
' fc*^*"1 K > >

W.igh.X/ 1M,lk«/fK-

——— In. to ——— ft. Depth iDrive Shoe? Yei^NoL.

8 SCREEN: - .•V.'-'v

Typ.r T J/"lZ^*D,..i?-y -";; "̂
y -> .-1—* •-•• -••-/SU»/G-..,. y a t — r.h o • •*•'

s.t h.»«..̂  /^ ft . «.j^y«y h ...";":••:
r ". •-"-:•

Fitting,: ̂ ^^^ "^

9 STATIC WATER LEVEL . ';-.
* ^ _ ^T below land iwrface

10 PUMPING LEVEL below land surfoce

11 WATER QUALITY in Ports Per Million:

i™ (F.i rht«:J.. (rr)

i

12 WELL HEAD COMPLETION: D In Approved Pif

,]0 PitUsi Adapter D 12" Above Grade

13 GROUTING: . . • _ _ / •

Well Grouted? D Ye» S No ... --.':'.

Uatwlal; f_J N*»» r.™.n* (I , •- ~"'

Depth: From ____ ft. to. ___ ft. ' '•"••'-

14 SANITARY: /^^ . • - - -:;.-.&&"
N*are*t Sour A of pottibU eontaminotlorr - .-";--./.'

/^J feet & Pirerti^^AT" Typo

Well disinfected upon completion ^Cj Ye* LJ No

15 PUMP: ^ * --t - ' *"/J *^- -^ J I Ar «iJ -_,c

Mdnuf«etur.r'. N«™-/r J> ̂  *~ V> ** »»-•

W0J-I Numh.rC .£ *? f*5//J / HP >T»
(>V ' , ̂  »"*—

L»natri of Drop Pipe^Lyt __ f». eapaeir^J—^^G.P.M. '- • -

LJ Je? LJ Reelprocofing ;-'-

17 WATER WELL CONTRACTOR'S CERTIFICATION: - ~_*^
Tnii well *»oi drilled und«r my jurisdiction ood tfii* report i* Tru* ' '.. ,
tr^th* b«*t of my knowledge and b*li«f. • ••' ,,

.Gî -̂ i <>Wv.̂  .^?^P "
AJ*.« ̂ 3,H ^-fiP^P* $ /

<:,«, ̂ > ...Zf^Sl : .,-r>-* -J ' „„.._/, // , ̂  <?
AU TWO mi to wc»5< infTiTivi / *

f 0670 IOOM 6-««

I 2 1969 GEOLOGICAL SURVEY COPY



GEOLOGICAL SURVEY SAMPLE NO.

DEC 01 1972 WATER WELL RECORD
ACT 294 PA 1965

1 LOCATION OF WELL
fl

MICHIGAN DEPARTMENT
OF

PUBLIC HEALTH

ijiM «^A^d Direction from Roou^niersections

__ City ol*T.'.ilt Location
"Toi .i(evvitir"5rrTn section he low Sketch Map:

---

I —

_ _ ^

--1
1

- t Ml

1

1

I

J

.—— __l__--

1

t

r - ~r - •
ii

T
T

FORMATION

*

THICKHESS
OF

STRATUM

DEPTH TO
BOTTOM OF

STRATUM

4 WELL DEPTH: (completed) Dott* of Completion

Cable tool
Hollow rod

Rotarv
Jetted

f~l Drivwn

Q Bof«d |~)
Dug

6 USE: g£] Domestic fl Public SuDD'v Ij Industry

LJ Irrigation [_j Air Conditioning £_J Commercial

(""I ___________________

7CASING: ThreadedS] WeldedQ j Height: Above/t
Diam. | I

i Surface ..__f____ft.

in. to

in. to

ft. Depth i Weight
ft^pepth i Drive Shoe? Yes*S}No Fl

8 SCREEN:

Type,

Fittinos:

9 STATjC ^ATER LEVEL

below land surface

TATJCWATER I

/ a ft.

/J6 10 PUMPING LEVEL below land surface

JJy, C?, _ ft. after/ hrs. pumping o*» C^/

ft. after__hT». pumping

g.p.m.

Q.O-m.
11 WATER QUALITY in Pan* Per Million:

Iron (Fel ___________ Chloridvs (CD

Hardness .Other
12 WELL HEAD COMPLETION:

j [ Pitless Adapter

,„ AoBroved p,t

12" Above Grade

^ Well Grouted'^ ves Q No

[J Ntat Cement LJ B«ntonite

Depth: From "Q> ft. to J"7_ li.
14 Nearest Sourco of possible contamination

feet

Well disinfected upon completion ff] Yes ["] NO

I.J.U fclf JJKJUifl. UiM £» *

1 5 PUMP:

Manufacturer'* Norn*

Model Number _____

Not installed

HP

Length of Drop Pioa

Type: jQj Submersible

DJ«

.fi. caoacity

.Votts _

__G.P.M.

Reciprocating

16 Rc/narks, elevation, source of cLita, etc. 17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well wa* dnljyd undar m% |u^>.lic/fon .-̂ ĵ  this reoort is true
to

Date

067d 100M lR«v. 12-631

A i



(JtULUCJICAL SUHVtY SAMPLt No.

"WATER WELL RECORD MICHIGAN DEPARTMENT
1 LOCATION OF WELL
Count v

Gratiot

I 7^ PUBLIC HEALTH
ITownslnp Name Fraction . ,^-« Section Numbor Town Ntimbur Ranoa Number
1 [Ut- >Ufi)
1 Pine Eivar MW Aw- '* AJV^ o< Tl2ff N/S. R3W E/w.

DisUi-'H'tt And Direction from Road Intersections

4 ths fi of Begole Ed on H Monroe Ed
jtQQQn

Street .idrtrtms & Citv of Well Location ^* -"OU13 Ml
Lo> .it« with "X" in section below Sketch Map;

1 X ' '
1 1
J- '

1 1
1 1

r~ i ~~

1 ————————— , M,*H ———— —————— J

T
IMP.

2 FORMATION

~.<o I Sand

Clay

No 2 Sand

Clay Brn

» Blue

So 3 Sand

Clay Wht

d ii
n 20
e 3
3-- II

II 21

0 7

7 12
H BlAe 12 21

•~-j 4 Sand

Clay Wht
H Blue

Test holes for

o 5

5 10
10 21

buildings ,

THICKNESS
OF

STRATUM

II

9

3

, 8

10

7

5

9

5

5
10

16 Remarks, elevation, source of data, etc.

ADDED IHFO BY DULLER. I7£M NO.
*rpc*>^Trn BV J ^l*Ur *f _-^l tU DT s^ Jr f

-•A-irO'JBY//C/""" ' ' (///
C'.EV'ATIOM M
DEPTH TO ROC* , . f;j

OCPTH TO
BOTTOM OF

STRATUM

II

20

3

II

21

7

12

21

5

10

21

3 OWNER OF WELL:

Church Christ
«*«» 126 E Saginaw St

St Louis Mi 48880
4 WELL DEPTH: (completed) Date of Completion

ft. June 73
S LJ Cable tool £} Rotary Q Driven |~1 Dug

LJ Hollow rod 1 1 jetted II Bored \\

t> USE: (_j Domestic i 1 Public Supply (~l Industry

LJ Irrigation EJ Air Conditioning LJ Commercial

[ (Test Well 1

7 CASING: ThreededQ WeldedQ ! Height: Above/Belov*
Diarn. [

i Surface ft.

in. to ft. Depth \ Drive Shoe? Ves f~~| NO {""}
8 SCREEN:

Tvoa: Die.:

Slor/Ganrs | itnath

Fittings:

9 STATIC WATER LEVEL

ft, below land surface \
10 PUMPING LEVEL below land surface

ft. after hrs. oumoina a. p.m.

ft. after hrs. pumoinp o.a_m.

11 WATER QUALITY in Parts Per Million;

Iron (Pel Chlorides ICI1

Hardness , Other

12 WELL HEAD COMPLETION: Q ,„ Aporov9d P|I

[ 1 Pities* Adapter ("] 12" Above Grade _,
'•* Well Grouted?! _ | Yes (_j No iiiJ-ou V/

LJ Neat Cement [j Bentonit* [~~| OJ-*ft I3UU*

Depth: From ft. to ft.

14 Nearest Source of possible contamination

feet Direction Tvoe

Welt disinfected upon completion 1 1 Yes I 1 No

15 PUMP: Q NO, inst.M^

Manufacturer's Name .

Model Number HP Volts

Lennth of Droo Pioe. , ,_ fi. rap»pitv , Cr-**-",

Tvpe: [ 1 Submersible

LJ J*t Q Reciprocating

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

W^*f ̂

R E G I S T E R E D BUSINESS NAME REGISTRATION NO.

S~I 2 svs •* -* /J ^.^ -f ^
1 —————————— _ „ ..,...„ — . > . i . • Ai iHCSrrEC-f lEPPEaEsMTiv;1 - ' ' ' / j
D67d >OOM (Rev. 12-68) /V

GEOLOGICAL SURVEY COPY



NOV 01.
*• "".'

1 II
WATER WELL RECORD

ACT 294 PA 1965
1 LOCATION OF WELL
Coamy —. ? -

MICHIGAN DEPARTMENT
OF

PUBLIC HEALTH
Township Name Fraction;/ st -vr

!4 %

Number Town Range Number

5 £^W
And Oiremion iiom Read) inter sect ions

,Street address & City of Welt Location

3 OWNER OF WELL:

A<Kfress

Locate with ' X in section below
11
J

1
1

,__! ——— 1
1
1

i

U--J

r ~ n__. Tk MI

J

FORMATION

Sketch Map: 4 WELL DEPTH: (completed) Date of Completion

... , y f 5 •?
5 "fiD C»ble tool

M Hollow rod

Rotary

Q jetted
Driven [""]

Bored D.
6 USE: [^Domestic Q Public Supply [~| industry

LJ Irrigation [_} Air Conditioning [[

n

THICKNESS
OF

STRATUM

DEPTH TO
BOTTOM OF

STRATUM

7 CASING: Threaded^ WeldedH ' Height: Above/LWHW
Diem. ^^ |

• Surface / .**•

i. to -^JLsift. Depth | Weight _^ / lfa«-/fi.

>. to __^_ ft. Depth i Drive Shoe? Yes DQ No

/^Vt?^

8 SCREEN:

Type:
»
Slot/Gauze
Set between

Finings:

Dia.: _
Length

9 STATIC WAJER LEVEL

. below land surface
10 PUMPING LEVEL below land surface

{ ~S 4? ft. after / hrs. pumping

ft. a*ier___hrs.

0-P.m.

g.p.m.
11 WATER QUALITY in Pans Per Million:

Iron (Fe) ___________ Chlorides (CD

Hardness .Other
12 WELL HEAD COMPLETION:

____ KT) Pitless Adapter

|n Appfovftd Pll

12" Above Grade

vvell Grouted? Yes No

I_| Neat Cement LJ Bentonite

Depth: From 7) ft. to J

14 Nearest Source of possible

feet
b t e cor t a m i na t̂ »*̂

ffeciion *^^~ _ ___

Well disinfected upon completion f""] yes Q No

USC * 2ND SHCIT IP NCIOCD

15 PUMP:

Manufacturer's Nem*

Model Number____

Not installed

Length of Droo Pipe__

Type: (~| Submersible

n j«>

_____ HP___Volts __

.ft. capacity___G.P.M.

rn Reciprocating

16 Remarks, elevation, source of data, etc. 17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was dritleifl under mv ju<f^£lic;><yi a?4)ln's 'Wort is true
to

1OOM (Rev. 12-6S) R E P R E S E N T A T I V E

GEOLOGICAL SURVEY COPY



Pine Siver- Twp., (G?a%iot County)

Testar Leonard
Kmeat a. Shepplor #1 Permit

Drilling Contractor: C. C. Billiard

£doation: SBjfc ITWj inrj section 26. T.12B.tR.3^«
10201 from north and SSl'from

: 7^8-5 ^*st above aaa laval*

Rseord "oy: Iiyle W. Price from driller's leg.

FI3ISIOCSBE:
Drift:

No record

Shale,
Ssndatona
Shale t bluo

Parnia:
Sandstone

MISSISSIPPIfllT:
E-ayport: • '

Liioaatozut
Sandstone
Shale,, groea
Ssadstoca

Ehalo. "bltia
Llnsstona
Shale, tlua
llzceatone
Shale, blue
B3ha\loa

ITepolooa (Upper Uarahall):
Uo record

lower Marshall:
Had rock

COMPLETED

Bad-wcflc
Liamtona

RECORD .
' ' 3^7'

biu»
-Bei-rock
Shale, groan

SSial»p gray
Ehale, blus
Mnsstono; "ohella11

Shele, gray
limestone "Sheila"

, gray

.£D 33-50 in
(Dry)

#1367
L

1 J1 ̂ *• ̂ | WL• f\ t »-^_c7TT

quart Ar section.

Thickness
(feet)

332 <

60
153
85
30

50
lJO
5 .
10
£0
70
10
5
25
20
30
50
so
35
20
20
30 .
35
55
33
17
U5
10
125
20
60
95

Depth
(faet)

ĝj

595
630

710

760
SCO
S05
S15
835
905
915
920
9̂ 5
965 .
995
lew 5
1125
1160
11SO
1200
1230
1265
1320
1352
1J570

1U25
1550
1570
1630
1725 '
17UO



GEOLOGICAL SURVEY SAMPLE No.

APR - G 1976
WATER WELL RECORD/ MICHIGAN DEPARTMENT

1 LOCATION OF WELL I /"*." /X//U/ PUBLIC HEALTH
County Township Name

3r»tiot Pine Rivear
Fraction / Section Number Town Number Range Number

V4 V4 % N/S. E/W.
Distance And Direction from Road Intersections
5.0 K of Jaroow Rd oa W Koavo* Rd & S 400 ft.

RFD K HoaTOt) Rd OT H4& St Louis, Mi oh.
Street address & City of Well Location

Locate with "X" in section below Sketch Map:
1 vl T

-_J _ '

"-« i— -- }™Y> _ _ . . _ i _ , ,[,,_[ i i j
^ ————— , MIL! ——————— -

? FORMATION

1 Saad & clay fill 0 9

Blu» clay 9 92

Saad 92 101

Brora clay 101 221

Fine sraval 221 240
-

Porlsity good, larga wall *viab:

•—*

USC * 2ND SMCCT IF NCCOCO

THICKNESS
or

STRATUM

9
83

(9

. 120

39

o«

16 Remarks, elevation, source of data, etc.

ADDED INFO 8V DRILLER. ITEM NO.
*Ci)RR£Crco H* Qjp
••MJUIIWN bv ^
ElEVMlCN »

DEPTH TO
BOTTOM OF

STRATUM

9

92

101

221

240

3 OWNER OF WELL: Church of Cbriot
126 E S»5ijsav St

Addr*" St Louis Mi 46880

4 WELL DEPTH: (completed) Date of Completion

240 ft. Jua« 75
& Q Cable tool S Rotary l~l Driven (~1 Quo

O Hollow rod D jetted O Bored f~l ____

t) USE: |_J Domestic [3d Public Supply [~1 Industry

LjlrriD»tion [| Air Conditioning [~1 Commefcial

7CASING: ThreadedQ WeldedQ ! Height; Ai.ove/Below
Oiam. | ±

4 . 231 . n t . K HS9 ';
yb*° orrr— t- D'PIh 1 «8)0ht - ____ Jbsyft.

•* *'in, to ^ ft. Depth | Drive Shoe? YesJ.7] No (~1

8 SCREEN: Jo]iaaOB St*lal»»a fltwl
Tvoe, Dl..:3 7/8 OD

Slot/Gauia 5f tJOf AitStXinaeh 9

Set betwean231 ft. and 240 ft.

Fi«in0s;3 ia K paclcay PPT.

9 STATIC WATER LEVEL
271 ft. below land surface

10 PUMPING LEVEL below land surface

^^ It. after-3 hrs. oumoina a.o.m.

It. after hrs. Dumoinp o.o.m.

1 1 WATER QUALITY in Parts Per Mill ion:

Iron IFe) Chlorides ICM

Hardness Other

12 WELL HEAD COMPLETION: H] In Approved Pit

^ Pitless Adapter [*1 12" Above Grade
la Well Growled? Ll] Yes QJ No «•

D X~i T-iDylj oudNeat Cement '\ ] Bentonite LJ s "•*•-*

Depth: From w ft. to ft.
14 Nearest Source of possible contamination

75 feet N Direction Septio TyD.

Well disinfected tipon completion fM^es PI No

15 PUMP: n Not Installed

Model Number iO HP1 Vfllis2°^ 2JU

l_enoth of Droo Pip«,* ••• ,_fl- capacity.., _ q.P.U.

Typa: LJ Submersible

1 1 Jet [~"1 Reciprocating

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and this report is true
to the best of JTV knowledge and belief. — . , —
Carl 3 Obtn-iitnrfr 0341

REGlSTtRED BUSINESS NAME R E S I S r R A T I O N NO.

Addre» 4664 N Sat* F.d Alma Ml 4S&OI

S-one/^^^^/^ n,,. Jnn. 7S
^ irVU, ,«.„ ,?«!* T° MC* .--WS0 AUTHCmi«0«P«SENTAT.VED67d



GEOLOGICAL SURVEY SAMPLE No.

'MAR 2 6 1375
WATER WELL RECORD MICHIGAN DEPARTMENT _/•

1 LOCATION OF WELL I PUBLIC HEALTH
County Township Name fraction Section Number Town Number Rangw Number

Gratiot Pine Rivar 3W % KW % % 25 TI2»N/S. H3W E/W.
Distance And Direction from Road Intersections
2/10 £ of J0jom« Hd on Cheeanan fid & S 60 ft*

Street address & City of Well Location S&ffl*
Locate with x ' in section below Sketch Map:

i i I
1 t

XI I

T A T""T
VI j

? FORMATION

• Sand 0 15

Blue Clay 15 155
Sand

Brn Clay &. lena H33£ 155 210

S.nd 210 227

»—-

USE A 2ND SHEET If HEEDCD

THICKNESS
OF

STRATUM

15
140

55

, 17

16 Remarks, elevation, source of data. etc.

•• ;̂̂ T

DEPTH TO
BOTTOM OF

STRATUM

15

155

210

227

3 OWNER 0^ WELLJ _ „ _wr 3) M Bobin*
Address &4I Che«smaji Hd

Si Louis Mi 4368O .
4 WELL DEPTH: (completed) Date of Completion

227 ft. D«o 74
5 L 1 Cable tool 3fcJ Notary Q Driven |~] Qua

LJ Hollow rod Q jetted C Bored L~) ,__uJ_,_
b USE: ISfloomestic I _ | Public Supply C~] industry

LJ Irrigation LJ Air Condittoninff 1 1 Convn*rei«l
1 JTest Well 1 1

7 CASING: Threaded® WeldedQ ! Height: Above/Below
Diam. 1 —

- , Surface 4. ft.
4 _ in. rn 2X3 fr. Dapih i Weight IIo9tb«Vft.

3__2/iOto 227 ft. Depth | Drive Shoe? Yes$f|No P]
S SCREEN: JoilflSOH

TvDeSiainleaa s* Di.,3 7/8 OB
TR Q»Slnt/na.iT* *y . I «n0th J

Set between 21 0 f,_ an(j 221? h

Fittings: 3 ^ -?*ClCeT

9 STATIC WATER LEVEL
27

ft. below land surface

10 PUMPING LEVEL below land surface
227 70ft. after hrs. pumpina o.ojn.

fr. after hrs. oumoinp g.p.m.

1 1 WATER QUALITY in Parts por M»U ion;

Iron (Fa) Chlorides ICD

Hardne«« Other

12 WELL HEAD COMPLETION: Q |n Approved Pit

SI Piiless Adapter ff] 12" Above Grade
13 Well Grouted? HVM Q No

[l Neat Cement (] Bentonite Xl -Dxlff ffltld

Depth: From fl ft. to Tn7 ft.

4 Nearest Source of possible contamination

~ feet Direction * Tv»«"

Well disinfected upon completion SI ves 1 1 No - -,
5 PUMP- i~~t ;LJ Not installed

Uenufacturer's fff|fi.;,29.Y-l ... -

Model Number........ ^ MP i/S'olts 230/ Jph

Length of Drop Pipe 84 ft. ceoacitv_iJlG.P.M. . • , ;

Type: pt̂ l Submersible

1 I jet f~l Reciprocating

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This welt was drilled under my jurisdiction and this report is true
to the best of my knowledge and belief.

C S OhavlitnBY OUT
REGISTERED BUSINESS NAME «tG' STff A HON NO.

4664 W Stata RdAla* Mi 48SOI
Address * T '

S7 f/&/ //- „
Signed (^ <? • LS jLtsL&fst-S'C'Cs Date C»O 74

D67d 100M (Rev. 12-68) AUTMOft lZED REPRESENTATIVE



WATER WELL RECORD
ACT 294 PA 1965

I I I I II I I I I I I

MICHIGAN DEPARTMENT
OF

1 LOCAT.ONOFWELL 1 ^tr//«» HUBUL HfcALIH

X&tyAW /JSkLr-^Ut.
Fraction , . / Section No. Town

to<-v~~'V . i-• -j— — i —— \J.i j_/ufV -» »- /
tJS '*~ i'/VT***, -X ^ /-

Distance And Direction from Road/i/itersections ' r™1 • - ' — i
IOWNER NO. -

Street address i City of Well Locolion^y ̂ ,C^^^5y^t^^1vA^< '̂»-^ f̂O

2 FORMATION

/^cy?Z-6^
I/ A y*l•x& -̂y-.H'jV

^

*

THICK NZ^r
OF

STRATUM

2J0
Udb

D Remarks, elevotion, source of data, etc.

CL a /] J /iî -cy >£/-O /i>t-̂ r»*4» ff*r~*
r^s ^-w**rtx' C/ o' i/

ADDED INFO. BY DRILLER. ITCM MO.

•CORRECTED BY: CP

IET^TTH TO
BOTTOM OP
STRATUM

(C' -*—c

Range

2. N// -^ //W.

3 OWNER OF WELLr^^t^ ^M-,̂  ^U« *̂£&

X/ y£^<-̂ > V•X^cJC^-*—
4 WELL DEPTH: (completed) Dale of Completion7

3^o ft. v/— y 0 ~ £^
5 LJ Coble tool LJ Rotary

jS^Hollaw rod D Jefted

LJ Driven Q Dug

D Bored Q ___

6 U$E:^rbomestic D Public Supply LJ Industry ••

LJ Irrigation LJ Air Conditioning LJ Commercialn T.it wen n
7 o!o.mNC: Threaded 0 Welded C

^ . ^) X^

——— In. to - —— -ft. Depth

8 SCREEN:

Typ.- 1*. //\ D

siot/co..,. dO /££+*+ii^ i

(Height: Above/Below .

lw.;oht,_jk '̂ |k,/l*.
I Drive Shoe? Ye»0NoC

/ -^

, ^
rf

Fittings: _ ' • • •

9 STATIC WATER LEVEL
-^ ^X
*^ / ft. below land surface

10 PUMPING LEVEL below ond surfoce
3<5 ,£/ S/

11 WATER QUALITY in Ports Per Million:

(«« /F.) rui~;J.. rrn

1 — v
s?W-*-

IJ^WELL HEAD COMPLETION: D In Approved Pit

-^ D Pit!.** Adopi.r D 12" Above Grade sW*

U^bROUTlNG:
""Well Grouted? D Yes D No

Material; Q Neat Cement Q_

Depth: From _____ ft, to ____ ft.

14 SANITARY:

Nearest Source of possible contamL
hfi i 1/(J n ^

Well disinfected upon completion I

-.

— •

lotion i :*

iJsSfel—— Type .-:.

3" Yes D No

L5 PUMP: . ,_>

Ma .̂l N-mb., MB

• oity,.. GPU

I _ ] Jet LJ Reciprocating

17 WATER WELL CONTRACTOR'S CERTIFICATION:
"" This well was drilled under my jurisdiction and this report is tru« - ~-

to Ike be*t of my knowledge and belief.

'•»I*TI-C6 »U^HISS "AMt^X^^^^,

Aadrei. <V^ j^^S^-^-<2^ /^<^,^£.

s:«.Afltti^t^s f//v^A fii/

"J^VlTft
d £?-'% -*£$

AUTHO-.JtO trCM^SCNTATIVK

D67D 100M 6-66



I I II II I I I
WATPS WELL RECORD

ACT 294 PA 1965
MICHIGAN DEPARTMENT

OF
1 LOCATiONOFWELL PUBLIC HEALTH

County , * Two.

Cratiot Pine Hiver
Fraction Iff* Section No. Town Range

jUUJttAJCXJtt^UJu 25 T 12 N/// R 3 HE/W.
DtyfQrtc* And Direction from Rood Intersections r —— — — • ———— ~- ——— - — — — ,
O (Go ft ErqfrBapffle Ed on OWNER NO. —to«e»manTJU/-§j*;S| S£"jyi witjeaoias **-L/ . ,r. .x St Eouis Mloh.

Street address & City of Well Location

2 . FORMATION

Sand ' 0-9
Blue clay 9 - 3 6

Sand 36-37

Blueclay 37 - HO

v oim clay 110 - 190
V
•'and .. - 190-205

Sand W/ stone 205 - 215

' •-

•

•

\

~^~-

16 Remarks, elevation, «ourc« of data, etc.

Good Porisity »

THICKNESS
OF

STRATUM

9
25

I

73

80

15

10

DEPTH TO
tOTTOM OF
STRATUM

9
36"

37

HO

190

205

215

\ •

,

3 OWNER OF WELL: D K Barstow
2591 Cheesman Ed *

Add"» st Louis Mich.

4 WELL DEPTH: (completed) , Dote of Completion

215 *'- " 66 67
5 D Coble tool CS Rotary D Driven D Dug

D Hollow rod D Jetted D Bored D ___

"S USE: S Domestic D Public Supply Q Industry

1 — 1 Irrigation LJ Air Conditioning LJ Commercial

D T . w n nTest Well LJ ——— -- - ——— ___ —— _ ________ .._._,

7 CASING* n n ' Y. v ̂
Diom ' Threaded LJ Welded LJ [Height: Abov«/62awj r

4 yrr\ I T " ' *
,...., in. ta tJ.W _ __f,_ D^orhi jsurface.,,, A ft.

T^ /n ^Trr * " !**'g'**i>"̂ 7 Ibi/ft.
J (/ ^* *-±-J I i—i r—i
—— LJn. to Z. —— ft. Depth -Drive Shoe? YesL2NoL

8 SCREEN: johnson Silicon Bedbrass

Slat/Gn..** 30 ._. 1 «0lk -S f"t

Fitiin^s: 3 ijj Felfflale TOTJ end.

9 STATIC WATER LEVEL "
1^5 ft. below lend surface

10 PUMPING LEVEL below and surface

11 WATER QUALITY in Parti Per Million:

r' '— f r r • '

12 WELL HEAD COMPLETION: Q In Approved Pit

00 Piiles. Adapter Qtl 2" Above Grade

13 GROUTING:
Well Grouted? £3 Yes D No

Depth; From ____ ft. ta __ __f». \-,

14 SANITARY: *

Nearest Source of possible contamination

• i |" \ f
Well disinfected upon completion ^f> Yes 1 _ 1 No

15 PUMP:

Mod.i N,,mk.r >1TTOT HP T A>
Length of Drop Pip« - j g — ti eapaciry_-_X4-C.P.M.

cyi r~]

1 — 1 Jet | _ | Reciprocating

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.

P K& CS Cberlitner 0341

Add,.., 4664 N State Rd Alma, mich

*lv*.S?^,/> ffi/. / ^ 0 . / - X ./ 7
T^'falrdi^ihiir&tkTftr'-**"-*-' ^

DS7D 100M «-66
J&N 4



GEOLOGICAL SURVEY SAMPLE No.

WATER WELL RECORD
ACT 294 PA 1965

MICHIGAN DEPARTMENT
OF

1 LOCATION OF WELL | PUBLIC MbALlH

County , ._ Twp. ^~

^Zv^T/xi/' *P,'*JG >pV<3-v
Fraction Section No. Town Range

Distance And Direction from Road Intersections * r ————— ~—— ———— ——— ———— .

sJ ,f . _ • **o

Street address & City of Well Location •* f

2 FORMATION

c) Q A/ iu —— \^.lAJ£ ————

Q 'j /*5>Ct A ' O '

0 I /I V t

^_ 3 - « - > ' - - Y , V ...

C / a u -S "/"->- / M Qo v-,5"

sljCf

<M"'/
GV^/W* Skj,/

^

--

THICKNESS
OS-

STRATUM

o

^?o

^2^

3o

35^
£,*
%s"
8%

*

•

16 Remarks, elevation, source of data, etc.

o.j'JTlON BYl

DEPTH TO
BOTTOM OF
STRATUM

^a

-Z2~>

^^>

& &

^

&#

/oa

1/0

3 OWNER OF WELL: /9 /
f~) 1 "/ [ / — _/ • T X7 e- f - J~
f *r-o£j UC- / /OA / \ -^"*-e j«/ C/ O JOC ^^ 7

// Ljfds* sf</ /^ / x ̂ » ,*/
4 WELL DEPTH: (completed') /Dot, af Completion,

//<^ '*• /O/^3 # sfey
J £ Cable tool LJ Rotary LJ Driven 1 1 Pup

I Hollow rod D Jetted Q Bored D ___

6 USE^ffi Domestic LJ Public Supply LJ Industry

LJ Irrigation LJ Air Conditioning LJ Commercial
n ^ •* n

Diam Threaded LJ Welded LJ | Height: Above/^Jptv

^^.rn.fo /̂ ĵ *fl. Depth isurfaee / f»_

Iw.i^kt /y,^ )k./h
——— In. to ———— ft. Depth iDrtveShoe? YeiJZNoO

8 SCREEN: . i

— X

Set betweenjî lft. m<l//^ r.

Fmin9'-^^Av ^^J/'J
9 STATIC WATER LEVEL

_i*?£/ — >_ft. below lend surface

10 PUMPING LEVEL below land surface _ .

11 WATER QUALITY in Parts Per Million:

ir«M (F«) rki«u.. fnj

12 WELL HEAD COMPLETION: D In Approved Pit

Jcl Pit!**s Adapter LJ 12" Above Grade

13 GROUTING: . .
Well Grouted? Q Ye. D No

Mat-rial- IJ M»«l C.M.nt L~l

Depth: From ____ ft. to ___ ft.

14 SANITARY: ,

Nearest Source of possible contamination -*L~ ' '. - .

j?^ '«» /f' n:,.,*;̂ ,, i^p.D/"?aa- Tyf— "

Well disinfected upon completion Jj£j Yes LJ No

15 [""L™-. M..̂ '̂̂ /,̂ y
U .̂l Nomh.r p t+ 1 / 1/3 ' Ht> /

Length of Drop Pipe^O_ft. copaeiry^X— C.P.M.

LJ Jet LJ Reciprocating

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and this report fs true
la the best of my knowledge and belief.

HCCISTEKCD BUSINESS NAME / *EGI*r*ArtOH NO.

< y^r/> ,-> - - , .' , //,- ^ nl/" 7^X5: //^^
yilJTWOHI ItC> flfHtSlH TATI V t/ ' "" ** y'



titOCOGICAL SUHVtY bAMHl.t No.

S £ P < ' t isr WATER WELL RECORD MICHIGAN DEPARTMENT

1 LOCATION OF WELL
County

^| ^7C PUBLIC HEALTH

ITuwn-ihip N^mti Ffiiction Section Numticr Tovvn Nurnbui
_

Dist.i-'". <i And DitHclion^from Road l^terjpcJioo*

SHoet .tddress & City of Well Location/-,* r"i> $" J- J^Q^J /I , ^, CA-
Lo1 •''« with X m section bulow Sketch Map:

1 ' i
1
J

«- . _ _ . . _ __-

- -1 -T -~ -
1
i>

! ————————— , Mils —————————— I-

I

|MI.

1

*> FORMATION

TXc/>W Cx*/ f" rro^e

GW d.^

f,'je. /c<='j> ZTsi'-JO

6e*r C.LW
.A - S~* /"~ A/"/ c5 1? ' /•/ -^ /^ C^«y ArfZc O rtsuO

*-s

THICKNESS
OF

STRATUM

/Z'

/V
j.
/V *

•

/*'

16 Remarks, elevation, source of data, etc.

ADDED INFO. BY DR1LLEB. Itf* ^v-
^

CORRECTED BYl \-Q

DEPTH TO
BOTTOM OF

STRATUM

/*'

2^'

29'

3L'

<T^'

"""e/7;;.
3 OWNER OF WELL: ,

/. /« /i/<3 yC'/ S/-T J-rje
Address A* A' t^G'ffa C. Si *S " t ~t-iJ

4 WELL DEPTH: Icompleiod) Data of Completion

ft* " *" ' '
& £3 Cable tool [~l Rotary [~1 Dfiv«« Q Dug

Q Hollow rod LJ jetted . D Bored Q
6 USE: LJ Domestic £j Public Supply l~l Industry

LJ Irrigation |_J Air Canditioning 11 Commercial

C]Te»t Well D

7CAS1NG: Threaded^] WeldedQ ! Height: Abov«/BWOw

• Surface ' ft.

in. to ft. Depth | Drive Shoe' YespjNO d
8 SCREEN: ./^/A/JJJJL/

Tvoe: -ST^ ''SCuff D-m . V

Slot/GTTHa Y, ' *"V?th

Set between 7^' ft. and -3^ ft.

Fittings:
»»-~ A

*i Ci AT

9 STATIC WATER LEVEL

^J- ft. belovn (and surface
10 PUMPING LEVEL below land surface

ft. after hr*. oumoina -^

ft- after , . 1M hrs. oiimoinp

a.D.m.

g.p.m.
11 WATER QUALITY in Parts Per Million;

Iron (Fe) ^ Chlorides (CII

2 S"
Hardness ml nthar

12 WELL HEAD COMPLETION: Q ,„ Apo,oved Pit

[ ] Pitless Adapter fH 12" Above Grade
1 3 Well Grouted? (_J Yes (3 No

[ J Neat Cement LJ Bentonita fl

Depth: From ft. to fl.

1 4 Nearest Source of possible contamination _

** Type

Well disinfected upon completion p*]ves ( I No /VT"H

15 PUMP: _m Not installed .

Manufacturer's Mam* . ̂ -^C (*• rv-"ta (^ LJ ^C.W )

Model Number^*-"1''*-' O-xjW HP / volts
^V^ / ^Lenoth of Droo Pioe , ,-* f-* fr_ capxr-ity /, ^" .n.

Type: Q] Submersible

t*J Jet Q fleciprocating

^ plP£ t Dcf5 P LyJc/l

ZSo
P.M.

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This weM was drilled under my jurisdiction and this report is true
to iKej^est of my knowledge and belief. _ . /

REGISTERED B U S I N E S S NAME R E G I S T R A T I O N MO.
~~> , —

Address v *- — *- ' *• " S'* ' *• *^

Si,,.,.,j A = - ~-- (}*{•'.'-?-£»• •- ̂  0;ile (s - -'-^ - t
_ . - . ,««.. ,».... ..,«.. AUIHUHIUO P E P R E S E S T A T I V E
06 7d



I 1 t I I f__I J__(
WATER WELL RECORD

ACT 294 PA 1965
MICHIGAN DEPARTMENT

OF

1 LOCATION OF WELL | ; StU 510 SUj"" PUBLIC HEALTH *)
County Twp. 1

Gratit Bethney .
Fraction Section No. Town Rang*

•D I/DM?''* K 30 . P 12 UN/S. E 2 K E/w
Disto*>c« And Direction from Rood ntersections r —— " — —— ̂  ——— — ——————

695 «N of Jackson R*, on [OWNER NO.
State Rd. I2O ft East.

2 FORMATION

Clay Yellow 0-7

Sand Gray 7-15

Blue Clay 15 -95 y

Brown Clay 95 -150
Course Gravel 150 - 170

- \
v Y

j
>

^

150 -170 Course Gravel Mixe,d With
i'ine sediment, i'onaity foor»

16 Remarks, «levation, source of data, etc.

THICKNESS
OF

STRATUM

7
8

80

55
20

*

DEPTH TO
BOTTOM OF
STRATUM

7
15

.95

150
170

3 OWNER OF WELL:

^gpji30§uperior. Alma Jlich.
V

4 WELL DEPTH: (completed} Dot* of Completion

170 \ it. 7 5 67
5 LJ Coble tool &J Rotary Q Driven Q Dug

D Hollow rod D Jetted Q Bored Q __

6 USE:4J Domestic LJ Public Supply Q Industry

LJ Irrigation LJ Air Conditioning LJ Commercial

n T... w.ii n
7 C A S 1 N G * TT"n f"H ' v^r 'f TQ. ' Thrvoded'eJ Welded I_J |H»iaht; Abov«***T%+pV

^ ,i". »» .,„ ft. D»pth tsurfaee ^ ft.

iw.JohtI089 |h./ft

37/9n. to I7Q_ft. Depth [OriveShoe'VesSONoC

8 SCREEN- Silicon Red Brass
yyr.. m... 37/3 dBe

pt? / Tr\ f+
**O*^*"flUT^ -^ \ »«ot« Aw jL v«

S..-.t».M I6° ft nnd I7° ft

FrttinB»3in female -^op end .Johnson pa

9 STATIC WATER LEVEL
... , ..,. *'- belaw land turfar*

10 PUMPING LEVEL below lond surfac*

IoO H. «r».rp.__i,,f p,™r:»g 4O 0 P ™
160 8 40

11 WATER QUALITY in Ports P»r Million:

-'i«*« (F.) rku,;̂ .» fri)

12 WELLHEAD COMPLETION: Q in Approved Pit
T_J Pitless Adopter E3 t2" Above Grade

L3 GROUTING: „
W.II Grouted? Q Ye, D N»Peonito £;Clay.

/Material; IJ N«at Cement O .,.

Depth: From_Q___ft. ta *7Q_ f '-

14 SANITARY:

Nearort Source of- possible eontaminotion
55 ,„. E- „,_„„ Septio Trp.
Well disinfected upon completion L_J Yes LJ No

15 PUMP: _
Eeda

MaJ.I N.,m«« ^ îl MD 3/4

L.n,th of Drop Pip. ,.£^0 N Mp.̂ ,i,yt4 r. p M

1 — 1 Jet 1 _ 1 Reciprocottng

17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and this report it true
to the belt of my knowledge and belief.

Ffd & CS Oberlitner 0341
M C G t S T C f t C O BUSINESS KAMI H C 6l S Tft * Tl ON MO.

4664 N State Ed Alma 1-Iich.

^ce:

O670 IOOM 6-66

GEOLOGICAL SURVEY COPY



WATER WELL RECORD
ACT 294 PA 1965

MICHIGAN DEPARTMENT
OF

1 LOCAT.ONOFWELL | PUBLIC HEALTH /

VtorioT . *TB£r#4*r
Fraction Section No. Town Rang*

K*£"i6 fV'c w 5 Oy "SO I "2 N// 2. //*.
Distance And Direction from Rood Intersections — — * —— — •— ——— —-•—— .....—-
yTC^n/ - /^ / ! / ! ^ .— * f *- OWNER No. {'-~>'P** A^/A?. &<>&£ ̂ rATF srT- f *, • r t * -s •«. » _T^ ~s I r^ t £~~ *-» /<T^#<s/j> 3* uLQ<j<:$toF.£j.£> v -7

Street address & City of Wed Location"" i-"-̂  -t- yf

2 FORMATION

6 n /' /t^/r
^'/5~ J/f< £.1^
1$r< IVk&ftb CJLJ\
+&RAVZI.
7y>fr }<f*s <Z,LA\
^£&Atgi-
/9d' 7s /?f ^l^t^
+ toAT/=K 5A*i>

/

f
\

"

THICKNESS
OF

STRATUM

__*-

*h
u

IH

?
»

L6 Remarks, •Iwarion, *oure« of do to, etc.

ADOCO INFO. BY DRILLER. ITEM fW. î  c-JP ^-2^

•CORRECTED BY:

*»AoomoN en

DEPTH TO
BOTTOM OF
STRATUM

y
//
7Y

n*
/?/

3 OWNER OF WELL: £#/?;£ 7 <£C

/Zd^5^//A6£
J>*ATE

4 WELL DEPTH>(completed) Dole of Cempletior,

/<?/ i.. /^/?. -2.%/x.̂ ;
5 E&l Coble loot LJ Rotary Q Driven Q Dug

D Hollow rod O Jetted D Bored Q ___

6 USE :C3. Domestic Q Public Supply D Industry

LJ Irrigation LJ Air Conditioning LJ Commercial

"* n T... w.n n
7 DitmNGt ThreodedjB) Weld.d D ! Height: Abov./B.low

..fy, '"- >« /rLi,'1- D.prh i surface . / fi.

tW.ioht // IK./f»

——— In. to ——— ft. Depth |Dfiv. Sho.? Y.id^NoC

8 SCREEN./^^ '̂1/

Typ.^$p/ft6455 0,-, ̂ ''
5l«i/C«.,,. /.2r t .«flih ."D

Set b^tw-.n/^Vx.,...'! •»"* /?•*£ /*,

•='»•".« 7/, Ptppj. rjc/rs./?
9 STATIC WATER LEVEL

—————————— ft. below land surface

10 PUMPING LEVEL below land surface

11 WATER QUALITY in Ports Per Million:

Iron /F.I rhl«iJH «~n

HorJn.**

12 WELL HEAD COMPLETION: D In Approved Pit

Kj Pitless Adopter 0 12" Above Grade

13 GROUTING:
Well Grouted? O Ye. ̂  No

Material; Cl "•"• C»-,««* f~)

Depth: From _____ ft. to ____ ft.

14 SANITARY:

Neorttt Source of possible contamination ^ A /V '\

.̂f..l /V" nirertioPA^^- Typ.

Well dtiinfected upon completion LJ Yes B^J No

15 PUMP: j- __

Manufacture'. M«». ' / * ? / /

Model Numb«_M/7y? VV HO-^r

Length of Drop Pip« .X /_** e°Pae!tr— /^2_G.P.M.

1 — 1 Jet 1 _ | Reciprocating

17 WATER WELL CONTRACTOR'S CERTIFICATION:
Thit wvll wa> (JfiH«d under my jurisdiction and rhis report j* tru«
to th* b«jf of my knowledge and belief.

lt/&
• ceiM-Ento BUSIMISS NAME i»cqfsTimTio»>ja.

A^..//2 .s/r ,<^^ /fe V -/£r^
sif-j k'*~*^A£* &*3C B-.-^X**^^/^

**UTMM1,«B,C«»«TXT,V«——— ' ;/ '

D67D IOOM 6-66
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HA I t-»\ . .___
ACT 294 PA 1965

-rWELL 1
Fraction

irecHon from Rood Intersections

City of Well Location

FORMATION

1

THICKNESS
OF

STRATUM

DEPTH TO
BOTTOM Qf
STRATUM

6

43.

£-3.

Znl

Section No. Tow

N//
Range

//*.
3 OWNER OF *ELL:

WELL DEf^TH: (compl.t.d) Dot* o( Completion

5 i^l CobU tool Q Rotary U Driven LJ Du«

D Hollow rod D J«n«d D Bor.d Q ——

6 USE:£$ Domestic Q Public Supply Q Industry

LJ Irrigation LJ Air Conditioning LJ Commercial

"~~ D Test Well D ——————————————————————
7 : Threaded ̂  WoUed Q iHeiohtt

'.to f?&L-.*.
/ .Itt/ft.

in. to (t. D«pth |OrivoShM?Y««S'NoD

.8 SCREEN;

9 STATIC WATER LEVEL
ft. b*low land

10 PUMPING LEVEL below land surface

g*ga£^ It, ofter_J__rirs. pumpinj__»^U————g.p.i

-ft, after——-hr». pumping. -9.p.m.

11 WATER QUALITY in Port. P.f Million:

!»«, (F.)

Hordneft*.

12 WELLHEAD COMPLETION: Q In Approved Pit

£3 Pitl«» AdQO>»r Q 12" Abow Grod*

13 GROUTING:
Vr.U Gro«t. Yes D No

Depth: FromjQ——ft. to/.?.ft.

14 SANITARY;

W*lt di«inf*ct«d upon completion jtf Y*» LJ No

15 PUMP;
Monufacturor'* MTtn-r

Length of Drop Pipe.

Type: j£J Submersible

ID Jet

.It.

D_____
luj Reciprocating,

C.P.M.

' »J>v. nCt

R*mark», elevation, sowce of data, etc.

E -

367D 100M «-66

17 WATER WELL CONTRACTOR'S CERTIFICATION:
Thi» well was drilled under my juriidiction and this report Is true
to tHe be«t of my knowing* and

i '; >;;;0 GHOLOG1CAL SURVEY COPY


