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General Business 

    MODULE C3 

FORM EQP 5111 MODULE C3 
USE AND MANAGEMENT OF LANDFILL 

This section provides information regarding use and management of the Landfill at the Dow 
Silicones Corporation (Dow Silicones) Midland Site as required by Part 111, Hazardous 
Waste Management, of Michigan’s Natural Resources and Environmental Protection Act, 
1994 PA 451, as amended (Act 451); under Rules R299.9504, R299.9505, R299.9519, 
R299.9522 which incorporates 40 CFR 270.21 by reference.  This description provides 
information on the landfill located at the Dow Silicones Facility.   
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General Business 

C3.A     LANDFILL INFORMATION [MAC R 299.9504(8), 299.9505, 299.9619 –  
                       299.9622; 40 CFR 270.21; Part 264, Subpart N] 

The landfill is located in the 800 and 1000 Blocks of the facility (see facility layout map in 
Appendix A1-1 and Module A1, General Description).  The landfill was constructed in the late 
1940’s to early 1950’s and is therefore not subject to the requirements of 40 CFR 264.301(c) 
regarding design criteria for new landfills.   

C3.A.1 List of Wastes [40 CFR 270.21(a)] 

This landfill has been permitted for disposal of wastes exhibiting the characteristic of toxicity 
for lead (D008).  Renewal of authorization to receive characteristic D008 wastes is not 
requested since Dow Silicones currently has no plans to dispose of any hazardous wastes in 
the landfill.  If such disposal were to be resumed, the facility would first obtain approval from 
the Michigan Department of Environment, Great Lakes and Energy (EGLE). No wastes 
containing free liquids are disposed in the landfill and no lead contaminated (D008) 
hazardous wastes have been placed in the landfill since 1985. 

Non-hazardous solid wastes not regulated as hazardous wastes under RCRA may be 
disposed in the landfill. Examples include:  RCRA-empty containers; containers of non 
regulated gloves, rags, pieces of metal and glass and other debris; column packing; cleaned 
process equipment; asbestos; construction debris; solidified silicone sealants, rubber and 
gums; solidified polysiloxane gels; nonhazardous contaminated dirt; nonhazardous sandblast 
media and used office furniture. 

C3.B Liner System Exemption Requests 

C3.B.1 Exemption Based on Existing Portion   [40 CFR 270.21(b)(1), 264.301(a)] 

This landfill was constructed prior to January 29, 1992 and has had no horizontal expansions 
since that date.  The landfill is therefore exempt from the requirements of 40 CFR 264.301(c) 
for use of a double synthetic liner and leak detection system. 

C3.B.2 Exemption Based on Alternative Design [40 CFR 270.21(b), 264.301(d)] 

Appendix C3-1, “Landfill Equivalency Program, provides an “Equivalency Program” 
developed in cooperation with the State of Michigan in 1982 to establish the safety and 
efficacy of the liner system in the existing landfill and its functional equivalency to liners 
meeting the requirements then in effect under the former Act 64, Rule 419(4) and 419(f). 

C3.C Liner System [40 CFR 270.21(b)(1), 264.301(a) and (c), MAC R 299.9620] 

The landfill has a liner that was designed, constructed, and installed to prevent any migration 
of hazardous wastes or hazardous waste constituents to surrounding soil, groundwater, or 
surface waters during the active life and closure period of the landfill.  This section describes 
how the liner is constructed to achieve this.  
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C3.C.1 Liner System Description   [40 CFR 270.21(b)(1), 264.301(a) & (b)] 

Underlying the landfill is a natural clay strata with a minimum thickness of 25 feet.  See 
Module B3, Hydrogeologic Report, and Appendix C3-1, “Landfill Equivalency Program”, for 
detailed information on the location, thickness, and permeability of this natural clay layer. 

A “ground truth” boring sample (Sample C-6, see Module B3, Hydrogeologic Report), taken 
through 25 feet of depth at the approximate center of the landfill, showed the following profile 
of the landfill floor: 

Thickness of Unit (ft.) Type of Soil Permeability (cm/sec)
15 Clay (CL) 3 x 10-8

1 Sandy clay (SM) 4.1 x 10-5

4 Clayey-silt (ML) 1.5 x 10-7

5 Clay-silt (CL) 1.2 x 10-6

Resistivity studies showed that the clay base is uniform, continuous, and homogeneous.  The 
conclusion of the equivalency report was that the existing clay base provides protection to 
human health and the environment equivalent to the requirements in effect at the time under 
the former Act 64, Rule 419(4) and 419(f). 

A clay curtain wall surrounding the landfill was constructed in 1980 according to Act 64 
standards to prevent horizontal migration of hazardous wastes, hazardous constituents, and 
landfill leachate.  The construction of the curtain wall is shown on the drawing (Y1-31900) 
included in Appendix C3-4.  The clay used for the curtain wall had an average permeability of 
1.6 x 10-8 cm/sec. and was compacted to an average of 94% of its maximum density, based 
on the modified Proctor test.  The walls were installed in one-foot lifts with a minimum lateral 
thickness of six feet,and were keyed into the natural clay base to prevent contaminant 
migration through the joints.  The construction quality assurance report and field test results 
are provided in Appendix C3-2. 

At final closure of the landfill, a cover of natural clay will be installed and keyed to the curtain 
wall to complete the encapsulation of the landfill contents.  See Module A11, Closure and 
Postclosure Plans, for details of cover construction and installation.   

C3.C(2) Resistance of Liner System to Loads and Wastes [40 CFR 270.21(b)(1),  
                   264.301(a)(1)(i)] 

In 1982, as part of the Landfill Equivalency Program, soil boring analysis was performed to 
determine the extent of contaminant migration through the landfill base after 30 years of 
unregulated operation.  At that time, contamination was found to have penetrated only six 
inches into the underlying clay liner, indicating excellent resistance by the clay to chemical 
attack and permeation. 

Resistance to hydraulic pressures from groundwater and runoff is provided by the leachate 
collection system within the landfill and the interceptor sewer on the outside of the curtain 
wall.  Both systems serve to remove water which could otherwise exert pressures on the 
landfill base and curtain wall and are constructed of materials capable of withstanding the 
pressures and chemicals encountered in this application (see information in Appendix C3-3).  
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The collected liquids are drained to the wastewater sewer for treatment at Dow Chemical.  
Drawings of the landfill leachate collection system, the interceptor sewer system, and the 
connections to the wastewater sewer system are provided in Appendices C3-5 through C3-8. 

C3.C(3) Liner System Coverage [40 CFR 270.21(b)(1), 264.301(a)(1)(iii)] 

The natural clay base underlies the entire landfill area, which is also surrounded entirely by 
the clay curtain wall.  No surrounding earth is likely to be in contact with waste or leachate. 

C3.D Leachate Collection and Removal System [40 CFR 264.301(a)(2), MAC R  
                   299.9619(4)] 

See Appendix C3-4 (Drawing Y1-23606), for information on the design and construction of 
the leachate collection system.  The leachate collection system is inspected weekly and after 
every major storm to ensure leachate flow is unobstructed, and maintenance is performed as 
necessary to remove obstructions. 

C3.E Control of Run-on and Runoff  

Systems for control of run-on and runoff are discussed in Appendix C3-5, “Run-on and 
Runoff Capture Systems, Capacity Evaluation”.    

C3.F Landfill Operations

Construction of Lifts 

The landfill is currently permitted for a total disposal volume of 453 acre-feet of wastes.  The 
active cells are located in the 1000 Block portion of the facility; see Appendix C3-4 (Drawing 
Y1-116550).  The landfill was developed in phases, with placement of wastes taking place 
only to the active cells to reduce exposure of wastes, erosion, and accumulation of 
precipitation.  Wastes are added to the active cell in 10-foot deep lifts over a 6-inch layer of 
sand to provide drainage for leachate.  Once a lift is completed, if it will be exposed for longer 
than three months before construction of the next lift, it is covered with a one foot layer of 
compacted earth. 

Placement of Wastes 

Materials to be placed in the landfill are transported to the landfill by Dow Silicones 
employees or by contractors under the direction of Dow Silicones employees.  All materials 
to be placed in the landfill are required to first be approved by designated facility personnel 
and to have this approval noted on a waste materials approval tag.  All materials placed in 
the landfill are recorded in the landfill log, which is maintained in the waste tracking computer 
database, and this information is kept as part of the facility operating record. 

Laboratory testing is conducted if a material cannot be adequately characterized as to its 
acceptability for disposal in the landfill based on information provided by the plant 
department or operations that generated the waste.  The laboratory tests may include 
chemical analysis, Toxicity Characteristic Leachate Procedure (TCLP), the paint filter test for 
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free liquids, or other such testing or analysis as necessary to evaluate acceptability of the 
waste for land disposal. 

Daily Cover 

As each lift is filled, soil is mixed with the wastes in order to form a physically stable mixture.  
If the disposed waste is susceptible to wind dispersal it is covered daily with a minimum of six 
inches of soil or other approved cover material that is nontoxic, non-putrescible, and provides 
sufficient stability to prevent blowing of landfilled material.  Treated, solidified polysiloxane 
gels will not be used for daily cover unless approved by the State of Michigan.  Containerized 
wastes and other inert materials placed in the landfill are covered so that no more than 1,000 
square feet of top surface remains exposed at any time.  Materials used for cover may be 
soils from on-site construction projects and may consist of topsoil, sand, gravel, or similar 
porous materials to allow precipitation to permeate to the leachate collection system; clay is 
not used for daily cover. 

Inspection 

The facility hazardous waste landfill is inspected daily for the following items: 

 Active cells:  Minimum of 6 inches daily cover maintained. 

 Active cells:  Maximum of 1,000 square feet of exposed waste at any time 

 Sidewalls:  No gaps, no material leaking from cells. 

The results of these inspections are recorded on inspection log sheets, examples of which 
are provided in Module A5 (Inspection Schedules) of this application.  

C3.G Surveying and Recordkeeping [40 CFR 264.309] 

Dow Silicones maintains a record of wastes placed in the landfill and their location with 
respect to permanently surveyed benchmarks.  An annual survey of the landfill is performed 
for the purpose of determining the amount of available disposal volume remaining.  The 
results of this survey are submitted to EGLE in a written report.  

C3.H Special Requirements for Ignitable or Reactive Wastes [40 CFR 264.312] 

Ignitable or reactive wastes are not disposed in the landfill. 

C3.I Special Requirements for Incompatible Wastes [40 CFR 624.313] 

Incompatible wastes are not disposed in the landfill. 
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C3.J Special Requirements for Bulk and Containerized Liquids [40 CFR 264.314] 

Bulk or containerized wastes containing free liquids are not disposed in the landfill.  To 
determine whether a waste contains free liquids, U.S. EPA Method 9095, the “Paint Filter 
Test”, as described in “Test Methods for Evaluating Solid Wastes, Physical/Chemical 
Methods” (SW-846) is used. 

If a waste containing free liquid, other than a lab pack, is to be disposed in the landfill it is first 
either decanted or otherwise drained of all free-standing liquid, or all free liquid has been 
absorbed or solidified using a sorbent or solidifying agent which is not biodegradable.  These 
activities are generally carried out by the production building or other Dow Silicones location 
that generates the waste.  Decanting and the addition of adsorbents or solidification agents 
may also be carried out at the 800 Block facility, at either the 804 Building truck wash slab or 
in the 809 container storage building.  Since only non-RCRA regulated materials are 
landfilled, the hazards associated with these operations are minimal and will not cause 
release of hazardous constituents to the environment.  

C3.K Special Requirements for Containers [40 CFR 264.315 

Except for lab packs and very small containers such as ampoules, containers to be placed in 
the landfill are either crushed, shredded, or similarly reduced in volume to the maximum 
practical extent, or they must be at least 90% full. 

C3.L Special Requirements for Lab Packs [40 CFR 264.316] 

Small containers with free liquids may be placed in the landfill if they meet all of the following 
conditions: 

1. They do not contain hazardous wastes. 
2. They are overpacked within a metal open-head container not larger than 100 gallon 

capacity and meeting all applicable requirements of U.S. DOT packaging 
specifications. 

3. The inner containers are tightly closed and also meet U.S. DOT requirements for 
inner packagings for the type of material contained. 

4. The inner containers are packed in absorbent material which is not biodegradable, 
which is of sufficient quantity to absorb all free liquids in all the inner containers, and 
which will not react with the wastes. 

5. All the wastes in all the inner containers in one overpack are chemically compatible 
with each other. 
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Dow Corning Corporation 
Midland Plant Landfill 
Equivalency Program 

An Equivalency Program for the Midland Plant Landfill facility has been jointly 
developed by Dow Corning and the DNR, Resource Recovery Division, Geology 
Section. The purpose of this program is to establish that the existing 
facility as designed and constructed under approval of Act 641, P.A. of 
1978 provides equivalent protection of the environment and human health 
as specified in Act 64, P.A. of 1979 in the following rules: 

Rule 419 section (4) 

(4) "The department may grant an exemption from subrules (1) and 
(2) of this rule if the applicant can demonstrate that equivalent 
protection of the environment and human health is provided with
out an early failure detection system." 

and Rule 416 section ('f) 

(f) 11Alternative liner designs and installations providing equivalent 
environmental and human health protection may be approved by the 
department. The applicant shall prove equivalency. 

The Equivalency Program is based on demonstrating that after approximately 
30 years of non-regulated landfilling, vertical migration of contamination 
has not occurred. The program designed to demonstrate this fact has 
t:wo parts: (1) soil core sampling and analysis, and (2) resistivity 
analysis. A description of each analysis follows. 

Soil Core Sampling and Analysis 

To demonstrate that the existing insitu clay base of this facility is 
redirecting leachate flow horizontally, a core sampling test was developed. 

It is hypothesized that the clay stratum under this facility exhibits 
characteristics that prevent leachate from continuing do;.mward into 
possible ground water sources. Furthermore, if after 30 years of non
regu}ated operation, contamination doesn't exist below the clay surface, 
the upgraded facility will reduce this likelihood substantially. 



To prove this hypothesis the following items were considered. 

(1) 

(2) 

(3) 

(4) 

The existing site has been operating for 30 years. The effects 
of this long term operation will provide a good prediction of 
leachate behavior on the clay and on its migration. 

Clay contours can be developed from the soil boring and horizontal 
leachate flow patterns mapped. 

Higher concentrations of contaminants will accumulate along 
leachate flow patterns. 

The depth of contamination into the clay surface will indicate 
the ability of this material to change the flow direction of 
leachate from vertical to horizontal. 

(5) If a pitched sand seam exists under the facility,contamination 
will be evident at depths far below the clay interface. This 
geologic fonnation would have a very low probability as evidenced 
by the soil boring profiles. 

To identify leachate contamination.core samples were taken along the flow 
pathways at various clay depths. The samples were analyzed for specific 
contaminates. A remote boring was done and core sample taken to act as 
a control and can be used for comparisons. 

The results of the analysis of the core samples could show three potential 
contamination patterns which correlate to potential flow pathways. These 
contamination patterns are: 

(1) If contamination depth at the clay surface is shallow, leachate 
during the past 30 years has not penetrated the clay formation 
and is being redirected horizontally along the surface of the 
clay. 

(2) If contamination depths at the clay surface are great, then 
leachate during the past 30 years is penetrating the clay 
formation and is continuing downward. The clay formation does 
not have the ability to redirect flow. 

(3) If contamination depth is not at the clay surface but rather 
at a depth far below this interface in a gravel or sand seam, 
then the clay formation is interrupted by a pitched permeable 
strata that is channelling leachate downward. This type of 
geology has a low probability of existing in this area and is 
not evidenced by existing soil borings. 



Resistivity Analysis 

To demonstrate that sand or gravel seams do not exist within the·clay 
strata under this facility,electrical resistivity tests were developed. 

It is hypothesized that the clay.strata under this site is homogeneous 
and consistant. To determine if this hypothesis is correct without 
boring numerous holes into the strata or completely destroying the natural 
condition (both methods unfavorable),a non-destructive test was used. 

In selecting this non-destructive test method the following items were 
considered. 

(1) Electrical resistivities of existing soils can vary with 
moisture, contamination, temperature, procedure, etc. 

(2) Use of this procedure in the existing landfill area would not 
provide appropriate data. 

(3) Soil borings or 11down the hole" truth must be used in inter
preting the field data. 

(4) The analysis of electrical resistivity tests can be completed 
by matching a field curve against a family of standard curves 
or by using a computer to generate a curve for given soil 
parameters. 

The non-destructive test selected for this analysis used a Bison 
instrument and the Wenner configuration. In the test area (1000 Block 
of the Facility),a grid was established (see sketch) defining resistivity 
stations. At each station an apparent resistivity curve was generated. 

To interprete the field curves a computer program was used to generate 
an apparent resistivity curve for a model soil profile which can be 
developed from ground truth (soil borings) or hypothetical constructed. 
The computer generated apparent resistivity curves are matched to the 
field curves. When the field curve is duplicated,a soil profile can be 
identified. This procedure was completed for representative stations 
and the results are supportive of the belief that the clay stratum is• 
consistent and homogeneous. 

Summary~ Test Results 

The soil core sampling and analysis results show that contamination 
penetrated the clay stratum to a depth of six (6) inches or less. 
The soil boring lqgs, the analysis results and procedures, profile 
sketches and location plots are included in this report. 

. ...a 



The resistivity analysis results show that the clay stratum under this 
facility is continuous and homogeneous. The field data, procedures and 
a summary of the findings are included in this report. 

Conclusions 

The Dow Corning Midland Plant Landfill as defined, designed and constructed 
will provide equivalent protection of the environment and human health as 
specified in Act 64, P.A. of 1979. The equivalency is based ~n the 
following. 

(1) This facility has been in operation for over 30 years and has 
establishe~ an environmentally acceptable performance record. 

(2) The performance of the facility was verified by equivalency 
tests which demonstrate the capability of this facility to 
continue to protect the environment for the remainder of its 
life. The capability to provide environmental protection is 
based upon tests that used actual field data from this site. 

(3) The facility will continue to operate for the purpose of 
disposing only Dow Corning Corporation by-products. 
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Soil Core Sampling And Analysis 

Section 1 - Test Development 

• Test Development Notes 

• Clay Contour Sketch 

• Soil Profile - Old Condition (1950-1980) 

• Soil Profile - Existing Condition (1980-Present) 





Soil Core Sampling And Analysis 
Test Development Notes 

1. The existing facility has been in operation for over 30 years. The 
projected life of the facility is for an additional 30 years. 

2. An assessment of the performance of the facility over the past 30 
years can be used to predict the expected performance for the re
maining life of the upgraded facility. 

3. By assessing leachate migration patterns and contamination levels 
at various depths near the facility, an evaluation of the site 
\dth respect to environmental protection can be made. 

4. To verify that the underlying clay stratum is redirecting leachate 
flow from a vertical pattern to a horizontal pattern a clay contour 
map was made (attached). From the contours major flow channels can 
be identified. Along the major channels or pathways higher concen
trations of contaminates will be deposited into the clay. 

5. By taking core soil samples located along the flow pathways, con
tamination levels at various depths- can be recorded. From this data 
an actual permeability of the clay soil ·can be calculated. 

K(vertical) 
Depth of contaminate penetration = 

30 years 

NOTE: (from the test results) 0.5ft 1.61 -8 K· = = x 10 cm/sec 
V 

30 yrs. 

6. In addition to defining the clay characteristics exhibited at this 
site, these tests also show that the permeability of the natural clay 
is not increased by the leachate from this facility even after a 30 
year exposure. 

7. There are limitations of the soil core sampling test. The soil core 
samples cannot verify the consistency of the clay stratum under the 
site. Therefore a second non-destructing test was developed. The 
test designed to address this issue is a resistivity analysis which 
is defined later in this report. 
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Soil Core Sampling And Analysis 

Section 2 - Test Procedures 

• Boring Location Plan 

• Boring Logs 

• Soil Analysis Methodology 
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BORING PROJECT N 0. SAMPLE TVPE 

STARTED 11-6-81 COMPLETED 11-6-81 81-127 S.S.- AUGER-SHELBY-
•,., ..... UllCONflNEO cc lilPR ESSIVb ST RE~G TH l~'IIS/fT 2 
I ..... =1= •o - .,. a ~tC> 

., a :l -4 5 ... .., ...... - ' I I I .., .... - I - DESCRl'11011 Of IUHAIH 
... :II' C> ... .,. - • I I I I 

~ 
.., !Ii' ::::: .., PllSTIC WAT[ A llQUID .... ... :a: .... 

,_ 
<:I .,. ... ... 

::c .., .., :,r. l I lit IT 111 CO II T( II T 111 l I Iii IT l/1 .... ... .,. ... ... .. 
• 31< * ----®-- - --6 'S -... d C> -... c - _, "" c:, .,. ....... ::, 

'10 SURfJ.CE [lfVlTION-..,.. 20 30 <:10 50 

. •: '· .. Sand-brown, fine, silty (SP) . ..,. - :" .; ..... 
.. " .... ' . . . 
•• r, I 

r-- ,· ,.... . 
•11_, • .,. - I X Clay-dense brown . - A - X -brownish gray,sandy 

B 
10 x -gray brown-firm - C . .... - iX -aray, becoming less . .... ense D 
- IX -silty gray with l" . .... stones E 
- --20 - - ! 

J Silt-brownish gray, very T • sort F 
. -greenish gray,.silty --

~ -- G . ~--30 - End of Boring at 27 ft • . - . - . - . 
-
- . - . --. - . -

--
i--

'«410 lEYll OIHlUllOn SAMT Ei B T, I NC, 
W. l. gunn .. G ... tU!ING SOVICU 

w. L. 



l 



LOG OF BORING 

PROJECT 

BORING 

STARTED 

... ... 
:::'. 

~ 
:.: 
~ .. ... 
"' 

.. -. -. - . 
20 
~ . 

-
. 

-

' -. -. ---

... 
"" ... 
"' ... _, 

EQUIVALENCY BORING 

11-5-81 COMPLETED 11-5-81 

..... ... .... .. 0£SCRIPTIO N Of IUHIIH =-
-c .,. 

SUH.I.Cf £lfVATIOH-..,. 

Sand-brown, fine, silty <sn 

~ Clay-dense brown 

~ 
IX -brown to light gray 

~ 
~ -soft brown 
,.. 

-grayish brown with 
pebbles 

-dk. gray with stones 
& pebbles 

---1 

End of Boring at 30 ft; 

WAHR LEVEL OBS[RHTIONS 

W.l. 

W.L 

0 
"" 

.., _, .. 
=-
C ..... 

A 

B 

C 

D 

E 

F 

G 

SITE 

West Side of Rd. "C" 
PROJECT NO. SAMPLE TYPE 

81-127 S.S. -- AUGER-SH£LBV_ 
% ,. 
• I-
""C> r:>c, 
;:: ... 
""' ... Cl< ...... ....... 
""' ..., ........ 

• 3C 
""0 ... .., .,, .. 

oM 
UNCONflN[D 

!:r= 
C~MPR£SS1Vb STR£1!GTK 

-ii: 
..: 
-cc 
z -;; 
:::, 

., 2 3 4 
I I I I 

• I . I 

PlHTlC Wl YER 
LI M I t % C O N TE II T •t, *----®---

10 20 30 

S AM T E S T
1 

INC, 

Dl1lllNO &. TUIING IHYICU 

t:10 

TONS/FT 2 

5 
I 
I 

llQUIO 

ll Iii tr 01, 

- --6. 
50 





,· 

LOG OF BORING N 0. REFER.ENCE BORING - CONTROL 
PROJECT SITE 

EQUIVALENCY BORING WALDO & SALZBURG RDS. 
BORING PROJECT NO. SAMPLE TYPE 

STARTED 8-31-81 COMPLETED 8-31-81 

-... ... .... 

:c ... ... .., 
Q 

"" 
"" .., .,. .., ... 

"' ... 
~ DESCIIPTIOW Of MATERIAL 
:3a ... .,. 

I 

SU11FACE ElfVlTIOH---,.. 

Clay-stiff, moist, brown 
silty-oxidized varie
gated 

5 V 
.......... l'v,.... 

• I IX 
. ,... 

-stiff moist, silty 
brown with oxidized A 14 
streaks 

-
. 

-. -.15 
!'---. 

. 
-------

. 
20 
~ 

. -

. 
25 -

IX -

-

7 i 
r-

-stiff moist silty 
blue clay 

j IX End of Boring at 26 ft. 

'H4IER llVlL 0B5[RH11CHS 

W. l. 

W.L 

B 16 

C 10 

D 8 

E 12 

81-127 S.S. - AUGER-SHELBY_ 

-"" :z 

UMCOIIFlNEO CeMPRES~()SlROIGII\ 

1 2 3 4 
I I I 1 

• I • 

Pl'-STIC WATER 

ll WIT 011 C 0 NH Ml 0/0 *----0---
10 eo :30 

SAM-reaT, INC, 

OlllllNO I. TfHIHO l!lVICl1 

10 HS/ FT 1 

5 
I . 

ll QUIO 
LI Iii 1T t/o 

---6 
50 





SOIL ANALYSIS METHODOLOGY 

HAZARDOUS WASTE LANDFILL 

EQUIVALENCY ISSUE 

February, 1982 

The soil samples were analyzed for volatile organic priority pollutants 
by Mead CompuChem, Research Triangle Park, N.C. The analytical procedures 
uses for the priority pollutants are based on those promulgated by EPA. 
The analytical methods used by CompuChem have been included with this 
report. 

The soil samples were dispersed in distilled deionized water and placed 
on a wrist action shaker for 4 hours. The soil dispersions were centri
fuged and the clear supernatant was analyzed for chloride and copper. 
The chloride was determined by CTI1* 0018 using silver nitrate as the 
titrant with a potentiometric end point. The copper was determined by 
atomic absorption (CTM 0616) with a carbon furnace. 

* CTM refers to Dow Corning Corporate Test Method 





.. ..,. 

.. 

ANALYTICAL METHODS, DEFINITIONS ANO EXPLANATIONS 

The CompuChem report contains not only the concentrations of the 
priority pollutant compounds identified but also additional supportive 
infonnation which is useful in the review of this data. A complete 
report includes the following (if ordered): 

Priority Pollutant Data 
GC/MS (VOA, 8/N/P, Acid) 
Pesticides (Method 608) 
Inorganics 

Other Analytical Data.(EP Toxicity, etc.) 
Conventional Permit Data 

·The GC/MS priority pollutP.nt data is presented in summary form 
(concentration of each identified compound) along with the detection 
limits specified by EPA. In addition, a reconstructed total ion chro
matogram (RIC} for each fraction and for the relevant instrument 
calibration (standards} runs are included. 

Also included in the report are the spectra for all organic (except 
for certain pesticides) priority pollutant compounds identified above 
EPA specified detection limits, as well as a laboratory chronicle of 
completion dates. •· · , ... 

To assist in the interpretation and utilization of this data, a 
Glossary of frequently used terms, a Compound Cro~s-Reference List and 
a typical Spectral Match Diagram with explanatory notation are also 
included. 

If the Twenty Peak option has been ordered, the report also includes 
spectral match diagrams for as many as twenty (20) additional non
priority pollutant compounds with peaks greater than half the inten-
sity of the internal standard (d10-anthracene). , 

If the Quality Control option has been ordered, the report also inclu
des BFB and DFTPP tuning data for the GC/MS instruments, a sU11111ary of 
surrogate spike recovery data and the following: 

Matrix Spike Data 
Duplicate Data 
Method Blank Data 

Also included with the method blank is an RIC for each fraction plus 
spectra and spectra1 match diagrams for any compounds identified with 
concentrations greater than EPA specified detection limits found in 
the blank. 

If the Chain-of-Custody option has been ordered, this infonnation is 
included in the section with the sample data. 



ANALYTICAL METI-100S 

The analytical methods used by CompuChem for priority pollutant, RCRA 
and NPOES pennit analyses are based on those promulgated by EPA. 
These methods have appeared in the Federal Register as noted below. 

In sLllJlllary, gas chromatography/mass spectrometry {GC/MS) fs the analy
tical technique employed for the analysis of organic compounds while 
atomic absorption spectrophotometry (AAS) is used for the analysis of 
metals. 

On occasion CompuChem also perfonns analyses for other parameters 
which are not on the priority pollutant list. In these cases also, 
EPA methods are used if available, and if not methods are developed 
and verified along guidelines suggested by EPA. 

References for Methods 

Volatile Organics 
Acid Extractables 
Base/Neutral/Pesticide 

Extractab 1 es 
Pestfcides 
lnorganics 

RCRA 

- . ... . ., -· .... _._-.,· .. 

(Method 624) Federal Register 12-3-79 
(Method 625) • • • 

(Method 625) • • • 
{Method 608) • • • 
EPA: Analysis of Water & Waste Water (1974, 

1979) 
Federal Register 5-19-80 

t . 



GLOSSARY OF TERMS 

ACID FRACTION 

Those compounds which solvent extract from the sample when it is 
pH-adjusted acidic (pH<2}. 

BFB TUNING 

Each GC/MS instrument dedicated to VOA analyses is certified 
according to protocol prior to each 8-hour shift by injecting BFB 
(bromof1uorobenzene) and comparing relationships between ion · 
abundances for certain key mass numbers. If the prescribed rela
tive ion abundances are not present, the instrument is adjusted 
until the criteria are met. With the available QC option, these 
parameters are included in the report for the BFB analysis 
following the specific sample analyzed. 

8/N/P FRACTION 

Those compounds which solvent extract· from the sample when it is 
pH-adjusted basic (pH>ll}. This includes the pesticides (P), 
bases (B) and since this step is perfonned first, the neutral (N) 
compounds. 

OFiPP TUNING 
-"'4.,._ ...... 

Each GC/MS instrument dedicated to Base/Neutral or Acid analyses 
1s certified according to protocol prior to each 8-hour shift by 
injecting DFTPP (decafluorotriphenylphosphine) and comparing the 
relationships between ion abundances for certain key mass 
numbers. If the prescribed relative ion abundances are ·not 
present, .the instrument is adjusted until the criteria are met. 
With the available QC option, these parameters are included in 
the report for the OFTPP analysis following the specific sample 
analyzed. 

INDISTINGUISHABLE ISOMERS 

Compounds with essentially the same mass spectrum and which have 
the same elution time from the gas chromatograph. An example is 
anthracene and phenanthrene. 

INTERNAL STANDARD 

CompuChem uses the internal standard method of quantitation. The 
same amount of d10-anthracene is added to both the calibration 
standard and the sample. All calculations are referenced to a 
signal produced by this compound. Then all results are automati
cally corrected for any change in instrument sensitivity • 

. - .,...., 



MATRIX SPIKES 

Actual priority pollutants which are added to a second aliquot of 
the sample to detennine the effect, if any, of the sample matrix 
on the analytical procedure. 

METHOD BLANK 

A sample of organic-free laboratory water which undergoes exactly 
the same extraction procedure at the same time as the actual 
samples. This monitors for possible contamination from 
glassware, solvents, or the extraction procedure. 

PERCENT RECOVERY (SURROGATES ANO MATRIX SPIKES) 

The fonnu1a for detennining percent recovery is: 
. . 

Cone. in Spfke Cone. in Sample 
i Recovery (Spike}= ----------------- X 100% 

Amount of Spike Added 

Amount found 
I Recovery (Surrogate) = ------- X lOOi 

Amount added 

PURITY VALUE (sometimes abbreviated PUR} 

A mathematically devised index which indicates the "goodness of 
fit" between the spectrum in the sample and a compound in the 
library. The maximtm1 value is 1000, and values greater than 800 
indicate a high probability that the identification is correct. 
Values from 500 to 800 are only tentative and values less than 
500 are not reliable. Also important is the relationship between 
purity values for the best, second and third matches; ideally the 
second and third purity scores are much lower than the first. 

RIC - RECONSTRUCTED ION CHROMATOGRAM 

A plot of the total ion current of the mass spectrometer during 
the analysis. The plot is analogous to a gas chromatogram where 
a peak indicates that a compound was detected at that time. The 
vertical axis is intensity and the horizontal axis is time (both 
minutes and mass spectral scan marks are labelled). 



RPO - RELATIVE PERCEITT DIFFERENCE 

· An ·average •used to compare duplicate analyses: 

2 (C1-Cz) ' 
RPO a ---- X 100% 

(C1+c2) 

where Cl and C2 are the concentrations found in two separate ali
quots of the same sample. 

SATURATED ION 

If a compound is present at a high enough concentration 1n the 
sample, the intensity of the major ions is generally so strong 
that the detector 1s overloaded by the signal. This is a result 
of the fnstrument having been adjusted for maximl:flll sensitivity 
in order to reach lower detection limits. 

SPECTRAL MATCH DIAGRAM 

A display of the mass spectrum of the sample followed by the mass 
spectra of the three compounds in the librar.y which are most 
similar to the sample ( see Purity Value) 

SURROGATES 

A surrogate compound is chemically similar to one of the priority 
pollutants except that it is deuterated or fluorinated or in some 
other manner distinguishable by GC/MS from the other compounds in 
the sample. 

ntENTY {20) PEAK SEARCH 

An available option in which up to 20 non-priority peaks larger 
than half the internal standard peak are identified by searching 
the HBS spectral library. Only an estimate of concentration ·can 
be given which 1s: 

Low 
Meditm1 
High 

<50 ug/l 
50-200 ug/l 
>200 ug/1 

VOA - VOLATILE ORGANICS ANALYSIS 

--------·• 

Those highly volatile compounds detected by introducing the 
sample directly into the GC/MS through a purge and trap 
apparatus. · 

------------. ·---





Soil Core Sampling And Analysis 

'Section 3 - Test Results 

• Test Boring E,B. D 1 Mi 

• Test Boring E.B. ll 2 Mi 

• Test Boring E.B. # 3 Mi 

• Test Boring E.B. U 4 Mi 

• Control Test Boring 

Test.Detection Limits 





I 

1v. 
2V. 
3V. 
4V. 
sv. 
6V. 
7V. 
8V. 
9V. 

10V. 
llV. 
12V .-
13V. 
14V. 
15V. 
16V. 
17V. 
18V. ,~ .. 

( ~ 

' 
,. 

22V. 
23V. 
24V. 
25V. 
26V. 
27V. 
28V. 
29V 
30V • 
31V. 

TEST BORING EB #1 ?l.I 

SAM.PLE A J:3 C 

** SAMPLB DEPTH (Feet) 5½ 7! 9½ 

VOLATILE ORGANICS 
Cone. Cone. Cone. 

( UG/KG UG/.K.G UG/KG 

ACROLEIN 
ACRYLONITRILE 
BENZENE 
BIS (CHLOROMETHYL) ETHER 
BROMOFORM 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLORODIBROMOMETHANE 
CHLOROETHAITT: 
2-CHLOROETHYLVINYL ETHER 
CHLOROFORM 
OICHLOROBROMOMETHANE 
OICHLORODIFLUOROMETHANE .. 
1.1-0ICHLOROETHANE 

-1,2-DlCHLOROETHANE 
1,1-0ICHLOROETHYLENE 
1,2-DICHLOROPROPANE 
1,3-DICHLOROPROPYLENE 
ETHYLBENZEHE 
METHYL BROMIDE - ...• 
METHYL CHLORIDE 
METHYLENE CHLORIDE l/l/ 5'0 I.IS-
1,1.2,2-TETRACHLOROETHANE 
TETRACHLOROETHYLENE 
TOLUENE 
.1,2-TRANS-OICHLOROETHYLENE 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
TRICHLOROETHYLENE 

. TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 

**SAM.P.LE DEl:'TH (Feet) 7~ 9~ 11 ½ 

CHLORIDE. (ppm) 3~ 3 \ I l 
. 

COPPER (ppb) 1(10 <10 (to 

D E 

11 ~ 13½ 

Cone. Cone. 
UG/KG UG/KG. 

J./9 l/l/ 

13½ 15½ 

- 3 

- <. lO 

G 

22!! 

3 

• • • 

< \0 

H 

. 

27~ 

1 

<l6 

** Sample depths eho~n in the above table is the distance measured from 
grade level to the sample. Sand-Cl fly interface for EB 111 MI ...,as 

5½ !eet. 



lY. 
2v. 
JV. 
4V. 
5V. 
6V. 
7V. 
av. 
9V. 

lbV. 
11V. 
12V. 
13V. 
14V. 
15V. 
16V. 
17V. 
1 o.v. 

.vf • 

21V. 
22V. 
23V. 
24V. 
25V • 
26V. 
27V. 
28V. 
29V 
30V. 
31V. 

TEST BORING EB #2 MI 

SAMP1'E A B C 

** SAMPLE DEPTH (Feet) 9; 11~ .. 13~ 

VOLATILE DRGAHICS Cone. Cone. Cone. 
UG/J<..G UG/KG UG/KG 

ACROLEIN 
ACRYLONITRILE gq BEHZDfE 
BIS (CHLOROMETHYL) ETHER 
BROHOFORM 
CARBON TETRACHLORIDE 
CHLOROBENZEN! Ito -
CHLORODIBROMOMETHAHE 
CHLOROETHANE 
2-CHLOROETHYLVINYL ETHER 
CHLOROFORM 
OICHLOROBROMOMETHANE 
DICHLORODIFLUOROMETHANE 
11 1-DICHLOROETHANE 
1.2-DICHLOROETHANE 
1.1-0ICHLOROETHYLENE 
1,2-DICHLOROPROPAHE 
1,3-0ICHLOROPROPYLENE 
ETHYL BENZENE 
METHYL BROMIDE 
METHYL CHLORIDE 
HE.THYLENE CHLORIDE /:J. 0 :3S ~3 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHYLEHE ' 
TOLUENE 
. 1.2-TRANS-DICHLOROETHYLENE 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHAHE 
TRICHLOROETHYLENE 

.TRICHLOROFLUOROMETHANE II I~ 
VIHYL CHLORIDE 

** SAMPLE DEPTH (Feet J 11~- 13½ 15~ 

CHJ.JURI.DE (ppM) /S3 ,s -
. 

00.PJ:'ER ( ppb) < Jo < lO -

j) E 

15;. 1 7-'t 
Cone. !'.Jone. 
UG/KG UG/KG 

IC/ 91 

17½ 19½ 

ao ~ 

<10 <. 10 

l<' 

-

21~ 

2.. 

<10 

• • • 

. 

. r.. -( 

. 

\ 

26t-

:5 

<10 ' 

** Sample depths sho~n in the above table is the distance measured from 
grade level to the sample. Sand-clay interface for EB #2 It.I was 
9~ feet. 



-

lY. 
2V. 
3V. 
4V. 
sv. 
6V. 
7V. 
8V. 
9V. 

lOV. 
11V. 
12V. 
13V. 
14V. 
15V. 
16V. 
17V. 
1a·· 
~ . 

( .... 
21V. 
22V. 
23V. 
24V. 
25V • 
26V. 
27V. 
28V. 
29V 
30V. 
31V. 

T~T BORING·@ #3 MI 

~ A U'P I,~ A 'R. (' 

** SAt~J:'LE DEPTH ( Feet J 5 7 9 

VOLATILE ORGANICS 
Jone. ]one. ~one. 

UG/KG UG/KG UG/KG 

ACROLEIN 
ACRYLONITRILE 
BENZENE . 
BIS (CHLOROMETHYL) ETHER 
BROMOFORM 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROOIBROMOMETHANE 
CHLOROETHAHE 
2-CHLOROETHYLVINYL ETHER 
CHLOROFORM 
OICHLOROBROMOMETHANE 
DICHLORODIFLUOROMETHANE .. 
1.1-DICHLOROETHANE 
1,2-DlCHLOROETHANE 
1,1-DICHLOROETHYLENE 
1,2-DICHLOROPROPAHE 
1,3-DICHLOROPROPYLENE 
ETHYLBENZEHE 
METHYL BROMIDE 
METHYL CHLORIDE 
METHYLENE CHLORIDE ~5 llJ.O ~/) 

1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHYLEHE 

J. l/ TOLUENE 
. l,2-TRAHS-DICHLOROETHYLENE 
1,1,1-TRICHLOROETHANE 
1,1,2-TRICHLOROETHANE 
TRICHLOROETHYLENE 

.TRlCHLOROFLUOROMETHANE 
VINYL CHLORIDE 

**.SAMPJ.JE Dfil>TH (Feet) 7 9 1 1 

CHLORIDE (ppm) ),O'f /03 S't 
. 

COPPER (ppb) <.10 <10 .(lo 

Tl 1i' 

1 1 13 
Cone. Cone. 
UG/XG 1-'!3/KG 

J()O '>I LI 

13 1 5 

J.J (J "J 

<.. 10 (tc 

M' 

22 

~J 

.. 
• • 

<.. ID 

~ 

. 

27 

-
-

** Sample depths shown in the above table is the distance measured from 
grade level to the sample. Sand-clay interface for EB i/3 1:;r was 
5 feet. 



--

1v. 
2V. 
3V. 
4V. 
sv. 
6V. 
7V. 
av. 
9V. 

lOV. 
11v. 
12V. 
13V. 
14V. 
15V. 
16V. 
17V. ,ov. 

• w 

21V. 
22V. 
23V. 
24V. 
25V • 
26V. 
27V. 
28V. 
29V 
30V. 
31V. 

T~T BOnING EB d4 ~I 

~ Al,!PJ,'2 A R (! D l:' V n 
f 

** SAMPLE DEPTH (Feet) 8 10 12 14 16 

VOLATILE ORGANICS Cone. Cone. Cone. Cone. Pone. 
UG/KG UG/l:G UG/KG UG/KG U:G/KG 

ACROLEIN 
ACRYLOHITRILE 

l./__1./__ BE>lZDlE 
BIS (CHLOROMETHYL) ETHER 
BROMOFORM 
CARBON TETRACHLORIDE ,, CHLOROBENZEHE 
CHLORODIBROMOHETHAHE 
CHLOROETHAHE . 2-CHLOROETHYLVINYL ETHER . 
CHLOROFORM 
OICHLOROBROMOMETHAHE 
OICHLORODIFLUOROMETHANE 
1,1-DICHLOROETHANE : 

1,2-DICHLOROETHANE 
1,1-DICHLOROETHYLENE 
1,2-DICHLOROPROPAHE 
1,3-0ICHLOROPROPYLENE 
ETHYLBENZENE 
METHYL BROMIDE ( 

\ METHYL CHLORIDE 
J7_t) 7'? I Z. () i, !{' METHYLENE CHLORIDE Jl. 0 

1,1,2 1 2-TETRACHLOROETHANE .. 
TETRACHLOROETHYLEHE ' 
TOLUENE 
. l,2-TRAHS~DICHLOROETHYLENE 
1,1,l-TRICHLOROETHANE 
1,1,2-TRICHLOROETHAHE 
TRICHLOROETHYLEHE 

. TRICHLOROFLUOROMETHANE 
VINYL CHLORIDE 

. 

** SAf,IPLE DJ:::PTH ( Feet J 10 12 14 16 18 25 30 

CH.LORI DE .. (ppm) :33(. - -tc, " 3 ., -
. 

COPPER (ppb) <•o - <. 10 <.to <,u, <. 10 -
** Sample depths shown in the above table is the distance measured from 

g.i;-ade level to the sar.:iple. Sand-clay interface for .E.B tt4 MI was 
8 feet. 

-



EXHIBIT II - COMPOUND LIST 
• .. 

5124 59 6-0 ... . (CONTROL) , 
· S/J·',PLE IDDHIFlER: 5124-59-10- 0 

COViPUCHEM SIJ·iPLE 1wr-mER: 8321 

SAMPLE LOCATION: 5300 BLOCK, NEAR WALDO ROAD 

G'- o" ' 
,, 

DETECTlml /0- 0 
VOLATILE ORGANJCS CONCEUTRATIOH CONCENTRATION LIMIT SCAN 

· (UG/KG) (ltG/KG) (l{G/KG) ~!U~·~S~R 

lV. ACROLEIU BOL · BDL 100 
2V. ACRYLmJITRlLE BDL BDL 100 
3V. BENZENE BDL . SOL 10 
4 y. 81S (CHLOROMETHYL) ETHER BDL BDL 10 
5V. BRO:-~Of ORM BDL BDL 10 
6\'. CARBON TETRACHLORIDE BDL BDL 10 
7\1. CliLOR03ENZE t~E BDL BDL 10 
av. CHLORODIBROMOMETHANE BDL BDL 10 
9V. CHLO~O::THANE BDL BOL 10 

lOV. 2-CHLOROETHYLVINYL ETHER SOL BDL 10 
11 V. CHLOROFORM BDL BDL 10 
12V. DICHLOROBROMOMETHANE BDL SOL 10 
l 3V. DICHLOROOIFLUOROMETH~NE BDL BDL 10 
14V. 1,1-DICKLOROETHANE BDL BDL 10 
1 SV. 1, 2-01 CHLOROETHAllE BDL BDL 10 
16V. 1,1-DICHLOROETHYLENE~ BOL BDL ': 10 " 
17V. 1,2-DlCHLOROPROPANE BDL BDL 10 
18V. 1,3-01 CHLOROPRO?YLDlE SOL BOL · 10 
19\'. ETHYLBrnZENE BDL BDL 10 
20\'. METHYL BROMIDE BDL BDL 10 
21\'. ~:ETHYL CH LOR I DE BOL BDL 10 
22\'. METHYLE~E CHLORJOE 65 84 10 1~9 ... 
23\'. 1,1,2,2-TETRACHLOROETHANE BDL BOL 10 
2~\'. TETRACHLOROETHYLENE BDL BDL 10 
25\'. TOL U[ !!:'. 10 BOL 10 (,,,I 
26V. 1,2-TRh~S-OICHLOROETHYLE~E BOL BDL 10 

-: 0 

27\'. 1,1,1-TRlCHLOROETH~NE BDL BDL 10 
28\'. l,l,2-1RICHLOROETHAN~ SOL BDL 10 
29\' TRICHLORO~THYLENE BOL SOL 10 
30\'. TRJCHLO~C~LUO~O½ETH~N~ BDL 10 10 25? 
3 l \'. \'WYL CHLORlDE: SOL BDL 10 

tJG/KG = ppb 

6DL=3ELO~ DtTECTlOI: LH'.IT 



... 

lV. 
2V. 
3V. 
4V. 
sv. 
6V. 
7V. 
BV. 

, 9V. 
v. 

llV. 
12V. 
13V. 
14". 
15V. 
16V. 
17V. 
l8Y. 
19V. 
20V. 
21V. 
22V. 
23V. 
24Y. 
25V. 
26V. 
27V. 
28Y. 
29Y 
30V. 
31V. 

rWTE: 

All sample results including the control indicate the presence o( 
melhylene chloride. An investigation of this situation suggests that 
the detected methylene chloride is from using this material as a 
cleaning agent by the analytical laboratory (CompuChem). This 
laboratory has informed Dow Corning that they have experienced cross
contamination problems with methylene chloride on previous occasions 
and is attempting to correct it. A check of company records revealed 
that methylene chloride is purchsed only in pint bottles and is used in 
plant laboratories. All spent chemicals from laboratories are routinely 
incinerated thus effectively eliminating this source as the origin of 
the contamination. 

VOLATILE ORGANICS 

ACROLEUl 
ACRYLONITRILE 
BENZENE 
BIS (CHLOROMETHYL) ETHER 
BROMOFORH 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLORODIBROHOHETHANE 
CHLOROETHANE 
2-CHLOROETHYLYINYL ETHER 
CHLOROFORM 
DICHLOROBROMO~~THANE 
DlCHLORODIFLUOROMETHANE 
1.1-DICHLOROETHANE 
1,2-DICHLOROETHANE 

·l,1-0ICHLOROETHYLEHE 
1,2-0ICHLOROPROPAHE 
1,3-DICHLOROPRDPYLEHE 
ETHYL BENZENE 
Y.:":THYL BROHIDE 
H:::THYL CHLORIDE 
Pl:THYLEht CHLORIDE 
1,1,2,2-TETRACHLOROETHANE 
TETRACHLOROETHYLEHE 
TOLUENE 
l,2-TRAHS-DlCHLOROETHYLENE 
1,1,1-TRICHLOROETHAHE 
1,1,2-TRICHLOROETHANE 
TR}CHLOROETHYLENE 
TRICHLOROFLUOROHETHANE 
V !HYL CHLORIDE . 

DETECTION 
LIMIT 

( ll_G/RG) 

100 
100 
10 
10 
10 
10 
10 
10 
10 
1~ 
!Oi 
i6, 
lQ 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

I", lJG/KG • ppb 
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SAMTEST Inc. 

Dow Corning Corporation 
Building #205 
Midland, MI 48640 

P.O. BOX 1444 MIDLAND, Ml 4 

(517) 496-3610 

February 23, 1982 

Attn: G. Hamblin - Project Engineer 

Re: Resistivity Survey-Midland Plant Landfill-1000 Block 
Addition-Midland Plant-Dow Corning Corporation 

Gentlemen: 

The resistivity survey for the above referenced facility 
has been corapleted. This work was authorized by your office 
as of December 8 1 1981. 

This report summarizes the field data and the follow-up 
analysis of the resistivity curves at representative stations 
based on ~vo/three layer models and ground truth where that 
is known with some degree of certainty. 

Please call if there are any questions or if we mieht 
be of additional service 

WAC/ss 

Enclosures 

Respectfully Submitted, 

{(('[(1;:d{~~ 
SAL'ITEST, Inc. 



Introduction 

The resistivity survey for the Dow Corning Landfill, 
Proposed Expansion, Midland Plant is completed. Apparent re
sistivity values were measured at three (3) rows of stations 
as outlined by Mr. James Janiczek, Resource Recovery Division, 
Michigan Department of Natural Resources in his letter of 
11-17-81 and designated rows B, C & D. Stations were set up 
every sixty feet (60 ft.) by Dow Corning personnel and the 
survey run about each s·tation along the row line using a 
Wenner electrode configuration. The field data is surm::iarized 
on the Table later in this report and reported in graphical 
form on log-log paper marked according to row and station. 

At the time of this survey, (12-14-81 thru 1 12-22-81), 
the site was excavated to near the clay bottom stratum but 
covered in most locations by from several inches to ten, (10), 
inches of medium fine sand. Although the proposed first cell 
had been previously excavated to the planned bottom elevation, 
it was filled with water and not accessible. for this survey. 
The exterior clay barrier wall had also been constructed and 
represented the limit of this investigation. 

The purpose of this investigation is to demonstrate frow 
a vertical electrical sounding survey that the clay stratUill 
which constitutes the lower barrier of the landfill does not 
contain any interbedded sand lens within the upper five feet 
(5 ft.), that would jeopardize the integrity of the landfill 
site for waste containment. 

Field Testing Procedure 

Field data for this survey were collected using a Bison 
Model 2350 Resistivity Meter anti the Wenner electrode configu
ration. Each station along a given row was designated as the 
center of the electrode array and the first potential electrodes 
spaced at one and one half feet, (1 1/2 ft.) on either side of 
the station center. (' 1a" spacing of three feet) The spacing 
was increased by three feet for successing readings to a maxi
mum of forty-eight feet, (48 ft.). This is represented grap~i
cally below as viewed from above the site: 

stat ion 

--.x.~-➔x~-+cp---;,-+--~X.---~x-- Row 

___ ..,..,...._ a -,..... a -r---- a :!I ,. 
direction of expanded array 

Electrode length and the soil profile for the upper one to 
one and one half foot, (1 1/2 ft.), indicates good contact ~ith 
the upper clay surface at all stations for the survey. Some 
variation in the surface clay quality was noted during the s~al
low surface soil profile evaluation and appears in the soil 
log presented on the appropriate row/station resistivity curve( 

._ ___ Sllll[Sl,INt.•DIHISlfl(D HSTIU SHYICCS•f.O.BOl 1'44•111DlAH0,WICH.-S1l·H5•3GI0 ----



This resis.tivity meter system uses heavy duty plug con
nection to the meter for the electrode wire with wire reel con
nections at each electrode stake to minimize spurious readings. 

Interpretation of Resistivity Curves 

The apparent resistivity data appear later in this re
port in tabular form and are plotted on log-log paper 
for uniformity and convenience in interpretation. Since 
concern is directed to the upper five to ten feet (5-10 ft.), 
of the soil profile as reflected in the electrode spacings, 
examination of the soil layer model is restricted primarily 
to the left hand side of the curve where a generalized two 
layer model appears to apply. The soil properties and layer 
thickness value are taken from the Teneralized log-log curves 
presented by Van Nostrand and Cook . "Several curves were 
evaluated using a three layer curve matching technique pre
sented by Wetzel and McMurry 2. These soil parameters are 
then usea in conjunction with a computer program developed by 
Zohdy 3. to construct apparent resistivity values for different 
Wenner electrode spacings. The generalized approach to the 
calculation of the apparent resistivity appears on Table #2. 

This evaluation is performed for several typical stations 
along each of the Band Crows. 

In conjunction with the above interpretation, the pur
pose of the survey and known ground truth from nearby peri
mete~ borings, a multilayer model is constructed to try and 
clarify the sensitivity of the resistivity technique to de
tect an interbedded sand lens. This model and the results 
are superimposed on Row/Station C-8 figure #3. 

No attempt was made to quantitatively interpret apparent 
resistivity curves for Row D-stations where a somewhat complex 
multilayer structure occurs. 

Results and Discussions 

Rows Band C, with all stations excluding the beginning 
and end stations for each row, cover the major protion of the 
proposed landfill barrier layer. Almost all of the resistivity 
curves can be represented by a two layer model where the 
value of resistivity in the upper clay layer Pl is less then 
the resistivity, P2, for the generalized lower layers (P1<P2). 
A typical ratio for this is about p1 :p2: :1:2. This lower gene
ralized resistivity is considerably less than the resistivity 
measured off site for the site excavated sands, (p=llO()Qfc.), 
and is in line with what night be expected for the drier sandy 
clay till layer known to underly the site at about twenty-five 
feet, (25 ft.), (site el.,v75'). Certainly, this pz value 
could represent a combination of an underlying clayey silt 
layer with the clay till basement 

It is recognized that, as the apparent resistivity curue 
becomes flatter, approaches an asymptote, it is easier to re
construct the curve from a soil model with variables having a 
rather wide variation in value. Generally, the solution then 
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becomes less unique for deeper strata but still gives valuable 
information regarding shallow depths. 

The multi-layer model was developed around a typical C 
row station (C-8) in order to generate the type of apparent 
resistivity curve that could be expected for a sand lens in 
the upper five feet, ( 5 ft.) of clay. The results of this 
model are presented on Figure #3, where a sand layer of one 
foot, ( 1 ft.), thickness appears at several locations within 
the clay layer. Generally, such a layer can be easily de
tected on this resistivity curve. However, when reduced to a 
six inch, (6 in.), or a 0.5 ft. layer occuring near the bottom 
of the clay barrier layer it could easily be undetected and 
represented by a new two.layer model with the sand lens re
sistivity part of the combined lower layer resistivity. 

Apparent r~·sistivity curves observed for the D row stations 
are generally described as "H" type curves which can generally 
be described by a three layer model. Here the relative values 
for the resistivities is Pl> pz < p3. The clay dyke sand topsoil 
cover and adjacent road bed continually vary along this row. 
However, any lower lying sand layers, if present, are thin 
enough to be suppressed by the compacted clay wall resistivity. 

Summary 

Generally, based on the uniformity of the curves re
presenting row B & C, interior to the proposed landfill additior 
there are no interbedded ~and lenses thick enough to be detectel 
by this method in the upper clay layer. Also, compared with 
ground truth for the perimeter of the site and the uniformity 
of the shallow depth portion of the resistivity curves, the clay 
stratum for the bottom of the site appears to provide adequate 
barrier under Act 64 requirements . 
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TABLE Ill 

"Bu ROW STATIONS - APPARENT RESISTIVITIES (OHM-FT) 

Stations 
-" 

"A'' 
Reading Space AB/2 B-1 B-2 B-3 B-4 B-5 B-6 B-7 B-8 B-9 B-10 B-11 B-12 B-13 B-14 

1 3 2.25 17.7 25.l 43.2 30.9 46.2 46.8 60.9 60.9 56.4 93.6 72.6 110.1 102.0 90.0 

2 6 4.5 21.9 ~0.7 47.5 38.6 60.0 56.3 74.4 79.2 55.6 102.0 88.8 115.8 115.2 107.4 

3 9 6.75 ;36. 4 38.5 53.6 48.8 69.6 72.9 84.9 90.0 70.8 115.2 100.4 122.4 126.9 119. 7 

4 12 9 36.3 42. I 63.6 57.0 80.0 87.5 95.4 101.2 85.3 124.8 118.1 126.0 128.4 132.0. 

5 15 11.25 24.9 49.4 71.2 62.2 89.9 101.7 106.4 107.S 91.2 131.2 129.4 133.9 139.5 145.6 

6 18 13.5 38.2 57.2 75.l 68.4 94.9 103.7 112.3 110.9 91.3 140.0 135.2 136.6 144.7 150.5 

7 21 15.75 47.3 49.3 79.4 75.6 102.9 106.5 118.0 106.3 106.4 142.4 138.4 145. 7 147.4 154.1 

8 24 18 76.8 49.0 83.3 76.6 108.5 111.4 125.3 116.9 112.6 145.9 141.6 150.5 152.2 155.8 

9 27 20.25 89.1 57.8 88.3 66.2 109.9 114.2 127.7 126.9 116.1 148.2 145.8 140.9 156.6 148.2 

10 30 22.5 84.6 54.9 88.2 71.7 111.9 118.2 132.9 129.0 120.6 150.6 150.0 156.0 159.6 148.5 

l l 33 24.75 91. 7 53.8 91.1 93.1 115.2 123.8 133.0 136.6 123.1 151.5 152.1 156.8 165.0 151.8 

12 36 27 93.9 56.S 105.5 97.6 117.4 lj0.7 134.3 142.2 125.6 151.6 153.4 160.9 166.3 155.9 

13 39 29.25 99.0 58.S 109.6 94.8 117.8 128.7 136.S 147.4 132.2 158.3 155.6 165 .0 166.1 162.2 

14 42 31.5 76.9 54.2 108.8 107.1 120.1 130.2 139.0 152.5 135.3 163.0 158.3 166.7 168.8 168.0 

15 45 33.75 107.1 - 110.7 105.3 126.4 131.0 142.2 154.8 137.7 164.2 159.8 169.7 173.3 175 .s 
16 48 36 109.4 69.6 112.3 107.5 130.1 133.4 144.9 156.5 139.2 168.0 161.8 171.8 173.8 180.0 

Underline Apparent Resistivities: Field Noted 
Chanee in Instrument Operatioo (I Variation) 



"C" ROW STATIONS - APPARENT RESISTIVITIES (OHM-IT) 

Stations 

"A" (East-West) 
Reading Space AB/2 C-1 C-2 C-3 c-4 C-5 C-6.1 C-6 C-7 C-8 C-9 C-10 C-11 c-12 

1 3 2.25 - - 58.8 67.5 - 98.4 97.8 94.5 96 99.9 93 105.0 - 94.8 

2 6 4.S - - 54.2 75.6 114.0 110.4 105.0 114.6 112.8 106.2 112.8 114.0 106.8 

3 9 6.75 - - 69.4 91.8 129.6 122.4 124.2 ·126.9 125.1 118.8 121.5 128.7 120.6 

4 12 9 78.0 62.5 80.0 103.2 136.8 140.4 129.6 135.6 134.4 126.0 133.2 141.6 136.8 

5 15 11.25 73.5 74.1 91.2 114.9 140.7 143.4 138.3 140.4 137.7 136.2 140.5 148.5 146.1 

6 18 13.5 78.1 79.9 101.9 119.3 142.8 149 .8· 149.2 142.9 147.6 143.5 148.0 157 .1 152. 1 

7 21 15.75 81.3 83.6 106.5 121.6 142.8 151.6 152.0 147.4 152.0 147.8 155.2 164.0 157.9 

8 24 18 87.4 90.7 110.2 124.8 126.0 153.1 151.4 151. 7 1S7.9 154.6 158.6 168.7 162.7 

9 27 20.25 97.2 95.0 116.1 128.0 145.0 158.2 151. 7 155.0 160.1 159.8 163.9 175.0 171.2 

10 30 22.5 98.4 99.0 115.S 132.3 147.9 157.2 156.0 159.9 164.1 162.3 168.3 178.5 174.3· 

11 33 24.75 101.9 104.6 120.4 135.6 148.2 161 ·. 4 155.4 160.7 166.7 166.6 169.6 180.5 181.2 

12 36 27 106.6 81.7 120.3 138.6 150.8 162.0 156.2 162.4 167.4 166.3 172.4 182.9 190.4 

13 39 29.25 110.4 108.8 125.2 120.1 155.2 166.1 159.1 163.8 171.2 168.4 176. 7 186.0 198.9 --
14 42 31.5 115.9 108.8 124.3 140.7 154.1 169.3 159.6 165.1 173.9 171.4 179.8 187. 7 205.4 

15 45 33.75 117 .9 115.2 125.1 142.6 154.4 153.4 160.2 166.S 175.5 172.4 180.9 189.4 212.4 

16 liB 36 120.9 117 .1 130.1 143.0 155.5 156.5 160.3 168.0 176.2 173.3 181.4 191.0 210.2 



. 
"D" ROW STATIONS - APPARENT RESISTIVITY (OHM-Ff) 

Stations 
"A" 

Reading Space AB/2 D-I D-2. D-3 D-4 D-5 D-6 D-7 - D-8 

1 .3 . 2.25 102.0 201.3 169.8 147.3 165.6 172.8 160.0 111.0 

2 6 4.5 108.0 131.4 107.4 120.0 114.0 120.0 103.2 109.8 

3 9 6.75 1Q7.l 108.9 108.0 99.9 50.6 100.8 123.3 98.1 

4 12 9 100.7 103.8 103.1 77 .4 111.3 101.4 105.1 97.4 

5 15 11.25 102.4 102.3 108.75 68.25 46.2 111.9 110.4 94.0S 

6 18 13.5 97.0 104.4 113.8 110.52 123.5 118.1 120.l 96.S 

7 21 15.75 102.3 112.1 115.9 116.97 128.5 125.6 126.8 103.3 

8 24 18 109.4 117.8 117 .4 37.92 137.0 135.8 134.2 124.3 --
9 27 20.25 115.3 123.1 129.6 125·.01 140.9 142.3 143.1 132.6 

10 30 22.S 116. 7 129.9 132.6 124.2 147.9 153.6 151.5 141.9 

11 33 24.75 124.1 138.6 142.9 136.6 125.4 163.0 148.8 155.8 

12 36 27 130.7 140.0 150.8 54.0 164.9 163.4 162.4 165.6 

13 .39 29.25 134.9 146.6 155.2 145 .o 168.5 162.2 170.0 175.5 

14 - 42 31.5 139.9 150.0 135.2 149.9 170.5 170.5 175.1 186.I 

15 45 33.75 144.0" 156.1 159.8. 148.0' 181.4 172.4 167.0 193.S 

16 48 36 148.8 162.2 162.2 156 190.1 179.0 182.4 194.4 





TABLE 2 

Theoretical Wenner Vertical Electric Soundings 
By: A.R. Zohdy and David L. Campbell 

U.S. Geological Survey 

This Qethod computes·theoretical vertical electrical 
sounding curves for the Wenner electrode arrays. The earth 
structure is assuraed to be a horizontally layered medium com
prised of 6 layers or less. The input data consist of layer 
resistivities, depths (or thicknesses), and an initial elec
trode spacing value (a=AB/3 for Wenner). The output is the 
coordinate values for the theoretical sounding curve computed 
at the rate of 3 points per logarithmic cycle. 

TECHNIQUE: The convolution method is used with Ghosh's 
filters to compute sounding curves (Ghosh, 1971: Zohdy, 1973; 
Zohdy, 1974; Zohdy and Bisdorf, 1975). For each electrode 
spacing, the computations involve two steps. First, the 
kernel function B(x) is calculated from the layer thicknesses 
and resistivities at 9 (Schlumberger) or 10 (Wenner) abscissa 
values (x). These abscissa values which depend on the value 
of the particula~ electrode spacing are logarithmically equally 
spaced at the rate of 3 points per logarithmic cycle (Ax~lol/3). 
Each electrode spacing used is multiplied by Ghosh's shift 
factor 1.36 for the Wenner spacings. Second, B(x) is con
volved with the appropriate Ghosh filter coefficients to com
pute the apparent resistivity at the eiven electrode spacing. 

EQUATIONS: 
1. Use Sunde 1 s recursive formula to compute B(x) as follows: 

a. Initia1ize for bottom layer (half-space) 

2. 

Bn = 1 
b. Using the following recursive formula upward for all the layers 

for i = n to 2, 
R; = B; Pi 

K; = (Pi-1 - R;) / (Pi-1 + R;} SURFACE i=O 
M1 c -2h;-1/f•x (f = shift factor) hi Pl 
Q; = K; exp (M} _______ i=l 

B;-1 = (l-Q;)/(1+ Q;) h2 P2 i=2 
we get 

B(x) = 81 'Pl 
Convolve B(x} with Ghosh coefficients, Gj 
to compute 10 

Pw(a) = tG . . B(xJ-) 
1 J 

-.- .... -.-.-.- .. -.-.-
i =n-1 --------

h n - 1 Pn-1 i =n --------
P n 

where Pw(a) = Wenner apparent resistivity at a. 
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Resistivity Analysis 

Section 2 - Field Data 

• Resistivity Stations Plan 

• Apparent Resistivity Plots - Stations 





FIGURE 1/1 

Apparent Resistivity Curves 
Stations B, C & D 
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Section 3 - Field Data Interpretation 

• Calculated Apparent Resistivity Curves 
Based On Two And Three Layer Soil Models 

• Calculated Vertical Electrical Sounding Curves 
For Sand Layers In Upper Clay Stratum 
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FIGURE #3 
Calculated Vertical Electrical Sounding 

Curves For Sand Layers in Upper Clay Stratum 

,_ ___ SAWl{ST.INC.-DIYEISHIEO TISTIN' SllYICts-,.o. !Ol lt44-111Dl~IID,IIICH.-517•49'·HIO 





(Y) 
0 
N ,-.. 

MIDLAND PLANT LA~'DFILL 

EQUIVALE~CY PROGRA}l 

RESISTIVITY~ 

5__ ~~~~~~~r~m~~m~n~~~~;\;'.~~l~~ fo~ .''~~~~;~:rn\:;;~:~,,~Wt~~~~~P~=~:·~?=~~~~~~~::~~~~:;:;;;:~~'.:i2;\~;~i~:~:i~~'::'.'.~.;~~-~ ~;~:1: 

•----:t;E~~~~;! :~~:s~~~~~i~[:i[~~:i~:;~~;:~E~~ ~~~~:.~;\~% !- ~1~~f 
EE§-J,:-::::th-r-, ~-••I• ~ .. ~-gr-.·-r··-·~1-i•:•-r--,----.:.i-==---:t·····-·:····--·:1--;---1-·1····l·····--.. •· -· ., .. ,: 

. ~- -. 

... t:t>- ·· r·-·.. . §E~. ~ .... _.yI_'-····!·-··•l······¼· .... ,. 
1.5--- :::=:i-+·:- ·~_:~.~~~~~~~~.:~:~_2_~s;~;~:~~~~~ 

r-1 ' ~i==--~j .:t_ .. ,-:.:.:..:.,,;-~~~~·t-• ➔::::?-r r-===.z;c O,.a::;:::(-1:f~-:r-· :·-•-•'-:--'° s· 
,; 

00

HE5.. ~~ft:,J.~~~ ~~r\~~3~!~~l ·.:: .. :;0_;-; · :&~-=--=~~=~·-=~~ ~~~~ :f~3;;;¢.i: 
>-t-H·• W-l- H ·I .~ .. 0-.:::h::!, .. -:-!s7 ., •• 1 ... -1 ... , , · -·t-·· .... ":• --J-r-l+f±-5-j-------~ ···----1 ......... ·-,.- r½-- .,..,, ... -;,-L I.···• ' . 

1Q ~-H.IJ .. \.i. :_:;;.!. T ........... ,,. ... ,,.. .... .., ...... l"l"·:·:i: .,. ,-·--.-·c•·i·:····•-··· ......... , ......... ,.,''"'.";:,":·i·•·•:··' .:~ 

~-j~?"",.::...J..::,"\L:''l::::':::i:::L:L.::h: i.l+:Y:: :,' :1:::::::\::,:,:/:i.:"' I :,,:_:::::;!T: -~ ... 
A ff.P..~.c;:¥.=::~~c:~:::.;:::~:::: .~::.: :::~::::t::::J-·.-·~--~::·.:: :~: -·.: -· --=~~~··==-=1<.L;:::·:::J:~...:.i-··:cJ:::: ::::: .. ::•·: ..... 
7 

::::::..';9'~ ~- · :~::::C:::::~ =....~i::1': ;_: t-:1..::T:::t=~:--=-: --:-::: ~ t:::::::= · :::.~ . .J =:=:E . L: 1: ::: ::::: :: ~:: .. : ::.:.: : ' : ~..--.:.::::-..L. . ........._,.,.._......-........_ -· -••••••• _::z::::t:..::_ -- ••- -••· • ---' ::::1_ • -• .. ,_.•••h• •••••• 1,.--,i•••• •••••-• 0--0 ,...,.._. "'•••• 

i 2 2.5 3 4 5 6 7 

Electrode Spacing, AB/ 3 (feet) 

8 : 9 10 
: 

1'.s 2 j 
I 
I 

4 
I : 
5 6 

I 
I 

7 a 



fr') 
0 
('\J 
r---

i 3 4 

MIDLA}.'1> PLANT LANDFILL 

EQUIVALE~CY PROGRAM 

RESISTIVITY PLOT 

5 6 7 8 9 io 

Electrode Spacing, AB/ 3 (feet} 

: 
2 

' ' 3 
: 
4 

' ' 
5 6 7 










	Module C3 - Landfill Use and Management
	Appendix C3-1
	Appendix C3-4 Part 1
	Appendix C3-4 Part 3
	Appendix C3-4 Part 4
	Appendix C3-4 Part 5



