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U.S. Nuclear Regulatory Commission
11545 Rockville Pike
Rockville, MD 20852

SUBJECT: TDCC Responses to December 26, 2002, NRC Comments on the Supplement to the
Decommissioning Plan (Docket No. 040-00017)

In a letter dated December 26, 2002, the Nuclear Regulatory Commission provided a request for
additional information (RAI) to The Dow Chemical Company (TDCC) regarding the Supplement
to the Decommissioning Plan for the Bay City Site (Supplement). We have completed a detailed
review and analysis of the RAI's and conclude that formal resolution of RAs #2 and #1 7.b are
needed before TDCC can proceed with the response to the remaining RAI's.

RAI #2 addresses future land use of the site. Since the Bay City site is "grandfathered" under the
License Termination Rule, the concentration based SDMP Action Plan criteria apply and no dose
assessment is necessary. It is our understanding that NRC needs the future land use information
to conduct a dose assessment internally. There have been multiple discussions and
correspondence related to land use and TDCC seeks closure of this issue before providing
additional RAI responses. As described in the enclosure, TDCC concludes that the Recreational
Scenario is the most reasonable future land use for the site. Further, after additional evaluation,
TDCC has concluded that it is not credible to assume that the shallow groundwater on the site
will be used now, or in the future, as a water source (drinking water or irrigation) for the
recreational, or any other scenario. Therefore, the future land use scenario described in the
Enclosure does not include the use of the shallow groundwater.

The TDCC position that the shallow groundwater is not a viable drinking water source is a
modification to the land use scenario provided in the Supplement. The assumption that the
shallow groundwater could be a drinking water source was intended to be a very conservative
position that would facilitate rapid approval of the Supplement and was not intended to imply that
the use of the shallow groundwater was credible. In the process of developing the response to
RAI #2, TDCC concluded that the drinking water assumption was overly conservative and was
therefore removed from the future land use scenario.

TDCC requests formal NRC approval of two items: 1) that the applicable future land use scenario
for a site dose assessment is recreational, and 2) that site groundwater is not an exposure pathway
and will not be included in a dose assessment. We believe that these two items can be approved
by NRC independently if necessary.

Another issue that requires early resolution is that pertaining to the need to remediate
groundwater at each well location that exceeds the MCL as stated in RAI #17.b. The remediation
of isolated groundwater locations with radium concentrations slightly exceeding the MCL's,
when the average groundwater concentration on the site is well below the MCL's, does not
appear to be ALARA under the SDMP Action Plan. In addition, the approach does not appear to
be risk-informed considering the low potential exposure from licensed material in the shallow
groundwater at the Bay City site, particularly when background radium concentrations are
included in the evaluation (note that some of the background well concentrations also exceed the
MCL's). TDCC proposes to apply the average total radium concentration from several wells, as



opposed to the highest individual well, to demonstrate compliance with the MCL's at the time of
license termination. A formal NRC decision on this proposal is needed before TDCC can
proceed with responding to the remaining RAI's.

The Enclosure provides detailed responses to RAI's #2 and 17.b. Also enclosed is the report
"Hydrogeological Assessment, Dow Thorium Site, Bay City, MI", April 2001, in response to
RAI #1, which requested additional data on Site Hydrogeology.

TDCC is committed to the effective and safe decommissioning of the Bay City site. We believe
that a risk-informed resolution of the above three issues can lead to completion of site
decommissioning by the end of 2004. We project that completion will be delayed until at least
2006 if more complex site-specific submittals and approvals are required. The probability is very
low that the resulting delay and expenditure of additional resources would result in any real dose
savings to an actual future occupant. This is due to the inherent conservatisms built into the risk
assessment process and the already low levels of residual radioactivity remaining on the site.

Please contact me at (989) 636-0787 or David Fauver at (772) 492-0163 if you have any
questions.

Sincerely,

Ben Baker
Project Manager
The Dow Chemical Company
Ashman Center
4520 E. Ashman
Midland, MI 48674

Enclosures

Cc: Ed Kulzer, NRC Region I
Larry Camper, NRC Headquarters (w/o Hydrogeologic Report)
Claudia Craig, NRC Headquarters (w/o Hydrogeologic Report)
David Fauver, BSI (w/o Hydrogeologic Report)
Joseph Hezir, EOP Group (w/o Hydrogeologic Report)
Jerry Sgro, URS Corporation



TDCC RESPONSE TO NRC DECEMBER 26,2002, RAI'S #2 AND #17B REGARDING TIE
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NRC Comment #2

Section 1.1.5, Future Land Use, pages 7 to 8 - TDCC has proposed a future unrestricted land use scenario where
the critical group will most likely consist of either recreational users or individuals that consume drinking water
from a well that draws water from the site. Under this scenario, TDCC notes that the saturated zone
contamination is not expected to contribute a significant dose to the critical group. Also, in the supplemental
decommissioning plan (SDP), Section 3.1, page 9, TDCC states "As described previously in Section 1.1.5, there
is very low probability that the material in the saturated zone would be excavated and is not considered a plausible
scenario." In contrast, NRC staff conversations with the Michigan Department of Environmental Quality, Land
and Water Management Division in the Bay City District, indicated that there are other plausible land use
scenarios that could involve the excavation or dredging of the saturated zone, such as development for a marina or
condominium complex. TDCC needs to justify why recreational use should be considered as the bounding land
use scenario.

TDCC Response To Comment #2

The Dow Chemical Company's (TDCC) response to NRC Comment #2 is provided in two parts. The first part
provides the justification for the assumption that the site shallow groundwater will not be used as a domestic
water source (drinking and irrigation). The second part provides the bases for assuming that the most likely future
land use at the site will be recreational use. This response is intended to replace Section 1.5 of the Supplement in
it entirety.

1.0 JUSTIFICATION FOR CONCLUSION THAT SITE SHALLOW GROUNDWATER IS NOT
DRINKING WATER SOURCE

1.1 Summary/Conclusion

In order for shallow ground water to be realistically considered for use at the TDCC Thorium Site (Site) located in
Bangor Township, Bay County, Michigan (Figure 1), a well penetrating the aquifer must be able to provide water
of sufficient quantity and quality for potable use. The installation of a drinking water well must also be allowed
under current and future regulations. In addition, the availability of other sources of drinking water must be
considered when evaluating potential sources of drinking water.

The conclusion of this analysis is that it is highly unlikely that shallow ground water at the Site would be used as
a potable or domestic source of water. The reasons for this conclusion are:

I. Michigan State regulations (R325.1622(1)) prohibit the installation of a water well in the shallow
groundwater at the Site because shallow ground water occurs at a depth of no more than approximately 12 ft
bgs.

2. Ground water at the Site is of poor quality and exceeds the aesthetic standard for TDS (R299.5744 Table 1)
making the water undesirable for drinking water purposes

3. Alternative higher quality sources of drinking water are available including access to a treated municipal
water and ground water in deeper aquifers that are hydraulically isolated from the shallow aquifer.

4. Ground water use as a drinking water resource at the Site will be prohibited by a deed restriction filed with
Bay County as a part of the ongoing Resource Conservation and Recovery Act (RCRA) corrective action for
Bay City sites.

I ENCLOSURE
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5. No credible land use scenarios would involve the use the shallow aquifer as drinking water regardless of the
water's potability.

1.2 Background Information

Information on the hydrogeologic conditions is presented in several reports, including:

* "Hydrogeological Assessment, Dow Thorium Site, Bay City, MI", April 2001 by URS Corporation;
* "Hydrogeologic Assessment of The Dow Chemical Company Thorium Contamination Site in Bay City

Michigan", September 2000 by URS Corporation; and
* "Ground Water Elevation and Flow Study, Industrial Waste Site Perimeter, Dow Chemical Company USA",

December 1977 by SAMTEST, Inc.

In addition, information on the hydrogeologic conditions in the area is described in "Dow Bay City Sites,
Environmental Assessment of Groundwater and Soil", September 1990 by TDCC. Figure 2 shows the locations of
the sites for which subsurface data were available'.

These reports along with available water well records, City of Bay City water line maps, 1998 aerial photographs,
and Dow well and boring records from the Dow Bay City Sites were reviewed in preparing this assessment.

The Site consists of low-lying, essentially flat, terrain along the Saginaw River and is surrounded by water on all
sides (Figure 3). The elevation of the site ranges from 580 - 586 ft relative to the USGS datum. Several wetland
areas currently exist at the Site and are projected to remain in the future. The subsurface materials consist
primarily of fine silty sand and silt up to 12 ft thick overlying dense glacial till. The surface soils also contain
various amounts of clay, peat, gravel, and industrial fill. The glacial till consists primarily of silty clay and
extends to approximately 80 to 90 feet below ground surface (bgs) where it overlies bedrock of the Saginaw
Formation. Figures 3 and 4 in the April 2001 Hydrogeologic Assessment are geologic cross sections constructed
at the Site showing these relationships.

Ground water at the Site is encountered at a depth of 1 to 5 ft bgs under unconfined conditions. A limited amount
of information is available on ground water levels at the Site; however available data indicate that ground water
flow is generally to the east ultimately discharging to the Saginaw River. It is likely the flow directions and
gradients fluctuate seasonally and are affected by long-term trends in the water levels of the Great Lakes (average
water levels in the Saginaw River at the Site are essentially the same as in Lake Huron). Due to the proximity of
the Site to the Saginaw River, it is likely that shallow ground water is in hydraulic communication with the river
and that ground water levels will fluctuate along with the river levels. It is expected that the shallow ground water
is recharged by the river and service water ditches during periods of rising water levels and dewaters to some
degree during periods of falling water levels. Although Site specific data are not available demonstrating this
relationship, Dow has conducted detailed hydrogeologic studies at the nearby Dow Bay City Terminal and former
ITI sites (Figure 2) located on the Saginaw River and observed these relationships between the river and shallow
ground water system.

The geometric mean hydraulic conductivity of the saturated zone has been calculated to be 9.4 x 104 feet per
minute (f/min) from aquifer slug tests conducted at the Site (see Table 2, in April 2001 Hydrogeologic

' These represent the sites with readily available subsurface data. There may be other sites in MDEQ files that also have
available data. The possible existence of additional data is not anticipated to affect interpretations of conditions at the Thorad
site.
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Assessment). Variable hydraulic gradients ranging from 0.00032 to 0.0072 ft/ft of have been measured at the site
resulting in estimated ground water flow velocities ranging from 0.022 to 0.049 ft per day.

1.3 Evaluation

The following sections provide Site-specific information on:

* Ground water quality;
* Ground water quantity,
* Availability of drinking water; and
* Restrictions on ground water use.

Ground Water Quality
Shallow ground water is generally discouraged for use as a drinking water source by public health officials due to
generally poor water quality and the potential to be impacted by various types of contamination. General water
quality parameters that are routinely considered by the State of Michigan relative to the suitability of ground
water as a drinking water source include:

* Nitrate and nitrites;
* Total dissolved solids (TDS);
* Bacteriological contaminants; and
* Other sources of contamination.

Monitoring wells at the site have not been sampled for nitrate, nitrite, or bacteriological contaminants; however,
samples have been analyzed for TDS. Samples were collected and analyzed for TDS from 10 onsite wells and 2
background wells in May 2002. Concentrations ranged from 590 to 7,100 milligrams per liter (mgfL) with an
average of 2,800 mg/l with onsite and offsite wells at similar concentrations (Table 1). These concentrations all
exceed the MDEQ generic drinking water criteria of 500 mg/L (an aesthetic standard).

Although long-term hydrogeologic data are not available for the Site, it is likely that the shallow ground water is
primarily recharged by precipitation. Under certain climactic conditions the ground water is also likely to be
recharged from surface water as noted previously in the section Background Information. The Site is surrounded
by surface water, including service water ditches located along the southern and western edges of the Site and the
Saginaw River located along the remainder of the Site boundary. The Saginaw River contains elevated
concentrations of nitrate (USGS water quality data for Saginaw River) and is it possible that this would negatively
impact ground water at the Site during periods of recharge from the surrounding surface water (the service water
ditches primarily obtain water from the Saginaw River).

Ground Water Quantity
Ground water must be present in sufficient quantity to make installation of a water well practical. No ground
water supply wells exist at the Site and no wells have been installed to test the production rate of shallow ground
water. There are also no permitted or other wells known to have been installed to produce or test shallow ground
water in similar hydrogeological conditions within a 3 mile radius of the site.

The saturated thickness of shallow ground water is variable across the site and is typically on the order of 2 to 5 ft.
In-situ aquifer slug tests were conducted in 10 monitoring wells and indicated that hydraulic conductivity ranged
between 5 x 10-3 and 1 x 104 ft/min with a geometric mean of 9.4 x 104 ft/min. Ground water sampling records
at the Site indicate that most of the monitoring wells can be produced at a low rate (0.007 to 0.07 gallons per
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minute (gpm)) without dewatering for the purpose of collecting ground water samples. The quantity of water that
could be produced from a shallow water supply well at the Site is likely to be limited due to the relatively thin
saturated thickness within an unconfined aquifer. The heterogeneous nature of the deposits suggests that ground
water may be isolated and that sustained production from a well may not be possible.

Availability ofDrinking Water
Due to its relatively poor quality and the estimated marginal yield to a well, it is realistic to expect that shallow
ground water at the Site would only be considered for drinking water use if other higher quality and more reliable
sources were not available. Other sources of drinking water are available at the Site now, and will be available in
the future. These include:

1. Bay City Municipal Water Supply system; and
2. Deeper aquifers at the Site.

Municipal Water Supplies
Potable water is provided to the Site area by Bay City from intakes in Lake Huron. Water mains currently run
along Wilder Road approximately 2,900 ft south of the Site and along Shady Shores Road approximately 3,800 ft
north of the Site. The SC Johnson manufacturing facilities located approximately 1,500 ft west of the Site are
also supplied with potable water by Bay City as well as the other businesses and industrial users in the area. Water
lines were extended in 2002 to the new Port Fisher/Bay Aggregate development located approximately 1 mile
south of the Site (Figure 2).

Deeper Aquifers
Ground water has been demonstrated to be present in the Saginaw Formation in the area at a depth of
approximately 90 ft bgs. One water supply well was installed in this formation approximately 4,000 feet
southwest of the Site and registered to the Straits Corporation for irrigation (see Figure 4 in April 2001
Hydrogeological Assessmene). The depth to the Saginaw Formation at the Site is estimated to be 80 to 90 ft.
Saginaw Formation aquifers are isolated from the shallow ground water by approximately 70 ft of glacial till.

Water is also occasionally obtained from till sands found within the glacial till. One registered well was located in
the area that was completed in a till sand. The well was completed at a depth of 32 ft bgs and was located across
the Saginaw River approximately 6,500 ft northeast of the Site (see Figure 4 in April 2001 Hydrogeological
Assessment). If a till sand aquifer is present at the Site, it would likely provide higher quantity and better quality
water than the shallow ground water. The presence of till sands is hard to predict and it is uncertain whether or not
any till sands are present beneath the Site because no borings have been drilled that fully penetrate the glacial till.
As part of other activities in the area, Dow drilled 7 exploratory borings through the glacial till to the underlying
Saginaw Formation at the Bay City Terminal located approximately 4,400 ft south of the Site. Of these, only 1
boring encountered a till sand at a depth of 68 bgs. The till sand was approximately 9 ft thick and appeared to be
hydraulically isolated from the shallow ground water.

Restrictions on Ground Water Use
The State of Michigan regulates the permitting and use of ground water through the Well Construction Code
Administrative Rules (R 325). These rules are implemented and water wells are permitted through the local
health departments. The Bay County Department of Public Health has jurisdiction over the Dow Thorium Site.
Rules pertaining to shallow ground water at the site include the following:

2Note that well #2 shown on Figure 4 is shown in error. The well record indicates it is located in another township than
shown on the Figure 4.
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* R325.1621(3)(b): This rule requires that wells be constructed to exclude known sources of
contamination from the well.

* R325.1622(1): This rule specifies that a water well for any beneficial use shall be located where it is
not subject to contamination.

* R325.1632(3): This rule requires that well casings extend not less than 25 f bgs. Exceptions to the
rule must be obtained in writing from the health officer pursuant to the provisions of R325.1613.

* R325.1613(2)(d) & (e): These rules discuss allowable deviations from the requirement that well
casings extend greater that 25 ft bgs. An exception is allowed under subpart (d) if the well water is
not used for human consumption and certain other conditions are met. An exception is allowed under
subpart (e) if it is shown that potable water does not exist at depths of greater the 25 ft and if the
distance between the well and contamination is increased or a confining layer is present above the
aquifer.

These rules clearly prohibit the installation of a water well at the Dow Thorium Site because shallow ground
water occurs at a depth of no more than approximately 12 ft bgs. Exceptions under R325.1613 do not apply to the
Site because potable water in suitable quantities has been shown to exist in the area from aquifers at depths
ranging from approximately 80 to 90 feet bgs.

1A Restrictive Covenants (Deed Restrictions) for the Bay City Site

To further restrict use of ground water at the site, TDCC will be placing a deed restriction on the Site as a part of
the ongoing RCRA corrective action for Bay City sites. The deed restriction will be transferred to all future
owners of the Site.

Region 5 of the U.S. Environmental Protection Agency (EPA) has identified The Dow Chemical Company Bay
City Sites as a RCRA site that will require corrective action (EPA identification number MID 005 380 258). The
Bay City sites include the Thorium Site as well as other significant facilities, including: the former Petrochemical
Facility, former West Tank Farm, former Bay Refinery, and the Bay City Terminal. Seventeen (17) Solid Waste
Management Units (SWMUs) and 13 Areas of Concern (AOCs) were identified by EPA in 1993. The Thorium
Site was identified as SWMU #2, "Thorium Slag Pile". In 1996, the Michigan Department of Environmental
Quality (MDEQ) identified a portion of the Bay City Sites as a facility subject to corrective actions. In 2002, EPA
proposed the implementation of a Voluntary Agreement between EPA, MDEQ and Dow to address the
implementation of corrective actions at the Bay City Sites. As proposed, the Voluntary Agreement would allow
corrective actions to be implemented following MDEQ regulations and guidance documents.

Over the years Dow has initiated numerous corrective actions at the Bay City Sites and is presently working with
the MDEQ under Part 201 of the Natural Resources and Environmental Protection Act 451 on the development of
a Remedial Action Plan (RAP) for the Bay City Terminal. A key component of the RAP will be the
implementation of land and resource use restrictions on all the affected and potentially affected properties that are
part of the Bay City Sites. Under part 20120b of Part 201, it is permissible to rely upon land or resource use
restrictions as long as the restrictions meet the requirements defined in the Act. The restrictive covenant must be
recorded with the registrar of deeds for the county in which the property is located. The restrictions shall run with
the land and be binding on the owner's successor, assigns, and lessees and shall include provisions to accomplish,
among other things, the following:
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* Restrict activities that may interfere with remedial action, operation and maintenance, monitoring, or other
activities necessary to assure the effectiveness of the remedy,

* Restrict activities that may result in exposures above levels in the RAP;
* Require notice to the MDEQ to convey any interest in the facility;
* Grant the MDEQ the right to enter the property; and
* Allow the state to enforce the restriction by legal action.

Restrictive covenants have been recorded with Bay County for 17-acre and 32-acre portions of the Bay City Sites
(see Figure 4). These restrictive covenants meet the strict provisions of 20120b and were approved by MDEQ.
Both restrictions prohibit the use of ground water. Restrictive covenants will be prepared prohibiting ground
water use on the remainder of the Bay City Sites as part of Dow's plan for meeting its Part 201 obligations and
preparing a RAP for approval by the MDEQ.

2.0 BASES FOR SELECTION OF RECREATIONAL SCENARIO FOR FUTURE LAND USE AT
THE TDCC BAY CITY SITE

2.1 Land Use History

The general area around the Thorium Site has a long history of industrial development due to its location along a
major transportation corridor near the mouth of the Saginaw River. The following paragraphs briefly describe
some of the significant industrial operations in the area. The locations of significant facilities discussed below are
shown on Figure 5.

Some of the earliest industrial development in the site area occurred by 19193 with the construction of a marine
terminal on the Saginaw River with railroad access. The marine terminal, located approximately % mile south of
the Thorium Site, later became a terminal and petroleum tank farm operated by the Standard Oil Company
(currently Bay Aggregate). In 1937, the Bay Refining Company opened a petroleum refinery on the banks of the
Saginaw River approximately 1 2 miles south of the Site. By 1950, other industrial concerns were present in the
area including the current Marathon Ashland Petroleum LLC terminal (formerly Unocal) located on the comer of
Wilder and Tieman roads4. The late 1950's saw significant industrial expansion in the area with the purchase of
the Bay Refining Company by The Dow Chemical Company (Dow). Beginning in about 1957, Dow began
construction of the Petrochemical, Polyethylene, and Handiwrap plants. In the early 1970's the Polyethylene plant
was closed and a Ziplock plant was constructed on the same site. The Straits Wood Treating facility was
constructed on Wilder Road south of the Dow plants in the early 1980's. Other significant facilities constructed in
the area include the coal-fired electric power plant operated by Consumers Energy across the river from the site
and the West Bay County Wastewater Treatment Plant located approximately 1-mile southwest of the site.

Recent industrial development includes the construction of an asphalt terminal in 2002, by Bit-Mat Corporation
on a previously undeveloped portion of the Dow Bay City Terminal. In 2002, the Bay Aggregate Company also
began moving its operations from downtown Bay City to the former Standard Oil Company terminal site.
Proposed additional development in the area also includes construction of a preformed concrete facility on former
Dow property on Wilder and Tiernan roads.

Although there have been many changes in the industries located in the area over the past 50 years, the developed
properties have remained industrial. The following facilities noted above are still in operation:

3USGS Bay City Quadrangle, 1919 Edition.
4 1950 aerial photograph
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* Handiwrap Plant, current owner SC Johnson;
* Ziplock Plant, current owner SC Johnson;
* Straits Wood Treating Plant, current owner Straits Corporation; and
* Marathon Ashland Petroleum LLC.

The following properties have changed operations, but remain industrial:
* Bay Refinery, current owner Dow, part of Bay City Terminal, refinery has been demolished, operations

currently include calcium chloride and liquid fertilizer storage and shipment; and
* Standard Oil Company Terminal, current owner Port Fisher, for Bay Aggregate Company operations for

shipment and storage of aggregate.

It is expected that future development of the general area will remain industrial in nature for a number of reasons.
The location near the mouth of the Saginaw River ensures that the area will be of interest to industries that rely on
the transfer of goods by water. Both Bangor Township and Bay City have zoned the Thorium Site as well as all
adjacent parcels General Industrial to encourage additional industrial development in this area. In addition, the
presence of industry in the area is a deterrent to residential and commercial development because of heavy truck
traffic, noise, emissions, and aesthetics. Figure 6 shows the location of Industrial Zoning in the site area.
However, there are impediments to the development of the wetlands area that is subject to NRC license. These
are discussed below.

2.2 Impediments to Future Development of Site

Site Physical Limitations

Based on an aerial topography, the Site elevations were determined to range from 580 to 586. This data is
consistent with the United States Geological Survey (USGS) Topographic Map (1973), which indicates the site
elevation ranges from 580 to 585 ft (USGS datum).

The FEMA flood zone map indicates that the Site is located in Zone AE (100 yr floodplain). The 100-yr
floodplain elevation for the Site is 586. In addition to flooding, the elevation of Lake Huron and the Saginaw
River naturally fluctuate from 582 to 576 (data from NOAA Great Lakes Environmental Laboratory for period
1918 to 2000). When short term fluctuations of 1 to 2 ft (due primarily to storm conditions over hours or several
days) are superimposed on the long-term levels, the maximum lake elevation can be as high as 584. These data
indicate that, in addition to flood conditions, the site is periodically inundated as water levels in Lake Huron and
the Saginaw River naturally fluctuate.

Based on the evaluations of the site, the Saginaw River, and the 100-yr floodplain, large volumes of fill material,
ranging from one to six feet, would be needed to prevent the site from periodic flooding. For each acre of fill, one
(1) foot deep the cost of the material, grading and compaction would be approximately $32,000.

Restiction on Wetland Development

Any alteration of a wetlands area will require a Wetlands Permit including dredging, filling crossing, and draining
surface water. Wetlands mitigation is a requirement of most Wetlands Permits. This is accomplished by creating
new wetlands onsite from an upland area, creating new wetlands at an offsite location or through the purchase of
property currently available in "Wetlands Mitigation Banking." Wetlands mitigation is done at one and a half
times the area of wetlands disturbed. The cost of wetlands mitigation to replace floodplain volume lost due to
filling would be approximately $48,000 per acre.
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Poor Soil Quality

According to the United States Soil Conservation Service (USCS) Soil Survey, the Site soils are composed of
sandy and loamy aquents. Aquents are described as highly variable borrow/fill/altered. The Soil Survey indicates
that "major hazards or management problems" may need to be overcome to utilize areas comprised of this soil
type for either development or agriculture. Groundwater is seasonally variable and is historically encountered
between six inches (6") to two feet (2') below ground surface.

2.3 Future Land Use

The most probable future land use for the site is the Recreational Intruder. It is most likely that any future
industrial development in the general area would occur at other locations that do not pose the engineering and
wetlands challenges of the Site. It is reasonable to assume that this land would be maintained in a natural state.
The recreational intruder is an individual that enters the site for hunting and or fishing. In the past, this type of
activity has been observed at the site. The dose pathways for the Recreational Intruder would include direct
exposure, particulate inhalation, meat ingestion, aquatic food ingestion, and direct ingestion.

It is possible, although less likely, that the future land use would be Industrial. The Industrial scenario would not
include the use of the shallow groundwater for drinking water or any other purpose for the reasons described
above. The physical limitations of the site result in significant cost and engineering impediments and challenges
to the implementation of the industrial scenario. For example, the filling and mitigation of a five acre site
(assuming 6 feet of fill) could cost as much as $2.4M. This is before consideration of any other site permitting or
engineering issues such as the presence of loamy aquents soils. These challenges limit the types and scope of
future land use that could reasonably be envisioned to occur at the Site

It is also possible based on a review of past development records in other wetlands areas in Michigan that a
wetlands site could be developed for a marina (with no use of the shallow groundwater). Because of the long
history of industrial use in the area and the impediments to successful development, the Marina scenario has a
lower probability of occurrence than the Industrial scenario. The economic and engineering impediments for a
marina development would be similar to that described above for industrial development.

A Resident Farmer scenario is the least likely scenario with an exceedingly low probability of ever occurring at
the site due to physical limitations, wetlands, unsuitability of shallow groundwater for use as drinking water or
irrigation, soil type, cost, environmental liability, deed restrictions, zoning, and past land use. The resident farmer
scenario does not meet the definition of prudently conservative and does not apply to the Bay City Site.
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NRC Comment #17.B

TDCC needs to provide a plan showing how ground water measured above the 5 pCi/L total radium limit will be
remediated. This plan should identify the remediation technology that will be used, its anticipated effectiveness,
and the time period over which it will be used.

TDCC Response To Comment #17.B

In comment #17.a, NRC staff indicate that compliance with the 5 pCi/I radium criteria must be met
"...everywhere (i.e., at each well location at the site)." Using this logic, in Comment #17.b, the staff suggests that
groundwater at isolated well locations containing radium concentrations that exceed the MCL's should be
remediated; notwithstanding the fact that 1) the average groundwater concentration on the Site is below the
MCL's (3.1 pCi/l total radium), 2) the concentrations in the few Site wells exceeding the MCL are only slightly
elevated (8.5 pCi/l maximium), and 3) there are also background wells with concentrations exceeding the MCL's
(7.66 pCi/l maximum). Requiring compliance at each well location does not appear to be consistent with SDMP
Action Plan commitment to ALARA or to represent a risk-informed approach.

Requiring that the 5 pCi/l radium criteria be met at each well location at the Site is not appropriate for two
reasons:

1. The affected groundwater is not likely to be a source of drinking water. As discussed in the response to
Comment #2, the shallow ground water at the site would not be used as a potable or domestic source of
water. Michigan state regulations prohibit the installation of water wells in shallow groundwater. The
groundwater at the site is of poor quality. Alternative higher quality sources of drinking water are
available. And finally, deed restrictions will prohibit ground water use over the entire TDCC Bay city
site, including the Thorad site.

2. Compliance with this requirement would not be consistent with a risk-informed, ALARA approach.
The National Primary Drinking Water Standards (NPDWS) do not address measurements in groundwater
since the regulations only pertain to existing drinking water sources for communities of 25 persons or
greater. Therefore, the ALARA provision of the SDMP Action Plan appears to be the criteria for
determining whether the maximum individual groundwater concentration or the average Site
concentration should be used as the compliance measure for unrestricted use. It is our understanding that
this would involve the consideration of a prudently conservative, not worst case, dose scenario.

It is not credible to assume that an individual will place a well in the worst case location on the Site and
that the maximum concentration identified in an individual well will be maintained over the 30 year
exposure period used in NRC risk assessment. This would represent the maximally exposed individual,
which NRC specifically discounted with the introduction of the average member of the critical group
concept. Remediation to such a criterion would not result in a significant dose reduction to an actual
future site occupant. In fact, the dose from the residual NRC licensed material in groundwater, after
adjustment for background effects, could be as low as zero, under any exposure scenario. Because the
dose reduction would be low, the corresponding cost per person-rem would be exorbitant and certainly far
exceeding the $2,000/person-rem NRC guidance.

9



TDCC Response to Supplement RAIs March 17,2003
#2 and #17.b

Alternatively, adoption of a groundwater averaging concept would be an appropriate approach for
determining compliance with SDMP requirements at the site.

1. Consideration of an averaging concentration concept is consistent with the NRC concept of the average
member of the critical group. The average member is defined in NUREG-1549 as "an individual who is
assumed to represent the most likely exposure situation based on prudently conservative exposure
assumptions." The average of the wells represents the most likely exposure concentration from the Site
groundwater.

2. NUREG-1727 "NMSS Decommissioning SRP" recommends the use of the peak of the mean when
probabilistic modeling is used. If the distribution of Site groundwater concentrations is used as the
parameter distribution function and groundwater ingestion were the only pathway, the peak of the mean
dose would correspond closely to that calculated with the average concentration. Also, the average
concentration is used for compliance with every other contaminated media. Using the average
concentration is consistent with NRC risk assessment guidance.

3. The site has high background levels of radium in groundwater, and there is considerable overlap of the
background and Site concentration distributions. In fact, 25% of the background results from the last
round of groundwater samples were in excess of the 5 pCifL total radium limit (29% of the Site results
exceeded the MCL). Thus, there is relatively low confidence that any given well concentration actually
exceeds background which would justify averaging the data over a broader geographical area.

4. There appear to be seasonal fluctuations in concentration levels that are likely due to seasonal changes in
hydogeologic conditions. Trying to develop a compliance plan tied to the peak seasonal high
concentration, at the peak location, would require, at a minimum, extensive groundwater modeling and
may not be technically feasible at all.

Table 2 provides a summary of groundwater concentration data from the last round of samples (Fall 2002). This
was the most comprehensive sampling campaign and included the largest number of background samples from
areas approved by NRC staff. The average total radium concentrations for the Site and background are 3.1 and
3.3 pCi/l, respectively. The average Ra-228 concentrations for the Site and background are 2.7 and 2.5 pCi/l,
respectively.

TDCC proposes to use the average of the total radium concentration in the groundwater, at the 95% confidence
level, to demonstrate compliance with the SDMP Action Plan NPDWS reference standard.
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TDCC Response to Supplement RAIs
#2 and #17.b

March 17, 2003

Table I - Total Dissolved Solids Concentrations in Thorad Site Shallow Groundwater

Total
Dissolved
Solids _____v__d_

Specific Redox Field
Sample Temperature Conductivity Potential Results Laboratory

Well ID Date (deg. C) (mS/cm) pH (mV) (ppm) (mg/L)

C5-2 5/14/2002 10.91 1,249 7.61 100 NR 590
D5-2 5/15/2002 12A0 2,524 10.12 -144 1,233 1,500
D6-1 5115/2002 15.15 3,577 9.97 -182 1,529 2,000
F5-4 5/14/2002 13.06 2,138 8.39 -105 NR 1,200
F5-5 5/14/2002 12.68 4,945 9.96 -113 NR 3,300
F5-6 5/14/2002 11.78 6,609 9.87 -136 NR 4,000
F7-3 5/15/2002 10.25 8,486 9.65 -105 >1,999 7,100
F7-4 5/15/2002 12.43 4,027 7.19 -55 1,800 2,500
F7-7 5/1512002 11.06 4,992 9.32 -60 >1,999 3,200
BKG-N1 5/1412002 9.35 1,367 6.62 210 NR 860
MW-5847-
Al 5/14/2002 8.48 7,498 6.65 212 NR 5,700
G5-8 5/14/2002 11.74 3,422 8.58 78 NR 2,100
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TDCC Response to Supplement RAIs
#2 and #17.b

March 17,2003

Table 2 - Groundwater Monitoring Results From Fall 2002 Sampling Campaign

Station Ra-226 pCi/L Ra-228 pCiIL Ra-226 + Ra-228 pCVL

B5-3B 0.156 0.91 1.066

C5-2D -0.191 2.63 2.439

D4-7 0.383 2.65 3.033

D6-8A 0.128 1.39 1.518

E1O-7A 0.096 1.82 1.916

E4-1 -0.007 1.22 1.213

E6-1 0.251 1.11 1.361

F4-2 0.144 1.23 1.374

F4-4A 0.55 4.61 5.16

F5-5D 0.24 1.99 2.23

F5-6D 0.027 1.52 1.547

F7-3A 0.024 0.568 0.592

F7-4A 0.227 1.64 1.867

G5-8 1.5 4.88 6.38

G6-9A 1.86 6.64 8.5

I5-5C 1.31 4.98 6.29

I6-8C 0.618 5.58 6.198

Background 4921 0.232 1.6 1.832

Background 5847 3.71 3.95 7.66

Background 5849 0.249 1.9 2.149

Background 5851 1.12 2.82 3.94

Background 5852 -0.144 1.16 1.016

Background 5855 0.291 4.73 5.021

Background 5858 0.285 1.12 1.405

Background 5860 0.431 3.14 3.571

12
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Ben Baker
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Construction SeMces Hydrogeological Assessment

1.0 Introduction

The Dow Chemical Company requested URS Corporation (URS) to perform an

evaluation of the hydrogeologic conditions at the Thorium Contamination Site (Thorad)

in Bay City, Michigan. Background information on the site geology and hydrogeology is

contained in the September 5, 2000 memorandum "Hydrogeologic Assessment of The

Dow Chemical Company Thorium Contamination Site in Bay City, Michigan" (Appendix

A).

The Thorad site is located north of Bay City, Michigan near the mouth of the

Saginaw River and consists of a low lying area adjacent to the river that was formerly

utilized by The Dow Chemical Company for the storage of thorium contaminated slag

material (Figure 1). A large percentage of the site has been successfully remediated and

"cleared" by the Nuclear Regulatory Commission (NRC). However, approximately 9

acres of the site have not yet been cleared.

The purpose of this investigation was to provide an evaluation of the site geology

and hydrogeology for the remaining contaminated area. Previous reports have indicated

that groundwater is typically encountered 3-5 feet below grade throughout the area and is

essentially continuous with the surface water in the Saginaw River. Groundwater flow

velocity most likely varies seasonally based on the rise and fall of the Saginaw River.

Additional field-work was performed to further characterize the site soils and to estimate

groundwater velocity and flow directions.

2.0 Field Activities

URS collected over 100 continuous soil cores from the surface down to the glacial

till clay from across the site. A URS geologist examined 41 representative soil cores

(Figure 2) and prepared detailed soil descriptions and borehole logs (Appendix B).

Upon review of the soil cores, 10 locations were selected for the installation of

groundwater monitoring wells (Figure 2). Each monitoring well was installed through

hollow-stem augers by McDowell & Associates on Decmeber 20-21, 2000. Each well

1:reports�200N�0203.doc I 03127/01
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Construction Services Hydrogeological Assessment

consists of a 2-inch diameter, 5-foot long 0.01-inch slotted PVC screen and riser. The

monitoring well screens were installed just above the till clay and in many cases are

screened across the water table because of the limited saturated thickness. Copies of the

well completion diagrams prepared for each well are provided as Appendix C.

URS measured static water levels in each new monitoring well and in 5 previously

installed piezometers on January 17, 2001 using a clean electronic water level meter.

Groundwater elevations were then calculated and are presented as Table 1.

Aquifer slug tests were conducted in each new monitoring well on January 15-16

to determine the hydraulic conductivity of the saturated layer at each location. A solid

PVC slug was utilized to instantaneously displace a known volume of water from each

well. Water levels were then recorded using a downhole pressure transducer connected to

an electronic data logger until the water level reequilibrated. Because the monitoring

wells are screened across the water table, falling head or "slug in" tests were not typically

performed since water cascading through the dry filter pack above the water table can

produce erroneous results. The saturated thickness was insufficient to conduct a rising

head or "slug out" test in wells E1O-7 and F4-2. At these locations a falling head test was

performed by rapidly draining 1 gallon of deionized water into the well casing. Slug test

data were analyzed using the method of Bouwer and Rice (1976). Plots of the slug test

calculations are provided in Appendix D.

3.0 Site Geology

The river sediments and fill layers overlying the glacial till clay have previously

been identified as the only layer having a significant potential for the migration of

thorium (URS, 2000). The sediments encountered in the soil cores collected within the

study area consist predominantly of fine silty sand and silt. Lenses of clay, peat and

gravel are also present to a lesser extent. Within the study area, layers of thorium

contaminated soil and fill material up to,9 feet thick is also present. This material is often

bluish-gray and has a soft rubbery, highly plastic consistency.

Lrepons\2OOI�OO2O3.doc 2 03127101
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Geologic cross sections were prepared to illustrate the relationships between the

soils encountered above the till clay (Figure 3 and Figure 4). The surface topography at

the site is relatively flat with an average grade elevation of approximately 585 feet

relative to the USGS datum. Much of the variation in the surface topography is in fact

due to excavating and various remedial activities. The depth of the till clay varies from 1

to 10 feet below grade, but is typically encountered 7 feet (578 ft.) below grade within the

study area. Native soils including silt and peat layers are often found directly overlying

the clay. Overlying the silt and peat layers is a highly variable sequence of sand, clay,

and fill materials including thick layers of thorium contaminated slag material. Although

some of the area may have previously been excavated, most of the fill was probably

placed directly into low-lying areas. In all likelihood, these low-lying areas were

wetlands, ponds, or inlets from the Saginaw River.

4.0 Site Hydrogeology

The Thorad site is surrounded by surface water with the Saginaw River located to

the east and several service water ditches located to the north, west and south. Several

shallow ponds are also present within the study area. The large excavated area located in

the northeast corner of the site as well as the shallow pond located near the former slag

pile is actively dewatered during remedial operations (igure5). The extraction pumps

used to dewater the site are operated seasonally and were shut down for the winter in

October 2000.

Groundwater is encountered 1-5 feet below grade across the site. Figure 5 depicts

the groundwater elevation contours and flow directions for the site determined for

January 17, 2001. A relative high point in the groundwater surface is located near the

center of the site and groundwater flow occurs radialy outward or away from the

groundwater mound. The gradient varies from 0.00032 ftift. toward the east to 0.0072

ftift. toward the northeast. Historical data from previously installed monitoring wells

indicate that groundwater typically flows toward the east and a shallow gradient of 0.0045

ftift. has been calculated for the principal flow direction.

1:repo=Ms021\00203.doc 3 03/27/01
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Groundwater flow and the gradient most likely fluctuate seasonally. In addition,

the long-term rise and fall of water levels in the Great Lakes may affect flow patterns.

(The water level in the Saginaw River is essentially the same as Lake Huron at this

location.) Historical river level data indicate that the elevation of the Saginaw River has

fluctuated by as much as 8 feet over the past 23 years with an average elevation of 579.4

feet.

Slug test results indicate an average (geometric mean) hydraulic conductivity of

9.44xl04 feet/ninute for the shallow saturated layer (Table 2). This result is consistent

with the hydraulic conductivity typically reported for silty sands and silt. Using this value

for the hydraulic conductivity along with the gradient calculated above, the groundwater

velocity can be calculated using the following formula:

AH

Vg6 = nAX
netf

Where:
Vgw= Groundwater Flow velocity
k= Hydraulic Conductivity
EN1AX= Gradient
ng= Effective Porosity (estimated as 0.2)

Using the formula above, a groundwater velocity of 11 ft/yr has been calculated

for the groundwater in the shallow saturated layer beneath the study area.

5.0 Conclusions and Recommendations

The groundwater velocity calculations presented above should be regarded as an

estimate and are only applicable to the conditions in January 2001. It is possible that the

flow direction and gradient may vary seasonally as well as with long-term fluctuations in

Lake Huron levels.

1.�parts�2OO1'OO2O3.doc 4 03/27101
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Table 1. Groundwater Elevation Measurements
(117/01)

WellPiezometer Top of Casing Depth to Groundwater
I.D. Elevation (feet) Water Elevation (feet)

B5-3 587.69 4.94 582.75
D4-7 587.55 4.49 583.06
D6-8 587.13 4.14 582.99
E10-7 587.30 7.05 580.25
E4-1 588.76 5.74 583.02
E6-1 587.70 4.89 582.81
F4-2 587.47 4.62 582.85
G5 588.52 6.19 582.33
G5-8 586.93 3.56 583.37
G6-9 587.83 5.06 582.77
G-1 586.30 4.65 581.65
G-2 586.52 4.82 581.70
G-3 587.80 6.22 581.58
G-4 587.61 4.89 582.72
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Table 2. Thorad Site Slug Test Hydraulic Conductivity
Data

Well ID Test Type k (ft/min)
.B5-3 Slug Out 2.22E-04
D4-7 Slug Out 3.73E-03
D6-8 Slug Out 1.OOE-03
210-7 Slug In 5.20E-04
E4-1 Slug Out 6.55E-04
E6-1 Slug Out 8.83E-04
F4-2 Slug In 3.33E-03
G-5 Slug Out 5.24E-03
G5 -8 Slug Out 9.85E-04
G6-9 Slug Out 1.31 E-04

Arithmetic Mean =
Geometric Mean =

1.67E-03
9.44E-04
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URS Memorandum

Date: 5 September 2000

To: Ben Baker, The Dow Chemical Company

From: Michael Hall

Subject Hydrogeologic Assessment of The Dow Chemical Company Thorium
Contamination Site in Bay City, Michigan.

URS Corporation (URS) was requested by the Dow Chemical Company to perform a
hydrogeologic assessment of The Thorium Contamination (Thorad) Site in Bay City, Michigan.
This assessment is in support of an effort to model the leaching potential of the radioactive thorium
found in the soil at this site. The objectives of this hydrogeologic assessment were to delineate the
hydrogeologic conditions at the site, and to evaluate groundwater use in the surrounding area. To
this extent, URS reviewed available site data, performed a limited field investigation, and located
and evaluated well records within a mile radius of the site. This memorandum summarizes the
results of this hydrogeologic assessment.

DATA REVIEW

URS reviewed documents provided by the Dow Chemical Company. These files yielded four
documents that pertained to the hydrogeologic conditions at the Thorad Site. These documents are
listed in Table 1.

Table 1: Documents Describing the Hydrogeologic Conditions at the
Thorad Site.

Evaluation of a Storage Site At The Bay 4n7n1 Soil investigation performed to evaluate leaching
City Plant Site of the Dow Chemical potential of thorium.
Company for Magnesium/Thorium Sludge
Groundwater Elevation and Flow Study 12/977 Groundwater Investigation performed to
Industrial Waste Site Perimeter, Dow deteniine gradient and flow direction for Thorad
Chemical USA-Bay City Location East of Site.
"C" Avenue and North of Water Inlet Ditch,
23,500 E-W on 26,000 N-S.
ThoriumSlag Piles in Midland and Bay 8/10/87 Description of groundwater gradient and flow
City: Letter from S.W. Maxey, Health direction as well as radiation levels in
Physiscist for the Dow Chemical Company. groundwater.
Letter fromDinkar P. Kharkar: Nuclear 8/31/92 Radiation level measurements for groundwater
Projects Manager for Thermo Anlaytical collected from the Thorad Site.
Inc.
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Figure 1 indicates the approximate location (survey data could not be located) of the boreholes and
wells installed during the investigations described in Table 1. Attachment 1 contains selected
information from the reports listed in Table 1.

SITE HYDROGEOLOGIC CONDITIONS

Based on review of the site data, six piezometers were installed at the Thorad Site. The locations
for these piezometers are identified in Figure 2. Piezometers were installed with a Geoprobe, and
continuous soil samples were collected from the surface to the total depth of each borehole. Each
borehole was extended to the top of the glacial till. Borehole logs are contained in Attachment 2.
Piezometers consisting of 1-inch diameter slotted schedule 40 were installed in the open boreholes
and backfilled with sand. Once completed the location and elevation of each piezometer was
determined by survey.

The geology at the site is simple, and consists of 6-12 feet of river sediment and fill overlying a
hard, dense till clay. The river sediments consist predominantly of sand, silty sand, and clayey
sand with occasional lenses of clay and silt. Organic material is common throughout the river
sediment, and occasional lenses of peat are also present.

Some areas of the Thorad Site contain up to 6 feet of fill. This fill consists of rubble, soil, and
magnesium/thorium sludge. It is unlikely that the area was excavated, and fill was probably placed
directly into low-lying areas. In all likelihood, these low areas were wetlands, ponds, or inlets
from the Saginaw River.

The glacial till consists of very hard, very dense gray silty clay with a trace of gravel. Information
from other sites in the area also indicates that sand lenses are sometimes present within the glacial
till, although these bodies tend to be widely dispersed and often discontinuous.

No boreholes were extended through the till clay at the Thorad Site, however, information from
surrounding sites indicates that bedrock is encountered at between 80 and 90 feet below ground
level in this area. Bedrock consists of sandstone and shale of the Saginaw Formation.

Groundwater is found within the river sediments, glacial till sands, if present, and Saginaw
Formation. Groundwater in the river sediment is found between 3 and 5 feet below ground level at
the Thorad Site, and is essentially continuous with the surface water in the Saginaw River. This is
evident from the photographs presented as Figure 3. Table 2 lists water level measurements and
elevations for the piezometers installed at the Thorad Site.

Figure 2 depicts the groundwater elevation contours and flow direction for the site based on the
elevations calculated in Table 2. These measurements indicates a very shallow east-northeast
gradient (0.004 ft/ft) toward the Saginaw River. This gradient likeley remains very low throughout
the years and it is possible that there are occasional fluctuations in the flow direction based on the
rise and fall of the Saginaw River.
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Table 2: Groundwater Measurements and Elevations at the Thorad Site.

G-1 586.30 5.91 580.39
G-2 586.52 5.73 580.79
G-3 587.80 5.76 582.04
G-4 587.61 4.75 582.86
G-5 58739 5.74 581.65
G-6 584.80 4.43 58037

Groundwater is also present under confining conditions in the Saginaw Formation and till sands,
where they are present. No information on the groundwater elevation and flow direction for the
Saginaw Formation or till sands was available for the Thorad Site.

LOCAL WATER WELLS

Five water well records within a mile of the Thorad Site were obtained from the Department of
Health. The general location of each well is indicated on Figure 4. Department of Health Water
Well Records are contained in Attachment 3.

Three of the wells within a mile of the site were water supply wells, four (contained on one water
well record,) were monitoring wells, and one was a cathodic protection well. Water supply well #1
appears to be screened in a glacial till sand, and is located across the Saginaw River to the east of
the Thorad Site. Water supply wells 2 and 3 appear to be screened in the Saginaw Formation, and
are located to the northwest and southwest of the Thorad Site, respectively.

Based on these logs, and evaluation of the local groundwater use for other sites in the area, it
appears that the Saginaw Formation is the most significant source of groundwater in the area. Till
sands may periodically be tapped for groundwater when present, but widespread use is unlikely
given their sporadic and wide dispersal. It is unlikely that anything other than monitoring or
cathodic protection wells are screened in the river sediment. Investigations at other sites in the area
indicate that the river sediments thin significantly away from the Saginaw River, and may contain
groundwater only on a sporadic, or seasonal basis. Only those sediments adjacent to the Saginaw
River provide a reliable groundwater source and the installation of wells in this area is unlikely, as
it would be easier to pump directly from the river.

CONCLUSIONS

Based on this investigation, it appears that the primary pathway for the migration of thorium would
be the groundwater in the river sediment, and ultimately the surface water to which this
groundwater discharges. Because the groundwater in the surface sediment is not used as a water
source, the primary human contact risks for this pathway would be through direct contact by
workers-digging excavations below the groundwater, and those collecting groundwater samples
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from the surface sediment. Surface water provides additional human contact risks, the most
significant being contact with the water during recreational activities, and consumption of fish
harvested from the area.

Because of the low hydraulic conductivity, migration of thorium through the till clay would be
extremely slow, and migration of the thorium into the bedrock aquifer would be extremely slow. If
an upward groundwater gradient is present between the bedrock aquifer and river sediment, the this
migration would be virtually non-existant. If a till sand were present, and in hydraulic
communication with the river sediment, migration of thorium from the groundwater in the river
sediment to the bedrock aquifer might be more rapid, unless there was an upward hydraulic
gradient, in which case the downward migration of the thorium would be virtually non-existant. At
present, there is no evidence of a till sand in contact with the river sediment at the Thorad Site, and
this potential is unlikely.

If you have any questions regarding this report, or require any additional information, please
contact me.

cc: Jerry Sgro, URS Corporation
File 007133
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F.. 
1lt1rod!c; ion

'e ?hive cp-.pictcd tc ater evel investilction or thc indtustrsal'

waste site - 23,500 E-W at 26,000 N-S Dow Chinical USA - lay City.

t'en (10) sllow ninc oot (9 ft.) wells rc drilled on the south-

west and north sidc-of the site ad the equilibriu.mi water levels

_ nieasured. Test well locations appcar on the Location Diagrarn in this

report.

The purpose of this investigat ion is to cvaluate the ground water

levels nd the direction of flow from the hdraulic gadicuts.
S

Tcst Well Preparation Procedure

Test wells wre drilled to approximatcly nine fct (9 ft.) using

a six inch (6 in:) auger wherc silty weathered brown clay'was encountered.

A ten foot (10 ft.) section of four inch (4 in.) di.5retor schedl] 30 PVC

pipe was used to ase-each hole to pproximately seven feet (7 ft.) The

_bottzin of the pipe as capped and the pipe perforated with one eighth inch

(1/S in.) holes to a cight of 3 /2 ft. Equilibration with ground

_- water level as co;sideied complete after seven (7) days when the water

levels were recorded.

-Grarular peinnable soil was encountered in all cases to a depth of

seven and one half (7 1/2 ft.) feet xccpt Test 'el] o. 1 which was x-

t enrcr-d tintoi'fh n.out sevn ,ande onc 1:alf C/ 1/2 ft.) ft f cay fill.

Ilr i s is minderl ti 11 by li-.-n T ic- i:!1 fine s;a d.

<. _.__... . _. * w ssr I I I; r t f *r f I I aV r I* : .I: ,:!n tt I I I . j:.''If 4:9 .'%'.*:.w l 
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G*Cro:- Watcr il'Cvati on -::nd
Flow Study - ay City
1 1 207

-Discussion

A study of te groud water levatiouis prcscnted i the ocation

Diagram indicate te ydraulic gradient nd tc water flow is

prpendictilar to the constant elcvation lines. FroI3 the results prc-

sented herc water flow appears to bc around thc *waste site toward the

process water inlet ditch on one side and the Bay side on the other

alth.ough a more comnprlchensivc study ould be required to co:;iplctcly

define the flow net.

General Renarks

The above discussion is based on tose soil b6rings performed on

only one side of the site and do not reflect variations that might be

encoutered on the southeast side of tfle site. Extension of the test

-well program to include the southeast side of the site would help clarify

what appears to be somewhat of an nomnoly with Test ell No. I.

The Test Wells are instaillcd with the idea of continually sampling

and nonitoring the ater'levels. It should, however, be kept in mind

that clianges in ground water composition might require some time to

e.`i 'ibrate with the water present in each test well. For this reason,

any :at-r sa.-ling program should be cxtcndcd over a sufficient tine

p---- ~ao allow for this equilibration.

The water level in ach tst wel was nncaisurcd fro:n the arrow

ur~1:c.: on the pper cc of each csiniig. The arrow, in trn hs been

L ..



0
Groud *fater 1 OV .;i0! :l 1 ow

Study - Bay City
PA1207

referred to te enh :...-irk clcvtiton noted on drawing No SO-A-A-16

Rcvision 19 Do-w Cht-i.ical USA - ay City L.oc;tion. This ench nark

is noted as 582.968 ft. - square '1DI" chisCled on top of cast hadiwall

on north sidc of intake ditch. The top of ech casing elevation appears

ill thc tablc prcsenting the various u:ater level values.

Please call if there are any questions about the test procedures

or results presented herein.
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'13ST LOCAT..11 .C.!'''i.1 3 T.n i.; 14.. J3.t.--O7

G~i oi.nd Wt.tci Stu'iy -
Do-er Ct.'mitcal USA- ,;ty Cty

__ -

N0TE:-1evations referred
BM S 100.000 4

-For actual elevatic
add 482.968'

c

numbtlxs refer to
w iater level
elevations

.~~~~~~~~~~~ i. 1-3 s

f

Access Rd . 30r£- -

W l.ater Inlet Ditch g
BIX
!582.s68,

t

M s

, __ __ 24,ooo

0

/00.6,6'

oo.ez4 o

/o/, .D6 - tji e

10 "V6 7-v'-r 

V_ W- ,- _ __067

-j7-A-6 -

- Industrial

Waste Site

I

I

, approximate
fence line

/
I

I

26, 000

_ iN Designates Test Well Location

Site Scale 1"=2001
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Dow Cc-mical USA - rliy City
Hlydr. ic Grlicilt Study
RI 207

Test 1cWll Water Elevation Rcsults

Elevat.Lon*

Test Well Number

#1

#2

# 3

#4 '

I5
It

V6

I7

#8

*#19

#10

Top of Casing

105.199 ft.

106.729

10S.781

105. 375

105.761

105.386

104.334

304.803

104.85S

105.199

Weater Level

99.741 ft.

.99. 302 -

100. 177

100. 844

* 101.032

101.167

101.126

101.136

100. 824

100. 616

* *Elevation of Bench Mark as 100.000'

Note: For actual elevation add 482.968 ft.

S ARI ES T. 1p0. -ait SI II0 1 125 I II ,IR'I IC 5[i-lP.S-".O.vtx 14 4 - IC I Z D. ICH.- 511- St 3,1 a
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Doi Chlmmical USA - Ray City
Hlydrnli c Grptlicnt Study
VI1 n7

Test VWcl1 Wter Elev'ation Results

Elevation*

Test Well Num~ber

#1

#2

#3

J 4 '

#6

'7

#8

A; 9

,,10

Top of Casing

105.199 ft.

106.729

1OS. 781

105.375

105.761

l0S.386

104.334

104.803

104.855

105.199

Water Level

99.741 ft.

99.302

100. 177
I

100. 844

* 101.032

101.167

101. 126

101.136

100.824

. 100.616
I .

*Elevation of Bench Mark as 100.000'

Note: For actual elevation add 482.968 ft.

S+ALI.S.I.C. -.OIY Ran D IISTItC SYICrS- P.O. 3 0 1 4 4 IDlAO. II C.-517- 55-3;I0
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mec~ THE DOW CHEMICAL COMPANY

MIDLAND. MICHIGAN 48674

August 10, 1987

THORIUM SLAG PILES IN MIDLAND AND BAY CITY

The enclosed information
Michigan DRH on July 7,
State of Michigan DNR on

was presented to the NRC and the State of
1987, and then presented to the EPA and the
July 21, 1987.

The information enclosed covers background information of both sites
and summarizes the character of each site. The extent of the pre-
sentations were to give a basic overview of each site and discuss the
possibility of disposal of the thorium In the Salzburg Landfill.

An overview of the landfill is included with the disposition options for
this Low Level Thorium Slag.

S. W. Maxey
Health Physicist
Industrial Hygiene Laboratory
1803 Building
517/636-1536

dld

Enclosures

I1ElMCf En r(MU IJSF W1I1N IHE DOW CHEMICAL COMIPANY
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BAY CIT'( THORIUM STORAGE STE THuN!CAL DATA

WAATER ATA

DAT7 DESr oH

1 170 WATER SAMPLE FROM POND NAR PILE

. 4/71 WATER SAMPCE FOR TH FROM INLET

CANAL DOWISTATE

417i ICE SAMPLE FROM POND NEAR PILE

8/77 8 WATERISEDIMENT SAMPLES BY Dow

£2/77 10 TEST WELLS DRILLED TO DETERMINE

WATER FLOW AND ELEVATION

2173 WATER LEACHING OF THORIUM FROM

SLUDGE AT PH 2. 7. 10 By Dow

2178 DOW LEACHING STUDY OF THORIUM

AND DAUGHTERS FROM SLUDGE AT

PH 2

PH 7

F.U 10

17? INRC' SAIF~LES OF WELL . CANAL AND

POND WASTE - 6 SAMPLES

RESJILTS

<0.1 PCI/G

<Q.6 PCIIG

<0.4 PIIS

<1 PCI/G

FLOW TOWARD INLET

CANAL AND AY

<0.5 TH
.

TIN TT .AL

36 P/G

18 PCI/G

18 PCIIG

'2 PCI/L

10 DAYS

STEADY STATE

10 PCI/G

5 P01/JG

5 PCI/G

- .0 PCI/L



8AY CITY THOR TUM STORAGE SITE TECHNICAL DATA

SOIL DATA

QAT DESCRIPTION

.715- 3 SOIL BORINGS

COMPOSITION OF

1157 3 SOIL BORINGS

COMPOSITIO OF

4169 3 SOIL BORINGS

COMPOSITIO OF

TO DETERMINE

SOIL

TO DETERMINE

SOIL

TO DETERMINE

SOIL

RE SULTS

CLAY 6-16 FT

CLAY 6-16 FT

CLAY 6-16 FT

1/70 4 SOIL SAMPLES PERIPHERY OF PILE

4171 26 SOIL SAMPLES TAKEN 1 BELOW

SURFACE AT 5'. 50' AND 100' NE,

NW. '1. W POND

6 SAMPLES WERE SLIc-` TLY ABOVE

BACKGROUND

417 1 5 SO-- SPLS (DOW AND STATE)

TAKEI OUTSIDE THE PILE

1 SOIL SAMPLE (DOW AND STATE)

INSIQE PILE AREA

1 MUCK SAMPLE FROM POND

0.1 - 0.6 PCI/G

<0.7 PCIIG

0.9 - 2.0 PCI/G

1.6 - 5.5 PCIIG

3L! PCIG

2.5 PrI1G.



Therno Analytical Inc.

TMAINorCal
2030 Wright Avenue
P. O. Box 4040
Richmond, C 94804-0040

(510) 235-2633 Fax No. (510) 235-0438

August 31, 1992

Ref: P.O. No. 90007-02
TMA/Norcal N2-07-011-8249

Mr. G. R. Miller
Dow Chemical USA
Michigan Division, Bldg. 1266
Midland, MI 48667

Dear Mr. Miller:

The results of the nine water samples *e' received on 2 July 1992 for analysis

have been completed and are shown on Attachment . The QA/QC results are given

in Attachment 2. The samples were filtered through 0.45 p filter paper prior to
analysis.

The samples contain large amounts of dissolved salts. The errors on gross alpha-

measurements are high due to small aliquots taken for alpha measurements. Due

to absorption of alphas the sample weight on 2 planchets for gross alpha

measurement is not more than 250 mg.

We appreciate this opportunity to be of service.

Very truly yours,

Dinkar P. Kharkar, Ph.D.
Manager, Nuclear Projects

DPK/ss

Enclosures: Attachments and 2
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ENVIROMMUTAL AHALYSIS RESEARCH LABORATORY
CHAIN OF CUSTODY (General Purpose)

I
Facility or% Location Sampled: . Group of nalytes or

Parameters to be Measured;

* of Sam le Sample Conduc- Other Was Sample Preaerva-
Bottles Identif cation Date pH tivity ests Filtered? tve Added

/ _ _ _ _ _ _ _ - - -* i . _ 

' - --= 

/ __ __ _ __ __ _ _ ._ _

. / ____.___ __ = =_

_f _______ __ - = ==a___-___

/ D¢AS _ .< ~~~~~~~_ _ 7
AC4 

f . .

. .. . f. .. r .... ,

EL Number: _

Field Log book: WCN-/.i7

Field Log ages: _1tz 
Account No.:

AL Number: -

(if applicable)

I
Number of Bottles A nalystta
Consumed Discarded Initiala I

Field Observations: , kSlfs r 2 .. I
I/ ,07 n ). 

_ . ., , ; - , , I - I it1 -
- I - ,, , ., ,,, ,>1 7

Signature s) of S ler .): _

I have received bottles n good con ition fz the sampler(s). . d g.

Observations:

I have received bo4 es in good conditon from te preceding person.'

Observations: _ gnatu'e

I have received . bottles in good conditf '-roma the preceding person.

bberv? is: fznumber) Us.gnature)

I I I *Z I ' jotI; .i ' 1 CK x A r t al __. . .

,! -3 0 - 9 

(date)

(date)
_ I I

7/2/ 7-
(date)

- I . I I



'ON: DR. DINAR P. KARKAR

ro: /4R (£ .4 &r
)ATE:

'X'h~-inX 4, C
8< °o eoo1 1ZiL fr £]1t4

L ILg1~ 

.~~%- ...

.0MENTAL ANALYSIS RESEUCH LAABORATORY
IN OF CUSTODY (General Purpose)

.VG

ih1 -

Ll--I�

Group of Analytes or
Parameters to.be Measured:

(fyoss P s4%UL 4

Pgr,2-2-C etJ

Conduc- Other Was Sample Preaerva-
;e pH tivity Tests Filtered? tive Added

_ -.-.

EL Number: 

Field Log Boc

Field Log Pag

Account No.:

AL Number:

k: WCN-IJ7

vs: f,7o

(if applicable)

..iA I

.a

Number of Bottles Analyst's
Consumed Discarded Initials

I .~~~~~~~~~~~~~~

Field Observations:
-- -- - - .7-

'en ^ /I , -

Signature s) of Samnler~s): (a) ;

I have received .iL.. bottles n good conJtion fZ the sampler(s). A a-
(n umber *) , gnature) (date)

Observations:

I have received boXQes i od condition fro preceding person.
{// " ,4s~a q tqzg(date)

Observations: 4

I have received bottles in good conditi ; rom the preceding person.
(nwnberJ $s ^J gnture) (date)

I Ob|ervatio- .. signature.
.1 Jrhlv 1.nai I~lihLV~y~a~ -i z tb, jlea 7r¶ I~ .I



TMA

ATTACHMENT 2 QUALITY CONTROL SAMPLE RESULTS, SPIKES AND BLANKS

SPIKES:

TMA/Norcal Nuclide Added Found Found Ratio ± 2 
Group No. Added

8249-10 Gross Alpha 0 0.09 + 0.4 Satisfactory
QC-8218 Gross Beta 0 -0.03 ± 0.4 Satisfactory

8249-10
QC-8221 2 8Th 0 0 ± 0.07 Satisfactory

230Th 0 0 ± 0.02 Satisfactory
22Th 0 0 ± 0.02 Satisfactory

8249-10
QC-8220 228Ra 0 0 ± 1 Satisfactory

790-60 2z6Ra 12.65 12.51 0.99 ± 0.16

790-61 22rRa 10.54 9.62 0.91 ± 0.15



TMA

ATTAChMENT 1 RESULTS (cont'd, page two 2)

Customer TKA/Norcal Collection Analysis Results
ID No. Group No. Date pCi/L 2 

8249

#8 7 6/30/92 Gross Alpha 0 ± 37
Gross Beta 690 46
226Ra 0 ± 1

228Ra 0 ± 3
2OTh 0 ± 0.2

2 3 0Th 0 ± 0.02
23Th 0 ± 0.02

#9 8 6/30/92 Gross Alpha 0 ± 17
Gross Beta 235 + 18
22GRa 0 ± 1
22BRa 9 2
Z2ZTh 0.4 ± 0.1
230Th 0 ± 0.04
232Th 0 ± 0.04

#10 9 6/30/92 Gross Alpha 0 ± 25
Gross Beta 775 ± 37
225 Ra 0 1
228Ra, 4 2
=2 &Th 0.2 ± 0.1
230 Th 0 ± 0.06

232Th 0 ± 0.04



TMA

ATTACHMENT 1 RESULTS

Customer TMA/Norcal Collection Analysis Results
ID No. Group No, Date pCi/L ± 2 a

8249

#2 1

#3 2

6/30/92

6/30/92

6/30/92

Gross Alpha
Gross Beta
228Ra

228 Th
2 3 0 Th
2 32Th

Gross Alpha
Gross Beta
225Ra
226Ra
228Th
230h

232Th

Gross Alpha
Gross Beta
2 26Ra
22SRa
228Th

23Oh
2 32 Th

2 ± 11
143 ± 11
0 ± 1
0 ± 1
0 ± 0.1
0 ± 0.05
0 ± 0.02

0 ±
115
0 ±
0 ±
0 ±
0 ±
0 ±

8
±9
1
1
0.1
0.2
0.02

#4 3 11 19
134 ± 18
0 ± 1
0± 1
0 0.08
0 ± 0.06
0 ± 0.03

4

#6 5

6/30/92

6/30/92

6/30/92

Gross Alpha
Gross Beta

=6Ra22 8 Th
2 2 8Th

2301nh
232Th5

Gross Alpha
Gross Beta
226a

z2 8 Ra
2 2 fth
2 3 0ft
2 3 2 Th

Gross Alpha
Gross Beta
226pua
228Ra

228Th

23D~

232Tnh

0 ±
693
0 ±
0 ±
0 ±
0 ±
0 ±

0 ±
420
0 ±
0 ±
0 +
0 ±
0 ±

0 ±
737
0 ±
5 
0.6
0 ±
0 ±

35
± 30
1
2
0.07
0.09 
0.02

23
± 27
1
1
0.1
0.09
0.02

45
± 44
1
2
± 0.3
0.2
0.2

#7 6



Chemical Biology Research

The Dow Chemical Company

EVALUATION OF A STORAGE SITE AT THE BAY CITY PLANT SITE OF
THE DOW CHEMICAL COMPANY FOR MAGNESIUM/THORIUM SLUDGE

PROBLEM

At the Bay City Plant site of The Dow Chemical

Company is located a pile of magnesium/thorium sludge which

was accumulated from 1955 to 1970. This evaluation was

carried out to determine if this material was, and is,

innocuous to the environment surrounding the pile or if the

material is drifting in the wind or leaching into the sub-

surface by the action of rain.

DISCUSSION

During the casting of magnesium and magnesium

alloys, a sludge material is produced which sinks to the

bottom of the melt crucible. After the metal or alloy has

been pumped or poured from the crucible, the sludge

material remains at the bottom of the vessel and must then

be dumped and discarded.

D.W
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The metal we are talking specifically about in

this evaluation is an alloy of magnesium with 3% thorium.

The thorium is used to improve the high temperature

properties of the magnesium so the alloy may be used for

applications such as aircraft engines, aircraft structural

parts and missile parts. However, thorium is radioactive and

is listed as a source material by the United States Atomic

Energy Commission. Since it is a source material, its use

is licensed and supervised by the Atomic Energy Commission.

Thorium is relatively low in radioactivity and the sludge

which is produced and has been stored at the Bay City Plant

is less radioactive than most grades of naturally occurring

thorium ores. Thorium is naturally occurring and exists in

the earth's crust at an average of about 13 ppm which is

3 times that of uranium. It is more abundant than tin and

the precious metals.

The magnesium/thorium sludge pile is located in the

northeast corner of the Dow plant site, about 800-900 feet

from the Saginaw River. The sludge pile is directly north

of the inlet canal which brings cooling water to the Dow

plant site. The locatiow" is immediately adjacent to a ponds

DOW rcnFE"00 AL
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and about 450 feet east of a road going toward a United States

Coast Guard Station (see Figure 1).

The pile is actually made up of approximately 400

mounds covering a total of approximately 1 acre of land.

Each mound is the result of a truck load of sludge being

dumped on the area. The sludge pile is not uniformly radio-

active since the magnesium/thorium alloy and magnesium metal

were being cast simultaneously at the foundry. The sludge

from both processes was not segregated and was dumped in the

same area, resulting in some spots in the pile actually being

nonradioactive.

Assuming that each pile is about 6 feet high and

has a total volume of approximately 226 cubic feet, it is

estimated that the total pounds of sludge on the pile amounts

to about 4,640,000. The average radioactivity known from

previous testing is about 1.7 x 10 3 PCi/gram.* Thus, the

total activity of the sludge pile is about 3.4 Ci. It is

known that 1 Ci of thorium is 19,850 pounds of thorium metal.

Therefore, about 67,000 pounds of thorium exist in the pile.

*PCi (microcurie) = 1 x 10 curie; 1 curie = amount of material
which produces 3.7 x 1010 disintegrations per second.

Dolors 0 00St1y''N''.
U UN C;~~~~~~~



4

Using a Victoreen 440 ionization chamber survey

meter and measuring the radiation on the pile at a height. of

about 2 feet, the readings (57 taken) ranged from 0.5 mr/hr

to 8.4 mr/hr, for an average of 3.1 mr/hr. However, when

the survey meter was used outside the perimeter of the fence

(which surrounds the pile) at a distance of about 5-15 feet,

no levels of radioactivity above background could be

obtained; that is, the values were less than 0.5 mr/hr. The

levels on the pile. require that the area be marked as a

"tRadiation Area" and as "Radioactive Material." Since the

material is located on Dow property, access to the area is

limited since access to the entire plant is restricted.

The first series of samples taken and analyzed were

samples of the sludge itself. The sample points are shown in

Figure 2 and the values are shown in Table I. The values

-3 -6range from 7 x 10 Ci/gram to 1 x 10 pCi/gram, with an

average of 1.7 x 0 pCi/gram. The samples were analyzed

by the activation analysis section of Radiochemistry Research,

The Dow Chemical Company, using gamma spectrum counting. All

samples in this report were analyzed in this manner by this

group.
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The second series of samples were taken at the

surface of the soil and 1 foot below the surface of the soil.

These samples were taken at distances of 5 feet, 50 feet and

100 feet from the pile at directions northeast, northwest,

north and west of the pond. Samples were taken approximately

5 feet from the pile of "muck" from the bottom of the pond and

ice from the top of the pond (see Figure 3).

The results show 6 samples out of 26 total samples

which had values above the background radiation level in the

analytical laboratory. These 6 values are shown in Table II.

it is evident from the values obtained that essentially no

drifting or blowing of the sludge occurs or has occurred during

the time that the sludge has been in the present location.

A third series-of 10 samples was taken by the

Michigan State Department of Public Health and duplicated by

The Dow Chemical Company. The location of the samples is shown

in Figure 4. Sample 1 was a sample of water taken from the

inlet canal. Sample 2 was a sample of topsoil taken directly

from below the pile. The sludge had been pushed to one side

and the sample of topsoil was taken at the interface between

the pile and the. soil. Sample 3 was a sample of the

' . M It?,
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magnesium/thorium sludge itself. Samples 4-7 and 10 were

samples of topsoil taken from around the pile. Sample 6

was taken 250 feet from the pile, and the others 6 feet from

the pile. Sample 8 was a sample of ice from just below the

surface of the center of the pond and Sample 9 was a sample

of the "muck" from below the same spot.

The solid samples were dried in a laboratory oven

at 110-1200C for two hours. These samples were then analyzed

and the values shown in Table III were obtained. Again, with

the exception of Samples 2 and 3, which were expected to be

relatively high, the samples are very low in radioactivity

showing that the material is not drifting on the surface of

the surrounding soil nor contaminating the water nearby. The

radioactivity of the sample of the sludge corresponds quite

well to the values for the sludge obtained previously (see

Figure 2 and Table I),

The fourth series of samples taken were to determine

whether or not rainfall was leaching radioactive materials from

the pile into the subsurface. To do this, core drilling

samples were taken in seven different spots below the pile.

DOW COtNFIDE" A
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Six of these spots were chosen because the levels of radio-

activity are relatively high compared to the remainder of

the pile area. Because thorium is a naturally occurring

material at an average concentration of about 13 ppm, it was

desired to have numbers which would indicate the naturally

occurring radioactivity in the area of the pile. In order

to obtain these background samples, two holes about 200 feet

from the pile were drilled. Hole #1 was across the inlet

canal to the south of the pile in a fill area and Hole #2 was

northeast of the pile along the assumed drainage route toward

the Saginaw River. Hole #1, south of the pile, was drilled

to a depth of 23 feet. Clay was reached about 10 feet 6 inches

down and the subsurface was clay from there to the 23 feet

level. In Hole #2, northeast of the pile, clay was found at

8 feet 3 inches and extended to the bottom of the hole which was

at 24 feet. The remainder of the holes directly below the pile

were drilled to depths of 12-16 feet only, because clay was hit

in all instances at about 6-10 feet and it was assumed that

no water leaching would penetrate the relatively impervious

clay layer (see Figure 5 for the sampling locations).

l graft: C(3'Mitsi P
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In all instances, after the auger had been pulled

from the hole and water seeped back into the hole fast enough

so that it did not freeze before a spla coul, le.-Laken, water

samples from individual holes were taken. These were obtained

from Holes #2, #4, #6, #7, #8 and #9. A hollow auger drilling

rig was used to decrease the possibility of contamination of

the core samples from higher strata of the subsoil. Samples

of the subsurface cores were taken at depths which would show

different types of strata below the holes.

Again, all solid samples were dried for two hours

at 110-1201C in a laboratory oven before analysis. The

results of these analyses are shown in Table IV. During the

analysis of the core samples, eight background radiation levels

in the laboratory were run. These were averaged to obtain a

value from which to calculate the amount of radioactivity

present in the samples. As can be seen in Table IV, all values

are very low. The analyst reported all reported values as

being within the 1-2% variation of the background count from

the average value which was used for calculation purposes. The

analyst also reported that the values for thorium daughters

given also in Table IV have an error of +100% due- to the very

low values which were obtained. D c iid
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During preparations for the core sampling it was

necessary to level the pile so that the drilling rig could be

driven onto the pile. This was done using a bulldozer which

stirred the pile. The breathing zone of the bulldozer

operator was monitored using both a radiation film badge and

a small portable pump connected to a membrane filter to sample

any dust to which the operator might be exposed. The

radiation film badge showed no exposure and the membrane

filter showed no radiation detectable above the sensitivity

of the test. These results, again, give the indication that

the material on the sludge pile is not susceptible to

becoming dust, even with quite vigorous agitation.

RESULTS

The results of the analyses shown in Tables I-IV

show that the magnesium/thorium sludge does not leach into

the ground and contaminate underground water or subsurface

materials. They also indicate that the material does not

readily drift with the wind. Therefore, it appears that the

magnesium/thorium sludge which is stored on the Bay City

govM (00t:DE?~~~~~~~~~~~~~~~~41
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Plant site is innocuous to the surrounding environment and

may be left in that area safely for the present with no danger

to the surroundings.

R. D. Olson
Industrial Hygiene Section
Chemical Biology Research

April 27, 1971

iD4W m-NI(T IWAt( t4' .
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Figure 2.

MAGNESIUM/THORIUM SLUDGE PILE LEVELS OF RADIATION
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Table I. Values for Figure 2. Magnesium/Thorium Sludge
Analyses. Values are in microcuries per gram.

Sample

A

B

C

D

E

F

G

H

I

J

K

M

N

0

p

Q

R

S

T

U

V

w

x

Y.

z

Analysis

1 x 10i

1 x 10i 6

2 x 10

1 x 10

7 x 10i6

2 x 10

7 x 10i6

9 x 10i4

3 x 106

10-5

1 x 10

2 x 10 6

6 x 10

2 x 10 6

4 x 106

3 x 10

2 x 105

2 x 10 6

6 x 10 3

6 x 10

6 'x 10i6

2 x 10-5

4 x 10

1 x 10

4 x 103

3 x 10

Sample

IU

I'

1.

,z,, -1

AA

BB

Cc

DD

EE

FF

GG

HH

II

JJ

KK

LL

MM

00

Analysis

2 x 10

1 x 10

2 x 105

5 x 10

2 x 10

7 x 10

5 x 10 3

1 x 10 3

6 x 10 3

1 x 10 3

3 x 10

6 x 10 3

4 x 10 3

8 x 10 6

2 x 10

il. t

I''
A 1. 1*, .
,; '. , \
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Figure 3.

SURFACE SAMPLE LOCATIONS. Samples taken on the surface
and one foot below the surface at five feet, fifty feet
and one hundred feet from the pile.
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Table II. Values for Surface Samples, Figure 3.

Analysis
(picocuries/gram)

Sample Location

Surface 5 feet northwest of pile.
Surface 5 feet north of pile.
Surface 100 feet north of pile.
Surface 5 feet northeast of pile.
Surface 100 feet northeast of pile.
Below surface 1 foot, 100 feetnortheast of pile.

All other samples.

0.9 + 0.2

2.0 + 0.4

0.9 + 0.2

1.0 + 0.2

1.3 + 0.3

1.2 + 0.3

(0.7

PATw CONTIOD£TIAt
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Table III. Values for Figure 4, Samples by Department of
Public Health (Michigan) and The Dow Chemical
Company.

Sample Number

1 Water

2 Topsoil

3 Pile sample

4 Soil surface

5 Soil surface

6 Soil surface

7 Soil surface

8 Ice from pond

9 Muck from pond

10 Soil surface

Values in
(picocuries/gram)

<0.6 v

34.2 + 3.4

2320 + 23

3.3 + 0.3

3.6 + 0.4

4.4 + 0.4

5.5 + 0.5

<0.4

2.5 + 0.3 {

1.6 + 0.2

U¶p WuV Mi ii a L 7 ' k7' 



r 1 r I} U '- r I . -
V . I - . I I - . f . . I- . f ' . , (F -

I

N

r

Pond Saginaw
River

Pond

-I

2

I0

Z.y

.
ft ::

ca.;r.i

Figure 5.

LOCATION OF HOLLOW AUGER CORE SAMPLES



19

Table IV. Values
Val ues

for Figure 5, Hollow Auger Boring Samples.
are in picocurie/gramn.

Boring
Number

Depth
(ft)

Thorium
DaughtersSample Material Thorium

1 2
6
8

12
22

Fill
Sand
Sand
Clay
Clay

1.6 + 0.8
1.5 + 0.7
1.1 + 0.5
0.7 + 0.4
1.0 + 0.4

1.4 + 0.7
<0.6
<0.5

1.1 + 0.5
0.9 0.4
0.9 + 0.3

<(0.6

0.9.
1.5
0.6
0.7
1.1

2.0
0.7
0.5
1.4
1.3
0.9

<0.6

2 2
6
8

10
12
24

.Fill
Fill
Fill
Clay
Clay
Clay
Water

3 2
6
8

10
12

Fill
Fill
Swamp bottom
Clay
Clay

Fill
Swamp bottom
Clay
Clay
Water

0.7 + 0.4
<0 .5

0.6 + 0.4
<(0.6

1.8 + 0.8

<0.6
<0.6
<0 .6

0.8 + 0.4
<(0.6

0.8
<0.5

2.9
<0.8

3.9

<0.6
<0.6

0.7
1.0

<0.6

4 2
6
8

12

continued

DOWJCJ`rFDt~A
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Table IV. Continued. All values in picocurie/gram.

Boring
Number

Depth

(ft)

Thorium
DaughtersSample Material Thorium

5. 2
6
8
12

Fill
Fill
Clay
Clay

2.4 + 0.8
1.3 0.5

(0.6
0.9 + 0.3

<0. 6
0.8 + 0.4

<0.6
<0.5
<0.6

2.3
1.1
1.5
0.9

<0.6
0.7
1.0

<0.6
<0.6

6 2
6
8
1.2

Fill
Fill
Clay
Clay
Water

7 2
6
8
12

8 2
6
8

12

Fill
Swamp bottom
Clay
Clay
Water

Fill
Swamp bottom
Clay
Clay
Water

Fill
Swamp bottom
Clay
Clay
Water

0.8 + 0.4
0.8 + 0.4

<0.6
0.7 + 0.3

<(0.6

0.7 + 0.4
<0.6

0.7 + 0.4
1.0 + 0.3

<(0.6

<0.6
<0.6
<0.6
<0.5
<0.6

1.0
0.7
0.9
0.8

<0.6

1.4
0.6
0.8
1.1

<0.6

0.6
0.6

<0.6
0.7

<0.6

. 9 2
6
8

12

DOW
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INFORMATIVE SUMARY WITH CONCLUSIONS

A quantity of magnesium/thorium sludge has accumulated on a
site at the Bay City Plant. This site was evaluated to
determine whether the material has drifted with the wind or
been leached into the subsurface below the area. Analysis
of samples has shown that no contamination of the surrounding
area or subsurface has been caused by the material.
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AITACHMENT 2: BOREHOLE LOGS



URS RADIAN BORING NUMBER G-1
CLIENT: The Dow Chemical Co. PROJECT: Thorad Hydrogeological Assessment LOCATION: Bay City. Ml

DATE STARTED 82100 DATE FINISHED: 121100 BOREHOLE DIAHMETER: 2-Inch

SUPERVISED BY: Robb Houston DEPTh TO WATER: 4 ft. BOREHOLE DEPTH: 8. ft.

DRILL METHOD: Geoprobe COMPLETION: Plezometer

DRLL COMPANY: URS Radian DRILLER: Gary Waugh

COORDINATES: X - Y. I SURFACE ELEVATION:

E

a

2

3-

4

5

6

7

S

9-

10-

11-

12-

z
8
3:

.= 00. C
1:

I-

I

s

E3

a_

GEOLOGIC DESCRIPTION REMARKS Well

I41 _

Browm (10YR 513) silly SAND with roots and vegetation (SM). dry; bose;
poorly sorted; poorly graded

Pale brown ( OYR 613) -black medium silty SAND (SMq moist; loose;
poorly sorted; poorly Wraded; blotchy texture.

Very dark brown (10YR 2R) silty-clayey SAND with some peat (SM);
moist bose; poorly sorted; poorly graded.

E n

Set 1-Inch PVC plezorneter with
6-foot 0.014nch sotted screen at
6.75 ft. bgl. Completed at the
surface with 3.25 ft. stick-up and
backfilled with clean fill sand.

1. i

I

I

_I

-4-

-10-

-11-

-12-

End of Log

Gray (10YR 5/1) sity ClAY with trace gral (CL); dry very hardt
medum-high plast .

_ .. =

UR$ RADIAN JOB NUMBER: 07133 Page t of U R S R A D I A N J O B N U M B E R : 0 0 7 1 3 3 P a c e I o f I~ ~ ~ ~ ~ ~ ~ ~ ~ ~



URS RADIAN BORING NUMBER G-2
CLIENT: The Dow Chernical Co. PROJECT: Thorad HYdrogeologicat Assessment LOCATION: Bay City, Mt

DATE STARTED. 9221O DATE FINISHED S1211o BOREHOLE DIAMETER: 24nch

SUPERVISED BY: Robb Houston DEPTH TO WATER: 4.25 ft. BOREHOLE DEPTH: 1 ft.

DRILL METHOD. Geoprobe COMPLEllON: Plezometer

DRILL COMPANY: URS Radian DRILLER: Gary Waugh

COORDINATES: X Y * SURFACE ELEVATION:

C

¶

1

2

3

4

5

6-

7-

8-

0-

10-

11-

12-

= 0

2
_ __ _

.
GEOLOGIC DESCRIPTION REMARKS Wn

Brwn (10YR 513) sity SAND with roots and vegetation (SM), dry; loose;
oodv sorted: ooorlv craded. 

Brown (10YR 5) sandy CLAY with gravel (CL); moist; hard; low
plasticity.

_ ......

Set 14nch PVC plemeterwith
54oot 0.01 -inch slotted scraen at 8
fL bgL Completed at the surface
with 2 It. stick-up and bacd7lled with
clean lII sand.

Asphalt debris.

Daick brown (10YR3q to biadc clayey SAND with some peat (SC); wet;
t loose: poorly sorted; poorly graded, pungent-swamy odor.

GrayIsh brown (10YR U2) medium gravelly SAND (SW); wet loose;
.. *poorly sorted; we graded.

* , 

b* * 

Gray (10YR 5t1) o brown mottled sandy CLAY with tace gravel (CL);
dry, very hard; medium plasticity.

_ 

.121

End of Log

_ = = . .. I of I

U.RS RAiDIAN JOB NUMBER: 007133 Page 1 of 1



URS RADIAN BORING NUMBER G-3

CLIENT: The Dow Chemical Co. PROJECT: Thorad HydrogeolooIcal Assessment LOCATION: Bay CIty, Ml

DATE STARTED: 021/00 DATE FINISHED: LJ21I00 BOREHOLE DIAMETER: 2-inch

SUPERVISED BY: Robb Houston DEPTH TO WATER: 425 ft. BOREHOLE DEPTH: 12 ft.

DRILL METHOD: Geoproba COMPLETION: Plezometer

DRILL COMPANY: URS Radian DRILLER- Gary Waugh

COORDINATES: X- Y S URFACE ELEVATION:

S E | o 3 GEOLOGIC DESCRIPTION REMARKS Well

j : _ ___ _ __

2-

3-

4-

S

6

7

11-

9-

10-

11-

12-

.1

-2

-3

.1

*, *.0

** *.

*..

iU�.
.t..

* I.

Dark gray (1OYR 41) gravelly SAND (SW); dry loose; poorly sored; well
graded. Set 1I-nch PVC piezometr wifth

5-ot 0.01-nch slotted screen at
7.75 ft. bgl. Completed at the
surface with 2.25 ftb sick-up and
bacidilled with clean fi sand.

Dark brown (10YR S13) fine slty SAND wIth Iron stains and debris (SM);
most loose; poorly sorted; poorlY graded.
Pale bronw (1 0YR 63) fine SAND with black organic streaks (SP);
rnolst loose; well sorted; poorly graded

As above butwet

W .,'. .

w. .
.. 

*.:L

.. .

,.,, .
: :

.
: :

. ..

': ..
. ..

..

,.., '.
,.., .,

Black sIlty SAND with some peat (SM); wet loose; poorly sorted; poorly
graded; pungent-swanpy odor.

Gray (10YR I) medium SAND with bace wood debris (SP); wet
medium dense; wel sorted; poorly gaded

-6

Gray (1OYR 51) sfty CLAY with trace gavel CL); moit solt medium
plasticity.

As above but dry and very hard.

_ _
_ _ - _ _

URS RADIAN JOB NUMBER. OV133 Parre 1 o U R S R A D I A N J O B N U M B E R 0 0 7 1 3 3 P a c e I o f I~ ~ ~ ~ ~ ~ ~



URS RADIAN BORING NUMBER G-4
CLIENT: The Dow Chemical Co. PROJECT: Thorad Hydrogeolo gcal Assessment LOCATION: Bay City, Ml

DATE STARTED: 921100 DATE FINISHED: 9121/00 BOREHOLE DIAMETER: 24nch

SUPERVISED BY. Robb Houston DEPTH TO WATER: 3 ft. BOREHOLE DEPTH: 10 ftt

DRILL METHOD: Geoprobe COMPILETlON: Plszometer

DRILL COMPANY. URS Radian DRILLER: Gary Waugh

COORDINATES: X - Y = SURFACE ELEVATION:

E

1

2

3

4

5

S

7

10-

11-

12-

I 0
-i oS .:

a

Et
0

f.1 .

GEOLOGIC DESCRIPTION REMARKS Well

4.
Pale-dark brown (1 OYR 313) sty SAND with Iron stains (SM); dry loose;
poorly sorted; poorly graded; blotchy texture. Set 1 -inch PVC piezometer with

5-foot O.014nch slotted screen at
7.75 t. bgL Completed at ihe
surface vft 2.25 ftstick-up and
backfilled with clean fill sand.

I

_.. Graywhke dtftydayey Ml material; poss ble brine surdge.

^

Tk,

4 II

*. 4s
9: **

Gray (1OYR 1) gravelly SAND with white sludge materiel (SW); wet
poorly sorted; well graded.

Black silty SAND with wood debrtis (SM); wet; loose; poorly sorted; poorly
graded; swampy odor.

41I Very dark gray (1OYR 3/1) fine dy SAND with trace gravel (SM; wet
medium dense; poorly sorted; poorly graded

Gray (10YR 5n) .brown motted silty CLAY with trace gavel (CL); dry;
very hard; medlun plasticity.

.10-

-11-

* 12-

_ _
End of Log

_ .

URS RADIAN JOB NiUBER 007133 Page of URS RADIAN JOB NUMSE� 00TI33 Page 1 of 1



URS RADIAN BORING NUMBER G-5
CLIENT: The Dow Chemical Co. |PROJECT: Thorad HydroeolooIcel Assessment LOCATION: Bay City, Ml

I flATm sTARTED: 312ww I DATE FINISHED gP21100 BOREHOLE DIAMETER: 2-Inch
-, - 4---.

SUPERVISED BY: Robb Houston I DEPTH TO WATER: 3.75 IL BOREHOLE DEPTH: 10.5 ft.

DRILL NIETHOD: Geoprobe ICOMPLETION: Plazometer

DRILL COMPANY: URS Radian J DRILLER: Gary Waugh

SURFACE ELEVATION:

GEOLOGIC DESCRIPTION REMARKS Well

Slack~~~~~ meimIn SAN (S. .ws _ose .e otd ool rdd
Brown (10YR 5/3) silty SAND with gravel and vegetation (SM); dry;
bose; poorly soted, poorly graded

t Black very coarse SAND (P): dry; loose; well sorted; poorly graded:
coal or ash.

Brown (10YR 513) sandy CLAY with gravel (CL); dy; very hard medium
plasticity.

Black medlu-fllne Sh'ND (SIM; mos; bose; .wel sorted; poodly pmaded;
coal or ash; swampy odor.

As above but wet with strong swanpy odors.

Set 1-Inch PVC plezoneter with
5-foot 0.Ol4nch slotted screen at 8
IL bgl. Completed at the surface
with 2 fL stick-up and backfilled with
clean III sand.

Overpacked sample tube. Estimate
contact by washing out sand and
subtracting void space. Descrition
based pon clay observed In the
cutting shoe.

Dark grayIsh brown (10YR 4/2) medlum-flne sty SAND with trace shells
and vegetatIon (SM); wet medium dense; poorly sorted; poorly graded.

Grayish brown (1OYR 612) silt CLAY with tace gravel (CL); dry very
hard; medlum plasticity.

End of Log

I
IURS RADIAN J013 NUMBER: 007133 Page 1 of 1



URS RADIAN BORING NUMBER G-6
Ci iEM: The Dow Chemicai Co. = := PROJECT: Thorad Hydro eolo ical Assessment LOCATION: Bay City. MI

DATE STARTED: W21J00 I DATE FINISHED: U2t100 BOREHiOLE DIAMETER: 2-inch
4 4

me inctwietrn my. iq�hh u-.4.. I flFPTW TflWATC1 OROft eRflenmOLF hf:PT I ft-

DRILL METHOD: Geoprobe COMPLETION: Plezometsr

DRILL COMPANY: URS Radian DRILLER: Gary Waugh

COORDINATES: X - Y 8 SURFACE ELEVATION:

aI

2

3

4

i

7-

8-

9-

10-

11-

12-

5z I= 0F Q
I 6

8CM e

-3

.9
U.

.;r.

.. t.

GEOLOGIC DESCRIPTION

Grayish brown (tOYR 5/) -black medium SAND (SP); moist loose; well
sorted; poorly graded; blotchy texture. Set 1neh PVC plezometer with

5-foot Q01-Inch slotted saren at 8
ft. bgL Completed atthe surface
wIth 2 fL stck-up and bacdilled with
clean fill sand.

Grayish brown (10YR /2) medium SAND with trace roots (SP); wet
loose; well sorted; poorly graded; wampy odor.

Very da*k grayish brown (10YR 312) fine silt SAND with wood debris
(SM); wet bose; poorly sorted; poorly graded.

REMARKS Won

I

I

Gray (10YR 5/I) sily CLAY with trace gravel (CL); mist-dy; very hErm
medium plastcity.

End of Log

-11-

-12-
_ _ ~ . - _ i --
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I ATTACHMENT 3: AR MNT OF HEALTH WATER WELL
RECORDS



jtjULVU%1L ^- 4UKVCT *" * *-

; WATER WELL RECORb
ACT 294 PA 1965

LILI ILLLJI III
MICHIGAN DEPARTMENT

OF
PUBLIC HEALTH1 LOCATION OF WELL I

i . - __ - - - - - -__ - __
/ _._

Couny ]Th~ Name
RL4 _'

_ Fraction

K4

Town Number Ramgs Number

I i~rect -- /s . I E/W.X4
[_

_ . .

t~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~WE OF WL- . y 
tinhce Andidirection from Road ntersections I

Ste I i City . J f L
Street adyass L City of WellI Location

3 OWNER OF WELL/: 

Address
- ', '"'> t K4

| Locate with X in section below Sketch Map: 4 WELL DEPTH: completed) Date of Completion

7 1?
__ I _ _f1_ _1_ _ ~~~~~~~~~~~~5 Cable tool 0X Rotary 0 Driven 0 Dug

Hollow rod O Jetted [29 Bored 0

w _4__ I _J__ c . 6 USE: Dormestic 0 Public Supply O Industry

* Il l 0i irrigation Q Air Conditioning Q Conmercial

[-Tet Wei Il--1--T-T-- .. 7 CASING: Threaded 0 Welded I Height: Abovei'Belew

.0- I LS. - --- n.-- Surface

2 FORMATION TOF DTTO in. to -ft. Depth i Weight -lbs./ft.
STRATUM STRATUM In. to - ft. Depth Drive Shoe? Yes 0 No f

8 SCREEN:

6 A 4 Type: Die.:
Slot/Gauze Length

_ _ _ _ _ _ _ _ _ _ j_ 6 < Set between ft. ad ft
7 s f;< 5 ;;t 5 < el / t _o~s < Fittings:

STATIC WATER LEVEL

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

ft. after-hrs. pumping g.p.m.

ft. after-hrs. pumping g.p.m.
11 WATER QUALITY In Parts Per Million:

Iron (Fel Chlorides CI_

HardnesI Other _

12 WELL HEAD COMPLETION: in Approved Pit

________ El Pitless Adapter 12 Above Grade

_ _.13 WelI Grouted? YeS 0 No

I ;;( .X .-; ' L El 2i Neat Cement 0 6entonite C
Depth: Fron ft. to _ft.

14 Nearest Source of possible containjtion

_ 7 Cfeet Al Olrection 4 - Type
Well disinfected upon completion l Yes No
PUMP: Not Installed

Manufacturer's Name

Model Number HP _Volts _

_________________________________ ___Length of Drop pipe - ft. cpacity G.P.M.

Type: Submersible

0 Jet Q Reciproctig

USe A HO SHECT I NoEo

16 Rernarks, elevation, source of data, etc. 17 WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and this report Is true
to the besOf y vIwledg Vnd belief. 

-0Y3C6= 0 -4_ / dwv /

N-

- e' - - -
REGISTERED EUSINESS NAME

Address Z1aFW

RE6ISTRATION NO.

Signed )1 2UZ*-IP0

_ D67d 100M [ReV. 12-681 AUTHORIZED REPRESENTATIVE 'If

.OCAL HEALTH DEPT. CC?'(



WATER WELL RECORD
ACT 294 PA 1965

MICHIGAN DEPARTMENT
OF

PUBLIC HEALTHI I LCATJON OF WELL|
w .

rounty/ Twp. {-i' Fraction
|Section No. | i

A I 74 74 ME C U A �Yfl7O. Ill J�J �IW.
o f -C-_ 7 It I Ai 7 -a- -ra 1. 2 -# lKr ff f.1 -- C/7 7W.

va~~Dios W4 6 02 - 3E 0 f

a t d ross & Clty of II1 Locotion .__ _ _ _ _ _ _ _ _ __ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

THICKNESS DEPTH TO 4 WELL DPK(ope , aso mlto

2 FORMATION TRATUM OTRATUM (comple ae of Completio
STRTU STRTM / h2 P24 P 

~ 7 v no 5 C abIl tol g0* 0 Driven 0 Dg

tell_ _ __ .ZI Hollw rod O Jetted 0 Bored 0 
Q' . / / J~t 0 Sf 2/j t9 6 USEX Domestic 0 Public Supply 0 Industry

A0 4 ?/7J1fS £ 01 iO Irrigation 0 Air Conditioning 0 Commercial
0 Test Well 0

..L..t........ fa 7 CASING: Thread Welded 0 IHeight; A Golve/elow

V17 s. v / J .7.ln. to / .. t Depth vSuroeI No

C0, Aco I _ rn. to *. Depth Dn S

/iL 2Q4/ f , ( f J 8 SCREEN:

f , w 24 7 Type- D i

; .#t Z . . J / 1t n ql ~~~Slat/Gous Length

M , / f / s J ~~~~~~~~~~~~~~~Set between_____--_ft

Fittings:

7 b' S ~ ^ } _9gSTIqI WATER LEVEL

' -5 . .... Z (Z ft. belo .... ............ > be? ow land surface
10 PUMPING LEVEL below land surface

z 2 Z 4 e ~~~~~~~~~~~~ft. aftet hrs. pumping ~ pm

__________ft. after-hro. pumping g.p.m.

. r y w P 0> } 11 WATER QUALiTY In Ports Per Million:

(O 5wfz S F /fV Iron (Fo) Chlorides (Cl)

' -. 12< E Hordnes.

12 WELL HEAD COMPLETION: 0 In Approved Pit

,, .'t -,:; / vlPitless Adapter 0 12" Above Grade

13 GROUTING:
Well Grouted? 0 Yes 0 No
Material: El Neat Cement 0
Depth- From_ ft. t-.t.

14 SANITARY:

Nearest Source of possible contamination
j4eetSfn Direction Type
Well dsinfecteron com letiln Yes O Na

15 Pump:

__________ Manufacturer's. am
Model Numb. HP

Length of Drop Pipe ft. capacity G.P.M.

_i 't ' -.. Typ: 0} XSursl ', Jet . 0. Reciprocating

16 Remarks, elevation, source of data, etc. I -

;

Il WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my lurisdiction and this report Is true
to ti beat of my knowledge and belief.

D5Z 6/ . .I

12.3 . 3;; , l . r i YTbltO StsINCsS NAMIL i

- -7/ 3/2 zZ.-" kY71
iRta3STR&Y10N No.

adress s , -- F- I I , --- ,,. _ _ _ - _
Sl~~~~neX~I ,. r4.°e_-. V

;He~~~~Z -' 'O.~lf^v /r 

0670 lOOM 6-64



GEOLOGICAL SURVEY NO. WATER WELL AND PUMP RECORD II.I I I.I ULBEI I

PART 127 ACT 368. P.A. 1978PE IT.UMR

I nr~ATlfni nrF WELL I

4177y

Street Address E City of Well Location Address Same As Well Location? Y Y.. 0O No

Locate with -X- in bection beiow Sketch MagP.
I

w

I I 1 IV

_~~~~~~I- C_ | __|_ _ .:D, ,j ! '
I I I

I T -
1--I _ ji.

I IjaiK
L_ 1MILE 

4 WELL DEPTH: completed)
giO 1. ft.

D Date of Completion

7 -t - S' fY

.;

5 0 Cable tool [Rot ry Driven [ Dug

0 HOllow rod 0 Auger 0 Jetted __
6 USE: 5 Domestic 5 Type I Public 0 Type Public

Wrrigation 5 Type IlI Public 5 Heat pump

0 Test Well 5 Type lb Public 0

I~~~ -
THICKNWESS IDEPTht TO

2 FORMATION DESCRIPTION STCOpNIS StTOWOF

7 CASING: Steel Theded
Diameter (2P 0] Theded

in. to . We depth

- in. to ft depth
Grouted Drill Hole Diameter
- in. to - ft. depth

.A in It dth

I Height: Above/Bebev-

I Surface - - ft

Weight tbs/ft.

I Drive Shoe 0 Yes

13c'c t f 0 NoS4AAJf (ore Z -5
ZA qP S SCREEN: [ Not Installed

Type Diameter

Slot/Gauze Length

Set between ft. and ft
,/i* 9 f FITTINGS: 0 K-Packer 0 Lead Packer O Bremer Check

______________________________________________ _____0 Blank above screen - ft. Other
_9 /9 STATIC WATER LEVEL:

?7? C'} 5 /'. : J1C4J Sffi.. f below land surface 0 Fow

10 PUMPING LEVEL: below land surface

ft. after - bre. pumping a_ _ GP.M.

fL after - hrs. pumping at - G.P.M.

11 WELL HEAD O Pivess adapter 042' above grade
COMPLETION. 0 Basement offset 0 Approved pit

12 WELL GROUTED? 0 No 0 Yes Fron - to it.

C Neat cement 0 Bentonite 0 Other / ' L)/r 

____ ___ ___ ____ __ _No. of bags of cement Additives
13 Nearest source of possible contamination

Type _ ___ _ Distance 3(- Direction .4/

Well disinfected upon completion? C3 Yes C No

14 PUMP 5 Not Installed s Pump Installation Only

___________________________________________ Manufacturer's name

Model number -; -' HP / Volts -_ _

Length of Drop Pipe ft. capacity G.P.M.
TYPE: [ Submersible Q Jet-

____ ____ ____ ___ ____ ____ ____ ___ ____ ____ __ _ ___ ___ ____ ___ PRESSURE TANK:
Manufacturer's name

USE A NO SHEEr r f00_ __ Model number Capacity Gallons

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

Up~~ fe Lfw)S 1., 1e
!> 0 tf

16. WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurIsdiction nd this report is true
to tst ol y knowirledge I

_L!1 &17 e/ 2, /zA /2^
*REGIS1ED SUSINESS NAME

Address _L M O /2/

S AU)hORI)E E P

WGISTRATION NO.

Date
D67d (Rev. 10.801 AUTHORZD REP9qEE I



GEOLOGICAL
I . . _... ivilvUniup ULjrUt IvtLv4 I % jr ruolt.. a ; tlLaii ]

SUVY I WATER WELL AND PUMP-RECORD PERMIt NUMBER
_,~~~~~~~~~~~~~~~~~~~PI NUBE ' ' 

IWELATInN nF WELL I
tnnuntv ITownshlo Name I Fraction I Section Number I Town Number I nom N~rbar

-

BI y I 29nz9= ImW IIA U I/. V z Kut A L I J''N/;EI) FI r
I- I stance And Direction From Road Intersection

5011 Wilder d.. on a 110 east of
Patterson north aide

_ _* * AA -

3 OWNER OF WELL:. Co
- U-vfn Co.

Address 5On Wilder Bd.a
BY City. Nich.

Address Same As Well Location? [ Y.s No
4 WEL DEPTH: i Dte Completed : t' W" -

60 FT I E- I t 0 ReplacementWall

6 0 Cable tool Rotary 0 Driven E Dug

a Hollow rod 0 Auger I] Jatted 0
6 USE: C Domestic 0 Type I Public 0 Type 'll Public

O Irrigatbon i Type Da Public C Heat pump

OTest Well 0 Type llb Public ; M ound b4
7 CASNG:0 Steel Threaded

D e Plastic EWelded
tHeight: Above/Selow

I Surface hIL
2

2 FORMAllON DESCRIPTION'
THICIeOss I DEPTH TO

Of BOTTOM OF
STRATUM STRATUM

1 n. to..-........fdepth I

- in. to - ft. depth i Wight bs/t.
Grouted Drill Hole Diameter I n

ft deplv /e Shoe . ..
.2., Q.~V ) 7 J . d No

1*

Ftm wdla n dikes all ak rnrmnOt nnl

.F below SCotEN Lengthstal

L ad sand 1.0 1Q 
FITTINGS: 0 K ckC~d Pacer O Bremer Check

Tan ol |re, stones 3 -3 y

-"a 1lAYS pebbles 15 2 ft. bel Il ce F Row

10 ING LEVL ml ce

80Tt gz'ey 0183' - t _____ _______ _____IL aftr _ hrs. pumping at G .P.M.

t after - rs pumping at GP.M.

11 IWELL HEAD 0 Pidess adapter 0 12' above grade
Om 'Kell n lower rea near '* i agCoMPETON Basement offset El Approved pit

12 WELL GROUTED? C N [j es From. - ,.....to_..... IL...t

¶'cp . s B d B S8 e 0 Neat cement 0 entonie DC Other coke E3ree
ftn cy, tones 3 1 No. of begs of cement - Additives

13 Nearest source of possible contamination KA
T 3ly . 4 25 Type Distance ft Direction

Wel disinfacted upon completion? 0 Yes 0 No

Soft erarclay to b at was old weD plugged? 0 ves 0 No

14 PUMP; 0 Not Installed 0 Pump Installation Only

Manufacturer's name KA

MIM am 22 rt. adelng Well 2 1P. ft. "atMode number M_______ P _____ volts______oce 12 ft c£ng Well 2 s ftc Length of Drop Pipe ft. capacity G.P.M.

TYPE: C Submersible 0 Jet
We11 3 16 ft. ftxim wen 4 1 ft. PRESSURE TANKl

Manufacturers name

ust A IND SHUT 9F NoI t a _ __ Model number Capacity Gallons

15. Remarks. elevation. source of dita. etc. -

- - - la.I 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.

Everett Ora= &S&S. In7. 7a-071'

I
17. Rig Operator's Name:

KEG t~l~,FUS~$4Ess NA~jREGISTRATION NO.

Address - Ed.1 San Riach.OCT 1 1 MI
I
067d 2189 %~A Mf my Health

-W".. - I- ---- 
Ag UTHORIZED REPRESEN{

Completior
Penalty:

Date 8-24-9l
Act 368 PA 1978

s: Required
Conviction of a violation
of any provision is a
misdemeanor.



GEOLOGICAL SURVEY NO. y' WAE L N IM IO I 5
___________ -WAtER WELL AND PUMP RECORD LL LL 

- ... .. . . - - .- .-. ---.. ..- ... - . ._ P I.IT NUMER t ..
I I Faf'ATlfnNd nF IWL I5 I � �S* � r
I County ITownship Name IFraction Section tumber I Town Number | Range Number

Inas VP - -MI4 -M -3,/1 &I? t &# ! -- I -
ffDY r " _ I Mul{. - - -1- . --
Distance And Direction From Road intersection

411 Tiernan. South east corner of A/I
wilder / ,

3 OWNER OF WELL: *T°TeAola

Ilatzel & Buehler, Inc.
Addrss2700 tonns

-

Street Address & City of Well Location
ocate with X' in Section BelowN .

w

I I I

I I I

-i I- I, 

*I I I1 1 1

I I I

I I

T

Wilder

3,6 

5 USE: E Domestic

l Irrigation
0 Test Well

[] Type I ublic El Type Ul Public

E Type a Public 0 Heat pump

[I Type lb Public 1Z gTOuldTierina I od
._=

.

MIL

r HIcKNESS EPT TO
2 FORMATION DESCRIPTION OF S OT7O OF

ISTUU STRIATUM

7 CASING: Q Steel E Threaded

Diameter Eiastic El Welded

-.. In. to 2.0 ft. depth

- In. to - ft. depth
Grouted Drill Hole Diameter
- In. to - ft. depth

in -r tt --ot

Height: Above/Below

Surface - ft.

Weight - lbs/ft.

Drive Shoe O yes

E INoIn" 8nll *1 It* r 1 _ a _ n . w an. .rn v " , __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
8 SCREEN: 0 Not Installed

Sandy cley 2 3 Type Diameter

Slot/Gauze Length

Clay. stones 1 20 Setbetween h t.and _ _ t.

FITTINGS: 0 K.Packer 0 Lead Packer 0 Bremar Check

Soft clas_ _ 48 68 El Blank above screen - ft. Other
8 STATIC WATER LEVEL:

oPen sandstone 3 ?I 10 ft below lend surface 0 Flow
10 PUMPING LEVEL, below land surface

Sandstone to bottom ft. after hrs. pumping at NA G.PM.
ft after hrs. pumping at - G.P.M.

11 WELL HEAD E Pite adapter 0 12 above grade
COMPLETION: Pls 

D easeament offset O Approved pit
12 WELL GROUTED? 0l No Et Yes From - to ft.

E Neat cement I2 Bentonite gl Oth, Oke Breez
No. of begs of cement Additives

13 Nearest source of possible contamination

Type KA Distance ft* Direction

p tj O Walldisinfectad upon completion? 0 Ws 0 No

^-E i.:.' ) Was old well plugged? a W. 0 No

14 PUMP: Not Installed 0 Pump Installation Only

r__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ : vM a n u f c tu re r's n am e
Model number HP _ _ Volts

X ~~~~~~~~~~~~Length of Drop Pipe _ _ _ _ __ft. capacity __ __ _ __ _ G.P.M.
.Bay CWWILdy Health Dept TYPE. E Submenible E Jet_ _ _ __ _

PRESSURE TANK.
Manufacturer's name

uSE A SHUT W NEEDED * Model number Capacity Gallons

15. Remarks. elevation. source of dsta. oc. r

ts~~~~~ Ie 1-9At- af 6. rL9 <

16. WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled under my jurisdiction and this report is true
to the best or my knowledge and belief.

Everett Cragg & Sons,. Inc. 3-021 ,

I
17. Rig Opertoers Name: U (

. a~a-Sn (Zr

REOITS [h1SNESSNAME . REGISTRATION NO.
AAA- ft ty Ed.Sasdnaw. ich.

t*UU1e5 _ - _ V ' '

- I . I -

067d 2189 :3; W
Signed A ( I AUTHORIZD RESEA

CompletIon:
Penalty:

ltl-21-9 3
Act 358 PA 1978
Required
Conviction of a violation
of any provision is 
misdemeanor.



Appendix B

Borehole Logs



URS CORPORATION BORING NUMBER B5-3
CLIENT: The Dow Chemical Co. |PROJECT: Thorad ILOCATION: Bay Cly, MI

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 24nchl254lnch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 2.5 t BOREHOLE DEPTH: 8 f&

DRILL METHOD: GeoprobeWl-ollow-stsm Auger COMPLETION: Monitoring Well

DRILL COMPANY: URS Corporation DRILLER:

COORDINATES: X Y _ SURFACE ELEVATION:

I

1

2

3

4

6

6

7

8

9

10-

12

13-

14-:

1 -

17-

18-

20-

20 0
I=I 00 1:-0.lux M r

C

-I

-13

4
-15S

-16

-123

-138'

.1 4 j

-4i

5 

.213

..
'.'

,:.,.

..,.I.,

GEOLOGIC DESCRIPTION

Brown fine SAND wth trace sit and gravel (SP); damp.

Dark brown-lack fine sand; wet

Dark brown-black SILT with tace clay (ML): wet &L

Grayish black siry CLAY (CL); rnolst sat rooted.

Tan-gray sifty CLAY with tace sand and gravel (CL); damp, hard.

End of Log

REMARKS

_ .

URS CORPORATION JOB NUMBER: 00713 Pagc I of URS CORPORATION JOB NUMBER: 007133 Page 1 oil



URS CORPORATION BORING NUMBER B6-2
CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay Ctty, Ml

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 2-Inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 2 ft. BOREHOLE DEPTH: 8 t.

DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COMPANY: URS Corporatlon DRILLER:

COORDINATES: X Y I SURFACE ELEVATION:

f
X

2

S

4

6

6

7

a

0-

11

12

13_

14-

16-

16-

17

18

1.

20-

Z M-

mu 0

rI e 

, 
oel

U GEOLOGIC DESCRIPTION REMARKS

..s.

Brown fine SAND with trace sift (SP); damp.

As above but black and wet

24nches organic peat damp.

Brown anic PEAT wth trace itmoist

| Grayish black mottled silty CLAY (CL); moist hard.

-0 4

4

-105

.131

-14

-1l5:
..

-16-

-17-J

-18-

-19-2

-20-

End of Log

URS CORPORATION JOB NUMBER: 007133 Pag I of IURS CORPORATION JOB NUMBER: 007133 Page ¶ of I



URS CORPORATION BORING NUMBER B6-7
CUENT: The Dow Chemical Co. I PROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER. 24nch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: I ft BOREHOLE DEPTH: 8 k

DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COMPANY: URS Corporaion DRILLER:

COORDINATES: Xs Y I SURFACE ELEVATION:

0

Ij

2

3

4

6

7

10

11

12

13

14

15

16

17

18

19-

20-

MI-

m i

...

GEOLOGIC DESCRIPTION REMARKS

a
!C

Gray fine-medium SAND wIth tace sit (SP); damp.

Eluish gray rubbery plastic material; moist soft.

.::: Gray fine SAND with trace silt (SP); wet

Bluish gray rubbeiy plastic particles.

Dark brown-black organic PEAT with trace slt moist

Grayish black SILT (ML); moist so; rooted.

Tan-gray silty CLAY (CL); moist so.

-9-i.4.

.10I

.116-

-12

-14 w

-151

1

-17 

-18 

i

_1
4-20-1

End of Log

_ . =

URS CORPORATION JOS NUMBER: 007133 Page I of URS CORPORATION JOB NUMBER: 007133 Page 1 of I



URS CORPORATION BORING NUMBER 137-2
CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 2-Inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 2.75 t. BOREHOLE DEPTH: t fL

DRILL METHOD: Geoprobe COMPLETION: Backfifl

DRiLL COMPANY: URS Corporation DRILLER:

COORDINATES: X YI SURFACE ELEVATION:
I . , ,I

0

I 

2

3

4

5

6

7-

18

9-

18-

20-

12-_

13-

14-:

15-

16-

17-

18-

lo-

20-

I I
C
E

i

.9
0.
ER
M-A

- .1

GEOLOGIC DESCRIPTION REMARKS

Brown ine-medium SAND with trace silt (SP); damp.

3 Bluish gray rubbery plastic material (silt to gravel Sized partides); damp,

As above butwet.

Dark bwn PEAT with tace silt damp.

Grjsh black mfotled silty CLAY with trace sand and gravel (CL); daip;

I

-14

-111

-121

-13-

-14

-15

-16

-t7
I.1.

18 

-203

End of Log
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URS CORPORATION BORING NUMBER B7-5
CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED. DATE FINISHED: BOREHOLE DIAMETER: 2-Inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: ft. BOREHOLE DEPTH: 8 f.

DRILL METHOD: Geoprobe COMPLETION: Eackfi

DRILL COMPANY: URS Corporatlon DRILLER: Ben Butler

COORDINATES: X Y __ SURFACE ELEVATION:

I
I 

2

3

4

S

6-

7-

S

10

11

12

13

14

15

16

17-

18-

19-

20-

0_ | 
_ es §

a GEOLOGIC DESCRIPTION REMARKS

- 4- 4��-4. 4
Sand and slag (SP); damp.

_ ..
_

5 �1

�s S
54

S i

S 5!

Grayish white rubbery plastb matefal; wet

Dark brown PEAT; hghly organic; wet

Dark gray-black SILT wIth some sand and gravel (ML); wet.

End of Log

.9J

.10.

-11

-12

-13

-14

-15

-16-

-17-

-18-

-19

-20-
=

= a - a__________
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URS CORPORATION BORING NUMBER CS-9
CLIENT: The Dow Chenical Co. PROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 24nch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 4.5 L BOREHOLE DEPTH: t IL

DRILL METHOD: Geoprobe COMPLETION: BackII

DRILL COMPANY: URS Corporation DRILLER:

COORDINATES: X s Y n I SURFACE ELEVATION:
, , I 

a

*1_
t
2

3

4

5

6

1
8-

9-

10-

12-

13-

14-

17-

18-

20-

9
9 0

1 u
L)

'4- w 9 o
ZC

.9 GEOLOGIC DESCRIPTION REMARKS

--- -- - --- ---- I
==M _ron lmv ur 01ano arass; oamp.
., Ton fine-medium SAND (SP); damp-moist

6bck ne SANU (W-); Moist

4,

As above butwet

-5

Dre* gray SILT with trace sand and organic material (ML)- wet

Gray-black sifty CLAY with oace gravel (CL); moist

-I

It

-I
1

-121

-13

-I.14-s

'45g

-i

-17

.19i
-I40.

End of Log
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URS CORPORATION BORING NUMBER C6-6
CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED: DATE FiNISHED: BOREHOLE DIAMETER: 2-inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 2 It BOREHOLE DEPTH: 8 ft
DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COMPANY: URS Corporation DRILLER:

COORDINATES: X Y I SURFACE ELEVATION:

E0

I

2

3

4

5

B

7-

9

10

11

12

13

14

15

16

17

18

19-

20-

z I
0 L
F- 

Iii a
IL

.U GEOLOGIC DESCRIPTION REMARKS

Brown Ine SANDuwtace silt SP); amp.

Black fine SAND with ace silt wet

Black organic PEAT with trace sand and silt moist

Blackfine SAND with trae slit (SP); wet

GrySLTw wrace fne and (ML); damp; soltroated.

Gray-black silly CLAY (CL); damp; stiff, moted.

End of Log

-1

-1L
-14_.1

-18-,

-1

-17

-15

-204

.7 _
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URS CORPORATION BORING NUMBER C7-2
CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 2-Inch

SUPERVISED BY: Jlm Farkas DEPTH TO WATER: 3 It BOREHOLE DEPTH: 8 ftL

DRILL METHOD: Geoprobe COMPLETION: Backfifl

DRILL COMPANY: URS Corporation DRILLER:

COORDINATES: X a Y aI- SURFACE ELEVATION:

I
I '
1

2

3

4

5-

7

8

9

10

11

12

13-

14

15-

16-

17

1-

19-

20-

z0 � a0
r.01 10:M j

I.-

f

.6

.7

-a

-l

-13

14 

.11

I

6- E

27 

-192L

E_ Tan CLAY with trace sand (CL); moist; sot

Bluish gray rubbery plastic material (sift lo gravel size particles); damp;

Soft

As above butwet

Black fine SAND (SP); wet

Dark brwn-black SILT wtf trace sand and organic material (ML);
moist; soL

Grayish black mottled silty CLAY wit trace sand (CL); hard.

Tan CLAY with tace slt (CL); damp; very hard.

GEOLOGIC DESCRIPTION REMARKS

End ot Log

= _
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URS CORPORATION BORING NUMBER C7-7
CUENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER 2-Inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 1.5 ft. BOREHOLE DEPTH: 8 

DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COMPANY: URS Corporation DRILLER:

COORDINATES: X y *_ __I SURFACE ELEVATION:

I

I 

2

3

4

5

7

9-

10-

11-

12

13

14-

15

16

17

18-

19-

20-

t: 0
a
IL

Y.

CL
E5
0

.. -". :1

GEOLOGIC DESCRIPTION REMARKS

UrK Drown fine SAND (SP); damp.

Bluish gray rubbery plastic material (slt to gravel stre particles); damp;
'aok

As above but wet

.::: Gray fiesnedium SAND wIth some silt (SP); wet

Dark brown SILT with some organics (ML); moist; soft

Gray-black clayey SILT with some organic material (Mt.; damp; hard.

Tan-gray silty CLAY with tce sand and gravel (CL); damp; hard.

-5

-10@
-11-

-1Z

-13-

-14

-15

-16-4

17

-18 ;

In

_19 I

-20o3

End of Log

_ _ :~ ~- ---- -- 
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URS CORPORATION BORING NUMBER C8-4
CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 24nch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 2 ft. BOREHOLE DEPTH: 4 fR

DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COMPANY: URS Corporation DRILLER:

COORDINATES: X - Yu SURFACEELEVATION:
7 t 7 . . I ,

u
0

1-

2-

3-

4-

5-

2 Fr
8

I0 9,I lu -j
Di = M

U!

GEOLOGIC DESCRIPTION REMARKS

a
C:

Tan fine SAND wfIth tace sit (SP); damp.

As above but black and weL

Black orgaiRc PEAT, wet

1 Gayish black motlied SILT (L. moist dSt otad.

Gf4.,rRYISn DIacK mowel WW CLAY (GL): tamp, hard; mOd.

7-

a

9-

10

11

12

13

14

15

16

17

18

19

20

.- i

-I

-7

.8_-

3
-4

-10

-11

-12i

-11

-14<

-155

17

-18 

-19 

-20 

End of Log
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URS CORPORATION BOR'NG NUMBER D34

CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Mi

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 2-inch

SUPERViSED BY: Jim Farkas DEPTH TO WATER: 3 ft BOREHOLE DEPTH: 8 ft.

DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COMPANY, URS Corporation DRILLER:

COORDINATES: X - SURFACE ELEVATION:

.i'. Brown g | GEOLOGIC DESCRIPTION REMARKS

_ fine-medium SAND (SP); damp.

1 Bluish gray plastic rubbery material (Ulit to gravel size partles); damp;
sokt

As above buttwet
Dark brown-black SILT wIth trace sand (ML); moist sot

Gray SILT wit trae sand (ML); wet soft

e 4 ! I I I I As above but some fine-medIum sand and gravel.

Tan silly CLAY (CL); moist hard.

End of Log

20 -_0._
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URS CORPORATION BORING NUMBER D3-4

CUENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Mt

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 2-Inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 3 fL BOREHOLE DEPTH: ft.

DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COMPANY: URS Corporation DRILLER:

COORDINATES: X* Y __ SURFACE ELEVATION:

GEOLOGIC DESCRIPTION REMARKS

Brown sandy SILT amL); damp; fL

1 *1_lsh gay rubbery plac t (l gravel siz pcri; datp;

2 -2- ... Dark brown fine SAND with trace it (SP); damp.

3 - -3 ~ ~ :2> As above bt black and wet.
4 .-.4

5- anSBlack organic PEAT with trace lt moist

Gray-black SILT with bace and (ML); wet

7 -- 7- 0Tan-gray silty CLAY ith trace gravel (CL), damp; had.

8 -8 _ S _ 2End of Log

149 i

151

20 -o
_ 5 =
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URS CORPORATION BORING NUMBER D4-3
CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Mi

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 24nch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 2.5 ft. BOREHOLE DEPTH: 3 ft.

DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COMPANY: URS Corporation DRILLER:

COORDINATES: X w Y aI SURFACE ELEVATION:
- -.. , , ,

E

1

2

3-

4

6

7-

8 

9

10

11

12

13

14

15

16

17

18

19.

20-

20
It U3 2IL

c) GEOLOGIC DESCRIPTION REMARKS

-. - - -..-- �-..----- -�
Linc Rmwn {in c:ANrb *nel .CII r schn- dfirnn

§ Bluhishi gray rubbery plastic material (silt to gravel sized particles); damp:

§ As above butwet

Solidifed pastc (merrivO).

Bluish gray rubbery plastic material; wet sot

Gray fine SAND (SP); wet

... As above but wth t ce Cravel.

.':- Grayish black rnowtt CLAY (C4); sot rted.

.19

-I.iil
-11

-12

-13

-14j

-i

-154

-i
1

-1p9 

-20 ;

End of Log

L -.- �---- = � ==���= & ___________________________________________________________
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URS CORPORATION BORING NUMBER D4-7
CLIENT: The Dow Chemlcal Co. PROJECT: Thorad LOCATION: Bay City, MI

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 24nclI.254nch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 2.5 ft. BOREHOLE DEPTH- It 

DRILL METHOD: GeoprobelHollow-stem Auger COMPLETION: Monitoring Well

DRILL COMPANY: URS Corpo ton DRILLER:

COORDINATES: X- Yu SURFACE ELEVATION:

1-

2-

S-

4-

5

a

7-

10-11-

II

12-

13_

14_

15

18

17

18

19

20-

z 0.

a U
F

c
E

GEOLOGIC DESCRIPTION REMARKS

- - A

Brown fine SAND with trace slt (SP); damp.

Black fine sand with race silt wet

Gray ne-coarse sand with chunks of black
plastc

1 1 Grayish black motTed sity CLAY (CL); moist soft rooted.

-9I

-1i
-1217

.17.1

T

413 

.14

15

-16

*1

-17 

-18 ;

-20 i

End of Log

= b - - - _______
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URS CORPORATION BORING NUMBER D4-9
CUENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, MI

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 2-inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 2.5 ft BOREHOLE DEPTH: 8 ft.

DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COMPANY: URS Corponation DRILLER:

COORDINATES: X Y SURFACE ELEVATION:

I

_ .

2

3

4-

5-

6

7

8

11

12

13

14

16-

17

16-

20-

ii E.
.U GEOLOGIC DESCRIPTION REMARKS

a

_ _ _ _ . .

_.

.A.

..a.

Tan fine SAND (SP); moist

As above but black and wet

Gray fine sand with trace alit wet

As above but with trae grvel.
1 1 Gray silty CLAY wvth hce sand (CL); moist hard.

-10-

-11$

-12

-13-5

-14

-15

-16

-17 7

-180

3

-20 '

End of Log

- a - - U - J - .J. .1 _______________________________________________________________
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URS CORPORATION BORING NUMBER D5-3
CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER. 2-inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 2.25 ft. BOREHOLE DEPTH: 8 ft

DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COMPANY: URS Corporation DRILLER:

COORDINATES: X * Y * SURFACE ELEVATION:

I
1

2

3

4

5

a

7

8

9

10

11'

12-

13-

14-

t5-

16-

17-

18-

19

20

I I 8
I 8 

a

GEOLOGIC DESCRIPTION REMARKS

e

V//// Tan silly CLAY Wth trace sand and gravel (CL); darp: soft.

Brown flne SAND with trace sitt (SP); damp.

Bluish gray nAbbery plasc material (slt lo gravel size particles); wet sot

5

IF; As above wh some plastc sheeting.

Black organic peat with bce sit wet

Gray fine-coarse SAND with some shells (SP); weL

, Q Tan-gray silty CLAY CL): damp; hard.

-9 

-1

-124

14:

-15-

-16-

-17-

End of Log

-18 -

A-9

-20--
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URS CORPORATION BORING NUMBER D6-3
CUENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 2-Inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 3 L BOREHOLE DEPTH: 8 

DRILL METHOD: Geoprobe COMPLETION: Backffll

DRILL COMPANY: URSCorpoationI DRILLER:

COORDINATES: X a Y I__ SURFACE ELEVATION:

I

2-

3

4-

6-

6

7

a

9

10

11

12

13

14-

15-

16-

17

18

19-

20-

.z 
r

2
IL

GEOLOGIC DESCRIPTION REMARKS

-1. 010fO
Tan sandy CLAY wUi trace gravel (CL); moist; medium hard.

_, .. g.r...ay nabbefy plasuc mateilal (.lt. _ gravel .. e.pa.. .es. a

-3 

.A _ 

i

Bluish gay nubbery Plastic material (sit to gavel sze pardies); damp-,
soL

As above bit wet

46
1111111 Dark brown-black SILTwith trace organic mateial tMLY; moist soft.

I Grayish black molWed sily CLAY CL); moist hard.

-9,

1-

-12i

-1S-

'14j

-15n

16

.17

-18-,

.19-j

i 203L-

End of Log
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URS CORPORATION BORING NUMBER D6-8
CUENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, MI

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 24nch/8.25-inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER. 2.5 IL BOREHOLE DEPTH: 8 ft.

DRILL METHOD: GeoprobeaHollow-stem Auger COMPLETION: Monitorlng Well

DRILL COMPANY: URS Corporaton DRILLER:

COORDINATES: XY - SURFACE ELEVATION:

E0

I

2

3

4-

5-

6

7-

8

9 

10

11

12

13

14

15

1B

17

18

19-

20-

a I
GEOLOGIC DESCRIPTION REMARKS

- -1.-i -. . -

'.': -I.

2-Inches Brown organic matal and plant debris: damp.
Tan-brown fine SAND (SP); damp.

Black fine sand; wet

Black PEAT with organic material; moist-wet

. - eBlack fine SAND (SP); wet.

>@:: GGrayish black fine-medin SAND with trace gravel (SP); wet

., . . Grayish black mdled silty CLAY (L); damp; hard; moted.

-10

-t1

4

-12@

-r
-142

-15@

-4

18

It19

20 '

_1

End of Log

. .
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URS CORPORATION BORING NUMBER D8-8
CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Say City, MI

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 24nch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: BOREHOLE DEPTH: 4 ft.

DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COMPANY: URS Corporation DRILLER:

COORDINATES: X- Y- SURFACE ELEVATION:
. . I . .

f

_

0
P L

I 

2-

3

4

a

a

7

8

I

10

11

12-

13

14-

15-

16-

17

15-

i0
20 -

-1'

-2

-3-

14 '51

-J

194
411

-12-

.13-

-14q

-15@

-ti

-17-i

413-j

49

-rI _

re
I*

E

0
u

a |h|

, _

GEOLOGIC DESCRIPTION REMARKS

DarK brown organic PEAT; damp.

Dark Drown SILT wfln bace sa Snd organIC matial (ML); moist soRt

Grayish black mottled silty CLAY CL); damp; hard; rooted.

Tan silty CLAY with trace sand (CL); damp; hard.

End of Log

_ _
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URS CORPORATION BORING NUMBER D9-5
CUENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, M!

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 2-Inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER. 2.5 ft. BOREHOLE DEPTH: 4 ft.

DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COMPANY: URS Corporation DRILLER:

COORDINATES: X= YU SURFACE ELEVATION:
, , , . . I ' . .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I

a l1

0

2

3

4

5

6

7

I

16-

19-

12

13-

14-

17-

is-

20-

z
0 

F- 

@
IL

S
I

I
C

I.

'-.

GEOLOGIC DESCRIPTION REMARKS

Tan-brown fine-medium SAND (SP); damp.

M Brown PEAT and some organic mtedal; damp.

.. :'.I Gray lne SAND wth trace silt (SP); damp.

Brown PEAT with some organics; damp; rooted.
Gray SILT wIth trace sand (ML): wet soft.

Grayish black silty CLAY with bace sand (CL); hard.

.5'I
-7-

i
9 

-11i
13
-1

.1

-16-1

.4 

-10.-1Em

-20 

End of Log

_ , , = ,-
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URS CORPORATION BORING NUMBER E4-1
CUENT: The Dow ChemIcal Co. PROJECT Thorad LOCATION: Bay City, Ml

DATE STARTED: DATE FINISHED. BOREHOLE DIAMETER: 24nch

SUPERVISED BY: Jim Parkas DEPTH TO WATER: 2.S fC. BOREHOLE DEPTH: tt

DRILL METHOD: Geoprobe COMPLETION: Bacefill

DRILL COMPANY, URS Corporaon DRILLER: Ben Buter

COORDINATES: X - Y a SURFACE ELEVATION:ii
UX I 

U,

2

4-

5-

8-

7-

8-

9-

11 -

12-

I13-

14-

15-

16-

17

*1-

12-

20-.

a
E

E.t
0

GEOLOGIC DESCRIPTION REMARKS

Dark brwn finemcdium SAND (SP); danp.

Blue gray SAND and eag (SP); dry.

Black fine SAND with le sift (SP); wet rooted.

G.yC C

Gry.:''CA:CL;eotrotd

4

-10

-11

-12

.13

-14

-1

-16

-t7

-18

-19

.201x

End of Log
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URS CORPORATION BORING NUMBER E4-6
CUENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Mli

DATE STARTED: DATE FINISHED BOREHOLE DIAMETER 2-Inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: LB fL. BOREHOLE DEPTH: 8 IL

DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COMPANY: URS Corporation DRILLER. Ben Butler

COORDINATES: X YI SURFACE ELEVATION:

1

2

3

4-

5

6

10

11

12

13

14

15

16

17

1B

19-

20-

F 

~IiM
oin

!

I'U
GEOLOGIC DESCRIPTION REMARKS

- - -. -- ---.- 4
Tan fine-medium SAN with hMe fine gravel and organic materl (SP);
damp.

.6.

.......... - - . -- -

.6.

-7'

.:

OeMl bwn-blac SILT wrhj some peaty organic material and 118 fnesand ML): wet sof_-
Gray finemedium SAND SPX weL

Gray alty CLAY with te fhie sand (CL); wet stiff.

*13-

-14-~

-15

-16-

-17-

-18-

-20-

End of Log
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URS CORPORATION BORING NUMBER ES-3

CUENT: Te Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED: DATE FIMSHED: BOREHOLE DIAMETER: 2-inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 2.25 tL BOREHOLE DEPTH: . f.*

DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COMPANY: URS Corporaton DRILLER:

COORDINATES: Xu Y SURFACE ELEVATION:

GEOLOGIC DESCRIPTION REMARKS

ark brown fine SAND (SP): damp.

. Bluish gray rubbery plastic materal (aiIt to gravel size particles); damp;

2 -2- 1 

3 t

1I~fl I Gray-black SILT wilt trace sand and organic material (ML); wet soft
4- .Black fine SAND with trace silt (SP); wet.

S- _Gray-black SILT wIth trace sand and some organic material (ML); wet

6 4-| Gray silty CLAY with bits of plastic screening (CL); moist soft.

7 -7_ g _ | Tan-gray sirly CLAY (CL); moist sofL

End of Log

lo -lo,

12 -12 Z

13 -13

20] 2
_ = =
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URS CORPORATION BORING NUMBER E6-1
CUENT: The Dow Chemical C. PROJECT: Thorad LOCATION: Say City, MI

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 8.2S-Inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 2.5 R - BOREHOLE DEPTH: 8 f.

DRILL METHOD: GeoprobelHollow-stam Auger COMPLETION: Monftoring Well

DRILL COMPANY: URS Corporatlon DRILLER:

COORDINATES: X- Y I SURFACE ELEVATION:

I
I .

2

3

4

S

a

7

a

9

10

11

12

13

14-

15-

16-

17

is

19-

20-

F1 C

a-

I

I

I
2

GEOLOGIC DESCRIPTION REMARKS

Brown sandy SILT (ML); moist soft

Eklush gray rubbery plastic rnaterial (silt to gravel size paruides); damp;

so

.. Black line SAND (SP); wet loosely cemented.

Gray-black SILT with some organic material (ML): moist solt

Grayish black silty CLAY (CL); hard; rooted.

.9-i
243

-2

-t4

-J

-107-

181

-1l

-20.

End of Log

_ . =I
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URS CORPORATION BORING NUMBER E6-9
CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Eaq City, Ml

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 2-Inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 1.5 ft. BOREHOLE DEPTH: 8 ft.

DRILL METHOD: Geoprobe COMPLETION: Backfil

DRILL COMPANY: URS Corporation DRILLER:

COORDINATES: X= Y I SURFACE ELEVATION:

CkI

2

3

41

6

17-

8-

10-

t11

1Z-

t3-

14-

16-

17-

18-

20-

G

-fl-I-10

-11_2

-12

.13

-14

-1 S1

.16!

I
.17 1

-1Ti

I t 

-204

U

..t.

GEOLOGIC DESCRIPTION

----- +
Tan-bwn fine-medium SAND wIth Irace gravel (SP); damp.

As above butweL

As above but black

I

I

Gray-black SILT with trace sand and organic material (ML); wet.

Tan-Wgray CLAY with trace silt (CL); damp; hard.

End ol Log

REMARKS

_ _ _
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URS CORPORATION BORING NUMBER E7-1
CLIENT: The Dow ChearIcal Co. PROJECT: Thorad LOCATION: Say City, Ml

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 2-inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 2 ft. BOREHOLE DEPTH: 8 ft.

DRILL METHOD: Geoprobe . COMPLETION: Backfill

DRILL COMPANY: URS Corporation DRILLER: Ben Butler

COORDINATES: X- Y SURFACE ELEVATION:

> § Q c o GEOLOGIC DESCRIPTION REMARKS

_ M g -. .

1

2

3

4

5

6

7

8

9

10-

11-

12-

13-

14

tS-

16-

17-

19-

20

.1 -

-

.4-

.-

e-5

-

.8-

.--

-10-

-11-

-12-

-13-

-14-

-15-

-16-

.17-

-¶8-

-19-

-20-

:-.....
.....

: :,......

. .:. l
.. .

:_.

Brown fine-medium SAND with lttle sht (SP); damp.

Dark brown SAND and SILT (SM); wet; soft

Gry-whits slag.
Black fine SAND with tce sit (SP); wet.

stag atirSc sihfer sheefnc.

B s~a brownSILT wihsome o anic materia1 NQL: soft. 

2 Grayblackmottlhd silty CLAY (CL); sff rooted.

| Tanzgraysilty clay withi gatle sand and gravel;

End of Log

" __
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URS CORPORATION BORING NUMBER E8-4
CUENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: ay City, Ml

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 2-Inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 0.25 t BOREHOLE DEPTH: 4 It

DRILL METHOD: Geoprobe COMPLETION; Backfill

DRILL COMPANY: URS Corporation DRILLER:

COORDINATES: X - Y a.I SURFACE ELEVATION:

I

2

3-

4-

6-

6

7-

10-

11_

12-

13

14

15

16

17

20

i2i
a
E

4.-.

5

.11

6

-7

4
In

-10

-I

.181

-L1
-15-

1

17
-

U

.
1-

GEOLOGIC DESCRIPTION

+
Dark brown fine-medium SAND (SP); wet
Dark brown SILT with trace sand and some organic material (ML);
damp; soft.

Tan-gray CLAY with trce silt and sand (CL); moist; soft.

End of Log

REMARKS

_ . .
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URS CORPORATION BORING NUMBER E10-7
CUENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay Cfty, MI

DATE STARTED: DATE FINISHED: BOREHOLE DLAMETER: 2-lnchlZS-nch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 2.75 ft BOREHOLE DEPTH: ft.
DRILL METHOD: GeoprobelHollow-tm Auger COMPLETION: Monitoring Well

DRILL COMPANY: URS CorporationlMcDowell DRILLER:

COORDINATES: X- Y [ SURFACE ELEVATION:

E

2

3

4

5

6

7

8

9

10

11

12

13

14:

is-

16-

17

18

19-

20-

FE t! o 
t

GEOLOGIC DESCRIPTION REMARKS

E
E

Dark brown fine BAND With some organic material and plant debris
(SP); damp.

-1.

-2.

Bluih gray rubbery plastc material; cohesive with sand o gravel size
parces

Tan fine-medium SAND with some silt and trace organics (SP); wet

* ..

r Gyh black mottled CLAY wfth trace sit and organic material (CL);
ar damp; hard.

Tan-gray CLAY with tace silt (CL); damp; hard.

I

-10

41 1

-12

-4i

-14r

1

-17

-i --17 q

-1,

-is 1

End of Log
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URS CORPORATION BORING NUMBER E10-7
CUENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay Clty, Ml

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 24nchl8.254nch

SUPERVISED BY: Jim Farkas DEPTH TO WATER 2S ft. BOREHOLE DEPTH: 8 ft.

DRILL METHOD: GeoprobelHollow-stem Auger COMPLETION: Monitoring Well

DRILL COMPANY: URS Corporation DRLLER:

COORDINATES: X- Y SURFACE ELEVATION:

_ C~t 4 GEOLOGIC DESCRIPTION REMARKS

ui ra 0 IL a 

I 

2-

3

4

5-

B

7

8-

9

10

11

12-

13

14

16-

16-

17-

is-

19

20

-3

-1,

-i

-12

-2

..

-

-16~

:l

4_

-7-~

-8-

-17 D 

-118

-12 

-12

* 4.

Tan nneeGeium AND WMd tiu gvel nd organic snail(P
damp.

Dark brown flne sand (SP); wet

IftgH Darkc brown-black SILT with race sand and same peat and rganic
materhal (ML) t wet sot

Gray-tan slt CLArY with twae sand (CL); moist-wet hard.
Gryfn-mdu AD S) e

End of Log

.t : .

_ _ -
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URS CORPORATION BORING NUMBER F4-2
CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 24nch/G254nch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 2.5 fL BOREHOLE DEPTH: 8 fL

DRILL METHOD: GeoprobelHollow-stem Auger COMPLETION: Monitoring Well

DRILL COMPANY: URS Corporation DRILLER:

COORDINATES: X a Y = SURFACE ELEVATION:
-' _ r.

I 

a

21

3

I

6-

15-

7

8-

12

13-

14

16

17-

20-

' E GEOLOGIC DESCRIPTION REMARKS

0
C:

Wown 1L. witu organic matena IML); aamp; sonr

.4
-il.10 .

-11

.12 

I

34

3.1

-14n

-16

-I

-17i

_18:

-19

-20

,.. 

..I

Gray-black SILT with some organics (ML); wet soft

Gray SILT with trace sand (ML); wet

Tan-gray silty CLAY (CL); damp-moist

End of Log

Dark brown fine SAND (SP); damp.

As above but wet.

Black fine sand with thin silvery plastic
sheeting; wet
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URS CORPORATION BORING NUMBER F4-6
CUENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City. MI

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 24nch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 2.8 fL BOREHOLE DEPTH: 8 ft

DRILL METHOD: Geoprobe COMPLETION. Baddill

DRILL COMPANY: URS Corportion DRILLER Ben Butler

COORDINATES: X Y * SURFACE ELEVATION:

E

2

S

4

5-

7-

S

11-

12

13

14

15

16

17

18

19-

20-

ill 
C
r

U

1!
te

GEOLOGIC DESCRIPTION REMARKS

Tan silty CLAY wilh Htle sand (CL); damp; stil.

7SSI~ Gray stag and glass,

Black ine SAND (SP); wet

Dark brown PEAT with le slt organic.

Grayblack mottled CLAY (CL); moist sot rooted.

Tan-gray silty CLAY with plastc sheets (CL); damp; st#5.

-9

.10

-11

-12

-13_

-14

-IS

-1

-t7

-Is-

-1 

-10@

LI

End of Log

_ _ . = : _
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URS CORPORATION BORING NUMBER F5-5
CUENT: The Dow Chemica Co. P ROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED: DATE FINISHED, BOREHOLE DIAMETER 24nch

SUPERVISED BY: Jim Parkas DEPTH TO WATER: 3 ft BOREHOLE DEPTH: 8 IL

DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COAIPANY: L'RS Corporaton DRILLER. en Butler

COORDINATES: X Yu SURFACE ELEVATION:

E

I-

2

3

4

5

7

10

11

12

*13

14

15

1S.

17-

IS

19-

20-

~In

5

0.B

GEOLOGIC DESCRIPTION REMARKS

C
K

- -. ... ...- *1*
KRown CLAY wfliMe sand (CL); damp; sm.

"its sag; dry.

f i3iBrown SAND with le alt (SP); damp.

S 

;S 

St :

White slag; damp.

Dar Mwn SILT with orme rgank mail (ML); molst; oft

Gry-black mottled Silty CLAY with same oranic matenal (CL); stiff.

-9

-10

-11

-12

-13

-14

-15

-16

-17

-1S-

-195

-204

End of Log

'.
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URS CORPORATION BORING NUMBER F6-5
CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, El

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 24nch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 3 tL BOREHOLE DEPTH: 8 L

DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COMPANY: URS Corporatlon DRILLER:

COORDINATES: Xu Y_ SURFACE ELEVATION:

a

1

2

3

4

7-

6-

9

10-

11-

12

13

14-

15-

16

17-

18-

20-

7 >
0 1 0

0
Co D

_ _.

43

-10

-11

-12

-131

-14

-1
-16

-1
1

4

ME

...

.:--

+
Tan line-rnedium SAND wfth bace gravel (SP); danip.

As above but wet

GEOLOGIC DESCRIPTION

Tan-ray CLAY wiM ace sand (CL):darnp; sot

Chunks of gray hard plastic.
Dark brown-black SILT wit tace sand and rome organic material (ML);
wet sot

Tan-gray CLAY wit trace sand (CL); damnp; hard.

I

End of Log

REMARKS

.A
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URS CORPORATION BORING NUMBER F7-3
CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 24nch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 4 ft. BOREHOLE DEPTH: 8 t.

DRILL METHOD: Geoprobe COMPLETION: Backfil

DRILL COMPANY: URS Corporation DRILLER:

COORDINATES: X- Y- I SURFACE ELEVATION:

I
¶1

2

S

4

5

6

7-

8-

9-

11-

II-

12

13

14-

15-

16-

17

18

19q

20-

z F xa iI
Ia
I E

'I---

-2
-3

-11

-12I

-13

-14.

.151
.16-4

'i

-18

-lo

-20_

2

a
i

MM

MEMM
ik i

e*IM

FS

MM.. ,M .

MM_

Dark brown TOPSOIL wi trace sand and organic material; damp. l

GEOLOGIC DESCRIPTION REMARKS

Brown CLAY wim trac sand ud gravel (CL); ost hard.

Bluish gray rubbery plastic material (silt to gravel sized partides); damp.

As above but wet

Tan-gray silty CLAY wflt trace sand (CL): damp, hard.

14nch gray fine-medium sand: wet.
Tan-gray silty CLAY with trace sand and gravel (CL); moist; sot

End of Log

,
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URS CORPORATION BORING NUMBER F7-4
CUENT: The Dow Chemical Co. PROJECT. Thorad LOCATION: Bay City, Ml

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 2Inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 2.5 ft BOREHOLE DEPTH: ft

DRILL METHOD: Geoproba COMPLEION: Sacfil

DRILL COMPANY: URS Corporation DRILLER: Ben Butter

COORDINATES: X - Y aI SURFACE ELEVATION:

E

0

GEOLOGIC DESCRIPTION REMARKS

I

2

S

4

5

a

7

S

U

10

11

12

13

14

15

1B

171

1-

19-

20-

- -- -�-.- --.-. 4

*1 J1i
BrOwn lty SANU JM); armp.

Brown saty CLAY with lite sand and gravel (CL); damp; stiff.

Wet debris (styrofoan, shrer plastic sheeting, gray plastic chunks).

S
Black fine SAND (SP); weL

Black organic PEAT with sone sift moist

Dark brown SILT with some organic materlal (ML); moist t.

Black SILT W line sand (ML); wet soft

_Grayish black mottled aty CLAY (CIJ; moist stiff.

-I

-I

-10

-11

-12

-13

-17

-'5

-19

-17

End of Log

-. I
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URS CORPORATION BORING NUMBER F7-6
CUENT: The Dow Chemical Co. PROJECT: Thomd LOCATION: Bay City, MI

DATE STARTED: ! DATE FINISHED: BOREHOLE DIAMETER: 2-Inch

SUPERVISED BY: Jim Farkas | DEPTH TO WATER: BOREHOLE DEPTH: 4 fL

DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COMPANY: URS Corporation DRILLER:

COORDINATES: X- Y I SURFACE ELEVATION:
- . . .

I

I .

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20-

9t0
90
0ujX

a GEOLOGIC DESCRIPTION REMARKS

Lo 1-Inch Dark bwn silty CLAY CL- moist hard.
Black SILT with trace sand L); moist sot_
Tan silty CLAY wit trace sand and gravel (CL); moist hard.

End of Log

- i
I .1

X

-8 '

.11-10a

12-

-13_

-1--15'

.4

-16@

-17@

-18 '

-19

IIO

I

__ . =
| URS CORPORATION JOB NUMBER: 007133 Page of 1
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URS CORPORATION BORING NUMBER G4-7
CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bav City, Ml

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 24nch

SUPERVISED BY: Jim Farkas DEPTH TO WATER. 325 t BOREHOLE DEPTH: 8 ft.

DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COMPANY: URS Corporation DRILLER:

COORDINATES: X Y SURFACE ELEVATION:

I

I1-

2

3

4

6

7

9 

10

11

12-

13

14-

15-

17

t8-

19

2Q-

z

I 8aW
0: 0

. 'Es

GEOLOGIC DESCRIPTION REMARKS

Tan-gray sIlty CLAY with race sand and gravei (CL); damp; hard.

-4

. Dark brown fine SAND (SP); damp.

Gray-lack dsolified plastc (fine-medium sand sized pardes);

Black fine SAND with tae slt (SP); wet

Black organic PEAT with Ise it moist-wet

Gray SILT with some snd (ML); wet sot
Grayish black mowled silty CLAY with tace it (CL); damp.

4
--i

-10

-114

-12

-13

-14'

-15-.

-16

-17

-18.

_1:I
'19I-i

n
-20i

End of Log

'-.- t.'
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URS CORPORATION BORING NUMBER G4-9
CUENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 2-Inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 7 ft BOREHOLE DEPTH: 12 ftL

DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COMPANY: URS Corporation DRILLER:

COORDINATES: X a Y SURFACE ELEVATION:

I

2

4

6

6

7

8

9

10

11

12

13

14

15

16

17

18-

1EL

20-

F I GEOLOGIC DESCRIPTION REMARKS

_ . ;_- +ii Z Gay plastc chunks wi tce sand; damp.

/I]
,. .

/if
III

Gray soldif ed plastic (glassy beads and f1bers): dry.

-- Plastic ibeis ni pasic &ts; wet. - - - - - - - - - - - - - -

-en

-11

-12E

-13_

-4

.15

-16-

.1

-18-n

-15 

I0

.'::: Gray fine-medium SAND (SP); wet

:..t

|J Tangray CLAY with trc sand (CL4; damp; hard.

End of Log
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URS CORPORATION BORING NUMBER G5-8
CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Say City, MI

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 2-Inch/82-Inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 3.56t BOREHOLE DEPTH: f.

DRILL METHOD: Geoprobe/Hollow-stem Auger COMPLETION: Monitoring Well

DRILL COMPANY: URS Corporation DRILLER:

COORDINATES: X a Y = SURFACE ELEVATION:
I * .1 1 

a

I-

2-

3-

4

5-

6'

7-

11

12

13-

14-

is

15-

16-

17

18-

1a

20-

0 
i i ( a

E

GEOLOGIC DESCRIPlON REMARKS

Brown SILT with some sand and gravel (ML); damp; sot

-4

Grayish white angular limestone GRAVEL (P); dry.

/ Debris (fabric, fine plastic screenlmesh).

Slack fine SAND wli trace slit (SP); wet

,,:, ray fine-medium SAND (SP) e

: .; As abobe butwith bs d broken glass.

Tan-gray CLAY with trae sit (CL); molst hard.

-6

-6

-8

-140
i

I
-11

12<

'13i

-141

-1

.16'

-17;

.18

I 40- i

End of Log

,"7C. 

I_ _ -- __
-
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URS CORPORATION BORING NUMBER G6-9
CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Say City, Ml

DATE STARTED: DATE FINISHED: BORE4OLE DIAMETER: 2-lnchl8.25-Inch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 2.76 t BOREHOLE DEPTH: 8 ft.

DRILL METHOD: GeoprobatHollow tem Auger COMPLETION: Monitoring Well

DRILL COMPANY: URS Corporation IDRILLER:_

COORDINATES: X - | sURFAcE EvAnoN:

I

0

s

2

3

4-

5-

16 

17

1B

9

10-

11-:

12-

13-

'4-

1s5-

17-

19-

20-

2 !i.0I lo

i:

GEOLOGIC DESCRIPTION REMARKS

a

....
....

.: ...
: s.
....
* . ..
...

:... .

Tan ffne-medium SAND witi tace gravel (SP); damp; dry.

::*.. Black fine SAND (SP); damp.

As above but wet

Black SILT (ML); wet soft highly organic.

B akslyCLAY (CL); wet woi

-Q-

-12j

End of Log
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URS CORPORATION BORING NUMBER G7-2
CLIENT: he Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Mt

DATE STARTED: DATE FINISHED: BOREHOLE DIAMETER: 24nch

SUPERVISED BY: Jim Farkas DEPTH TO WATER: 3 fR BOREHOLE DEPTH: 8 fL

DRILL METHOD: Geoprobe COMPLETION: Backfill

DRILL COMPANY: URS CorporatIon DRILLER:

COORDINATES: X Y SURFACE ELEVATON
. . I, ,R

C

I 

2

3

4

6

6

7

0-

ElE
_

0
F, 1 a

GEOLOGIC DESCRIPTION REMARKS

@
_ I .. ___ ... __ I. I opsol; eamp,

Tan fine-medlum SAND with trace gravel (SP); damp.

Brown SILT with trace sand (ML); damp; hard.

Dark brown-liack fine SAND (SP); weLI ..

':::

..: '.,.
: %,

''.
1: .+:
p: 5,

.,

M _ Tan-gray dtl CLAY (CL; moist soft

10-

11-

12

13

142

15

16-

17-

18

10-

20-

-8- 

-9

-10-

-114

.

-13-

-14i

-154

-164

-17i

-18 I

20240-i

End of Log
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Appendix C

Well Completion Logs



URS CORPORATION WELL NUMBER B5-3

CLIENT: The Dow ChemlId Co. PROJECT: Thorad LOCATION: Bay City, MI

DATE STARTED: 121201D0 DATE FINISHED: 12J20tDO BOREHOLE DIAMETER: 8.254nch

SUPERVISED BY: Charlene Loar DRILLER: Pete WATER LEVEL 582.75 ft.

DRILL METHOD: Hollow-sm Auger

DRILL COMPANY: McDowell and Associates

COORDNATES: X 479.05 f Y 179.75 ftL SURFACE ELEVATION: 684.40 fL TOC ELEVATION: 587.69 ft.

2 S WELL

i | 3 COMPLETION

588

-3

-2

0-

-

2-

3-

4-

S-

6-

585-

* I..

I

WELL COMPLETION MATERIALS AND DEPTHS

SURFACE COMPLETION: StIck-Up

RISER

RISER TYPE: PVC
RISER DIAMETER: 2-inch

RISER LENGTH: 42 ftL

ANNULAR SEAL:

GROUT TYPE. NA

AMOUNT OF CEMENT: NA

AMOUNT OF WATER: NA

AMOUNT OF BENTONITE: NA

SEAL TYPE: Sentonite Chips

AMOUNT OF SEAL NA

DEPTH TO SEAL- 0t.

FILTER PACK:

FILTER PACK TOP:I L

FILTER PACK BOTTOM: tL

FILPACK TYPE: Washed llica and

GRAIN SIZE #3

AMOUNT: NA

580-

SCREEN TOP-. 1 L

SCREEN BOTTOM: 6 ftL

SCREEN TYPE: 0.01-Inch slotted PVC

SCREEN DIAMETER: 24nch

WELL DEVELOPMENT.

DEVELOPMENT DATE:

VOWME REMOVED:

TURBIDITY:

pH:

TEMPERATURE:

CONDUCTIVITY:

METHOD: SurgelPump

_
URS CORPORATION JOB NUMBER: 007133 PAGE of _.~ ._PO A~O _OB NUMBER:..... 0013 PAG ._ o. .I ._. _



URS CORPORATION WELL NUMBER D4-7

CLENT: The Dow Chenical Co. PROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED: 12100 DATE FINISHED 1220M0 BOREHOLE DIAMETER: 825Inch

SUPERVISED BY: Chariene Loa DRILLER: Pete WATER LEVEL: 583.06 ft.

DRILL METHOD: Hallow-tem Auger _

DRILL COMPANY: McDowell and Associates __

COORDINATES: X 313.7 ft. Y * 324.39 ft. SURFACE ELEVATION: 58433 ft. TOC ELEVATION: S8755 ft.

| c1COMPLETION

0 W 0 .

58 

-2

-1

0

1

2~

3

4-

5-

6-

7-

585-

S80

* I...

*1*.

N
N
N

N
N
N

N:

N

WELL COMPLETION MATERIALS AND DEPTHS

SURFACE COMPLETION: Stick-Up

RISER:

RISER TYPE: PVC
RISER DIAMETER: 24nch
RISER LENGTH: 4.72 ft.

ANNULAR SEAL:

GROUT TYPE: NA
AMOUNT OF CEMENT: NA
AMOUNT OF WATER: NA
AMOUNT Of BENTONITE: NA

SEAL TYPE: Bentonite Chips

AMOUNT OF SEAL NA

DEPTH TO SEAL- 0 ft.

FILTE PACK

FILTER PACKTOP: 1 ft.
FILTER PACK BOTTOM: 7 ft.

FILPACK TYPE: Washed silIca sand

GRAIN SIE: #3

AMOUNT: NA

WELL SCREEN:

SCREEN TOP: 2 ft.

SCREEN BOTTOM: 7 ft.

SCREEN TYPE: 0.01-Inch slotted PVC

SCREEN DIAMETER.: 24-nch

WELL DEVELOPMENT:

DEVELOPMENT DATE:

VOWUE REMOVED.

TURBIDITY:

pH:

TEMPERATURE:

CONDUCTIVITY:

METHOD: SurgetPUmp

URS CORPORATION JOB NUMBER. 007133 PAGE 1 of 1



URS CORPORATION - WELL NUMBER D6-8

CLENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, MI

DATE STARTED 1 2Q0100 DATE FINISHED: 12r2W0 BOREHOLE DIAMETER: 8.25-Inch

SUPERVISED BY: Charlene Loar DRILLER: Pete WATER LEVEL 582.99 ft.

DRILL METHOD: Hollow-stem Auger

DRILL COMPANY: McDowell and Associates

COORDINATES: X 550.56 L Y 311.07 ft. SURFACE ELEVATION: 584.01 ft. TOC ELEVATION: 5S7.13 ft.

z 1 j WELLJ ~~~ COMPLETION
X 8 I 

0~~~~~
587

-3-

-2-

-1 -

0-

1 -

2-

3-

4-

5-

6-

585-

NS
N
N
S
S

m1a

1111S
N11N

I WELL COMPLETION MATERIALS AND DEPTHS

SURFACE COMPLETION: Stick-Up

RISER*

RISER TYPE: PVC

RISER DIAMETER: 2-inch

RISER LENGTH: 3.8 ft.

ANNULAR SEAL:

GROUT TYPE: NA

AMOUNT OF CEMENT: NA

AMOUNT OF WATER: NA

AMOUNT OF BENTONITE: NA

SEAL TYPE: Bentonlla Chips

AMOUNT OF SEAL: NA

DEPTH TO SEAL= 0t

IlLTER PACK:

FILTER PACK TOP: 1 ft.

FILTER PACK BOTTOM: 6.5 ft

FILPACK TYPE: Washed ailica sand

GRAIN SEE: #3

AMOUNT: NA

580-

SCREEN TOP: 15ft.

SCREEN BOTTOM: 6.5 t.

SCREEN TYPE. 01-nch slotted PVC

SCREEN DIAMETER. 24nch

WEi'L DEVELOPMENT.

DEVELOPMENT DATE:

VOLUME REMOVED:

TURBIDITY:

pH:

TEMPERATURE:

CONOUOTiTY:

METHOD: SurgeiPump

URS CORPORATION JOB NUMBER. 007133 PAGE I ot 1 



URS CORPORAllON WELL NUMBER E4-1

CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED: 12=20100 DATE FINISHED: 12P20I00 BOREHOLE DIAMETER: 825-Inch

SUPERVISED BY: Charlene Lear DRILLER: Pate WATER LEVEL 53.02 ft.

DRILL METHOD: Hollow-stm Auger

DRULL COMPANY: McDowell & Associates __ __________

X S21.34 Y = 474.8S SURFACE ELEVAT1ON: 55.64 fL TOC ELEVATION: 588.76 ft.

585

580-

* .. t

* .

U
. 3:

: %'

. .

WELL COMPLETION MATERIALS AND DEPTHS

SURFACE COMPLETION: SUck-up

RISER:

RISER TYPE: PVC
RISER DIAMETER: 2-Inch

RISER LENGTH: 6.37 ft.

ANNULAR SEAL:

GROUT TYPE: NA

AMOUNT OF CEMENT: NA

AMOUNT OF WATER: NA

AMOUNT OF BENTONITE: NA

SEAL TYPE: Bentonlte Chips

AMOUNT OF SEAL: NA

DEPTH TO SEAL: O ft.

FLTER PACK:

FILTER PACK TOP: 1 ft.

FILTER PACK BOTTOM: 7.25 ft.

FILPACK TYPE. Washed Silica Sand

GRAIN SIZE: #3

AMOUNT: NA

WELL SCREEN:

SCREEN TOP: 225 ft

SCREEN BOTTOM: 725 ft.

SCREEN TYPE: 0.01-Inch slotted PVC

SCREEN DIAMETER: 24nch

WELL DEVELOPMENT:

DEVELOPMENT DATE:

VOLUME REMOVED:

TURBIDITY:

pH:

TEMPERATURE:

CONDUCTIVITY:

METHOD:

=

|URS CORPORATION JOB NUMBER: 007133 PAGE of I
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URS CORPORATION WELL NUMBER E6-1

CUENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED: 12i21/00 DATE FINISHED: 12PZ00 BOREHOLE DIAMETER: 8.25-Inch

SUPERVISED BY: Charlene Loar DRILLER: Pee WATER LEVEL 582.81 ft.

DRILL METHOD: Hollow-stem Auger

DRILL COMPANY: McDowell and Associates

COORDINATES: X = 516.04 f Y 478.40 tL SURFACE ELEVATION: 684.6$ tL TOC ELEVATION: 587.70 ft.

0E. ...WELL

COMPLETIONz | E .o~~a.

-2

-1

0
1

2-
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4-

5-
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:: $.-
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.. . '
*-:::

.-..-..
:-.-.-.
::'-
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. :: *.-::
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:::::.....

::::
::::
::::
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::::
::::
::::
::::
::::
::::
::::*...
::::
::::
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::::
:: ::
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::::
::::
::::
:::::....

:::
::::

:::::
::::
:::

.'.
:::
:::
:::
::::
:::
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:::
:::
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:::
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:::
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:::.,.
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:::
:::

WELL COMPLETION MATERIALS AND DEPTHS

SURFACE COMPLETION: Stick-Up

RISER:

RISER TYPE: PVC

RISER DIAMETER. 2-inch

RISER LENGTH: .S fL

ANNULAR SEAL:

GROUT TYPE: NA
AMOUNT OF CEMENT: NA
AMOUNT OF WATER: NA
AMOUNT OF kENTONITE NA

SEAL TYPE: Bentonhe Chips
AMOUNT OF SEAL- NA

DEPTH TO SEAL: 0 t.

FILTER PACK:

FILTER PACK TOP: ILt

FILTER PACK BOTTOM: 7.25 fL
FILPACK TYPE. Washed sillca sand

GRAIN SME: #3

AMOUNT: NA

WELL SCREEN:

SCREEN TOP: 225 IL

SCREEN BOTTOM: 725 It.

SCREEN TYPE: 0.01tInh slotted PVC

SCREEN DIAMETER: 2-inch

WELL DEVELOPMENT-

DEVELOPMENT DATE:

VOLUME REMOVED:

TURBIDITY:

pH:

TEMPERATURE:

" CONDUC1ITY:

METHOD: PumpiSurge

PAGE 1 ot I
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URS CORPORATION WELL NUMBER E10-7

CUENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, MI

DATE STARTED: 121200 DATE FINISHED: 1220100 BOREHOLE DIAMETER: 24nch8254nch

SUPERVISED BY: Charlene Loar DRILLER: Pate WATER LEVEL 580.25 ft.

DRILL METHOD: Hollow-stem Auger

DRILL COMPANY: McDowell and Associates

COORDINATES: X 9119 ft Y 41926 ft. SURFACE ELEVATION: 583.57 ft. TOC ELEVATION: 58730 ft.

2 E WELL
COMPLETION

557

-3

-2-

.1

0

1

2

3-

4-

5-

6-

585-

5BO-

(qis i
5'

N

WELL COMPLETION MATERIALS AND DEPTHS

SURFACE COMPLETION: Stick-Up

RISER:

RISER TYPE: PVC
RISER DIAMETER: 2-Inch

RISER LENGTH: 4.73 ft.

ANNULAR SEAL:

GROUT TYPE: NA

AMOUNT OF CEMENT: NA

AMOUNT OF WATER: NA

AMOUNT OF BENTONITE: NA

SEAL TYPE. Bmntonite Chips

AMOUNT OF SEAL: NA

DEPTH TO SEAL O ft.

FILTERPACK

FILTER PACK TOP: I t

FILTER PACK BOTTOM: 6 ftL.

FLPACK TYPE. Washed alles sand

GRAIN SME #3

AMOUNT: NA

SCREEN TOP: 1 ftL

SCREEN BOTTOM: 6 ft.

SCREEN TYPE: 0.01-Inch slotted PVC

SCREEN DIAMETER: 24Inch

WELL DEVELOPMENT:

DEVELOPMENT DATE:

VOLUME REMOVED:

TURBIDITY:

pH:

TEMPERATURE:

CONDUCTIVITY:

METHOD: SurgelPump

I - .I� �
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URS CORPORATION WELL NUMBER F4-2

[CUENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City. Ml

DATE STARTED: 1t21/00 DATE FINISHED 12t1Oo BOREHOLE DIAMETER: 8.254nch

SUPERVISED BY: Charlene Lear DRILLER: Pete WATER LEVEL 582.85 IL

DRILL METHOD: Hollow-stem Auger . . _ . _ _ _ __ _

DRILL COMPANY: McDowell and AssocIates

COORDINATES: X 350.57 IL Y = 583.85 IL SURFACE ELEVATION: 54.96 ft. TOC ELEVATION: 58747 ft

2 9 ~WELL
COMPLETION

__. WELL
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WELL COMPLETION MATERIALS AND DEPTHS

SURFACE COMPLETION: Stick-Up

RISER:

RISER TYPE PVC

RISER DIAMETER: 2Inch

RISER LENGTH: 4.01 IL

ANNULAR SEAL:

GROUT TYPE: NA

AMOUNT OF CEMENT: NA

AMOUNT OF WATER: NA

AMOUNT OF ENTONITE: NA

SEAL TYPE: Bentonite Chips

AMOUNT OF SEAL NA

DEPTH TO SEAL O t

FILTERPACK:

FLTER PACK TOP:t IL

FILTER PACK BOTTOM: SI L

RLPACK TYPE. Washed sllca sand

GRAIN SEE: #3

AMOUNT: NA

WELL SCREEN:

SCREEN TOP: 1.5 It

SCREEN BOTTOM: 6.5 IL

SCREEN TYPE: 0.01-Inch ulotted PVC

SCREEN DIAMETER: 24nch

WELL DEVELOPMENT:

DEVELOPMENT DATE:

VOLUME REMOVED:

TURBIDITY:

pH:

TEMPERATURE:

CONDUCTIVITY:

METHOD- SurgefPump

580-
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URS CORPORATION WELL NUMBER G-5

CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, MI

DATE STARTED: 1212100 DATE FINISHED: 12120100 BOREHOLE DIAMETER: 24nch

SUPERVISED BY: Charlene Loar DRILLER: Pate WATER LEVEL 582.27 ft.

DRILL METHOD: Hollow-stem Auger

DRILL COMPANY: McDowell and Associates

COORDINATES: X 8 327.05 fL Y 909.76 ft. SURFACE ELEVATION: 185.50 ft. TOC ELEVATION: 588.52 ft.

I E WELL

I g C ~ COMPLETION

-2

1

2

5-

6-

7

8-

S89

585-

580-

I.

WELL COMPLETION MATERIALS AND DETHS

SURFACE COMPLETION: Stick41p

RISER*

RISERTYPE: PVC
RISER DIAMETER: 2-inch

RISER LENGTH: 6.02 L

ANNULAR SEAL.

GROUT TYPE. NA

AMOUNT OF CEMENT: NA

AMOUNT OF WATER: NA

AMOUNT OF BENTONITE. NA

SEAL TYPE: entonifte Chips

AMOUNT OF SEAL NA

DEPTH TO SEAL 0 t

FI TER PACK,

FILTER PACK TOP. I It

FILTER PACK BOTTOM: 8 L

FILPACK TYPE: Washed slic sand

GRAIN SE: #3

AMOUNT: NA

WELL SCREE:

SCREEN TOP:3 IL

SCREEN BOTTOM: 8 IL

SCREEN TYPE 01-Inch slotted PVC

SCREEN DIAMETER: 24nch

WELL DEVELOPMENT:

DEVELOPMENT DATE:

VOWME REMOVED:

TURBIDITY:

pH:

TEMPERATURE:

CONDUCTIVITY:

METHOD: SurgelPump

I

_
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URS CORPORATION WELL NUMBER G5-8

CUiENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED: 12t21i00 DATE FIISHED 12121/00 BOREHOLE DIAMETER: 8.25-nch

SUPERVISED BY: Charlene Loar DRILLER: Pete WATER LEVEL- 582.56 IL

DRILL METHOD: Hollow-stem Auger

DRILL COMPANY: McDowell and Associates

COORDINATES: X 44729 t Y 615.78 tL SURFACE ELEVATION: 584.04 tL TOC ELEVATION: 586.93 ft.

1IRK~E_ _ __ _ _
COMPLETION

587

-2

-1

2-
I-

3-

4-

5-

6-

7-

585-

S80-

b

Q.

//

WELL COMPLETION MATERIALS AND DEPThS

SURFACE COMPLETION: Stick-Up

RISERe

RISER TYPE: PVC

RISER DIAMETER: 2-lnch

RISER LENGTH: 5.39 IL

ANNULAR SEAL:

GROUT TYPE. NA

AMOUNT OF CEMENT: NA

AMOUNT OF WATER: NA

AMOUNT OF BENTONITE: NA

SEAL TYPE: Bantorilte Chips

AMOUNT OF SEAL- NA

DEPTH TO SEAL 0 IL

FLTER-PACK:

FILTER PACK TOP: 1 ft

FILTER PACK BOTTOM: 7 IL

FILPACK TYPE: Washed silica sand

GRAIN SIZE: #3

AMOUNT: NA

SCREEN TOP: 2.5 IL

SCREEN BOTTOM: 7.5 IL

SCREEN TYPE. 0.01-inch slotted PVC

SCREEN DIAMETER: 24-nch

WELL DEVELOPMENT:

DEVELOPMENT DATE:

VOLUME REMOVED:

TURBIDIfY:

pH:

TEMPERATURE:

CONDUCTIVITY:

METHOD: SurgetPump

.
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URS CORPORATION WELL NUMBER G6-9

CLIENT: The Dow Chemical Co. PROJECT: Thorad LOCATION: Bay City, Ml

DATE STARTED: 12R1100 DATE FINISHED: 12121100 BOREHOLE DIAMETER: 825-Inch

SUPERVISED BY: Charlene Loar DRILLER: Pete WATER LEVEL 582.77 ft.

DRILL METHOD: Haftow-stem Auger

DRILL COMPANY: McDowell and Associates

COORDINATES: X 58633 Y 618.3 ft. SURFACE ELEVATION: 584,81 ft. TOC ELEVATION: 587383 ft.

_ _ | ~~WELL
t C MPTCMION
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WELL COMPLETION MATERIALS AND DEPTHS

SURFACE COMPLETION: Stick-Up

RISER:

RiSER TYPE: PVC

RISER DIAMETER. 2-Inch

RISER LENGTH: 427 ft.

ANNULAtR SEAL

GROUT TYPE- NA

AMOUNT OF CEMENT: NA

AMOUNT OF WATER: NA

AMOUNT OF EENTONITE: NA

SEAL TYPE. Bentonite Chips

AMOUNT OF SEAL: NA

DEPTH TO SEAL 0ft.

FLTE AI

FILTER PACK TOP 1 ft.

FILTER PACK BOTTOM: 725 ft.

FILPACK TYPE. Washed silica sand

GRAIN SIZE: U3

AMOUNT: NA

WELL SCREEN:

SCREEN TOP: 2.25 ft.

SCREEN BOTTOM: 7.25 ft

SCREEN TYPE: 0.01-nch dtted PVC

SCREEN DIAMETER: 24nch

WELL DEVELOPMENT.

DEVELOPMENT DATE:

VOLUME REMOVED:

TURBIDITY:

pH:

TEMPERATURE:

CONDUCTIVITY:

METHOD: Surge/Pump
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Appendix D

Slug Test Data



B5-3 Out 115/00
Thorium Decomissioning Bay City, Ml

1. ea

Bouwer and Rice Graph

,, oo C O e

I Bouwer and Rice parameter C = 1238
In(ReRw) -1.782378e+000
Analysis starts at tme 65.3 seconds
Analysis ends at time 4.758 minutes

d 27 Measurements analyzed from 51 to 77
- - Q ' 0 C

I01 

G :

I _

te*oaZ
4

Hydraulic Conductivity = 221 9e-004 feet/minute
Transmissiity = 925 gal/dayfit I

100 5 15
Acusted Time Dyftfts)

Hob O.Is13he t 65.3 eecondsAnalysis by URS Corporation

17/01/011



D4-7 Out 1115100
Thorium Decomissioning Bay City, Ml

1. -T

Bouwer and Rice Graph

4 Bouwer a
In(Re/Rwj
Analysis s
Analysis 
40 Measu

-'

\ ~ ~ ~ 0 ° Q OOO 

Bnd Rlce parameter C - 1.336
I 1.913095e+000
starts at time 1.98 seconds
ends at time 0.6982 minutes
rements analyzed fren 4 to 43

I .1 

I -

1e*-=0

0
0 n-0 -

. *
Hydraulic Conductivity * 3.731e-003 feet/minute t
Transmissivity = 183.7 ga/day/ft I

I U I I vI *il I I I I A I I I a i I I I I b I 11111 I I I I I I I l I & I I T I I I I IT I a I I I I 1 I 1 I
1 2 3 4 5 8 7

Acusted Tie (mifntes)

Analysis by URS Corporation Ho Is 1.134 feet t 1.98 seconds

17/01/0101



D6-8 Out 1115/00
Thorium Decomissioning Bay City, Ml

. I-

Bouwer and Rice Graph

\0 0 00 o" 0 o o 

Bouwer and Rice parameter C = 1.388
in(Re/Rw) = 1.991680e+O0O
Analysis starts at fime 1.98 seconds
Analysis ends at time 1288 minutes
51 Measurements analyzed from 4 to 54

0 "~ 0 a 0 C) ,- (i O C

k 0.1 

I

Hydraulic Conductivity = 1 .001 e003 feet/minute |
Transmissivty * 54.43 gal/day/t

0 5 10 is 20 25 ;o A
A4ILMW This C dAes

Hoa t1.167 fet at A SecombAnalysis by URS Corporation

17/01/0101



E10-7 In 1116/00
Thorium Decomissioning Bay City, Ml

.. 

Bouwer and Rice Graph

..

I 0.1 

j '

I _

Bouwer and Rice parameter C- 1.04
In(Re/Rw) * 1.477790e+000
Analysis starts at time 35.5 seconds

0000° tC o Anas sIends attime 2.688 minutes
0 0 _ o 28 Measurementsanalyzedfrom 40to67

Hydraulic Conductivity 5.1 96e4004 feet/mninute
TransmissW y 14.55 ga~day/f

1.e-.c
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E4-1 Out 1/15/00
Thorium Decomissioning Bay City, MI

1. .

Bouwer and Rice Graph

N~ofta

N - , (,
_k° c 

Bouwer and Rice parameter C = 1.17
In(RetRw) = 1.694735e+000
Analysis starts at time 52.25 seconds
Analysis ends at time 4.758 minutes
31 Measurements analyzed from 47 to 77
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0 0 0
C

0
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.4
Hydraulic Conductivity w 6.552e-004 feettminute
Tmnsmisslvtty = 24.35 al/day daI
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Analysis by URS Corporation Ho . 0-002 fee t 5225 secods
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E6-1 Out 1116/00 Bouwer and Rice Graph
Thorium Decomissioning Bay City, Ml

1. -

Bouwer and Rice parameter C 1.388
in(Re/Rw) = 2.008038e+000

Analysis starts at time 7.92 seconds
N Analysis ends at time 3.19 minutes

N 58 Measurements analyzed from 13 to 70

10.1 _ 0 0 0 0 0 O 0 , o

N~~~~~~~NI~~~~~~~~ N

Hydraulic Conducivity 8.e33e-004 eethminute 
.Tlansissivity 49.38 gal/day/ \t

0.0 0.5 .0 1S5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 .0 6.5 7.0 7.5 8.0 8 9.0 .5 10.0 tO.5 11.0
Acdi Time (ts)

Analysis by URS Corporaffon No sO.M fetat7.2 f
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F4-2 In #2 1/17/01
Thorium Decomissioning Bay City, Ml

.. B1

Bouwer and Rice Graph

Bouwer and Rice parameter C- 1.256
In(Re/Rw) = 1.806042e+000
Analysis starts at time 9.9 seconds
Analysis ends at time 0.5925 minutes
25 Measurements analyzed from 16 to 40

o C ooo 

\~~~~~~~~~~~ n 0 0 eO O ;D 0 0} o
I 0.1 _

G i
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, -;

Hydraulic Conductivity a 3333e-003 feetminute
Transmissivity= 1432 gaday/ft 

0
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G5 Out 1/16100
Thorium Decomissioning Bay City, Ml

1. -

Bouwer and Rice Graph

\

\
\

t
lb

WoOO
clot

\ ooO

Bouwer and Rlce parameter C = 1.357
In(Re/Rw) = 1.942427e+000
Analysis starts at time 0.672 seconds
Analysis ends at time 0.618 minutes
39 Measurements analyzed fom 2 to 40

I .1
i

I

0 0 0 

0
- 0 0

a. .

Hydraulic Conductivity - 5.237e-003 feet/minut |
Transmissvity 267.4 galdayft 

.I~~~ - - - I . . . . . . . . . . . . . .
0 1 2 3

., 1, . I . . . , . . . . . . . .

4
ACIuated Time (rmlruts)

Analysis by URS Corporation Ho14Is1.189 ats? 0.62 aewds
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G5-8 Out 1/15/00
Thorium Decomissioning Bay City, Ml

.I -

Bouwer and Rice Graph

*1 In
\ ' ~~)S

\\ °Ct0 %o
\~~~0 0 0 : 0 3 ; c

ouwer and Rice parameter C = 1.388
i(Re/Rw) = 2.107242e+000
nalysis starts at time 7.26 seconds
nalysis ends at ime 2.267 minutes
3 Measurements analyzed from 12 to 64

0 0 0 0 0 0
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Hydraulic Conductivit = 9.847e004 feet/minute
Transmissivity * 65.13 gadayt I
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A4ustedTine (mktes)

Ho Is 1.007 be at 7.26 secondAnalysis by URS Corporation
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G6-9 Out 1/15100 Bouwer and Rice Graph
Thorium Decomissioning Bay City, Ml

Bouwer end Rice parameter C = 1.388
In(Re/Rw) 1.997581e+000
Analysis starts at tIme 18.77 seconds
Analysis ends at time 5.983 minutes

. 54 Measurements analyzed from 28 to 81
1 Points not plotted because head ratio 0.0

- N\ These points are not included hI the analysis

0 0,\_~~~~~ C

N 
N ~0 0 

HdalcCodcht 1312e 004 fetIrnlnute II
Tmansmissivity 7.207 gal/daymft
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Analysis by URS Corporation Ho k0.6 t 18.77sowl
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