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FORM EQP 5111 ATTACHMENT TEMPLATE B3 
HYDROGEOLOGIC REPORT 

This document is an attachment to the Michigan Department of Environment, Great Lakes, and 
Energy’s Instructions for Completing Form EQP 5111, Operating License Application Form for 
Hazardous Waste Treatment, Storage, and Disposal Facilities.  See Form EQP 5111 for details on 
how to use this attachment. 

The administrative rules promulgated pursuant to Part 111, Hazardous Waste Management, of 
Michigan’s Natural Resources and Environmental Protection Act, 1994 PA 451, as amended 
(Act 451), R 299.9506, R 299.9508, and R 299.9612 and Title 40 of the Code of Federal 
Regulations (CFR) §§264.94, 264.95, 264.97, 264.98, 270.13(10)(l), and 270.14(b)(19) establish 
requirements for hydrogeologic reports for hazardous waste management facilities.  All references 
to 40 CFR citations specified herein are adopted by reference in R 299.11003. 

This license application template addresses requirements for a hydrogeologic report for the 
hazardous waste management units and the hazardous waste management facility for the Dow 
Silicones Corporation (Dow Silicones) facility in Midland, Michigan.  This template includes 
hydrogeologic report requirements, waiver demonstrations, and alternative information requests for 
operating license applications.  This hydrogeologic report supplies information to support the 
groundwater monitoring program, or groundwater monitoring waiver request, proposed and 
included in Template B5, Environmental Monitoring Programs. 

Applicant for Operating License for Existing Facility: 

 R 299.9506 hydrogeologic report 

 A waiver for the hydrogeologic report is requested for one or more units 

 Alternative information is proposed for information required in the hydrogeologic report for 
one or more units 

 A waiver is requested for groundwater monitoring requirements for one or more units, and 
is included in Template B5 

Applicant for Operating License for New, Altered, Enlarged, or Expanded Facility: 

 R 299.9506 hydrogeologic report 

 A waiver is requested for groundwater monitoring requirements for one or more units, and 
is included in Template B5 
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This template is organized as follows: 

B3.A HYDROGEOLOGIC REPORT WAIVER REQUEST 

B3.B SITE HYDROGEOLOGY 
B3.B.1 Summary of Existing Information 

B3.B.1(a) Geological Setting 
B3.B.1(b) Hydrogeology 

B3.B.2 Identification of Aquifers and Their Uses 
B3.B.2(a) Uppermost Saturated Zone and Uppermost Aquifer  
B3.B.2(b) Groundwater Flow Direction 
B3.B.2(c) Aquifers Used by Public and Private Wells  
B3.B.2(d) Other Aquifers 

B3.B.3 Topographic Map  
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B3.B.3(e) Aquifer Information 
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B3.B.4 Wells and Borings within One Mile 
B3.B.5 Contaminant Plume Description 

B3.C ENGINEERING REPORT FOR PROPOSED GROUNDWATER MONITORING PROGRAM 

B3.D GROUNDWATER MONITORING PROGRAM 
Table B3.D.1 Unit-Specific Groundwater Monitoring Program 

B3.E ADDITIONAL INFORMATION REQUIREMENTS
B3.E.1 Water Budget Calculations 

B3.F REFERENCES 
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EPA 1992.  RCRA Groundwater Monitoring Draft Technical Guidance Document.  Document 
Number 530-R-93-001.  November. 

B3.A HYDROGEOLOGIC REPORT WAIVER REQUEST 
[R 299.9508(2)] 

 The [Hazardous Waste Unit] is not a landfill, surface impoundment, waste pile, or land 
treatment unit, all hazardous waste management activities take place inside or under a 
structure that provides protection from precipitation and runon/runoff, and the unit is in 
compliance with the facility design and operating standards found in R 299.9604. 

Dow Silicones is not requesting a waiver from the hydrogeologic report. This facility includes a 
landfill. The tank storage and container storage facilities are located on the surface of the landfill. 

B3.B SITE HYDROGEOLOGY 
[R  299.9506 (1)(a) through (g) and 40 CFR, Part 265, Subpart F, and §§270.13(l), 
270.14(b)(19), and 264.97] 

This section presents information on hydrogeology of the Dow Silicones facility, including a 
summary of existing information, identification of aquifers and uses of aquifers.  Maps and geologic 
cross sections of the facility are presented and existing contamination is identified.  Much of the 
hydrogeologic information is based on the hydrogeologic report submitted with previous license 
applications.  This information has been updated with subsequent monitoring data and other 
information.  

B3.B.1  Summary of Existing Information 
[R 299.9506(1)(a)] 

Dow Silicones facility is located in the southern portion of the City of Midland in Section 26 of 
Midland Township; Township 14N, Range 2E. Figure B3-1 is a reproduction of the U.S. Geological 
Survey Topographic map which displays the location of the regulated units (800/1000 Block 
Landfill, 806 Tank Farm and 809 Container Storage Building) at the Dow Silicones facility (USGS,).  
This topographic map shows locations of domestic, municipal, industrial, oil, and gas wells and 
borings within 1 mile of the site as determined from EGLE’s Geowebface Water Well Records; 
Historical Scanned Water Well Records, and Oil and Gas Well Records. 

Figure B3-2 is a detailed map of the Dow Silicones facility with a scale of 1" = 200'. The elevations 
of the ground surface in the Dow Silicones facility range from approximately 630 feet (USGS) in the 
northeast corner to 617 feet in the southwest corner. Northeast of the facility the surface elevation 
increases to over 670 feet in 1.5 miles. The surface of the land southwest of the facility slopes 
towards the Tittabawassee River, which is located southwest approximately 1,000 feet away. The 
ground elevation between the facility and the northeastern bank of the Tittabawassee River is 
about 620 feet.  The land elevation drops quickly at the riverbank to about 590 feet. 

Lingle Drain is a deep drainage ditch that flows through the eastern and southern portions of Dow 
Silicones facility to Tittabawassee River. The drain is contained within steep banks on Dow 
Silicones's property. Portions of the drain are in an underground pipe.  The surface elevation of the 
water in Lingle Drain is approximately 615 feet (USGS) at the northern border of the facility.  Lingle 
Drain originates as the outfall from the City of Midland’s Wastewater Treatment Plant.  Monitoring 
information and data are summarized in this module.  Detailed information on the monitoring 
program is presented in Module B5 (Environmental Monitoring Programs).   
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B3.B.1(a) Geological Setting 

In the south Midland area, 150 feet to over 400 feet of unconsolidated glacial sediments overlie 
older sedimentary rocks. The unconsolidated glacial sediments, referred to as glacial drift, were 
deposited during the Pleistocene glacial period when glaciers advanced and retreated over the 
Midland area.  These sediments form the hydrologic units which are discussed in this 
hydrogeologic report. 

A great deal of work has been done to understand the hydrogeologic conditions underlying 
Dow Silicones' Midland, Michigan facility. Data have been gathered from many sources. Data on 
subsurface conditions has come largely from (1) logs of mineral wells and borings, (2) geotechnical 
reports prepared for the design of new, or the evaluation of existing, engineered structures, and (3) 
field work focused on defining the hydrogeology beneath the facility. Many mineral wells and 
borings have been drilled in the Midland area, predominantly as coal borings and brine wells. 
These wells and borings typically penetrated the glacial drift and the bedrock. The records of these 
mineral wells are a good source of information on the lithology of the deeper glacial formations, the 
depth to bedrock, and the bedrock stratigraphy. 

The logs of borings and wells drilled deeper than 50 feet and located in the south Midland area 
have been summarized and evaluated in order to define the geology of the glacial drift and the 
bedrock beneath the area. The records of these borings/wells are presented in Appendix B3-1, and 
their locations are shown on Figure B3-1.   

The deep wells and borings can be divided into deep monitoring wells (DMW), observation wells 
(OW), and deep plugged holes (DP). Each type of deep well and boring is labeled with a letter 
prefix (given above) and an identifying number. 

Additional field work has been done specifically to evaluate the occurrence, movement, and 
interconnections of ground water under the Dow Silicones facility. This work includes drilling and 
geophysically logging holes drilled to the bedrock, installing monitoring wells, determining ground 
water gradients, sampling and analyzing ground water samples, and performing pump tests. 

Six geologic cross sections have been assembled along the cross section traces shown in Figure 
B3-2 from logs of wells and borings that are located on Dow Silicones plant site.  The cross 
sections are presented in Figures B3-3, B3-4, B3-5, B3-6, B3-7 and B3-8.  There are five 
stratigraphic units illustrated in these cross sections that are present under most locations at the 
Dow Silicones Facility: 

 Bedrock; 
 Regional Aquifer; 
 Glacial Till; 
 Lakebed Clay; and  
 Surface Sand. 

The unit names are derived from the relative position and/or geologic genesis of each unit. These 
units can be divided into two groups: consolidated sedimentary rocks and unconsolidated glacial 
sediments. The consolidated sedimentary rocks will hereafter be referred to as "bedrock", and the 
unconsolidated sediments make up the other four units.  The remainder of this section discusses 
each of the stratigraphic units.  
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Bedrock 

The bedrock is Paleozoic in age and lies beneath the unconsolidated glacial sediments in the 
Midland area. These rocks are a member of the Saginaw Group of Pennsylvanian Age This group 
consists mainly of shales with occasional seams of coal, sandy shales, and sandstone beds. The 
sediments which formed these rocks were deposited in the Michigan Basin approximately 300 
million years ago. In the past, the bedrock was explored for its economically significant coal 
deposits, especially in Section 35 south of Dow Silicones and in Bay County to the east. Many of 
the wells and borings shown on Figure B3-1 are from deep brine wells and exploratory coal borings 
which were drilled into the bedrock.  Boreholes  in Section 35 (-25 43 on Figure B3-1) penetrated 
coal seams approximately 1 to 10 feet thick. The drillers' logs from these borings are the major 
source of information used to characterize the bedrock.  The bedrock in the Midland area was 
explored for economic coal deposits, but the actual coal mining took place in nearby Bay County 
just east of the Midland area. The sandstone beds located within the shale are identified on the 
geophysical logs in Appendix B3-3. 

The records of the deep wells and borings indicate that the top of the bedrock has a great deal of 
vertical relief in the south Midland area. The elevation of the bedrock surface ranges from less than 
200 feet to more than 500 feet above sea level (hereafter referred to as USGS). Significant relief in 
the bedrock surface under the Dow Silicones facility is documented in the well logs. The bedrock 
surface is recorded at approximately 490 feet (USGS) in boring DMW-8. The surface of the 
bedrock was not encountered at well Test 1, which is located east of the landfill near Waldo Road 
and was drilled to 221.7 feet (USGS). 

R.D. Mathews (A Geologic Report on Pre-Pleistocene Geomorphology and Potential Groundwater 
Resources and Midland, Michigan mapped ancient river valleys on the bedrock surface through the 
south Midland area, 1963) and those maps are presented in Figure B3-9. The bedrock contours in 
the vicinity of the Dow Silicones facility were updated through the use of boring records that 
document the bedrock surface. The arrows indicate the direction of the pre- glacial stream flow, not 
the direction of the present ground water flow. 

The 1963 bedrock contour map indicates a valley cutting directly across the middle of the Dow 
Silicones facility from northeast to southwest. When developing the bedrock contour map, 
Mathews used a method of equal spacing of contour lines on the valley walls; therefore, some 
discrepancies exist between Mathews' contours and the recorded depth to bedrock at a given 
point. R.D. Mathews’ (A Geologic Report on Pre-Pleistocene Geomorphology and Potential 
Groundwater Resources and Midland, Michigan) general outlines of the valleys are none the less 
valid as proved by recent drilling. In addition, a gravity survey in Sections 23, 24, 25, 26, 35, and 
36 confirms the general direction of the bedrock valley in Sections 25, 26, and 35. The location of 
the gravity anomaly is included in Figure B3-9.

Deep borings at the Dow Silicones facility confirm the presence of an underlying bedrock valley but 
indicate that the valley is shifted slightly to the southeast. DMW-8, DMW-10, DMW-11, and 3138 
(26-16) are the only four borings that actually penetrate the bedrock surface on-site. DMW-8 and 
DMW-10 lie just north of the landfill and penetrate the bedrock surface at 542 feet (USGS) and 
527.4 feet respectively. The top of the shale was identified by the sharp rise in gamma radiation 
observed in the geophysical logs presented in Appendix B3-3. Boring 3138 (26-16) contacted the 
top of the bedrock at an elevation of 200 feet (USGS). This boring is the only boring drilled on the 
northeast edge of the Dow Silicones property that penetrates the bedrock. DMW-11 is located in 
the southwest corner of the landfill and contacts the bedrock surface at 505.3 feet (USGS). Cross 
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sections J-J' and E-E' show how the bedrock slopes upward toward the north end of the landfill. In 
the southeast corner of the site map, bordering Saginaw Road, DMW-9 was drilled to a depth of 
373.3 feet (USGS). The boring was not drilled down to the bedrock though boring 3013 (35-8), 
located approximately 1300 feet south of DMW-9, penetrated the bedrock surface at 359.6 feet 
(USGS). Boring OW-3 was drilled to a depth of 438 feet on the south border of the Dow Silicones 
property, and no bedrock was encountered. Approximately 1,100 feet southeast of OW-3, boring 
35-43 penetrated the top of the bedrock at 481 feet (USGS). To the east, Test Well 1 was drilled to 
an elevation of 221.7 feet (USGS) and still did not contact the bedrock surface. These borings 
confirm the presence of the bedrock valley mapped by R.D. Mathews (A Geologic Report on Pre-
Pleistocene Geomorphology and Potential Groundwater Resources and Midland, Michigan) in 
1963. 

Regional Aquifer 

The Regional Aquifer consists of glacial outwash material and almost always lies directly on the 
bedrock surface beneath the south Midland area. The exception to this is an area directly south the 
site and Salzburg Road where the bedrock rises and the Regional Aquifer is not present (Figures 
B3-9 and B3-10). The thickness of the Regional Aquifer varies; in some places the aquifer is 30 
feet thick, and in other areas is over 250 feet thick.

The sand and gravel which form the Regional Aquifer are not derived directly from the shale and 
sandstones of the bedrock but are outwash deposits that were fed from debris within the glaciers 
as they retreated northward into the Saginaw Basin. The amount of locally derived bedrock 
fragments was examined in well Test 1 (26-15). The boring record for Test 1 (26-15) indicates that 
the Regional Aquifer was penetrated at approximately 440 feet USGS and that the amount of shale 
present increases with depth. Near the base of the boring, the log indicates that the shale and 
sandstone bedrock fragments made up 10% to 20% of the unconsolidated sediments. 

The deep wells and borings on-site indicate that the top of the Regional Aquifer has a great deal of 
vertical relief. As stated previously, the Regional Aquifer typically lies directly upon the bedrock. 
Mathews' (1963) modified bedrock contour map, Figure B3-9, is indicative of the type of vertical 
relief present in the Regional Aquifer. On the Dow Silicones site, the elevation of the top of the 
Aquifer ranges from 400 to 600 feet (USGS). 

Eleven wells and four borings on the Dow Silicones facility property have penetrated the Regional 
Aquifer. Of the eleven wells, six are in the immediate vicinity of the landfill, and the other five 
surround the property boundary. All four borings drilled into the Regional Aquifer lie just north of 
the landfill.  Figure B3-10 shows the piezometric surface of the Regional Aquifer based on May 
2021 data.  Tables  B3-2 and B3-2b provides historical piezometric data. 

Cross section G-G' illustrates a relatively high bedrock area. The Regional Aquifer is higher along 
this cross section as it drapes over the top of the bedrock high. Two of the borings on cross section 
G-G', 800-002 and 800-003, are hollow stem auger borings with split spoon samples. The well logs 
(Appendix B3-2) clearly indicate that the top of the Regional Aquifer is at 593 feet and 596 feet 
(USGS) in borings 800-002 and 800-003, respectively. At DMW-8 the Regional Aquifer is 47 feet 
thick and rises up to 590 feet (USGS). Geophysical logs for DMW-4A, DMW-6A, DMW-8, and 
DMW-10 are contained in Appendix B3-3 and were used in the geological interpretation of the 
sediments.

The elevation of the top of the Regional Aquifer decreases from the bedrock high to the southwest, 
south, east, and west. Cross section E-E', Figure B3-3 shows the decrease in elevation southwest 
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of the bedrock high. DMW-9 (26-8), located southwest of the topographic high along Saginaw 
Road, penetrated the top of the Regional Aquifer at an elevation of 404 feet (USGS).  The boring 
for DMW-9 was terminated in a clay layer within the Regional Aquifer and did not penetrate the top 
of the bedrock. Dow Chemical boring 3013 (35-8) was drilled approximately 1300 feet southeast of 
DMW-9 (26-20) and penetrates the top of the Regional Aquifer at an elevation of approximately 
455 feet and the bottom of the Regional Aquifer around an elevation of approximately 365 feet. 

DMW-11 is located directly between DMW-9 and the bedrock high along cross section G-G'. DMW-
11 penetrates the Regional Aquifer from 587 feet to 527 feet (USGS). As shown on cross section 
E-E', these elevations correspond to the top of the elevated portion of the Regional Aquifer on the 
bedrock high and the lower portion of the Regional Aquifer in the bedrock valley. 

West of the landfill soil borings DH-4 and DH-5 were drilled to 525 and 484 feet (USGS), 
respectively. Neither of the deep borings penetrated the Regional Aquifer but were terminated in 
the Glacial Till (See borings logs in Appendix B3-2). 

Cross section J-J' (Figure B3-8) shows the decrease in the elevation of the Regional Aquifer as we 
move off the bedrock high toward the east. Deep wells Test 1 (26-16) and OW-1 (26-12) are 
screened in the Regional Aquifer in the bedrock valley. Both of these wells penetrate the top of the 
Regional Aquifer near an elevation of 440 feet. The total thickness of the Regional Aquifer at Test 
1 (26-16) and OW-1 (26-12) is unknown, but these borings indicate that it is at least 200 feet thick.

Glacial Till 

The Glacial Till is present over the entire south Midland area. The Glacial Till was deposited by 
glaciers that moved over the area.  The Glacial Till ranges in thickness from 10 feet to over 200 
feet. Depending on the location, bottom and top elevations of the till can differ drastically. The 
Glacial Till usually lies directly over the Regional Aquifer, except where the Regional Aquifer is 
absent and the Glacial Till lies directly upon the bedrock highs. 

The Glacial Till consists of an extremely stiff, poorly sorted, grayish blue, sandy and silty clay with 
occasional pebbles. The Glacial Till can be identified during drilling procedures by the presence of 
pebbles, "rigid" drilling, and a sandy, silty texture in the clay. These characteristics help distinguish 
it from the Lakebed Clay. The Glacial Till unit is predominantly a mixture of sand, silt, and clay, with 
the clay fraction (less than 5 microns) averaging about 30%. This is in direct contrast to the 
Lakebed Clay unit where the clay fraction usually exceeds 50%. 

Three samples were collected from borings that penetrated the Glacial Till in the Dow Silicones 
landfill area. Borings 1000-105, 106, and 107, presented in Appendix B3-2, recorded permeabilities 
ranging from 5 x 10-7 cm/sec to 2.6 x 10-8 cm/sec. The Glacial Till displays distinctly different 
physical characteristics than the Lakebed Clay. The interface between the two stratigraphic units 
can be determined by blow counts, percent moisture, natural weight, and unconsolidated 
compression strength (PSF) which were measured in most of the borings shown on Figure B3-2 
(logs located in Appendix B3-2). The Glacial Till can be recognized by blow counts usually greater 
than 20 per 6 inches; moisture content less than 10%; unconfined compression strength greater 
than 20,000 PSF; and weight above 140 PCF (lbs/ft3). The 700- series boring logs present a good 
example of the physical characteristics of the Glacial Till.

Twelve samples were collected from the upper 15 feet of the Glacial Till unit on Dow Chemical 
Company's Salzburg Landfill site south of Dow Silicones and were analyzed for permeability, 
Atterberg limits, pH, and particle size. Permeability values ranged from 1.2 x 10-7 to 2.5 x 10-8
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cm/sec, with 82% of the samples less than 1.0 x 10-7 cm/sec. The liquid limit and plastic limit 
averaged 20.4 and 8.4, respectively, which are notably lower values than measured for samples of 
the Lakebed Clay. The pH ranged from 8.0 to 9.0, and the unit is a mix between the SM, SC, SC-
SM, CL-ML, and CL in the United Soil Classification. 

The Glacial Till unit is interbedded occasionally with fluvial sands and gravels that were deposited 
during glacial times by rivers flowing in and about the glaciers. The geophysical logs clearly 
indicate the presence of these occasional fluvial sand subunits within the till. Although these Till 
Sands can at times be 10 feet thick, they usually are not laterally traceable over any extended 
length. The Till Sands vary in thickness, occur sporadically, and can appear at any depth within a 
Glacial Till sequence. Four wells (DMW-1, DMW-2, DMW-3, and DMW-7), located on site, are 
interpreted as being screened in sand subunits in the Glacial Till. These wells are screened in Till 
Sands that range between 1 and 12 feet in thickness. DMW-1 is located on the east end of the 
facility (cross section J-J', Figure B3-8) and is screened at the base of a 12-foot Till Sand. DMW-3 
is displayed on cross section E-E' (Figure B3-3) and is screened in a 5.5 feet thick Till Sand.  

DMW-7 is screened in a sand subunit south of the landfill, as displayed in cross section F-F'. The 
geophysical log for DMW-7 clearly delineates the thin Till Sand sandwiched in the Glacial Till. 
Cross section F-F' (Figure B3-4) displays the 5-foot Till Sand in DMW-7.  DMW-7 was replaced in 
2009.  Two new borings were completed within 15 feet of DMW-7, and these borings confirmed the 
very limited extent of the till sand at this location.   

All the Glacial Till sands identified during this study are isolated from other permeable zones by the 
Lakebed Clay and Glacial Till.  Section B3.B1 (b) presents results of pump tests that are the basis 
for this conclusion.   

The Glacial Till, along with the Lakebed Clay, acts as an impermeable boundary as it separates the 
Surface Sand unit from the Regional Aquifer. Around the Dow Silicones facility the Glacial Till can 
vary drastically in thickness. In DMW-10 the till is only 10 feet thick over the Regional Aquifer, while 
in DMW-9 the till is 200 feet thick. 

Lakebed Clay 

The Lakebed Clay unit lies directly upon the Glacial Till in the greater south Midland area. As the 
name implies, this unit was deposited when the area was covered with water. This happened at the 
end of the last glaciation as the ice caps retreated northward across the Huron basin. Ancient 
shoreline features indicate that the greater Midland area was once a near-shore, shallow, water 
environment. This can be interpreted by the stratification of the Lakebed Clay with the interbedding 
of coarse grained sediment. Ancient shorelines can be observed about 2 1/2 miles south of the 
Dow Silicones facility. Beach ridges and small dune complexes can be observed from a car in this 
area and can be traced on the 7.5 minute Midland South Quadrangle (USGS, 1973) in Sections 2, 
3, 4, 9, 10, and 11 of Ingersoll Township (T13N R2E). These shorelines and lakebed deposits can 
also be easily identified in the Soil Survey of Midland County, Michigan (Hutchison, 1979; see map 
59). 

The Lakebed Clay is distinctly different than the Glacial Till clay in that it consists of stratified clay 
layers that are mixed with varying amounts of sand and silt. Distinct layers of sand, sandy gravel 
and silt are interbedded within this clay and represent a small fraction of the total unit. The 
Lakebed Clay unit is usually detected by its plastic consistency (due to high moisture content), 
brownish color, and low penetration resistance. Extensive test results distinguishing the physical 
characteristics of the sediments can be found in Appendix B3-4. During construction of the Dow 
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Silicones facility's landfill, five samples were collected from the Lakebed Clay and analyzed for 
permeability. Boring series 1000-105, -106, -107 recorded permeabilities ranging from 1.2 x 10-7 to 
1.8 x 10-8 cm/sec. 

During the hydrogeologic study of Dow Chemical's Salzburg Landfill site, 63 Lakebed Clay 
samples were collected and analyzed for permeability, Atterberg limits, pH, and particle size. 
Laboratory permeability ranged from 3.1 x 10-6 to 1.4 x 10-8cm/sec, with 86% less than 1.0 x 10-7

cm/sec. Clay particles (less than 5 microns) comprise a significant fraction of all samples ranging 
from 23.4% to 96.2% with an average of 56.3%. The liquid limit ranged from 13.0% to 56.5% and 
averaged 36.2%. The plastic limit ranged from non-plastic to 35.8 and averaged 16.65. The pH 
ranged from 7.3 to 8.9. Using the Unified Soil Classification, the unit is predominantly a CL clay 
with subordinate amounts of CH, SC, SP-SM, ML-CL, and ML soils. 

As shown in the cross sections, the Lakebed Clay is very consistent in thickness beneath Dow 
Silicones’ facility. The Lakebed Clay unit was differentiated from the underlying Glacial Till based 
upon penetration blow counts, percent moisture, natural weight, and unconsolidated compression 
strength (PSF). One or more of these physical properties were tested for in soil samples from the 
borings shown on the site map Figure B3-2, except the 86 series. The information is contained on 
the boring logs in Appendix B3-2. The Lakebed Clay samples usually had a lower penetration 
resistance, typically less than 20 blows per 6 inches and moisture content greater than 10%. This 
can be compared to the Glacial Till samples which typically had penetration resistance over 20-30 
blows per 6 inches, and less than 10% moisture content. The natural weight and unconsolidated 
compression strength generally increased when the boring encountered the Lakebed Clay/Glacial 
Till interface. The Lakebed Clay usually has compression strength less than 8,000-10,000 PSF 
(lbs/ft2). The unit weight was usually less than the Glacial Till and measured around 120-130 PCF 
(lbs/ft3). Boring series 600, 700, and 800, which surround the landfill, are good examples of the 
differing physical characteristics that distinguish the Lakebed Clay and the Glacial Till. 

Clay Mineralogy and Cation Exchange Capacity 

Samples from both the Lakebed Clay unit and the Glacial Till unit, collected from the Dow 
Chemical Salzburg Landfill, were analyzed for their clay mineralogy and cation exchange capacity.  
X-ray diffraction analyses indicated that 62% to 64% of the clay in both units is illite; 17% to 25% is 
chlorite plus kaolinite; and 11% to 20% are expandable clays, which, in these samples, are 
alteration products of chlorite. The cation exchange capacity measured low in all samples, ranging 
from 6.2 to 14 milliequivalents per 100 grams. 

The structure of illite is characterized by fixed (non-exchangeable) potassium ions between two 
planes of oxygen atoms. This forms a very rigid crystalline unit that impedes water penetration 
between crystal layers. Because of this rigid structure, only limited swelling occurs when saturated. 
The low cation exchange capacity is due to the high percentage of illite in which the potassium ions 
between successive crystal layers are fixed. 

Calcite (CaCO3) and dolomite (CaMg[CO3]2) were also found in the samples, although no 
quantitative measures were made. The presence of these minerals contributes to the buffering 
capacity of the clay, which means that the alkaline pH of the clay is not easily lowered. 

These tests, along with the permeability tests discussed in preceding sections, indicate that the 
underlying clay is well suited for such uses as landfill or lagoon liners and is also well suited as the 
base material for the hazardous waste facilities. It is non-swelling clay with high chemical stability 
and low permeability. The underlying clays will not swell or shrink appreciably with changing 
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moisture content. Naturally occurring, continuous layers of the clays underlying Dow Corning 
Hazardous Waste Facilities provide a natural barrier to prevent migration of chemicals to the 
Regional Aquifer. 

Surface Sand 

The Surface Sand unit exists as a thin veneer of sand on much of Dow Silicones. The unit is 
usually comprised of highly stratified fine sand and silt with thin layers of clay. The unit is 
particularly silty and clayey near the bottom. The thickness of this unit varies from 0 to 15 feet. 
Eight shallow wells are screened at the base of the Surface Sand unit around the hazardous waste 
landfill site. Cross section G-G' (Figure B3-5) shows two wells, SMW-28-1 and SMW-28-2, that are 
screened in this unit. The bottom of the Surface Sand unit rarely extends below 620 feet (USGS) 
around the landfill, and most of the shallow monitoring wells that border this area are set just above 
the interface of the Lakebed Clay and Surface Sand units. 

Within the Dow Silicones complex some land surface areas have been altered by excavation and 
filling. This is especially true where industrial development has altered the land topography. In this 
case, it is not always possible to determine the depositional history of the surface sand unit. Cross 
section H-H' (Figure B3-6) shows an area along the east border of the landfill that has been 
interpreted as fill. In this area, it is difficult to determine if a Surface Sand exists. 

B3.B.1(b) Hydrogeology 

Ground water is present in all four unconsolidated glacial deposited formations beneath the Dow 
Silicones facility. The circumstances in which it is found are described as follows: 

Regional Aquifer 

The Regional Aquifer is the uppermost aquifer that lies beneath the Dow Silicones facility. It is the 
only hydrogeologic unit of unconsolidated sediments in the area that is capable of yielding a 
significant amount of water. Water levels collected from South Midland area wells that penetrate 
the Regional Aquifer are presented in Table B3-1 and B3-1b, and piezometric surfaces of the 
Regional Aquifer (Deep Wells) and Surface Sand (Shallow Wells) are contoured in Figures B3-10 
and B3-11. The contours on Figures B3-10 and B3-11 indicate that the ground water flow on the 
east side of the property is diverging into the bedrock valleys where the Regional Aquifer is the 
thickest. No ground water flow is recorded south of Salzburg Road due to absence of the Regional 
Aquifer due and the bedrock high. Historical piezometric data are presented in Tables B3-2 and 
B3-2b. 

The ground water gradient and velocity of movement can be calculated for the Regional Aquifer 
beneath the Dow Silicones site. The ground water gradient under the Dow Silicones facility is 
calculated to be approximately 0.00031 or 1.65 feet per mile based on the September 1984 water 
level data. The gradient was measured between well 3013 (35-8) and well 3138 (26-16). The 
velocity of the water (V) in the Regional Aquifer can be roughly estimated. The estimated value for 
permeability (K) is 100 gal/day/ft2, and the porosity is estimated at 25%. Given these values, 

V = 100 gal/day/ft2 x 0.00031 = 0.0166 ft/day 
0.25 x 7.48 gal/ft3 
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The direction and velocity of ground water flow is calculated to be northeasterly at 0.0166 ft/day or 
6.06 ft/yr. At this rate it would take 170 years for the ground water to move 1050 feet beneath the 
landfill. 

Discharge of groundwater from the Regional Aquifer under the Dow Silicones facility is currently 
unknown. It is believed that the primary discharge lies somewhere downgradient of the Dow 
Silicones facility. The low permeable Glacial Till and Lakebed Clay units prevent ground water flow 
from discharging upward to the land surface. 

Recharge to the Regional Aquifer is also unknown. The high piezometric surface or high static 
water level indicates a confined aquifer. The water levels rise above the confining clay layer 
beneath all of the Dow Silicones facility. In DMW-9, located by the Saginaw Road boundary, the 
static head is above the land surface resulting in a flowing well. West of DMW-9 the elevation of 
the land surface rises above the piezometric surface of the Regional Aquifer, hence, none of these 
artesian wells are flowing. 

The hydraulic gradient between the Regional Aquifer and the thin saturated zone in the Surface 
Sand also reflects the increase in the ground elevation toward the northeast. In the southwest 
corner of the Dow Silicones facility near Saginaw Road, the Regional Aquifer has an Artesian head 
which is approximately 15 feet higher than the static head in the shallow surface sands. For
example, water levels measured in the shallow well 3S-1 are at least 15 feet below the water levels 
measured in Regional Aquifer well DMW-9 (see Tables B3-1, B3-2). The static water level in DMW-
9 is 626 feet (USGS), and nearby the water level in well 3S-1 which is screened in the Lakebed 
Clay at 16 feet, is approximately 609 feet (USGS). This relationship again indicates that there is an 
upward hydraulic gradient in this area, from the Regional Aquifer toward the Lakebed Clay and 
Surface Sand units. In this area there is not a possibility for ground water migration downward from 
the Shallow Surface Sands and Lakebed Clays to the Regional Aquifer due to the measured 
upward vertical gradient and the 200-foot layer of clay that separates the two units. The thick 
Glacial Till and Lakebed Clay units act as an aquitard and inhibit the upward flow of ground water 
from the Regional Aquifer. 

Near the landfill, the piezometric surface of the confined Regional Aquifer is at an elevation of 
approximately 620 to 624 feet (USGS). The water levels observed in the shallow monitoring wells 
that border the landfill are frequently above the Regional Aquifer level. For example, the highest 
water level in DMW-4A is 625.01 feet, while the lowest recorded water level in SMW-28-1 is 625.66 
feet. A similar relationship is typically observed between DMW-6A and SMW-61. Therefore, a 
potential does exist for recharge of the Regional Aquifer by the shallow groundwater in sand 
around the landfill. In addition, the Regional Aquifer is closer to the ground surface in the area of 
the landfill than in the area that borders Saginaw Road to the facility's southwest. Darcy's Law can 
be used to determine the elapsed time it would take shallow ground water to migrate through the 
clay layers and into the Regional Aquifer. 

t = DO 
          Ki 
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The variables are as follows: 

D = vertical distance between the two wells 
0 = porosity of the Lakebed Clay and Glacial Till 
K = permeability of the Lakebed Clay and Glacial Till  
i  = vertical gradient  
i  = H = change in Head 
      T = thickness of clay layer

DMW-4A and SMW-28-1 located on the northwest corner of the landfill were used to determine the 
time of migration from the Surface Sand unit to the Regional Aquifer. DMW-4A is screened in the 
Regional Aquifer and SMW-28-1 is screened in the base of the Surface Sand and at the top of the 
clay. The two wells are separated by 28 feet of clay that has an average permeability of 1.3 x 10-7 
cm/sec. The piezometric head between the two wells is downward with an average gradient of 
three feet. The porosity of the clay is taken to be about 50%. 

t =        (28 ft)(.5)            = ~1,000 years 
(0.13 ft/yr)(3 ft/28 ft)

The vertical travel time (t) through the Lakebed Clay and Glacial Till is approximately 1,000 years 
at the north end of the landfill. This is the minimum travel time it would take for vertical migration of 
groundwater to penetrate downward to the Regional Aquifer beneath the Dow Silicones facility 
property. Vertical travel time would only become greater under other areas of the facility due to 
increased thicknesses of the underlying clays. 

The other possible transport process by which contaminants can move within porous media is 
molecular diffusion. The vertical travel time by molecular diffusion (t) through the Lakebed Clay unit 
and the Glacial Till unit is given by the formula: 

t = H2 / 22.1 Dv, 

H =  The thickness of the Lakebed Clay and Glacial Till Units 
Dv =  Vertical diffusion coefficient 
T =  Time for the concentration at distance H to reach 0.001 Co 
Co =  Concentration of a parameter at the top of the clay  
0.01 =  Approximate ratio between the concentration at top of the clay (possible leachate)  
                and the detection limit of a particular parameter. 
z =  Depth from concentration source (top of clay) to detection point 

This is derived as follows. The governing equation is: 

dC/dt   = Dvd2C 
  dz2

The solution being: 

                                                            C          = erfc [z/ √4Dvt] 
Co

For example, if C (at a depth where z = H) is to be controlled to 0.001 Co where (Co = concentration 
at z = 0), then the argument of the erfc is 2.35. Therefore, z = H = 2.35 (4 Dvt)0.5 and H2 = 
(2.35)2(4Dvt). 
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Solving for t, t = H2 / (5.52) (4Dv) = H2 / 22.1 Dv. 

The diffusion coefficient of ions and neutral molecules in water is on the order of 5 to 10 x 10-6

cm2/sec. The effects of tortuosity and reduced cross-sectional area in the till and clay material 
reduce the vertical diffusion coefficient (Dv) to the level of 1 x 10-7 cm2/sec. Because of the 
structure of the Lakebed Clay and Glacial Till units, the horizontal diffusion coefficient (Dh) is an 
order of magnitude larger. The horizontal diffusion would be the 10 or approximately three times 
faster than vertical diffusion. 

One factor which would serve to reduce the effective diffusion coefficient in both the vertical and 
horizontal directions is the adsorption capacity of the clay. The adsorption capacity of the clay 
affects cations and organic molecules. The adsorption process can be represented as being at 
equilibrium between the concentration in the water (C) and the concentration on the solids (S).  

The formula is: 

S = K'C, where K' is the adsorption coefficient.

K' can vary greatly, but K' values of 10 to 1,000 are common for cations and 1 to 10 for organics. 
Polar organics which are more soluble are also more strongly adsorbed by clays. Adsorption 
reduces the effective diffusion coefficient by the factor K' + 1. Anions are not usually adsorbed, but 
the negatively charged clay particles create an exclusion volume for anions which reduce the 
cross-sectional area for transport of the anions. For cations the net result is to reduce the effective 
Dv to the range of 1 x 10-9 to 1 x 10-12 cm2/sec. Dv for neutral organics is reduced somewhat, and 
anions have a D value in the order of 5 x 10-8 cm2/sec. 

Using a conservative estimate of 1 x 10-7 cm2/sec for Dv, the vertical travel time to the Regional 
Aquifer by diffusion through a 200 ft. clay layer, as observed in the southwest corner of the facility, 
is approximately 5.3 x 105 years. 

t = [(200 ft)2/(1 x 10-7 cm2/sec)(22.1)][(30.48 cm/ft)2][3.17 x 10-8 yr/sec] = approx. 5.3 x 105 years 

In the same time, the horizontal distance traveled would be approximately 600 feet. 

The calculations noted above indicate that under present static head conditions, the time for 
ground water to move by gravity downward from the Surface Sand into the upper-most aquifer is 
quicker than molecular diffusion transport processes. This means that diffusion is not a viable 
process by which contaminants can reach the uppermost aquifer. 

In the area of the landfill, the same conclusion is reached. The vertical travel time (t) through the 
Lakebed Clay and Glacial Till units by molecular diffusion is approximately 1 x 104 years using the 
same formula as previously referenced. The minimum thickness of the clay layer is determined to 
be 28 feet thick under the landfill. 

t = [(28 ft)2/(1 x 10-7 cm2/sec)(22.1)] [30.48 cm/ft)2] [3.17 x 10-8 yr/sec] = approx. 10,000 years 

The dispersion from a source within the northern area of the landfill would be approximately 90 feet 
horizontally and 28 feet vertically over 10,000 years. The vertical ground water flow by gravity as 
calculated would take 1,000 years compared to the 10,000 years by molecular diffusion. The 
vertical flow of ground water by molecular diffusion is not a viable process by which contaminants 
could reach the Regional Aquifer. 
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Pump Test Data 

Three aquifer tests have been completed at the Dow Silicones facility.  The purpose of the two 
initial tests was twofold: First, the tests were initiated to see if the Regional Aquifer that underlies 
the landfill was directly connected to the Regional Aquifer observed to the east and southwest. 
Second, the tests were performed to determine any hydraulic connections between the Regional 
Aquifer and the observed Till Sands.  The third test was done to confirm assumptions about the 
continuity of the Regional Aquifer.   

The first pump test was performed on June 15, 1984. DMW-4A, screened in the Regional Aquifer, 
was pumped for 6.5 hours at 50 gallons per minute (gpm). The response was measured in nearby 
DMW-6A and in distant wells DMW-1 (26-6), DMW-2 (26-7), DMW-3 (26-8), OW-1 (26-17) and 
OW-2 (26-13). The drawdown response of DMW-6A was approximately two feet. It was determined 
that the length of the test was insufficient to determine if any of the other wells showed drawdown 
from the pumping. A decline in water level was measured in some of the wells but it is unknown 
whether this was due to pumping or to barometric response of the aquifer. The pump test directly 
concluded that DMW-4A and DMW-6A are hydraulically connected. 

The second pump test was performed in early September 1984. DMW-4A was pumped for a 
week's duration. During the initial 14-hour period of the test, DMW-4A was pumped at 85 gpm. This 
rate caused a rapid drawdown in the well to 71.5 feet with no apparent stabilization. The pumping 
rate was reduced to 40 gpm after 20 hours and the well recovered to a level of 40.5 feet. The 
pumping rate was increased to 50 gpm after 44 hours and then to 60 gpm after 63 hours. The 
drawdown was 55.8 feet a short time later. The following summary indicates which wells 
responded to the pumping of DMW-4A and which wells did not.   

Well 
Pumped 

Responding 
Wells 

Formation of 
Screened Wells 

Non-Responding 
Wells 

Formation 
Screened Wells

DMW-4A DMW-6A (26-11) Regional Aquifer DMW-1 (26-6) Till Sand 
OW-1(26-17) Regional Aquifer DMW-2 (26-7) Till Sand 
OW-2 (26-13) Regional Aquifer DMW-3 (26-8) Till Sand 

A drawdown of several feet was recorded at DMW-6A during pump tests 1 and 2. The drawdown 
responses of OW-1 (26-17) and OW-2 (26-13) are recorded in Figure B3-12. The drawdown 
recorded in these two wells was between 0.7 and 0.8 feet. The slight rise during the middle of the 
test is attributed to the aquifer's response to barometric conditions. The record also indicates 
recovery data for OW-1 and OW-2 after the pumping was terminated at noon on September 5. The 
pump test clearly shows that the Regional Aquifer that underlies the landfill is hydraulically 
connected to the deeper portion of the Regional Aquifer monitored to the east and southeast. 

Cross section J-J' (Figure B3-8) shows the aquifer connection to the east and southeast based on 
data collected from pump test 2. Cross section E-E' infers that the Regional Aquifer is also 
connected to the southwest area of the Dow Corning facility.  

The hydrograph in Figure B3-12 also shows the water level measurements, during pumping, for 
DMW-1, DMW-2, and DMW-3. The record indicates that there was no response to the pumped 
well. In support of the pump test results, the driller's logs indicate that DMW-1, DMW-2, and DMW-
3 are screened in three unique Till Sands in the Glacial Till. The slight water level fluctuation 
recorded on DMW-1, DMW-2, and DMW-3 can be attributed to the natural barometric response of 
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the aquifer. The hydrograph curve differences between these wells can be attributed to the 
variations in individual well efficiencies and response to barometric pressure changes. The 
hydrograph response curve for DMW-3 reflects a different appearance due to low resolution of the 
monitoring equipment used at the location. Overall, this pump test concludes that the Regional 
Aquifer on the bedrock high under the landfill is connected to the Regional Aquifer in the bedrock 
valley. The pump test also concludes that no hydraulic connection exists between Till Sands 
(represented by DMW-1, DMW-2 and DMW-3), and the Regional Aquifer (represented by DMW-
4A, DMW-6A, OW-1, and OW-2). 

Historical water level data for the wells included in the second pump test are graphed on Figure 
B3-13. The chart shows water levels DMW-1 range from 627 to 630 feet (USGS), and water levels 
from DMW-3 vary from 613 to 616 feet (USGS). Water level measurements collected from DMW-4, 
DMW-5 and DMW-6 range from about 620 to 623.5 feet (USGS) through the summer of 1984 
when they were plugged. The hydrograph for past water levels in DMW-4, DMW-5, and DMW-6 is 
pictured in Figure B3-13. 

From 1982 to the summer of 1983, the three curves from DMW-4, DMW-5, and DMW-6 
interchange relative water level positions. The fluctuations may be due to old sampling techniques. 
The techniques involved purging one well for sampling before water level measurements were 
recorded in any of the other wells. Since 1983, this technique has been replaced and all water level 
measurements in wells are collected before purging for samples takes place. The hydrograph 
shows that the data has been more consistent since then.

Two of the three plugged wells were re-drilled and called DMW-4A, and DMW-6A (Figure B3-2). 
The two new wells were screened adjacent to the old well locations. The hydrograph curve 
includes the new wells DMW-4A and DMW-6A that were installed in 1984 to replace DMW-4 and 
DMW-6. 

Wells DMW-4, DMW-5, DMW-6, DMW-4A and DMW-6A all show close correlation with respect to 
water level fluctuations. The correlation is consistent with the hydrogeologic interpretation which 
states that all of the wells were/are screened in the Regional Aquifer and are in close proximity to 
one another. 

The historical water level data for DMW-1 and DMW-3 (Figure B3-13) shows a significant 
difference between one and the other. Both of these wells are screened in different confined 
saturated Till Sands as demonstrated by the second pump test. Therefore, the two wells reflect 
distinct head levels representative of two unique units. The similar variation with time in all the 
wells (Figure B3-13) is attributed to common influence of changes in barometric pressure on all of 
the confined water levels. 

The third pump test, completed in 1988, was done to determine if there is an hydraulic connection 
between the regional aquifer on the bedrock high near the landfill and the regional aquifer in the 
bedrock valley southwest of the landfill.  This third test was also done to determine if hydraulic 
communication existed between locally observed till sands and the regional aquifer.  Appendix B3-
5 presents the third pump test.  This test concluded that:

 The regional aquifer under the landfill was hydraulically connected to the regional aquifer 
southwest of the facility.  Specifically, DMW-9 and DMW-4A were found to be hydraulically 
connected.   
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 The monitoring wells immediately surrounding the landfill (DMW-4A, DMW-6A, DMW-8, DMW-
10, DMW-11 and DMW-12) are all located in the regional aquifer that spans the bedrock high 
under the landfill.   

 The till sand at DMW-7 is hydraulically separated from the regional aquifer.    

Glacial Till 

Though the Glacial Till is saturated, the water is held very tight by the low permeable clay. Within 
the till are saturated sand and silt layers that are previously referred to as Till Sands or isolated 
sand units. The amount of water available to a well that penetrates one of these layers is extremely 
variable. Many of them provide little more than a seep, while others located southeast of the facility 
in sections 35 and 36 are large enough to provide water to domestic wells. The permeability and 
extent of these Till Sands affect the yield of wells screened in the unit as well as the degree of 
connection with a source of recharge. The Till Sands are not interconnected to the Regional 
Aquifer as the pump tests (Appendix B3-5) and water chemistry show.  The distinct water quality 
difference between the Regional Aquifer and the Till Sands will be discussed in the ground water 
quality section. There is a slight possibility that the Till Sands that lie near the bottom of the Glacial 
Till are recharged from the Regional Aquifer. 

Lakebed Clay 

The Lakebed Clay is saturated where it is covered by the Surface Sand and partially saturated 
where it is exposed to the surface. Recharge of the Lakebed Clay is by slow infiltration from the 
overlying Surface Sand unit or from direct recharge where the Lakebed Clay is exposed at the 
surface. Evapotranspiration and discharge to Lingle Drain or the Tittabawassee River probably 
account for most of the ground water which is discharged from this unit. Due to the low 
permeability, the natural discharge from the unit is very slow.

Surface Sand 

Infiltration of precipitation forms a thin saturated zone in the Surface Sand. The saturated sand 
thickness in the shallow monitoring wells around the landfill ranges from less than 2 to 8 feet. The 
ground water is retarded from downward infiltration by the relatively impermeable Lakebed Clay 
and Glacial Till units. The piezometric surface of this unit is highly variable due to topographic 
control of discharge (i.e., location of drainage ditches and storm sewers) and variations of 
infiltration and evapotranspiration. Figure B3-11 illustrates the piezometric surface of the 
groundwater in the surface sand in October, 2010.  Tables B3-1 and B3-1a summarize historical 
piezometric data. 

The Site Interceptor System (SIS) is a drainage system installed around the perimeter of the entire 
site.  The SIS is designed to intercept shallow groundwater and prevent it from discharging from 
the site.  Water in the SIS is piped to Dow Chemical’s wastewater treatment facility.   
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B3.B.2  Identification of Aquifers and Their Uses
[R 299.9506(1)(b), (c), and (d)] 

B3.B2(a) Uppermost Saturated Zone and Uppermost Aquifer 

The Michigan Administrative Code, R 299.9101(u) defines an aquifer as a geological formation, 
group of formations, or part of a formation that is capable of yielding a significant amount of 
groundwater to wells or springs".  RCRA regulations have the same definition (40 CFR 260.10).    

Surface Sand 

The uppermost saturated zone is the Surface Sand unit, although it is not saturated to the surface 
or at all locations.  The shallow ground water in the Surface Sand unit is not capable of yielding a 
significant amount of ground water to wells or springs and is not an aquifer.  There are no known 
wells in the Surface Sand unit other than monitoring wells, and it is highly unlikely that any 
production wells will be constructed in the Surface Sand in the future due to the extremely low yield 
of this unit. 

The major element chemistry of the ground water in the thin saturated zone within the Surface 
Sand is distinctly different from the major element chemistry of the ground water in the Regional 
Aquifer. These chemical differences in the ground water support the hydrologic separation of the 
Surface Sand and the Regional Aquifer. 

Figure B3-18 is a graph of the measured concentrations of sodium versus calcium for all of the 
samples from the shallow monitoring wells (SMW's) and all of the samples from the deep 
monitoring wells screened in the Regional Aquifer, excluding DMW-5 and DMW-10. The shallow 
ground water in the Surface Sand has higher calcium concentrations than sodium concentrations 
with a ratio of calcium to sodium ratios greater than 2.4. In contrast, the ratio of calcium to sodium 
stays low (<0.75), the samples from the Regional Aquifer, and cluster together near the Y-axis in 
Figure B3-18. 

The concentrations of the major anions offer an additional contrast. In the shallow saturated zone 
in the Surface Sand, the chloride, bicarbonate, and sulfate concentrations all vary (see Table B3-
3). The concentrations of bicarbonate and sulfate in the Regional Aquifer are relatively stable while 
the concentration of chloride changes with changes in salinity. These differences in ground water 
chemistry support the conclusion drawn earlier that the shallow saturated zone in the Surface Sand 
is hydraulically separated from the Regional Aquifer. 

Phenols, organic silica, benzene, ethyl benzene, toluene and chlorobenzene have been detected 
in samples from the shallow ground water. The contamination is not associated with the regulated 
unit and is believed to be associated with activities prior to installation of the perimeter curtain wall 
and the leachate collection system. Ground water collection systems have been installed around 
the north, west, and south perimeters of the landfill to contain and collect these residuals. A very 
limited quantity of seasonal ground water exists along the eastern side of the landfill. Monitoring of 
Lingle Drain has not detected any contamination arising from the residuals along the eastern 
perimeter of the landfill.
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Lakebed Clay 

The Lakebed Clay formation has a low permeability and is not an aquifer because it will not yield 
a significant quantity of water. Shallow monitoring wells screened in the Lakebed Clay typically bail 
dry and recover slowly.  

Glacial Till 

The Glacial Till is not capable of yielding a significant amount of groundwater to wells or springs, 
but does contain isolated sand units that yield some water.  DMW-1, DMW-2, DMW-3 and DMW-7 
are screened in four small sand subunits in the Glacial Till.  These sand units are not aquifers 
because they are small isolated zones in the low permeable Glacial Till which are not capable of 
yielding a sufficient quantity of water to a well. The subunit screened by DMW-3 is shown in cross 
section E-E' (Figure B3-3) and is only 5.5 feet thick. The subunit tapped by DMW-7 is shown in 
cross section F-F' (Figure B3-4) and is only five feet thick.   

Some domestic wells located about one mile south of the Dow Corning facility are screened in a 
sand subunit in the Glacial Till, which is considerably larger than the sand subunits in the Glacial 
Till beneath the Dow Corning facility.   

The major element chemistry of the ground water in sand subunits within the Glacial Till is different 
from the major element chemistry of the ground water in the Regional Aquifer. DMW-1, DMW-2, 
DMW-3, and DMW-7 are all screened in unique sand subunits in the Glacial Till. Figure B3-17 is a 
plot of the measured chloride and sulfate concentrations in samples from the sand subunits at 
DMW-2, DMW-3, and DMW-7 and samples from the Regional Aquifer at DMW-4 and 4A, DMW-6 
and -6A, and DMW-8 (similar to Figure B3-16). The sulfate concentrations measured in samples 
from the different sand subunits in the Glacial Till are less than 20 mg/L, while the sulfate 
concentrations measured in the Regional Aquifer range from 36 mg/I to 103 mg/L. DMW-7 also 
has lower sodium and chloride concentrations (two analyses available) and a higher calcium 
concentration (one analysis) than the ground water in the Regional Aquifer. The concentrations of 
calcium, sodium, magnesium, and chloride in the sand subunit at DMW-1 are higher than in the 
Regional Aquifer. These chemical differences support the geologic interpretation that the sand 
subunits in the Glacial Till are hydrologically separated from the Regional Aquifer. 

Phenols were detected in some of the samples collected from DMW-2 and DMW-3 at or below a 
concentration of 0.04 mg/L. Phenols are naturally occurring trace organic constituents, and these 
low levels are attributed to natural causes, not to activities at the Dow Corning facility. 

Regional Aquifer 

The upper-most aquifer under the regulated units is the Regional Aquifer.  The regional aquifer 
extends from the glacial till into the underlying bedrock.  This unit is a usable aquifer which is 
capable of yielding a sufficient quantity of water to a well to act as a supply of water. The DMW-
series wells are screened in the Regional Aquifer (with the exception of DMW-1, DMW-2, DMW-3 
and DMW-7, which are screened in small sand units within the Glacial Till).   

The Regional Aquifer is overlain by the Glacial Till, the Lakebed Clay, and the Surface Sand units 
(see Section B3.B.1(a)). The two clay units protect the Regional Aquifer from downward migration 
of contaminants from the land surface. The State of Michigan has no system for classifying 
aquifers as to their degree of protection from contamination.  However, the relative protection from 
contamination of the ground waters of the state was classified in the Hydrogeologic Atlas of 
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Michigan (Western Michigan University, 1981). This classification system appears to meet the 
objectives of the U.S. Environmental Protection Agency's Priority Ground Water Area Policy. 
Western Michigan University (1981) classified the usable aquifer, termed the Regional Aquifer in 
this report, in all of southeast Midland County as being "protected". Protected aquifers must meet 
at least one of the following criteria: 

In the subsurface above the aquifer, there must exist at least: 

a. 15 feet of vertically continuous clay, sandy clay, gravelly clay, etc., or 

b. 30 feet of vertically continuous gravel and clay, sand and clay, etc., or 

c. 15 feet of vertically continuous unfractured impermeable rock such as shale, siltstone, or 
granite. 

From the ground surface, there must exist at least: 

a. 20 feet of vertically continuous clay, sandy clay, gravelly clay, etc., or 

b. 40 feet of vertically continuous gravel and clay, and clay, etc., or 

c. 20 feet of vertically continuous unfractured impermeable rock such as shale, siltstone, or 
granite. 

Investigations of the hydrogeology of the Regional Aquifer beneath Dow Corning's regulated unit 
confirm Western Michigan University's (1981) classification of the deeper Regional Aquifer as 
protected by the above definition.   

Ground Water Quality in the Regional Aquifer 

The ground water quality in the Regional Aquifer has been monitored at the Dow Corning facility 
since 1982. The parameters which were monitored include major cations and anions such as 
sodium and chloride; some trace metals such as arsenic and barium; indicator parameters such as 
pH, specific conductivity, and total organic carbon (TOC); and select trace organic compounds 
such as benzene and toluene. The results from Dow Corning's monitoring are included in Appendix 
B3-6, and the major element chemistry is summarized in Table B3-3. The Dow Corning data in 
Table B3-3 represents an average of three analyses performed on each parameter (four for pH). 
Additional data on the ground water quality in the Regional Aquifer has been collected from 
monitoring wells on Dow Chemical's facility located west and south of the Dow Corning facility, 
from monitoring wells at the Midland Cogeneration Venture located southwest of Dow Corning’s 
facility, and from some of the domestic wells southeast of the Dow Corning facility. 

The salinity of the ground water in the Regional Aquifer increases in the downgradient direction of 
flow and with increasing depth in the South Midland Area. The increase in salinity is reflected by 
increases in sodium and chloride concentrations and smaller increases in calcium and bicarbonate 
concentrations in the ground water (see Table B3-3). Two series of stiff diagrams have been 
prepared for samples of the ground water in the Regional Aquifer to illustrate the vertical and 
horizontal changes in the major element chemistry of the ground water.

Stiff diagrams are a pictorial method for comparing the major element chemistry of different water 
samples. Each stiff diagram is a plot of the milliequivalents of charge per liter of sample (meq/1) 
which is caused by the concentrations of dissolved cations and anions in the water. The cations  
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plotted on the Stiff diagrams are sodium plus potassium, calcium, magnesium, and iron; the anions 
are chloride, bicarbonate (HCO3-), sulfate, and carbonate (CO3-). The total meq/1 of the cations 
should approximately equal the total meq/l of the anions, and any differences are attributed to the 
presence of minor ions not included in the diagram and/or analytical errors. Stiff diagrams are 
helpful in comparing ground water samples because the shapes of the diagrams allow for a visual 
comparison of water chemistry. The similarities and differences in shape can be related to the 
similarities and differences in the concentrations of major cations and anions. 

Stiff diagrams for ground water samples from the Regional Aquifer are arranged from upgradient 
sites to downgradient sites in Figure B3-14. The stiff diagrams presented in Figure B3-14 illustrate 
the increases in sodium and chloride concentrations in the downgradient direction of ground water 
flow. 

The stiff diagrams presented in Figure B3-15 illustrate the increases in sodium and chloride 
concentrations with depth in the Regional Aquifer. The ground water was sampled at multiple 
depths during the installation of the Dow Building 1803 (22-4) monitoring well. The stiff diagrams 
on Figure B3-15 show this strong increase with depth. OW-1 (26-17) is screened in the Regional 
Aquifer at a depth of 365 feet. The analytical results of a groundwater sample collected from this 
well fit the trend indicated in Figure B3-15. Further documentation of this trend is provided by 
ground water samples collected at depth from the Bedrock Valley test well (26-15). The total 
dissolved solids (TDS) values for these samples were: 1,000 mg/L at 200 feet; 2,700 mg/L at 270 
feet; 3,000 mg/L at 270-336 feet; and 4,800 mg/L at 336 feet. 

The bedrock is the source of the salinity in the Regional Aquifer. Increases in salinity with depth in 
the Regional Aquifer may be due to the natural flow of more saline ground water from the bedrock 
into the Regional Aquifer and/or the leakage of deeper bedrock brines through abandoned coal or 
oil and gas borings or brine wells. Long, D.T., D.H. ReZabek, M. J. Takacs and T.P. Wilson.  
(1986, Geochemistry of Groundwaters, Bay County, Michigan, Michigan Department of Public 
Health) evaluated the input to the Regional Aquifer under Bay County which is located west of the 
Dow Corning facility. They examined the chemistry of the ground water at over 350 wells and 
concluded that there was a natural upward diffusion of saline ground water from the bedrock into 
the Regional Aquifer. They also concluded that dewatering operations from old coal mines have 
left lasting cones of depression and caused locally anomalous ground water chemistry in the 
Regional Aquifer. 

The ground water quality in the Regional Aquifer under the Dow Corning facility does not vary as 
much as the ground water quality under the south Midland industrialized area or under Bay 
County. Yet the ground water beneath the facility's relatively small area does show measurable 
differences in major element chemistry between on-site well locations. Measured chloride and 
sulfate concentrations in the samples from Dow Corning's deep monitoring wells (DMWs), which 
are screened in the Regional Aquifer, are graphed in Figure B3-16. This graph illustrates the 
similarities and the differences found in the major element chemistry of the Regional Aquifer on a 
local scale. Measured sulfate concentrations range from 36 mg/L to 103 mg/L and measured 
chloride concentrations range from 128 mg/L to 620 mg/L. The sulfate measurements are not 
significantly different between these wells, especially between DMW-4 and -4A and DMW-6 or -6A 
where there is the most information.  However, the chloride concentrations are notably 
different, with samples from DMW-6 and -6A typically just less than 200 mg/I and samples from 
DMW-4 or 4A typically near 400 mg/L. Though DMW-4 and 4A and DMW-6 or 6A show 
measurable chemical differences, the pump test data shows that the Regional Aquifer is directly 
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connected between these two pairs of wells. These chemical differences may be related to the 
slow flow rate of ground water flow in the Regional Aquifer (section B3.B.1(b)). 

Figure B3-16 also shows a similarity in major element chemistry between deep monitoring wells 
screened in the Regional Aquifer and located both upgradient and downgradient from the regulated 
units. For example, DMW-9 is located upgradient from the regulated units, and groundwater quality 
at DMW-9 is very similar to groundwater quality at wells DMW-4A, DMW-10, and DMW-12 located 
downgradient of the regulated units. 

Phenols were sporadically detected in samples from DMW-4, DMW-4A, DMW-6, and DMW-6A. 
Phenols are a class of naturally occurring organic compounds which are also used in the 
manufacturing and degradation of many organic chemicals. All of the detected phenol 
concentrations were below 0.03 mg/L. At these low levels, the sporadic occurrence of phenols in 
ground water samples collected from the Regional Aquifer may be due to natural organic matter 
and is not a concern to the ground water quality. 

B3.B2(b) Groundwater Flow Direction  

Groundwater in the shallow sand unit is collected by the SIS.  This water is then treated at Dow 
Chemical Company’s wastewater treatment plant.   

Groundwater in the Regional Aquifer generally flows to the north-northwest and west-southwest.  
Groundwater in the Surface Sand generally flows to the south-southwest.  Figures B3-10 and B3-
11 show the direction of groundwater flow for the Regional Aquifer and Surface Sand respectively 
in October, 2010.   

B3.B2(c ) Aquifers Used by Public and Private Wells 

Most of the water used in this area comes from the City of Midland Municipal Water Supply, which 
draws its water from Lake Huron. The Regional Aquifer and some of the larger sand subunits in the 
Glacial Till are used as a source of water in the area south of the City of Midland. As discussed in 
Section B3.B.1(b), the shallow saturated zone in the Surface Sand is not capable of yielding a 
sufficient quantity of water to act as a source of water. 

There is no municipal use of ground water near the Dow Corning facility. The City of Midland 
obtains its water from Lake Huron and supplies water to homes and businesses to the north and 
west of the Dow Corning facility. In addition, the Dow Corning facility and the adjacent Dow 
Chemical facility receive water from the City of Midland. The nearest municipal use of ground water 
is in the town of Freeland, about 9 miles southeast of the Dow Corning facility. 

Domestic water south of the Dow Corning facility is supplied by individual residential wells. Figure 
B3-1 shows some residential homes located over 1 mile south-southeast of the regulated unit.  
Since there is no municipal source of water in this area, all of these homes are presumed to have 
private wells which extend down into sand subunits in the Glacial Till, into the Regional Aquifer 
where present, or into sandstone beds within the bedrock. Some domestic wells located about one 
mile south of the Dow Corning facility are screened in a sand subunit in the Glacial Till which is 
considerably larger than the sand subunits in the Glacial Till beneath the Dow Corning facility. 
Figure B3-1 also shows the locations of the available well logs for the deep wells and borings, 
including some of the residential wells, and these well logs are included in Appendix B3-1.  Figure 
B3-1 includes wells and borings identified in the hydrogeological report for the original license 
application for this facility updated with well and boring information from DNRE sources (Wellogic 
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System Current Water Well Records; Historical Scanned Water Well Records and Oil and Gas 
Well Records).  

Some of the wells included on Figure B3-1 are brine wells or companion wells for brine wells. 
When the brine wells were in operation, adjacent companion wells were screened in the Regional 
Aquifer to supply fresh water to dilute the brine upon reaching the ground surface, which was 
typically supersaturated with inorganic minerals such as calcite or gypsum.   

B3.B2(d) Other Aquifers  

Other aquifers are not known to be present and there is no reason to believe they are present.   

B3.B.3  Topographic Map 
[R 299.9506(1)(e)(i) through (v)] 

A topographic map, in accordance with 40 CFR §270.14(b)(19), is included in Template A13.  This 
topographic map is at a scale of one inch equal to no more than 200 feet, showing a distance of 
1000 feet around the facility perimeter.  

B3.B.3(a) Waste Management Area
[R 299.9506(1)(e)(i)] 

The topographic map included in Module A13 (Maps) as Appendices 2P-1 and 2P-3 show the 
waste management and storage areas at the facility. 

B3.B.3(b) Property Boundaries
[R 299.9506(1)(e)(ii)] 

The topographic map included in Module A13 (Maps) as Figure A13-1 shows the property 
boundaries for the facility.

B3.B.3(c) Point of Compliance
[R 299.9506(1)(e)(iii)] 

The topographic map included in Module A13 (Maps) as Figure A13-1 shows the point of 
compliance for the facility.  The operational point of compliance based on the monitoring program 
and actual well locations is defined in Section B5.A.3. 

B3.B.3(d) Groundwater Monitoring Wells
[R 299.9506(1)(e)(iv)] 

The topographic map included in Module A13 (Maps) as Figure A13-1 shows the locations of 
groundwater monitoring wells at the facility. 

B3.B.3(e) Aquifer Information
[R 299.9506(1)(e)(v)] 

The topographic map included in Module A13 (Maps) as Figure A13-1 and Drawing 100021134-Y1 
included in Appendix C3-4 provides aquifer information at the facility. 
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B3.B.3(f) Extent of Contaminant Plume
[R 299.9506(1)(g)(i)] 

There is no on-site contamination attributed to the regulated units.  Shallow groundwater has been 
impacted by historical releases.  The locations of the impacts do form a distinct contaminant plume.  
Table B3-4 presents the maximum and most recent concentrations of chemicals detected in the 
shallow monitoring wells and associated manholes.   

B 3.B.4 Wells and Borings Within One Mile 
[R 299.9506(1)(f)] 

The topographic map included in Module B3 (Hydrogeologic Report) as Figure B3-1 includes the 
following information.

1. Locations for all domestic, municipal, oil and gas, industrial, and agricultural wells within 
one mile of the facility, for which logs are available, and  

2. Locations of soil borings within one mile of the facility, for which logs are available.   

Figure B3-1 includes wells and borings identified in the hydrogeological report for the original 
license application for this facility updated with well and boring information from DNRE sources 
(Wellogic System Current Water Well Records; Historical Scanned Water Well Records and Oil 
and Gas Well Records). 

B3.B.5  Contaminant Plume Description 
[R 299.9506(1)(g)] 

This section is not applicable for the facility, since there is no on-site contamination attributed to the 
regulated units.

B3.C ENGINEERING REPORT FOR PROPOSED GROUNDWATER MONITORING PROGRAM 
[R 299.9506(2) and (7)] 

The engineering information included in the hydrogeologic report supports the proposed 
groundwater monitoring programs or waiver requests included in this application as Template B5, 
Environmental Monitoring Programs, and Template B2, Corrective Action.

B3.D GROUNDWATER MONITORING PROGRAM 
[R 299.9506(3) through (5), R 299.9611(2)(b) and (3), R 299.9612, R 299.9629, and 
40 CFR, Part 264, Subpart F, except 40 CFR §§264.94(a)(2) and (3), 264.94(b) and (c), 
264.100, and 264.101

The summary of preapplication monitoring information and information included in the engineering 
report establish the basis for determining the appropriate groundwater monitoring program for each 
unit at the Dow Silicones facility.  The proposed detection monitoring and compliance monitoring 
programs for applicable units are included in Template B5, Environmental Monitoring Programs.  
The proposed corrective action groundwater monitoring program for applicable units is included in 
Template B5, Environmental Monitoring Programs, and Template B2, Corrective Action. 
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B3.E ADDITIONAL INFORMATION REQUIREMENTS 
[R 299.9506(6)] 

 The 800 Block unit is not a landfill, surface impoundment, waste pile, or land treatment unit.  
The requirements of R 299.9506(6) do not apply. 

 The 1000 Block unit is a landfill, surface impoundment, waste pile, or land treatment unit.  
Additional information has been included to address requirements necessary to determine 
site suitability and facility design. 

See Section B3.B.1(a) for information on soil borings, bedrock, geotechnical characteristics and 
geologic cross sections.  See Section B3.B.1(b) for water calculations. 

B3.E.1  Water Budget Calculations 
[R 299.9506(6)(f)] 

A water budget has not been prepared for the Facility at this time.
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Table B3‐1b
Piezometric Data for the Shallow Saturated Zone

(1999 through 2010)
Water Elevation in "feet"

Date SMW6‐1 SMW6‐2 SMW7‐1 SMW7‐2 SMW10‐1 SMW10‐2 SMW28‐1
4/26/1999 625.93 623.58 621.56 625.21 Dry 622.02 626.09

10/20/1999 623.89 621.98 620.03 621.86 Dry Dry 625.25
4/12/2000 625.9 623.43 620.19 624.06 Dry 621.98 625.89

10/17/2000 623.86 621.68 619.73 621.86 Dry Dry 624.12
4/18/2001 625.13 623.35 620.63 624.81 Dry 620.96 625.02

10/30/2001 624.82 622.72 619.86 623.06 Dry 622.02 625.3
4/2/2002 625.84 623.63 620.9 624.61 621.18 Dry 625.74

10/1/2002 623.77 621.82 619.83 620.98 Dry Dry 624.9
4/21/2003 625.93 623.57 620.78 623.65 623.14 623.06 626.11

10/23/2003 623.47 621.44 619.82 621.3 Dry Dry 624.72
4/26/2004 625.65 623.67 621.58 624.97 621.65 Dry 624.7

10/19/2004 623.34 621.45 619.73 621.19 Dry Dry 623.68
4/27/2005 625.93 623.86 621.56 625.55 620.75 Dry 625.9

10/12/2005 623.59 621.78 620.01 621.73 Dry Dry 624.45
5/2/2006 624.81 623.29 621.87 624.97 Dry Dry 626.87

10/18/2006 624.42 621.94 620.57 622.48 Dry Dry 626.39
4/23/2007 625.95 624.33 622.34 625.86 Dry 622.34 627.6

10/11/2007 623.68 621.8 619.92 621.35 Dry Dry 625.86
4/15/2008 625.94 624.63 621.96 626.21 Dry 622.95 627.97

10/16/2008 624.13 622.23 620.13 622.06 Dry Dry 626.41
4/13/2009 626.14 623.58 621.62 625.72 Dry Dry 627.32
10/6/2009 624.01 621.81 620.04 621.37 Dry Dry 625.94
4/7/2010 625.88 623.47 620.68 624.09 Dry Dry 627.82

10/7/2010 623.51 621.62 619.99 621.25 Dry Dry 626.41



Table B3-1c
Piezometric Data for the Shallow Saturated Zone (2013 through 2021)

Dow Silicones Corporation
Midland, Michigan

Date SMW-6-1 SMW-6-2 SMW-7-1 SMW-7-2 SMW-28-1
4/23/2013 626.09 624.40 623.23 626.13 626.66
10/23/2013 623.54 621.99 620.48 622.09 624.56
4/9/2014 625.91 623.90 620.44 625.06 626.18

10/8/2014 623.88 620.68 621.10 623.23 625.91
4/20/2015 626.06 621.74 622.00 625.38 626.35
10/19/2015 623.68 621.00 620.72 623.17 625.26
4/12/2016 626.64 624.22 623.26 626.16 626.64
10/4/2016 623.66 622.10 620.96 623.05 625.37
4/18/2017 625.88 622.93 622.62 625.80 626.37
10/10/2017 623.34 620.90 620.26 622.08 624.64
4/11/2018 625.70 622.82 620.87 625.02 625.17
10/9/2018 624.28 622.54 619.77 623.67 625.94
4/23/2019 625.94 624.08 621.13 625.57 626.59
10/16/2019 624.42 622.88 620.24 624.50 626.38
6/8/2020 624.87 622.83 621.86 624.48 626.04

10/12/2020 623.74 621.62 620.33 622.51 625.09
5/10/2021 624.20 621.79 620.27 623.47 625.40
11/15/2021 624.87 622.01 620.47 624.05 625.71

Notes:
Groundwater Elevation in feet

1/1





Table B3‐2b
Piezometric Data for the Regional Aquifer and Till Sand

(1999 through 2010)
Water Elevation in "feet"

Date DMW4A DMW7 DMW7R DMW8 DMW9 DMW10 DMW11 DMW12
4/26/1999 623.02 623.11 ‐ 622.91 623.58 622.88 623.35 622.95
10/20/1999 621.32 621.96 ‐ 621.34 621.91 621.33 621.52 621.36
4/12/2000 622.97 622.48 ‐ 622.97 623.83 622.98 623.32 622.99
10/17/2000 622.39 622.33 ‐ 622.38 623.16 622.38 622.73 622.4
4/18/2001 624.7 623.26 ‐ 624.7 625.5 624.71 625.1 624.72
10/30/2001 622.58 622.58 ‐ 622.57 623.5 622.56 622.93 622.6
4/2/2002 624.91 623.62 ‐ 624.91 625.5 624.9 625.32 624.93
10/1/2002 622.7 622.38 ‐ 622.73 623.5 622.75 623 622.76
4/21/2003 623.21 621.92 ‐ 623.16 623.68 623.16 623.51 623.19
10/23/2003 622.12 621.69 ‐ 622.15 622.75 622.16 622.44 622.18
4/26/2004 624.74 623.17 ‐ 624.78 625.33 624.79 625.13 624.84
10/19/2004 622.49 621.85 ‐ 622.54 623.04 622.55 622.77 622.57
4/27/2005 625.02 623.47 ‐ 625.07 625.496 625.07 625.42 625.09
10/12/2005 622.85 622.16 ‐ 622.89 623.41 622.89 623.14 622.91
5/2/2006 625.38 624.14 ‐ 625.43 625.43 625.42 625.86 625.43

10/18/2006 623.57 622.84 ‐ 623.63 623.263 623.6 623.93 623.63
4/23/2007 625.77 624.33 ‐ 625.74 620.6 625.73 626.79 625.74
10/11/2007 622.7 622.57 ‐ 622.77 ‐ 622.75 623.01 622.76
4/15/2008 625.21 623.79 ‐ 625.28 625.01 ‐ 625.64 625.27
10/16/2008 623.82 622.24 ‐ 623.88 623.85 626.14 624.18 623.87
4/13/2009 625.66 623.28 ‐ 625.66 626.17 625.63 625.95 625.64
10/6/2009 623.55 ‐ ‐ 623.65 623.42 623.58 623.84 623.62
4/7/2010 624.94 ‐ ‐ 625.03 624 625.63 625.37 625.02
10/7/2010 623.46 ‐ ‐ 623.52 622.67 623.45 623.69 623.49

Notes:
1) DMW7 was abandoned in summer of 2009 and was replaced by DMW7R. Water elevation not measured due to
unavailability of TOC for DMW7R.
2) DMW9 is a flowing well.
3) DMW10 is now a flush mount well installed in June 2008. Water elevations reflect updated TOC measured after being flush mount.



Table B3-2c
Piezometric Data for the Regional Aquifer and Till Sand (2013 through 2021)

Dow Silicones Corporation
Midland, Michigan

Date DMW4A DMW6A DMW9 DMW10 DMW11 DMW12
4/23/2013 625.90 -- ** 625.68 626.10 625.76

10/23/2013 623.42 623.29 624.78 621.76 623.67 623.43
4/9/2014 625.32 625.24 ** 623.37 625.77 624.41
10/8/2014 623.47 623.54 625.53 623.57 623.81 623.58
4/20/2015 625.65 625.56 625.65 625.62 626.08 625.64

10/19/2015 624.50 624.54 625.65 624.60 624.96 624.61
4/12/2016 626.36 626.48 625.57 626.44 625.73 626.49
10/4/2016 623.63 623.50 625.23 623.57 623.79 623.54
4/18/2017 626.22 626.25 625.65 626.28 626.96 626.24

10/10/2017 624.28 624.98 625.65 624.42 624.74 624.55
4/11/2018 626.14 626.88 628.03 626.21 626.44 626.19

10/16/2018 625.54 624.94 629.00 624.99 625.35 625.04
4/24/2019 626.13 626.11 628.89 626.12 626.45 626.12

10/14/2019 624.65 624.53 622.66 624.78 625.11 624.76
6/22/2020 626.49 626.40 628.43 626.45 626.79 626.57

10/14/2020 624.11 624.04 627.76 624.10 624.45 627.45
11/16/2021 626.26 626.34 626.80 626.55 626.60 626.35

Notes:
-- Not available
**

Groundwater Elevation in feet

DMW-9 is an artesian well, so the pressure head is measured at the gauge and added 
to the top of casing to calculate the groundwater elevation.  There is a new apparatus 
installed, which needs to be surveyed.
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Table B3-4
Summary of Historic Maximum and Current Analytical Results for Shallow Monitoring Wells

Dow Silicones Corporation
Midland Michigan

Analyte Lead, dissolved Phenol, total Benzene Ethylbenzene Toluene Chlorobenzene
units ug/L ug/L ug/L ug/L ug/L ug/L

Current 
(11/16/2021) <1.0 <20 <1.0 <1.0 <1.0 <1.0

Maximum 
(1983-2021) 170 480 450 7.1 5 84

Current 
(11/16/2021) <1.0 <20 4.9 <1.0 <1.0 260

Maximum 
(1983-2021) 60 1,000 4,600 90 50 7,900

Current 
(11/16/2021) <1.0 <20 <1.0 <1.0 <1.0 1.1

Maximum 
(1983-2021) 110 180 95 5 5 60

Current 
(11/16/2021) <1.0 <20 <1.0 <1.0 <1.0 <1.0

Maximum 
(1983-2021) 160 122 5 5 5 6

Current 
(11/16/2021) <1.0 <20 <1.0 <1.0 <1.0 <1.0

Maximum 
(1983-2021) 110 260 93 1 1 10

Current 
(11/15/2021) <1.0 <20 <1.0 <1.0 <1.0 <1.0

Maximum 
(1983-2021) 5.5 40 <1 <1 <1 <1

Current 
(11/15/2021) <1.0 <20 <1.0 <1.0 <1.0 <1.0

Maximum 
(1983-2021) 5 <50 <1 <1 <1 <1

Current 
(11/15/2021) <1.0 <20 <1.0 <1.0 <1.0 <1.0

Maximum 
(1983-2021) 4.7 <50 1.5 <1 <1 <1

Notes:
MH28-11 replaced SMW28-2.

Sampling 
Location

SMW6-1

SMW7-1

SMW7-2

SMW28-1

MH28-11

MH28-12

MH10-15

SMW6-2

1/1
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Figure B3-2 of Module B3 (Hydrogeologic Report) shows the locations of the wells and borings 
drilled at the Dow Corning facility. The logs for these on-site borings are included in this 
Appendix.  Each record is designated by a number unique to the section in which it is located. 
Deep borings will be referred to by the well number, the number of the section in which it is 
located, a dash, and the number unique to that section in parentheses [e.g., DMW-2 (26-7)1. 
Some of these borings/wells were geophysically logged, and these data are in Appendix B3-3. 
 
The soil borings were drilled to investigate soil conditions either for hydrogeologic work or 
foundation engineering. Most of the soil borings are labeled with two numbers separated by a 
dash. The first number represents the block number within the Dow Corning facility and the 
second number identifies the boring (e.g., boring 600-84 is located in the 600 block). The 
corresponding boring logs in Appendix B3-2 contain one additional two-digit number in the 
identification code that represents the year in which the boring was drilled (e.g., boring 600-84-
74 was drilled in 1974 and is equivalent to Boring 600-84 in Figure B3-2). 
 
The shallow wells are shallow monitoring wells (SMW) installed to monitor shallow ground water 
in the near-surface sediments. Most of these wells are labeled "SMW" followed by two numbers 
separated by a dash. As with the soil boring designation, the first number represents the block 
number within the Dow Corning facility and the second number identifies the boring, though the 
block numbers are divided by 100 in the shallow monitoring well labels. Therefore, SMW-6-1 is 
a shallow monitoring well in the 600 block of the Dow Corning facility. Two shallow wells (3S-1 
and 3S-2) do not follow this numbering scheme. 
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PI=22

W%=17.5

W%=14.5; LL=26; PL=13;
PI=13; Wet unit weight=136.9
pcf; Su=1980 psf

617.6

610.6

605.3
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20.0

0.0

loose, moist, light brown SAND (SW), with slag and gravel [FILL]

very stiff, moist, brown with little gray mottling CLAY (CL), trace to
with coarse sand, fractured

     becomes hard, damp with occasional pea sized gravel

     becomes very stiff and moist

     becomes damp and without fractures or mottling
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Split Spoon

Geoprobe 8040DT

Drilling
Method

Total Depth
of Borehole

Victoria Wetzel

Drill Bit
Size/Type

Surface
ElevationGeoserv Inc.

Groundwater
Level(s)

1-28-2020

3.5'' OD

None encountered

Date(s)
Drilled

Sampling
Method(s) DH101

Drill Rig
Type

Drilling
Contractor

Logged
By

Borehole
Backfill

Hammer
Data

40.0´ bgs

Grout

V. GautamChecked
By

Boring
Location N  8,115.0      E  1,774.9

Direct Push

619.06 ft above msl NAVD88

Project Location:   The Dow Chemical Company

Project: Dow Silicones Building 402 Cooling Tower
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>4.5

-

>4.5

>4.5

W%=5.5

579.1

SS-9

SS-10

SS-11

SS-12

 100

 100

 100

 100

40.0

hard, damp, dark brown Clay (CL), with with some silt and fine
sand, little coarse sand, trace pea sized gavel, occasional cobble
[TILL]

End of Boring at 40´ bgs
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Project Location:   The Dow Chemical Company

Project: Dow Silicones Building 402 Cooling Tower
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5.0

6.5

11.0
11.3

14.0

Borehole Grouted with
Portland Cement with
Barad 658 Additive

Sample collected at 14.0'.
Sample Name
MH635-060421-SO-N-14

Poorly graded sand (SP) with gravel, fine grain, brown, loose,
dry.

Poorly graded sand (SP), fine grain, tan to orange, dry,
becomes moist 6.4' to 6.5'.

Lean clay (CL), brown, firm.

Silt (ML), brown, dry.
Lean clay (CL), brown, firm.

End of Boring at 14´ bgs
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14.0´ bgs

06/04/2021 - 06/04/2021

Not Collected

Portland Cement Grout with Barad 658

Direct Push

Borehole
Backfill
Boring
Location

Sampling
Method(s)

Drilling
Contractor

Checked
By

Groundwater
Level(s)

Surface
Elevation Not Collected  (FT)

Borehole
Diameter 2.25"

Geoprobe 6620DT

Aaron Martin

AECOM

DT-22

Todd Narlock

Total Depth
of Borehole

Date(s)
Drilled

Drilling
Method

Logged
By

Drill Rig
Type

N  9,049.45      E  2,690.65

0

5

10

Project Location:   Dow Silicones-Midland, MI

Project: 604 Building Soil Borings
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5.0

9.0

10.0

15.0

Borehole Grouted with
Portland Cement with
Barad 658 Additive

Sample collected at 10.0'.
Sample Name
MH613-060421-SO-N-10

Sample collected at 14.0'.
Sample Name
MH613-060421-SO-N-14

No Recovery, pushed rock with sampler.

Poorly graded sand (SP), fine grain, brown, loose, very wet.

Lean clay (CL), brown, firm.

Lean clay (CL), brown, firm, chemical odor.  PID reading of 5.0
PPM.

End of Boring at 15´ bgs
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15.0´ bgs

06/04/2021 - 06/04/2021

Not Collected

Portland Cement Grout with Barad 658

Direct Push

Borehole
Backfill
Boring
Location

Sampling
Method(s)

Drilling
Contractor

Checked
By

Groundwater
Level(s)

Surface
Elevation Not Collected  (FT)

Borehole
Diameter 2.25"

Geoprobe 6620DT

Aaron Martin

AECOM

DT-22

Todd Narlock

Total Depth
of Borehole

Date(s)
Drilled

Drilling
Method

Logged
By

Drill Rig
Type

N  9,056.12      E  2,580.13

0

5

10

15
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1.0

9.5

618.2

609.7

Hole cleared to 5.0' using air knife.  Gravel and Sand.

Clay, brown, firm, sandy, fractured, oxidized.

End of Boring at 9.5´ bgs

619.2

Steel Protective Cover
PVC Schedule 40 Well
Casing

Neat Cement Grout with
Barad 658 Additive

Fine Sand Seal
Sand Filter Pack
PVC Schedule 40 10 Slot
Screen

0.0

Borehole Backfill

Surface
Elevation

Aaron Martin

Sampling
Method(s) Geoprobe DT60

Date(s)
Drilled

Direct Push

Neat Cement with Barad 658
Additive

Total Depth
of Borehole

Elizabeth Plude

9.5 '

07/30/2020 - 07/30/2020

Top of Casing

6"

Groundwater
Level(s)

Borehole
Diameter

Coordinate
Location

Drilling
Contractor

Drill Rig
Type Geoserv IncGeoprobe 8040

Checked
By

Drilling
Method

Logged
By

N  6,798.72 E  2,770.56

 96.35 Dow East (FT)

93.73 Dow East (FT)
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5.0

11.0

15.0

614.5

608.5

604.5

Hole cleared to 5.0' using air knife.  Topsoil and gravel
to 1.0'.  Clay, hard, dry with some medium sub-rounded
gravel to 5.0'.

Clay, brown, hard, dry, fractured, oxidized, some
medium sub-rounded gravel.

Silt, moist, soft, brown.

End of Boring at 15´ bgs

619.5

Steel Protective Cover
PVC Schedule 40 Well
Casing

Neat Cement Grout with
Barad 658 Additive

Fine Sand Seal
Sand Filter Pack
PVC Schedule 40 10 Slot
Screen

Sand Backfill

0.0

Borehole Backfill

Surface
Elevation

Aaron Martin

Sampling
Method(s) Geoprobe DT60

Date(s)
Drilled

Direct Push

Neat Cement with Barad 658
Additive

Total Depth
of Borehole

Elizabeth Plude

15.0 '

07/30/2020 - 07/30/2020

Top of Casing

6"

Groundwater
Level(s)

Borehole
Diameter

Coordinate
Location

Drilling
Contractor

Drill Rig
Type Geoserv IncGeoprobe 8040

Checked
By

Drilling
Method

Logged
By

N  5,994.55 E  3,315.90

 96.55 Dow East (FT)

94.01 Dow East (FT)
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5.0

9.5

610.6

606.1

Hole cleared to 5.0' using air knife.  Large gravel to 6"
underlain by sandy, brown, firm clay to 5.0'.

Clay, brown to gray, firm, sandy, fractured, oxidized,
trace small gravel.

End of Boring at 9.5´ bgs

615.6

Steel Protective Cover
PVC Schedule 40 Well
Casing

Neat Cement Grout with
Barad 658 Additive

Fine Sand Seal
Sand Filter Pack
PVC Schedule 40 10 Slot
Screen

0.0

Borehole Backfill

Surface
Elevation

Aaron Martin

Sampling
Method(s) Geoprobe DT60

Date(s)
Drilled

Direct Push

Neat Cement with Barad 658
Additive

Total Depth
of Borehole

Elizabeth Plude

9.5 '

07/29/2020 - 07/29/2020

Top of Casing

6"

Groundwater
Level(s)

Borehole
Diameter

Coordinate
Location

Drilling
Contractor

Drill Rig
Type Geoserv IncGeoprobe 8040

Checked
By

Drilling
Method

Logged
By

N  7,333.30 E  1,650.80

 92.77 Dow East (FT)

90.13 Dow East (FT)
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1.0

9.5

614.8

606.3

Hole Cleared to 9.5' with air knife  due to overhead and
underground utilities.  Gravel and Sand.

Clay, brown, firm, sandy, fractured, oxidized.

End of Boring at 9.5´ bgs

615.8

Flush Mount Cover
PVC Schedule 40 Well
Casing
Neat Cement Grout with
Barad 658 Additive

Fine Sand Seal
Sand Filter Pack
PVC Schedule 40 10 Slot
Screen

0.0

Borehole Backfill

Surface
Elevation

Aaron Martin

Sampling
Method(s) Hand Auger

Date(s)
Drilled

Hand Auger

Neat Cement with Barad 658
Additive

Total Depth
of Borehole

Elizabeth Plude

9.5 '

07/29/2020 - 07/29/2020

Top of Casing

6"

Groundwater
Level(s)

Borehole
Diameter

Coordinate
Location

Drilling
Contractor

Drill Rig
Type Geoserv IncHand Auger/Air Knife

Checked
By

Drilling
Method

Logged
By

N  7,300.67 E  1,965.16

 90.01 Dow East (FT)

90.31 Dow East (FT)
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2.5

9.5

614.7

607.7

Hole cleared to 5.0' using air knife.  Topsoil with grass
underlain by sand to 2.5'.

Clay, brown, sandy, fractured, oxidized.

End of Boring at 9.5´ bgs

617.2

Steel Protective Cover
PVC Schedule 40 Well
Casing

Neat Cement Grout with
Barad 658 Additive

Fine Sand Seal
Sand Filter Pack
PVC Schedule 40 10 Slot
Screen

0.0

Borehole Backfill

Surface
Elevation

Aaron Martin

Sampling
Method(s) Geoprobe DT60

Date(s)
Drilled

Direct Push

Neat Cement with Barad 658
Additive

Total Depth
of Borehole

Elizabeth Plude

9.5 '

07/28/2020 - 07/28/2020

Top of Casing

6"

Groundwater
Level(s)

Borehole
Diameter

Coordinate
Location

Drilling
Contractor

Drill Rig
Type Geoserv IncGeoprobe 8040

Checked
By

Drilling
Method

Logged
By

N  6,805.49 E  1,806.86

 94.01 Dow East (FT)

91.74 Dow East (FT)
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1.0

5.0

8.0

9.0

14.0

15.0

617.5

613.5

610.5

609.5

604.5

603.5

Hole cleared to 5.0' with air knife.  Sand and gravel to
1.0'.

 Clay, brown, hard, dry, sandy with some medium
sub-rounded gravel to 5.0'.

Sand, medium grain, brown to orange, dry, loose.

Clay, brown, firm, fractured, oxidized, sandy.

Clay, brown, firm, fractured, oxidized, sandy to silty,
large vertical fracture.

Clay till, gray, sandy, hard, trace small to medium
gravel.

End of Boring at 15´ bgs

618.5

Steel Protective Cover
PVC Schedule 40 Well
Casing

Neat Cement Grout with
Barad 658 Additive

Fine Sand Seal

Sand Filter Pack

PVC Schedule 40 10 Slot
Screen

Sand Backfill

0.0

Borehole Backfill

Surface
Elevation

Aaron Martin

Sampling
Method(s) Geoprobe DT60

Date(s)
Drilled

Direct Push

Neat Cement with Barad 658
Additive

Total Depth
of Borehole

Elizabeth Plude

15.0 '

07/30/2020 - 07/30/2020

Top of Casing

6"

Groundwater
Level(s)

Borehole
Diameter

Coordinate
Location

Drilling
Contractor

Drill Rig
Type Geoserv IncGeoprobe 8040

Checked
By

Drilling
Method

Logged
By

N  6,013.28 E  2,617.79

 95.77 Dow East (FT)

93.00 Dow East (FT)
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5.0

7.0

10.0

618.5

616.5

613.5

Hole cleared to 5.0' using air knife.  6" of gravel
underlain by sand and pieces of clay to 5.0'.

Sand, brown, moist, medium grain, loose.

Clay, brown, hard, sandy.

End of Boring at 10´ bgs

623.5

Steel Protective Cover
PVC Schedule 40 Well
Casing

Neat Cement Grout with
Barad 658 Additive

Fine Sand Seal
Sand Filter Pack
PVC Schedule 40 10 Slot
Screen

Sand Backfill

0.0

Borehole Backfill

Surface
Elevation

Aaron Martin

Sampling
Method(s) Geoprobe DT60

Date(s)
Drilled

Direct Push

Neat Cement with Barad 658
Additive

Total Depth
of Borehole

Elizabeth Plude

10.0 '

07/27/2020 - 07/27/2020

Top of Casing

6"

Groundwater
Level(s)

Borehole
Diameter

Coordinate
Location

Drilling
Contractor

Drill Rig
Type Geoserv IncGeoprobe 8040

Checked
By

Drilling
Method

Logged
By

N  8,522.61 E  2,792.55

 100.96 Dow East (FT)

97.96 Dow East (FT)
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5.0

5.5

8.0

617.2

616.7

614.2

Hole cleared to 5.0' using air knife. 6" of gravel
underlain by sand and clay pieces to 5.0'.

Sand, brown, moist, medium grain, loose.
Clay, brown, hard, sandy.

End of Boring at 8´ bgs

622.2

Steel Protective Cover
PVC Schedule 40 Well
Casing

Neat Cement Grout with
Barad 658 Additive

Fine Sand Seal
Sand Filter Pack
PVC Schedule 40 10 Slot
Screen

0.0

Borehole Backfill

Surface
Elevation

Aaron Martin

Sampling
Method(s) Geoprobe DT60

Date(s)
Drilled

Direct Push

Neat Cement with Barad 658
Additive

Total Depth
of Borehole

Elizabeth Plude

8.0 '

07/27/2020 - 07/27/2020

Top of Casing

6"

Groundwater
Level(s)

Borehole
Diameter

Coordinate
Location

Drilling
Contractor

Drill Rig
Type Geoserv IncGeoprobe 8040

Checked
By

Drilling
Method

Logged
By

N  8,071.76 E  2,872.17

 99.55 Dow East (FT)

96.66 Dow East (FT)
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5.0

7.0

10.0

615.2

613.2

610.2

Hole cleared to 5.0' using air knife.  6" of gravel
underlain by sand and clay pieces to 5.0'.  Water flowing
into hole at 3.5'.

Sand, brown to gray, moist, loose, PID reading of 4.0
PPM in soil.

Clay, gray, firm, sandy, PID reading of 2.0 PPM in soil.

End of Boring at 10´ bgs

620.2

Steel Protective Cover
PVC Schedule 40 Well
Casing

Neat Cement Grout with
Barad 658 Additive

Fine Sand Seal
Sand Filter Pack
PVC Schedule 40 10 Slot
Screen

Sand Backfill

0.0

Borehole Backfill

Surface
Elevation

Aaron Martin

Sampling
Method(s) Geoprobe DT60

Date(s)
Drilled

Direct Push

Neat Cement with Barad 658
Additive

Total Depth
of Borehole

Elizabeth Plude

10.0 '

07/27/2020 - 07/27/2020

Top of Casing

6"

Groundwater
Level(s)

Borehole
Diameter

Coordinate
Location

Drilling
Contractor

Drill Rig
Type Geoserv IncGeoprobe 8040

Checked
By

Drilling
Method

Logged
By

N  8,077.83 E  2,464.43

 97.97 Dow East (FT)

94.69 Dow East (FT)
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