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Final License - Application
On Site Thorium Disposal at the

Salzburg Landfill, Midland, Michigan
,

1.0 Introduction -
.

1.1 SUMMARY OF PROPOSED ACTIVITIES
,

.

Dow Chemical U.S.A. (Dow), an operating unit of the Dow Chemical Company, is'

' seeking the permission of the United States Nuclear Regulatory Commission (NRC) to

dispose of limited quantities of radioactive material at a Dow facility in Midland,

Michigan. Dow has decided to apply, under the provision of 10 CFR Part 20.302, to

dispose of the material at a Dow owned and operated disposal area, the Salzburg landfill

that is currently licensed for the disposal of hazardous and nonhazardous waste by the-

Environmental Protection Agency (EPA) and-the Michigan Department of Natural

Resources (MDNR). Materials to be disposed are currently located at two nearby Dow t
.

facilities, referred to the Bay City and Midland sites.
.

' "

. . .

The proposed _ actions required to dispose of the thorium material include

excavating the material at the Bay City and Midland sites to residual concentrations of

less than 10 pCi/g of thorium 232 above background. This will allow the s'ites to be

released for unrestricted use. The material will then be transported to 'Salzburg
. Landfill, and disposed of in a cell meeting hazardous waste landfill design criteria. The

disposal cell has been specifically designed for the disposal of thorium contaminated '

material.

During excavation, health physics monitoring of personnel will be performed in

accordance with applicable . regulations. Dust suppression using water or other

techniques will be employed on an as needed basis.- Monitoring for potential airborne -

releases will be performed. However, due 10 the lack of residences near either site the.

p,otential for public exposures is minimal. Previous monitoring of earthmoving.

activities on the slag piles indicated airborne radiation levels to be well below Maximum

. Permissible Concentrations (MPC's).-

.

1
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Transportation from the'two sites to Salzburg will be by truck. The trucks will

be covered with tarpaulins to minimize ' dust releases during transportation. Trucks will

be washed, as necessary to remove external contamination, and monitored before they

are allowed to leave any of the three sites.

The material will be placed in the disposal cell and compacted to minimize void.

volume. The disposal cell, while a single connected unit, will be shaped to best fit.the"

designated land area and maintain a necessary separation from the site bounde -y. . The

cell is designated as Cell 36/37 in this application. Once all the material has been
relocated to Salzburg, any portion of the cell remaining empty will be filled with non-

hazardous fill to bring the level in the cell to the elevation on which the cap will be
.

constructed. -

it is expected that the proposed action could be completed within a two year .

period following NRC approval. The first year will be used to construct Cells 36/37.
The bulk of the thorium material can be moved to the Salzburg facility in approximately

.2-3 months.

/ After closure, Dow expects that their' license for the storage of the thorium.
.

bearing material will be terminated.

1.2 SUMM ARY OF PROJECTED IMP ACTS

,

Conservative projections of radiological impacts to remediation workers and
,

members of the public have been made for the steps in the process of excavating and

handling the thorium material at Bay City and Midland, transporting it.to Salzburg, and- >

disposing it in Cell 36/37. In addition, exposures to an inadvertent human intruder at .

the Salzburg site after disposal have beer, modeled. The analyses performed and results

obtained are described in section 7.1.2, Performance Assessment, with the detailed

calculations being provided in Appendices F and I. :

These analyses show that the limited term remediation process will not result in

- temporary exposures to any worker.or member of the public exceeding applicable ,

a
Federal and State regulatory limits. Upon completion of removal and stabilization of the

Bay. City and Midland sites, and emplacement and cover of the trench at Salzburg. long

term exposures at each location will be at background levels. Table 1.21 provides a
,

2

-
-

-



4 > . . . . , . . . . . . . .. _ _ _ _ .

,

N 5

I

. direct comparison between the projected maximum individual radiological exposures

' (for Bay . City material)- and the applicable regulatory limit. In~ no instance do any;

remediation workers 'or members of the public approach the annual limit,~ nor do the' [
~

maximum exposures to the public increase the' normal annual background radiation

exposures of 70 mrem in Michigan by more than 0.6%

,
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TABLE 1.2-1

Projected Maximum Individual Radiological Exposures

For Remediation Process

(MREM / ACTIVITY)
s

Maximum Whole Body
Reculatorv Limit

Ezoosureindividual

Nuclear Workers

5000 (1)198
1) Bay City remediation

worker

50001980
2) Truck driver

5000990
3) Salzburg construction worker

Non-Nuclear Workers and General Public
T

500 (1)
4) On-Site non-nuclear worker 0.003

5000.405
5) Hypothetical Resident at Facility

Boundary

0.00007 500
6) Bystander (onlooker) during

material transport

25 (2)1.5Inadvertent intruder at Salzbura ,

1) Based on 10CFR 20 limits
;

Based on 10CFR 61 limits for radioactive waste disposal facilities2)

4

__ _ _ _ _ _ _ . _



.

2.0 JUSTIFICATION OF THE ON-SITE DISPOSAL ALTERNATIVE

Six alternative disposition schemes were investigated leading to the decision to,

proceed with an on-site disposallicense application. These are:

No Action.-

Disposal at an existing commercial LLRW disposal site.-

On-site temporary storage followed by off site permanent disposal at a-

future commercial LLRW disposal site.

Treatment of slag and soil by reprocessing to recover the thorium and then-

dispose of the residual wastes.

On-site disposal under 10 CFR Part 61.-

On-site permanent disposal under 10 CFR Part 20.302 (the preferred-

alternative).

The advantages and disadvantages of these alternatives are briefly described

below.

2.1 NO ACTION ALTERNATIVE

The no action alternative consists of maintaining the current status.of the

magnesium-thoriuin slag piles as continued long term storage with appropriate
monitoring and maintenance.

Advantaces

The primary advantage of the no action alternative is its low cost. The continued

monitoring of ground and surface waters and long term maintenance of the caps on the

slag piles would not require major allocation of resources beyond that required to

maintain the other Dow facilities in the area. In addition, leaving the material in place

minimizes the potential for increased occupational exposures during remediation and

removal in the short term.

5

-
_ _ _ - _ _



. . _ _ . .

Disadvamaces

The' primary disadvantage of the no action alternative is its unacceptability as a .
. ,

long. term solution under the NRC's guidance provided in SECY 81576, for either the-

Bay City Site or the Midland site. Under SECY 81-576, the activity of most of the -

material would dictate excavation and reburial at another' site and ' imposition. of
,

institutional constraints on future uses of the sites.

The regulators, the public, and Dow are all'apparently in agreemem that the no

--action alternative is not an acceptable option, and it has been considered only to serve as

a base case.

2.2 DISPOSAL AT AN EXISTING COMMERCIAL LLRW DISPOSAL SITE '

This alternative ' consists of removing the material from' both sites and
transporting it off-site for disposal at one of the three LLRW disposal sites which are
currently operating.

'

Advantaces

This alternative complies with the currently accepted NRC requirements. Public

and regulatory concern over ultimate disposition of the thorium bearing material would
be alleviated.

Disadvantaces

The primary disadvantages of proceeding with this alternative are high cost and

uncertainty over waste acceptability, With the large' volume of material involved, the ' I

cost associated with disposal at one of the currently operating LLRW disposal sites would: j.

be at least $80,000,000. A cost estimate is provided in Appendix A. Additionally, there !

is some uncertainty over whether any of the sites would accept.such a large volume of-

soil with such a low' specific activity.
.

The three operating commercial disposal sites are licensed to a'ccept waste

material classified as Class A waste such as the slag. Ho' wever, the Barr711 South

Carolina facility is operated uncer a set of disposal practices which may exclude the slag,

6
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Recent experience has shown that the commercial burial sites and their host states are

reluctant to accept high volume, low activity Class A material like the'sf ag. primarily l
.

because it uses part of the limited amount of disposal volume remaining at the site when

it would be more profitable, and in the national interest, to reserve the available burial ,

volume for higher activity waste. This situation is likely to persist until a' number of
other commercial sites have been developed under the' Compact programs thus

substantially increasing the available disposal space. A recent example tends to confirm

this situation. The States of Nevada and Washington have prevented shipment of radium-

contaminated waste from New Jersey to the Beatty or Richland sites run by U.S. Ecology. ,

_

in a conversation on 6/24/87, with Dames & Moore, U.S. Ecology indicated that the

radium shipment was refused because it was not licensed source material. However, U.S.

Ecology also indicates that their burial facilities would accept Class A material processed

under license (such as the slag) with special cost schedules imposed.
,

A further disadvantage of this alternative is that transport of the material will

require 2,000 5,000 truckloads (depending on size of the truck) to be moved over
>

local and interstate roads for long distances (>1000 miles). This will heighten public

concern, cause an incremental increase in routine exposure along the route, and create

the potential for accidents resulting in environmental releases based on application of ,

normal accident statistics.

2.3 TEMPORARY STORAGE AND DISPOSAL AT A NEW COMMERCIAL LLRW

DISPOSAL SITE

This alternative consists of maintaining the current status of the magnesium-

thorium slag piles until the compact's LLRW disposal facility is available. Then, the
waste would be excavated, removed, and shipped to the new facility for disposal.

Advantaaes

The primary advantage of this alternative is its regulatory. acceptability.- The

material would be disposed in a secure facility which will be licensed under 10 CFR Part

61. The long term environmental and public impacts at the two storage locations would

be reduced to negligible levels, and public and regulatory concern over the ultimate

disposition of the two storage locations would be afleviated.
!

|
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. Disadvantaces :

The'two major disadvantages of this alternative are the uncertainty ass'ociated

with the Compact siting and licent,ing process, and the costs as'sociated with disposal at a'

future commercial. LLRW facili.y, Disposal of the material at a. commercial facility ,

requires maintaining the current status of_ the material storage! areas for an, uncertain

,

time period '(at least; 5 7 yr,ars) until the compact's site . selection', licensing, and, +

development process is comoteted. Proceeding with this alternative is likely to be the2

most costly of those conside'.ed since disposal fees at a new compact facility would likely

exceed those at currently operating sites. In addition, while the distance 'to a new

Compact site would be less then to an existing commercial site, the same disadvantages of : q

increased public concern and accident potential would be associated with transportation- y

of this quantity of material to the site. .

I

in summary, this alternative is not attractive since, .although it could ' meet the-

regulatory objectives, there would be an uncertain waiting period associated.with the -

start up of a new Compact disposal site and the cost of disposal would be very highi_

&

2.4 TREATMENT BY PROCESSING FOR THORlUM RECOVERY
-

|

The treatment and recovery alternative consists of processing the slag and soil to j

recover the thorium and then disposing of the residual waste at a licensed commercial' -

LLRW disposal facility. , ,

Advantaaes'

.

The primary advantage of the treatment and recovery alternative is that the ,

waste remaining to be disposed would have a reduced thorium concentration.

Disadvantaces ,

There are many disadvantages to proceeding with this option. | First, a siteLfor -

processing the thorium pile would have to be selected, licensed by NRC, and developed.
,

National Environmental Policy Act (NEPA) requirements for this alternative would.have'

-to be. fulfilled and may include an environmental assessment (EA); or even an
*

'

environmental. impact statem.ent (EIS).

8
.
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Following processing, the residual waste would still require disposal and it is likely that

the total voiume would not be reduced in addition, the recovered thorium, which has no

current economic value, would contain concentrated activity potentially preventing its

disposal as LLRW.

In summary, although this alternative is potentially viable, the added cost of

developing.and licensing a processing facility, which may not reduce the total volume of

materials to be disposed of, and could produce a waste stream which would be difficult to

dispose of, does not make it a logical choice.

2.5 ON-SITE DISPOSAL UNDER 10 CFR PART 61

Th;s on site disposal alternative consists of removing the thorium-bearing

material from its existing locations and disposing this material in a Dow facility which -

meets 10 CFR Part 61 standards.

Advantaces

The primary advantage of this alternative is that it would alleviate public and

regulatory concern over disposal since the potential long term environmental and health '
'

impacts would be reduced to As Low as Reasonable Achievable levels (ALARA). There

would be no need to acquire additional lands for this purpose assuming that the material

could be disposed on land already owned by Dow. The facility could be sited to' maximize
~

the distance to potential receptor locations. In addition, the volume of waste requiring '

shipment off-site would be minimized.
.

Disadvantaces
<

r
I

The primary disadvantage associated with this alternative is the uncertainty of

timing. Site selection, characterization, licensing, and facility design and construction

could take 6 8 years under the new 10 CFR 61 regulatory process before material I

could be disposed at the new facility. Additionally, given the existence of a state LLRW ' ]
siting initiative, it is unlikely that a second facility for the Dow thorium bearing j

lmaterial would be allowed by the State of Michigan.

|
I
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in summary, while this alternative is : potentially . technically viable, the. 1
uncertainty. associated with the regulatory process makes this alternative unattractive.-

2.6 ON SITE PERMANENT DISPOSAL UNDER 10 CFR PART 20.302

,

This on-site disposal alternative consists of removing the, thorium-bearing

material from its present locations and disposing this material in a ~Dow facility under

the . provisions of 10 CFR Part 20.302. The proposed action entails disposal of the

material at Dow's Salzburg Landfill in a cell meeting hazardous waste landfill design:
criteria. The disposal cell will be specifically designed for the thorium-bearing
material.

Ad/antaces

1

The primary advantage of this alternative is that the site has already been
licensed to operate and currently accepts hazardous wastes. Therefore site selection and '

1

characterization has already been completed and approved as part o.f the company's RCRA ,

Part B and Michigan Act 64 permits to operate the Salzburg Landfill. Therefore, the|

-h regulatory process associated with a 20.302 application is estimated to take~ less than -

six months, permitting an early completion of final disposal of the material. In addition,

the public and regulatory concern over disposition of the material'would be alleviated

because the environmental and public health impacts would be. minimized to ALARA
'

standards. There would be no need to acquire additionallands for this purpose since theo

material would be disposed of at an operating facility already owned by Dow. .The location -

of the Salzburg Landfill adjacent to Dow's Midland facility will minimize the. transport >

distance and thus the disadvantages associated with the offsite transport options, in ;

addition, the occupational exposures associated with this option would be minimized. In :

preliminary discussions with State, and Federal officials, no major regulatory
impediments to this preferred alternative have been. identified.

~: .

. .

.

Disadvantaags -

The primary disadvantage associated with this alternative is the fact that there is
,

4

no precedent in which similar volumes of thorium bearing material have been disposed

of under 10 CFR Part 20.302.

;

10 +
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Conclusion *
'

:e. 1

i

| The 2,6 alternative is the preferred choice since: 1) this option will best meet '
i

occupational, environmental and public ALARA objectives; 2) projected costs are much i

lower than for off-site disposal; and 3) no major unsolved regulatory issues have been !'

identified.
,
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3.0 DESCRIPTION OF MATERIALM

The radioactive material being considered for disposal at Salzburg consists

primarily of foundry slag containing low levels of thorium. This material was produced

in the period.from 1940 to 1970 as the residual from the production of magnesium-

thorium alloy. This lightweight alloy was used for defense purposes, including aircraft

engines and aeronautical structural components. The slag was originally stored, with

plans of reclamation, on two Dow properties in Michigan. Some other thorium
contaminated material from a decommissioned third site was added to the Bay City pile 'in
1985, under.NRC review.

A single license was originally granted by the NRC in 1973 for the two sites (Bay.

City and Midland) to store up to 200,000 pounds of thorium as slag. This license

expired in 1978, but has remained in effect under timely renewal. Currently, Dow is

proposing to combine the two slag piles at the Dow-owned Salzburg Landfill under the .

provisions of 10 CFR 20.302, allowing the current license to be terminated. The
,

Salzburg Landfill is licensed by the Environmental Protection Agency (EPA) under the

requirements of the Federal Resource Conservation and Recovery Act, and by the
^\ Michigan Department of Natural Resources (DNR), under the state Hazardous Waste

Management Act, Public Act 64 and Act 641.

3.1 ISOTOPIC ACTMTY

The material slated for disposal originally consisted of magnesium with up to two

percent thorium, in its present state, portions of the process slag have been mixed with
.

soil or limited amounts of construction debris; in addition, there has been some

emplacement of the material outside the boundaries of the Bay City site. . As a result of

-this mixing, the thorium concentrations, as determined by Dow soil sampling, vary from

2 - 7000 pCi/g at the Bay City site, and from 2 - 2000 pCi/g at the. Midland site. As

summarized in Table 3.11, the total activity of 9.7 Ci of Th 232 is distributed-
through -52,000 cubic yards of slag, soil, and construction debris.

i
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. ' TABLE 3.1 1
y ...

' Thorium 232 Activity and Concentrations ,

!
'

Bay City Midland

9.2 0.46Total Activity (Cl)_
'

. Volume (cubic yards) 40,000 12,000
.

Average Concentration (pCi/g) 188 29

Maximum Concentration (pCi/g) 7000 2000-
4

Since the tho'rium bearing material has been in place-for over 20 years..it is
,

assumed that the thorium-232 daughters are in equilibrium. Table 3.1-2 lists the

thorium-232 decay chain.

3.2 METALCONCENTRATIONS

The concentrations of heavy metals in the Bay City and Midland slag have been

determined using the EP-Tox test for these constituents. As shown in Table 3.2-1' the 2

9 concentration of all metals is within permissible limits. a

TABLE 3.2-1
*

Heavy Metals Concentration

Measured '

'

Maximum Allowable Concentrations -(mg/l) .
Constituent Concentration (ma/n Bav City Midland

.

Arsenic 5 .ND(1) ND ,

Barium 100 'ND ND~ '

Cadmium 1 ND ND
Chromium 5 ND ND

- Copper 100 'ND ND
.

Cyanide 20 'ND -ND :!

Lead 5 ND ND :
Mercury' O.2 NO' ND
Selenium 1 ND ND
Silver 5 ND ND
Ziric 500 ND ND. '

.(1) .Not detected at or above maximum allowable concentrations (z 10% RSD). Bay q

Ci.ty results from 5 samples; Midland results from 3 samples.

, ,

4
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Ta ble 3.1 - 2
lhorium Decay Scheme

r

,

Atomic
Ele m e n t Weight Half.fif e Radiation

Thorium 10232 1.4 x 10 yr AphaRadium . 228 6.7 yr Beta' '
Actinium 228 6.13 hr Beta-- Thorium 228
Radium 1.9 yr Alpha ~f

224
Radan 3.64 days . Npha220 54.5 sec. AlphaPolonium 216 0.14 soc. Alpha| Lead 212I- Bismuth 10.6 hrs. Beta212 60.5 m' n. Alpha BetaiPolonium 212 10 sec. Alpha - //,-P/v!VThallium 208 3.1 min. DetaLad 208 Stable
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3.3 NUMBER OF DISPOSALS .

The disposal activity proposed under this application covers only the thorium

contaminated material at the Dow facilities in Bay City and Midland, Michigan.

Excavation of the piles and subsequent burial at Salzburg is viewed as a single disposal,

even considering the volume of material

3.4 MATERIAL VOLUME

The material intended for disposal is presently in two locations. Over time,

portions of the material have been mixed with clean soil and, at the Bay City site, with
limited amounts of thorium-contaminated construction debris,

f

At Bay City, it is estimated that there is a total of up to 40.000 cubic yards of
'

material with thorium concentrations above 5 pCi/g, including soil and construction

debris. The average activity is estimated to be about 188 pCl/g of thorium-232, with a

range of 2 to 7000 pCi/g. The total activity is estimated to be about 9.2 Ci. Applying a

cleanup criteria of 10 pCl/g would permit the volume of material removed from the Bay

City Site to be reduced by about one third.

At the Midland site, the total volume of thorium-bearing material is estimated to

be 12,000 cubic yards. Total thorium-232 inventory is about. 0.46 Cl, with .an
average activity estimated at 29 pCl/g, in a range of 2 to 2000 pCi/g.

The volumetric estimates of soil to be removed at each site were obtained by

initially performing a walk through gamma survey on a square grid to determine and

record the locations having elevated readings. Core samples were then collected at tha

sites and analyzed for elevated radiation levels. At Midland borings were made on a 50

foot grid and at locations having elevated gamma levels, drilled at 2 foot depth intervals,.

until 2 consecutive samples showed below 5 pCl/g thorium concentrations. At Bay City,

borings were made and samples taken at 1 foot intervals down to natural soil. At Midland

60 borings were made and approximately 400 at Bay City to obtain the data from which

cross sections were plotted and the volumetric concentration distribution established..

15
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The sampling and analysis methodology used in these surveys and that will be

generally followed to validate the success of the material excavation program is:

1. Core samples are collected using a split spoon tool at sample locations are

clearly identified using some type of secure marker for future use.

2. Samples are taken at depth intervals of one foot at the specific locations. Each

sample at the represented depth is placed in a labeled one pound tin and sealed. ,

The sample is then analyzed for radioactivity content before any further

drilling is performed to determine if additional drilling is necessary to obtain

samples at lower depths within the pile. Each sample is numbered and the

number coded for each hole and depth definition.

3. The on site analytical tool is a highly shielded sodium lodide crystal. Known

concentrations of thorium traceable to the National Bureau of Standards are -

used as calibration standards. Sample tins are placed in a plastic bag and

inserted into the shielded area of the detector with care to avoid contamination-

of the detector. This will serve to give a good estimate of the activity of the

sample and maintain an uncontaminated detection system.

4. To lower the background and to assure no inadvertent contamination of the

detection system occurs from wind born dust, etc., the. system will be located

off the pile itself though in the most convenient place possible.

5. When a sample analysis shows background levels of radioactivity, the sample

is set aside for activation analysl[to confirm this reading. After a sample

shows background levels of radiation at a particular depth, the drilling
continues to obtain an additional sample one foot below the previous sample.

This sample also is analyzed to obtain an accurate account of the thorium

concentration. Samples in which thorium is detected with the use of the

onsite calibrated sodium iodide detection system, are labeled with. the-

exposure rate value and stored on site.. These samples do not need any further

analytical work.

P
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3.5 MATERIAL FORM,.
,

W

The material originally consisted of magnesium with up.to two percent thorium,

in its present state, portions of the material have been mixed withL soil or| limited

amounts of construction debris. The slag is a soillike material.

The construction debris found at the Bay City site also contains thorium. The

debris came from the Wellman site in Bay City which was previously decommissioned.

That decommissioning program was- completed under NRC' review in 1985. The'

, construction debris consists primarily of masonry with very limited amounts of organic

material (wood).

3.6 CHELATING AGENTS

Material to be disposed of under this application consists of thorium-
contaminated slag, soil, and construction debris. No chelating agents are known or

suspected of having been used, nor will any be used in conjunction with the material-
disposal.

m

3.7 PROHlBITION OF HAZARDOUS WASTE
,

11 is acknowledged that disposal of waste. defined as hazardous under' the

regulations of the Environmental Protection Agency,40 CFR Parts 260 through 265, is_

not aopropriate under 20.302. The radioactive material slated for disposal under this

application is not categorized as hazardous. However, the proposed disposal facility is

within a landfill sited, designed, constructed, and permitted _for disposal of hazardous..

waste.

3.8 EXISTING MATERtALSTORAGE AREAS -

'.

' 3.8.1 Bay City Site-
,

The Bay C'ity site is located near the town of Bay _ City, Michigan. The site is on,

property owned by Dow about one mile south of Saginaw~ Bay. Figure 3.7-1 shows the

site location. The site is about 20 miles east of the Salzburg facilitys

17
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7 ' The' magnesium thorium material is located adjacent- to and' north of an ' inlet.
~

'

canal, which enters the Saginaw River to the east. The Saginaw River, as 'sh'own on -
Figure 3.7 2, is located to the north and east of-the material.

,

The area surrounding the material is relatively' level, with some marshy areas
and ponds. Typically the material sits approximately 5 to 10 feet above the water level.

.

in the inlet canal.

? Most of the thorium activity in the material is contained within the fenced area

shown on Figure 3.7 2. ~ However, soil sampling conducted by Dow has shown that somer ,

thorium-containing material is also present outside.of the. fenced area in locations.to the.

north, west, and east of the pile.
.

The highest concentration Bay City material is currently partially covered.with -

an asphaltic sealant and is fenced. However, the cover contains cracks and has

weathered, and is no'ionger impervio' s. The entire area is posted and delineated with au

rope barrier.

.

<

>

>
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3.8.2 Midland Site

The Midland thorium storage site is located at Dow's - Midland, Michigan

manufacturing facility. The thorium material is located near a closed RCRA licensed

surface impoundment previously used in waste water treatment. The Midland and

Salzburg sites are shown on Figure 3.7-3.

Dow has completed closure of the Midland Diversion Basin surface impoundment

based on the EPA and DNR approved closure plan for the facility. The material removed.

was sampled to assure that no material having radiological contamination (above 5 pCi/g

level) was shipped.

Surrounding the thorium storage site is the Midland manufacturing facility. The

entire Midland facility is fenced, with access restricted to authorized personnel. The

material is posted as a radiation control area and marked off with roce. This facility is

about 1.0 miles from the Salzburg facility.

The material was covered with a clay cap in 1983. The cap averages about 1 to 2.

feet thick with light vegetative cover.

3.9 STORAGESirECLOSURE

The material stated for disposal will be generated during the closure of Dow

Chemical Company's storage sites in Midland and Bay City, Michigan. Closure plans have

been developed for both sites to ensure that the thorium removal is performed with a

high degree of personnel safety and environmental considerations in mind. '

3.9.1 In-Process Surveys and Samples j 1'
'

y f,fnyw[h
'

,

,

Direct radiation measurements will be performed r t e storage sites during

thorium removal operations using pressurized ion cham ers (PICS). These su. 'eys

will provide information for future comparisons between pre- and post-removal

radiation levels to determine remediation effectiveness. The survey results will be

correlated with soil sample analysis to obtain thorium concentrations'in situ during the

excavation process. This provides a means of immediate determination of the need for

further excavation if soil levels are above the 10 pCl/g standard.

21
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' Direct radiation measurements will be correlated with soll concentrations by ,.

comparison with isotopic 'results. if the correlation is not adequate, additional soll

sampling will be made until satisfactory correlation is achieved. This will allow
.

characterization of the site in a much quicker, efficient and cost. effective way than-

with numerous soil samples.

Protocols will be established to determine the calibration factor between the soil

sample results and the corresponding direct radiation measurements. Such protocols ,

will include measurement techniques, survey pattoms, and equipment requirements.

In addition to' sampling and surveying of the remaining soil (non-excavated), the-

excavated soil will be analyzed on a routine basis. These samples will provide

information as to the concentration of thorium being removed for determination of

remediation effectiveness and also provide required data'for shipping purposes.

'* ^

3.9.2 Post Removal Sumeys and Samples

Upon removal of the bulk of the thorium rnaterial from within the storage sites

more extensive survey and soil sampling programs will be. instigated. 'This will provide

the basis for release of the sites for unrestricted use. The criteria for unrestricted use

is s10 pCl/g Th.232 soil concentration and 10 rem /hr gamma level above background
.

at 1 meter above the surface. The soil sampling programs will consist of both surface

and subsurface soil samples. .

'

A walkover survey of the area beyond the site perimeter (see Figure 3.74) will. .

,

be conducted to assess the potential contamination of-such regions.' If thorium
,

concentrations in excess of release criteria are_ identified, further characterization to
,

define the extent of contamination will be done. These further measurements will
'

determine the need for additional remediation efforts. *

,

.

The sumeys will be conducted using a calibrated PIC.

.
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4.0 PACKAGING OF MATERf AL *
:, s

t

The applicant does not intend.to package the thorium-bearing material prior to

em' placement. increased occupational radiation exposures would occur during packaging
,

of the material that can be avoided by bulk shipment and direct emplacement.

,

Bulk disposal of the material also minimizes creation of voids in the landfill

which could ultimately lead to subsidence. The thorium contaminated soil and-soillike

slag will be compacted to minimize subsidence. If, however, the slag and soil .were -
placed in drums prior to disposal, a higher degree of subsidence would occur since the

,

drums could not be filled 100% the soil in the drums could not be compacted, and the

space between canisters, even if backfilled with clean sand, would provide some'
,

additional void space for subsidence. These negative factors would adversely effect cover

performance. Bulk management of the materialis the preferred approach.

Thus, by foregoing packaging, the radiation exposure is lessened due to the

reduction in handling and the integrity of the disposal site is more fully guaranteed.

O
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5.0 DISPOSAL LOCATION

5.1 SITE LOCATION

Dow prohg6 place the contaminated material in Cell 36/37 of the Salzburg
Landfill, a Dow owned d operated facility licensed by the U.S. EPA and Michigan DNR

for disposal of both hazardous and non-hazardous waste. It accepts only wastes produced

by Dow operations.

The Salzburg Landfill is located in the southeast portion of the City oi Midland,

Michigan, as indicated in Figure 5.1-1. The landfill is approximately 1.0 mile from the

Midland thorium storage area, and about 20 miles from the Bay City site.

The thorium material will be placed only in Cell 36/37 of the Salzburg Landfill.

The Cell location is also shown on Figure 5.11. The Salzburg Landfill site map in the

upper right hand corner of drawing 82-001 of Appendix G, attached, shows the locations

of the other disposal cells in relation to Cell 36/37.

5.2 PROPERTYUSES

The Salzburg Landfill is located on a 152 acre parcel of land owned by Dow. The

only activity performed on site is a state-of the-art hazardous and non-hazardous

waste disposal facility operated by Dow

Operation of the landfill is regulated at the state level by the DNR under the

Hazardous Waste Management Act, Public Act 64 and Act 641. On the Federal level, it is

an EPA-licensed facility which exceeds the requirements of the Resource Conservation

and Recovery Act (RCRA). The landfill was recognized by the National Society of

Professional Engineers as one of the top ten outstanding engineering achievements in the

United States of 1985.

The facility is designed for disposal of the Dow Chemical U.S.A., Michigan

Division, Midland location's incinerator ash, waste water treatment plant solids, and

other solid production and demolition waste. Liquid wastes are not disposed at Salzburg.

The facility is a hazardous waste ano non-hazardous waste co-disposal facility.

Included at the facility are landfill cells, buildings containing a vehicle wash, spare

25
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M

parts, utilities, lunch room,' locker room, and office, control room, ' construction
trailers, and contractor gate house.

5.3. NElGHBORING ENVIRONS

The proposed site for disposal of the thorium contaminated materials is the

Salzburg Landfill, a 152 acre parcel of land owned by the Michigan Division of the Dow.

Chemical Company. As indicated on Figure 5.3-1, the triangular property is bounded on

the north by Salzburg Road, on the east by Waldo Road, and on the southwest by C&O '

PMiroad tracks.

5.3.1 Nearby Properties

The map in Figure 5.31 indicates use of the land surrounding the Salzburg
Landfill. North of the facility is Dow Corning Corporation production facilities. South of.

the facility are inactive production facilities and vacant land. East of the facility are

vacant land and residential housing. West of the facility is the Waste Water Treatment '

Plant facility of Dow Chemical, U.S.A., Michigan Division, Midland Location. ' To the

northwest of the facility are the G&H Development Corporation and Prod. .Trans, Inc.

(EDI, 1983).

The reapplication for an operating license under Michigan Act 64 describes plans

for proposed future uses of land in the vicinity of the Salzburg Landfill as follows:.(1)

The site is in the midst of an expanding industrial complex. The majority of
property in the area is heavily industrialized.- The exception'to this is
immediately east of Waldo Road where residential structures exist (Dow is
purchasing these houses as they become available). The industrial uses in the
area are consistent with City and Township development plans [ Figures 5.3-
2 and 5.3-3].

In August,1979, the City of Midland Planning Commission approved a
Comprehensive Development Plan to guide future growth in and adjacent to
the City of Midland. Midland Township has also approved a development guide
which generally corresponds to the City Plan. Contacts made with Midland
Township Planning Commissioners and Midland City Planning Department
during July,1984, indicate zoning designations and land use have not changed
since that time for the area surrounding the site.

(1) Material quoted from other documents will be set off in the text by use of
closely-spaced text as shown here. Quote symbols will not be used.
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Specifically, the . site and adjacent property (City and Township) are
designated for ultimate industrial development. These plans basically state
that this land use category (industrial) provides for existing and future
development of industry.

The City Zoning Ordinance (a development plan implementation tool) places
the site into the industrial "B" District. This zoning district is intended for.a
variety of intense industrial uses, including a landfill.-

The Midland Township Zoning Ordinance has the property adjacent to the site -
zoned residential. This should only be considered a temporary zoning
designation, since the Township Master Plan proposes this property be
developed as industrial in the future". (EDI,1964).

5.3.2 Nearby Residences

The nearest residences to the facility are along the east side of Waldo Road
where there are homes that range in distance from 130 to 400 feet from the
facility. Since February,1980, nine-of the homes along Waldo Road and
Milner Road, adjacent to the facility, have been purchased by Dow Chemical
U.S.A., Michigan Division, Midland location. Of the homes purchased,-four
were torn down and four homes continue to be occupied. Three of the homes
remaining are owned by private individuals.

.

The remaining private residences are:

1. L. Bober, 4535 Milner Road
2. J. Trout,1245 South Waldo Road
3. C. Witherspoon,1131 South Waldo Road" (EDI,1984)

Since the 1984 application, all but one of the Dow-owned homes have been
,

torn down

5.3.3 Surface Waters

The only surface water in the vicinity of the Salzburg Landfill is the-
Tittabawassee River, which at closest approach is about 1200 ft, west of the landfill and ;

over 2500 feet from Cell 36/37. The Tittabawassee flows southeast.to join the Saginaw

River at Saginaw, which then flows northeast to discharge into the Saginaw Bay at Bay

City.

Flood flow projections for the Tittabawassee are provided in Appendix H.
.

J

5.3.4 Water. Wells -;
i
,

All the residences across Waldo Road from the Salzourg Landfill have private
wells. These wells range in depth from 35 to 155 feet, [ note: some-

,

references indicate the deepest well is 160 feet) and the typical aquifer in ]
i
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which these wells are set consists of thin layers or pockets of sand in an
otherwise clay formation. These private wells are the nearest to the facility.

,.

in February,1980, a door-to-door survey was conducted at the homes along
Waldo' Road and Milner Road to obtain information on - the depth and
performance of their ' wells and to obtain a water sample for chemical
analysis.t (EDI,1984).

,

The location of these homes and the owners names are shown on Figure 5.3-4. Table

5.3-1 summarizes the owner's responses to questions on well depth and performance.

The table has been updated to include the most recent information available The wells

range in depth from 35 to 160 feet.

5.4 Past Material Disposals

The proposed disposal site is a new cell, Cell 36/37, in a currently operating

EPA /MDNR licensed hazardous' waste disposal facility. The new cell (36/37) has not yet

been constructed, and therefore has not been the site of any waste disposal. The cell will

only receive ' the materials cited in this application. Typically, only solid wastes
,

generated by the licensee are disposed of in cells elsewhere in_the' Landfill that are

designed to a goal of no defects and no leaks.
,

As described in the RCRA Part B Application:

Hazardous wastes which would be considered for disposal in other cells at this
facility are of several types:

Incinerator ash and dewatered wastewater treatment plant solids,.

Waste containing hazardous concentrations of E.P. Toxic compounds such as.

chromium,

Certain soil and spill clean up materials potentially containing relatively.

low concentrations of specifically listed hazardous wastes,
,

Certain solids containing RCRA listed hazardous wastes in categories F, K, D,.

and U (1986) such as: |

- Chlorobenzene
Benzanthracene-

Acrylamide-

it should be noted that the hazardous wastes for which the Landfill was designed,

such as heavy metals, may remain hazardous for an indefinite period of time, since they

do not decay.
r
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6.0 INSTITUTIONAL CONTROLS

6.1 Property Ownership

The proposed disposal site, the Salzburg Landfill, is owned and operated by the

applicant, Dow Chemical U.S.A., Michigan Division.

r

The site is operated as a hazardous waste disposal facility, and appropriate

notices have been included in the property deed (See Section 11.2).

6.2 PROPERTYACCESSCONTROL

The facility is surrounded by a fifteen foot high perimeter fence. Normal
access is through #90 gate, or #93 gate, the contractors' gate. Possession of
gate cards and keys are controlled by the Dow Michigan Division
Environmental Services Department. All gates are kept locked / closed, or a-
gate guard is stationed at the gate. Anyone entering the facility must have
business at the facility to gain entrance.

Plant security maintains round the-clock surveillance of the facility.
Included in their responsibilities are routine inspection of fence lines, gate
conditions, and surveillance for any unusual facility conditions. The
perimeter fence is posted with signs reading "DOW"," PRIVATE PROPERTY NO-
TRESPASSING", and " WARNING UNAUTHORIZED PERSONNEL KEEP OUT".

Warning signs are posted at the entry point to the facility which instruct all-
personnel to report to the facility building prior to entering the area.

During periods of operation, Dow personnel in the area provide surveillance ,

for unauthorized personnel.

All personnel are required to display an identification (ID) badge inside the +

fence line. Visitors are issued temporary badges which must be displayed
while at the facility. Temporary ID badges are returned when the visitor
leaves the facility. All contractor personnel must sign in and out of the
facility at the contractor gate. All other personnel must sign in and out of the
facility at the facility building. (Dow,1986)

6.3 PERIODOF RESTRICTED ACCESS

The applicant intends to continue operation of the hazardous ' waste disposal

facility beyond the emplacement:of the thorium-bearing materials, though no further.
_

disposal of radioactive material is intended or anticipated. Dow Chemical has estimated,

in the RCRA Part B Application,. that final closure activities for the Salzburg Landfill-

shall begin in the year 2017. Access control beyond 2017 may be required as part of

35
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~ the EPA or State permitting process. Additionally, a covenant to the deed was prepared,:
"'

' . which is included as Appendix B.
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7.0 NATURE OF DISPOSAL SITE.

7.1 TYPES OF sol!.S

The soils at the Salzburg Landfill have been described and characterized as part of

the RCRA Part B Permit Application and the supporting site investigations. Prior to the

initiation of construction at the Salzburg Landfill, most of the site was covered with a

surficial sand layer. This unit is described in Section E of the Part B Permit Application

as follows:

This surface sand unit consists of highly stratified fine sand and sitt and
contains thin layers of clay. The unit is particularly silty and clayey near
the bottom where it grades into the more massive clay unit which underlies
it.

The 49 borings which _were drilled for the landfill site evaluation show the
surface sand layer to range from 0 to 13 feet in thickness with an average
thickness of approximately 4 feet. . Figure 7.1-1 is an isopach map showing
the occurrence (of] the surface removed during excavation and construction
of the liner failure detection system. (EDI,1984)

As shown on Figure 7.1-1 the sand IcVer is approximately 2-3 feet thick at the location

of Cell 36/37.
.

Beneath the shallow sand layer is a lakebed clay layer ranging in thickness from

14 to 24 feet. This takebed clay overlies glacial till. The lakebed clay in the area of the

thorium disposal cell will be excavated during construction of the cell. The clay is then

used in the subsequent construction of clay liners and caps for the cell. Additional clay

may also be used in cell construction if it meets construction specifications.
.

During the original engineering study, sixty-three silt 'and clay samples
from -this [lakebed clay] unit were collected from the landfill site and
analyzed for permeability, Atterberg limits, pH and_ particle size.
Laboratory permeability ranged from 3.1 x 10-6 'to 1.4 x 10-8 cm/sec,
with 86 percent 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 percent with an average of 56.3 percent. The liquid limit ranged from
13.0 to 56.5 percent and average' 36.2 percent. The plastic index ranged
from non-plastic to 35.8 and averaged 16.6. The pH ranged from.7.3 to 8.9.-.

.
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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.

The [ glacial till] unit lies directly below the Lakebed Clay unit and could be
identified during drilling by rock fragments (pebbles), hi|d drilling, and a
more uniform, sandy, siltier texture than the overlying Lakebed Clay unit.

The matrix material of the Glacial Till unit is predominantly sand and silt,
with a clay fraction that averages about 30 percent. This is in direct contrast
to the Lakebed Clay unit where the clay fraction usually exceeded 50%.
Twelve samples were collected from the upper 15 feet of the unit on the site
and analyzed for permeability, Atterberg limits, pH, and particle size.
Permeability ranged from 1.2 x 10-7 o 2.5 x 10-8 cm/sec, with 82% ~less -t
than 1.0 x 10-7 cm/sec. The liquid limit and plastic index averaged 20.4
and 8.4, respectively, which are notably lower than for 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 unified classes.

The deeper rotary borings within the landfill (Dow boring #'s 2708, 3009,
3010, 3011, 3012) and the older coal borings penetrate the entire Glacial
Till unit in several places. The borings indicate an average thickness of the
unit is approximately 125 feet beneath the Salzburg Landfill. (EDI,1984)

72 STRATIGRAPHY

The stratigraphy of the soil is partially described in Section 7.1. This section

repeats some of that information along with a more detailed stratigraphic description

including descriptions of the deeper sandy aquifer and bedrock found beneath the land.

fill.

'

The glacial stratigraphy of the area underlying the Salzburg Landfill has been
determined from coal boring and water well records dating back 80 years and
from recent hydrogeological investigations conducted at the landfill. The
deeper borings in these recent investigations were logged by geophysical .
methods which included electrical resistivity and gamma-ray methods. The-
records of these geophysical logs are included in Appendix [C]. During the.

original engineering study for the landfill, twenty-two continuous split-
spoon borings were drilled on a 600-foot grid pattern. Although the original'
intention was to drill each of these borings to a depth of 40 feet, actual depths'

'

ranged between 21 and 40 feet due.to hard drilling in the stiff till layer
underlying the site, Twenty-one shallow auger borings were also drilled
between the split spoon borings to help determine the areal extent and depth
of the surface layer of sand which blankets most of the site.' These borings
were drilled at least 5 feet into the clay and range from 8 feet to 19 feet in
depth. From this information, four stratigraphic units have been identified.
above the bedrock. .These units are termed, from: top to bottom, " Surface
Sand", "Lakebed Clay", " Glacial Till", and " Regional Aquifer". The unit narnes
are derived from the relative position and/or geologic genesis of each unit.

39
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Four geologic cross sections have been assembled from logs of' wells and
borings in the Salzburg Landfill area to aid in the interpretation of the
hydrogeology and stratigraphy under the landfill [see Figures 7.2-1 through
7.2-4]. The cross section locations are shown on [ Figure 7.2-5). Geo:ogic .
cross section A A extends from the southwest corner of Section 35 across the
Tittabawassee River and the Salzburg Landfill to the northeast comer of
Section 35.' Cross section B-B extends from the southeast corner of Section
35 north along the east boundary of the Salzburg Landfill, north along Waldo
Road 3/4 mile in Section 26, to the north-northeast to Monroe Well #23
(24-2) in Section 24. Cross section C-C extends from west of Poseyville
Road by the Westside Power Plant along the west bank of the Tittabawassee
River, along the Consumers Power Cooling Pond berm, east-southeast across
the Sludge Dewatering Facility, the Salzburg Landfill, and Waldo Road to the
corner of Milner Road and Bus Road. Cross section D-D extends from west of
the Sludge Dewatering Facility to the northeast corner of the Salzburg
Landfill along the south side of Salzburg Road.

Surface Sand Unit: A surficial sand layer covers most of the landfill site.
This surface sand unit consists of highly stratified fine sand and silt and
contains thin layers of clay. The unit is particularly silty and clayey near
the bottom where it grades into the more massive clay unit which underlies
it.

The 49 borings which were drilled for the landfill site evaluation show the
surface sand layer to range from 0 to 13 feet in thickness with an_ average
thickness of approximately 4 feet. The landfill borings.were drilled in late
October and early November,1979, following several months of dry
weather, so the surface sand was dry. However, a seasonal saturated zone can
be expected in this unit when water from rainfall or snowmelt is " perched"
on the underlying clay. Figure [7.1-1} is an isopach map showing the
occurrence the surface sand unit. Under the Salzburg Landfill, the Surface
Sand will be completely removed during excavation and construction of'the
liner failure detection system.-

Lakebed Clav Unit: The Lakebed Clay unit underlies the entire site directly
below the surface sand and ranges from 14 to 24 feet thick. The contact
between the Lakebed Clay and the Glacial Till is.very sharp and distinct in the

,

geophysical logs, particularly the resistivity measurements. The . top of the 1

unit lies at elevations between 617 and 622 feet. Bottom elevations-are
between 594 and 605 feet. For comparison, the bottom of the landfill's liner
failure detection system is at an approximate elevation of 600 feet.

-

The unit is stratified and consists of clay layers mixed with varying fractions
.

of sand and silt. Less than 10 percent of the unit consists of distinct sand,-- ' -

sandy gravel and silt layers. These layers are usually 0.5 feet or less..in
thickness and are interbedded within the clay, The sandy layers are often wet
and are the source of most of the water in site boringsJ The clay is plastic due
to high moisture content. During the excavation of the first 4 landfill cell

4

groups (7 acres total), several saturated. sand -and gravel layers were !
encountered. The largest was about 25 feet wide, extending across several q
cells, and 2 to 3 feet thick on an average. These layers drained readily when !

first cut into, however the flow was temporary because there is essentially
no hydraulic connection between layers. 1

40
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During the original engineering study, sixty three silt and clay samples
from this unit were collected from the landfill site and analyzed for
permeability, Atterberg limits, pH and particle size. Laboratory
permeability ranged form 3.1 x 10-6 to 1.4 x 10*8 cm/sec, with 86
percent 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
percent with an average of 56.3 percent. The liquid limit ranged from 13.0
to 56.5 percent and average 36.2 percent. The plastic index ranged from
non plastic to 35.8 and averaged 16.6. The pH ranged frorr, 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.

Glacial Till Unit: This unit lies directly below the Lakebed Clay unit and could
be identified during drilling by rock fragments (pebbles), hard drilling, and
a more uniform, sandy, siltier texture than the overlying Lakebed Clay unit.c

The unit is typically extremely tight, with local,' infrequent saturated
interbedded seams of permeable material. The geophysical logs in Appendix
[C] show that considergble intervals of the glacial till unit have very uniform
characteristics; however, there are also intervals which are clay rich and
intervals which are more sandy. These sandy intervals form a sand subunit
in the Glacial Till unit.

It is difficult to find an aquifer within the Glacial Till unit. However,
evaluation of the boring and well logs drilled to date indicate that there are
areas where the sand subunit within the Glacial Till unit is more prevalent.
Figure [7.2 6] outlines the area in which sand was found between the 590
and 550 foot- elevations. Several residential wells along Waldo Road are
screened in this sand subunit. Water chemistry suggests these localized
aquifers are recharged from the higher head Regional Aquifer below.-

The matrix materlat of the Glacial Till unit is predominantly sand and silt,
with a clay fraction that averages about 30 percent. This is in direct contrast
to the Lakebed Clay unit where the clay fraction usually exceeded 50%
Twelve samples were collected from the upper 15 feet of the unit of the site
and analyzed for permeability, Atterburg limits, pH, and particle size.
Permeability ranged from 1.2 x 10 7 to 2.5 x 10 8 cm/sec, ~with 82% less
than 1.0 x 10-7 cm/sec. The liquid limit and plastic index averaged 20.4
and 8.4, respectively, which are notably lower than for 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 unified classes.

.

The deeper rotary borings within the landfill (Dow boring #'s 2708, 3009,
3010, 3011, 3012) and the older coal borings penetrate the entire Glacial
Till unit in several places. The borings !ndicate an average thickness of the
unit is approximately 125 feet beneath the Salzburg Landfill.

Rea!onal Aouifer: This unit lies below the Glacial Till unit primarily in the
bedrock valleys. The top of the unit lies at elevations between 420 and 460
feet in the area of the Salzburg Landfill. This unit pinches out against the
bedrock hill under the landfill so that the Glacial Till rests directly on the
bedrock hill. The elevation of the top of the hill under the landfill is :

;
approximately 500 feet. The elevations of the tops of the bedrock hills range

1
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between 400 and 520. feet. The bottom's of the bedrock valleys are between
.'150 and 200 feet above sea level. The Regional Aquifer underlies 30 35% of

the area within the boundary of the landfill, or approximately - the" '

northwestern one third of the landfill (Figure [7.2 7])". (EDI,1984) The
regional aquifer is not present beneath the proposed disposal cell.

The sand and gravel which compose the regional aquifer were deposited as
glacio fluvial material in the bedrock valleys. The thickness of.the aquifer
in the center of the valley north of the landfill is on the order of 250 feet.
The source area of the sand and gravel in the aquifer is not from the local
shale in the bedrock formation except in the deepest parts of the valleys.. The
sand and rock fragments brought up in drilling are composed of a wide range

E of rock types. _lgneous, metamorphic and. sedimentary : rocks are all-
represented in samples from Bedrock-Valley Well #1 (2615) and Dow well
#3138 (26 16). .The amount of shale in the samples from-the Bedrock
Valley Well #1 increased downward. Coal fragments began to b.e picked up at
an elevation of 280 feet. At an elevation of 240 feet siltstone and sandstone
recognizable as being of the Saginaw Formation were found in the sample. At
an elevation of 225 feet, twenty percent of the sample was-fine grained
sandstone of the Saginaw formation. Drilling was terminated at this level in .
sandstone, in Dow Well #3138 (2616) shale. fragments . began to be
encountered at an elevation of 200 feet and were mixed with sand and clay
down to an elevation of 165 feet where drilling was terminated. The driller -
indicated that drilling was not consistently slow as would be the case In. solid -
shale. There are two.possible explanations for.the driller's findings,1) he -
was drilling through interbedded shale and sandstone in the bedrock,2) he
was drilling into shale, sand and clay. alluvium of the original bedrock valley.- d

Either explanation would place the " bedrock" boundary near an elevation of ,

200 feet.

The Regional Aquifer is composed dominantly of fine sand to gravel. 'In most
locations the sand or gravel is well sorted and cleart The unit also has thin
interbedded clay and sitt stringers. These show clearly on the geophysical-
logs for Dow #3137 (22 3) and #3138. Some of these clays are only 1 to -
2 feet thick but they comprise 10 to 15 percent of the unit. The stringers|

are discontinuous and, therefore, not identifiable over an extended . area
through either the drilling records or the geophysical logs. j

Clav Minerafoov and Cation Exchance Cacacity

Samples from both the Lakebed Clay Unit and the Glacial Till Unit, collected
from the landfill site, were analyzed for their clay mineralogy and cation;
exchange capacity. X-ray diffraction analyses Indicated that 62 to 64' percent ,

of the clay in both units.ls illite; 17 to 25 percent is chlorite plus kaoli_ nite;
and 11 to 20 percent 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 millioquivalents (meq) per 100 grams.

The structure of illite is characterized by " fixed" potassium lons 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

48

t|
/

. . . _



_

.

> 20*

\ .

><2.
-

x ..

,. ,

'N U0 .i 4 a ::..th

\\ N, &A.
, .s9 /0'., 4. 6.t

\ >i
.2 $$ /l'\ ',it

'''s /

.

,35\\ | 92
9,.%

Ns) h \.'N, \
|| 1 [ k N;f ~N

'i Y CELL N'

|0 %, 36/37
'^ *O' '

( |)
,

L *O \ \ 0

h,
'

.0
! 'l \ *o o, 0

'

*

*

t ( \I
#'

\ O
{ 22 N

'l k \ MIL *8i4 m
\ \ e n 'N

i ' r~. -

{\ ,4|
. ~ J- %. .

a

|
. f N4 23 -

'N.
6

'N ,Q /s
*

v > , , !s
4.is s 3 o .0 07

\ . ./ 's'
' ' ~ ''

- , , , , , , ,0
' *O \ -

' ' ~ \x . ih N. g 6'
.

'

N -

y N <

,4

7.?'.'C f.w v: u f M. _ . _ . . _ .
,

xx\
'

N

N

O *CO' 1000' 2000* ''
i ,

4. fMIC x reCSS or REC 10N AL AOulFER
IN F EE T
T**sC K N(S$ CR C &T(R THoff MC ASUR6 0y
'* ((?,,, P("l( T A A IION Cf VNi f INC 0=PL C T C

BOUNDARY OF REGIONAL AQUIFER IN SECTION 35-
- .L .

ADAFTED FROM ~ SAL 2BtJRG LANDFILL RCRA PART B APPLICATION. SECTION E"
?REPARED BY EDI ENGINEERING & SCIENCES FOR DOW CHEMICAL U.i A. I G U R E f con',,

carm s a
<.2 ,

49 ,!

b

: . _



potassium ions between successive crystal layers are " fixed" or non-
exchangeable.

Calcite (CACO 3) and dolomite (CaMg(CO )2) were also found in the samples,3
although no quantitative measurements were made. The presence of these
minerals contributes to the buffering capacity of the clay, _which means that
the aikaiine pH of the clay is not easily lowered.

These tests, along with the permeability tests discussed in preceding sections,
indicate that this clay is well suited for such uses as landfill or lagoon liners
and as the natural soil base for land treatment,' storage, and disposal
facilities. It is basically a non-swelling clay with high chemical stability and
low permeability. The clay will not swell or shrink appreciably with
changing moisture content. Naturally occurring, continuous layers of this
clay underlying the Salzburg Landfill site provide a barrier to pr_ event
migration of chemicals to ground. water aquifers. (EDI,1984)

7.3 PRECIPITATION

7.3.1 Climatic Conditions

The average annual precipitation is about 28.8 inches (EDI,1983) as described

in the RCRA Part B Application:

The record maximum monthly amount of precipitation received was in August
1975, with a total of 12.76 inches. Minimum monthly precipitation was
recorded in September 1979, with only a trace received for the month. The
mean Total Annual Snowfall is 36.3 inches, with the maximum monthly
amount being received in February 1949,'which totaled 29,4 inches. ' The
average date for Midland's_ first 1-inch snow depth is November 29; first 3-
inch snow depth, December 20; and first 6 inch snow depth, January 8. The
average date of the last freezing temperature in spring is May 12, while the
average day of the first freezing temperature is October 2.

Since the completion of the Part 8 Application, a higher maximum monthly

amount of precipitation occurred in September 1986 at over 18.0 inches. This

equates to a 500 year flood event.

7.3.2 Water Balance

A water baiance for the cover of Cell 36/37 was performed.

Precipitation normais for the Midland area were obtained from the National
Oceanic and Atmospheric Administration, National Climatic Center. Potential
evapotranspiration (PE) estimates for a bare soil were. made using _the
method of Mather and Rodriquez (1978). Potential evapotranspiration is
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potassium ions between successive crystal layers are " fixed" or non-
exchangeable.

Calcito (CACO 3) and dolomite (CaMg(CO3)2) were also found in the samples,
although no quantitative measurements 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 this clay is well suited for such uses as landfill or lagoon liners
and as the natural soil base for land treatment, storage, and disposal
facilities. It is basically a non-swelling clay with high chemical stability and
low permeability. The clay will not swell or shrink appreciably with
changing moisture content. Naturally occurring, continuous layers of this
clay underlying the Salzburg Landfill site provide a barrier to prevent
migration of chemicals to ground-water aquifers. (EDI,1984)

7.3 PRECIPITATION

7.3.1 Climatic Conditions

The average annual precipitation is about 28.8 inches (EDI,1983) as described

in the RCRA Part B Application:

The record maximum monthly amount of precipitation received was in August
1975, with a total of 12.76 inches. Minimum monthly precipitation was
recorded in September 1979, with only a trace received for the month. The
mean Total Annual Snowfall is 36.3 inches, with the maximum monthly
amount being received in February 1949, which totaled 29.4 inches. The
average date for Midland's first 1-inch snow depth is November 29; first 3-
inch snow depth, December 20; and first 6-inch snow depth, January 8. The
average date of the last freezing temperature in spring is May 12, while the
average day of the first freezing temperature is October 2.

f Since the completion of the Part B Application, a higher maximum monthly

amount of precipitation occurred in September 1986 at over 18.0 inches. This

equates to a 500 year flood event.

7.3.2 Water Balance

A water balance for the cover of Cell 36/37 was performed.

Precipitation norrnals for the Midland area were obtained from the National
Oceanic and Atmospheric Administration, National Climatic Center. Potential
evapotranspiration (PE) estimates for a bare soil were made using the
method of Mather and Rodriquez (1978). Potential evapotranspiration is
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- obtained directly from the mean monthly air temperature by means of the. .ib following relation.( ,

;;
'' '1

PE- 16(10t/l)a ;
Where - PE= monthly unadjusted potential water loss in millimeters i.

(divide by 25.4 to obtain values ~in inches) |
t=mean monthly temperature in 'C
l-annual heat index. This value is the sum of the 12' monthly

heat indices (i) where i=(t/5)1.514 :
3 2a=6.75(E 7) x 1 7.71(E-5)x1 +1792(E 2)xi+0.49239" j

(EDI, 1983)
-i

The results of the calculations are presented in Table 7.3-1. The estirnated
4

amount of the annual precipitation available for infiltration into the drain above the clay:

cover is B.07 inches. 'This will infiltrate primarily in the months of March and April.
f

However, these calculations assume bare soil and no runoff. Actualinfiltration should be
I

somewhat lower.

The storage estimate was based on an assumption that two inches of water may be .

stored in one foot of soil used to cover the waste nnd that 24 inches of topsoil are used

above the drain. The storage change is the mont!'-to-month change in the. moisture-
|,

stored in the cover layer of soil placed .over the drain following cell closure. The 1

surplus is calculated as the excess of precipitation above- -the potential
evapotranspiration for a month, The month of March has two values; the top value is the

estimated snowmelt accumulated over the winter months. -

7.3.3 Leachate Handling '

.t

The amount of radionuclides expected to be !eached from the emplaced thorit
bearing material is minimal. However, the leachate system for Cell 36/37 (the
intended disposal site) will be separate from the system serving the remainder of the -

,
Jt

Salzburg facility. Cell 36/37 leachate will be tested to assure conformance with 10 CFR -

20 Appendix B criteria before release to the facility's main leachate treatment system.-
,

if Cell 36/37.leachate exceeds the unrestricted release criteria, the . applicant,

after consrltation with the NRC, intends to treat the material in a manner appropriate to
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,

allow ultimate disposal. Conventional treatment techniques, such as use of precipitants

and/or filtering, or other chemical or mechanical techniques will be employed.

J

7.4 WATER WELLS

An inventory of wells and soil borings in the vicinity of the Salzburg landfill was

made as part of the Part B Permit Application (EDI,1984). Figure 7.41 presents the

locations of wells and borings deeper than 50 feet within 3000 feet of the landfill. Table

7.4-1 lists each of these wells and borings and relevant data regarding them. The wells

and borings are designated by the section in which they are located and a second number

for each well in that section (i.e. 35-12 indicates a twelfth well in section 35). Other
wells less than 50' in depth are described in section 7.4.1 and 7.4.2.

,

7.4.1 Dornestic Wells
E

Table 7.4-2 provides some additional data and descriptions of the 9 current or

former domestic wells found to the east of the Salzburg Landfill. The well descriptions

are based on comments by the residents at the time of the survey and currently available

data.

In general, most of the wells are not capable of producing water in ;

satisfactory quantity or quality. Many of the owners are dissatisfied with the
taste and smeS of the water, and several did their laundry outside the home
because the wells will not produce enough water. Out of the nine residents
surveyed, twc said they had good wells. These owners, Mr. May and Mr.
Baker, said they.have plenty of water and they felt their wells are capable of
supplying wat9r to the entire neighborhood. [Both wells have since been
removed] In fact,- Mr. May said the previous owner of his home sold water to -
residences on Waldo Road from Salzburg Road to Milner Road.

All of the wells have very hard water and, with the' exception of the shallow
Bober well, they all exceed U.S. EPA secondary maximum contaminant limits
of 250 milligrams per liter for chloride. This limit is a taste threshold only
and the high level of chloride found does not have adverse health implications.
Sodium is also high and, with the exception of the Bober well, ranges.from
230 to 470 milligrams per liter. . At present, there are no maximum state or .
Federal levels for sodium; however, for persons on a sodium restricted diet,-.
use of this water for drinking could present a problem.

All of the heavy metals, with the exception of zinc,'were non detectable.' The
low levels of zine found are probably from. well casings and household
plumbing. The chemical oxygen demand was low in all wells although,
relative to the other wells, the Dow (36-9) well was somewhat higher at 27
milligrams per liter. This is also the well of which the resident complained
of a ' fish' odor. (EDI,1984a)
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TAlt LE 7.4-1
T

DOW CllEMICAL
a

llORING AND wet.l. LOG SUMM ARY

Map Well Log Owner's Doring A ppro n. Depth Static W.L Dnf t or

f ecatu n No. Name twation or Well Elev. (Ft.) Elev- Rock ' Remarks

25 1 - - - - Ilandy ltros. NW NW SW Boring - 635 7t 5 --- Drift Coal Co.1905*

25 2 --- llandy Pros. NE NE SW Boring 648 310 ---- Rock Coal Co.1906

25 1 - - - - llandy Bros. SE NW NW Boring 650 243 ---- Drift Coal Co.1906

m 2rr i Dil-1 Dow Coming SE SE SE Boring 624 111 --- Driftm

26-2 Dil-2 Dow Coming NE SW NE Doring 630 100 - - - Drift

26 1 Dil-3 Dow Gwning NE NE SW Ibring 625 100 ---- Drift

26 .I Dil.4 lbw Coming SW SE NW lbring 625 100 - - - - Drift

245 Dil 5 Dow Coming NE SW NW Boring 624 140 - - - - Drift

26 6 M W-1 Dow Corning NE SE NE hrv. 638 100 581 Drif t . Well set at 62*

26-7 M W-2 Dow Coming SW SW SE Observ. 615 100 Dry Drif t . Well set at 73'

26 3 MW-3 Dow Guning NW SW SW Obwr v. - 615 85 - - - - Drift . Well set se 78'

26 9 M W-4 Dow Cowning NE SE NW Observ. 630 75 620 Drift

26 to M W-5 Dnw Caming NW SW NE Observ. 631 78 --- Drift Well set at 68'

2f-11 M W-6 Dow Chemical NW SE NW Observ. 627 78 - - - - Drift ' Well set ai 75'

26-12 7 Monroe Dow Chemical SE SE SW Ind. 615 177 607 Drift Wen set at 177

2h 13 8 Monme Dow Chemical SE SE SE Ind. 632 207 624 Drift Well set at 19f

2fr i 4 -- - Dow Chemical NE SE SE Ind. 630 155 618 Drift . Old Monrix 88.

26 15 - - - Dow Cliemical NE SE NE Ind. 638.7 417 619.2 Rock

26 16 3138 Dow Cliemical SE NE NE Observ. 680 475 Rock

35-1 M W-7 Dow Cliemical SE SE NE Otwrv. 623.3 65 568 2 Drift

35 2 3010 Dow Chemical - SE SE NE Observ. 624.9 142 ' 592 Drif t ' Wtil set at 12T

35 3 MW-8 Duw Chemical SE SE NE Observ. 625.4 68 6058 Drift

35 4 MW-9 Dow Chemical NE SE NE ' Otwrv. 628'.7 63 . M5.6 Drift

35-5 300) Dow Chemical NE SE NE Otwrv. 628 166. 609 5 Rock Well set at 158'

' 35 6 3011 ' Dow Chemical ' NE NE NE Otwrv. - 624.4 '170 624 Rock Well set at 122'

35-7 -3012 Dow Chemical- SW NE NE lbring 611 1M - - - - Rock - -

35 a 3013 Dow Chemical NE NW NW Observ. 615.6 256. 618.7 -- Rock Well set at 193'

. Pagi 1 of 4
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TABl.E 7.41
.

DOW CllINICAL
BORING AND W11L LOC SUMM ARY (continuedi

Doring Approx. Depth Static W.L. Drif t or

I ocation or Well Elev. I Ft.1 Ele v. Rock RemarksMap Well Log Owner's

iocaten No. Name

35 9 2402 Dow Chemical NE SE NE Boring 624 9 100 616.9 Drift

.M .10 2396 Dow Chemical NE SW NE Ik> ring 627.7 100 616 7 - Drif t

35-11 2388 Dow Chemical SW NE NE Boring 626 8 100 617 8 _ Drif t

$ 35 12 2k% Dow Chemical NE NW NE Boring 626 2 -100 617.2 Drift

35 13 2373 Dow Chemical NE NE NW Boring 620 9 100 615.9 Drift

35-- t 4 2708 Dow Chemical NE NENW Otnerv. 620 0 235 620 Diif t Well set at 142*

15 15 2201 Dow Chemical NE SW SE Doring 618 50 - - - - Drift

2202 Dow Chemical NW NW SE Boring 617 50 ---- Drift

35-16
~ 2199-A Dow Chemical SW SE NW- During 625 50 - - - - Drift

Ti t 7 NW NW SW Otserv. 632e 120 ---- Drift ' Well set at 115'
CP7 Consmtm Power

35-19 CP 8 Consimwrs Powtv NW NW SW - Otserv. 632.9 190 --- Rock Well set at Itto'
15 - ),1

Rock Well set at ifE

35 29 CP-10 Consunes Power SW SW SW Otnerv. 631.3 173 - - -

Conmtkiatal Coal SW NW SE : Boring 616 239 - - - . Rock 1913 Coat

15 22
- - - - Consolklated Coal NW SE NE Boring 623 241 - - - Rock 1913 Coal--

35 21
Ror.k 1913 Coal

Consolidaic 1 Coal NE SE NW Doring - ~ 624 242 - - -

35 2s
--- Consolklatal Coal SE NE SW Boring 619 240 -- Rock 1913 Coal- - - -M 21

35 25
--- Consolidated Coal NE NE NE Dormg 626 235 ---- Rock 1913 Coal

35 2n
- Consolidated Coal SW SW NE Ibing 622 230 - - - Rock - 1913 Coal

Rock 1913 Coal

- 35-27
- - - Consolidata! Coal S NE NE : During 624 238 --

35-23
-- Consolidated Coat W SW NE - Boring 622 233 -- Rock 1913 Coat .

Consolidatal Coal NW SW SW - Boring UN. 179 ' ---- . Rock ' 1913 Coal

Rock . No well sct -

3s to 3170 Dow Chemical SW SE NE ' fioring 620 136 - - ---
35-29

SE SE NE Ikiring - - 625 301' -- - Rock 1907 Coal

llandy firos.' SW NE SE Doring 618 234 - - - , Rock '19nt Cnal
35.11

---- . llandy Dros.
Rock 1906 Coal

35 12 - NE SE NW Boring 624 227 ------

Ilandy Bros. Rock 19GI Coal
35-U SW SE SE Doring- 605 ' 258 - - ---

35 35
-- . Consolklated Coal NE SE SE. . Ikwing 619 239 -- Rock 1904 Coalllandy Bros.

35.14 - ----

.
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TAU LE 7.4-1
,

DOW CllEMICA1.
'

IlORING AND W11L1OGSUMMARY(continued)

Map Well Log Owner's . Boring Appros. Depth Static W L Drif t or -
t w. mon No. Narne l ocation or We!! Elev. (Ft.) Elev. Rock Remarks

35 3e - - - - Consolidated Coal SW SW SE Boring 595 220 ---- Rock 1904 Coal ..

35-37 - - - - Ilan ly Bros. SW SW SE Ibring 605 210 ---- Rock 1904 Coal

35 33 - - - - llandy Bros. NE NW SE tbring 617 223 ---- Rock . - 1904 Coal

:m 35 39 ---- llandy Bros. NW SE SE 11ormg 605 230 ---- Rock -;1904 Coal

N 35 40 - - - llandy Bros. SW NE SE Ibring 617 '254 ---- Rock 1904 Coal -

35 41 - - - - llandy Pros.' NW NW SE Boring 616 265 ---- Rock 19Gt Coal

3542 ---- Itandy f5ros. SE SE NW . Nring 622 230 ---- Rock 1904 Coal

35 41 - - - - Ilandy Bros. NE NW SE Ibring 625 232 ---- Rock: 1904 Coal
35 44 -3868 - Dow Chemical - NW NE NE' Obser v.- 627 168 623 46 Rock Screen set at 114'

35 15 ---- - llandy Dros. NE NW SE Ibrmg 615 199 ---- Rock' 1904 Coal -

35-46 - - - flandy Bros. NE NE SW Boeing 619 '260 - - - Rock 19GI Coal'

llandy tiros. NE NE SW ! bring . 595 215 ---- Rock 1904 Coal35-47 ----

35 M -- Ilandy Dros. . - SW SE SW Boring - 605 -233 -~ ' Rock 1904 Coal
Rock 190: Coal'llandy tiros. SE SE SW Ibring 605 210 - - - .

35-49 ---- -.

35 50 ---- liandy Dros. SW- NW SW Boring 595 226- ----- Rock 1904 Coal

35 51 ---- llandy Bros. NE SE SW Ibring 600 209 - - - - . Rock 1908 Coal

35-52 - - - Ilandy Bros. NE NW SW . . Doring M5 208 - - - - Rock .1961 Coal

35 5'l - - - llandy Dros. SW NE SW, Ibring 60f) 228 - - - - Rock - 1908 Coal

-35 56 - - - - llandy Urus. SE NE SW - Ibring fal 214 ---- . Enck 1904 CoalL

35 55 3169 Dow Chemical - SW SE NE ' 13oring 621 % - - - - . Drif t. . No well set s

341 - - - - - llandy litos. , SW NW NW ' Bnring 630 ;290 ---- Rock 1906 Coal

Rock - .1905 Coal36 2 - - - - Ilandy Dros. SW SE NW Boring 625 ' 287 - . ----

' 36 1-' ---- Ilandy liros.- - NW SW NW Ikwing 626 173 ---- Drift 1905 Coal : ?

36.J ; -- - Dow Chemical - SW SW SE Oil Urine 621.5 4406 ---- ' Rawk Dry

36 5 : 1131 Waldo - C.W Witherstmon NW SW NW .Dont 625' 232 " 335 Rock Salt Water at 232'
.

Well set at 1(F -

3d 6 1423 Dus ' W.1.aFever ' NE SE SW - Dnnt 6?O 50 608 Drift
h7 1185 Waklo . J.11wis - SW. SW NW Lbm. 625 - 65 -609 Drift

P.tge 3 of 4 -
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TAllLE 7.41

DOW C111 A1ICAL
BORING AND WELLLOG SUMMARY (continued)

hlap Well Log Owner's Doring Appron. . Depth - Static W.L Dnft or
14(ation - No. Name Location or Well Elev. (Ft.) Elev. Rock Remarks

36 H 1215 Waldo M. liothstetter . NW NW SW : Dom. 623 134 603 Drift
3m9 1119 Waldo Dow Chenncal SW NW NW Dom. 625 98 595 Drift

g .% I0 Salzt>urg Rd Central Transp>rt NE NW NW Cornnt 630 75 608 Drift
.wl 1 - - - - J. Trout Dom. - - - - 4(M0 - ---- Drif t

i
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-The currently used domestic wells are all regularly sampled as part of the

landfill's monitoring program. No contamination of these wells has been detected.

7.4.2 Monitoring Wells

RCRA and Act 64 monitoring wells surround the Salzburg Landfill Figure 7.4-

2).. Selected logs from these wells are included in Appendix D.

From these wells, ground-water elevations are measured in the Lakebed Clay
unit and in a localized aquifer found in the Glacial Till unit. .The Act 64
monitor wells [ Figure 7.4-2] were constructed with a thick sand pack so that
the wells are open to approximately 25 feet of formation in most cases. The |

exceptions are monitor wells 3,4 and 7A which are open to a thickness of 15-
feet, and monitor well 8 which is open to 35 feet of formation. For all of the e

monitor wells, except 7A,8, and 9, the depth is 41 feet or less and the open
interval straddles the boundary between the Lakebed Clay and the Glacial Till
units. Because of this method of well construction, the- water in these

monitor wells can be either from the Lakebed Clay or the Glacial Till or both.
Because the Lakebed Clay contains saturated silty layers and the Glacial Till
or both. Because the Lakebed Clay contains saturated silty layers and the
Glacial Till generally yields very little water, the source of most of the water -
to the monitor wells is expected to be the Lakebed Clay.

Monitor wells 8 (35-3) and 9 (35-4) are in a localized aquifer within the
Glacial Till unit at an approximate elevation of 560. feet. This is the only *

sand layer (aquifer) found within the Glacial Till unit that is known to
underlie the waste management boundary. (EDI,1984)

Monitor well 5 is the well closest to Cell 36/37, the cell which will be used for

the disposal of the thorium contaminated materials.

7.5 GROUND WATER

There are no aquifers or other useable sources of groundwater beneath the

specified location for Cell 36/37, As.shown on the boring logs and wells in the vicinity,

the region containing Cell 36/37 is underlain by a recompacted lakebed clay layer,

dense glacial till and bedrock.

The surficial sand layer ano takebed clay layers are not known to be used as a

water source by any of the residential wells to the east of the site. The sand layer is.

generally unsaturated and hence these are no groundwater discharge points. The lakebed
,

clay is generally saturated. Several of the Act 64 monitor wells are screened across the
s

9
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n

' takebed clay and till interface and yield limited quantities of water. The yields are very'
,

low and the unit is not considered an aquifer. Groundwater flow directions and discharge

locations have not been identified within the lakebed clay. However, it is likely that flowi ,

is toward the Tittabawassee River, south of the. site. No springs or seeps have been

identified on or adjacent to the site.

Water levels and their fluctuations in the Act 64 wells from 1981, '82 and '83

are shown on Figure 7.51.

Currently, flow in the sand lense within the till to the east of the landfill is
eastward toward the domestic welis along Waldo Road. However, it is not known if this is

the natural gradient or a gradient imposed by the pumping of these wells.

Bedrock composed predominantly of shale is found below the till beneath Cell

36/37. This bedrock unit is not used as a source of water in the area.

West of the disposal cell, below the till is a locally thick, sand aquifer. The i

aquifer is found.at a depth of over 125 feet. Figure 7.2-7 shows the extent and

3 $g . thickness of this unit in the vicinity of the site. The discharge location of the aquifer is
*

not known but is suspected to be the Saginaw Bay. However, the aquifer is confined, and.

some water is undoubtedly lost to the overlying till. Flow is generally to the northeast ,

in the aquifer, as shown on Figure 7.5-2. This. aquifer is used as a drinking water

supply.

.

7.6 SURFACE WATERS

The only surface water in the vicinity of the Salzburg Landfill is. the
Tittabawassee River, which at closest approach is about 1200 ft. west of the Landfill and

,

2,500 feet from Cell 36/37. The Tittabawassee flows southeast to join the Saginaw

River at Saginaw, which then flows northeast to discharge into the Saginaw Bay at Bay
.

City.

In September,1986, a flood of the Tittabawassee River occurred that at its peak

had a river height that approximated a "500 year" flood. The top of the dike wall of Cells

36 and 37 are an additional 16.5 feet above that 500 year flood level. ;
1

|

|
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7.7 HYDFOGEOLOGCDATA

7.7.1 Ground-Water Occurrence
,

Although ground water is present in all four of the stratigraphic units at the .

Salzburg Landfill site, the circumstances and characteristics of those waters are
'

different. The occurrence of ground water can be divided into the following three

categories:

1. Surface Sand and L$ebed Clav Waters: Ground water seasonally
saturates the lower portion c! the surface sand above the Lakebed Clay.
Precipitation forms a seasonally variable perched saturated zone, as
the water is retarded from downward infiltration by the Lakebed Clay.

The Lakebed Clay is saturated as well. However, due to its clay content
and highly stratified nature, the water is held within the clay and thin
lenses of sitt, sand and sandy gravel. These seams are poorly
connected; however, they will seep water into wells placed in the
Lakebed Clay.

2. falacial Till Waters: The Glacial Till unit is composed dominantly of '

low permeable till which will not yield water to wells and through
which water can move only very slowly. Within the till, however,,
are saturated sand and silt layers. The amount of water available to a
well that penetrates one of these layers is extremely variable. .Some
of them provide little more than a seep; others in a sand subunit will
support pumping rates greater than 15 gallons per minute. The'
permeability and the extent of the sand and sitt layers affect the yield
of wells in the unit as well as the degree of connection with a source of
recharge. Most of these layers are apparently not interconnected or
poorly so, and water chemistry suggests that the recharge which does
occur is largely from the underlying Regional Aquifer.

3. Realonal Acuifer Water: The Regional Aquifer is an artesian
(confined) aquifer. It fills the bedrock valleys and pinches out against
the bedrock hills. Wells penetrate this unit around the Consumers
Power cooling pond, the landfill, and throughout the south Midland
industrial area. In all cases the artesian head is high, on the order of '

625 feet eleation. Where the land surface elevations are low, the
artesian head is coove the land surface and flowing wells result. The

~

artesian head is 35 feet above the river west of the Salzburg landfill
site. (EDI,1984). s

7.7.2 Ground-Water Movement .;

Static ground-water elevations can be used as an aid to determine the degree
of hydraulic connection between various occurrences of ground water. Also,
the direction of ground-water movement in an aquifer can be estimated with
knowledge of the difference in static water elevations measured at various >

64

_ _ . . .



. . - ,

locations. To determine the rate of flow,-the permeability of the aquifer has
to be known as well. The water elevations only have meaning-for flow rate-
calculations when all- measurements are in the same or hydraulically
connected aquifer (s). Recent _ water level data for the Consumers Power
cooling pond wells and Dow monitoring wells are given in (Table 7.41}.

In the Surface Sand unit, the water table is variable in time and location due
to topographic control of discharge (i.e., location of drainage ditches), and.

variation in infiltration of precipitation and evapotranspiration. This
_

seasonal, perched water table is generally a subdued image of the topography,
_

In the general area of the Salzburg Landfill, the discharge is south.to the
Tittabawassee River or northwest to Ungle Drain in Section 26.

The locations of the current monitoring wells (required for licensing the
landfill under Michigan Act 64) are shown in Figure [7.4-2], and the logs
for these monitoring wells are included in Appendix (D]. From these wells,
ground water elevations are measured in the Lakebed Clay unit and in_ a
localized aquifer found in the Glacial Till unit. The Act 64 monitor wells
were constructed with a thick sand pack so that the wells are open to
approximately 25 feet of ' formation in most cases. The exceptions are
monitor wells 3, 4 and 7A which are open to a thickness of 15 feet, and
monitor well 8 which is open to 35 feet of formation. For all of the monitor
wells, except 7A, 8, and 9, the depth is 41 feet or less and the open interval
straddles the boundary between the Lakebed Clay and the Glacial Till units. .

Because of this method of well construction, the water in these monitor wells 3

can be either from the Lakebed Clay or the Glacial Till or both. Because the
Lakebed Clay contains saturated silty layers and the Glacial Till generally
yields very little water, the source of most of the water to the monitor wells
is expected to be the Lakebed Clay.

Monitor wells 8 (35-3) and 9 (35-4) are in a localized aquifer within the
Glacial Till unit at an approximate elevation of 560 feet. This is the only
sand layer (aquifer) found within the Glacial Tiil unit that is known to
underlie the waste management boundary. -

The original monitor well 7 (35-1) yielded very little water and was easily
bailed dry. This well was screened in clay within the Glacial Till, so there
was verv little seepage into the well. Monitoring well 7 was abandoned in
Novemter of 1985 and monitoring well 7A was installed in January of 1986
to yield more representative samples of the groundwater quality. Monitoring
well 7A is screened at the base of the Glacial Till.

~

The static water elevations of the Act $4 monitor wells for the years 1981
through 1983 are plotted in Figure [7.51]. The water elevations from
these wells plot into five distinct groups. The wells which straddle the
boundary between the Lakebed Clay and Glacial Till (Wells 1 through 6 and
10 through 12) comprise three of these groups. ~ Monitor wells 10,11, and
12 (Group 1) have the: highest water elevations and reflect the higher
elevation of the ground surface where these wells are located; i.e., the
northeast part of the landfill site. These water elevations exhibit a seasonal
variation of approximately four feet. The differing seasonal response of the
individual wells of Group 1 indicate poor or no hydraulic connection between
these wells.
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Monitor wells 2, 4, 5, and 6 form Group 2. Here the average water
,

elevations are about six feet lower than the Group 1 wells. These lower water
elevations reflect the lower land elevations of the southwest side of the-

landfill, which is the area where these wells are located. The seasonal water
level variation for these wells is approximately five feet.

Monitor wells 1 and 3 form Group 3. These wells appear to be affected by the
construction and operation of the landfill. These wells are located close to the.
active part of the landfill. The construction and operation of the landfill may
have diminished some of the recharge to these wells. All of the precipitation
that falls on the active and developed portions of a landfill is collected and is

,

no longer available for ground-water recharge. in addition, the liner failure '

detection system has probably lowered the hydrostatic head in' the Lakebed
Clay adjacent to the landf!!!. Although there is a definite trend of decreasing
static water level in the Group 3 wells, there still is some seasonal variation.

The wells in the first three groups indicate that sand lenses in the Lakebed
Clay are poorly connected hydraulically, and their seasonal response
indicates that the recharge of water is from precipitation.

Monitor wells 8 and 9 form the fourth group and are in a localized aquifer ~ I

within the Glacial Till. The correlation of elevations and fluctuations of water
levels in these two wells is much greater than for any of the other wells in
Figure [7.5-1]. The average water elevation is approximately 606 feet. The
fluctuation of the water elevations is two feet in range, which is half that of
the shallower wells. In addition to the difference in water elevations, the
water from monitor wells 8 and 9 has a distinctly different water- quatity.-

than the other monitor wells. The water quality is similar to that of the
Regional Aquifer. There is insufficient data to correlate the fluctuation of
these water levels with that of the Regional aquifer below.

Based on water level measurements from monitor wells 8 and 9 and the well
at 1207 Waldo Road, ground water in this localized aquifer has an easterly
flow direction, with a gradient of approximately 0.002, or ten feet per mile.

~

Whether this direction of flow'is a natural gradient or the result of ground
water withdrawal from private wells along Waldo Road is not known.

The flow rate of ground water in this localized aquifer can be estimated from
the measured gradient (dh/dl) of the water.' The estimated hydraulic
conductivity (K) of the fine sands is 100 gallons per day per square foot. The
porosity (q) is estimated at 25% The velocity of flow is given by the '
following equation:

K x (dh/dl)W- velocity in ft/ day-
~

q x 7.48 (gal /cf)

100 cal /dav/sf x 0.002
V- - 0.1 ft/ day

- |'.025 x 7.48 gal /cf
% Cr .5

This is very rough approximation of ground water flow rate; however, it is the
best that can be given until the variability of the gradient with time is known.
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Based- on similarities in water chemistry, it is concluded that localized
aquifers in the lower portion of the Glac'ml Till unit are hydraulically
connected to the Regional Aquifer. These sands can be hydraulically connected
to the Regional Aquifer by two means. First,-the boundary between the two

~

units is not uniformly flat, but varies in elevations so that a sand.which -
appears separated in one well is connected at another point;. Secondly, some of
the Glacial Till sand layers may be separated from the Regional Aquifer by
sediment which is more sandy and permeable than is typical of the upper -
section of Glacial Till unit, thereby allowing some hydraulic connection with

,

the Regional Aquifer. The sand which is screened at 120 feet in Well 3011
(35-6) is an example of the first type. It appears disconnected in cross
sections A and B [ Figures 7.2-1 and 7.2-2] but is connected in the area of
Well 3168 (35-44) in cross section D [ Figure 7.2 4]. The. screen in Well

~

3168 was set at 112 feet to 117 feet of depth (elevation 510 to 515) in a
sand and gravel zone with some clay. The static. water elevation is 623.46,
which is that of the Regional Aquifer. Above the sand and gravel zone is clay '
and stone and above that is a sandy clay and gravel zone which is part of a sand
layer within the Glacial Tn Unit. This section from 560 feet to the Regional
Aquifer drilled faster than the normal Glacial Till, indicating it may be a zone
of marginal hydraulic connection between the Regional Aquifer and the
localized sand layer within the Glacial Till.

[ Figure 7.5-2] is a contour map of the static water levels in wells that
penetrate the Regional Aquifer. The most striking feature of this aquifer is
the high static water level or head. This aquifer must have a high recharge
area which supplies the head. The contours on Figure [7.5-2] show the head
is the highest southwest of the landfill in the' area of the Consumers Power. '

cooling pond. This indicates a recharge area that must be to the south and/or
west. The direction of flow in the Regional Aquifer is to the northeast under
the cooling pond. The flow then diverges to the northwest and northeast into
the branches of the bcdrock valley. .The limit of the Regional Aquifsr against
the bedrock hill in Sections 35 and 36 is indicated on the map. Water level
data from the wells in the Regional Aquifer around the Consumers Power
cooling pond for the years 1979 through 1981 show a fluctuation range of
three feet.' The recent water elevations are near the top of that range, and the
record Indicates that neither the gradient direction nor steepness have
changed appreciably from 1979 to the present. . The' gradient under the
cooling pond is approximately 0.00033 or 1.7 feet per mile based on the
most recent data.

The flow rate of the water in the Regional Aquifer can also be roughly
estimated. The estimated value for K is 100 gal / day /sf and the porosity is-

, - estimated at 25%. Given these values,
-

'

100 cal /dav/sf x 0.00033
~

0.25 x .7.48 gal /cf

Within the study area, the Regional Aquifer does not discharge directly to any.
surface water body; unless the aquifer extends all the way to Saginaw Bay, it
is unlikely to have a direct surface water discharge anywhere. It is believed
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that the primary discharge' for the Regional Aquifer is to shallower aquifers
in the Glacial Till. (EDI,1984)

7.7.3 Hydrogeologic Properties

Surface Sand Unit- A surficial sand layer covers most of the landfill site.
This surface sand unit consists of highly stratified fine sand and silt and
contains thin layers of clay. The unit is particularly silty and clayey near
the bottom where it grades into the more massive clay unit which underlies
it.

The 49 borings which were drilled for the landfill site evaluation show the
surface sand layer to range from 0 to 13 feet in thickness with an average
thickness of approximately 4 feet. The landfill borings were drilled in late
October and early November,1979, following several months of dry -
weather, so the surface sand was dry. However, a seasonal saturated zone can
be expected in this unit when water from rainfall or snowmelt is " perched"
on the underlying clay. Figure [7.1-1] is an isopach map showing the
occurrence the surface sand unit. Under the Salzburg Landfill, the Surface
Sand will be complete'y removed during excavation and construction of the
liner failure detectio'1 system.

Lakebed Clav Unit: The Lakebed Clay unit underlies the entire site directly !

below the surface sand and ranges from 14 to 24 feet thick. . The contact
between the Lakebed Clay and the Glacial Till is very sharp and distinct in the-
geophysical logs, particularly the resistivity measurements. The top of the
unit lies at elevations between 617 and 622 feet. Bottom elevations are
between 594 and 605 feet. For comparison, the bottom of the landfill's liner
failure detection system is at an approximate elevation of 600 feet,

i

The unit is stratified and consists of clay layers mixed with varying fractions _-
of sand and silt. _ Less than 10 percent of the unit consists of distinct sand,
sandy gravel and silt layers. These layers are usually 0.5 feet or less in
thickness and are interbedded within the clay. The sandy layers are often wet i

and are the source of most of the water in site borings. The clay is plastic due
to high moisture content. During the excavation of the first 4 landfill' cell
groups (7 acres total), several saturated sand and gravel layers were
encountered. The largest was about 25 feet wide, extending across several
cells, and 2 to 3 feet thick.on_ an average. These layers drained readily when
first cut into, however the flow was temporary because there is essentially
no hydraulic connection between layers.

During the original engineering study, sixty three silt and' clay samples
frem this unit were collected from the landfill site and analyzed for
permeability, Atterberg limits, pH and . particle size. Laboratory
permeabliity ranged from 3.1x10 6 o 1.4 x_10-8 cm/sec, with 86 percentt

less than 1.0x1077 cm/sec. Clay particles (less than 5 microns). comprise
a significant fraction of all samples ranging from 23.4 to 96.2 percent with-
an average of 56.3 percent. The liquid limit ranged from 13.0 to 56.5
percent and average 36.2 percent. The plastic index ranged from non-plastic

'

to 35.8 and averaged 16.6. 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.
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Glacial Till Unit: This unit lies directly below the Lakebed Clay unit and could,

be identified during drilling by rock fragments (pebbles), hard drilling, and
a more uniform, sandy, siltier texture than the overlying Lakebed Clay unit.
The unit is typically extremely tight, with local, ~ infrequent saturated
interbedded seams of permeable material. The geophysical logs in Appendix
[C] show that considerable intervals of the glacial till unit have very uniform
characteristicst however, there are also intervals which are clay rich and
intervals which are more sandy. These sandy intervals form a sand subunit
in the Glacial Till unit.

It is difficult to find an aquifer within the Glacial Till unit. However,
evaluation of the boring and well logs drilled to date indicate that there are
areas where the sand subunit within the Glacial Till unit is more prevalent.
Figure [7.2-6] outlines the area in which sand was found between the 590
and 550 foot elevations. Several residential wells along Waldo Road are
screened in this sand subunit. Water chemistry suggests these localized
aquifers are recharged from the higher head Regional Aquifer below.

The matrix material of the Glacial Till unit is predominantly sand and sitt,
with a clay fraction that averages about 30 percent. This is in direct contrast .
to the Lakebed Clay unit where the clay fraction usually exceeded 50%.
Twelve samples were collected from the upper 15 feet of the unit of the site
and analyzed for permeability, Atterberg limits, pH, and particle size.
Permeability ranged from 1.2 x 10-7 o 2.5 x 10-8 cm/sec, with 82% lesst

than 1.0 x 10 -7 cm/sec. The liquid limit and plastic index averaged 20.4
and 8.4 respectively, which are notably lower than for 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 unified classes.

The deeper rotary borings within the landfill (Dow boring #'s 2708, 3009,
3010, 3011, 3012) and the older coal borings penetrate the entire Glacial
Till unit in several places. The borings indicate an average thickness of the
unit is approximately 125 feet beneath the Salzburg Landfill.

Reaional Aauifer: This unit lies below the Glacial Till unit primarily in the
~

bedrock valleys. The top of the unit lies at elevations between 420 and 460
feet in the area of'the Salzburg Landfill. This unit pinches out against the
bedrock hill under the landfill so that the Glacial Till rests directly on the
bedrock hill. The elevation of the top of the hill _ under the landfill is
approximately 500 feet. The elevations of the tops of the bedrock hills range
between 400 and 520 feet. The bottoms of the bedrock valleys are between
150 and 200 feet above sea level. The Regional Aquifer underlies 30-35% of
the area within the boundary of the landfill,' or ' approximately the
northwestern one-third of the landfill (Figure 7.2 7].

The sand and gravel which compose the regional aquifer were deposited as
glacio fluvial material in the bedrock valleys. The thickness of the aquifer

'

in the center of the valley north of the landfill is on the order of 250 feet.-

The source area of the sand and gravel in the aquifer is not from the local
shale in the bedrock formation except in the deepest parts of the valleys. The
sand and rock fragments brought up in drilling are composed of a wide range
of rock types. Igneous, metamorphic and sedimentary rocks are all
represented in samples from Bedrock Valley Well #1 (26-15) and Dow wei! ,

#3138 (26-16). The amount of shafe in the samples from the Bedrock- l
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. Valley Well #1 increased downward. Coal fragments began to be picked up at ' >

an elevation of 280 feet. L At an elevation of 240 feet, siltstone and sandstone
recognizable as being of the Saginaw Formation were found in the sample. At
an elevation ~ of 225. feet, twenty percent of the. sample was- fine grained
sandstone of the Saginaw formation. Drilling was terminated-at this level in;
sandstone.' In Dow Well #3138 '(2616) shale fragments began to.'.be

"

~

s

encountered at an elevation of 200 feet and were mixed with sand and clay
.

~ down to an elevation of 165 feet where drilling was terminated. The driller ;

indicated that drilling was not consistently slow as would be the case in solid ;

shale. There are two possible explanations for the driller's findings,1) he.-
~

was drilling through interbedded shale and sandstone in the bedrock,2) he .
~

: . was drilling into shale, sand and clay alluvium of the original bedrock valley.
'

Either explanation would place the " bedrock" boundary near an. elevation of:
200 feet. ,

;

The Regional Aquifer is composed dominantly of fine sand to gravel. In most.
locations the sand or gravel is well sorted and clean. The unit also has thin
interbedded clay and sitt stringers. These show clearly on the geophysical
logs for Dow #3137 (22-3) and #3138. Some of these clays are only|1 to
2 feet thick but they comprise 10 to 15 percent of the unit. The stringers 4

are discontinuous and,-therefore, not identifiable over an extended area
through either the drilling records or the geophysical logs. (EDI,1984) ,

y

7.7.4 Ground Water Quality

iWater quality information can be used in conjunction with the previous data .
to determine which ground waters are hydraulically connected.

*

One . method for comparison of water quality is to plot the primary
~

constituents in a form that provides a distinct geometric shape.for'different
,'

waters. One type of geometric plots are termed Stiff diagrams:after their ,

originator. Stiff diagrams of inorganic parameter concentrations.from.many
ground water samples are discussed below. :

,

Shallow Ground Water: Diagrams for shallow wells (around 22 to 50 feet ;_

deep) at the landfill, Consumers Power, and the residential wells along Waldo
Road _ were prepared. . The analyses fall-into three. distinct groups; 1) .;
Ca++:HCO"3 rich waters, 2) Na+:HCO 3 rich waters, and 3) a special

.

situatioq for the Consumers Power cooling pond shallow wells..
e

'

1. The largest group of waters have calcium and bicarbonate (HCO'3) as -
the predominant chemical species and exhibit a normal range _of:

'

concentration for waters in glacial sediments.
,

2. The second group has a higher concentration of sodium than calcium.'
This may be is the result of.a ground water process of cation exchange
with the glacial clays Calcium is adsorbed and sodium released by the . ,s
clays. ~ Because it takes time for this process to occur, it is logical that 1

these waters have been in the ground longer than the waters'in the
first group.

:

i

.

~
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3. The third group is from three shallow (22 to 28 feet) wells around .
the Consumers Power cooling pond. Some of the near surface
groundwater from the Consumers Power cooling pond show effects of
the materials used to build the pond and line the bum. The waters are
highest in calcium and sulfate. The levels of magnesium - and
bicarbonate are high also. A possible source of these ions is dolomitic
limestone containing gypsum used as bank protection for the pond.

Reaional Acuifer: The waters of the Regional Aquifer show a trend of
increasing salinity from the upgradient wells on the southwest corner of the
Consumers Power cooling pond to the northeast under the landfill,

Consumers Power Wells 13 (34-2) and 15 (33-1) have unusually high pH'
values of 9 to 11. The sample from Well 15 is very low in total dissolved
solids (TDS) as well as Nacl. The sample from Well 13 appears similar
except for higher values of Nacl. ' Samples from 1979-1980 show both of
these wells had higher TDS and Welt 15 had a pH range of 7.5 to 8.1. The.
reason for this recent change in water quality is unkn1 Consumers Power
wells 17 (33-2), 20 (33-4), 3 - (27-10), 5 (27-1, and 10 (35 20)
show water similar to the shallow ground water.

As water moves east-northeast the total dissolved solids increases primarily
by accumulation of sodium and chloride. The exact cause of this increase is
not known. Possible explanations are:

1. A permeable sandstone bed in the Saginaw Formation in direct contact
with the Regional Aquifer, resulting in a zone where the bedrock brine
flows into the Regional Aquifer.

2. Upward leakage of bedrock brine through the many old. coal borings. '

Most of the coal borings were drilled in Section 35, which is also the
area where most of the higher sodium and chloride concentrations are .
found.

" Total dissolved solids (TDS) also increase with depth. Bedrock Valley Test
Well #1 (26-15) was sampled at several depths. The TDS increased from
1,000 mg/l at the 200 feet depth to 2,700 mg/l at the 270 feet depth.- From
270 to 336 feet the TDS fluctuated around 3,000 mg/l. Below 336 feet the
TDS was 4,800 mg/l. . The well at building 1803 (22-4) was also sampled at
several depths when it was drilled. The stiff diagrams for these samples show
a strong salinity increase with depth. The source of this salinity is the
bedrock.

Sand Subunit of the Glacial Till Unit: Water from sand layers in the Glacial
Till unit in the area of the Salzburg Landfill at depths of 50 to 100 feet shows
Stiff diagrams that resemble those of the Regional Aquifer. Around the
Consumers Power cooling pond, samples from sand layers in the Glacial Till
at depths ranging from 96 to 151 feet show water quality similar to the
Regional Aquifer in' this area. (EDI,1984)

,
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7.8 RESOURCES

The proposed ~ site for disposal of the thorium contaminated materials 'is the

Salzburg Landfill, a 152 acre parcel of land owned by the Michigan Division of the Dow

Chemical Company. As indicated on Figure 5.3-1, the triangular property is bounded on

the north by Salzburg Road, on the southeast by Waldo Road, and on the southwest by C&O

Railroad tracks. There are no known mineral resources on or beneath the site.

7.8.1 Local Land Use

As described in Section 5.3.1, most of the surrounding area is heavily
industrialized, with some residential housing.

North of the facility is Dow Corning Corporation production facilities. South of the

facility are inactive production facilities and vacant land. East of the facility is vacant
.

land and residential housing. West of the Landfill is the Waste Water Treatment Plant of

Dow Chemical U.S.A., Michigan Division, Midland locations. To the northwest of the

facility are the G&H Development Corp, and Prod Trans,Inc.

7.8.2 Nearby Residences

Nearby residences are described in the Michigan Act 64 Operating License.
Reapplication:

The nearest residences to the facility are along the east side of Waldo Road
where there are homes that range in distance from 130 to 400 feet from the -
facility. Since February,1980, nine of the homes along' Waldo Road and
Milner Road, adjacent to the facility, have been purchased by Dow Chemical
U.S.A., Michigan Division, Midland location. All of the homes purchased were
torn down. Two of the homes remaining are owned by private individuals.

7.9 MAPS

,

The proposed disposal site has previously been reviewed and judged suitable for

the location of a waste disposal facility based on topographical, hydrological, and
geological criteria.
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7.9.1 Topography

As described in the Act 64 Operating Ucense Reapplication:

The topography of the facility is shown on Figure [7.9-1]. In general, the
facility slopes slightly from northeast to southwest with approximately five
feet of elevation difference. Most surface elevations range between 620 feet :
and 625 feet, USGS Datum. However, localized elevations both higher and
lower do occur. The highest elevation is 636.8 feet and is located on a small-
mound near the center of the facility. The lowest elevations are about 617
feet and occur along the western side in localized depressions. (EDI,1984)J

7.9.2 Hydrology & Geology
,

Maps of the hydrologic and geologic characteristics of the site are included in the

Figures in Sections 7.1, 7.2, 7.4, and 7.5.-

7.10 SITE STABluTY AND PERFORMANCE

The Salzburg Landfill and Cell 36/37 (to be used for the disposal of the thorium

contaminated materials) have been sited and designed to minimize the-possibility of,

natural hazards impacting the long term stability of the facility. No . flooding,

subsidence or erosion of cover materials at the site have been recorded or are anticipated
at the facility.

7.10.1 Flooding

The Salzburg Landfill and Cell 36/37 are designed to be above the 500 year
flood plain of the Tittabawassee River and to minimize ponding of surface water on the
site during periods of rainfall. The revised prelirninary " Flood Insurance Study, City

..

*

b D

4

73

.



_
.

,

: m i. ,
. . . , .

7.
g. .

.
'

. . m, , c. 9xN
; ,.< a

2
-,- ., ;w : . ~;.-

._ ..r. . . .c.o . . ( . ) (:-_).
,

v_...-,_._._..,,_,,,
_

, ,

. , - . , .
- . . . . . . . .

. ,...~ . .

...

y-- yt~.~7- ; , ._ - -, .a-, g;. - , s -y ,_, _ , . _ . , .__

-_ me u ) -- $
, ,.c.. m...c..# ;.. ... .o

-
. .

.,., s.
.

.

, _
rs..

.m,, _..,, _.o.c . t.. -4 . ..

7 MIDLA.ND P a: " t ,i... , ,,jy'-;;iiiWTs p.! m.
3: sr...4 .,

,3 ; ; i j i ;
..

s :: 1 -. .r. .; --
-

t.n,
- -

. way g \ .
*

* *-

.

J .h .*

. . g i | | *,. . .l . .1. .|. .[ :{ -
. . . . ...

d,$ .*;* (. ee s Pe = or '_u.fM N'- 4 " {} ,, L#_g w,,,,,,,,,;,,
. * e4 I ,

_e
.aa . .--. . . . . - . . . . , ..

. sis _ . - - --- - c. ir J
'* 43** .. ... 'N.|.

-.'- .:.. n. . . . - .
.

y't .
-

-

x. q, , * - v. c ~ ~ ".l p3..*. -.2, - @.--
.. , .-:u -_ - :~ m: ; : - . 1

.1 J L.e - . " r ..!.:
r * . y- . ..

.

;..
_,_ m -

-

. .s.. p. . pc; 4 ~3..
: r4_ I.

:.pa. . .* . : -
.. .;3 :. . ...c .

:::: ..

" r"T < . .i-. -4,

y n l. m . n A _. %- W@ 'u p.... p . v.Wi'.**E '*Fd . . . .s .m.' b:.. ..l.:,"_'W;* ; i, .. /.h. w-q cc . ,,; :'.. . ;J ' ;

.t . -.

.. . e v . s.
.:n .

:Oc <- ;. . :::. :-: m
~ . * "

-m , .. e 1 :: : rr,..2- n - r: .s -: i~ :3 ! . .a.r

h.. a . > 9. 9 -

' . . , , . .
M **)" .,.

r a m. .1
- - '- - " ' 8' Lu- 2

Sa 5 4y .- -
, < ..

c~ ; ' , . .r -4 . g .~i i .
-- - i

- ... O.... m- . ,"" 2.' . \ ; ,a. J.9 . . , <,.{ .$ F :**a :.. . | p, , n .il o %. y?
~

i . ,ies . c.. - ~ . ,, ...o sQd' %. .. ..
>- _ . g

( ,/ ,#--
**".%. _,, ,, , p),,a, e *I

., 8 ''

-%. " ~ ,
~ w. _.h.
.. ,, ,m e- .. 13%---

.

. - ( =a"*--4--'*=F:u9MJi ==h-.e-------C..,--..-A . ..

. -.m _ ,c
. ,4 3. . - -,,,,,.__,,,.,.,.~.;, ".'"'.

-

j

3 . . ...r-- e.N. = . g , -
E , , , , , , , _ m :

-i . y%;s.s... 8
< 4

.
.

-
.

'\' _, e. .g- r"."..:...............
; e v, ;n. . . . .t - u .=.__ .. .

. . , = . " . .-. u i ...r . ., . . .

5 *0 Q N.s . t y' i"' Mgl y ]NW"a j71 < Q(. ' c
/ w,. g ..

4 '13 li . %'r t 7. ,m%9 *')
.

S" F .
fc

$ .h h-~M " -/i .r ., .-sm :N
- O. u e--

( ; M j ;w, ,)j - _' t . , ;- f M. MD.g
.r*

;cc-s ,

q., , P N- i m !., a- ( :. s= 1 .

"4 gN .'.,' " J b b ' n - i r,%w.~mJ,.14 $~:fl
-

.i."._.,
j''-

.s :,
,

-
-

us, j q:s. .rg g .;,.
.c-. - -%.; , , . m3 t~.

% .m a2,@p.,.4dp=g.. .
., .,

. . . ..

3
..

. \. a ; ;. ,,1,.:..;.;. =. >, !:. . ;-0
.. - w_ .

oi "- . . . , * -

,|. . : . . ,.: , , . . 1-
.. ,q.,\ .y.. .

a. . .,...
,._......,s..

-$f.if ' d )RQM x,." '[. . e} Y_'[c. _, -,3
. . . .

- = .s .Ns . .. . . WM._.'so . .v.4 -
'

.

.

($p\,2. ..q.... a ..., ..,N.p ,,\ .,' ;,],dX 'Q ._

~

L- . . . m : .g
,,

oa-g q,, u. g,... ., ,,, q

., .- 4,1, .
e,o. a ., .

.n.q--, .

u W '':q="'/ - . w -.v v . -n * Ni
.

?u ).. ,-

'M I D L .4
..,a..r..;.d<s.D.

'% ,y.
:

,c---
. ,- - - --

.,

P ;\,'.'4 ,'rb.5-< Tr"% N / ,>. m--n. ;,
u... u. - t.

.

.

'm... . . . . . . . . . . . . . . ..
. . .. .

. D f d^ ._ . A,-- ,. . , ,x "\ ' a .. %
. .e.-..

L
//j.

. -
.

.

\ s,t .}
. N ac\

y~, . ' '.- . _, g

(* ' # .f,
.

- . , '\N] I q> ; . . ,v c.. y .:,6 -y o.
m }, %,

.~~ ' ,

s <*. .
. . . .

no
.Q .

', . .' *. M ==,.wwe,,,,,*,-
--

{ tx . {. .'_.s.N .

\,

.

smen. ",a v.c. : N>

I
y w' - . - -- - . n. s

s % m.v. s - s- ....o..
, .w
\';.

~g
. s, Nx. 2. .

=
- r o v

h.. _ . ~ _ . _ . - . _ _ _ _ _ 4. s. s..x y ^N ~ u
. . . _ . . . . . _ . . . . . _ . _ . . .s .. _ --

,

. % 4 %g''% s% ..|
.- :

4
s,\ ''

...'i'"")
.. ..e~ . ' . .s

.

I > f Ng 4 -- 8
'

' -

,

m ~

.s,w. . . -.. . . . . a,.y . sm
wwm e . . .no. a- . .e . __ _. _ ._..i., .,. m.

.. ss
___ , ..__s _J_ . ~. .%.. . .s.. ..
.. g,ss w- ..s , .. . m s

.

7 % ge .

;g( x, p : e. . ; - y.e -
-" c s^

v4 F. 2
m-- , 3E 1 \,e| .. . c. !bs,

..en_ %..
.

. (_ .. .y ,

. . _ . _ _ . + _ _ _ _ _ _ . _ , .s y. _ _ _ _ . s. m, + z; ,e .
j

.

, , , . . ~ v..- ,,, , ...
,

.n ..

TO PO G R A P HIC M A P O F MID L A ND A R E A- '

ADAPTED FROM USGS MIDL AND S O U T H. Q U A'D R A N G L E
'

Dames a Moore .7.5 MIN U T E TO POGR A P HIC S E R IE S,19 7 3
F I G U R E 7 ~. 9 - I -

74

,
,

V

, , , . wey, - - ' ~



of Midland Michigan" prepared by the Federal Emergency Management Agency (FEMA)

-includes an evaluation of the 500-year flood plain on the Tittabawassee River adjacent to

the Salzburg Landfill. The 500 year flood elevation is only 612.5 feet MSL, compared to

natural site elevations of 620 to 625 feet. Final grades on the site are somewhat higher.

There is a small Dow dam, approximately 2 miles upstream from the landfill on the

Tittabawassee River. Based on the FEMA report, the top of the dam is at elevation 596 ft

and the 500 year flood elevation, over the dam, is 612.5 ft. If a dam break were to
occur, the site would still not be flooded, even if it is assumed that the water levels did '

not decrease between the dam and the site.

The site is graded to minimize or eliminate ponding of water on the site during

periods of precipitation. The covers of disposal units, including proposed Cell 36/37,
are graded with a minimum slope of 1% to prom'ote runoff. Drainage between cells is

promoted by drainage swales which are inspected annually for signs of erosion or ;

deposition. No ponding of water or erosion has been noted at the site in graded areas.

7.10.2 Subsidence

h Subsidence due to long-term settlement of the thorium contaminated materials or

liquefaction of soils beneath or adjacent to the disposal cell are not likely to affect the

integrity of the disposal cell or drainage of precipitation from the site. In the event of an

earthquake, liquefaction of soils is unlikely to occur due to the dense nature of the

subsurface till and the relative absence of sands. Although isolated sand lenses are

encountered in the tilt, the high stanoard penetration resistance values encountered in

the borings (see Appendix D) indicate that the sands are too deep and dense to liquify. *

The soils in the takebed clay stratigraphic unit are clayey, a soil type not subject to

liquefaction.

The thorium contaminated material, as described in Section 3 of this license

application, are predominantly soil like materials (the slag) with limited volumes of

construction debris, primarily masonry. These materials will be placed in the disposal

cell and compacted as each lift is added. Compaction of the material will minimize void

space, and hence settlement, within the cell. This will in turn minimize the eficcts of

. settlement (such cs changes in site grading) on the disposal cell cover, providing

continuation of site drainage in the long term. Thorium bearing construction cearis to

be disposed of in the cell is generally in small pieces (less than 6' diameter) which 'will
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not create large void spaces during compaction. The few isolated pieces of debris as large

as 12".will be spread apart from each other.

Organic materials in the construction debris are limited to a few pieces of wood
b

and soil. The wood, like the larger pieces of masonry, will purposely be spread across-

the disposal cell. The amount of wood is extremely small, and should average much less

than 1"in thickness across the cell. Even assuming complete decomposition of the wood,

the induced void space and settlement would be minimal.

7.10.3 Drainage and Erosion Control

The following description of drainage and erosion control is from the Salzburg

Landfill RCRA Part B Application approved by the U.S. EPA. The entire landfill, and not

just Cell 36/37 which contains the thorium materials, has been designed to control

erosion. ' To ensure compatibility of Cell 36/37 and the rest of the Salzburg Landfill's

erosion control system, the same controls are proposed. Drainage and erosion are

primarily controlled by planting and maintaining a vegetative cover of a type which does

not require continuing fertilizers and irrigation to insure viability and by establishing
a cover slope between 1% and 2% over the actual cell areas.

,

The site is not on the flood plain of the Tittabawassee River (See Section 7.10.1).

There.' ore, flood erosion will be extremely unlikely.

7.11 PAST DISPOSALS

There have been no previous disposals of radioactive material at the proposed

site. However, the site is currently operating as an EPA-licensed hazardous waste

disposal facility. In operation since 1982, the Salzburg Landfill receives solid waste

from operation of Dow Chemical plants. The main types of hazardous wastes placed in the-

cells include:,.

(1) incinerator ash

(2) secondary waste water treatment plant solids

incinerator ash, and secondary waste water treatment plant solids are considered

hazardous waste by application of the provisions of 40 CFR 261.3 and 40 CFR 261.4(a):

(2). Because the Dow Chemical USA, Michigan Division, Midland location incinerator is
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a hazardous waste ircinerator, ash from the facility is, by definition, a hazardous waste.

In addition, because the Dow Chemical USA, Michigan Division, Midland location waste

water treatment facility treats waste water that includes ilsted waste streams,
secondary solids from the waste water treatment plant are, by definition, hazardous

wastes. None of these wastes would meet the characteristic definition of hazardous waste.

. The Landfill operators monitor the disposal cells and site groundwater.

There has been no cell leakage or loss of integrity during operation of the facility.

There have been several incidents of waste contamination'of monitored liquids. Further

investigations determined that the liner systems have not failed, and attribute the

observed contamination to linkage of the leachate collection system and liner failure

detection system. These incidents are summarized in Appendix E.

7.12 PERFORMANCE ASSESSMENT

The performance assessment consists of predictive analyses of the following

radiological impacts;

Doses during remediation from direct exposure and airborne particulate and*

thoron releases to onsite remediation workers, onsite non remediation

workers, the maximally exposed member of the general public residing in

proximity to the Bay City and Midland sites, and an individual along the -

transport route (section 7.12.1).
,

Subsequent to emplacement of the material at Salzburg and capping of the-

trench, annual doses to an inadvertent human intruder from inhalation,

direct exposure and ingestion of food products. raised on the site (section

7.12.2 ) .
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7.12,1 Impacts During Remediation

The radiological impacts on remediation workers weie evaluated for the removal of

material from the existing slag piles at Bay City and Midland, movement to an onsite

staging area, transport of the material to the Salzburg site, emplacement and cover of-

tne trench, and the health physics and monitoring support provided at each location.

Impacts were also assessed to a hypothetical individual residing full time just outside the

controlled facility boundary at Bay City and Midland for the duration of the material

removal process, and for an " onlooker" who occupies the same position close to the

transport route for the passage of all the trucks.

The analytic approach, assumptions employed, input parameters, and calculated

exposures for each of these operational steps are detailed in Appendix 1. For each

operation, total exposure of the population of workers, and to the maximally exposed

worker and resident are calculated. In each instance, highly conservative assumptions

as to dose levels and exposure times have been made to arrive at worst case assessments

of individual dose. The following sequential approach was used to assess the radiological

impacts:

O
The radiological sources, in terms of airborne concentrations of particulates+

and thoron, and gamma exposure levels, directly above the slag piles were

characterized from the existing data base of material concentrations and

gamma survey data at Bay City and Midland.

,.

The viable dispersion pathways for each step in the operations of material-

removal through emplacement in the trench at Salzburg were defined.

Dispersion to receptors for direct exposure, and inhalation of particulates

and thoron gas were assessed for each step.

Concentration at the receptors (remediation ~ workers, hypothetical resident-

and onlooker) were evaluated and the doses calculated to exposed individuais,

The calculated doses to the maximally exposed individual are summarized in Table

7.12-1 for both remediation workers and members of the public for the remediation of

the Bay City site and in Table 7.12 2 for the remediation of the Midland site. The
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TABLE 7.12-1 '

CALCULATED MAXIMAL INDIVIDUAL RADIOLOGICAL EXPOSURE FOR
REMEDIATION OF BAY CITY PILE (MREM / ACTIVITY) .

Whole Body Particulate inhalation (1) Thoron Inhalation
,

lodividual Gamma y1H L BM to Luna *

1. On-site Remediation
Worker -

Bay City 198 0.37 4,4 17.4 27.8
Salzburg 990 1.9 57 87 139

2, Transport Worker 1980_ ___(2) ___ ___ ___

3. On. site Non nuclear 0.003 __ _ ( 3 ) ___ ___ 0.24
Worker

,

4 Off-site Nearest .005 0.4 12.4 19.0 0.70
Resident

5. Off-site Transport 0.00007 ___(2)___ ___ ___

Onlooker / Shipment

(1) WB - Effective Whole Body
L - Average Lung
BM - Bone Marrow

(2) Dose from particulate and thoron inhalations are negligible

(3) Dose from particulate and thoron inhalation are negligible

f

4
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TABLE 7.12 2

CALCULATED MAXIMAL INDIVIDUAL RADIOLOGICAL EXPOSURES FOR
REMEDIATION OF MIDLAND ' PILE (MREM / ACTIVITY)

.

Whole Body Particulate Inhalation (1) Thoron Inhalation
individual Gamma WB- L BM to Luna ,

1. On-Site Remediaton
Workes

,

Midland 2 2.02 0.5 0.8 1.4
Salzburg 10.2 0.1 27 4.1 9.1.

2. Transport Worker 32.7 __(2) __ __ __

3. On site non-nuclear 0.0004 __(3) __ __ 0.06
worker

4. Off-Site Nearest 0.0002 0.03 0.9 1.3 0.2
Resident

5. Off-Site Transport 0.000002 __(2) __ __ __

Onlooker / Shipment

(1) WB = Effective Whole Body
L = Average

BM = Bone Marrow

(2) Doses from particulate and thoron inhalation are negligible

(3) Doses from particulate inhalation are negligible

.

e

.

.

| 80
I

,



j.
,t

I.,p , ; .;r.-*

, : .

;- -

i

. . _ . ,

maximum projected individual dose to a remediation (transport) worker of 19,80 mrem

is less than half of tho annual exposure level of 5000 mremjor nuclear workers in 10-

CFR20, and the 0.003 mrem whole body gamma dose for onsite non nuclear worker is a

negligible fraction of the 500 mrem annual permissible 10 CFR 20 dose. The maximal

whole body dose of 0.4 mrem calculated for a hypothetical resident at the site boundary

at Bay City is a negligible fraction of the permissible 10 CFR 20 non-nuclear worker

annual limit of 500 mrem. Even though the performance objectives of 10 CFR 61 are

only applicable to a LLW disposal site, it is instructive to note the 0.4 mrem dose is a

small fraction of the 10 CFR 61 whole body limit of 25 mrem, while the 12.4 mrem

lung dose and 19.0 mrem bone marrow dose are within the 25 mrem organ limits stated

in the 10 CFR 61 performance objectives. Thus, the radiological impacts from the

proposed disposal operations are well within regulatory standards.

7.12.2 Intruder impacts

As mandated by 10 CFR Part 20.302a and the guidance in NUREG-1101, Dames & >

Moore has assessed the impacts of inadvertent human intrusion by modeling the site and

intrusion scenarios using the ONSITE/ MAX 11 computer code. These intrusion scenarios

include extemal exposure from the waste mass and internal exposure due to inhalation of

airborne particulates and ingestion of potentially contaminated food products raised on

the site.

The latest version of the code has been adapted for use on an IBM PC/XT/AT

computer. This is the version which was used for the calculation of impacts. This

version also permits the user to optionally select data given by the' International
Commission on Radiological Protection (ICRP) in their Publication No. 30 (ICRP .1979-

1982) in place of those given by the ICRP in Publication No. 2 (1959) and supplied

with the original ONSITE/ MAXI 1 computer software. This version of the ' ON-
SITE / MAX 11 computer program uses the same methodology (with the addition of ICRP

Publication No. 30 methods) and produces essentially the same results as earlier
'

versions of the computer program documented by Napier et. al. (1984) and Kennedy et.

al. (1986), inhalation doses varied from those in earlier versions, because default

inhalation parameter values were changed to be consistent with those used in ICRP *

Publication No. 30. Six sample problems are presented in the documentation. The

inputs of these sample problems were executed by Dames & Moore and compared with the

documentation as a quality assurance check. .
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1

The ONSITE computer program is the interactive user interface that allows the 1

'

- end user to create and use the radiation exposure scenarios. The' MAX 11 computer i

program is then used with the scenario information to calculate the maximurn annual 1

dose to the exposed individual from selected pathways. Intermediate dose conversion

factors for the external exposure pathways, ICRP Publication No. 2 internal dose ;

conversion factors (ICRP,1959), and ICRP Publication No. 30 effective dose equivalent. i

factors for internal inhalation and ingestion (ICRP, 1979-1982) are stored in data

files. These factors can be found in the ICRP publications. The' inhalation dose
conversion factors are derived from the model in ICRP Publication No. 2 (ICRP,1959)-

and are calculated using the Task Group Lung Model(TGLM) (ICRP,1966) as containt.1

in the DACRIN (Houston, Strenge and Watson 1974) computer program. Additional

metabolic data for the inhaiation calculations were obtained from ICRP Publication No.

19 (ICRP,1972). The external dose conversion factors for various waste disposal

geometries and densities are calculated using the ISOSHLD (Engel, Greenborg and

Hendrickson,1966) shielding program.

Default data files and input parameters which are provided with the code package

have been used except where site specific information is readily available. Table 7.12-

h) 3 shows a list of parameters which were conservatively chosen to model the Salzburg

Landfill disposal scheme.

|
The scenario developed using the ONSITE program begins in 1990 A.D., the year

that the thorium trench is anticipated to be capped. The scenario ends 5,0 years later, '

the maximum length of time allotted by the code.

The source term assumed for the thorium bearing material is 2.4E+08 pCi/m3'

buried 1 meter below the ground surface.

The surface inventory dilution factor was set at 1.0 which means that no credit is

taken for environmental turnover or. dilution of the contaminated material with clean

soil.

Continuous exposure (8760 hours / year) is assumed for external and inhalation

pathways. A breathing rate of 270 cm3 sec is the default value used by the code. Mass/

loading was selected as the model used for the resuspension source term available for

inhalation.
\,
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. Table 7.12 3, . .

INPUT PARAMETERS FOR ONSITE/ MAXI

COMPUTER CALCULATIONS

Parameter Value Inout

Scenario Begins 1990 A.D.

Scenario Ends 2040 A.D.
Surface inventory Dilution Factor 1.0 (unitiess)
Size of Disposal Area 1.0 E + 04 m2

Fraction of Total Diet Grown on Site 1.0 . (unitiess)
Hours of External Exposure to Contamination 8760 -hours /yr

Hours of inhalation of Airborne Contamination 8760 hours /yr.
Breathing Rate 270 cm/sec
Resuspension Model Used Mass loading

Density of Resuspended Soit 2.0 E + 06 g/m3
~

h Mass Loading Factor 1.0 E- 04 1 m/3
Fraction of Roots in Upper Soil 1.0 (unitiess)
Concentration of Thorium-232 in Decply Buried Material 2.4 E + 08 pCi/m3
Minimum Depth of Material 1.0 m

.-
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!! was assumed that the site is '10,000 m2 n size, sufficient to generate the entirei
,

annual diet for a family of four. The fraction of roots in the upper soil is assumed to b

jf fr^ ,Y1.0.

7y6 jR"

The output file generated by the ONSITE/ MAX 11 code is provided as Appendix F. As

shown, the maximum annual dose to an inadvertant intruder is 1.5 E 03 Rem per year.

This hypothetical impi.ct is much less than the 2.5 E-02 Rem per year which is
recommended as a design basis for radioactive waste disposal per 10 CFR Part 61; this

impact also meets the guidelines suggested by NRC (Neuder, et al.,1987) for On-Site 7,
disposal under 10 CFR Part 20.302. The calculated impacts are also a small raction of /',/-

/

the normal background radiation levet in Michigan of approximately 0.07 em per year

from naturally-occurring sources. (ORNL,1981) 11 should also be noted that the dose '

is entirely from direct radiation exposure through the cover. However, due to a model

limit of 3 feet of cover, compared to an actual cover thickness of over 5 feet, this dose is

overstated for the . Salzburg Landfill. Therefore, the impacts from the proposed

disposition scheme are judged to be acceptably low.

7.12.3 Groundwater impacts

The environmental transport of radionuclides from the Salzburg. Landfill through

the groundwater is not considered a viable pathway due to the natural site geologic

conditions, the solubility of the material, and the design of the disposal cell, Either the

natural conditions, or the design, independent of the other, should be ful:y adequate to '

minimize or prevent releases througn the groundwater. . Both in combination provide an

even higher margin of safety in protection against the migration of radionuclides through

the groundwater pathway. Since groundwater transport of radionuclides is not a viable

pathway, MOCMOD has not been used to model transport.

7.12.3.1 Engineered Barriers

The Salzburg Landfilt, including Cell 36/37, has been designed to meet state and

Federal regulations for the successful operation of a hazardous waste disposal facility.~

The Federal. EPA and state regulations were written to provide for zero release from

disposal facilities through the use of natural (clay) and synthetic materials (PE liner),

leak detection systems, and redundancy.in the design. Operating experience at the

Salzburg Landfill has shown thatethe cells constructed to date are functioning as designed a

and no releases to the environment have been detected.
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The first design barrier to the generation and release of leachate to the

groundwater is the cover system. As described in Section 8.0, the cover system includes

from top to bottom: a vegetative cover, two feet of topsoil, a sloping, horizontal drainage

layer, a polyethylene (PE) Infiltration barrier (liner), and 3 feet of compacted clay.'
Most precipitation failing on the cell will either be diverted' as runoff, or
evapotranspire. The water infiltrating through the topsoil (calculated to be a maximum

of 8 inches, see Section 7.3) to the drainage layer will be diver 1ed by the impermeable

PE lirmt throu0n the drainage media. Even if the PE liner were to fait locally, the clay

layer beneath the PE liner will have a permeability less than t'x 10 7 cm/see which
''

would severely limit downward infiltration. Water migrating to the drainage layer will

move horizontally through the drain if saturation occurs,

infiltration through the 3 feet of clay, assuming future failure of the PE liner,

will probably be on the o der of 0.026 in/yr (0.08 cm/ year). This is calculated
assuming a permeability in the clay of 1 x 10-7 cm/sec, a- hydraulic gradient of 0.1,

"

and water being available for infiltration during 3 months of the year. The permeability

is taken directly from the minimum design specification. Availability of water for 3

h months of the year is from the water balance contained in Section 7.3. However, it is

likely that infiltration would only occur some days during the 3 months, and not every

day, further lowering the infiltration estimate. The hydraulic gradient used in the
calculation is probably also higher than would be encountered. However, even if higher

gradients were present, they should not be higher than 1. Even using this

unrealistically higher estimate of hydraulic gradient results in a calculated maximum
.

infiltration of only 0.26 in/ year (0.8 cm/ year).

,

if the PE liner fails, and limited quantities of water infiltrate through the

thorium bearing materials, a teachate collection system and a clay and additional PE
.

liner are in place to eliminate discharges to the environment. The ': N: hate collection

system and PE liner should totally prevent releases. As with the cover, if it is assumed

the PE layer fails, a clay layer is present'to severely inhibit migration. in the RCRA -1

Part B permit application approved by the EPA it has been calculated that it would take. ;i

15,000 years for water to migrate through the 5 foot thick clay liner assuming no . - >

ichemical retardation (EDI.1986). Since thorium has been found by numerous research

efforts to have high Kd values (>2700 in clays and 40 to 470 in sands), in soit watere

mixtures with a pH greater than 6 (Teknckron Research.1982) the time required for-
s
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'the thorium to migrate through the liner would be significantly longer than the 15,000j.
years for water, and breakthrough of the thorium would take much longer.

The half lives of the daughter products of thorium-232 total only 8.6 years (see-

Table 3.12). The migration of the daughters would therefore be for a limited distance

before they decay, because of the slow transport of water through the liner and chemical-

retardation of the elements in clay.

It is unrealistic to anticipate any releases of thorium from the disposal facility to

the groundwater. The synthetic and clay liners and covers should prevent the generation

and/or migration of teachate bearing thorium-232 or its daughters from the facility.
-

.

'

7.12.3.2 Geologic Barriers

As discussed in Section 7.12.2.1, it is not anticipated that any teachate will be -

produced or released from Cell 36/37 in the long term. However, if such a release
should occur, no contamination of an equifer would occur.

There are two partially connected stratigraphic units which are considered ~
j

aquifers in the vicinity of the Salzburg Landfill: the regional artesian aquiler, locally
found beneath the till; and some local sand lenses of limited arcai extent. Neither of

these two aquifers, as shown on Figures 7.2 6 ano 7.2 7, are located directly beneath

Cell 36/37.

The lakebed clay and glacial till (excluding the sand lenses mentioned above) have

such low permeabilities that cannot be considered as |potentially useable sources of

water. Their hydraulic conductivities, as oiscussed in Sectio'n 7.5 are less than 1x10-7

cm/sec. far too low to be considered as a potential source of drinking water,

'

in order for thorium bearing 1eachate to reach t,he regional aquifer it would have ;

to migrate downward at least 125 fest'and horizontally at least 350 feet. However._ as -

discussed in Sections 7.5 the aquifer is artesian and water migration is actually from the

aquifer upward into the till, which will prevent any migration of teachate into the
aquifer. Additionally the high clay content of the till (over 30%) and the high pH of

groundwater (8.0 to 9.0) would retard thorium migration to extremely ' low rates,
Retardation coefficients for thorium,' reported by a number of researchers by.Teknekron

'
Research (1982), in clay with high pH-in the water are 2,700 or greater. This is
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.. essentially e,quivalent to no migration. Therefore, even if the hydraulic grad!ent'could

be. reversed, neither thorium 232 nor its short lived daughter products could reach the
aquifer.

Migration of thorium-232 and its daughters to the sand lenses used as domestic

water supply is unlikely to occur because of the design of the waste disposal ceil.

However, if a release were to occur, the till should mitigate the likelihood of migration. ~

The sand lense used as a source of water is approximately 50-75 feet lower than

the base of the disposal cell, and 1000 feet to the east. The measured hydraulic gradient

in the sand lense east of the till is 0.002 (see Section 7.7.2) and the hydraulle
conductivity 1 x 10 7 cm/sec.

.

The ve!ocity of water in soil can be calculated using the formula

v. gj
~Ne *

] Where: K-hydraulic conductivity '

i-hydraulic gradient;
N -the effective porosity; ande

V- the velocity of the water i

The effective porosity of a clay is typically in the range of 0.01' to 0.10.
Assuming the porosity is 0.01, it would take approximately 50,000 years' for water to

migrate from the cell to the edge of the sand layer. Thorium, due to its high retardation
coefficient, would take much longer.

Another small sand lens, not considered an aquifer in the RCRA Part 8 permit, is 'I

present beneath the northern end of the disposal cell. This lens is restricted to a small

area entirely beneath the Salzburg Landfill which will be administratively controlled in

the future, preventing its use. The yield from the sand lense is low enough that it isn't
,

considered useable even for domestic use. Additionally, the high retardation of thorium

in the 50-75 feet of clayey till above the sand, should prevent the migration the .I
thorium to the sand lens, even il leakage from the cell should occur.

|
.

'

.
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if, in the event of the failure of manmade and natural barriers to migration, some,

thorium did reach one of the aquifers, concentrations should be extremely low. In 1977,

at the request of the State of Michigan, Division of Radiological Health, the solubility of

the thorium from the sludge was measured in water of pH 2,7 and 10. As stated in the

analysis of the results, (Dow,1977): "The solubility at all pH's tested was found to be

. less than 0.1 micrograms / milliliter or less than 1.1 x 10-8 microcuries/ milliliter",
This compares to 10 CFR Part 20, Appendix B Table 11 Column 2 water concentrations of

2 x 10 6 mCl/ml. The Part 20 concentrations are a fsctor of 182 times higher. lt is

reasonable to assume that leachate from the thorium slag to be disposed of in Cell 36/37

would contain activities no Ugher than those measured in the test since the tests spanned

a range of pH's greater than those likely to be encountered in natural conditions., '

'

7.12.4 Surface Water and Bathtubbing

Groundwater transport of thorium to surface water in the vicinity of the
Salzburg Landfill is unlikely to occur because of a lack of surface water in the imrnediate

vicinity of the site, the protective nature of the design of Cell 36/37, and the naturally.
Iow permeability of the lakebed clay and till which surround the burial cell.

The potential for "bathtubbing" of the trench, resulting in surficial release of

leachate is also unlikely due to the presence of both institutional and design controls. <

The EPA approved design, used for the Salzburg Landfill including Cell 36/37, provides

controls to minimize or eliminate the generation of teachate, and design features to allow

the detection and collection of any leachate which is collected.

The first defense against bathtubbing is the presence of the cover system,
described in Sections 8,0 and 7.12.2.1 which should minimize or eliminate infiltration

into the disposal cell. The presence of a 40 mil minimum PE cover liner should provide

complete protection against infiltration. As discussed in Section 8.0 the PE layer is ;I

installed under a strict quality assurance and testing program to ensure the reliability
of the installed cover.

|
j

If, at some point in the future limited leachate was to be generated, due to an
_)

Unlikely partial failure of the cover, a leachale monitoring and collection system.is in i

.

place. This system allows for the complete removal of leachate which has migrated

through the thorium bearing materials. Since all 1eachate produced can be removed,%./
bathtubbing cannot occur as long as the site is maintained in the future.
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if, in the long term, the PE liners should fail, and institutional control of the

teachate collection system should stop, the clay covers and liners will limit the potential
--

for bathtubbing. The top clay cover will be built to have a permeability of less than 1 x

10 7 cm/sec. The overlying topsoil and drainage layers have been designed to provide

protection to the clay layer from frost damage (Dow,1986). Since the thorium bearing

material to be buried below the clay will be compacted, subsidence should be minimal,

protecting the clay cover from subsidence induced cracking.

If both the top and bottom PE liners fail, infiltration and leachate loss should be'

balanced since the top and bottom liners have the same permeabilities. If some build-up

of water were to occur in the trench this would merely act as an additional driving force

to ensure that water would leave the cell as fast as it enters.

As discussed in Section 7.12.2.1, infiltration through the cover should be limited

to 0.026 in/yr, even if the PE liner completely fails. If the cover PE liner completely

failed, and the bottom PE liner remained 100 % intact (an unlikely combination) it
would still take 100's or 1000's of years for the cell to fill with water.

It is estimated from reference to data on comparable material that the compacted

thorium slag will have a porosity of at least 20%. The slag thickness in the cell is
planned to be between 13.5 and 17.5 feet. If the infiltration is 0.026 inches of water

,

por year, it would fill the cell at a rate of 0.13 in/ year since 80% of the . cell will

already be occupied with the slag solids. At that rate, it would take over 1000 years to

fill the trench. However, it is unrealistic to assume that the top PE liner completely
fails while the bottom remains completely intact. Therefore,' even if the bottom liner

remains relatively intact compared to the top liner, it should take thousands of years for
the cell to fill with water.

The Salzburg facility was designed to prevent bathtubbing and overflow to the.

surface and operating experience has demonstrated that this will not occur at the site.

The potential for surface contamination through surface water transport of thorium is
-]

extremely low, in addition the sol bility of thorium in water is very low. Iu,

.1

I

|
J
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8.0 DISPOSAL PROCEDURES

The applicant intends to emplace the thorium bearing material in a cell.of
similar design and construction to the~ cells used for hazardous waste disposal at the

Salzburg Landfill. The disposal cellis described in the RCRA Part B Application, and the

relevant portions are summarized in this application as Section 8.1. Drawings of the <

cell and cap construction are included as Appendix G.

The cell will be filled from the bottom of the cell up. -The minimum distance to

another burial cell used for disposal of non-radioactive materials is ten feet.

The material will be transported to the Salzburg landfill b'y truck. The material,'

rnostly in soil form, will be covered with tarpaulins to minimize fugitive dust during

transport.

t

8.1 DISPOSAL CELL DESCRIPTION

Introdt'etion and Scoce

!

This section describes the construction plan for Salzburg Landfill, owned
and operated by the Dow Chemical U.S.A., Michigan Division, Midland
Location, EPA Facility I.D. number MID 980617435.

The plan describes activities related to construction of the liner failure
detection system, compacted clay liner, PE liner installation, teachate
collection system, and operational activities required during operation of
the coll. This plan is intended to satisfy the- requirements for 1

construction of Cell [36/37) in accordance with interim status <

regulations and the Hazardous and Solid Waste Amendments of 1984. |
t

Construction Performance Standard
;-

'
The construction plan is designed to ensure that after construction is
complete and operation of Cell [36/37] has commenced, the threat to ;
human health and the environment is minimized or eliminated by ,

preventing release of [ radioactive) waste constituents into the ground,- *

groundwater, surface water, .or air. If evidence of leaks or spills is
detected, samples will be taken and analyzed to determine the extent, if-
any, of contamination in the ground, groundwater, surface water, or air.

.

I
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If contamination is determined to be present, and

1. the contamination is at concentrations sufficient to pose a threat to
human health or the environment, and-

2. the contamination can be attributed to the operation and/or closure of
the facility,

The most suitable alternative to remedy such contamination will be !

Implemented to insure protection of public health and the environment. '

Construction Plan ActMties

Drawings in Appendix G details the cell construction. The complete liner
system consists of a three foot. thick (minimum) compacted clay liner
which has a permeability of 1' x 10-7 centimeter per second or less.

Above this will be a liner failure detection system consisting of a drainage
mat up the walls and drilled collection tubes running hori7ontally on top
of the three foot thick compacted clay liner. The collection tubes will be
covered with drainage media to an overall depth of twelve inches. This .

.

drainage media wili also cover the entire surface of the bottom compacted
clay liner to a depth of twelve inches. The liquid collected by the liner
failure detection system will gravity drain to a collection sump.
Accumulated liquid will be sampled and analyzed when liquid is withdrawn
from this collection sump.

Above the liner failure detection system, a five foot thick (minimum)
compacted clay liner which has a permeability of 1 x 10 7 centimeter
per second or less will be constructed.

On top of the five foot thick compacted clay liner, a 100 mil PE liner will-
be installed over the entire active surface of the cell.

The teachate collection system, consisting of perforated pipe covered by a
twelve inch thick drainage layer, will be installed above the PE liner on
the base of the cell.

.
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Liner Characteristics
.-

The materla! used for the three foot and five foot clay liners meets'the
following specifications:

1. Permeability coefficient of 1 x 10 7 cm/sec or less, f

2. Greater than 25 percent of the particles are less than five microns in
diameter.

3. Unified soll classification of CL or CH.

Soil testing methods, location and frequency have been reviewed by the
EPA in the RCRA Part B. Application.

The PE liner is 100 mil thick.

Eouioment Decontamination Steos'

All activities for the construction of Cell [36/37] are being conducted
outside of the active portion of the current waste hauling area. No
equipment - decontamination before, during, or after construction is
necessary.

Erosion Prevention

Erosion of the clay liner is eliminated by the installation of the synthetic
liner on top of it. Run-on from adjacent land areas into the cells is
eliminated by having the top of liner five feet above adjacent grade.

Site Preoaration

The cells to be constructed will be prepared by. excavating to the desired
subgrade profile, per drawings. Topsoil material excavated .will be
stockpiled for future use in capping. Sandy and off-grade clay soils
excavated will be stockpiled separately for use as daily cover in landfill
operations.

Clay soils excavated,' suitable for liner construction, will be stockpiled at
a location adjacent to the site. This stockpile will be shaped and graded to
facilitate. precipitation run-off and ease of access for reuse- in
construction. '

-

- A soil sampling program will be undertaken to confirm th'e quality of the
'

'sub grade material. [This sampling program will be consistent with that
approved by the EPA for the remainder of the Landfill.]

Sufficient soil test data will be generated to ensure that 6 meters of soil
with a maximum permeability of 1.0 x 10 6 cm/sec is available at _all
points below and lateral to the bottom of the landfill.

Techniques to be utilized in obtaining the required soil data may include
soil borings and/or resistivity and EM surveys to replace or supplement
borings.
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*Benchmark Protection .,

r

Irispection' of the facility benchmark is performed every three yearsLby.
cross-checking the benchmark elevation to the elevation readings of the

- nearest Dow -Chemical U.S.A. Michigan Division, Midland- location
benchmark. The Dow benchmarks are checked at least every three years b

,
against the USGS benchmark located west of the Tittabawassee River along

' Poseyville Road, near the Dow facility. (Dow.1986)'
.

.

I

8.2 WATER TABLE
,

I

The extent of the water table under the Salzburg L'andfill is described in the RCRA-

Part B Application as follows:
,

The Regional Aquifer is found under about'one-third of the Landfill'
approximately 120 feet below the ground surface (but not.below Cell

'' ' 36/37].. ' The piezometer head in this aquifer is in the 623-624. '

(USGS datum) range but this Aquifer is confined by the Glacial Till '

found everywhere under the facility. The localized water bearing sand
units are depleted during construction- and the landfill ' cells ~ are s

constructed above any geological units which could be considered
aquifers. (Dow,1986)

8.0 MATERIAL EMPl.ACEMENT PROCEDURES

The thorium-bearing. material is placed in the disposal cell in the~ same manner

as hazardous 1 waste is buried in other cells. This procedure is described in the RCRA.

Part B Application as follows:
,

When the facility is operating, waste is brought to the open cell area
via trucks. The trucks transfer the waste to the face ~of the current
cell lift and a compactor is used to compact the waste and to maintain'.

the lift height. Each lift is fifty. feet wide,,eight. feet high and is the 4

length of the Landfill cell. The lifts are placed using two feet deep L
'

compacted layers,'in parallel with the leachate collection system.

At the end of each working day about six inches of cover material is
'

*

' place over the waste to prevent' wind dispersal of particulate matter.-,

The cover is inspected each operating day. (Dow,1986)
s

- 8.4 CELL CLOSURE Pl.AN ACTIVITIES

The~ Closure Plan for the cells requires that completed areasLbe
finished with final cover, top soil,'and vegetative growth. The Closure
Plan minimizes the need for further maintenance. This reduces the
potential for contamination, and. allows a monitoring record to be~
established before post-closure monitoring begins.

93 -

1 .. _ . , - . - -



E

1

The plan identifies the steps that will be necessary to close the cells at
the facility. (Dow,1986)

8.4.1 Site Preparation ;

The cells to be closed will be prepared for clay capping by shaping and
grading to meet the desired subgrade profile. The existing PE liner
and clay wall will be located before grading and shaping. The
liner / wall will serve as the baseline and starting point for
constructing the clay cap. Surveyors will place corner stakes to mark
the wall initially. All subsequent field stakes will be placed by the
capping contractor. The contractor will shape and grade an area
capable of being capped with the first clay lift each day. Threatening
weather may alter the schedule.

All equipment used for transporting waste materialin the shaping and
grading work will be thoroughly cleaned before it will .be allowed to
work with clay. (Dow,1986)

8.4.2 Final Cover

Drawings 82 020 884040 and B2 021884040 detail the cap
construction (see Appendix G). The final cover consists of a three
foot thick (minimum) compacted clay layer which has a permeability.
of 1 x 10-7 centimeters per second 'or less and a 40 mil polyethylene
line r.

Over the top of the PE liner, a drainage layer, consisting of a single
layer of Geonet, will be installed.

To prevent plugging of the Geonet layer, a needle punched, non woven
.geotextile, six or eight ounces per square yard minimum, will be
placed over the top of the Geonet layer.

Soil capable of supporting vegetative growth will be placed to a total
depth of 24 inches.

After placement of this soil, the cover will be seeded and fertilized to
established vegetative cover as soon as possible to minimize erosion.

The final surface contours were chosen to minimize pooling water on
top of the clay cap.

.

The drainage layer over the clay cap was chosen to drain any water -
that had percolated through the top vegetated cover so that it would .
drain away from the capped area.

The cover material over the drainage layer, twenty four inches of
soil, was chosen to provide adequate support of the vegetation and to
minimize erosion of the cover itself.
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The slope of one percent minimum was chosen to reduce the velocity of
-the run off from the cover material, yet still allow drainage of run-
off from the cover to eliminate ponding.

Also aiding.in.the removal of water from the cover is the installation
of the peak on the area being capped. This reduces the travel time of ~
any run-off thereby reducing the chance for aermeation of water into
the cover.

Vecetat!ve Cover

Vegetation on the cover material has been chosen for survival in the
M" land, Michigan climate and will consist of'a mixture of several
grass strains, and be seeded in the procedure and mix shown below.

1) Spread 20 26 6 fertilizer at 450 pounds / acre. .

2) Seed 400 pounds / acre of the following custom blend:

Perennial Rye 20%

Wintergreen Fescue 15%

Common Kentucky Bluegrass 30%

Ruby Creeping Red Fescue 15%

Scaldis Hard Fescue 20%

3) Cover all slopes steeper than 1 to 4 with ROLtJLITER or equivalent

erosion control fabric to hold seed and minimize erosion.

8.5 RADIATION EXPOSURE RATE

The post-emplacement exposure rate, as calculated using ONSITE/ MAXI, is 0.15

microrem-per hour. This calculated exposure rate is conservative due to the under-

statement of soil shielding used in the calculation (3.3 ft (1m) versus a reality of 'at

least 5 ft).

- 8.6 PATHWAY MONITORING

Water Monitorina

Effluent water samples will be collected and- analyzed for radiological
constituents in the leachate formed in the disposal cell. Samples will initially be

collected after the cell has been constructed but before the material is placed in the cell
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to establish baseline conditions. Cell leachate. subsequently generated during filling and
g.

l after closure will be sampled and analyzed before the leachate is released into the water

treatment plant. The drinking water standards (15 pCi per liter total alpha activity and

5 pCl per liter of combined radium 226 and 228) will be used for the release criteria.

In addition, samples from the groundwater monitoring wslis emplaced around the

Salzburg Landfill, as described in' Section 7.4.2, will be routine |y analyzed for these

radiological constituents in addition to the current list of non radioltaical constituents.

Baseline levels will be initially established before filling of Cell 36/37 and long term
trends monitored after closure to validate that teachate infiltration is not occurring

along environmental pathways.

'

Air Monitorino

t

Baseline thoron and thorium concentration in air will be initially established'at

the Salzburg site prior to construction of Cell 36/37. During truck unloading and

filling of the disposal cell, air samples will be collected downwind of the cell and

analyzed to determine thoron concentration and thorium dust liberation. The data .

) obtained will be used to evaluate onsite work conditions to assure that worker's and

public exposure are maintained ALARA. After Cell 36/37 is closed, a survey to measure

thoron levels will oe performed at a height of 1 meter above the release ducts from the .

cell and at the closest disposal site perimeter fence downwind of the cell. A release ) '

standard of 0.5 pCi per liter of thoron (above background) in air will be adhered to, n/
Thermoluminescent dosimeters (TLDs) will also be used to establish gamma. levels at the. ,

same locations to provide an early indication of any airborne movement of radiological j 5, 4
~

,

constituents during emplacement and after closure.

Thoron concentrations will be analyzed using the Kusnetz method, and the filter j

samples from the air pumps will be analyzed for thorium concentration on the dust

(particulates) using neutron activation technigges_
s~

,

|

The occupational health and safety program to be conducted at the Midland. Bay

City and Salzburg sites is described in Section 9.0.

v
|
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9.0 RADIATION S AFETY PROCEDURES
W

An Environmental Health and Safety Plan (EHSP) will be implemented to'
- establish safety criteria and procedures for workers involved in the removal and

transfer of thorium material from the Bay City and Midland sites and' disposal at the
Salzburg landfill.

Applicable health and safety standards are _ specified in the EHSP, and

responsibilities for carrying out the plan are delineated. The Project Radiation Safety

Officer (RSO) will have prime responsibility for implementing the EHSP and will thus

be responsible for onsite worker health and safety and for ensuring that environmental

releases do not adversely affect public health. The RSO and supporting DOW staff will

perform the combined health physics and industrial hygiene functions.

9.1 HEALTH AND SAFETY PLAN HIGHUGHTS

9.1.1 Worker Training

} A formal training program will be conducted by the Project RSO for all
remediation workers before they begin their on site activities, in addition to
conventional industrial hygiene training, the sessions will also emphasize radiological

safety procedures for the material removal, transfer, and disposal phases including
those covering self monitoring and personal decontamination.

The RSO will conduct physical walk through inspections of the thorium storage
sites prior to the initiation of activities connected with material removed. The

inspections will concentrate on the necessary safety precautions to be taken, in addition,

the RSO will provide follow up training sessions to workers prior to beginning work at

a new location or when working conditions change. These sessions will cover the specific '

nature of the hazards, the extent of contamination exposure that day, and an explanation

of the safety equipment to be used.

.
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9.1.2 Controlled Areas
.n.

Controlled Areas shall be established onsite by the RSO to protect workers from

unnecessary exposure to radiation or toxic materials, and to prevent the spread of

contamination.

.

Each of the sites shall be divided into three well delineated zones, as follows:

Gntamination Zone

This zone includes the actual areas of contamination (uncovered thorium under
excavation). This zone has the highest inhalation exposure potential and/or

presents a high probability of skin contact.

Qntamination Reduction Zone

This zone includes the areas immediately surrounding the Contamination Zone,

and includes the vehicle and equipment decontamiaation stations. This zone has

the next highest inhalation hazard but does not have a high probability of skin

contact.

C!ean Zone

This zone covers all areas outside of the Contamination Reduction Zone inside the

site boundary Adverse exposure is unlikely.

Access to these areas shall be controlled for people, vehicles, and equipment,by

fencing and posting the area or by using other methods to prevent inadvertent exposure

',/
U,}K

to contaminated material.
.-

.

. .

Smoking, drinking, eating, or other activities that would enhance the transfer of

radionuclides into the human body shall be prohibited in contamination zones. See

Section 9.2.5 for elaboration on those protective measures.

:|
Controlled areas 'will be conspicuously marked at points of potential access with

'

signs satisfying applicable posting and labeling requirements as set forth in 10 CFR 20 |

and 29 CFR 1910.1200.
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m
At times when it is necessary to barricade or ' rope off' an area, all barricades,

ropes, and warning signs, whether used in roadway or not, shall be in accordance with

ANSI Standards D-6.1-1971.

9.2 RADIOLCGICAL HEALTH PRECAUTIONS' OCCUPATIONAL MONITORING -

9.2.1 Dosimetry

All remediation workers' at the Bay City and Midland thorium sites will be

required to wear appropriate dosimetry. These will be worn .in an' area of the body

where they are not subject to contamination from airborne dust, generally under
protective ' clothing. When not in use these dosimeters will be stored in a place that

avoids contamination and away from the thorium pile where additional exposure could

occur (Iow background area). These forms of dosimetry will be turned in to be read and

thus determine the exposure levels monthly.

.

A pressurized ion chamber (PIC) will be operated on a continual basis onsite

during removal and transfer operations to monitor area concentrations and exposure -
levels and thus assure worker safety in the zone of excavation.

9.2.2 Air Monitoring

An air sampling program will be conducted for any material movement '

operations that have the potential for radionuclides to become airborne'above applicable-

guidelines'and will continue until all site excavation work is- completed at Bay City and

Midland. High volume air samplers will be used for area monitoring downwind of the

work area. These monitors will be used to assess releases due to excavation operations.
,

,

Air filters will be analyzed for thorium concentrations and to determine thoron
'

concentrations using the Kusnetz method. Thoron '& thorium concentrations will be

established over the thorium piles at Bay City. and Midland _ prior to initiating remedial

activities to provide a basis for comparison during operations. Baseline concentrations

will be established in areas in proximity to the piles but not influenced _by them.

At the Salzburg landfill, baseline thoron and thorium concentrations will be -

established prior to emplacqment of the material, and downwind air samples will be
v

,
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Collected to assess operational concentrations as the trucks unload material into the
" '

disposal cell.'

The results of the air monitoring program will be used to evaluate work

conditions and permit tre application of procedures to maintain the potential for worker

validation at ALARA levels.

9.2.3 Respiratory Protection

Any remedial excavation or emplacement operations in which there exists the

possibility of inhaling radioactive Thorium in the form of dust will warrant that all.
workers in the immediate area wear air purifying respirators. Workers will be

required to have medical approval and be fit tested if respirator protection is necessary.

The need for continual use of respiratory. protection will be evaluated on a ongoing basis
.

during the remedial operation, and the determination will be made based on job analyses

and possible air monitoring results obtained during the work, ;
_

9.2.4 Contamination Monitoring / Decontamination Procedures

9
To minimize the spread of low level contamination and potential for ingestion,

coveralis, boots, and gloves will be worn by the workers in the restricted area

(contamination zone). These will be removed before these individuals leave the site and
will be placed back on when they reenter the site. This protective clothing will be
considered as contaminated and will not leave the site until released or disposed of, if

required, by the RSO.

All personnel leaving the controlled areas will then be monitored fo'r
contamination by the RSO staff using portable beta gamma monitors . Any additional-

contamination will be removed to within regulatory- limits with the objectivef oi

achieving. ALARA levels. Procedures will be followed to avoid workers ingesting dust

particles containing-Thorium.

'

The material in the trucks will be wetted and _ covered with a tarpaulin after-

loading on to the truck. Before leaving the controlled areas at Eay City and Midland each ,

vehicle will be subjected to an exterior high pressure wash covering the undercarriage

-and frame and then visually inspected in its entirety for dust and potential transfer:

'
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points - (i.e. wheels, undercarriage) will be monitored with portable surveyg
instruments. . The process will be repeated after unloading at Salzburg.

Any equipment leaving the site will be evaluated to determine the contamination

level, and decontaminated if necessary to achieve release criteria to unrestricted areas.

.

e

.
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10.0 RECORD KEEPING .
m

10.1- PERICOOFSTORAGE

Records of disposals made under the requested license will be maintained by the

licensee until the commission authorizes disposal of such records.

10,2 RECORDCCNTEMS

The requirements for records are simplified by the nature of the waste. All of

the contaminated waste will be disposed of in one disposal cell, and transported in bulk
from the storage sites. Records of the disposal activities will be maintained in-

conjunction with those of the hazardous waste facility.

The movement of all materials to Cell 36/37 will be tracked using a waste
disposal manifest. The following information is contained on each record:

1. Originating site
3 2. Shipment destination (Salzburg Landfill)

3. Material description .-j j

Material quantity M k~ ~ Y'
4

5. Shipment number

6. Shipment date

7. Receiving date

The record also provides the data base for:

1. Reporting to governmental agencies the material received by the facility.
2. Facility operating log

A daily operating tog is maintained at the facility, The log is'used to record facility
activities and other requirements .of the RCRA, M1 Act 64, and the ' facility operating
license,

v .'
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10.3 DISPOSAL SITE IDENTIFICATION .

The cell used for disposal of the thorium bearing . material will be specially
. identified on the Salzburg site through use of the rad.ation symbols as specified in 10

~

CFR 20.

, d

The records of the Salzburg Landfill will contain a complete description of the '

disposal cell used for the thorium material, including a map of the site, to scale,,

Indicating the location of the burial cell and the site boundaries.

-
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11.0_ STATE AND LOCAL REQUIREMEtLTS

11.1 OTHER RELEVANT ENVIRONMENTAL PERMITS

There is no intention to comingle hazardous wastes with the thorium-bearing

material discussed in this license application. The Salzburg Landfill is, however,

operated by Dow Chemical USA, Michigan D. vision, as a hazardous waste disposal

facility. The following permits and licenses are relevant to such operations:

A Michigan Act 64 Construction Permit

1. Issued: 09/15/81
2. No expiration date

B. Michigan Act 64 Operating License / RCRA Part B Permit

1. Issued: 01/87
2. Expires: 01/92

C. Michigan Act 641 Operating License

D. National Pollution Discharge Elimination System Permit

1. Issued: 10/3/88
2. Expires: 10/1/93

11.2 RESTRICTIVECOVENANTS

Restrictive covenants have been placed on the use of the Salzburg Landfill in
recognition of the hazardous waste disposal activities conducted there. The covenants

'were recorded on July 3,1984 by the Register of Deeds, Midland County, Michigan.

A copy of the covenants is included as Appendix 8.

Prior to burial of radioactive waste under this license application, further

covenants shall be included on the Landfill deed to the effect that radioactive material has
- been disposed of on the site.
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12.0 CE RTIFIC ATE

The applicant and any official executing this application on behalf of the applicant- ,

certifies that this application and all information contained herein, including any
supplements att ched is tru.e and correct to the best of our knowledge and belief. .

|-.

'

Signature ;

Randy Croyle
'

Environmental Manager

Michigan Division

Dow Chemical U.S.A.

,
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Cost Estimate Removal and Disposal in Commercial Facility
i
j

Waste Volumes - Bay City 40,000 yd t Midland - 12,000 yd33

1

Cost item m ate tsi nno)

1. Preparation of Remediation Plan 25
2. Preparation of HP Plan 15
3. HP Monitoring Program 250
4 Radiation Surveys to Define Removal Requirements 180
5. Post Closure Monitoring Cne Year 80
6. Waste and Soil Excavation 375
7. Closure of Remediation Sites / Maintenance 850
8. Onsite Movement, Packaging, Loading 24825

(Packaged in 55

p gallon drum 6

9. Transport Costs to Richland or 14063
Transport Costs to Beatty 12,915

10. Disposal Costs - Richland 51,895'(1)
Disposal Costs - Beatty 14.180-(2)

Total $ 9 2.3 0 8 $ 8 3,4 4 5

(1) Based on $37/ft3 burial cost (including $10/ft3 surcharge)

(2) Based on $31.50/ft3 burying costs (including $10/ft3 ' surcharge)

Burial cost quoted in telecon with U.S. Ecology - 9/87

.
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February 27, 1981
,,

RECEIVED
t

OCT 211988
:

n M. A f rd
M chinan Div. LeoalEnvironmental Sanitarian. . a a

Department of tiatural Resources
Resource Recovery Divs.
P.O. Ber 128
Roscon Hi. 48653

Re: Salzburg Road Sanitary Landfill, Declaration of Restrictive
Covenant, City of Midland, Midland County

'', Dear Mr. Alford:.

,

Enclosed is a copy of the Declaration of Restrictive Covenant for the

Dow Chemical Company 7.4 acre sanitary landfill located off Salzburg
Road, Midland County.

This covenant was recorded with the Midland County Register of Deeds
office on February 11, 1981 in accordance with Act 641, P.A. of 1978.

Should you have any questions, please feel free to contact this office.

Since e

k \ \ t' W
Douglas Dio., R.S., Director
Environmental Health Division

DD:pm
CC:a ry Washington, Mgr. of

Dow Environmental Services
U. C. Meagher, Real Estate Dept. of
Dow Chemical Company

.
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THIS INDENTURE made the 24th day of November ,

19 80, by and between, THE DOW CHEMICAL COMPANY.

whose address is: 2030 Dow Center, Midland, Michigan 48640

part (y) kims:) of the first part; and Howard A. Tanner ,.

Dire tor of the Michigan Department of Natural Resources for and on behalf

of the state of Michigan, whose address is: Steven T. Mason Building,

Lansing, Michigan 48913 ,
_.

party of the second part;

WITNESSETH THAT:

WHEREAS, application for licensure under provisions of 1978, PA 641,

1970.cL 299.401 et sec, for the purpose of conducting, managing, maintain-

ing or operating a disposal area upon lands situated in the City

of Midland , county of Midland , more particularly

described as: Commencing at the North Quarter (1/4) corner of Section 35, Towship -14
to ;h, Range 2 East; thence South 89'-47'-50" East 433.38 feet along the North line of said
Section 35; thence South 0*-12'-10" West 252.08 feet to the point cf beginning; thence contint
South 0 -12'-10" West 413.65 feet; thence South 42*-55'27" West 476.54 feet; thence North
45'-39'42" West 560.70 feet; thence North 42*-41'-11" East 50ti. 25 f eet ; thence South 89*-47'-!
East 383.80 feet to the point of beginning; containing 8.15 acres.

has been properly made; and

WHEREAS, the Director of the Department of Natural Resources, will

contemporaneously issue such licenses and

WHEREAS, 1978 PA 641,' supra, Section 16 requires that at the time of

licensing of a sanitary landfill, an instrument which imposes a restrictive

covenant upon the land involved shall be executed by all the owners of the

tract of land upon the landfill is located and the director.

NOW THEREFORE, THE DOW CHEMICAL COMPANY the part(y) (rn),

of the first part, do for themselves, their heirs , successors, lessees, or

assigns declare, covenant and agree:

R-55:7

Rev 2/E0



1. 'That the, lands hereinbefore described have:been or will hereafter
1"- be used'as a sanitary landfill,'and that naither they, nor their servants,-

agents, employees, nor any of the heirs, successors; lessess er assigns shall
(or shall by their' leave or sufferance permit others to) '

engage;in. filling,

grading, excavating, drilling or mining of the lands and premises above

described until 15 years after completion of all landfill activity'upon the
,

unless written authorization therefor is obtained from the Director,

same,
.i

.Mi
of the Department of Natural Resources; and that the State of Michigar or any
municipality may. in additien to any other remedy available at law bring an
action for an injunction or ether process against any person, county, or
municipality to restrain or prevent any vio1ation of the restrictive covenant

<
,

hereby imposed upon the subject premises.
.

2. That at the time of the ensealing and delivery of these' presents
,

the above described premises are free from all encumbrances .whatever,- (except)
a right of way granted to Consumers Power Company for'above ground electrical-
transmission lines.

The director of the department of natural resources does for and on
behalf of the state of Michigan covenant and agree to execute, acknowledge,
and deliver to the party of the first part, a release of the within restrictive

in suitable form, upon the expiration of the 15 year period pro-covenant,

vided for herein.
d ,

4

,
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RESTRICTIVE CONVENANTS e 537 ea 406

THE DON CdE11LCAL COMPMlY , a Delaware corporation with expcutive offices at
Name Company, Partnersnip, etc. Aodress

2030 Dow Center in Midland County, Michigan,

is the record owner of the following described premises' in the Township of
.

Midland ( Midland County, Michigan, to wit:,

) . . ' .

SEE ATTACHED EXHISIT-A
f

, The ,Dow Chemical Company is in the process of constructing a hazardous waste landfill.
! hame

. . .
.

on a portion of its property above described, pursuant to 1979 PA 64 and the rules
.

promulgated thereunder, the location of the facility being described in Exhibit A,

attached hereto, and hereby
- -

t'0W, THEREFORE, these Restrictive Covenants are executed by rhe cd cha ic21 Co.
Name

'to insure the integrity of said disposal facility for the safety of the people of-
/

I the State of Michigan, to-wit:
.

.y -

(1) No vehicles, except vehicles needed and actually used for maintenance

and inspection, shall be allowed within the areas which are enclosed by a sound

and secure fence, pursuant to Paragraph (4), below., except as indicated in
Paragraph (8) celow.

.
.

(2) No excavation or construction, except as necessary to maintain the

integrity of the facility, shall be allowed after closure of the facility. in

the areas which are enclosed by a sound and secure fence, pursuant'to Paragraph,
'

(4), below , except as indicated in Paragraph (8) below.

(3) No uses of the property shall be made wh'ich may or will impair the

integrity of the facility.
RECEIVED-RECORDED-

OCT 211988
h 3 413 PM M chigan Div. Legal
R:CHAdo: tiHENT
REcisTER c.r ;EE05 3/81 R 4906
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O Name Comoany, Partnersaip, et;. AccrEa3, ~

2030 Dev Center in Midland Coun:7, Michigan,
is the record owner of the following described premises in the Township of

.

"

Hidland ( liidland Coun:y, Michigan, to wi::
,

) . .

SEE ATTACHED EXHISIT-A

The | ou Chemical Company is in the process of constructing a hanrdous wasta lanc^ fill.
,

/ Name .
. ,

.

,-
on a portion of its property above described, pursuant to 1979 PA 64 and the rules

| promulgated thereunder, the location of the facility being described in Exhibit A,
^ - ~ ^

attached hereto, and hereby- -

'

tiOW, THEREFORE, these Restrictive Covenants are executed by _w nw ch. + n Co.
name'

'to insure the integrity of said disposal f acility for the safety of the p.eople of
.I -

!' the State of Michigan, to-wit:.

[
*

(1) No vehicles, except vehicles needed and actually used' for maintenance
.

g ,,
.

- ' and inspection, shall be allowed within the areas which are enclosed by a soundW
-

and secure fence, pursuant to Paragraph (4), below., except as indicated in
.

Paragraph (8) below. ,

(2) No excavation or* construction, except as necessary to maintain the
.

integrity of the facility, shall be allowed after cicsure of the facility in
,

the areas which are enclosed by a sound and secure fence, pursuant 'to Paragraph,
~

(4), below , except as indicated in Paragraph (8) below.

(3) No uses of the proper:y shall be made w$icn may or will impair tne

intearity of the facility. RECEIVED.a. . .n. . . n c. a: :. . .

OCT 211988
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'(4) The Dou Chehical Comesnv Shall erect, and it and its s9Cc@ssorslin
Name

' interest, shall thereafter continuously maintain until further order of the ,

JDepartment of Natural Resources: (i) a secure and sound fence enclosing the

' area containing the disposal facilit'y at least nm (50) feet6
,

measured from all edges of the disposal facility; and -(ii) a sign stating:
~

^

" Warning, Ha:ardous Waste Disposal Area, KEEP OU T,"' inside the fence, visible

-from each side.

(5) The Dow Chemical Coepany shall notify the Director of the Michigan
Name

. Department of Natural Resources of its intent to convey any interest in' land-
,

located in city of Midland , Section 35 in Midland Township,
,

Midland County, Michigan. No conveyance of title, easement, or other

' interest in the property shall be consummated by The Dow Chemical Company
Name>

.
.-

without adequate and complete provision for continued maintenance of the facility

and monitoring systems des'cribed in the Closure and Post Closure' Maintenance and .

Monitoring Plans described in Exhibit B, attached hereto and hereby made a_part

hereof. For the purpose of assurin,g adequate maintenance of the facility's

monitoring sy' stem (s), no property owned by The Dow Chemical Co. , described in"-
Name

Exhibit A shall be conveyed without prior written approval of the Directorsof; ;

the Michigan Department of Natural Resources. Such approval by,the Director is
,

not to be unreasonably withheld.

(6) Until further notice from the Director of the Michigan Department of;

Natural Resources, set forth above,The Dow Chemical Co. and its successors in .
,

Name -- -

title will maintain and monitor the facility as described in Section.41(1) of-

1979 PA 64.
.. ,

.

(7) Any governmental agency adversely affected by any violations of these

restrictions may enforce them by legal actions in the Circuit Court.
..

1

9
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(S) -The property described in fxhibit A is subject.to

an. existing , easement of record granted to ' Consumers Power

Company for electric transmission lines.

t

. .

These Restrictive Covenants shall run with the land and be binding upon

first party, its successors, and assigns.'

'

DATED: This 4 d' day of fa.t6 , 19 1.
{/ t

TFI DU'n' CF2MICAL COMPANY(- .

l' 'ly 8fk +/

I ts !. F. HARLOW, VICE PRESIDENT'

.
,

. .

Director, Michigan Department.of Natural Resourcas.

WITNESSES:
, .

45%Mk|- X//&
/ Cheryl 'A. Johnson

Y bLb.)h.,)
VLu Ellen Joslyn -

STATE OF MICHIGAN)
) ss.

COUNTY OF MIDLANI)
,

The foregoing i.nsturment was acknowledged be'ere me this /~d day~'

of fled ,19S1, by | [ A ba d-u of Ak 0.-, ~.

.y/

$#ak[ .dn 0,% u oc-rpora44on, on- behalf cf the Corporation.+
./ /

,

E

[' / .

'

l'" d infat ation necessarj to cc:O ete dg*,"-O /p/ 'e y
is instrr.ent was supplied by The '.

#/O'6 ' '*

.

Lbw Chend. cal Cer.pany, howeve.r, the NOTARY PdEllC
inst:".I'".ent'was prepared by the MChi'i.".n CHERYL A. JOHNsO.N
Deca,rr.ent. Of *.:at.iral P.eSCO. roes. Notary PubLc, Mid'.and Caunn, Michian

'
~

My C smion F.4pa.. J n.1,199

:. .

.__%u2.
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POWER OF ATTORNEY-
.-

Know all Men by these Presents, That tne FEDERAL INSURANCE CDMPANy. 51 Jonn F. Kennedy Parkway. Short
Klis. New Jersey, a New Jersey Corporal:en has constituted and accointed. and oces hereoy constitute and accoint

Tad !!. Coalvell, Earrisen T. Pl=, Jr. , Joberta E. Lukovski and Dich Vlasbic= of
Mi d l an d , Mi c h i g a n -------------------------------------------------

each its true and lawful Attorney-in-Fact to execute --------------------~~------~~~~~~ under such
dessgnation in its name and to affix its coroorate seal to and detiver for and on its behalf as surety (nereon or otherwise bonds
or obligations on behalf of TE D0',I CEMICE COMPMY

*

of any of the following classes, to-wit:
t. Bonds and Uncertakings (other tnan Fiduciary Bond 4 filed in any suit, matter o'r proceeding in any Court, or fated with any

Sneriff or Mag: strate, for tne doing or not coing of anytning scectried in sucn Sond or Uncertaxinc. in which tne penalty of the
cond or underianng does not exceed ine sum of OE HIED."ID THOUSAND DOLLA.C.S
(5 100,000.00 1

2. Surety Bonds to the United States of Arnerica or any agency tnereof, including those recuitec or permitted under Ine laws or
regulations reiating to Customs or internal Revenue; License anc Permit Bonos or otner indemnity bonds under tne laws or-

.cinances or resJations of any State. City. Town. Viitage. Board or otner oody or organeation. puohc or private; bonds to
Transcortation Comcanies. Lost instrument bonds lease Donds. Worker 5 Compensation bonds. Miscellaneous Surety bonds
and bonds on benait of Notaries Puotic. Sneriffs. Deputy Sheriffs and simiiar puctic oftsciais

3. Bonds on cenair of centractors in connection witn bids. procesats or contracts to or witn the United States of America, any
state or pohtical subdivision tnetect or any person. tam or Corporation

Ir1 Witness Whereof,' the said FEDERAL INSURANCE COMPANY has, pursuant to its By-laws. caused these
presents to be signed by its Assistant Vice-President and Assistant Secretary and its corporate seat to be hereto affixed this

7th dayot December 19 82
,

FEDERAL INSURANCE COMPANY

$i i>' George McClellan

f & h g.k, Assistant Voce-Pre sident

e- ..

.....A.
JE

/ r%.
Ricnard D. O'Connor

STATE OF NEW JERSEY Assistant Secretaryss;
County of Essex

Onthis 7th day of December 19 82 . before me personally came Richard D. O'Connor to me
known and by me known to be Assistant Secretan cf tne FEDERAL INSURANCE COMPANY. the corporation desenbed
in and wnicn executed the foregoing Power of Attorney, and the said Ricnard D O'Connor being by me duly sworn did
decose and say that he is Assistant Secretary of the FEDERAL. INSURANCE COMPANY and knows the corporate seal
thereof: tr.at the seal affixed to the foregoing Power of Attorney is such corporate seal and was thereto affixed by authonty
of the By-Laws of said Comeany, and snat he signed said Power of Attorney as Assistant Secretary of said Company by
like autnonty; and tnat he is accusinted with George McClellan and knows nam to be the Assistant Vice-President of said
Comoany, and that the signature of.said George McClellan suoscnced to said Power of Attorney is in the genuine hand-
wnting of said George McCtellan and was thereto suoscribed by autnonty of said By Laws and in deconent s presence.

Acknowledged and Sworn to tetore me,n ,
on tne care aoove wertren.Q,

.p V43,

110 T M y \ ,S,

4-

b.l Li / M
'

'
_ _ . . _ -4
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G EOPHYSICAL LOG

.

Proiec t No.OSSS3 Well or Boring No. 2366 Octe ''*27 79

Chent DOW C H E M'C A L COMPANY Te S t e d by M Ec3
LOC ATION

I
S to r e M'C*'G A N County M ' OL A ND Towns nio MiOL ANO

1R 2 iNE t/4_ NW 1/4 f).E_t/4 S e c tion 1.".L. T i* ,

Distonce Gaio coonciN A7E s - 62 * t7 s . 77..se E
OWNER.DOW C HEM'c AL cour2 ANY Add re S S M'OL ANO. MIC MiGA N ,

CONTR ACTOR . "LEtNF ELT cmto No c o. Addres s CHAntonE . Micsso AN

WELL AND LOG DATA |

Type of Well EXP@ATCFY 'CA5NG Depth 'QQ ft Dicmeter e''' in. |
.

I~ELEVATION S
|

' . cod Surs'oce 626 2 ft. M M.S L. ( '_%ri=*~>a'F M oo s'c )

Too of Casing f t "M Land Sur face i

,

Log Dorum ' ANO sumcE
$Water Toute Decen 9 FEET

G AM M A- R AY
r
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G EOPHYSICAL LOG

Projec t No 05553 Well or Borsnq No. 3373 Date it-M-M

Clie n t DOW C "E vi C AL COMPANv Te s t erc by M '* " .

LOC ATION

State MCHiOAN County MiOL AND Towns hio M SOL AND
NC g /4 NE t/4 NW t/4 SeCffon 35 7 84 "R 2 E

Dis ta nce GAto COCADeN ATEe 66*173. 63 + 56 E

OWNER OOw C-E MiC AL COMPANY Add re s s Miot ANo MacMioA N
CONTR ACTO A .*1.9 ONestT oniLtiNo co Accress c o- A nt.OT E . M i cs c e.N

WELL AND LOG DATA
Ty pe o f we n Ex ArnATO''Y E<*NG D epen 'OO ft Cicme t er 6 i'4 in.

E LEVATION S
Lond Surface 620. 9 f t. '"?,7,,,,, M.S.L. (GW, M ea s*d ) .

Too of Cosing 'f t. 'M Land Surface
Log Cotum L AND SU R FAC E e

W ater To ble D eotti < S NET - i
f

f

. . G A M M A - R AY i
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C ocicErt.MucLLER, 'l **
o M u . f f- .

', t,4J

- 8. 8 %. I !. $.o ,oe.e5 a ?. '. .iO e
.. , . . n w

I
_

,

J{ k 4 ._1, _ . ~ . .)
s...- ..J - | ..s .

..

-

, . 6 . . . . . . .. . .

Jg,.

.s . . . . . . 9 .- a

,D ] - , . . , . . i.. . . . _ . . .
'

. . . . = e
,

. .
,

.p. ... ..7....._._..-,-,.1 . ..-
.. + . . . , .. . - - . _.. ,, a .. . .ep. . ,

J . ., . a. L,...; .. _ _ .. . M .
* ~ . _ ~ ~' : TQ " ' ~ ":~.' * | E!**:T*3KE bCD. Cdd. | . .

5
.

20+ --

| , ,,,,
i .~.,,,A cygym 4 , . .,,, ,3- - - - - * * * * - ~ ~

s
, ,

,

. \. . . . . 3. . .
,

. . . . . . ...

t _. ,,,,,,..y, ,.

. . .ZMt't'd. . : I~"'.".".~..yC. ... d
. - ,, .

{
' '

4 . .. ...

.. . .. ,,,

.{g.6 . ... 8. . . .

.

-
. .

sH;6 - a. . ... ,
i.. s.# 4......

. . _ _ - . . . .. J.4g,. . _

oaev w av .. . L
,4 . . l,.p, . . . , - . . ,

..#.. . .i . ,
j

. ....J.

._ .4_ ..
g..,

' g. ..

h..A
..d.4. ..9e

'
.. 6

.4 ^
e 4 .

!~
, . . . . -

~ ~ ~ ~ ~ ~ ' - ~ , . !~~ h';. M* A 'I VN 5TR ATIFTED a ' :
'

l .f J . ... _ . : , . us co,nM .
.. .... ,

... js. *.
-

7. ,- ,
- , -

4. . . . . ....
eo. .

..)s e..|. . . .
,

|
. { <, hi . . -

s w..~
_ ..... ~.. ,. . . p...

.a . i .-, ,

a % 4..~...
.

}, p.

4$.. .

ea . w...- . ,,
gr. s. $.i.. . .

.. 6 r! .i... ,4.'FO**f *n L7'. . '
O* R * " M j i9i L. I

'

; *
. yn"Q*f . . . . .~. -

. . . - . . - -~ f. i .,i,f_ .w . A. '.. ._ . . . t
. 4_

9a.
.,.: , . . .

, .

,
, .. . . ..-._..l

- 3: - i .. | /_ .- . . . 4 ,7 ' .- .~+ n. . .-d .. j.p..,.,..,,, . . 1., . ,o . . . , , . , s -

s . o , y y ... . . . -.
g e

,
e ie.e o. + e

4
. I s , ......._ .,f,

.
\ s e . e. o . .

i. .- . . . e..-- .4 ,

...ee 4a&a

e e 4

. + .

e

. . . . . . .

.

t .

.
*



.-

| .

G EOPHYSICAL LOG

Proiect No.95553 Well or Boring No. 2300 Date ' ' * 2 9 * "M
Chen, oow cxcMic AL coMPANv ' Te s t e d by ' MC9

LOC ATION
Secte M$CHiGAN Coun ty M'OL AND To wn s hio MiOL ANO _

e.w I/4 26 6/4 N '- 1/4 Section 33 T m A 2 CN
= -

Dis tence G A'O COORO' NATES - 72*675. 64 + O6 E

OWNER OOW CHE WC^' COMPANY Aocress M50t ANO. MtCHiG AN

CONTRACTOR "LONFE6T OR8LLING CO Addr e s s CHARLOTTE. V'C H'G A N

WELL AND LOG DATA
Ty p e o f Weit OptDPATCm **WG O e p t h '00 ft Diame ter 6 ira in.

ELEVATION S
Land Surface 626 6 f t. ^".LE., M.S.L. ( C ; ;,, -; . M eo id )

Too of Casing f t. 'c"ilJ, Land Sur foco
Log Octurn L AND S.Y. A FAC C

Woter Toble D eath ^ P'"O'x 9 S'T

GAM M A- R AY
ORILL ER' S APPARENT E L ECTR IC A L R E SI S TIVIT Y N SCINTILLOMETE9 'LOG G GEIGER = MUELLER-
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G EOPHYSICAL LOG

Proiect No. eSSS3 Well or Boring No. 2396 Octe 0 201'9

Clie n t OOW C"cMicAL coupANv Te s t e d by una

LOCATION
State M ic sin ^ N County MiOLAND Towns ne o MiOLAND

1R 2 iNE 1/4_.Q.W ,l/4 NE 1/4 Section 33 T id

Dis tance G*O COOaoiN ATES - ''9 + 5 4 S - 74 * ae E

OWNER DOW CHEMICAL COM A ANY Addre s s MiOL ANO . M tCHiGAN

CONTAACTOR d L EiNF ELT D A t LLING CO Address CH A ALCTTT E. MIC HIG AN
WELL AND LOG DATA

Type of Well DP.mAm acPNG Deorn '00 ft Diorneter 6 t/4 in

ELEVATK)N S

L an d Sur f oce 5"*-'' f t. M M.S.L. ( C_ m -. - .o M eo s'd )u.

Top of Comnq f t 'E5 Land Surfoce
Log Do turn ._. LANO ?Jm AC*-
Wa ter Tcole Depth ^A*aOx " FEF

GAM MA + R AY
.,,

ORILLER'S APPARENT E LECT R IC AL R E SI S TIVIT Y S SCtNTILLOMETCM'

LOG O cElGER* MUELLER*
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8 ?. 3 281;2{

.
SECONOS PE A . '00 COUNTSO H M . f f.

$ ;e
e. . o. o ?o

. * *e .s . m - x.. o .e

Wo !2 . . . . . - - . . . . . . . .

. . . . . .
. .t,_ .s . -

...4_.. + , , -n.~.. .....e
f., . t . . . . . . . . . . . . . .. --.: .r,.

w; . . . . .. 4
-

. N.( ,- - ... _ .
- ; - ,- mq c cm ..

, . . . . . -

i ....__.__...s.
i ...+.. u< cec .o E.LAN

.

ec+ _

_.......q. i . . .

. _ ...... ..g
- ._&._... x;g. . . - . _ . _ , .;

.

.j.. . ,. 3 .,, j 3. w .--
- ,, . . -. . . . . . . . - -..

i g
M| .t. . , ~ . *."~~ N. +% . i . ..

- ' i

4....
4. . N. ..e_- ., . _ . , .

i'
. ,t . |* I

4..y j

|
. j .g. i . .

. . .

. . . , , . .-
.. .p_.s.. . . -r

_ .. . 4..f._._..._. . . ..

e

.r . I ..
.

.l4o ,
,

., . .x,,
.%, . . F.

. ,

-

eq . . . .-,
. , - - m uc,,to m ,. .

"I ".
......

..,'l~
N,.. . . f- ..._.a 1" A ATLKiG O ". . enosr.wuL.NOT W *' ' ~J~'.,

..%.,, .. ..
..

"J.

* ~o mwe s ....__g .. . . . . . . . . ..
. . - . . . *e er...

ont v ctA. j. . g. .

e a...-._. . . .. , .,
.,/ e i . . _. . .. _ .e cwe .. .. . .

.... .eso- ..

..|,
. . .

-b, - - -

..,A. .. .. .
> ,

... .
a..

. 9. . , .g,, __. .. .... ,. . . .

. ., | .
,

j ,! ,.
.

. _ % . ., .._. ..
.

. _ . . _. _ _ ..

. . . .

!
.. .

4. - . e, . . .
- * - *--

.... . .
O

. 4.@ W h . $ 6 .

g., . ." |.'
. e 4.. .M

.

O$.... .-N..-4.
. . , . . .

.

b4... _. *
. ;

. f . '.. 3.$ _ . . _ . ,

. ._
. .

. .

. 8 . . + .
**

,,

| 't - . . .- ./ * * * --
e . .. . .. . . t*M 'M .. . .m

, 4g . i .

.q ,
, - . . 4

. .. -...#
6{. . *

, . . . . . . .. .a.: ; , .

I
.

~ ~ ~ + ~ -t ., . .

, ... . . e. [ . = . - - - . ~ - - .
a-.*

. ,y } ,
" '

.. . . ~_. .. .. .-

4.: a . ,

: * * . . . . .
. . . . - - + . . .

t .. - - . - *
, . . , . . . _ _ _ . .

\ .d

* ~
. .

. a g . g4

.

. e.i.=.8 *-8"- 8i. *

h "



. .

GEOPHYSICAL LOG

Protect No. e3SS3 WeH or Boring No. 2396 Date l'- 2e 79

Chent OOw C "E MIC AL COMPANY Te s t e d by hM u

LOC ATION

S t a t e _ M 'C "'C^ N C oun t y M 'OL A ND To w n s nip MiOLANO

'; R 2 iNC l/4 SW t/4 f.if 1/4 Se c tion 3"> T 'a

Di s t a n c e Gaio COOno'N ATE s - 7 9 + ' a s - 7a - ~3 E
OWNER ,QOw CHEMICAL coMpaNv Add re s s MIDL AND . MICHIG AN
CONTRACTOR ,%,1tNFELT ORILLING CO Addre3S CH^ ALOTT E . MICHlG AN

WELL ANO LOG DATA
Type of weli C*Ptnuvaru =mNo Oepen 'On ft Diameter 6 va .n. !

1

ELEVATON S
l

Lond Surfoce '7'7 f t. O MSL. ( L ., . . % d ,- Meos'd )
'

.

Top of Cosing f t 'E4 Land Surface
Log Do rum __ LANO Sus *^C'~
w orer Toole Depth ^P""Ox ''"E-''

G AM M A - R AY
.

~
ORILL ER' S APPARENT E L ECTR IC A L R E SI STIVIT Y a sclNYtLLOMETCM'

LOG O GEIGER.Mt./ELLER

h ** o H M . r e. OCCONos PER .. 'N COUNTS

! .!. !. t 8 1 s. !. $ 5c 2 e.o e,9 . . : m m. . .

- * w.o i1 . . . -2 ..m..... , .. . ...

-, s;o ' ;. .4..
~

. . . . . . . . . i. . -- n.-
. . .

- t . . . . . .

. h. . . x . . -... . . , . . . . . .
w

.
. /. -

. -..:

; - .q ,. y .
- .. 4~. . . - - _ . . . - . . , . -

t
.

. . . . _ . .g . . . . . . _ .4 . ; -

N.((, .
..

-

. . _ . . ... -

... . 4 ...... -- _ .
...,..a aa9(E*.fE*.O . CLM

.

) . .. ., . e g . | . . . . . . .

-

4. 7. g,
-.... . ..

go4
. . =s. 4... - - ',. . . . .

\.. 2 S* N '' ' **
^ q* ,*,' ~ ~~ * * ' * * ' ~ * *

. ..
r. . - - . . . .

l f, .,[ j'.''ThCP'! D , ; ( ,' * **'~ ' ~~~' M ~|
. > t_'

' ,! .j'
. . b....-(.. _ .,

I --
, .. g i . . . .

1. 4 % 1. . .9,.w . 4.
.

. . y",
. * j

s

| j g,, .e...~p.-,',f... .. .

..t. ,
.

per -. . . . . ,
, ,. . .. , ,

-

4oo.
-4 f,.

.

. .. -A.,N, 0. . . . - . . _ - . . .
.

--.-
- ,. . .s ,

seocx Ek.4CWJCD WLE. . .
" ' {' ~ '.*~~~~**".._1

, ** ' '
... 0% ATL A'ui; O s'*icer.wiuL twof C

1.. . . . . . . . . . . . me rv .
\...

.

.W ,
CAtv CW , + . ;....._..s.,,,..v., .. ., .- s., .

.f
.

.a va -.e s. . . . .

i + o cm .. - .. . e i a i....~.y
..c ..

,#30 -.

,.|,. . - . .
. ,.a , i.

g. , J
. . . . ,.. . . . .

. ., g.,
. . ~ . .

i. e.
.

#. _,.
.

,

, , . .m
-

,

., g . . .
,

. . . . . .
,

. . , .. . , .
~. . j, , - . - - 6. o . . _ . . . - . .

-

.,
. - , .

'
.

4 i , . . . . . ...

.R e 6 - ... . 4.
. ...

i.
.e,Qo .

. V ., .7
gp....,. .

. ~ - . ,

..
a .

. ..

8 4.
._ . . .

=*
,. , . . . !
|**

#
. ..-. ... -

-.**-==+-==+..a. .[ d ,

.. .
. --..

p4 'I s ., .ma

-

, . . .. ...- .. .. ... .

-

j .q , , %. 3 .&
.. - .- - . .

. 9.
,

. .. ,. * . . . ..s.4 -|. . 4 4 . . . ,

- * " " ' * * ' * ' ' *
i. ,r

).
.e,. .-..4 .. . . . - . ...-w.-

+ . . 7 . --..-..](}e
, t . . - . . ~. .

a > . -

f.e k

S.- S-@

4 6e

. *

.
e- . e

' # "

W

a



.

- f

.

G EOPHYSICAL LOG

Project No. eSSS3 Welt or Boring No. 2402 Date t ' - 27 79
ME9Cnent OOW C HE MIC A L .COM PA N Y Te s t ed by

LOC ATION

Stote MIC HiG AN .. C oun ty MlOLAND To w n n nip Ms OLA N D

", R _ __. 2 iSE t/4 S. F~ 1/4 NE t/4 S e c t ion 35 T '4
%

Distance GAiO COOAOtN AT E f. .
OWNER Oow CHE MICAL COMPANY Addr6SS MiOLA NO . MIC Mf G AN
CONTRACTOR MLEiNFELT O A i tu eg,Q,,,qo- Address CH A A LOTTE . MIC HiGAN

WELL AND LOG DATA
Type of weli EmtmAm 9CaNo Deatn 'no f t. Deometer 6 v4 in

ELEVATIONS
Lono Surface.624 9 f t.M M.S.L. ( . m _ 7 .u , M ee s'd )
Top of Casing f t **5 Lond Surface
LOQ Oc turn t ANO '3UR FACE
Wa ter Toole D eoth <0N

G AM M A. R AY
5 ORlLL E R' S APPARENT E LECT R IC A L R E SISTIVIT Y a SCtNTit LOMETEM .

' , - L.C G O GEIGER.MUELt ER
1 *- EECONOS PER 'M COUNTSo M M . f t.

'>
~ 11.1

O o. o. o. o o. o. 9 3 -? 3 2 32839 3o
5 r v,. . 4 .

'

q gC-~ .4;*M. !j . . . . . . . - ,.. . . . . .
...;..

,

. . . . . %p^ - . . . . ... _ t d j
. . . . . ' $. .

_ ,..,. ..,.

am*~ hav : | | .. . . .
-'"" ; .

.
-m .,

> .. . . . _
i ..

-

. .J
* *

,
.

g. /.2x 2- .. o ...;._..ocn t w .-* * <-
.:"'"_ _ , * - .-*

,-
- ' ."L

.
t >

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

.
,

. . . . .

>
. . . . . . . . . - .

20- -

_ , . . _ 3 ,, . . . . . . j
. . . . . . . .

).
. _ . ,

, . . . j ..... 4
.

o, c . c u * ,- . , ,

. . . . . . . . .
. (...+. . . .

3 ;._ ... .

- - . .

. _. _ . . *s..G..... . . .. a_
.___

-

.. ,, .. >a......__..

y N., .. ..v. .-
_ ; ,.

..
- - - - - - -

4o- -

. . . _ . -. . . . . .
-,,c~c, -, . . . .

,A NO O '. av .,g. ' , . . . - - ..m 6.

S WdE 9 .W| | f
,,,[*] [f" , , a ;] 9 ~~ ,,

#
emr).nrN ci, Av ] |

. .. ~,
.. .....n.....= 6 J .

*

'.p4.,._. %, 'A
-.l. .. . g e=.. . , - . . .' ' . .

.0
e

ggc_
. . . . -

.-. . .

s,,... y -J-. . a.-- . ,^

' N'iN OIC A.TES <f , 7--
-

'60- ~

7 ' WRCmIMm. WE.LL. MiGtC
"* 'I?4.-

. . . .,
GANOFpgp g g EN I d , 7 -- --P*>9"5M F90 M . ,

_ 6 ' h. .D 5DE / 1

'.t ,*
q ,

r
L .. .[ .,

.i. .a . . . _ .4

.- ,. - . . . . ...
, |. . .,

. ...J J . ,

18* CJe ,
.

-, *i-p/
'

-
<

,
. .. t ,

o % ma4E S . .
*

,q 9 ., . .. J . ;. ; . ... .
.

%
..

sq Q . 'A a.Or g ,

_ , . . -- . . . -A. . .

* *
. . . . . e s . . . . .. n* ., *

. . . . .
-

||r . ~*

.. . . . . g
. - i ',. * [-. *~.~~**%, ,,

.

.4, ; ,
. . , g.
. . . . . _ .

.- - .
. ,,

- . . =i
a . . . * * f"*

**
* *, .. / ,.. "'

Li,L.|_ _ _ _ . . ' . . . _ _ _= m -- t
.

.
- - -

. . 4
_. .. _.. >,.m

4 .. . , , . . . . . . + ~ . * " * ~ . * .
.

9.h.. S

. .
.

%

' ,

9 '

g = . a ..
. . ' . * ' . . @

de s.



.E DI E w3t.NE..t AtNo & S.,c.:E.Nc.,E noc;Ec? %0. Lq2 4 _im,- -% , v4.a

* Ni33 .lu'. no. Mymm -
,_

..y,,,., , ;;; -

CLIENT W CH(usCAL CO
=.....,w /

, , ,7, g

r!ELO OATA av C 5 [

GEOPHYSICAL LOG OF WELL

t.OC A T ! ON: STATE "'C "'G 8 " :Ovury wi ot> = 0 fowNSHIP u'OLA"O

h.L.1/ *J.L l / 4.AL.1/ 4 SE C f l 0N 11 f J * h A .,11.

DISTANCE

OWNEA: DOW C P'f,WAA L CO Aoong$5 MIDtaNo . wsCHicA M

CON TRAC TOA: aamta co 400AE SS Ga * =0 ** *'05 WiC"'G A"

WELL 6 LOG OATA: TvoE Or vEtt, onstavarow wru DEPTH r.a f r. Oln. IN.*

ELEVATIONS: LAND SUAr ACE .121 , F T. A00vE n. S. L. I wt A5'al

TOP OF CASING _4M 7d rf AB0vE LANO SUAFACE

LOG OArun a**0 SU'FACC

INSTAUriENT DAT A: E-L0ccEA arer vs . n canna toccEn arex c,n . r 3

mME tCCEL nacE n00EL

PCCSE:

VATEA TAOLE CEATH INTEAvAL LOGCEO: -'50 TT. 70 is r T. eEi.ov LANO SvArA:E
UNCONSOL10afE0 SolLS rLuto LEVEL UNCONSOLICATED Solt.S F t. eELOV LANO SUQrACE

IS ff. BELow GAOUNO CONSOLICATED $0!LS FT. eELOW LAND SUArACE
CONSOL10ATED SolLS tiPE of F LU10: UNCONSOLIDATED SOILS Aou A -.CFL

FT. BElow CAOUNO CONSOLICATED SOILS

I CR ILLER ' S CAMMA AAY APPARENT ELECTRICAL RESISTIVITY
E .; LOG g g . ,,L O G

-ar5 J5 ' ---- Y5' - - - n* c " *2= r"8fg- rm cou.a
, ,, s s s sess! ! ! ! !!II!! I 1

-

d
_ ; . I I . .N f E

.

I. : i ' ! ! | F. !!.

T .. . t : ! ;2. 7;

'3w W"~' | t=.dE : = iE i W it.&iniEEE -

n
- :: K, \,; sucM .f en ,.

. :
:| *%v : J== i ...

*
ti. ... - -.

f-~~ N i * .' j f.
~

y ~- .~ ~-
. .

, . . ... -
,.

i - ; i !
N

j\/| ) | ; 511=li .6 '
'

---

|
' ' *: 1 :

'.
'

r .t

' : : t. | :~%....... .

# ., -
.| *"'

. .

|-
- % ...i,

m. $ 3* '=d Q) '!:I,f||
: i ;;;r - ~~

t' f.. .. "5, . ' ' : L;;o

i.
,

q,i r. .... y. n. n . . : u . : h a,m i i ; :"

.a . ..
, , .

r b- ; c ;.. ! _)
,

*- + -e *

d ;n Nm; . ! - ;;; / ' ;

'::! !

'

h'
p

M .iiii! | i( [ l i!EiU
r.i ;-:.

- w, ;- 2
'w - ~~>

h .mj!j..[.[j-
M ,.::[ ~

','

*
- ' .. , - -

E$5| } - [| / ' j, _;f" " ' " " '

ipl .. ., e. 3- _3. .c - . . _ .
'

.

.. .... s
L;ii.

.

e ---)no .
|Q

_

'

w'.,., l 'i -
l y'> |

* .

>-i f'

1)h
. . %! .;

||* N
-

g'h(s.
'

i ;,, /_.'
.

;,p .
,

''0' i s,

.iI fy &w
, :.- i

,
< ~

p ,

f ,
j - y ) M ay

,,,,ga ._ . .J - -
-

2.. . . . _
'c -:'7.n:. ::.','t." a .

.



j ED.I.Es.c.atteiNG & SC:t%c.t, xo;E:: 40. pro
. -m s~
' , ,,,,,,,, ,, .gm y w m OWNER $ =ht 30. 3010

".s;;r.n a.ws.n.2 C tENr w ea2t; :::', ~.
.. e .a

OA;E 9 tit /e3,

F;EL0 OATA BY S;; 2t

GEOPHYSICAL LOG OF WELL
LOCATION: S T A f E m C M'C AN gggg{y WSCLAND TQwNSN|p W OL A NO

2i , t / 4 $ E _1/ 4.a1.1/ 4 SEC f l 0N 11 T [ib A f,,1,.
OtSTANCE

OVNEA: bow cwrma t en A00AESS * 0'" 0 - "'CHC'"

CONTAACTOA: aamta co AcoAEss . 594No e spios . uicNica n

WELL L LOG DATA: 7tPE OF WELL 09?f avatto's OEPTH M? FT. D l a. * I N.

ELE vai l 0NS: LANO SUAF ACE *** i F T. abo vE n. S. L. 4 H EAS' D,1 -

TCA 0F CASING 6E5 59 FT. ABOYE LAND SUAFACE

LOC DATUN_iAss w m r__

INSTAUMENT DATA: E-t.0ccEA n sc a ve - s3 canna Loc 0EA ,,f,gy , ca . 75
P.AK E McCEL MAKE NOCEL

PACBC:

VATER TABLE OEPTH INTEavAL LOGGE0: 137._rT. 70 '2 FT. BELow LAND SUAFACE
UNCONSOLICATED SolLS r;UID t.EVEL: UNCONSOLICATED SOILS FT. BELOW LAND SUAFACE

'" FT. BELow C20VNO CONSOLICATED $0tLS FT. BELOW LAND SURFACE'
CONSOLIDATED SolLS f)pE 0.' FLuto: UNCONSCL10ATED SolLS acua-crt

r f. BELOW CQ0VNO CONSOL10ATED SOILS

: CRILLER'S CAM A RAY APoARENT ELECTRICAL RESISilv!TYj: ,ce.,M0'00
---- %"--- . ja"== rorceu,, ....

a s :t: aa! I I 1 1IIII. I I, ,,~ q
- - - : :::

.

u. m ~ ~,L. .: =..;;....d.:. t.
.

[ . ! : h. F:c:11:. -a
.. - . - - . --.--.;, *

e .. , _ , - - . . . . ,-
; - . . .. J=

-i :: - :-
.

. - .~

:...:.(.:*.1-:)
.

' ,: % W Cut strasII: J
. _ ~ ~: : _._: : :=-~ - ~ ~ - ' ~ ~ ~1,. uE an - . ,. ,d" _

b "..
. N g {*.O. . :. 'f TL

: . = _ ; .

_-...: ~. . . ; ;. . . .L- ::pjj . - . -
..- .. . = .

.r : P::', = :
r } :1 : j i t?:- '. ;- ~ ~" :.3

-u ,. - % (g -.g_ .- ,; w q-
, .

* . *- -
r d. :-:1- !--

,

s . q :: :1:1. :: :a04 **-
-

)4R _r. : -- S
/. :. ./ .: . ; ;'~n .~ ~~- ':

ii./t : : i .: :

,% ~ 6' P1 :. . . ,; . . . l : - -)-; ,/! '{{|j' 3p - t- : !-
, ,

'
,j.,

.n I

L
> 3 r. ... -

N.* -
; ' / .;

so. -

+

h:

h;,)]
j | j !/*

if 'k I f .c < '1.|| ! : s ^iI! I
.

p%j -
b

Y III' * I_ m. _ , t
! '

!-|, .-

h | )<!
, 1 :

t.
;

I
'

m
d y . .

-'

b.:
i 1 '), ,*

J || .I.

$ k | f (! *I I "
2

|r! , s. .
.e

.O
6 .hg . .7 4' j

|,g m.4v. maaee suse ==.es, ; .; ) N '

-

h | y' !! *aa* . N
!

t: ,N.% :m, . n -
j .

h' '

,./ :h
*

.

==
. ;

n. . . ,..

e j{Q4Q(p 1

i :
.

,

! $

'.;, :
.-

*
.

O



_.

.

* *E "C ' "! b;.'J.*f.*/41.*d$* 2.^.L.*
3

. ., m N nu NE'S -EL. '0. 52"
j

| .'.Z... *m'U d T.*Vd.d (L(ENT 00w CNf w'C A L*
, -.=~e..i

J Cafe U19#64

.! C;ELO OATA 97 05'

I GEOPHYSICAL LOG OF WELL
1

| LOCA T ! ON: S T A T E M'< "'O A " 00VN!v u'0LANO TovusN[p wh Aho

*LT I/4f 1 t/4?i.t/4 5 E : f 1 ON }[ f 14.f!, A l[,

OISTANC(

OWNEA: 00*' C "("'C A L A00AESS *0 Lea 0 *CHoa

CON T AAC TOA: *ame s to ADOAESS J|atso up.ns L _ wemcau

WELL h LCC DATA: Type Or wet,L .cn'reva"oM OEpfN 170 rf. DIA. . !N.

EL D 4 f l0HS; LAND Sunract O 4 FT. ABOVE n. $. L. [WC A S' Q)

TOP CF CT4 SING 6M 31 TT. A00vE L ANO SUDF ACE

LOG DAfuri La=0 suanct

[NSTAUMENT DATA: E-LoccEA g g vg. o C4mt1A LOGOEA grex p.n
eacE c'COEL nACE n00EL ,

PAC 8E:

'ATER TABLE DEATH INI(QVAL LOCOED: !M I I. TO P " TT. SELOW LANO SUAEACE
UNCONSOL10ATED $0!LS FLuto LEVEL: vwCONSOL10ATED SolLS rf. SELov LAND SUArACE

F T. BELow CA0VNO CONSOL10ATED SolLS F T. BELow LANO SUAFACE
CONSCLlDATED SOILS Tyre OF F V!C! VNCONSOLICATED SolLS. ACU4 CELL

rT. BELow CAOUNO CONSOLICATED 50!LS

: ORILLER'S GAMMA RAY APPARENT ELECTRICAL RESISTIVITY
.

LOG LOG e .nL -
carsrutJ4 .'5 ---- W ---w

3* St: s m o (cuat

2, 2 3 3233!, .! . ] I ! IIII. ! ,2i -n - - - -

... _-. .u. , .

r: =...
..

.r t: i | :!, . .Q E. ;, - 3
-

:c- : L !
. . ...-

. ye ._._ ,

N . :. . ; @C L'-| / t
- - ' - " " ' ' .2 ( 's : Lar_~. Ar.

.

at __.

3 g
f ' |'*^ .* w **~ *

== =-g-= i |~ -- c - n:_

i ; : m:
- in

; N:
- -i :p. ,

,,

fil i jS :=re' . . . :.: . i /! -

9, ' , ; L ./ , , i ij f, | ]u'~.- e. h, . _ j r, .:i
*

,

. , . s/ . .

.!
':;i ~~ (!' .- - %r .

go.

i.,dI --
~

b., ! , 3 'p [
J t-- s. - _. . - i . '-if

- :- :. .

.
-

.

.! 1

t : <!: |- t | < :
.

H ' -
4

1 1
-

il c- i,,3

I J

y,[I T i f__, 1: \, lJ. - &

; J '! N
, ,e x,

,.. . g. . s/m
)_ _ _ . ,

f' y _._;..

I.c / /
- ~ . . . .

, s.
no. ~ g

.,/ ' f.
IJ

fm. - . . a7 :
.,

;

g , ., , m. . ',, .

i .

f
. , , .

I em.. n

' !f {.
,

- - ., ,

| |
N

3

-n....__,., - e w.% . _ . - . _ . . . _a ,

' tu e.g %

se e .1 *"D.
. "g g "

,
**===.-wv;r*'--*r*-.ns

v . s o n
o, . -- :u, > . . ~ , - .ny 3- ,n.. **
=, ~



m G & S.CIENC.E - -
EDIE :Nf N 5 --,..,,mp

. ews s..cw.t R: -.e.. .# -
,w mi

. - WXMAus2 8 wcR3u: i 0 AE E$ -E a NO , 3 0:2 !

! ,,,[.$$([,$ M C.:EN7 00* Catwic4*

I OATE 'C/3/33] i
TIELO OArt. 9y C 1

GEOPHYSICAL LOG OF WELL
LOCArloN: start =cMica .covNtr wrotawo rovN5N i p .wipu =e

5* L / 4.".1. I / 4 ".1 / 4 SEC f I ON 12,. T $ A 11,
015TANCE

OWNE A: 00* CMt u'C21. m A00AESS wlOL ANO .witaiCA N
CONTAACTOA: e amt e to aoong s3 en oo ,,,.es _ u,cs,c,y

VELL L LOG CATA: type Or wCLt soniwo OEDTN '42 ff. D I A. .t !1 !N.
ELEVATIONS 4 LANO SUAFCCE *ill F T. AeovE n. 5. L. t wC AsD.n

709 0F CASING FT. A8OVE LANO SUAF ACE

LOC DAfun LaMo sJaracE

INSTAUMENT DATA: E.LoccEA crcx vs n Canna LOGGEA ntcr ce _ n
NA(E MCOEL nA<E nCOEL

pA00Et

WATEA TAetE OEpra NrEAvAt. toccEC: :st, r t. 70 i4 rt. ettow LANo suArACE
UNCONSOL10AIED SOILS FLUID LEVEL: UNCONSOLICATED 50!Ls FT. BELow LAND $UAFACE

F t. BELow GAOUNO CON 50L10ATED $0tLS rT. BELow LAeo SUAFACE
CCNSOL10ATED $0lLS TYPE OF FLUID: UNCONSOLIDATED $0ILS ANA dn

F T. DELOW CAOUND CONSOLIDATEC S0!LS

ORI S'S CAMM RAY APPARENT ELECTRICAL RESIST!v!TYf,

-__ _ _on"_ _-.... Imm f,,j,,a' scc smo coua . .w

8 ! I f 3gagg-*
i n a e ssess

._,.

p-- H
. . . . . . r- .

)
6. .

., , Qil .!E-f:_.g j :| ("l][j!
. :- :

~ ~ . . ~ u r .q#.
I

,

.c .

Q :;s , h ac.. . : n:: :u. . -n .

h. .=.._ ;'. -
S. i r ! y.u. : - :

o t e:n- :--..

u: :- .
g,. _,m -

-

: " t_._ : :
w.~ F. 1 =d ;j -

.

. _ .

2.

.< c 1= .

-
. . t - :: r..~ -

- - .,. _ 4 ;) .)* . .i n
' - - -

.

-B-<o-- . . - m c _

2 .' : '' E l

!J ?
---.

:
'

/ '- {1
,

tr= - - ; _:-

:

h
CY di .dl;h. .! [

'

r: L:~~.J. . j g;
m

: = n ... :;; y..

hg ,Ehh:W; !I
~ -

;Nf !! i
. I' . j v: I a. . ... (3 : : ;

, . . . . . ., . : h. : , ;
'

l :-.i.o.M*
,, - y:

.
3.. .

,s . .a
f{ ' ,- ,|

| | T |,||::: - : i
L' . . i.g
!:' .. -. =.:g

:
: } : I: : N ;

t N . ; .i
.e + . .

*-.r**.. \ l ' i . ;. . . ,

, ,... ,
gm ..

*- .i

*p ,

i '" ): .: : ..:; . - j'
to+

1 |
f

-

)* ! ~~'* ! ~ - *
h

. .N .. - . _ .
: . :. : :

r,
. ..

. _ .
n .

i .... *

100- - * ' _I * - =E { . . . 1.| . ! .!*

i . .
I i

.; : *- A '

1.ij |
r

k:i
*

/ ,
u+- % L , ;

C~)
-'1 ff, j

.

<m.
b.. ue-i.o.

e / ~/: . I
w* % a

' 7.3C;ey ;a

..i ' ,-
w ~,...i ,c ..j 7.] /m... . , )

- - ... .

| ~s'* .

'

i.

D
a.

m e4 e =



r

.EDI.E ac~NEER:No.& S,c.:E Ne.t. h.
- :: ;E:+ s0 20737

4- .

),p c NEos -tu. .c. 30'3. ,_ ,,, ,, - y f; ' i

'.M. .. ".7.,',.a *,?.,'..;A !. / ct ;EN r oow carwicat to
. . .

c t ,,,,,,3

r!ELO Cara av - S

GEOPHYSICAL LOG OF WELL'
L OC..T ; ON: STATE "' C *C ' " COUNfy ks0Laho royug,,g p wiOL ANC

h.f., t / 4.N5 1/ 4." * 1/ 4 SECfl0N E T M A21

D I S T r.NCE

3' C"t uic a t co Ao0Ag33 uiot4No, wicmc4NOUNEA- >

CON T R AC TC A: **WE9 CO ADOAESS C"'"O ***'C5. "'C"'C'N

VELL i LCG OATA: TYDE OF '* ELL e n er e vn im DEp f M .111 F T. O!Ai * IN.

ELE V A T ICNS: L ANO SUAF ACE 6 t S. S F1. A00VE n. S. L. < NCASO.)

10p or CASING 516.'$rf. AeovE LANO $UQf AC(

LOG OATUN W MS t'''S C f

INST, frEN T OATA: E-LOGGEA wrew vs.63 GAMMA LOCGER u ter om ~ 73
MAKE MODEL MAKE n00EL

PAOSE:

LATEA TABLE DEPTw !N r E Av Ai. LoccEO: 254 77. TO 25 r t. eEtow tpNO suAFACE
UNCON$0L,10ATED SQiLS fLUjO LEVEL: LNCONSOLICATED SolLS F T. BELow LANO SUAFACE

FIFw wa ff. BELOW CACUNO CONSOLICATED 50!LS 97. PELow LANO SUAFACE
CONSOLIDATED 50!LS TYPE Of rLUIO: UNCONSOL10ATED SolLS 87>a-CEL

FT. BELO'J CACUNO CONSOLICATED SolLS

3 CRILLE9'S LAMMA RAY APPARENT ELECTRICAL RESISTIv!TY
see .s,L,OCa- LOG c-- sr

----- u --- . e r**I3a cou,,, us -g-
! I ? II!!!! I. n a s:asa8 '

f-
- , --

{
-

,i , .. __,a,, ., ,

.m _ .- .

. t. : :: 1: . . un.cau rmee :.

[
w -. m ., .

r a. :-. ;.-..

33, ,3 .

.i , - _-. .--f..-.

, ,. [ !' !' O' ' !"'. ' :f
" ,.". C ,e e

-.~-..-..!.5E { l ()!L! M. 5
= t~. . ,

$l 5 $
.

'

L
w. .-. n . ,, b -

, , . .

g, ~ '~~: ..); i. ; :;;., .

N - I l\; l (| ' i ; i;ii!|| 1 -
( '( '

fi -

| :i . .

I har i . |: , i1
~~' '

U |
90-

" I 7. N.'.. | ' /'

@
~

.

. I' 7-:::i ! ~,j j. / ,
. .

'|' i
i

, . _

-

.I !I- !,
{|

:
- .~. . ,

1 44 a -

m . ._. . _j. 4( j
'

I

.

'. : p2 i: . ..

, e - ,L
.

. :i

.

H F %, i |
!'

. . _ .
,,,.

,

,,
-

-! : .+. R-
*, y: .,

A -
-

:_ _ _,. _ ~ u,me. .we
.

.

. n. y .
; :- .- :./.. , .. .. j - .
. <

')
.

' *
, ( ', s .5-.

A.---100-

h j |j . |}
*

% .u u...

. A. ! / I
'

I

.- . - ... m , p,, ii i s : n*
,

N
*0<

[ l
g ~ m

'

((,

'a ' 4 %....n v
:_; . s ;. \

--.=u.-.. .' .'c -
'

a~

Q' A. .

_
. . ~ . _ _ . - .

.
e e*.wmem e . . .



EDIEN thf FAN & SCIENCEs.n=e e=S o.e.mm's eama n . a s q ue's M C 4 ;' C. !32**|
,

[ |,,,s m ,og.w m C=NE45 -l. No. .it.as |'

,!;*' *,,*, A ' ..';.e .w.,"I.,'e;.ta - ti, ; EN r M* CatwCaL,
. ..

i , ,, ,, ,3
6

| r tela Onta ev G $
1

GEOPHYSICAL LOG OF WELLi
I

| L OC A f l 0N: $7 Art wicaica w C; univ wieta = 0 towNsNip wcLaho
M.*.L 4 / e.!L*. t / 4.5.1. t / 4 SE C T ! ON I,b I,[4,N Q ,,3,[.
OI5tANCE

OVNEA: cow CHfwlC AL COMPANT QQQQ{gg _ idlOL A@ , wiCMiGAN

CON T AAC TCA: w wE" Co AOOAE55 cmaNo marios . wiCnican

vELL a Loc OATA: tvoE or wcLL cemevato~ DEptw sio r t. o t A. a t N.

ELEVAflCN54 L ANO SUAF ACE Ste FT. AeovE n. 5. L. i ut a s'ol
TOA Or CASINc 6016* FT. A80VE (ANO SUArACE
too cArun ' aa'e sva'x!

INSTAUr1ENT DATA: E-LoccEn g t vei.e3 canna LoccEA
N64c E N00EL nAKE n00EL

pA00E: LAftMAL LOG

wATEA TABLE DECTH tN7EnvAL L0ccEO M o rt, 50 *s rr. ettov LANO suArACE
i UNCONSOLIDATED SOILS FLU 10 LEVEU UNCONSOLICATEC SolLS '

r f. BELow LANO SUArACE
P 0*Ei.r r eELOV cA0VNO CONSOLIDATED $0!L$ ( T. DELOV LANO SUAFACE
CONSOLIDATED SOILS TYPE Or rLuto: UNCON50L 10ATED $0lLS AM -GEL

T T. BELOW cA0VNO CON?OLICATED $0lLS

3 CRILLER'S CAMMA RAY APPARENT ELECTRICAL RESISTIv1TY
too

,g: m ,, toc ,,
_ _ _ _ _egn,_, _ _,, ,, ,,,, b.n.," , c ,,

t
-

-;
- 1 ! I Ilif8 . I, i, n e : :s8 I

e ! Wr;; =0%g I t . tinan end
i ~ . .w. . .. .

'g
' * $. W =

|g
,

-

G6.ActaL ;7 L,L |!

: 'r i ! ) '3 I :' , , ,<

{a[
u. .. .. w e . ~ .,

,

| - '

| Q . . j.

,
3 i i

* ' '',

o. m. ~ . u. x::
_ '

t-- t
i K t

f
'

! l < -l

*
.,ih i \

!
*

u

*
*

, > |
,

| . j i i t :, , ,

| j !_. J i I' 1 j

-+i
u..,..

: :
i 1 ; ', 2

N
-

f ! \
. -

, . -'
i.

p| ; e
'

J
| ' %,

I ?|
I

,)
,i

-'

gg, i, I * 1 *
1
'

*

g*MLG,QNsq AOuif LN,***# .,
1

t....s..6... W. ! . |
\j j=.

*.
.

. % y
. _ . . . . . _ .. p

,

",, ,

.

A
I

j' .. s
h f
i f ' "* f -|4,3} .1 3
-

I ' "' _ ,N ,w
.r::::: ~ " .+ ! M

j-;g:::to ,.._ i. .%. .

! ., o ,. .

* ,

a
n . .~

4



.E DI.E Nc:NE.E.awG & S.C..m wc..f.
- - 0 ;E C . w,,. ,2 c.~ .

.

-- w m

. .., wrr r i a'.a 8 wo:uu CdNEks aiLL NO. W^

I,$kh,$' CLIENT Sow c-f WecAL
cA:E o / t/ es';

FIELD CATA BY C1
.

GEOPHYSICAL LOG OF WELL
L CC A T 10N: STAtt W'Cwic A" COUNTY MtOLA*d 7QWte$H|p _ WIOLANO

11. t / 4.".L* I / 4 $.E. ! / 4 SEC T 10N Z1. T . lie A 2f._
OlSTANCE

OWNEA: 00W CHE W.C AL CO. A000ESS uset A wo _ uicmcan
CON T AAC TOA: **VWER co A00AESS c ana n a A* ins Wice2"

BELL a LOG DATA: type OF WELL OR5f9VanoN DEAfM ,UQ _rf. OTA. 4 IN.
ELEVAfl0NS; LANO SUAFACE m F T. A80vE N. S. L. t ES f * 0. AEP T * 0. NEAS * 0 s

TOP OF CASING _11741 FT. A80vE t.AND SUAFACE

LOG carun LANO $ UfifA C (

NSTAUr*ENT OATA: E-LoccEA accx vn.s3 canna L0cccA
MAKE n00CL MAKE n00EL

PA00E:

WAIEA TABLE DEATw INtEAvAt LOccED: IEL rT. TO. 2o aT. cEtow LANO SuArACE
UNCONSOLICATED $0tLS FLulo LEVELL UNCONSOLIDATED SolLS FY. BELow LANO SUAFACE
''.fw.1.'1F T. SELOW G3OUND CONSOLIDATED SOILS FT. DELOW LANO SUAFACE
CONSOLIDATED S0!LS type OF FLuto: UNCONSOLIDATED SOILS A CUA -CfL

FT. BELOW CACUNO CONSOLIDATE 0 $0!LS

.

I
'

I CRILL~R'S CAMMA RAY APPARENT. ELECTRICAL RESISTIVITY

Ei 'CG LOC , '.-__ M "_ _,..q!1 b.-.2m.y ;

, n : e ss23:8 I I I II!!! I I

.

F.. .-,. . n. 3 . . ._. _. t . p .. ...
. , ,, g g . c.3, jg - :: T.

l ,.. .. ..

..
-

.g.

su. - . +.< 6

'N#
$p-. _ _ . >

,

1

$
; ,

. ----.- -- w .- <u m. . ~ v . ...

| JO - 4 2 , , ,_

t ,_ _ : E: P -
'

- . . . . , .

i . i4i ' ] 1: ;. . ,

| _ ::; ; 1 - 1 ): }. y *

;E E M -- '
. n o.. . . .- .,

f g.**;'.. , h
I .'4 ' '

i*

m.. a
',',.3 .i -jE ,. 1 ..

s. _ ..

d,y | ,. If a as II

$
'~ '.,

[u .. . . ..

%; t,[ ,... . . ]

,
...

..d' |
.

.(V .:!

.--

r: '.'. . . ,

): s",;. . 'p*

:. . - { : . . ! ;, : :f 'i|[!' ~ ~ " '
|

'j -*** '** j i ''1':. ; i

h;I|. ' # ! i~ !
'

' ' ' '
' '

,

. 7} '
,ro m .. .<6

- ./ __. i : .;e
,

| b ~| N | 'I'
-

r' '

,

up.4 Awu j j
no, {

. j 7-
'

i

[ | | [ ' ''!' !f : 7
} |

1. . . . . . . . , . , .

/. ,

.' ~~ ". ! j*
i

7 .i % e' :
' "'' 4 ,jj

. . 4

e i g .; I

| I|
<, . . ,

< r :. <
t . . .

l.i n ... s s .. m . .

I | s' I
| |) i,

t,l o M, A. _.

t
s

3 . ,,.h
au _.... , ,

* '' '.r .e w.. -

?
f.. 'i e
.

.o w.e e

i t

|
*

A

1

* . g

a
s



. - - - 0- '*5 0 *i 0 0one ri .a,a rt. 10 s.c. 40*
c.oi.r. .-.,. r.a a..s s..ci<.~n. .,i

. . . . .

tis

.-,,".r.
..

-.o m
-c. . . . . . . . . . .. . .. . . . . . . i. . . . ~ . . _ . .-

, - . . . % .% - Sver.ce Saad
~.' ..UW.e C1ev -. .- ..

.

1 : _ . . - -- -3 ...i. ......;.. . . . . 1..... .. .g . . ._ . , . . . . _ . .
,

.

l'. . j _ . . .. .P.ceyno *0241
.. .

caie ar s4 |
. - __ _ ____

. :). . . . _ .
. a ._. . ,. ..y .

. . /s .
. ...).. . . . .. % ... . . . . . . . . .e .., . ea., .. . .. - .- - - - .v - -. -- ---<-- - -

. . _ _ _ _ .5 ___ . . . . , _ _ . _ _ . _ _ .Loc rwyn ~
. . . _ _ . . _. _

*\Meetend, M6ch. gen
...,.,T.... . - _ ._ _.

.. . . . . - . . -- #~ .

O**** , ._ .f
_ _

g........ [.. . . . . . . .. . . .
se,.~c,. e,.5 ,, ,u. . - - - . _ - - . _ . - _ . _ .
T test.R 2E

--

y
. __. - - . _ ..-_.

,i
Dow chemscal Co. -

. %.g .(*..uto6+ad.utaieno fo arup . k, h.....
'

.

* - - -
. . . .. . * . . . *f

'

Corwtacios f
-

.

. *
b

)..,. C.. .
.... .. -

C,and Repecs. M6ce.go.i f;
. f.

* '
i

.
. n-w m seu . p . . . .. .r' . .j .,)...[.. . . .. .. . .

fyce Observenon
,') ,'

,
. -_.

Demm 475 F.es
. j [i ~

..

.
. . ~

. 4, . . ' .T. . . . . . . g. ~ . .c '. .o ~ er*'au-a :. .. 5. . .. . .
Oe ai.ons

-

* .
, ,

L. sad Sunece 639
_ , _ ,. , , , , . . .

] 1Top of Ca.ae.g 641.92

, Clacted T111_ a 3

1 . . . . . , . '1 _ . _.7 i . . . sC.. ,
'n esi- (. .uo s o . n... om .. .m . . . . . ,

_
, ,.

| t:. i (- (-...a. o.m.
_ ._..,,o,..m.,. . . _.

is r e. c, oaa I L -r ..

i <: sa .

./'"*''s snea Lw;;ec
C a.

. * * * *
-

s .. _ ___.
* * * * * * *4 70 s ,,, ,. o r ,

._/ ,,, I
.-***'*f* * * #.

g * * *
f

*

g

-- [ j

.
,/ r..e 4.m I :,8

, , _ .

(
'

1
-_ i f (. - . -

; ,b. . ..
. . . . .. . . . . . . - . .

--
. . . .

.. m__.______ - _ _ . - _ . _s *
. s' $ f\

.
'

! "*

% \.__.. |,

!
_ e _ ___ ._ _ ., _ , . _ . . . _ . . .g.s c,. . . . .<, . . . .. . . . . . ,-m . . . . . . ..

: . .. .. O'
,, _ .

q
.

_c? . . ._.- 2 . __._._i... .p . . _..|y. . .

_b > ciav'.a...._E _.
. . . . ! . _ _ . & _ _. . L . _ .Y

.), . ;. r. v . . .

n.(. _. \. . _ - . . _ .-. . . . . . .. ' . ._ _. . A. . ..

$-.. R.... . <1
h f

. w. _. ( _
.-%. . _ _ _ , . . . . : _ .. e

h h
, ....

. . . . .. e,. ... f, ..
.... . . , . ...

.,
..

. . . . . . . . . . . _. . .;
' _....g .

9. . . . . .
. . . . . . ..

g
" t," t

, ,/ /
t .. ee J
# '

.:
!. . j.'. /..., - . s

. \. J.
J.: .

.....t.. . . . ,
a

. . . .

>
.;- :

|
-'

./ /.
; .. - t V
,

i *..
. :

'.
.,

e _ g .,' .
.. . l . . e . , .

e . . g s/ e

.e g .e ~ .s g*
t

*
'..

.
4, N Ad. F)f" .

m 4 m f |

i
. . f. . l. '

. . . .
i

i
i . . i

|
. .**

,

I.
.| - - .

.

t
I

h
.

.



,r . r
_. . . .- -

.

c
1

5

0z TC $ sec. 2000 coa |0- TC 5 seo ) . tococom ' . 0 .2s' 2$0 eam n. no gy loo sm n.-i
:

, , . .
4

. em
[::[=qb .b. **$,.

.

f.~ ! '/ 'J. [ " f..-k O
. . . ..

,

n ~;% '~j ^ * ^ 5.-.L kh:] NE *.. [ : * $ ' ;j f j L'. ] f4."*4 j~g;;r,, {4, ' ,
. *?; hw, ;_"

.M M ~- ;.:::".;.ns V :w* P.,*. 4 .* ., ; "'r. .= tg.n --> m. c%!... Q'y
w .

f 4.,. * * L L.H j J (~*h?,,,,/ : h;,W h; +i #9 '' ' e .f j ;..J,"]". . - iLegf.-< .$",' :x :* m. =
,,, r .QQ

f .:'T ~. :'%|,*"'--e5=.W L i ~ g0
,

E W M.w. L.;;:;:r r.jf_ :::.A Q::&. m.a,3; ; .. A;3

,

:E, -% -:p=::L:W.i+E. ; 7
~

r='7?E3 **" **".'v:: lM4 .
a -~:=m - ~.

. . s -r==: .: :::: e c::: u. y: . : . .L- .:.u. :.; . f

+ 27~"'-I5fR5@E59'
W 54.'.07:N.".2=F#Fl!

~ :.:-e n:- : 1 , :=.z- ===- : .k "

o =.i.TiGJf~5i M. j 6 M -Tr, rp.=.=...=..=,==w
:7"::n,,,,.p;.2 : ;;. v.m. . =e;r=::=n.:=.==w

1

. w .u.=.=:~=.:::w- - m=n!:2:j
--e. c .= . ::-.. - ~ - . .-m - ;=t- - ;; : C: . _e.----LesebedCLsy:s .q =. 7 C- :..

- - - * ,

- --
==:.4

::,= - qt== ir[,27:_. _,gg. ppg 7. g=_.. :_.__ . , . = >.- -.x _.:' * " %.r. ; ,= :-d. . . _

= - .
F r r ,. ,-~

m== __ . _: rs. rr.=:=::,=.i: . r-
, .

=%200': . :::. u . . .ct. - - - -
*

-b.,...
.. c:,, =

_r.-w[h'"O" .
.

==.~,,..r~!:t"'.::l"*r .*:':-K 3**. . ::d'' 2 r', . .: . . "_Q.r:*. W '3;J::#. r*

_. ._a.=r:=;r.'"Op-'I...,: w : 3...=. 2.r%.._..m.1%_.s=_ . .a
-2.:;.= = - n

. .:.:: r: .: j ,,

-::r.= . .

3=:_.__ o._ __ a _...:.h. w ?
i

L,r_r. c-== .-._.--r_=.m_=...=.

m: m
. . _ p._.:: . _ _ . . _ ==,.,;,, ,=.;. :n_._.a. _ t ._. . _ g__. .;.n

.

~~'~~~I b; . '

c. g,r:r:;;;-= *--4**-"
.

"3 _.==rN . , .

.E,.r :t ;::,,t~%J4 e: . 3 1 -~ p -

:E:E:Er'*1
*';#*"'= #'''~1

-

^g,
#.-T=-

2r'*=g.r'*
I ';

' '
.-w.

#''~'~#' #*

'~!'E! !!E::':7 - . . : .sr :5=v'r':.__.__;, 7 .:p.e::r'-u' 3i '
2 E

m = "~E
5' ' i9-4 7"321 E CO..~._=_: ~;i -

a=:.=r en z. =r. :: m _ . _ . :. g -1 - r--f.a..___..., m _a _ _
- :q .,

f;=_:.r:~~~ c -.~.~??L:.fr.d~ Ld
*2:1:=.;:r =3rr.SaEf]

Era::~ f=je=.::r #::'tE.ii-='.1
-

= --" h. :.: r :<~

. |.. ,,:::3=J
. = _ c.rz.:;- , :.:.w.- r ., _.=m

*

=f. ;r=.g2._=.. --m
:::=u=

-

4....
.

.a. . -_==a m . = :- c := : m

:.r :=.sy =._ =r=rP =:::=_r=.. r :b:tr.:; ; ,
g

.
-

=:=-e.r.r.:2. :r=r :r= ==2.. =-r.n.-c= gam ::.:
. ,

.m_. ,-z = :=,: :e- m:-
,=~ - r c.:y:r w. =.=- .n=

-=-=4 =* z.n.--:=:;"Jy*c*w-~
=n=, -

.sy. ~==.,:a=._=..,_j.. =,,;=:;-+- - .s,*:=u s. =r nt_ nr pA c a= ure -- -^-~~-.; -. . g ._ , - 2m
''_'J 7 :~"Jr'u= =., n .

..,.'"A.
.f

ym,

.a. _m . , ._ . p_ ~ _ g '.
..m

-
- ~~.,.;;r:;;;;;;. .J :=*;;;;;- ;;;:frjg:1r:|:.

u.n= ._,7 =.=1_.m. . w. _. ~r g _. _ ,.p_.. _=.w.::: r .m,
.

. .z ._ .~..x._.
.

;., _
. . . . . . - . . _ _ . _ . . , ... .

=_.;;., , ~===~ f u .e. r q
=. =y, .:.:.=.;ca 4 x : =r:.,:.ma - - - ,_ , /=-.':r,::+.r .- te E:9 -.:m.:: :.g.C,,a : ~.t==: --- . -

-~ . u :rr.=:u.r- ~~==r--

r e a:r m r::-:- __.. w;:r
.

-.j :' 1 =1:'JJ t'" dys _ ___~:' - -
-

g3._:=_i.r.g:
._ -m ._ s -4

.

~ g,,2 _ . . = !.;:, .,:__r nq'm _i %G=.
.. , .. . _ . Ew. .E"*..r4 - y 7 y~f,y,y.=4_.:.:. "U_ - . .7E_e: m_= . . _..

i 7* * . . . . . .It:t.q,;.. , _ _ . _ . _' : Ler.r@~rT:~2 t,Ip t i.e *'..= :.= r. ::rre
.:.v.= Ja .= =.._ /.=. ;__-:

- -:t*; ._ - =:JN,;rr:#.=21 - 1

E .:c:: %y.r;.=-~3.g,;a a=.t.=;:
.. . =. g=- .::r. .c..;_m._. ;;r . _ .

: p=.:=n== .:= - .. .=m -~* . 2 :. -
.

- -A s .-
*ga :-
.-. .ar r c. .=: t- m._.... - ::=.=e. q m. m.- .:,_ .,m . .... _ a. .

. .p_.. .g _.co..
. ,, ._'JJJ: :::; :;". _L:. q N ygg r= D' *;*:-' ;'. ry 's= =M -

-
- *

._'-' .~ ."_'*. ._ .
_ d.: ::- ,5

'

-~ -~*~ * -+--74;; .r - 7 ":2 .J ; , ;,g. .y

m=== rI=. t.*=373 .*g "~,-..w .'gL' . 0.* C
*

'--"*-*r*.-Q
:c.===:n. == ,.T''-_ 3-

.
.* 35.r30,.:%: P %'*:"!.ry;|| J;;

_ ,'_--| t'" ::m..rt:
?:d':;g;_ '~ Er - .E93;IDEEq

ere ,,

_

uc =r _.r - - ;;rer.: :t ' , +=.:es,t.cr=;:y 3 =.EE::===.:==r:=g .a , - ' ' ~ - ~ - " .-_.E .'7 (,

=.==rg. =2
. =.7_:.c, [~==y;. .u_A..._.%..2.'**"....='.-"],.

=::.s=.==.=g y- .m2:i.: :.:ra:==m= 2= . m- -.=.=.; :.. g; . .ds- .. 7:4rr r::--.__.a-- - =-- - - - - - -:::. rm n== =

. . = _~ =. ** ',: ' ':f-~ *'*; :.?-''3n".v*w. "m*..:.::. ~' '"~. - ....k g*
,, := . _

In; #| " '_ .

.

g'^~...~~.....O'4.', m. - " ~. ~.%..-..,
g_@.'"*

- -'''_ ''"Jin''=*J'"'*--
.

.; u::::L.T *
. _ m

~?-*~~~^ ~ ~ ~-A

= 3. ."='"-*=".f... . r=::=: na =.
}":=.==::. =r:::=Q=c;;-. '

-~~^~~''1 - f-.,--,.

W. _.
g::_.::= - . :s ==.:=n :::r=. =x~= - m..c c._-.

.5
-1

- ====u == n .=a . . , ~=.*=.':.;;"." =;".IO ., ' " ' " ' " ~ . * ' * *
- -.= .. e

''"-".~-g.=...,:_ . . - . "i|.:;.O!:: 'r.!.r' %r J.=.. } ,- - . .
.;;"*.;

=. .. .-].. - -
:3-O.,=?.* - Jff!J"C"!7dd. . - . . a: : .- -m .

= . , n4
t-c ;*= , = =,,,,=_=._~~L."."_"!,Ly: ~'.*"O g

,g=r a.:.J:0_ ''."T4:* " T ": r.C=*O 'J
.

,=t~.' *O:T 1
' ' " " * " * *. ~~*:r;;;T,3 :

-. ~."3 . " . ,
-

- - .:O* ;=.y~~--* =- .-+s=..*

,n..=. 2.JT
n,,.f,....,~.~Z.m.

. . . . - z_"y'~.~'.~'_*_w"_''-*'.,".,*7.--_~,,, ;'T.m.m_4. p-s CPT.I ."M,
~ w--'***--~'.;;.,..

:: + g ,r rf,;;
_

! ~ .

_-
---+ c ;;g.,g_,.,,,,,a,,,,.

. T. T""I:O'''' - . " ' . u --- - - .$'a
: .gy.;.g. .;,. ng ;p, ~.

~~

, , , _ ,=.- . + . , _' ' " " * ~ ' ' ~ ' .
g. .

"" *,. =" ~ k:nC":*:.T.O'I*.J-**2' ...'.'.?'M'7 .~;) h'".,;a.. .
T

~

''*

~_. t

.'
3c

.~."~'e'-***.=..9_,,_. _ . , _ - . g==.
g~#**' ~ y

= = . . = . . .
a,....4-,..m= -:::.'

,.,''3
-m . . _ . . ,

- = =.=~=.;t
. g-

~-
.=m ,;p . .

.

C*'
-

-g,.m..-.

e'.**mr~. ' .,,,o .. _ _ . -?."| O = =.

4_43"# .. -
#e b. .

", "f::;' rJ::'_t= a: =:::: .,1
" * - - - - " * ' , .

=
_

,,.

..a. MO
. c_ =.as*m.-".* _. w .__- -- MO

::=
P _=p- - . :.. -.

i -
= = = _ = . .

=E.g
... .. . .* -"%_ , , .

~] mr.;; 5J m . a,g - ;: J::' M -* -'' r:'
._,, .

.

, e, f a.+.@ Q L._ -_
--*

' t:3m .__ =_ .='M c-, - :'=T'" -,, .-.;._'~. y==m.y===.=.=.,.:.~~.. Q _uO=
w . .=.# -- ._.x. . .

.

= == m. ..

e ;.;. .;.7p-. y. .;,;., 4. g._.~ . , no
g?:.;- :c;d **- -' ;7 O ::'"r:r'.Q ' ~ T"'::':_"":7'"

''t.2:: -

g ; ;.g. y; ;.,
" ' - n ,= . " " " " ~ ~ - * *

, , , , , , , , , . .
- L -. ~ - " " ' " - " * *

* '*4:.t".'r# :. .a
b-.**_~_~.:|'O.k +

..

'd
e# -'"''*

h_. _= -&g--.a: =_.w_ .m.=
._

_

'07.*"."-""""'E:~'~~~^''~"*'""""*-_ p. - . _~--.--- _w- .

g
_.w.w :==.=g.~ g ;t .y- - ,,;~;. - - ~ ~ - -. .

_

y _.g -m . .. _ _
.

. . -

:.=. r =*A_g
._._. =3

----*~--9
_;n r. n, - a. L: r r;;;2

. _y . -

=--- - -
.

1,[..r ..--g.~=,:=,_-:::
. j . . . . . .-

u . - - - -. ; ,
.~4.., .- . . - -_.

,

v T.A -.=.., u =-~.===r:.;,4 r. _ . o . - ^ - ~. J
--

. , _ _ . ax- . ~~. ' . ...,,A f.u~ . . - 'd *-- " - . - . . _ . m .

-- me.=~"==.::==. =b -~ - - -. --. 9. $ , .
. ..

arc.c e * :::. r' r:~.77 .S. . :.1;r ;;ragam..=e "TT:L e --- .f=' =0:2,ars; #r :. .=J .

"

{-'._".=.*~=""=.=
-.-

~ 3 '''n::r~ -rV:an,=;= 20~=~~:e:a . -:-u u:a n:1

'a"='.n: f"x*.~' _= v ,.-- .~*..w=.=_==~a.,u:>,.-=.".=-
-~:w r. :::

"~ ~"_*''.*r_ ^u'*%g.; :'~=':"=.'". :=- :=:.= =.:'-

x -

:*:"_*t r : .=. . m :a,m. " .. r J%*** a,'i T** ;# ." 3 y-,-..; *:'' ""t.

c
. -_ . . .=..= _: :.=:m'#.:'::m

-

_ . . - =::4.- _. ;. : =.- : . _.~ -

'- ::::r; := 4:nar ,;;~ J ~- "; ' .a ;z. - Lars- ;r ... 2:;;:. ? ' ~. w.y : s.? t -X,.= : . => % ;n "i :'.W"~i=e.
"fif. "": . w ...T. ./ .G.l#Cl_ed I'IH#**=-- i . !. .I. r' *U -

II #*C

v .r.: p"'h'*@u.an''ad"'E. .- :=~12?2''''EE *1 I'.'a'N" .".' r. "'~=" U= ::nva =fi W.. , rc t c.[.'2:: m.. . .m. --]
M-

.. s e. .r..% a1. :.W.::[; '!**~'W;=d.:lt'.:a
'

*I ~INd E''" *

7 *3.::--w" :C" 1 "O#s r=; %::.:::r.: .;:: A.~:- , r ,, . .
t . .w::".: a. m: fb An; .r.rar: - -

. .

. . . . v. e*.g .,_ . . . . :

2.a ., AOpDMel AOWM98 l' .. a, a.
, . , . N . K .. .w.c.= w 4. c.1 . ..n. .,a

.

g .. . ,. .. .a. w.- . ..,

i :.: e
t "4 . pu.,-r%p:3.o-me =e; a.c.

..;
iw 2;utem_ - t. . .. .i

.

g. !m
::m;:n1 ru;sc ar:. aL. r:. .i .

.i.~.n:y. " :x$. i. 6.. ..
-t r .n.m-9. .h. E J ,4.,;c ..h, , r::t

4ma :r:
- '.n . qa. a s :nc.u.,, % . ea .: , . a ,

c-.r .c ;z, :
mm :. t .: :1 e.c m.g-: t .: q. . :. t . : r.y, " "a

a
a :::4.

:
.. ._c , y . . . .

.

:: y .: ~ ..m, . ,.

e =: ... ::w.r- a.;n.; .m .. m a 2.; p tu:
. p.ac.::h:..%w .ar+:t .cy i .;. ;. ~g ;, .J m,
t :r..~ m . . . .c ;

I u..= ii~n.r;e :f~ myme . -
sr. : r .s :. .e.V: ::" ..m.a u . re 1:n rm-a:

. .as: nnr9- = e;;m.t.n uu. wrt:
-

;: - :. r u Iw ,.Ie-aon;.r su.M'L..aa 2:r ;;d.a ~

r..~u.~ .:.n .m m.:ae'..r,g .a i.: pm. . t 4. :. 'i' ".u4::n,,m. .. =, - . . e ,;m.d g < y 5,4

. ~ ...tw. _= .m c
-

. :i, .

7 .:;, A :.i.,..::
.. . -.

. ; ,-
v w ;u=,, ,7J ;f n t. ,,,, u .;

- un:. :; r

. . ' . +v.g~; i ,1,._=

mmre:b.a 7,4 , , ,4 mim m.::] -
.

,,,;,,,g ; .

..
r; h.7., ; ,
- g

.=; m:ne. ,@m. nc.m= a-=.r :d
,

.,n : . -m.;g: : n -|'=:e.n H
.r2.n.::c:r:: c - :: s .; w''- rw:' T.av.:a-r m-m u z.: :a .. - O*W p' Di O .!m

r e a. .; t r. n
W DE*M :.r a.Wi: 2:ii'n+. r fla N #.ai w 7

"L
1

~%- MiE'M ..Mm.Eia , 1: 0:
m. ~ .a..v 1...~.=. n ... . , s . = . . .4 7 .=.+ ~ ,.: q .w e u u e

~..x. ,

am:h..-a mm. :":a:.. q. . L * [*. , I r ..a. .

. . .m:pf a vs
f m.. . . |t i ns.., q..r a.c. :. u{ -

.,+pn 1: : 1 ..m r

s.c em % n.
. .a

4u uM. .g:n ; 9p grt+! g 4 r ww .ra ..:h':a:iyer ;. . q.r- ,
:a a A r.

em ta
. . -1 p ". ' q413 y

e,.

pa ( 9:r~
i * L4 id ; .h 1 ; t.

,

'j. h P %** v:
D J! J |- .. | j E N.

-
. .. ! "

. .r ..;Jh. y. .. -
ao

. rd. o:b,,,__. %_. . . , . ~
.-

b p ,, ! H... O .F9 :
''

'o. u .' . N ,. -- { j . q, p' p K--f:i.d..'i r.
fv :

2 ., , 7 .. , ~. ,- -

'-
' -s

l
'

g
I k <. ..# i: ' si ;d .- . . Y, ; ! . i "?". v . 4 .,f **. L. f:".S .: q. , ' M: <-!.4 .. I hM '.']l :

# 2 W .il,*
. 1.

w

3 .-o
. r..1 i: . .- . . ~ .,l e .,n. 3.,

. 1,.m .
. p, lt

.:, .: s c
ng ~- . | % e.e .p' i .] ; ;"+-, -,. ..~ .p?.- ".t*

~ . =er ; me
e -

t .

4
i - rm . .. : P, i .

1^
' y '

- A*-

* - " t r {' - --tt" . o, ' ';
. k

! : .|i r . ,* t :
. to e _

i -( * 8 :- .. g g P' . ,:
-

,' . , 'j ,j | :.l' : 4. - ' j 'f
;;

3 ': ,

-j };'. 4 4,p , 7.
.

, t ga - ['':. L *

y 1- 5 .r.':

i Je
.

,'<

M ~ ;.1" . . p .r .i . I ! ;
,a .. i . - : ; . r: r+

- , ~ - . . "

**3 e%1 Pf;el ' Q .t 31a #4

Cenea, .w L og or e.a |

|
w.,v ..m w .,, ... ~.. n,. . , w is, g , - ,,,, n r... n n

( . 09 a s.t.e *.r as t o u..da'w W.+ emi ' e e e.o W.a< C a Weso deu.m Wr Wo i
)*U. Oo , * , . .. 9a f3/ e 4 sa, s. , s saa ..pe e ce t ...,e C naq 00 % f,

*

t .o.4 ee n * .m ov. a, ne . .- %, . r,. ,,ca % r ... u. e s we - 4%..'...

..%$; n'e v

, -
__

.

4



,,. _ _ _

T

;

.

.

d

a

.

:>

APPENDIX D
ACT 64 WELL LOGS

. oa-

-

'N g

.

4
. ;'

-s. .

i,

.f-(

r

_.

D

.

r

.-i

7

s

'L,

!i
t

I

.

1[

.

1 )

, m m



.. _ __ __-_ _ _ _ _ _ . _ _ _ _ _ _ --

AS 'BWLT RECORD 0F:MOAUTCR MMZL
~

~

(SRLZBORG R O. L A7NOA7L L ).
c d'SQ." , ,

T._____ ___ LOcAr/ON 6355.
ri, a z.,'. y

' '
.

E 692n .
A P NEOPRENE,.

..

'*%
-N M C-'* **

" * ***
s , 1 ** MOut FOR WEL L.* I*

* *
'## ' **; DRf L L ERS LOG- - *

- 6- t ' SCO $ VEGETRTION.g, ggypy
/

pra convei / / f I'-3'. TOPSO/L-.

'i/

8-|NCH STEEL CBS/NG ,/ ./ 3' G* ClR.V. lot?M;/'. - ~'^
j

FROM ' / TO /2 FEET ~ / / ~

G' 9. 5 ' CLRV, REO, HRRO/ /

7 / :'O/ ceMEur anour '

| f -

|

+b

4- /NCH GRLV STEEL. :
~

VCRS/NG
. ..

-

.}'
'

f" ROM # d' TO 37 FEET 4 : i
,

.

. . '

_

' ' '

- 20 9.5' 22 ' CLR,v. BL UE, SOfG ,-
.

.

.

L /rTL E GRtr 1
..

8-/AFCH OPEN HOL E
| OR/LLED B'/ CABLE -

" *
.

700L :
'

'

-.. .

:
. . . .. .

,

s :. :: _ ,o 22' 3t.5' CLRy BLUE, HRRO,'

GR/7, (G LRC/RL ' 7tL L )'
-

2NS SnNo - .J" . ' . . .

.

.
.

.
-

|

.
. -

.i.-.s.
-

.

- g;;:: . : i.

. 3 /. 5 4/ ' CL R.Y , GRR X..: = . '

F % .:0 SorrER GRIE.

\_YlEL O DRfL CO Opv :
REMOVED ~ 24 GRL S

i
.

&/W.'.'c iVHrr.p zyy i ~

'OHNSON S/*RINL ESS7 4 /~EET r.M.st ,fb - STEEL SCREEAt J %''00Jf ~'" CBS/NG Oy .Sfgr/gt
~

GO.vi 37_ (O 40 ;;[r
* ' ' ' IO SLOi '-

_

[E' |. [.x* ' />/s. i ~ f.QN /N[ ~
'

-

..N k '
,

,

. , ,

.-
r - .f -

E: EVRTION G.. 5. 7J &f'. :_ , y s,. Cp 05 J' P/pE THRCROS )* .

l
. L M .- ~ ~-~~..-~

| -
-

-

.|- . . . . . . _ . .

'
.

.!''
- _ - _ _ _ _ _ _ - _ _ _ _ - _ - - _ _ - _ _ _ _ - _ _



,

RS iBU/L T R$ CORD M MON / TOR WE2C
(SRLZBURG RO. U7NOf/L L h

,. s se. , .

L OCA r/ON S GSCO -'~ '

:,~ , T pgmgi, ggy3k -r ,HEo AcH

A, ,4*;'.*j
^

~ , ?, * 's . MON / TOR WEL.L.* 2!% >
.

N - couc. , ,3: -

cuor 1
_ ^ 6T T ~ b; ..

+s'%VO'- iS ' i- / L L O/Rr
' ap'l l En'S l00

,/,- -/, ;'

# f.S ' ,3 '- CL RY. SRWoY/ /- '.
PER G M vCL /

/|
.

8-(NCH STEEL CASING / -

520M * / 70 f9 FEET ~ : +

CEMENr GROUW /p 3 ,. , ,i. c t a y, p g o

4- /NCH GRL V STEEL I I
CRS/NG -

PROM ' 4' TO % FEET-Y : :
_

. -

- 20-

'
-

.

8 /NCH OPEN HOL E
_

72'.2s' czay, stuc
"DR/LLED BY CR8LE .

_
. ,

TOOL ; -
<

* '
. .. -

~

'
~ 24' .3/ '-(lay, BLUC GRRY, HRRO..'

.;-
.

~30 ~/ PCR Size. STONES.
, _

-
.4

2MS GRA/O ,' * ~

_

-
. .

. -

.
~

r=a
< t:==3 - . -

E-

. TM ' :. 3/' 40.'51: CLRy;$ LUC GRAM .

*

_ cc |Snuoy HR2D ~/PER SZ. STONES:~k
..

y/ELO FA/Li'O cry. -

nrs o v co ~ a s ont_< ^
~

_

JOHA/SOAf STR/NLESS
Smr/c wRice LEvri
13_ pgEr ,c,popy ,,bh . SrEEL ScpEgy ,3 % ',00,
Of 4" CAS/NG OW.f//2/8/ : 50 IO &O /'

FRO ^1 EL2,70 59. 0, , c c_i_.,,
_

*

OP/L L E2 09tr 7.pnz/ive
~

.

.- .
_

~

:s. ca.,w: so xmi -

.

> duuh g

5" .[vn r/CN .OIS II f *%** * U " '--,.

~ ~Cp Qi' .| * p|p[ fggggg$ s v*:
;.

< t.
'
~. . . . . . . . . . . -

.



_ _ _ _ _ . - - _ . - - - - . - - - - - - - - - - - - - - - - - - - ----------------n--
"

RS- BWL l~ RECORO OE MON /70R WELL. .
.(SRLZ8URG AO. L ANOf/lI- ]*

.

d * SO. LOCAT/0N O ''N
, _,

. _ . ' . ~ E [*7dd'

cl . G2 6. 85"
_p ygopneug

t ,q s * 1 MONITOR WELL.# 3y ,.

s,

% auc)' . s s
i:$;-

-

O'" 4 [#'' '0
a

,
_ -

: ':* ;". cmot
..

||
', 0 CL AY .

PER GRRVE J'. S' SRND DR V 1

/ /24-INCH STEEL. CRS/NG
l'20M ? / TO ^ 14 T FEET ~ Y ~

/ ,/ -

CEMENT GROur- - C.,
. .._, - to

--- :NRT/v[ CL A Vf BENTON/TE-
=- "''-

1
_

4- /NCH GRLV STEEL - \

C/?S/NG ~
l

FROM d' TO 25 SMET~ ..
.

'
:'

.
.

.
.

. -

.- ,: ~

5'- 22 ' CLR y, Rco TO BL U/SH- 20
.

'-
* sorr

:24-tNCH OPEN HOLE *
. ,

'

OR/LLED 8'/ CA8LE *.
-" '

.
~ '

bTOOL _.- - -
-

n=e'

%,~, : '. : 22,- 2.9. S ' CLR Y BLUE, VERY-

1:3X . - HRRb, GRR VELLY __ 1

, ,

-30 V i

2 AlS SAA/D -

f . |.

-

.

.

"O -

Y/C L O coulo rior emt .
, ;

'

SELn W 25' LEVEL A/EL. L. ~

PPOOUCEO 2 3 GRL S :
u.S E TWEEAt BA/LS .

!.

'
!S M r/c WRTEp zgygz _ JOHNSON STR/NLESS .

94 FEE 7 TROM 709 -- Sr[EL SCREEN 3 % "00'
Or 4" CAStyg Oy - gh/g/ 50 /0 SLO 7

FPOMPS. 5 70 26 5 pg[f:
_

OP/L L E.e GERALD ranz!rst : |

S h - 4' f b
_ s,

~0' _ {!
:c:e w :cw s n.ca %,w,

~

.

, . Cp O r ~' ' P 4E NEEnOSi
.

' ' ~ ~ ~ ~ ~

|~. . . . . . - . . . . . . . .

'
- - -_ _ _ - ____ _ _ _ :__- _ __ _ ______-_-___ _ _ _::_-__ __



RS- BU/L T > RECORD Of MOM / TOW WE2 /-

(SRLZBURG RD. LRNDf74 L )-.

1

|- =| l.OCA TIO N S 7097,# 00
_

e.7oio- -. -
. . -- - -

0/ . r 4[0s3RENcct 620.
\

MON / TOR WEL t # dh,' *, .f| **
.

ag,
u omuens wo

p/ fb?b?ctay, nLL '
~ _ *qcance '

:~
,

PER GRRvel - / | ~ 2 ' 4 SRND, DRV
' *

: #''#'# A"D' ""
8-|NCH STEEL CASING
FROM'+/ TO . /2. 5 FEET---- -/

/|/~_fa

4.s'- 9' etn9, acc .

"
CEMENT QROur

}Ner/VE CLAS/ | BENTON/TCg
,

4-/NCH GRLV STEEL A :
,'~

CRS/NG
'

'T =':
* ~

FROM t d ' TO .Ci.4 fed ~7 .
_

.

. _
.

~

. - 20 9'-2/; CLRY, BL UE
-

. 1

24 /NCH OPEN HOLE" ,
gja.g4-(ggy,ggy( /Sppygg

"
OR/LLED BY CABLE ,,

.
. .

TOOL . == ..
*

. . eem ..

55
.

24'-30' Clny, BLUE ' ~,/ LARGE
.

*

.
-

' ' . .

4- - ROCKS
- 30~

''
,

2NS SRN .;
_

-

.
.

5

-

_

_

% c0
A

Y/EL O - COUL O Nor BRiz
-

BEL OW 15 ' L E VEL . :

JOHNS 0tV STRtNLESS ;
SMT/C WRIER LEVEL - STEEL SCREEN 3 /4 "00.

'

3
'~.!.2.Q FEE 7 r20M 709 .. So to Szo7

Of d'' CBS/NG ON S/R/Bf fqon 29.d'fo 98.4 f[.E7"
_

e

7

I

;a a ,- E,so sn is, ,

- 00 |.1
-

ac;w on Gz . :5 (- -_n_
- pc; : .: pipc rueEsc ,~

'

.,.-. . . . . . . .
.

p r e



- . _ . . ,.

I
*

/?S-BU/L T RECORD Of MOM / TOR WEL t.
. (SRLZ BURCr RO. LRNOf/L l. }. '

.

d' S?I _,

'

L CCR riON 89/4S,, - ,
- . . .J '

r 77y '[L G24 *7.9' '

f NEOPRENE\

. ..4 e*... MON / /~OR' WEL.L.# 5 -
. 'y

h C'' 'E * I *: a *
4 m uc.- -

7 p,'
9%sT .''';"o|c","

_

oon e en.s iao>;.T rcance ?

j,/
' " " " " ' " ' "/9~Wf

[/ : 2'- d' cmy /: Mucxpen convci

| | : ;

8-INCH STEEL CAS/NG
'FROM */ TO // FEET ~| ,f :

/ 7'
- 4 '- ~/O' Ct A V, R CD

:'O i"
CEMENT GROUT - - '

/l - '

4- /NCH GRL k' STEEL
^

*
.

^ CRS/NG ..

-

FROM t4' TO :1Z FEET-W
-

/O'- /8' CL A V GRA V, SOf r -
.

.
-

-

...
,

' . .

- 20 .
,

~-
' la'22 CLnY, GRAV, SOME GR//

8 /NCH OPEN HOLE -
*

OR/LLED BY CR8/ E - 22.7; 20 CLRY, GRR,V, G2/177,.

"
.

TOOL : : HRRO
' '

' ?

-

,

. .

~
. .

- 30*..
.

2NS SAND -
/y' - 2 G '- 33 '' CLR,V, GRRP', SANOV

- -/ LARGE STONFS .' HRRO
-

.
_ .,

,

_
.

.... ._ .

.: $ : - 33 si' Ctny, REcoisk, pcn
~

. ~ . -- c0 Size canvrt tinpct Srouc

>'/[L O BRIL ED Dey -

REMovco ~ 24 GRLS :
_

~

- v'OMMSON STRINLESS . i

8MT/C WRTER L[ VEL -

SrEEL SCREEN 3 3/4 ''005 O FEER reOm Top -

to gzor ''

. 3cOf 4'' CRS/NG Ou 6|/3,l8/ - from 17' to 40 faEr
.t

'OPtLLE2 ont E rnazove
~

.
.

.
:

.

:.=?'E CC up: E 'EO 4/2.5!di - r

' '

~._,:.
- < ,-r

[J. i V8.~ ' O N O259/
^ wi m aFwn u

?f :" O S O C d ' P! p[ ?%dQ[RO $ . 5
_

\
~ ~~ ' * ''* ~~~

, . _ . . _ . . _ . . . _,;-

i

,

i

'f* 4 .



RS-Bu/L T RE' CORD Of MOA// TOR WEZL.
(SRLzeuRG RO. LRNOf/L L. ).

LOCRT/ON 806II-4 SC,
k '

^ ,

T ~ ~d his4 ~~~
.;g347,

\ r uto m eut

s. ',' ','| f, ,'I, ', MON / TOR wet.L * 6% - * *

~ cwc. .

O~ Y ~ Q* OR/L L ED'S LOG'CRRO!
- i2Ajpf'f% >/ / Q4%M'O'- 1. 5 'snuo r GM VEL , ft t L

'

f'-
p,p copyg{_ / / .t + t.S'- 2 '. Tops oftx 2' d' CL R Y , L ORMj

8-(NCH STEEL CBSING / /
~

c'~?CM '/ TO -12- /~EEi" | j :

| | '

CEMENT CROur 4, /2 CL R >!. R EO
12% /MR , BwE GRRY,

4 jucy- Sgty Sir:L SOrr, GRR VEL L Y--

CAS/NG
" ~

RPOM >'4' 70 JZ_ FEET ' /5 '- te ,- CLR V, 8G0 WN/SH- GRAV
~

tg '- 2/ '- CL R Y, GRRY, HRRO,-

- 20 rpnCE of OfL
_

8-|NCH CPEN HOLE : 2/ *-23 ' CL R,v, GPR V k'RE'O GP/77V
" 'OR/L L ED B 'y' CR8LE '

: :

*' -

TOOL
. -

...

-30

2tV8 6R^10 ~~----- J *
- 23'- 33 ' CLRy, GRRY, HRRO,.

~

- Optr7y , SANO
_

-

_

.
-

=1' ~..

'. - 33'- 4l' CLR V, GRR Y, HRRO, GR/Try
.

'~T- - 40 SRNov ~/PER S/zE SroA/ES .

-

\ :4'lfl 0 BR/L CO Opv
%REMovro ~24 cpt3

.

_

S N77/c ivRice z(ygi : JOHA/ SON STR/NLESS
73 FEET rPCM rgh -

STEEL SCREEN ,3 % ''00_
,

- 50 /0 SLO 70.' d'' CBS/NG OM S//3/e/ - GOM 37, 70 40 ' ;EEi*
_

-

* 4 & % Q

-

um

Q* A $ f _$ ,

G'
u ,

625 d3 L T(; ;;/g;ic n f"****,,*~ _ . . - _ . " _ " ,- cmp O >~ ,,' ' R ! P L~ 7,42ER O 5 | p
.;- -. . . . . . . . . . .



.. .

M

EDI ENGINEERING & SCIENCE
~

-
.

. MGWE E5.$ # 00Ct.00:575 s 6:Ot.OGtsTS / cHDAST3
:m caca4 **w s ta came aact u .emets **wm Paga:. of g

WsE60nng No.:
DowCient

Progoct No.; 2020E
''

Pemut No.:

Well/ Boring Log Sheet oaie si 1/ 22 nn.snoo i/24
L

County Township Fraction Secton i R

f; .' !. 't. 't,

}:

Contractor: RAymer so n. Loe,oon sw
|- - -

Accress: G r A n ti Da ni rk Manufacturer. _Jnhnson
- - - - - -

,

Matenat stainless steel j

Cav oment: Modet Watar Mark 7,

SlovGause: 10 e 1 n t.Dia.: o" . ,;
.

Superwsor: Ed Colver Lengen: An" _.....__:.___. . . . . . . . _ . . . _ _ . . . . . . . .

Deptn Set 110 0' To: 1M A' ,

Drtiling uomod(s) 0.pm '

6k" rntary 114 n' Casing
.

1Dia. Type Deptn Set
4" calv. + 4 0 ' To J 1 8 . 0 ' ._ _ . . ... . . . _ _. . __ _ _.. . ._ _ _ . . .

croutinryse.i '

CeCth IO Material ~I
O 77. 5 ' ement /bentoni te "** " l

S

no11etE""'"977 4 70 n'hontenito J

79.0 L23'_ 87 sand-cak .. . _.. . . _ . . . _ _ . _ _ _ . .
"'

|.ng, p.

DevMooment: ntfPSPd Wi?h -|.
Remarw a recne. . om ome ;,-

g j p. 1-
,

]. -

>

l-
Wster LevM: Ft. Below: __

yh
Measured On:

-

, .s

v

.;,,.

1

)5Remarks

| .,Thick- Depth _.

! !ness To Base Description
I i -| 1 I

_.2 n ! ?o I cand
l.0 i 3.0 iTooscil ! 1 -l I [

! f, I | ;
10.0 ! 13.0 i Clay - brown, sandy

| I ! ~ |- bd.5 I 17.5 l Clav - orav. sandy. siltv. soft

0.5 | 18.0 ! Clav - crav, sandv, silty, lenses of fine wet sand l I 'l I l

I I I I
?t5 I 41.5 I Cl a v - g ray . va ry s a ndy . rse h b l a s . fi m .

l I l | J

,

I I (occasional lenses of fine wet sand)
-f 'l l' !23.c+ I AS.0+ i Clav - crav. sil ty ,

I I II
15.0 I 90 0 i Clav - orav. silty. trace of sand . ;"

i l' |- I j.
15.0 lC5.0 i Clav - orav

I I l' I !:
28.0 1123.0 i Clav - cravisn brown . verv hard
10.0 1133.0 i Clav Feddish crown, siltv, lavers of orav, sil ty cl avi l I I E

ea 1 -i-
i

e i !
.

,.

._
e

*
m- .pe

;
_ _ _ . . _ . ~ _ . . _ . . . . . _ - - . . . _ _ _ _ _ _ _ . ._ - -.

--

L
'

l

|

.



. . - .

RS- Bu/LT RE'C0R0 Of MOA// TOR W E L /_

(S/?LZBURG LRNOf/L CJ
LOCRT/ON 88402,

d'gg..
'. [9/TT

|_ _,

T ci. 077 37 Y~~

r utoMcut\

h,' h f_ o.*f
MCA// TOR WEL L.# 8.' anc_

, ,. g omiers toocuor _
: * .7c

O'-!.5' SAND t GRRVEL.5/LL~
'

'

.k' / /. _

PER Gnnvct j j
.

/. 5 '-3 ' TOPSO/ L /SRNO

|
~ ,WCT, OME SANO

'||
8-INCH STEEL CBSING

-

-

FROM . !/ TO /2 9 FEET ~ ~

/ ,/ to

/ / c

4-|NCH GRL V STEEL /, / .

/ -

CRS/NG
FROM'4* TO 40 FEET -f / _ G ,-/e' CLR Y, PEO

/ ~

/ / * 18'- 22 'CLR Y' BL UE,CSGRfTTy.20
r/A/E SrON -

8*/NCH OPEN HOLE / | ~

-

OR/LLEO B'>! CRBLE ,7 /"

TOOL 22 '- 2 6.5' CLR y prod /su G RR Y . ,

d/ / -30CEMEN r GROU T
/

PORMRTION SRNO ] A - 2G. 5' - 35' CL R Y, GRR Y,3AND Y,

G -|MCH HOLE OR/LLEO k : GRITTV, STONES

S Y CR8LE 700l.
~ ~

.
.

,
.

#0 35-41 69U0, Wcr, CORRSC
Y/EL O puMPEO 30 M/N .

R r G O GPM. PWL NOUL O A/Or -
.

STR&L /ZE ~_
, -

_

.' --o'0HNSON STR/N&E-c
STRr/C WRTER LEycz . _~ y SrEEl SCREEN 5 ' ' 00_

''

?!. 4 FEET 790M TOP . .=f. IO OLO7
'

'',

EN ~ ~ SC
.'Of 4" CBS/NG ON R/R/& '_g' . . : - FRONI 49 ' 'fC ~ 59 pg g f

i < -

41 ' ~ 60' LARGE STONES 1 COGES i'

CP/L L E2 OnL E A~ppztiv[ - GRRvet*

'M
~ GO' 6 5' SA NO, f/NC TO MSO/UM

'

-

a g' 6 8 ' SAND, NED , C L A,v, WRS MOffE COMptCrEO 4//SM/ '@ Ge ' CLny'_. g n

_ , y - en u
Et cwr;On 3?' / ~.. ~

|OP Of ' * PtPE THRCRDS) [ ~ ~ ~ ~ ~

,L-
|!
'{ _

:, r,

;_-; , .

_ f._. . _ ,



r?S-BUIL T RECORD Of MON / TOR WELL .

[ (SRL.Z BURG u?ND57L t. ).
' #'00

|. =- } LOCAllON 87999'
T E922/

; " 4 '" 7R r utopncut

/. ,f. f, w*l, ', MON / TOR WEL L.* 9ini .T * * * * *
> <

. >

m\
coue.

- . onn i en-s too !
,

/ / s,2,*qpi++#C'-i. r sANo e cRavel.fia!

,,- r-c, -, ,

-Qwyfgws'
/ f f /. S '- 3 ' roPSO t t i SRHO |

_

'

/'
ptn Gnnyci, /

,| |
- 3'- G' ctny, wtr SOMC sAUD {

6-INCH STEEL CASING -
a

r20M ' / TO " FEET | j''
/ / - t0

CEMENr GROUr
/ / _ i

4- |NCH GRLV S MEL. / / :
'
;

C95/NG / - '

^

f.@ C M ' S 70 50~ FEET --7 /, g. ,g . (Lp ,, pgg.

p

L 18' 25'CLRy, BLUE, GR/77M/
,/ / : 20 nNe stDNes.

/ -O'/NCH OPEN HOL E /
OR/LLED BY CA8LE ,/ ,/

- :
"

I O' O L TO 60' / : 22'- 2G. 5' CLRy, REDotsH. GRR_Y I

CA/LLEO 4 INCH C/78LE / / -

2G.5;28 CL8vgES,ceirry,SBNoy,
pay

N 6 70 ;TOOL FROM 60 TO G5 G ,/ ,/

/ /.
-30
~

ens sRno N / /
/ / p
/ / -

f
^

28' 42' CLRY, GRAY, SAMO V-i -- dC >

-
HRRD,ORy 1

WEL O 88/L EO O R Yu >

'

_REMO VEO ~ 26 GRLS :
.

.

JOHNSON STR/NLCSS-s ar/C wn gp Ltyrd ~

STEEL. SCREEN 3 % ''00'2AD TEE 7 rROM rop -

_ So to Szo y
-

'

Cr 4" CAS/NG Ou K//A/8/ ,' -

- / om 50 yo G3 gyrfp

-
- fcz' SSS: CLRy, GRRy, SANOY

C.P!L :. E2 OM r =onz!NC
. /- .. dry SOfrCR

_| . 65.5* GO ' CLAY, RCColaHGRA Y,
'

SANOy STCNES
:.=.'." C:.s.'p: C "EO ._f,20/B'-- *y : C,0 ' G $ ' SAND d 'STONC.5, RC rivi.

:: ' 6 ''

~* [ V $ f f 0 ,*/ _ 0 0.*h* .

t !

' '

; |On o, :
'

o,oc ruRenos m ,

- - . c-..
-

!,' ...... - . . . - - - -

j,s v.
*

;9



RS- BWL f RECORD O f M OA'ITO A' W E2 L.

(SRLiBURG A)O. LRNO67L/_)
,

-

L OCR TION S7400,d'SO-
9274T g .. c z a. ii

x ,r vEOPREivE'

;' T a .s., *< '*,*s- #OM/IO# M/ELUO
e'.' . 4.4 ( [y*p?!!'

~

b| coyc.
7 onia en.s toocuor 1 3 __

.m ,

%*&WW'O'- /. S' SLAG ,SOO,BLxDier#f 9

/ { /. S'- 5 SRNO , w[r"# 0"*

j /- h 5'- 8' SRNO. wE7 PRC/<V8- tNCH STEEL CBSING
FROM '/ !"O /1 E'EET

./ | .

,/
- g'ie'czpy,peo
- tOr'' /CEMENr GRour ,

d- /NCH GRL V STEEL
'

:
C4'S/N G -

..

FROM +d' TO % FEEi~ -~"
:
,

..
.

-.- . go
.

.

8*/A/CH OPEN HCL E 12 '- 25, CL AY, GRRy/SH RED''

OR/LL:O BY CR8LE - Get TT y." '

. -

_i~OO L
-

..

: 25'- 29.5 ' Cta y, GRR y eLuc,'

.

GRt i7 y , HRGO
' -30
,

' ~'
2 ^1S SRNO - ' ~

29. 5'-35 ' CLR y, GDRy, GR/ TTX
*

- CRM M9pD
. -

,

- -

:.' ' 35 '- 40 '- CL R Y, GRRY,/ rO R Y,L / rrL E GR
Al ' ~ 40

Y/ ELD: BR/L ED OR V -

REMO VEO ~ 2d GRLS \
_

OHA/ SON STR/NLESSSmitc wRrce zzyn TEEL SCREEN 3 % ''00GJ TEET r20M ffh .

/0 SLO r '

-- so05 4" CAS/NG Ou 5,/i2/81
: f20M 36 (O d_ f~c~~ET
_

. 9
' . Q

.

se

A ' 4 h Y g ,

- ,,

[ ,:.-T ~ :C:nj 6]!. 0 $
.

w1 Luxu a l,' w <>n e.S

' '

[ .-, '-
%

t
c. ,- .,pqu. ~'. _,iP i.ix::1-

_ | _ . ._ .
..

"v." ,,
.

. . . . . . . . _ _

-



_ ._

/7S- BU/L l~ RECORD Of: MOAHTOR WELL
(SRLZBURG RO. LR^/DF/L L- }- '

' '

d'SQ- LOCRTION_,, ,

E 9 2 7.9' ~'
. ,-_--_-- ,

"

(L. G 7 7 3 7<

x _rAiEOPRENE
* ' * l' * , ?, * [*,. . MON / 7OR WEL. L.# //%

.% costcA*. * ' ~

CRAOC _ I'{ Y Y' * ; *. ywswo' i 300 c muc'x.

0#'ll [ lO'
.

,|/ / *! /'- 3' $AND WET
/ :

f,/ f - Y

pra Gnavei

8-(NCH STEEL CBSING
FROM '' / ' 70 // FEET ~ ,/ / :

/ 10

~,2 /CEMEN7 GRour / .

_ Z :
4- /NCH GRL V GTEE!-

'

-

CAS/NG . . ' . ---
-

FROM M*7*O %. FEER KY : ',

; y- 19 ' CL A Y, RED

: - 20
-

,

8 /NCH OPEN HOLE
'

- -

'9'*25*5.'h#Y{###Y'#$'c'''
" *

OR/LLED BY Cn8t.E : g g ggg.

rOCc. . . , ..
.

25. S ' 29 ' CLA.V, G2R Y, h'RRO
.

.
-

GRt rrv , .SEEPR GE-
.

,
_

' -JO-

]
"

2NS SAMD - J '
.

_

.

-

.
,

'. : 29'- 40 CLRV,RCOD/SH GRRY.

- HRpD, SAWOY */RER S/2E
.m: . - SioNES.

- co , .

-

V / [ L O .' B R IL E O O R Y -

REMOVED ~ 21 GRLS :

A/W?.'c warrn z(ya , : JOH^' SON S/AINL CSS
52 T E E r rip o.rt , b h - OIEEl ,3CREEN J /.,e "00,3

,

M IO 'HO'C+' J" CR$tyg Oy _5/7pfg; fry)M 36_ /0 J9_ / 4ic*r**

. OP/L L L y /M: ; an. t tvc
~

. .

'*. nea: C E3 J//J /at
.m' . ,

G 29. 3 7 [-
'

f *' ' '"* * # '~L"',^,5; f,'s . :3N
~.'.3 y .: ' pi,=c rHR[ROS} [ ,, _., . , ,

. , .. . . . . . _ . . _ . . _ _

a
-

* - T 4



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

h .:

('

IRS-:BU/L DRfCORO Of MON /70R vvELL .

/SnLZ BORG ' AD.' ^ LR A'Of/L l- )
.

LOCRr/OH S5200s
|_ =1

*

;. ene
- - - - '

; I - -- -[L. G 29. 2B P NEOPRENE\

gg(,'. a ,-f f< _*4: f s
MON / 70R ' WEL L.*f24.-...* . . . .'s 'T'

:
:

.
_

Q * optiz tw 5 loc
__ : e_ Y /

_ _

~~dhp,f, f ,,/ ,. 6, Q9WW . '{CRAOC

PCR GRAVfL f
.

0''3' SRMO $ GDRVCL ,' $1L L
,/

~V/
F d' C.LR Y t MUCK

f :
8-INCH STEEL /NG
FROM # / 70 / FEET--*-/ f' - J,-/0, SANoy, MNRSH SOILS

/ -

IO/ ~:
' fCCMENT GROur / -

/
.

:4-INCH GRL V STEEL a m

C-?S/NG
-

"

f* ROM "* TO M FEET *. : RCO ' SOLtO,

..
- 10' /9 ' CLR Y'L Sf0NES'

. ' iSMRL
..

-

- 20.

.
-

8 /tVCH OPEN HOLE - 19'. 25' . CL AY BROWN /SM'
' ^

..

: REO', SOrr"DR/LLED BY CR8LE -

I'00L
^

- 25'- 29' CLAY, BRO WNISH
-

.
. .

.

*~s
'. - )

~ RED,307T 80ME GRt r'

-
-

'.., '. -30
-,

.

.- . .

$2NS SAND
'

:

. ' .
- a

.

-.. .

- ,...
. - ;5

,
___ ',

-

' ' .egg' : 29'- dli CL AY GRAV, HRRO
6/r/ 76'. ;

.

. .Q __ cot

'

Y/EL O. BRIL ro Opy -

REMO VEO ~ 24 GRL S . : ;.4
.

'1
- v'0HNSCN SfRtivz[$$,,'

bSR? rte wefrR &Eyn -

fgZ.2 EEF T20M 705 *
-

' i
, ,

.or e cRsiuG ou 5a ai ,w;; ,., ,, y,, , . , , ,
-

-

d g
..' q %

: y.

:=~; ::st.o:E.E: .f/2,/R_ -

-

e-

t- 0 + . . - _

' '

j
[| [, ',C ~. ' C ,*f ?/. O ? ;

"A'***'''''"' '
' '

' |0 S Ci ? ' P/P[ ft?R[RD $ ' ,.

.

, . . _ . . ~ . . . . _ . . . _ ~ - - -
,

,

. . . . I
. - . -.-. -- . - . . -



. .

c
.

..p-
.c-...

.

l

.

t .

.;

<

t

-APPENDIX E
LANDFILL CONTAMINATION INCIDENTS

-i

1
R

'

T

,$|

.|,

'q
~

t

t '.'

t

.h *

t

I
1-
s

t-

. . ' . .>

;;

- y-;,.

,

,I'
.s. -

-}, ' !
,,.

1'

6 . >

-4

s

b

' >

. i

1

- < - . ,w. . ,,v..e w am - u - - ,m.~



. .~ - . .-

,

APPENDfX E LANDFILL CONTAMIN ATION INCIDENTS

E.1 Contamination incident #1

' Late in March,1983, routine monthly monitoring of the Salzburg Landfill indicated that certain waste

consdtuents had entered the liner failure detection system (underliner system). Upon further investigadon,

it was determined that the landfill liner had not failed but rather that leachate had been siphoned into the

liner failure dcection sump from the leachate collection system sump. The sequence of events surrounding

this incident is given below.

On March 16, a sample was taken from the sump which collects liquid from the liner failure detection

system of the Salzburg Landfill. Ground water slowly seeps into this system from the saturated Idebed

Clay unit in which the landfill is built. This liquid is sampled monthly as required by the Michigan Act 64

operating permit for the landfill._ Gu chromatographic analysis must show the liquid to be free of certain

specified contaminants. De total volurae of accumulated liquid in the sump is transferred to Dow's waste

treatment plant for treatment.

He sample was prepared for analysis on March 22. After opening the sample boule, the laboratory analyst

discerned an odor similar to that of samples taken from the landEll's leachate collection system. It was

assumed that the wrong sample had been obtained and the liner failure detection sump was resampled.

Subsequent analysis of this sample, which occurred on March 23, confirmed the presence of constituents

normally found in the leachate.

'Ihis sudden occurrence of essentially full strength leachate in the liner failure detection system when the

landfill had been receiving wastes for less than one year suggested a problem other than liner failure.

Further revie'v of sample data, together with drawings and site inspection, led to the conclusion that

- icachate had been siphoned from the leachate collection system sump to the liner failure detection s' imp.

The liner failure detection sump was emptied on February 28 by p nping the liquid through a downcomer - ,

line which extends into the leachate collection sump. The forwarding pump impeller, as well as the system

check valves ou the main pump in the teachate collection sump, were in need of replxement; therefore, the

teachate level in the sump was higher than normal, resulting in the submergence of the downcomer line
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from the liner failure detection sump. A hydraulic connecdon was established between the two sumps.

When the liner failure detection sump pump was turned off on the morning of March 1,1983, a syphon

back action developed, resulting in the flow of leachate from the teachate collecdon system to the liner

failure detection sump.

The situation was relieved when the faulty leachate pump was replaced during the aftemoon of March 1. As

the liquid from the leachate sump was pumped to the waste treatment plant, the liner failure detection sump "
,

was also pumped down due to the siphon connecdon. When the level of liquid in the leachate sump

dropped below the point to which the downcomer from the liner failure detection sump was exten('ed, the

syphon was broken. Leachate remained undetected in the liner failure detection sump undt the March

monthly sampling procedures were completed.

As required by the Michigan Act 64 permit, the Michigan Department of Natural Resources (MDNR) was

informed of the liner failure detection contamination incident as soon as the contaminadon of the liner

failure detection system was substantiated. Transportadon of hazardous wastes to the landfill was also

discontinued. Cleanup operations began on March 25 and consisted primarily of flushing the liner failure

detecdon system and sump with city water. The MDNR also approved the resumption of landfill

operadons, although no wastes were taken to the landfill until March 28. The flushing attempts resulted in '

very rapid redueden (approximately 90%) of the concentration of the parameters being tested: however, on

the afternoon of March 28, the MDNR requested that disposal operadons at the landfill again be stopped.

An Order to Cease and Desist was issued to Dow on April 12,1983. In summary, the order required Dow

to do the following:

1. Cease all disposal activities.

2. Sample all monitoring wells at the facility and report the results to the MDNR.

3. Determine the cause of contaminadon of the liner failure detection system as soon as possible, j

4. Provide daily oral and bi-weekly written reports to MDNR.

5. Submit to the MDNR a program to test the integrity of the landfill liner, leachate collecdon

system, and liner failure detection system. '

6. Take a!! steps necessary to identify any ground. water contaminadon which may have resulted or is !
likely to result from tt.e contamination incident.

7.- After review of all pertinent engineering plans, submit' plans, specifications, and an !

implementadon schedule for correction of all design failures identified.
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The information requested by the Order was supplied to the MDNR on April 19,1984. On May 25,1983,

Dow received a modification of Order to Cease and Desist and Consent Agreement which allowed the -

reopening of cells 3,4 and 5 for receipt of hazardous wastes at the landfill but requested that an

investigation be performed to demonstrate the following:

:

1. He liner under Cells 3 through 8 had not failed.

2. He liner failure detection system would insure that leaks in the landfill liner could be detected.

3. Dere was no contamination in the soils below the liner failure detection system.

4. He ground water had not been contaminated under the Salzburg Landidl.

Corrective actions taken to climinate a similar contamination incident from occurring again included drilling

a " syphon break" vent in the downcomer pipe. A leachate flow meter and audible alarms for the teachate

sump high level and liner failure detection sump high level were also installed.

- Bi-weekly reports were sent to the MDNR regarding the concentrations of specific compounds which were

being terted in the waters used to flush the liner failure detection system. The wash waters were sampled

daily, The landfill's internal leachate collection system was also flooded with city water and fluorescent

tracer dye. Samples from the liner failure detection sump were then analyzed for the presence of the dye and

demonstrated that no detectable levels could be found in the liner failure detection system, It was also

determined at this point that a more accurate parameter to be used to monitor for liner failure would be -

fluorescent dye, since analysis of the liner failure detection water continued to show the presence of trxc ,

amounts of the leachate constituents which had initially contaminated the liner failure detection system.

The investigation of the integrity of the landfill also included a separate testing of each individual segment
t

of the. landfill, Excavation, soil testing, and sediment chemical analysis demonstrated that no

contamination existed in the soils below the liner failure detection system. An additional monitoring well

was also installed. Samples from this well and existing wells 1,2,3 and 4 were collected monthly and

analyzed for specific leachate constituents. The soil samples and the ground water showed no

- contamination.

On December 23,1983, Dow received notification from the MDNR that the requirements of the May 17,

1983 Consent Agreement had been satisfied and were authorized to begin full use of Cells 3,4,5,6,7, and

'
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8 for permanent disposal of hazardous waste in accordance with the provisions of the original operating

'

license.

E.2 CONTAMINATION INCIDENT #2

On August 23, 1983, dilute teacnate was detected outside of the landfill cells, resulting in the '

implementation of the Salzburg Landfill groundwater monitoring contingency procedure. Excavation was '

underway for new Cells #9 and #10 at the landfill. It was necessary to open the trench containing the

collection header lines which convey lexhate and liner failun: detection drainage from Cells #6, #7 and #8.

When this was done, liquid drained from the gravel surrounding the drainage piping. This water was

sampled and found to contain 80 ppb of tracer dye and also low ppb levels of some of the organic

con'stituents of the landfill leachate. The liner failure detection sump at the landfill was immediately

sampled and showed no detectable dye, indicating that the liner failure detection layer had not been affected.'

In compliance with the Michigan Act 64 Landnli Operating Permit, operation of the landfill was stopped-

and the MDNR was notined,

ne teachate and liner failure detection collection sewer lines from Cells #6, #7,and #8 had been terminated

and capped during their original installation in 1982 and lay in a gravel bed. He initial investigation into

the cause of the contamination involved examination of these pipes. It was determined that the liquid was

coming from the gravel bed and not from the pipes. Because the gravel bed was surmunded by natural clay,

no immediate danger to human health or the environment existed.

When the investigation was resumed on the following day, the excavated area was found to contain a pool

of liquid which had accumulated overnight. De level of the pool was estimated to be approximately_ the

same as that inside Cells #6, #7, and #8 which indicated that the gravel bed was being fed by liquid from

inside the cells. Further investigation showed that one of the manholes of the Icachate collection piping

system was headed up with liquid. The elevation of the liquid level in the manhole was taken and found to

be comparable to the liquid level inside Cells #6 through #8. The liquid level inside an associated manhole

was observed to be low, suggesting that a restriction existed between the two manholes. A short piece of

polyethylene pipe was discovered crossways in the line between the manholes blocking the flow. When
'

this pipe was removed, the flow rate increased immediately from approximately 10'gpm to 118 gpm-

through the leachate collection sump. He leachate levels inside Cells #6 through #8 also began to change.
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A detailed engineering analysis followed the investigation and concluded that the leakage had occuned from

the manhole connections. Typically, manholes and their piping connections are not designed to withstand

pressure such as occurred when the manhole was blo:ked. The manholes were therefore eliminated from the

system and replaced with short runs of pipe,
c

i

On September 6,1983, Dow received a letter from the MDNR, indicating that the MDNR concurred with ;

the results fo the investigation and the actions taken at the Salzburg Landfill. The reopening of the landfill

was thereby authorized. .

Several d: watering wells were installed into the gravel bed and the contaminated gravel bed and surrounding

areas are being flushed with City water. The water is pumped into the leachate collection sump.~ Flushing . 1

operations will continue until the monthly analysis for leachate constituents and fluorescent dye show

nonquantifiable levels.

Analyses of samples from the ground-water monitoring wells were analyzed for volatile organics. The -

results were all pondetectable.
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E3 CONTAMINATION INCIDENT #3

On September 26,1983, perchloroethylene was detected in the liner failure detection system of the Salzburg

Landfill The contamination was discovered during the analysis of samples collected from the liner failure

detection sump prior to the monthly discharge of collected liquids to the teachate sump.

The landfill was not receiving wastes at the time the contamination was discovered due to inclement

weather; hazardous waste activity did not resume at the landfill until approval was received from the MDNR

on October 17,1983.

Activities to determine the source of the contamination were initiated immediately. 'Ihe liquid in the liner

failure detection sump was again sampled and analyzed to confirm the presence of perchloroethylene. All of

the liner failure detection sample ports closest to the sump pump showed dirt or clay deposits which, upon

analysis, contained concentration of perchloroethylene higher than that of the initial sump sample.

On September 30, the liner failure detection sump was drained and hydroblasted. A system of flushing

individual liner failure detection lines and sampling ports was then devised and implemented. The resulting

analytical data showed decreasing levels of contaminadon as the flushing progressed and perchloroethylene

levels were eventually reduced to nondetectable levels.

At no time did analysis of samples from the liner failure detection system show detectable levels of

methylene chloride, a major constituent of the landfill leachate. If the liner system had failed, this

contaminant, as well as other major teachate constituents, would have been found. A liner integrity test had

also been recently completed. Since samples from the liner failure detection sump as well as carbon packs

did not show any fluorescence, failure of the landfill liner system was proven unlikely.
.

It was concluded that the problem wiiich resulted in perchloroethylene contamination of the liner failure

detection sump was a single, isolated event in which the contamination began in' the sump and traveled

back through the liner failure detection piping. However, while it is evident from the data that

contamination of the sump occurred from an extemal source, the exact means of contamination has not been

detennined.
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On October 17, 1983, the MDNR approved resumption of disposal operations at the landfill under

conditions of the March 17,1983 Consent Agreement which was stillin effect. An additional requirement

included the continued monitoring of perchloroethylene levels in the liner failure detection system.

Perchloroethylene was not detected in any samples taken from the ground-water monitoring wells located

around the landfill.

E.4 CONTAMINATION INClDENT #4

in the second quarter of 1985, phenol was detected in the original monitoring well 7 at a concentration of

1.4 ppm. Monitoring well 7 was screened at a depth of 65 feet in the Glacial Till unit. The original intent

of screening monitoring well 7 at this depth was to sample groundwater from the sand subunit in the

Glacial Till. As detailed in the discussion on groundwater movement in Section 7, monitoring wells 8 and

9 are screened in a sand subunit of the GlacialTill and, therefore, yield sufficient amounts of groundwater to

supply representative samples of the groundwater and to fully recover between sampling periods. However,

the sand subunit of the Glacial Till which extends under monitoring wells 8 and 9 does not extend under

monitoring well 7. Thus, monitoring well 7 was screened in the low permeable Glacial Till and did not
t

yield adequate groundwater to fully recover between sampling or to be properly purged to yield

representative samples of the groundwater.

Due to the very low yield, and thus insufficient purging prior to sampling, and to the distance of

monitoring well 7 from the active portion of the landfill, the phenol in the groundwater sampled from

monitoring well 7 was suspected to be from contamination of the well during its construction. A work
"

plan to evaluate the well as the possible source of phenol was drafted and agreed upon by the Hazardous .

Waste Division of the Michigan Department of Natural Resourcesi The action described below was taken

under this agreement.

- On October 14 and 15,1985, a temporary monitoring well 7A was drilled next to the original monitoring

well 7 to analyze for phenol in the groundwater at the same elevation as monitoring well 7 This well was
'

drilled with hollow stem auger, and a rigid quality assurance-quality control program was followed. 7his -

program included steam cleaning the casing, screen, auger and drill rig prior to entering the site and taking

2wipe samples for phenol analysis of a 100 cm area of the casing, screen, auger, drill pipe, split spoon, and

blank. All of the wipe samples taken had no detectable phenol at a detection limit of 10 ug per wipe.
'

Groundwater samples from this well also did not contain any detectable phenol.

E-7
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- After it was determined that the groundwater m the temporary monitoring well 7A did 'not contain phenol,

the original monitoring well 7 was to be pulled, if possible, and groundwater samples taken from the open
,

hole. On November 11,1985, the 13-foot long outer 8" casing and 20 feet of the inner 4" casing from the

original monitoring well 7 were pulled. However, due to the depth of the cement grout around the 4"

casing, this casing separated at a coupling 20 feet deep, leaving 46 feet of 4" casing in the ground. Wipe.

tests for phenol were taken on the inside of the 4" casing and on the threads. The sample taken on the -

inside of the casing gathered 16 ug of phenol and the wipe test on the popped threads gathered 14 ug of

phenol. since much of the casing remained in the hole, a groundwater sample was not collected,

The phenol on the casing from the original monitoring well 7 and the absence of phenol in temporary -

monitoring well 7A both support the source of phenol being from contamination during construction of

monitoring well 7. Based on this conclusion, the hole for the original monitoring well 7 was plugged from t

the bottom up with a mixture of bentonite and cement and monitoring well 7A was deepened to be screened '

in sediments which yield sufficient groundwater for the proper purging of the well prior to sampling.

,
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APPENDIX G

DtSPOSAL CELL CONSTRUCTION AND CAP DETAILS
DRAWINGS
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SAs . ANDFILL CELLS 36 & 37 DEStGN SUBMITTAL

DRAWING B2-001

This drawing is the general plan view of Cells 36 and 37 with their relative position to the

previously constructed landfill cells.

This drawing also gives the cells coordinates and dimensions and the finished bottom slopes

are also shown.-

. . .
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SALZBURG LANDFILL CELLS 36 a 37 DESIGN SUBMITTAL . ,

DRAWING B2-002

i

This drawing highlights the plan view of the south end of Cell 37 and the monitor and
'

~leachate piping. The generallocations are shown for lift stations 26 and 27.

This drawing shows the coordinates of lift stations 24 and 25,
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- SAL 2 BURG 1.ANDFILL CELLS 36 & 37 DESIGN SUBMITTAL

DRAWING B2-003
.

This drawing shows the plan view of the north end of cell 37 and all of cell 36 and the

- monitor and teachate piping.
.
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i sal.ZBURG LANDFILL CELLS 36 & 37 DESIGN SUBMITTAL

DRAWING B2-004

This drEwing shows typical cross sections and various details. associated with the landfill

- construction.

The monitor drainage mat detail shows the placement sequence between the three foot -

compacted clay and five foot compacted clay liners.

The liner anchor detail shows how the 100 mil polyethylene liner and the side wall drainage

"leachate collection" system are anchored at the top of the slope. 4

>

The inside toe of dike detail shows the wall / bottom intersection and the relatidnship of the

100 mit PE liner, compacted clay liner and drainage media at this intersection,
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.SALZBURG LANDFILL CELLS 36 & 37 DESIGN SOBMITTAL

y

DRAWING B2-005 -

This drawing shows various details associated with the landfill construction,

s

The leachate drain and rnonitor line details show the relationship between the pea stone

around the drain, the drainage media and the clay liners.

The pipe bedding detail shows how pipelines outside the landfill cells are to be placed upon a

bedding of fine aggregate and covered with twelve inches of the aggregate.

The water stop detail specifies the precise location for a polyethylene disc around a pipeline

that will be penetrating the clay liner. The disc, or water stop, impedes the flow of liquid -

along the pipeline.
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SALZBURG LANDFILL CELLS 36 & 37 DESIGN SUBMITTAL

DRAWING B2-006

This drawing shows the plan view of the lift station area and the above ground piping.

An isometric of the piping is also shown at lift stations 24,26 and 27.
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SALZBURG LANDFILL CELLS 36 & 37 DESIGN SUBMITTAL '

DRAWING B2-007

-

This drawing includes two sections of the south end of Cells 36 and 37 which details the area

around the lift stations inside the landfill cell.

A cleanout riser detail for the monitor and teachate lines are shown on this drawing.

Several notes for the cleanout riser and the 8 mil PE liner for' erosion control are shown on

this drawing.

i

t

t

k

t



, . _ . . . _ _ _ . . . . ._ _

SALZBUF<G LANDFILL CELLS 36 a 37 DESIGN SUBMITTAL

,

i

,

DRAWING B2 008

This drawing shows the plan view and section of lift station 24.

The lift rtation access cover is detailed in plan viesv and section. The' access cover lifting

handle detail is also included. *

The lift station collar detail shows how the 100 mil liner is connected to the lift station.

This detail also shows how the leachate collection line connects to the lift station.
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SALZBURG LANDFILL CELLS 36 a 37 DESIGN SUBMITTAL

1

DRAWING B2 009

This drawing shows the plan view and section for rnonitor lift station 25.
|

The cover plate is shown in plan view and section.

The below grade ricer and elbow detail is shown. This is the discharge line for lift station

24.
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SAL 2 BURG LANDFILL CELLS 36 & 37 DESIGN SUBMITTAL

is:

DRAWING B2-010

This drawing shows various details and sections for the piping entering manhole 17. Lif t ,

station 24 will forward its contents to manhole 17.
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SALZBURG t.ANDFILL CELLS 36 & 37 DESIGN SUBMITT?.L'

..

i: DRAWING B2 010

This drawing shows various detaits and sections for the piping entering manhole 17. Lift

station 24 will forward its contents to manhole 17.
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SALZBURG LANDFILL CELLS 36 8 37 DESIGN SUBMITTAL

DRAWING B2-011

This drawing shows the plan view and sections for lift stations 26 and 27. i

Piping details are shown for each lift station.
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' SALZBURG LANDFILL CELLS 36 & 37 DESIGN SUBMITTAL

DE6. WING B2-02
.

..

This drawing shows various pipe support details.

The vent for the monitor lift station is detailed.

The flow meter piping is detailed.

The ladder for access to the monitor lift station details are shown.
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SALZBURG ldNDFILL' CELLS 36 & 37 DESIGN SUBMITTAL

DRAWING B2-013 -
,

This drawing shows the plan view and section for the access ramp.to lift stations 24,26-&'
*

27.

Pipe support locations are shown on the ramp plan view and section.

The support columns for the access ramp are shown in two section views A A and B B.
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- sal 2 BURG LANDFILL CELLS 36 & 37 DESIGN SUBMITTAL-

P

DRAWING B2-014

This drawing details the installation of the sidewall drainage system and the 8 milliner. The

- 8 mil liner is installed only to provide erosion protection to the compacted,5 feet clay liner

should construction of tne 100 milliner not be done before the winter season.-
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SALZ8URG LANDFILL CELLS 36 & 37 DESIGN SUBMITTAL'

''
DRAWING B2-015

This drawing shows the site excavation plan views and sections. These details show the
.

,

existing surface elevations and the required excavation depths.
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SALZBURG LANDFILL CELLS 36 & 37 DESIGN SUBMITTAL

DRAWING B2 016

This drawing shows additional excavation sections. The section heations are shown'on the'

plan view on drawing B2 015.
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' sal 2 BURG LANDFILL CELLS 36 & 37 DESIGN SUBMITTAL
,

DRAWING B2-017

This drawing shows the plan view and sections A-A and B-B of the 3 foot compacted clay

liner. The location of additional sections are shown on the plan view. These sections are

shown on drawing B2 018.

The location and slope of the monitor lines are shown on this drawing.
.

- The sections show the stairstep method used to key the 3 foot compacted clay liner into the'

existing soil.
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_ ' SALZBURG LANDFILLCELLS 36 & 37 DESIGN SUBMITTAL

L.

.

DRAWING G2 018 :*
t

This drawing show additional sections, C-C, D D, E E, F-F and G.G of the 3 foot compacted - -

.p

clay liner,

.

These sections show tiie location and slope of the monitor lines and monitor drainage mat. *

These sections show the stairstep method used to key the 3 foot compacted clay liner into the

existing soil,
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SALZBURG LANDFILL CELLS 36 a 37 DESIGN SUBMITTAL q

,

DRAWING B2-019

.

No drawing B2 019 exists
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- sal.28URG LANDFILL CELLS 36 & 37 DESIGN SUBMITTAL'

DRAWING B2-020

4

This drawing shows the plan view of the capping for Cells 36 & 37 with contour lines and

the transition to previously closed and capped Cells 38 & 39.

A typical section is shown of the capped Ce!!s 36 & 37 and the transition to Cells 38 & 39.
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. sal 28URG LANDFILL CELLS 36 8 37 DESIGN SUBMITTAL

DRAWING B2 021

.i

This drawing shows a typical side slope section and various details for capping a landfill' cell. _- )

The side slope section shows the detail of the cap and the landfill sidewall.

The drainage trench detail shows how the cap drainage layer above the '40 mil PE liner is

tied to the drain tile. .i

!! -)

The gas vent detail shows the method of seating the gas vent to the 40 mil PE liner, the

waterstop in the conter of the compacted clay liner and the location of the gas vent trough.

The topsoil berm and downspout detail shows the installation of the downspout and' berm to .
q

control run off and prevent erosion. --;
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'OCT 211988'
y John M. Alford -

Environ = ental Sanitartan - Michigan Div. LeOal.. .6

Department;of Natural Resources
j Resource Recovery Divs .

,' P.O. Box 128
,

.

Rosco nnon, Mi. . 48653

Re: Salzburg Road Sanitary Landfill,'Deciaration of Restrictive '

Covenant, City of Midland, Midland County '

'

Dear' Mr. Alford: '*
.

Enclosed is. a copy of the Declaration of Restrictive Covenant for 'tlie

h' ' {{ . . Dow Che=i::a1 Co=pany 7.4 acre sanitary.' landfill' located of f Salzburg i

; Road [MidlandCounty.
.-

_'.

,"| - - { i.: --

|ihia covenant was recorded with the Midland County- Register of Deeds
" '

~ '

'

b office on February 11, 1981 in'accordance.with Act 641,TP.A.' of 1978.,

. Shtwald you have any questions, please feel . free to contact this ' office.
.

N Since *
5

| L 4 y ,.

Douglas t ,R Director
. Environmental Health' Division', '

,

.

'DD:pm -

CC:s rry Washington, Mgr. of,

Dow Environ:nental' Services
!!. C. Heagher,-Real Estate Dept. of,

Dow Chemical ~ Company '
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R E C EiV E D; <- -

g g j g p, {g| DECLARATION OF RESTRICTIVE COVENANT

L 2D
~

DE C 171980.
-

(
r %', L. h. .p,gcA r_:. 0! * ty'

m .

5/' . . l' m. ucovur ne. ,,-

* -
:".)* y, g p,py ". '- -"'H.-

/ THIS INDENTURE made the 24th day of November ,

19 80, by and between, THE DOW CHEMICAL COMPAST

whose address is: 2030 Dow Center, Midland, Michigan 48640

part(y) kbcd of the first part; and Howard A. Tanner
,

Director of the Michigan Department of Natural Resources for and on behalf

of the State of Michigan, whose address is: Steven T. Mason Building,

Lansing, Michigan 48913
,

pa_.ty of the second part;

WITNESSETH " HAT:

WEEREAS, application for licensure under provisions of 1978, PA 641,

1970.CL 299.401 et see, for the purpose of conducting, managing, maintain-

ing or operating a disposal area upon lands situated in the City

of Midland Midland, County of more particularly,

described as: Commencing at the North Quarter (1/4) corner of Section 35, Township 14
orth, Range 2 East; thence South 89"-47'-50" East 433.38 feet along the North line of said

.ection 35; thence South 0*-12'-10" West 252.08 feet to the point of beginning;.thence continui
South v*-12'-10" West 413.65 feet; thence South 42*-55'27" West 476.54 feet; thence North
45'-39'42" West 560.70 feet; thence North 42*-41'-11" East 506.25 feet; thence South 83*-47'-5C
East 383.80 feet to the point of beginning; containing 8.15 acres.

has been properly made; and

f WHEREAS, the Director of the Department of Nattral Resources, will

contemporaneously issue such licenses and

WHEREAS, 1978 PA 641,' suora , Section 16 requires that at the time of

licensing of a sanitary landfill, an instrument which imposes a restrictive

covenant upon the land involved shall be executed by all the owners of the

tract of land upon the landfill is located and the director.

.NOW THEREFORE, THE DOW CHEMICAL COMPANY the part (y) (IEN),

of tr first part, do for themselves, their heirs, successors, lessees, or

assigns declare, covenant and agree:

R-5527

'Rev 2/ED

.



_
, -. ,

%"" :un 496Lnu 5.-

.:
.

- :p ..,

'l. That theLlands hereinbefore described have been or will hereafter ?

. be used as a sanitary-landfill,.and that neither they, nor * heir servants,

agents, employees, nor any of thc-heirs, successors, lessei ; .cr assigns shall

(or shall by their leave or sufferance permit others tan engage in f"illing, . 4

grading, excavating, drilling or. mining of the lands and premises above .

described until 15 years after completion of all landfill activity'upon the .

same, unless written authorization therefor is obtained from-the Director

of .he Departiment of Natural Resources; and that the State of Michigan 'or any
icipality may in additian to any other remedy available at. law bring anmt -

.

action for an injunction or other process against any person, county, or

municioality 'to restrain or prevent any violation of the restrictive covenan,t
,

hereby imposed upon the subject premises.
.

2. That at the time of the ensealing and delivery of these presents

the above described premises are free from all encumbrances whatever, (except)
a right of way granted to Consumers Lawer Company icr above ground electrical
transmission lines.

The director of the department of natural resources does for and on

behalf of the State of Michigan covenant and agree to execute, acknowledge,

fand deliver to the party of the first part, a release of the within restrictive

covenant, in suitable form, upon the expiration' of the .15 year pe .iod pro- ,

vided for herein.
'

,
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RESTRICTIVE CO.WEtMTS'

d: d (> int 400
-

. . .

t: -
.

- .

ThE dot 1 C!E11 CAL CO>tP!_NY , a Delaware corporation with executive of fices at-

Name Company, Partnersnip, etc. Aodress'

2030 Dow Center in 111dland County, }!ichigan,

is the record owner of the following described premises' in the Township of
.

Hidland ( Midland County, Michigan, to wit:,

J
~

. .

SEE ATTACHED EXHISIT-A
f

fThe .Dow Chemical Company is in the process of constructing a hazardous waste lancfill.,

I hame
on a portion of its property above described, pursuant to T979 PA 64 and trie rules

.

prcmulgated thereunder, the location of the facility being described in Exhibit A,

actached hereto, and hereby
- -

NOW, THEREFORE, these Restrictive Covenants are executed by The cou ch-bi Co.
Name

'to insure the integrity of said disposal facility for the safety of the people of
,

,?

i the State of Michigan, to-wit:
,

1-

(1) No vehicles, except vehicles needed and actually used for maintenance

and inspection, shall be allowed within the areas which are enclosed by a sound

and secure fence, pursuant to Paragraph (4), below., except as indicated in
Paragraph (8) below.

-

(2) Ho excavation or construction, except as necessary to maintain the

integrity of the facility, shall t,e allowed after cicsure of the facility in

the areas which are enclosed by a sound and secure fence, pursuant'to Paragraph,

(4), below , except as indicated in Paragraph (8) below.

(3) No uses of the property shall be made wh'ich may or will impair the

integrity of the facility.
RECEIVED-n m.soga.

OCT 211988

1 3 4 13P W Michigan Div. Legal
E;C!!Adil t CHENT

RE01s?ER c. .EE05 3/8l R 4906
HIDL!.hD OC'JNTY. NICH
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, , ThE DON C1E!!LCAL COMPT.2:Y , a Delausee .:er ces:ic , ai:5 ex;;;u:ive o f fices ,,,:
Name Cor.Gany, ha";nersni". et;. AccrSIs', 2030 Dow Cence: in Midland County, Michignr.,

is the record ow;ner of the following described prev.ises in the Township of
Midland ( Midland Coun y, Michigan, to wit:;. ,

J.
.. .

SEE ATTACHED EXHISIT-A

, The .Dow Chemical Company is in the process of construccing a hanrdous waste landfill.
. s t<ame

. . .
.

on a portion of its property above described, pursuant to 1979 PA 64 and the rules
.

promulgated thereunder, the location of the f2cility being described in Exhibit A,
- ~

- ac: ached hereto, and hereby
' NOW, THEREFORE, these Restrictive Covenants are executed by mnw c.,,.m. u Co.
'i t:ame

i 'to insure the integrity of said disposal facility for the safety of the people of
i -

. ,i the State of Michigan, to-wit:

-1
/ _

(1) ik vehicles, except vehicles needed and actually used''or maintenance. . . ,

''
- and inspection, shall 'oe allowed within the areas which are enclosed by a sound

and secure fence, pursuant to Paragraph (4), below., except as indicated in
- Paragraph (8) below. -

?

(2) No excavation or' construction, except as necessary to caintain the

integrity of the facility, shall be alloud after cicsure of the facility in,

the areas which are enclosed by a sound and secure fence, pursuar.t 'to Paragraph,
'

(4), below , except r: indictted 1- Paragraph (8) belcw.

(3) No,uses of the proper:y shall be taae wNicn may or will impair tha

integrity or the facility.

RECEIVEDv.c .maa.

OCT 21.1988 l
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.(4) The now chemical comennv- shall erect, and'it and its succes: ors in -
~

Name
i- interest, shall thereafter continuously maintain until further order of the-

Department of Natural Resources: (i) a secure and sound fence enclosing the

area containing the disposal facility at least FIFTY (50) feet

measured frem all edges of the disposal facility; and (ii') a sign stating:

" Warning, Hazardous Waste Disposal Area, KEEP OU I," inside the fence, visible

from each side.

(5) The Dow Chemical Coccany shall notify the Director of the Michigan *

Name

Department of Natural Resources of its intent to convey any interest in land

located in City of Midland , Section 35 in Midland Township,

Midland County, Michigan. No conveyance of- title, easement, or other

' interest in the property shall be consummated by The Dow Chemical Company
tiame .>

.

without adequate and complete provision for ccntinued maintenance of the facility
'

and monitoring . systems des'cribed in the Closure and Post Closure Maintenance and

Monitoring Plans described in Exhibit B, attached hereto and hereby made a part

hereof. For the purpose of assurin,g adequate maintenance of the facility's

monitoring system (s), no property nwned by The Dow Chemical Co. , described in
Name

Exhibit A shall be conveyed without prior written approval of the Director of

the Michigan Department of Natural Resources. Such approval by _the Director is
i

not to be unreasonably withheld.

(6) Until further notice from the Director of the Michigan Department of
,

Natural Resources, set forth above,The Dow. Chemical Co. , and its successors in
Name

title will maintain and monitor the facility as described in Section 41(1) of

1979 PA 64
..

i
'

.(7) Any governmental agency adversely affected by any violations of these

restrictions may enforce them by legal actions in the Circuit Ccurt.

h

,
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f (E) The p;cperty described'in Exhibit A.is subject to
~

an existing , easement of record granted to Consumers Power
,

Co=pany for electric transmission lines.
,

,
These Restrictive Covenants shall run with the land and be binding upon

!

first party, its successors, and assigns.

. DATED: This 4 d' day of ,7'a.// , 1981.
V t

TE DUW CF.I.'GCAL COMPANY -p- .

l* 'ly Af ef /
.

.
.

Its L F. HARLOW,VICE PRESIDENT-

.

,

_

.

Director, Michigan Department of Natural Resources

WITNESSES:
-

.

' $$ .kY.M if//'7&

/ Cheryl'A. Johnson

& Y.Lb.)i., )
Lu Ellen Joslyn. *

STATE OF MICHIGAN) .

) ss.
COUNTY OF MIDLAN1)

The foregoing i.nsturment was acknowledged before me this ##' day

of /2/e.<5 ,1981, by E A I .2< [c v , of A [ .. e. w
/ .f/dW4-)// M yS. % , ecrpore44ent on behalf cf the Corperation.+

/ /

A /4 - The inf =.ation necessary to w.elete /
-

. i

p / [/ /dj,'"'' W 8 ' 84W'65'athis instr =ent was supplied by The
'Dow C".emical Cr.pany, treezer, the NOTARY PdELIC '

inst-*.r".ent 'das prep 1 red Df the MChi-2n CHE?,YL A. JOHNSON
Cepirrent. Of **at*.irOl ?.t35CurreS. Norse rub' c. S!!dland County. At;dicanJ

My Co- .icn I,;L.., } n. L,1953 -

,

a
- _ _ _ -
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, - Certified Cocy of

3\ POWER OF ATTORNEY

Know all Men by these Presents. That tr.e FEDERAL INSUPANCECOMPANY. 51 Jonn F. Kennedy Parkway Short
'

Hills. New Jersey. 4 New Jersey Corporation. has constituted and acocinted, and oces nerecy constitute and acpoint
Tad M. Coalvell, Earrison T. Plu=, Jr. . Roberta B. Lukovski and Dick .Vlasblo= of
Mi dl an d , Mi c h i g a n ------------------------------------------ -

=

eacn its true and bwful Attorney-in-Fact to execute --------~~~~~~~~~~~~~~~ under such
designation in its name and to affix its corocrate seal to and deliver for and on its behalf as surety thereon or otherwise, bonds
or obtigations on behalf of TE DOW CEEMICAL CO:GA'lY

of any of the following classes. to-wit:
1. Bancs and Uncertakings (ciner inan Fiduciary Boncs) faec in any suit mattef o'r proceecing in any Court or filed won any

Snentf or Mapstrate for tne coing or noi doing of .anytning specifice iri suen Bend or Uncertaone. in wnica tne penaity of ine
bond or uncertaving does not exceed tne sum of OE HU:! DRED THOUSA'ID DOLLAES
(s 100,000.00 t

2. Surety Boncs to the United States of Amenca or any agency increof includtrig those required or permittec under the laws of
requiations re'ating to Customs or internal Revenue. License anc Permit Boncs or otner incemnity boncs uncer tne laws. or.

.dinances o' re;uations of any State. City, Town. Wlage. Board or otnet cocy or organgation, puonc or private: boncs to
Transoortation Companies. Lest instrument cones. Lease conds werwer s Comcensa00n boncs. Miscellaneous Surety conds
and boncs on censif of Nolanes Puobc, Shenffs Deputy Sneretts and similar puohc officials

3 Boncs on cena f of contractors in connection with bids. prooosals or contracts to or with the United States of Amenca. any
state or political subcivision thereof or any person. firm or Corporation.

In Witness Whereof,' the said FEDERAL INSURANCE COMP ANY has. Dursuant to its By-Laws, caused these
presents to be signed by its Assistant %ce-President and Assistant Secretary and its corporate seal to be hereto affixed this

7th day of December ,19 82
,

FEDERAL INSURANCE COMPANY
'

By

f*' fr*-5 ,h
*

h!''g George McCicllan

$e. ' my't
Assistant Vice~ Pre socent

MIJd
/ 9 -

.

Ricnard D. O'ConnorSTATE OF NEW JERSEY
Assistad Senetay

County of Essex )

On this 7th day of December 19 82 . befere me personally came Richard D. O'Connor to me
known and by me known to be Assistant Secreta *y cf tne FEDERAL INSURANCE COMPANY, the corporation described
in and wnicn executed the foregoing Power of Attorney. and tne said Ricnard O O Connor being by me duty sworn, did
depose and say that ne is Assistant Secretary of the FEDERAL INSURANCE COMPANY and knows the corporate seal
thereof; that the seat affixed to the foregoing Power of Attorney is such corporate seal and was thereto affixed by authority
of the By-Laws of said Comcany, and snat ne signed said Power of Anorney as Assistant Secretary of said Company by-
like authonty, and tnat ne is accusinted with George McClellan and knows him to be the Assistant Wee-President of said
Company, and that tne signature of.said George McClellan suoscriced to sa:d Power of Attorney is in the genuine hand.
writmg of said George McClellan and was tnereto suoscribed by autnority of said By-Lews and in deconent s presence.

,

m Acknowiecged and Sworn to cefore me
% on the care soove written.

g[ tg k-
v,

|| GDTARY \ ' ,' j. -

| | *1
y,: d_4A <.-<.~~/ ' '

-
_ _ . _ _

. ,'; \ PUCnC , |
*

Notary Puencs \ , ,

. %+ _ - $ '.**x ; ex. . - mm =
.

** 1 *** f;0 T Y PUCCO C? ,*:f.7 !Mir
th Cr n ., D: :t O&.n 11, l') 33

,,,



g 4 A m---DA a.4 A . pia,.s

._.ij ' ' -

.' f, g -
e

3 f

1 -

l||I N.. f. 4

1.e

\x/h'h'N. [$
/ ig

u% g .a 3 L'

i.3
,N/ s s pu ti

_p
-,

-

/N x s ,-

< ge ss s s:

.\ k,\ h; h y | - i
8I 'x \

4
s

pi g w :.zi ii s s N %,y,gy q) osu |.'i d
. i' -s .

sj~ N N ,, .

's ,

{ g

_

, \
.

s ; s j x. ,. . s .

I
\ \ ,b/ y; j

's , ''''' Nsg,
se g s e s s sz s u m'- .s JN % .3j s

' "
1

N --
N ,s t .j s, xss s M vs jNs w s s -

s

I I

s / x 'x x \/f'g.\g%. 3>
,

5 's s"% 'N q/ ''s 'N $$ 5 "s ',

''

x * N%'/ s
x ;; , ,'

x 'x 'N N- 'j.'x %x<,w-if i; 's N s x,- s .-
-

t, 4, . *s s s ps ys

. k: \ s / \

'N M 'x 'x'$ys;''x '%. w _ g,.

ss sz s u

% [y g,m
.

y+ s9P 74
. s '

te s-

v w m %x ' x M ' $ k /[.k.JNhk
' '

|
-

qe z, , .

|I' k O 'N ! '
:,

-
_e ._,_x .,s,., , 3: .. s w_c

- /, -
,

/ Ms (gI ks e i r d /--?v3
N

,s

, %$NG ! d /j3 / /\/ I
' |'

-
- il ,

.- >ay :*
| |a .

i .

,1 fg.
,\ g -h|

f. ea g ,,t ,

\
, {N;f1 p p; ./

f

. ,/
*'-

,

, a ;-j
A g ./ .M' / / ,/,; il ;. |

,
,

j f
/ b .- ../

h~
.

'

'

ry . ,
: ;

/ :e .
- , .

?,f r" 1 / "#.).
/>

.. V ./ t
i

! ,/ ; jyr/
.

'
=

/ ,/ / [h

i / / / t| . I |
. .- .

- ,

.

,

i, uy .J ,
, ,j,

*

'k fY
n / / i l

; ;
i

! /, / 1, |
.

,. ,/ q - I
i ;

f,

' / ./ -y|. 3-

al .; '/// .; i bl
. I

<* / -

I#
.

, , ,

|
,,

I ,i i !,
,

/ ./ Ca ;a
,-

,,
4 -. * '* s/ / t''

s ... n-
i

1, ,/ ,/ |

- / / ,
,

i.
i

5~I
._ _

_.

ji.
J

,

.j- !
i s i

a

-***n*"* em e- _ enw m. a musie -gme s. - e.=w = m erama spe.=e..ee e wee' = es, e.Nem.p****es . we

Ii
,

?
2

'
i

o
i

'

- , . . . . _ . , - - - _ . _ _ _ . _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



m. , 4 .-4 , -9- & +. e .# e . -*-

.Ff - d

h.
- 2 , ;

jh F r
, ' , i(( f '- ;

id .] - '
|

lp Iy jcp-
q- di un ;

, su : lt | 'w !

-
1: i :Tn ,

. Ti.n ," b9ii. N w; C,r
',1,

1

%

s ,N '

..
'

- .-
) .

e N'.s k,,
4 si

i '

;f.
,, I. E 1n ,

. -s n s f. x, 's ,t ,

%' \'.s '. g. p 4', fg o'
> *

/ rj ji

b.a u;;id] 9 0
-

.

4
. p %w

'

e ,,/
.

-

,- .

,f . s's s 1 :: ; p .

i
,/ N' . A , .iJFip

t#\ %/. '. !i
'

i. L - _ ..\, .. q s.
-

N. ,1
.' ' *

sisat 'sN, \'
g 's N'

_.j*l[
'

t

l
p'.

% ' 'px .
s /M('Q

,

g - 4

/< s
fx , , e,e)s s v.yx .s' f w. x w w

.>

,

.s x A;. i, s
g , s;s Nf ' - F- -m,

i
, N , '\,

\ 7, " Ng\ \ ,'
_. _. 4 )s<

HJ,..

g\<'-
,^ \

c.y \ /f/f % N,;'>. ; v h i/| ' h+ A|)
s

^., , .

,, % ,/N - ' / (. / Q :,. |g -

%g N '\ g ''s ,1 .g \ / '\\ . ''U,' , { , ',, @ "/
s

'<x M . I ' kg %, wk a

'
'

.
.

s 3 ,c.x
N x ~N e w n-

NJg-(y($s w w.o/ D '.)
s.

N g/ ' A, 's ; t -~
'

J N s

y/,r -.',A /ps *

'N h$f*k \,Y|
,

(x x o,A;;wm h,
s -

'N u i
N a4,p, s.x s ,s

x ,,

i
. s.N

"S/ Q f i -i; e \ '/-

iI a s*

N b /s. .,

g ,/ >

N !
,

1,;
L 1 .-

'
,

\ f .
,

/ '

[ x s, p
. j

-

, ,. _. .- , /.
-

O,, . < , ./ ,/
. - . - -

g
i ,

'

4: |.

] Q
'

/' 4 -

, s

! f,8./
'

|
! (/Q) | j'<s, | ' ' ''

/| y

L-[y:we,-Qy+\a ,/ !

.,
, , . . . gi ,

-

'

,/,> _

,/v- ,/
,

/ / |t / ei -

/ y;ks. ,

;I ,,
i
e

d .. . . . - , - . . . . ..-,4 . e ., J;
i

.% . , ..

|'

,

***
d'-+e a e emaa.s =* .,m,e, s . . , . & ., , , , . . _ , , ,y,

' I

L

--



E"

I

f5 ,

*V:
, 11_ ~.,,+y

: f!' i: - :...i

: N|!- t t.

. .; y, y'. <-

, r - e

.1: r c:.:
+* C * 5 *.

.

'
*.S 6 a A.-

h) I, - [ i$. .. f '
a

, m

y
5 QD: .. ,;! ||

i... .|~ , bis
** : s t):l..' .

,
,

, - h.A|4 $"

.m s

.-- t.,+\-
[j

s
i i\,. '

, .

|_.
i NN ,

s ;.
~,

y
t,,N ,.x- /

'

,-
/ ,s

i f(d
. . . . i.

[
s

!- 1% %. f' , ,

' ' g!!.;.
s ,g g f a >

44,,' />\ v ., s j1- -

., o,
s. , ,s

\x, '.,s s, c
. .. us t. c . a r,

N. , 9' ?s 's-s

{~i 1 ,; id. !
'

'' A N .

%, |' ,f \ 'h ' ,f,

s~ Q8%,,4',n s , ,' , . .
, .!' ; , 3

!.v v ..I 1, .E .:r
.

?, ' %.'%:', , ~ d | M
*- s., r a/

s- s

/ Y**,- / /, /,% s- jf r
y

s

\f N,sey.

^)| 4,X /'gs/\'N.
.

9,, . /y"
N !N'y..

~+ \ , .

'N/ w''h/':m. \ '' \ N N:-. x

.,v., -

's e c.s '> x.
. Ix - .,

- a w

N),, k,y,4c,; )/ %[.__._
/ ,/ j Z.'

N'n fy,4 si? ( - Q' /
'N.)N ;,,q% /

,y,

N .- <, e.~j- ,
'

N ' ;(.fI\% ,.%, / %*

xy_. , N., s.,, N f,,

J, / . - -r- gg

[;%%p%,'U
' 6% /\ /%T N,a /

'-'\ \x % / g ;d j Jr-
, s, . .

N / i

I ,NA ) 's.%/ /\ \ 'N [ ,x\ / jI -- ,u N b' %.. ;.+

'

x
0

'N Q(p((l.k ;('M '^yQ,'N,y/ }o/
\

/.

s x, x sc / x,/ s x. s s. .
. .

,/.[.
s_t g 'kj/{ j// 'y n,/

- s "

' h-)% J-
'

I. tN Nm

ey NJAj/j/ ': '
s uz';s,/s q

i q

kv
| .

r
h I6 t,

p,r i
..

s

f..V
| p- 4,,,

... s x. _!~
.

x
,

s
\, .

,
i %

\.*
,

t s
s .

s

'

;

i

1

,

el,

- - - . . . . - -.L.. , ,. s . . . - , , g

.

*a.* +6.=t. a-a.rm- r %
. . . .

6

1

.



.+ w a p , n + --, a

>

4

2

4

I
-c

d-
+'==***y .4 s e - .- r .ege me = gr , ..,.gc, g

, .

. .

er ... t .9 . , . . w. . -% .- ,
,

t
4r

-I.e

j #s ea
.

, s
* 3

qv sy
.

g;v. .;h,,
'

j -

i
'

[
'

g -

g - 1,

c hf. A@q |pt ei- . ,

: i - ,}

7j - g i .sj -;
.

s

ji
- - W

m . i, .m. _ i 3-

L_l ' f ,! s( y; pxys

U , - !,Q /p
.

'
-

i__ /g::#e
. .

-._ / g ; .

3vnu

| |i |
n'

p4(VH
,_

, |.,"f
* '

e i.- < ,

- -f Q g j f I-
,

,

a n: .. _m,
' ~ ~ ~ ~ - i''~~ F?. (T: VV

/gs q?f\'y!>-
' 6 s m-

'g/ i r !| , ,

,

a 4; t.
e n .

.oi
g:w_ ij- ) > i, . ji..u/ .

h. u r r-(nep . u; ,,m= . :,

!. g,

h [

mL ,. n
-

a._a- z

| .k 7 b3q .

y[k Y ; .

If a.

)I ' li*
t- f..

t

; p,
N.,]d

J,1 /
a6

t -4 - o n !yspj },:1,/ - -{ 3--y 3,
. ,

, ,
9 I E $w[,e, K .-

r o g
A h

-

'

7
"

..

L**{d'J'"
1 ... g=

' 4

. ia b6 it. i 2 .
. i. p . ,, i s .

,e s

#^i
.

1 i s
'
| [' t I:.~

-{l f*

& .
< >

. ~ ~ e ,, ,

.

; a ja-~

af[u.d}'' s d|. Id 4 g I.

g)s 2,

i /.__ _ ._) .

! * -

.h M. tII I
i :: 'I d i

*

';i Si
-

p - = p:. 4. y/

i i g| - M
.Qs.!

-

b g
E~ 6 g1 p.hkL. -

-j f;- ',,

y y n v ; c ri
83 N ,4

h ~

(j|% .
, ' g Xa

b e~ \ )' ' ,

d ',
s n 6 8 %,

5 h ;y ' . Ig % p . !!
,

q 'V g i %
N, M. -

-

V L m
-

'

W | . c@.,
;r b J s ;s !!j ni :i 5 .

, m:]:yr ! n! !! ; _n -

b
;y'

$.I ;'m-. .! , _L- r'
'

'.

_d b g'

. .

'

,

:pisr {;m&d
-c'

..

se|
'

i
.

8 w
) J 3

. I
,

; g, .,ss . io a *
g

.J. i. hg. pj
r_1

,
q .g.

'

i
g' .

L- .j-, .

.L j . ._1
1

~ -~ ' I-
rq

--

,s .

7 n . Ihp / 3'[ j
"

;...y
h $;

-
>

>y ee , in * M/ si

o3j- . p3;vg
-

2 . ,l :en j
3 ; pd: ,n M N t #

, i ,_.4 - # r.
m- e . ,s a-

"

I
-

p Q y/j*c | -
t >s [ :'|

|n n. s. ) f. )~,e .v,.| ,

..,g.. . , s.vs

ua , -,I ;y' .
n e

(?p-Q"
*

'; / ;g* th 9 e.

:
4' 1[ 4;r 5 pu i/ <gh'!-$*

; !' Q'iM.
A

I dN.M,4 . It . y-f; #?!, S A'
* 4x p'a c:- j ,i ;s

' -.

i j
2 U j . f| g

.; :
!.
l

( 4 +

f

e
- , - , . ,



,. +
< , ..

g c.
n
.|i

2

|t. - . - - . . _ _ _
_

_ _ _ _ _ ,
_ _ _ , . . . . _ _ .

, ,,

r .-....- - ._ n . .
-

,

m -.c'.- .- , . . .
-

.. m ._.. . . . . . . .. L.
,

i*
'

t
.

I
e i '%jj i t!ii

, 4 y|@whhb !h ! !. ))L
'

d :

gggN !
m

_, -
wb.)~ f,|I

i'
h1 [( M

d| |- g
- |I!!5f- sw% ,

y s i..

'l
.

i|! $l I! ]
$m y\ !P.;,ig ,s.j ! !, F,!

.#
'

I ,1.|!E
^

4

I le m; 4- x
I !:, i il!

,i
,

!
,

I I la i |,
,

I *||i
'

| |- |-
'c

'

s
-

,, i i -

1

i

-g
t in

-

'

' i.
I, .

n;x
_I _ .JJ
'

,I h::.
'

;c
.j 1;ti

...jp

f._Lf n'

*

f).i.._ Ijj '
i .

!
;j'?L__ a n t,

,

,kihidB 5
*Eh%.'

~E

yn; >, ,

,. . .i ai;
i .. It g

.

|'1.
Is 3

is i,iiiji , fuH,c I,! g|*
i4

j />',3,l y.
3 .-,

! r"1z
- -

j ya ,

||._
pig -5 =. g. 4L._

'
1 -r

i > LLp n pi :, -

i t; y
,11

a, . .. l .s %. i,.
m o .

., -
.

u -

_f E
| || s|1 ,|,I a' 8

l ".h '<t * * j
J. ;" y.

k
|p% =., Jmeli !a

s n)w .n
.

;

1g aui I 1
4, ter ;4 l.

- '

ft .

'

- ,i| e
.f1

i

|i i.
'

*

7 *

).[.'
,

2

, ,

'I | 4

4

.



P.{ t''

------------------7-
- - , - - - - - - , -

,. _-- -

-

,

' - .~..e., w .m
'

*=e- ..m- 'e a.s~ee saa e +m a e a. e.

;;4 ';

('. p
'

,

.

$
. .

.. .

)

,
. i$ . /. - |.:

li li.1 l.. ~. , -p

|

e. a/f,.MQ' Y. /.
II'Y. ~ '

t.

l /. I *,, i, - '

.s'.

'i
',0 4,4 $ H ,4\

_ g'
-

,

'

ms ..
I N i/ g\s\

.

{ k 4 fY.k'f.s fx .
~~

. g

!

- j '[ 'xy N. ,/ .-[r - -- ,

h fg},|y/
+n s sx -

g s
d N'/Sy J p. . _ . . . e

-. / ::) -

ig
' '

'. *
..[ -

/
'| ||/ %

J 1~

{ij il'kN[/,bs "V
@0

'
' r - ~/ n

'sht:<'g.
"

g,

| M / y
[ ' y M Mtf p (')

p
j /N' ''s

c4, A
s.

n s x ;
,

-

y ! s ,p ,y. .

.

s. , . . -

' f .' f} . . '+.: ) ', x .- .-
.

.y 1 3

lf Y;' i \ I

> a ,

5 I! b/ |[
; .' b b - ih'L
.c ; p- b; -

..

.Q -hit .9
I .

y el
'

$ $' :h''I' . y ,.u,

i '
. t '.

p I;-i I;;+;; % L'ot;I ~

,
:

., : ..ug'| K,e' \ N\ g ,/ ./
'

t x
\\r1., i s. s .,ir-e- -y_ . _ . . . _ . , u1 ,

et y . wy gg%
_j;.

*

;

! h-
x .-_ .

95!Ei?~N . 'N

J / si.' I.
l' ,
11m m s

794 ! p , '
\ t! s g* .
A bYb b$ h

'
y.

! -

r %
.

E;a ;li;i e, 4 /' 57V; 1 Nv s
fig ${ ~%/ fg ri f"

|Ei . I ~ %' ' N * ii <l . '
g \ h-[{ d

K.
't L n

n|:|j N * il .

.b 9' ],'

iti

\
- ': .,

'

i: ;|.

,
_ ,j"-



y | _

-
, ,

.-

. _ , ,_
_

. . - . . . . , . _ - - - - - - ~

Li
t

, %. '.*4 s u *. _%* :.+9 r* * * * * '

e . . . . - , . ,,___a

.

.

'

' It .
d[:

'''

.

p ,! s - 3 r-
s

| ss- .

,N. , ' / --

-
-} . . .

.

._.
f t g| ' !

, n i,

}| .~ I __ {'$_.
OiNi 5

d
i

'N t d
'I ''I

Uf| . --h j .4Q 'ipd. N -
,

m..,g - ., i y5 s ,:'
p,.. _t, _

.w.
. 8

" WQ, - |
- y (, .<,,m . ,,m - 3 .

g g [, t|8I. .

L __ .._ ; ' --

L
-

u.1 i i +: 3 e,

i ! ]T, ,"Q.t:_2{7; n g ,[3 J
.

Ig I.
) "3, dg ;?jQhe---h pjigt; ._ __ _.. jr

! ?L?p.- S (

h ' . + 4,_e'
'

Om..nR-+w,#w/o
.

+d g .,
.

i n .

$ 1 _bN, ; .

k$is$rui+d+g'

, ,

n
i-- f_liNw Q-'

m
i; 4 ? I? t -

q'_# =t_ y
,-

'
.

eg
g y % w.J

ri

) h~h - ! ~$ l-

wwf
M 'Nk - ,a

- a,; 4 .
e

L___./m._ c.lp: L:n' \ y, ,:
~

n-m
t,/g,r . en4-

,. ,
, 1- + ' e -, ,-<

'd ;tj { .. ..R/ r : i -a s - e ..

: ! } . /
%'! < E

-

m>
p !,3,i

'l=ii j .!> c g.

={f , . EEN,
i--- ''-r *- - e- .t L

5
a

. ,..}. . h ,
=-+ N - ei-

_ !
> c
[ / 'E (i M.!j j

. q ,p' .,.:e 'g
I: 7Q i;;( ' '

( ,b ji|g|;UL!y
,

X,,q'sg,.Elin

t,~;t
' 3_ ,yn ,

m., . Is!, , fH, r .[.- g . . Nh-.. .
2 i i .

1 --

a , J.w. y
-

. {,/e N i; 4d.i ' a.I)
y

4 r a p-..u; ia
.6 [1-. yd. ,; 4

k m1 :
7 ,

IQMF;itw ;
. .

$

5

:,,q;.h
$|

eMt tjH$

| s;$,v :, r ! [i e *]I'$

i.
i

i 22:m.- r:'b )'Edi *

d !N: ! . isi.Bi

,p] iti g s ' l'j ' ' liigd .ib! i

-/ j Q',
, a

q $q. h. __/ . !!!h*
2' t

. k j)l, 7
Ih[l%~ $ g

5 ? ;_u WN, '!i - !' ,
i c- [..

'n* * i i ej
,

e.g ,c-

},sa ..

, t g 4 .-7 ,
b-,

h. =n :

[
'

'1 -

e

h r a r i ~~tt- @ W ;. yl1 li:.
' '

S. e l1 unri -u H--> ;
17|' . 'I| 11di|Il| -U- I-;0 4

i. 8

J.
.e ig i *yy -Ig 1o

* *:g
it, pt .

- E .- kl fi' ( kN'
_. i. .

l: [,

.

b
_ y __ ,



'' A 3y * .~ ,

'f Nn

9' ,

m ,
'

y:f',. .i
..

#

,j| >

h ,

p , . . . , - .s ,.-6.-a-

!i
> n

s

iS+ 4 684M5e *'{9 * F-#=W
" -

' f #4 4we7 9 We ( Ep 5

. . . .!.-=$ g- og .
.

.
' I

E'

- {! . . !! i* . ![ ji8

hh' . . I,e :,-} .l =-
I

~7 k.j.. , ,

n\. l .

, -

- i, i ,i
+. I #ga% ,C .

i . -

F\md/ :4 -Mi !!L-d id gLa "i.;- tg&v r
-

@+g %==t..-.c g;g ~c Era m p h1h ( F7/2 @u
. ,b,

.

4 %
ey . .n 7 E

.

__.q g j s.m- ss .,

i / m f d;
p - /+ = W M =y;;; . q( j,)8 ',/

n , .. ,, y

,

c.h,g_: . \ -pg 4,a
- -

,
l

2f y et mg ,a,: il .
3

*// v
g , l i,i .

/ -bJ,i
, i. y l:

ji N3 m i. ' L; ' ,P | s; 1e
3,! [ }, d

uNt s, e|a

,! !
13.r

9

N I' ! A

k.i,, I N,
f

...i . -
i

!m*Ih' |! I
,

i i , .

IJ
-

-,.e. 3. . , .

h, d h1
*

e[ L .t.

gr
''|,-

m I

iM .

,

-.n
UM

.

. sm * -
. .

fi
-g]

o>. r . e** n . .
~~*"]a .

E

_ p,,}4,y"J - r;4:
-

,m ,yg +
H L i; i-- :

.s., - /
13 -r~ Ir ;

,I .

,

p - L; 1 .V g]/;C - 3

. pj r=gg[G i- -
-

* f:'- -, -f .7 A -
.; ad T$~r

/
;di

-

c . 7, - g( p, e

p;/
;Q |gc(v3 .sj

.

. - ..,-

.> , r: i i t it - 4 s. , !!,
.

;wr p, :: - ~ -

- _.) -
'o

4[.4 f]

' 1- 1

4 i
- q-Inf'j I '| f 'Twndv= 3.

..,_

s s
i

,rg M hi % k[ f

hMMji ws n. ,,t . n y; .
.

n.-

, ' u l ,i jj| - g y,.a

|f M; . I.I..
6

y ~||'/
*I|mi

k. i!I{i.K!_ i g i, l .|.Ia

| ( l il34

s f4 -
.'

A< .I_1 1 1';: p
.-

tp-

I|i
.

.ik.ki!ifi i|? ({ 3, '

, y) ' 7,e a .g} I, ] N Rh | ,{,.- '
8 i

p[ h ; |rp- , ;

#

H p -m e. i n. a ,.a,

e n t 8 3,

p r) y ~ , . ql# ! 1:n; [ |
"

h | qe .

5 .
.

to .,
I,

a

i ds ! ; Umd |( ;-m -

LI I A
- =; ,

,, '

f. f .
.

r A.a ; c + ,1: ji - . g -- u'
.

i} sqq6 n
.

,

-
,'i f .N ' _m/ , \'v

-

k
. _

..

k

,

p
.

d ,,
,

,, .c . .
Y

..
'

b .
E

!: 1 1| ..b .a Ir*Abit !!! $'
!

; y, , g.pq )y*,t; . ;; .g, y n y
.

. . , s ~
a
;j. ' s

' $,

' %,q.
.

[,, 1, .

f I{ h~ g p,
_{

;.; -
. a _. ..

' i , i, -
.

.

.

%, , . . _ _ _



. . - .. . -,~.a .,, ,, ~ . ~>~ ~ . , , .

g (- (;
-

:+

1

, . . .

.

.. . . . . . _ . .

[-
-- 7,Ff~

. . . .,u . . .v. ....e
,

<

, t'4 .S 8

n! i;: if h, ! n si

i 'd |-:
a

e )i
i i 4 4:

fj h,1 11:i, j ! i - l
b

,

8

$
xJ a L% - t

.n[ y-*
a|:/--. .e/// . d -|.

.. C
u]p+,- .!

'
sl :

a i iiI i

';

[[.
s .t

e ; f . * -'
<i:

;E g *

7 D| *rg ' i4'.
| |'

|
a
'

~ ~ ~ ' - ~ ~ ~h, 7-]~ c R y t - I-(f
i|-i - ,b

g) p -,,. '

,, g. -H'*{d*l j
,,

-

a

g ,QLK. 7.-.q j L-3 -;-- . l . n y, 1 [g
- g-

S A- ii[; l' !! -
a

b ( 'i
*- -

-

"'iCd v l' [; 4!f'
j ! f; 6 * I,! lia!!, pi

gIl | . fj;t
,t - *** 3 y.

! !' "I j

f I' ' 41 ,

4
| n s *..

'|
.' i

.
b

sI ,)-

!!. !.!j h Is ~'
-

roi i .i..; m .

! : M" fi.c
..

i'-t -5

Y,i*i
j ni

/ -.I i
- ;

l* p f| } g i. /,\
/.u: *

i
-

L ,

p -._t;r f-g|gj)s
)!.

y . .t } ,

N |9,H'
v.

'

. _--G 'o_.(,; , - .

<

,2 ; a w3 .. - p" ,t,- ,3.,
df,KTji;

,
L-

'
.,, , J- |- g '- | ?

_

'Ek J
1

* * a

}' (W ..
.

n;v i b l;
.

up.gx / f/ ?

'

p ,i;> ; a<

sIq- Ns. '

N).v| 4[P!:
I; '

/ '4Q N] h i

.. '

f Ldl %s
'

$y'
.|

!" Q 1.iby= i h /fMb !

Nw'qp i,|' h ,'O, ,/ k,h,S'SP 'i.l. f, _4 !!'', : {H,t! j[ j ( er
* s

'

1 -- e -

,PT i J, jy .,*
4

'hjif f ! }|:1 |M r-

agpp
' t'

..
,

6n,,n,. c , ..

--.| #

,1, t v. p- .,;

7|l)f f$5$ . s! - ( i ..#f[ f i s . ;b. ., n .n;, , s b, n I.a
en

Y_)_ N.E.
d h N $! ! I I f h II .-{ e* U

.
,

i,3 'vgI- 9|' M{I
!

y\ Q_L_7]-
,j

i
, ___fgs 7yde

-

;

se.g,c',iTh 1*9%=- u s4vg7': e3

f|C
$j..1,-c w p x-v i m

M[** 1S}id[ hM}Tl!|! -
eI

'

y- [,? jar -d - - --

q
*') ! -4.,r

-'P'f I l
,.3

.SE qh
{ AM- ~

[L it. j
u i il 2 h n e i'm . i ..J a..y a 4. J r. e[ 1 it i m pa l. .i i. in. 1 I.;! - i,t1 4..

;

|n
| pII ,-_ .i;p |#i .i

o , .

.N I fg$ $ k ht\ i -
; -

b,. '

\:u v ,> 'y I
.,f Sj d- |$ . h

-

. 1., r % ,. p.a .t
In

;
es ;n

- |:L
"

.F .3
"

i

.. . . , , . . . . _ _ _



4C* .a,4 . , .

- 5-

|'.: , ,

.

?t.

{
P

_,
_ . . . ,

5

.. , ,
' ~

... _ . . _

,,p ,,4e.e # em,- -'9**** *

* * * * *

s m1 ,,.+<r ~~1 ~ -e -

'| q _ ,~,. . . rr -
1 Y '

.
,

O- }

|I 8|
< Is
il 9 p

d-fi.j ]-
'

3'
I ! IiNP i , ;!. Ij 'l

t ! ]8 > is . .i'

j! ! ii .- t 4
*

li -]/ ',

'I 1 \ TRi., w :,e}..,
'

, - - -/ 3 ..t.y ,,..

/ S U-.-:~e.b D i*.''h ::::$-*#-:6d f[.: 4 -

7- gr-ldF7' - ,

'
. _J.: hta y c,s l

.- ! ~~ f & P -
" *

,,
: i.- e

r?! ;$ $I .
... _a

A)
'

h 3 ii k F, g p ! .-
,

i[ is n
f.i ji ; j I

.

e

|
1- -

3 ,j 2
8 L f |)

! |6 I N I

I' l 's

. }] .-I, O ., -[ii

r ; s;
n . st

|
;

'
..

> % .

* j

'~n A' k. ... sMTilikD
f :I *

Q ~~a NL-

kx - ,, ; .. t ,

!. :: i : i n- .._
.

re .,

. t i cm .i,a a4 t; * iu ,. i
.;.116 1 I - e

-

54p31 ;
i

m!it' i

|4h:l.|
W 4 !

p. .r ! ct .

il . |l
6IT TV #

* j"i! n:c ;I i
...

- -

urS ip

.? $ |
^

s %i; 1

; i .lili
-

1

Q; j $j> i
yk j . it

'

3rh <

i EiJ dp - y
j is"

,

\
1

;..f4-t1
wb;d -

.v-..av.
-

;

f C I$ Ij

ip()yxpg-k, ,/ [ y/=f),,
k,

; '' -

hm: raog y u=i= = <
I l 1 1Ia) o i

.
. m.

.

I l!. !. ' l.
''

(, ' h.c
g

- -

, n. t-
o- %

W . i s, I. h,, -b**

,% q i $! O1** Q ) .| -
.

#

V3 p 38's |
'

6, ,1 111 h
. :ih # |

'

1|0 *
-{- 4 6

. 4j \ -] -*{J/
,k , jj '

s

; n
b -r p L__._ .j -

0 , a s
E If .

vegs%
-g ..uv -

i| \
,

> ", '|
. t

-

-

k.; - ,

:

n f,- _ t-
. :

Jg. 1 r< l f*
? dmc ;A

|i
-

1-

ii L. ilP -
ij;" --\]- e$c. Li i.

1
<-

t | '' ;; ca-

r-

s i; i ,

. m a i;ci
- 1: -

' h. .* ! 's r ;t
t-

. | m. .

t .:



3,

k

-- == n w a ,-.-.,,s.e

...we
'

w

P P -

-

j p rs !,,

:| !; n p! !til.i!n f I'i ,i
.j' ji la :i h p: 0 3
r

P ' II II' { , k@
p, w| / j j ,,7. j) '.|

''

g g

) (; yM,- i

,

:.
. i.

1+ ; y;
.

-

,

. .f. \ . ;.g , yg , g_q 3 .,,,, n pr-
r; 3

,

7.a { ,
i

,/ \ i . .} ' 68.i_
g

. e _m._
; ,U L h .

,
.

- " "4 l. , 1,. a-[-'-', d 1 m. .g - N h sg g p e is , , | 8 I
- ,

=

c ~ M|-
* ' ' f

,

,

[N'' '"

.kr'C ! ^ l -
' . .. 3 -%F . : n _

h - T-

;. w.|q, , r m , ('* i'*
-

I .~-

e, [''* j e{~ )
t :- :. !uxs i P L ;11j <

r M. '

|ii!\ijh ij. +" qLjgj[s.h
m

. w)}O . +h ph
1 ! 1

Y b I ( ',' J' />| | P j1qA ;j qA aA
A . C. , n

w; i e

r 'q H :
; g ji.

,

'

pt s iii 3' i -;i y';f n t.x
n% i

;,i ip;;s); n
,

- 5 s i :er ;'

j ,I ' h. ;. I :; ,.i . ji
* N'-t-' ' '

. . .! 'i e i r
4,i ;! !

1 3 i i. -. ! (
.

; I >

-| t \ i i A s'

i j I . |I'

! )
\ 4,.. s+

. _ :4:?,| _ i

'\
;._.-- g!
i li 1._

J

gn,TM ea Tr.
cq- mI 7p-
.y M fil ids I

-

bj
fi *;5 in- ae! P sur

c l' r I ,

e nq e.- m,e u, , y
3 .L.1 . .:

$ kl f ' ~,'! || } |!
imi i

' (-
I:.LC b.}.a
W,E 1

1 'W! Q, '5
,

ly .i .- p ,-

jij. J'- |
sh;

Ei
w _ ~

)2
f*/

, :l
I q p|* pn . r- i . .fft ' .

T' i |I' I iN !' ! !! N ! 5 !$I I!.i '

h.f;;;; ij
j; 4,. | te t P' t ur ; c.Il . !: -

4r
8 eni .

td ,,i
ir,mij /J 41 8 / q; e r, _.__ e ;. ...

;i
i jg g cQ ,|,I

i sA*~v J 1 { t , . ., . .t [WMul /* g; \ {l g/ . p 41;j ! :
,

p t

.
g s e y q _ _ _\ .3

.-
..p. , y --r m gf __

1(~ G | =yM=-wn; l' '..- M6.| '9k.h p '

.c

4 7-y " r, " , - gl - x - p;.e . ., 5 - r
,

s. p y
-

s ., ,_.

._ s.6 3, s- : .f
.

s,<e
-

, ,c,
pe o, !, ,t'

fI g [;, { p z _---* . . . p . _ . . _ _ . ~ . . f' . . ,._ j... s,,;f. (,.!i

. - O,. s \ to
'e:.

2 %
. |,d g 3 ryfrmrt s -__ a y r . _ . :: = i;urrm--e n s |." h\* ,

- k 2 /-) [[)-
t l' ,* - **

I5 i
M .. . .. g; . .,

. 5 . , .
., / L.4 . (; | ,*W x

*

. >y: i -

-t
_ ,a n ,-

/ b 3 v i . ,-i , , ,g gd g-~,
f

i i /., g; h e # ./g : -- :- m : =:n :y .*
,

*t.y i,

e* E- $ : p j i n .: .A 9

.
%r= ~3 ,i / ' .,,,] ,

n| - ... ,,

\ r,
-

o ..-

;C ..,j $ d
._, _

}'3
. ,I ps: .g

@; 1|. - |
8-

2262 [r 7.|| \ h I ej l-$ le

9 - i.t.
is -. i!

1B i 4
,5

'!' Ij{ i, A ) p! $ p;i 'l e4

h 'p;!!. i. t. b|
r-1i _.

y- I ;l,! il 4 2 1
-

*

>z p f.,;}9,
-

t ,....u_..
-- I J|

< ' ' I rw
.



A

i

'

- - *
. . . - - ..

.g _

. m.. n. . , ,
. .

"--wee- e . . . ,

TI:

.g. .

I
.

#

35*---| j - J:!
r .- | -

r,
{

i

e l' :g s

i ;I; ,<P p____.iu w, e
4 , ,

.

3

|| j8 ,

s c..j_....__ .-

.y - m. _ , g g_ , g,

,...c I., 7 ......p....._; .,

I,
*

'

u . ,j, h,l !! (j i!
'}h g

.i i .. '.\, I Q ).
,''l g

'

4Z- , ,n A { '||1
. | - , . .. g .

. :, o g g
,f

i

i l* 4

l . _ __ . I .! *

| .. _. .. _ ..;h
|5j ,,

%.-w=, - g ,i,

e , .i
i esut g

|

',
-

iH'i ,6 , 'il
3 , - . b

.,

1 w!
-

-

L cq . -see
5|s 'i'5 /,/ [m I

;
,

'
,

t p!.!, \ U, f,, $ ],O,
.

p<
4 i . cr.n

ii ..
y

$ j.'. !,!, n|'_a I i

k,
;.;, . .

. [!1. _".',' h ,
,

.

gh i ;

b i il 1 .,

! $j / | .! j[e y jo ! i ht,

'
, h'

~_J
}

,,

j [ -|' j f It
t/j(

'r i g . .,,.. \ \ c-{
IT C ~i-

p q
-,

? - - :* i ,/
, ~ Ji' g

m ,e . _ - - . . . -
- f['q; ; ,

{ "j ,
'

---ij -f f.| j[ '

if [ |. 4 y.)
T

b j1

j?jjki9 p tj,

.

i, --

|I '

ijkbi,li
. N

3. . ,
-,

,

*
7'

.,

wf
.

1 } | 19 : .--
.-: b pa _ _ .

. ; ._ .
i4 .

- - %

|
p.,

-
. ;

-3
- =-;>' -

,

= r- - __ . + ,
/.g g

~ !
I

- - -
~ ,

. y
...-

|I ,b%, -
I

S e f || ' $..
'

!! .:
,

4., .
i gI

'

i !!;i. g k I g
! .

3
- @. 9 n p ': } I| ji pi-g 9,,

O il
,

'

YG r - R >#

7 ._1_]
-:/vt rih' mi i - iid

.

M i i g || i1 4'<
, r,yA ;g/

* i-t - fr
J' _f.

/ t I ;;

ff.
k, l'k )

0 , ~ ~. ; . ! et'
.

?s !
'-- ;b+*H-M

g

kl l , 1,j s y ,-
, t <t .,

*.N .g../ l'j <
/

t.,, [ .:
E -

p_



~
, , . .

.

..'

.

- - - --- . . . . - . , . . . , . . _. .. .. , _ , , _,

e e ....-w T s.-

F ** .. 7- e .,c.. ..n.. g . . .

*>.

J

f

7
s

Id
I, t1

l- .___-_ _

f s
. . _._ _.. . _ _. _, ?; jI

[.
,

(' -. -.; . _ , . . . _ . . . . .. ,.
,

4l i yi .i ,/
'

. ,_-- , . _ .. /,
. .*s if

.

] I

~ -. j f
. - _.

f;I 9,-----..j= ]- n m m e. ~ .

'' /_~ ' 3,
...g1 f.

b h f., m ,fy=,)
n_T ~

! [' ,. L.,+k
, ,
, , . ., , u, . ..

) YI (T.$N+5) h! ! s I,

| 1 4 'i ' !E E i ici % .1 ,! '

I Uj 1;
, . R. i;t 3-i 9> '

1

!

* - L.
-

..,

e. i
+
1

5 f y,

: :i I |J
i,

r- r-m. _ , .

_'.h. .I,,

.7 _-.f
^.| t

g , - .

m
m's 1.!

.f|_1.
E

ji --
t j*:J j--

-3

.

di , ..,

! - - * * - -y.

m'~a
,

W n
%m - j,,i

,,

,

:w.6M m%
i

c'.* hig -[1Jqlf-
.

. - -

pI _! A g e : p- m- -

a|I
|. . s1 rf :-1 8 a ?

| ';3- ,'[m,;.g.,i 4 i.i. , '

|g | .

s,- M''**

'I ~ Ms U [. j; gt h ,:,. a.: ;;. s.
;11;s qp' e;

. g.
$ /

I, . /- -~n>|
s( '<y q

6 ,s; i
,

= r a r

/$[sg,I
/)] o, ej '''J '| $ M'i

= ii.' .

l' i-t/T y' j; .-,

-Q i 1: 3
*

t. / j t
' Ft i.,

x
177,, | " { | 3 %, -

,

/-

-)- g - q j 7
4,

: % P: t ;

f :\ \ 'n1 _p fr -.

; f - *a- ~ ,

'4,4 g .

%. !!
: : : ~:

. ,,. --
4

'Mw% NM i p'E

BE. ' .

(C N
r- A

'c I
. I,e '

e3 g
! \ 4*| ,.i #i A - ,

$$ se 4-- 6)
-,']

f j
Jp .1-._._,-_ I U J

' }d |n
! -

I p! '
..

{i )_I . i ppm (, ) !e-

, - | .. o
y8 iiy. x c ,a .

g _, ; _.. q r| p , p_ g_ ;{,y2 g ( . g,

_ l .\. k'f ,h,._re= 6.,s m id$ iO_-h 3 .'-
l { 1:t. . L. . ._ . ._ .. ;. . p 1

, w -( n ; ef,4, - g
:

'r;:at ;-

cdj i e r-e i_ ,,. n ,

| d - .__. .. _ .__..._ . . L . _g. ._}T 1*hr:(, . f (*61 1.
.

.,|

l'L .t
,

N.. - 4 p3n
. . _. .. _. .. e. a . . _. p , i .: ; li

, e .s
__

cr ,

n :B .i n
,

u ,; 11.:' i.e ,

. i . j
. - j;

.

? U '
e

,
-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___._.________________.________J
'



.

- * * * **
+se....w*as- ww w.-w w , ,.a + . . . + . g..

. . _ _ . _ _ . _ . . . _ .
.

.. . . . . . _

,

_.. .. . . . . .

, _ , . . . . . . . . _ _ , .r , . . . , . . =
,.

.

t

-

i
.

) .

u*,

|1

', :;I;
a |}|I~' ~

r - 1;:s
.

; IT I git 9 -
,,

_ _ . .
i

k l
f.1

..0 W6 i L.I'
v -

oi g
.n

; r'
,

t 1-

i, y.. -,

fy
a' .*

y r,\.

r i s. -
- d at< \

| t n' il, Ini:n $ 's ,'

i + 1

,'
.w; y$ . o) \ *\ .

e

i j I* f5
.

al t.aj jsa t;h. Irt :.
953'i i

.

e
-1 p %" '/ ) ev .n

flig h.
-

in, ;,j g
h 'r; e,' I, 9 *(pf ty '
i.j~~ 71 t_g?:+.,w

p.-

(* '#; gaa 5- i|
- pii

|:p...e.tg i ,;o. g ,c

I 5: ' 1 ] ,l 'st
i.c

1 71.'11
fj llm tr *

~
r

w
I !h

UEk ]1 q#y -

Sd
-r7 ,

o ,

g p;7. ....
1;y: |

- , , . , - . , . , .

,.'

i (- l(
- x ' , ,

5 I
. I ]*

: ,-
,

C :) gI g ' n& m^ e
'e'

i
1:t..

;I th'
-

y)| - _ a,

' <.

:; k t
~ g;_ ' [:

i 1 j

i 'N,N@f - d**'

-

;
. .. : e

-Dq l . i
?

g s a ,

' !
-

'; r >

f C'U .''
!- . M,y j. .-- ; 7

4
-

m!{4 i s.- -< 1._
.

%@MjsS

j' -
* -

ee4 t 's e t it
'

s%s1
* pj:-

3
p j y |- ,f[b., **

t-

x, m. I: .

e , t.
'

,'r r N" . -

r -

" i e a 't
Ng g h| g ' - q"qi N i1 .- , ' "1: E I \' i 9|

e

gg .
- ' F/, A" || 3 9,i
; ,

o'
i .

1jQr# ( - g
t i tj,'s ,

-

Qw:y;;
|-

e
.:y %,-

.
* ls -

Y
.
. ,g x

} $ '? g;f?{k')Y h/ 7T4*r 9

'.i ,r,

,1g ,

.L.r b |:et |l .
i

_ - '
.

- G -:
| !!!i i ).-i H
i :.1

s
C t



__,_..-------e -- -~ ~--

.m. .e..we-spa == a -- " ' * - * '*"' - * ' "

4.. gum- o g. .e .e m ee **

qg,ye b 19 ditP 4- .'/#M4 0

e'

I

?

~

i .

; j .

v
i 1 i

y_---j'- : uti I 8

...lC fn i fij, p 1f I yt hj- -- 7, -C ( j
,

-- p ; ,a u p-i j :-

,
+

g
{ ;

.,*

< i" a.u; t en,i
h

b){$
; *

f -. (\, ''!

I y. '

-/ )|,/

| . , . -
qe

e e n .if Im:i! e ,'- #"|r
?~

| Eg p
cap. i

fi g; I| '5;[i.ii E
- . ,\e ri i s\# . . . -

Z[s II II. 5 h;l!Ih!h k,$,_i'
,J M f

<''

'l

..! h"..?9
.

|| ,I
. .hw; j dg ,=i

t

.'
.

'I i M 5
..JV N. ?,j fi!!g'

3*

1 6P 11 ?! rp htam r.r "

-! i
;

1 51 py
. g ;; 3.7

. d, !r!
, .

-, >.

.s

v.- -t

'.3
'

.

>i
.f . i . . .

'' - | e! | !._h. +4 * ,
'' f f ! fI,'

%Tfgi,rT;c,sh- p
si l

I E
,

l I;t

i 1 i i
I, I I*

. 4.. i

,g |d. if e|,I;!;;;!;!;;;j
, t *

; ;

t
1 g .

.

y1%- r,
,

I 1 ..(3
-I L

3 -r- A' Jt f,'

$.d c3[>
y

: : i> - -q' 2. :

N ;-g+tmg_ _- ; - --

.-

._

i rx -
_ .:r t-

;,p; y1. ( ,

-

; o -
.' , , .., g

3 . 3x,

|

| x;
%s |. i

; n ; x n +i
,g; i .,1,

-. , . . -

,

is;Q;: ,aacn r vi - y r
, , .

: 5 r*
~1 i I

, .J b. ,;. j[[ A U

,

:.
;, . ,'$, / \ !! .3;: - ;

k ( s.g .. .1,
%{':h

..
p

I-45b[/
fh,t
i.o: $

8p4

h, -ov..-
., ,

.h.- l !h
~

{i!! h
*

,i i
i i

.

C | c, .
'

ig mr ____._.- - "



'

9+,-,<w.a..~4.3-+-4- + -, , _....1 ,

i.Rh';:
4 'c[ ,'6-

a e .

'..I I' . . .L's.s_

v

> -
-f.'... J

$_ '--e- 1
'

s .. |

4

i

1

ij

y')

.

' . . ..

/ +

-e

4
<
!
4-
i

k'-
4
9' '.s
e

d

9

i

n ,

.-

- ,

1

|
?

,

,), 1

. -i
i

: I
- 1

,

'

i

.- kt

.;

k 2

.

')
'

$

t
- !
-.s

. .

-.: J
i
s

,8
|,, . p

. ' .p
%

&

i I
I

e

!

;.
g
,

!
" , . s

.

- s

. )
:[. -;.

- u'.
t

P

f

6

"
.

'

'

t'. s (
'

,

e

'h
. k,

a

?.
.

.

.
.

f. .!

,

; ': \.Y
I

_-4
h

' +
5

J

9

b

'I
r

*

.
.

.. .. .

k
g,f11'#$MNPgP'W h *ht -eg5* %Tsu-1-. ---- - - - - - " _ _ _ _ _ _ . _ _ _ _ _ _ _ , _ . _ . _ _ - - _ _ - - - - - - - - - - - -T"A



7s--- ,.

3 4+.> s ip_ r s( ,,

,, 5 h n-

f-i

) '.
t

I' t-- '
j(

' 'p

| f
- - - , . .., - . . , _ .

.. . _ . . _ ' _ . . . .. . . _ .,.
... _ __ .

'! .
<

2

"
#

.,,y

t k

I

. I' 'r
m- .---

-- - - ~ . ~ . ~ . . . . - - -

'
i:

*
i

b
r

*

. t ..|..i e. ,
5 Ga 8' 1 e

{I |^r f
>j ); =!

--

p| ''
- t, e .

A .i(
I '

.._1. ,

s, N|- |,| j
,

- f?
? p

!, h \' li4.6- j'

h g, , s ,
-

,; ,, ..

l' e

i r 1,
p ' ,6

?? -
'. -g e i 4 . a

l, ' {h {| - 1 I, n? ,p
U 6

Oj 4 .-
'

3 *

.. | -
^

1, 4 p
i.. s .,

,

| e, _._I,I' - ) s'4
'

,

.h9 I *
, ,, ')f ./ 8

'
I,

:. . w \ .| :- <

r \ i i

e,! I
~ j. <48 !

't n ,

il lj : i -
.

l,,
, i.

.t
;
i

' ,|
<

i

*%,

bI

i 11
,' i |.

.

,hL ,

_ _li i /, - _ . . _ , . ,

nI r | ,
-_.; a ga j ..

*

{!| f' | :|1 ;

P :|.-
+

.-

*iTTi ' | 'I |
'

-gj 1-
,

t e
. : X .; .,n

i r .

..'
-

t , ;

is. 6 ; f I i.
'

.

| si it . j

4{1!
' n -

i

h . j. - R. ||. |-,.

jj j j !i !? .}
- $'{7

1 Q i-

I

jt 1 / ; . YTl a
p-[J.!.J ,

:r
: *: .

hm /.n 1:
- ;

*UJJ : 1: 1' :i ,-' t|'t%@T !

r .

6;t %d i
i p

"f"
e

/ ! I.

1| 1| } | i I
,

n

i s a . t.,. 1 : ; . 1

mti, i ! l -3 I' '; t|~ !' '
i

I i .
- tne so.w.u.p; g ,

| 'a g ii
,

{ !! | I ' (| - 't ,f'
p i.:; : . . . .. : ,-..

n .1
,;

e(
I, :, b* I':)-s' sf.

p
-

q. . . .,

)- ,
*

L / o; -~u L ,> .

y(..L 'ti .

" . / :

- -
p s '7 . P.

a

: -

4 , e n

|t \ \ 5'
r ,

p k I'
3

i|;
4 i ii>

* * ]* ; gj
'e x : 1

. i

, a.- -

? ?,. (n . ---73' ', i p -
', ' p..< r r \ ,e '

..
f

q!1. '
i,,

1, : l'
**

, ,w i i
'

'

r e

/ !Yqo --

s :|
i; .;

s /
@y

'c, ; ,;'

| L;,f
. s'

sI t

i - r |
$

'

t, T
: s

. ,

9
f t
i *

he,

x ,
- 4 ,

1

'T

,e,, .

- y ,
W '



, .9 y - - ,a
. 4

'1 . e.

)

(. 'I.a 6

I 1
* |1..

e

t

, i _ ~ , , .,,e ,,.e aveam- ..*e=: .M- Su8.=88 * * " " * ' * * ' ' ' " * ' " '

...,.:..--- - * *'

p .7 . ..:. ,

! /
' "

.

f -
n.2 /s je,

F.

, f''/ 1; tI|- E
s

}{ q,,, ,/ \ '

,,
-. s ,

\ ~{e,$ *9, s .,

< ,4 e x !.

\+

9.s c' _s s a
/ h M s.N,/ 'q \ \ - <

' s . 4' N ' N' N NfhhY 't/x\\g% w,ts
\;

sa z., s yy sss
- ji ,c'/ , f

.*
'N

g c' / s's '%g N NQ4,g g4 \('.
,,

, .

7
i sgs .. s ev-

'2,1.['' x% 'N h
'

'
.

,

| | 'J':'%'g'i';.q'hrpstf<''( :!
'

k': Q g ; 43 v
ergw-

N4 - ;.,,

xx x s p. -g y
s s e. Jg g x cs - -

a
h f ,Q ks'k. - ' g gl! ;;' h

'

'I
s .

[.d,,3:! - it N, 'g- N. , 1,, ' '
m.. ,

,) fy !* t i '

'
.. Ld -- I \ '%s - ,sm: m. - a h x..iI!, !

-
ks - ,.}1l _.

c , c.; ,|,- y',
. ;

lmi e- r f-
.v

- # i
iM

+./
d !- F 'l i

i s d i

.

! .

u; V,I[I d
NJ i._ '' |- 11

'
.

!.

|l |;x;;;.h,.a;|;-
"

t i -

.

4o; p ;* 6 k .
| q9 .-

r-{l p;jl , i
-

.

l! [ '
|j(I ei 'd p]~J|-

t
,

o :: ,- ; ;i o
il :: ;' !

e|
i- eit

[o//' !|| '
||

'
i ll i;W e ..L. n _... . ii

'

7'4'\N
;

_bd ! || I p 1 fti
!!-. 4M ; i s b y 0 .

kN l 1 ,

; il i

hN
n,, m'v|\' l

ily ;! ,/u /]. .' [I ''
'

=

! >Iniw :
s g .ie qJ s it p i)I .I ,j . 1

,:
_.p!!j i hg'

[ fN x
A ,g# '

-i !D !? i . 4

C(. "i ! u -k.. f i }: || |
- -- y-

;t g i q ,, n ',

^
1

I d_ . f'|.
Il lj ||

' !
ei e.n s- !

p 21 !'
i

'
, ,, . _ ,



d

.

- .e r=* - - , . . .v,- .,

..

r o.,-.. . . . - . , , , . __ , . .

it'
.

,

I I
. .

,

i p p

,! ')*
, ,

ji M d * Il !\
'

y ! i p jf'-.--
L . ~x x.i

, p, e ]jiI ji
'~

L ,

" !; 1t u !,!
,g ,'.,

e.,
- iii ., : e, . s._ _

y o< - II, /a ;
g g p*

'

,! _

' .m .

*

,.
.

f/,,s ,e
.

' j|'

3 - <r- & r.. , '
e

|I 3 *l' 'i l II.'- {t :
l ,

:+N.,,\,..tL . --

i.

.

q' n.' . -

E* ;i P k :
..

, A A : .5 . .

U ( l$ t

.

3
-

Ij<'k kt. i,

i

I
. g- .

,

0
e

f' :!
,.

._ _ !, - p.. -- .
,

~ .. o s -. .;.
.t il 's ? e *

-

p* . g ,.. r; { j e eg .
Ig i '. .. r .' n

fj p
'

N
'

'j - ,

pl
r

j !,
L.P

L !!; f f ,g (,. E j..e
'

.

: : ; p - -

p } jT - tij _

.

/
!!

,% . ! >;.,)[ y..Q.. - _

| a.. . .. ] i: q' u 3

0 l., . E. s:! L 'p,l
,.-

;g$,,m% D>
.

,

., -,

y n; , '':ap 4 1
' i ,i-

'i ,31
,

| .[ /II*

[{
e

,

| 4 3- i|: , v
s}.

>Jr;3
. ...

ITN,

y e; .--

$'$ k[$ $$ |] b. f , t I \ r" \I'
i s

, a !,, Il~.i-(n, j . . }8 - 1, ;e,
I l,j

.
a-Mr

,

L :: q; T, | o! ; ;,i p/, -y c iI- - .-

h"!!, ji |'. |
,, ,,

' " ' ' :

If k , 'V ! Y |}
v 't

O|' M1- -.
q

s .e
I

N 1// U).e[i. L.-
1

>

. ,
*

N
g.

l
c r r ,'N ,. dj , - w .. n

: s 9, a
t- 5 : 3 . :1 -

- .1-- r:s ,i' . !- h .
- i ,

,

'n! T ,)
*g n [i i .. }} .h

p- . , .
.

N'
is 'l

y ,
. !

| Ype dl p; h. ' p-
|''

(A)p \ !_
- eN t1 in

! 8

ud I ! I.Y,[t f
. I _. W . I- !! |Qt 5 |

' L.q p
.

8
1 x . s

g.9

I;k5 [ 5 _f ).T ' A_..__[ 1-f y ' jf'
t ! 7 :

- ;
,'

,

l .<:i s: .
- i,gs

!. .'i' 1 .'.,'| .| -a ..-u. '' -p y
.. 1

f

:I ;.
| s W}-
,

Ei .
''

? *\. '\

U: 'j
r ' . 9

_ _ - _ - _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ , _ _ _ _



. _ .

.. _ _ . _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ . _ . _ _ _ . _ . _ _ _ _ _ _ _ _ . _ _ . . _ _ _. _. _

i i , - > . . . t - 6 - ' *.-
p-

3s

'e ; 'N:.

. ' - ;- ~N, w.
- .

-

, t.g ; 4
'

&
'

.gl'
.

, ,51
;sp x.-

. .s ap:a i i,-- o pgr.
? s', ' ||i a

t,|;;1V 44 g
n-

-

o!
.,.

|I
'

.
. 1-

' ]vai
(8 |

n
r )!q-.

eIt,
- ] )]E

' '

-

Iff;
'

gje s

pcgz esl a

e'a |:) I'
i

th :t I . 1

N I - UN* - ':.g ,

M . II
,'

1
g /,:

- i 18, M 1
,
. <!,!

t-

%7 -,a, 9
mu-n y .

.

'- '

c
ug,

? n
7,

! 4 II J-

t ,e Ib |l w
fm.g- ~ }-- i

i n.

n_

mi,
o.

y u lgs || i;>
_

4'1 n al
.

||j SN , |
"

H
m i

s

g@ h 27 ff]
. ...

}b
'

! titi ; ,7, m,'

s 6 i
is n/ ? S Lii gji/

n

//y EEjIBJ[ j j SI@G|- -
! n

]
'~

-

,

.FJ, n ,, c. : me
.

- - s

.h # l.[ h b ' , 'fh [$)l:
,:s/ s~ i, -4a. ,
3
e 9) G 1 i a 'l|} If

{ %' 3:
-'

t l..,

il ::; a; ear. t 4

. )$ ' f II Ni El .fI-
su in. y ia

$
~

|d
*I

, I b t

.!a
4.

1

.!

, , , , , , , ,_ , , , , , , . . . . ,, ,, m , , ,
,

,[ -- . , , . . _ . , , , - , , , , , ,, , , , , , ,,,,
. ,,

4 44 c. .m3s . 4
s eit w i c a s u. s.a m =

ese
.gg7, g. y .

--~,r e fH ,

afsar -as u ,n ;

N- r -~!!.h !<r!'YITif$*.c ,
-



I e i e 1 | . I w f = f ,
e *

t t =

,

r; /r;
5. 8 Y

| |%|.N_ Rh 4. \,
j/ 0 *e, \w$

,

'i ,i
*

i
;, L L

...

,

<

[[|/ ~w ;4u&g
*

mw.%.
: i

fe9~ w
" . ~

y h g| x ~b ~. 5w ~.y .~r Q % . 4

,

g ~-
,

i :
F 'Q,1 |*, -

Q,4, q
q. ..

.i

jj; ;_;|;;L |rit|Q||:d| ...'y %

$ Y' f., k~N~~~.~:-|% -~~~.
i

a
~

-

D
.

i

p'CV

!x. . *f' .

~. ~ - [" -

.

S.3,k ,

-
. ;

.
- gh;4* ~~''- q . -

s
, .- ..

.' s
e ' ~. w.,)

.

*,

w,w.~,
,

% .,., )~j~~

g .' %
-

[_Et,1^-^ . C
> e

\n % ~
l-.

k.~i~~j
-br- ..

'

',, ' ~k~
,

a/' . 4'*~~.~ ~:
.,

\
r #Y |

%fI ., . /-

; l f' **

c' '
-

,,

.* O.J* sY ~c ;- a/ . ! $ ...., / %,, ,

^% ..) \
, .

e.

\ g5 '. ''''.' + .

[ 4*l~ ~,..-( - ?g,
"g. S> /s \
:'

,

.

I
-

;-g,., fj

~:? ' ~,. ',. i', '

~.m#.- 4m f '- sN
, : '

%.
- '

. s

'$^..M:rj9
s C .

. .,,
'

1 '

%i.e.2m:. af , ,~~
#

.
.

*-Q , - c ,,

/

-

U
'A',T

-

/ j '-

/ +at..j:f Q~~5. + -4 4
-

. ; .g . ,
:f.

%. % wic.L '.f
..

yr
M,g ,,

%c.e.
V : 4;7 S* GQ ' wJy ~ .,.5h

f4|
\ c.'.

0;m S.(M \,- ' '* j.j'
f *-

gi
N .m '

s '

A F ,,

\

khf' g- ' , ' 4. q.
\ *

g
- aa

' $. d
.

"x
g T ,,""'1

4 % A'
*

'|
?g. g'|||

, s,
'

'x\
'

w,,.} g

1 \ A, a. 'ph k
, s s wx o(. % . ^' 3

S, %
x x s. s'k.
\ 1. ' y.i /

,$

,.

.

\ 7/- ~ ,h
u y

3~i m,
g.

.k
1

- \,
. -

' /y #

d \ g

\(h
.*

.
%

s
*,*

\

v$s.
J

\ 0 b
* k % . %

%4 1 , . .gysb T,
'

s , , , * , , ,'' y- yh p./

.ne'hh \.
+,#j,~ 0sO

g
.

/gO NpLpo*,} hs \e
< {, Y.'(/4-' n- .

a p **

E, x-- .,.

'

,.,f e * ,?._ -
+ *$ ' 3.

.
s

, , , ^ * .



i
:.

s,

APPENDIX H
,

TITTABAWASSEE RIVER FLOOD ELEVATIONS

.

P

t



| ).

.l

- ?la
rJ ,a -i -
.

E.4.
c .s

{satzaunasoAo wtS1THtY PER! UTTER Of sal? BURG LANDf1LL ig d.],

E $ ,4
91 2 *

a 2 3u o= o < u
Ek!N $ $ $ 5

_

h $
g |3

= * 8
__..

0

--_] b ; f 9
_,

a
-

.e 2 5-

-

iT I.
.

-

~-
,

EtiN1 k
'

_

_.

_ TITT A9 AW AS!EE

_ EDIR
__.

~ ~ ~ I TITTABAVIASSEE RIVER FLOOD ELEVATIONS
~ .d' . # # " "

o CollSUMERS POWER COMPAtlY RAILROAD ORIDGE] g
ttsio s' - too vto riccP ti. ACCOR0!!iG TO 1984 FEDERAL EMERGEt1CY

ELit o ___~ 4-- - - r : , mat 1AGEMEt4T AGENCY SIUDY
._. (Att tuvAllows - uscs DAns)
_

N.

N<

N

w

i

%-

El600
.

I I I I I I 'l | I I I I I I I I I Il | I I i I l i i l I 1 i i

o soo rT. t.oco n. 1.soo ri. toco n. 2.soo n. 3. coo n. 3.soo n. 4.000

cells 36 & 37 DIKE ELEVATION
vs.

TITTABAWASSEE RIVER FLOOD ELEVATIONS

.

-'m w -
1 a - , , - - - - , - - _a'',



,

,

!

,

t

,

4

i

Appendix I
'

Calculations of Radiological impacts From

The Removal, Handling, Transport, and Disposal
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1.1.0 GAWMDOSE

The average gamma dose above the thoriated materialis taken as:

A) 1.98 mR/hr for the Bay city pile (based on 59 readings taken 1 meter above the
,

surface of the pile in 8/87 by Dow).

B) 0.068 mR/hr for the Midland pile (based on 102 readings taken at a height of 1

meter above the pile in 6/87 by Dow).

1.1.1 Occunational Gamma Dose

The gamma dose (D) to workers performing the material removal, on site

handling and loading, transport and disposal of the thoriated material at Salzburg

is determined from:

A) D - 1.98 mrem X labor-hours at Bay City
hr activity

B) D - 0.068 mrem X labor-hours at Midland
hr activity

The total and individual maximum exposure of workers for the steps in the

material removal through disposal procedure are provided in Table 1.0, For the step of
'

transporting the material from the Bay City and Midland sites to Salzburg, an external

gamma dose rate of 1.98 mrem /hr for the Bay City material and 0.068 mrem /hr for the

Midland material is used at 1 meter from the exterior of the truck and in the vehicle cab

(no reduction in dose is taken for the effect of distance or shielding from the truck

body). It is also assumed that the trucks are driven at an average speed of 40 miles per

hour by one driver per truck, with 4 drivers being employed at Bay City and 2 drivers

being employed at Midland.

The trucks moving the material the 20 miles distance from Bay City to Salzburg

would make 4 round trips during a workday (0.5 hrs. to load the truck & 1.0 hr. round

trip & 0.5 hrs to unload and decontaminate the truck) during which time the driver j

3 ruck towould be either in the cab or standing 1 meter from the truck. Using a 20 yd t

transport the 40,000 yd3 of material requires 2000 trips at a total exposure (DT) of:



DT - 2000 trios X D_tna X 1.98 mLem = 7920 mrem

4 trips / day day hr

Each of the 4 drivers would receive a dose of 1980 mrem for the duration of the

transport period.

Similarly, for the Midland material, where the distance to Salzburg is 2 miles,5

round trips a day could be made by each truck, with 600 trips required to transport the
!12,000 yd3 of material. The total exposure of the drivers would be:

DT - 600 trios X 8 bis X 0.068 mrem = 65.3 mrem 'l

5 trips / day day hr

Each of the 2 drivers would receive a dose of 32.7 mrem for the duration of the

transport period.

1.1.2 Offsite non-occuoational Gamma Dose

This is the predicted gamma dose to an individual residing just outside of the Dow |
1

property boundary. The following assumptions are made:

The resident spends 100 percent of the day on their property; 75 percent-

inside the home and 25 percent outside.

The gamma exposure rate inside the home is one half of that outside the.

home.

2The gamma exposure rate decreases as a function of 1/r , where r is the.

distance from the material piles to the site fence; r is 0.5 mile (2640 ft)

at Bay City and 0.3 mile (1580 ft) at Midland.

The dose rates above the piles of 1.98 mrem /hr and 0.068 mrem /hr at Bay-

City and Midland respectively are at a height of 3 feet.

The dose rate at the site boundary during the excavation, movement and staging of

the material is:

J



Q,,.f.Q2 X 1.98 mrem - 2.56 X 10 6 mrem (Bay City)

(2640 ft)2 hr hr

f,2 !g2 X 0.068 mrem - 2.45 X 10-7 mrom (Midland)

(1580 ft)2 hr hr

The indoor dose (DI) is -

Di - 18 h X 145 dan X 2.56 X 10-6 mrem X 0.5 - 0.003 mrem at Bay City

day activity hr

and correspondingly 0.0001 mrem at Midland.

The outdoor dose (Do) is:
,

Do - 6 h X 145 dan X 2.56 X 10 6 mLem - 0.002 mrem at Bay City and

day activity hr
,

correspondingly 0.0001 mrem at Midland

The total annual non-occupational dose to an Individual residing outside the site boundary

is the sum of the indoor an outdoor doses or 0.005 mrem at Bay City and 0.0002 mrem

at Midland.

1.1.3 On-Site Non-Occucational Gamma Dose

This is the predicted gamma dose to an individual working in a building on site.

The following assumptions were made:

The indNidual is on-site 8 hrs. a day 5 days a week for the duration of the.

material removal process.

The individual works in a building which provides shleiding such that the :*

interior exposure rate is one half of the exterior rate.

-.

*



. .

The building is located 2000 ft from the pile at Bay City and 600 ft from the-

pile at Midland.

Based on these assumptions and the same gamma exposure rates above the piles used in

the prior calculation gives an annual gamma dose of 0.003 mrem at Bay City and 0.0004

mrem at Midland to a non remediation Dow-employee.

1.1.4 Offsite non-occucational Gamma Dose Durino Material Transoort

The non-occupational exposure resulting from transport of the material to

Salzburg is assumed to consist of the doses to a portion of the population (onlookers) who

are close to the transportation route for a limited period of time. The exposure rate to

the onlookers during normal transport conditions is calculated using the following

equation:

D(d) - 2K I (d) where D(d) - totalintegrated dose at distance d (mrem)

V
a

and I (d) I exo ( uriB(ridr-

d) "r (r2-d ) 1/22

K - dose rate factor (mrem ft2) hr
V - Shipment speed (ft/hr)

d - perpendicular distance of an individual from shipment path (ft)

linear adsorption coefficient for air - 0.00118 ft 1U -

B(r) - dimensionless Berger factor - 1 + .0006r

The dose rate (k) calculated as 39.6 and 1.36 mrem-ft2
hr

for Bay City and Midland materials respectively based on gamma exposure ratas of
0.396 and 0.0136 mrem / r at a distance of 10 meters from the material. The sh;eldingh

effect of the truck sides is ignored.

The TRANSDOS computer code was then used to evaluate the individuct exposures.

The dose to an onlooker along the transport route was calculated to be 6.79 X.-10 5
'\

k



m.v,--

mrem and 2.3 X 10-6 mrem for each shipment from Bay City and Midland respectively

at a distance of 10 meters from the centerline of the shipment route.

1.2.0 AIR PARTICULATE DOSE

The dose from Inhalation of particulates during earth moving operations is

calculated as follows:

1. Average concentration of thorium in the soil is:

CS - 188 pCl/g at Bay City (Table 3.1-1)

CS - 29 pCi g at Midland (Table 3.1 1)

2. Airborne dust burden during earth moving activities - 425 pg/m3

(from draft EIS for UMTRA tailings pile in Grand Junction (DOE 86)

3. Soecific ActMtv of dust

Specific activity of contaminated soil - 2.4

(from final GELS (NRC 80)

4. Average air particulate concentration (Ca) is:

Ca - Cs X 425 g/m3 X 2.4 X 10-6 g/ug which gives
Ca - 192 gCl at Bay City and

m3

Ca - 0.030 gC1 at Midland

m3

1.2.1 Occucational Air Part!culate Dose

The adult in inhalation dose conversion factors (DCFs) for occupational exposure

for the thorium decay chain are:

,.

.

_ ___u,.
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DCF (mrem / year per pCl/m3) (1)

Organ Th-232 R a-22 8 Th-228 Ra 224 Pb-217 Total - (2)

Whole body 6 29 4
__ 39'__

Average Lung 363 98 615 5 106 1,187

Bone 1,558 27 122
__ 107 1,814

(1) Based on a 2,000 hour work year

(2) Total DCF assumes that the air concentrations of all the isotopes are equal.

The inhalation dose (D) to workers excavating handling, and emplacing the material is:

D - Ca X DCF X fraction of year activity performed (fr)

D = 0.192 nC1 X DCF X fr br Bay City material

m3 -

D - 0.030 gC1 X DCF X fr for Midland material

m3

The total and individual maximum whole body, lung, and bone exposures of workers in

the steps in the material remcval and emplacement procedures are provided in Table

2.0. The airborne source term is considered to be negligible during transportation of

the material since controls will be imposed to prevent dispersion of the material from

the truck. The source term is also considered to be negligible- during decontamination of

the truck due to the small volume of contaminated material in the truck and the use of

water.

1.2.2 Offsite Non-occucational Air Particulate Dose

The predicted dose to a resident of a house located outside of the Dow property line

at a distance of 0.5 and 0.3 miles from the_ thorium contaminated area at Bay City and
,

Midland respectively is based on the following:

Earth moving activities occur 8 hours a day, 5 days per week. dust is-

assumed to be in the air less than 10 hours per day.

4



Thc resident is assumed to stand at the property boundary 8 hours per day for-.

the duration of the soil excavation.

The airbome dust burden at the property boundary is assumed to tn less than.

5 percent of the dust burden in the breathing zone of the orisite workers

(based on data from UMTRA vicinity Properties program in-Grand Junction).

The dust burden at the property boundary,' conservatively taken as 3 percent

because of the substantial distances at Bay City and Midland, is 5.8 X 10-3

g.Cl and 0.9 X 10-3 nR1 at Bay City and Midland respectively,

m3 m3

The inhalation total 50 year committed dose conversion factors (DCF) for non-

occupational exposure are:

Oman Total DCF (mrem /vr oer oCi/m31

Effective Whole Body (WB) 117
Average Lung (L) 3,561

Bone Marrow (BM) 5,442

The inhalation dose (D) is:

D - Ca X DCF x fraction of year activity performed (fr)

D - 5.8 x 10-3 pC1/m3 x DCF x fr for Bay City material

D - 0.9 x 10-3 pCl/m3 x DCF x fr for Midland material

which gives for nearest resident at Bay City

Whole body dose - 0.4 mrom

Average lung dose - 12.4 mrem

Bone Marrow dose - 19.0 mrem

and for the nearest resident at Midland

Whole body dose - 0.03 mrem

Average lung dose - 0.9 mrem

Bone Marrow dose - 1.3 mrem

.

_ _m m___ .___ _
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The air particulate dose to a person working onsite in a building at a distance from the

material will be negligible.

1.3.0 Thoron (Radon 220) Dose to the Luno

The dose from Inhalation of thoron gas was estimated using the following

approach:

1) Average Ra 228 concentration in soil is assumed to be in equilibrium with the
Th-232 and Th-228 concentrations at 188 pCi/g for Bay City material and 29

pCl/g for Midland material.

'

2) Specific flux of 1 oCI-An 220 per oCi-Ra-228 was used

m2 ec 9s

(from Final Generic EIS (NRC-80)

3) All the thorium-contaminated area is assumed to be exposed at the same time.

4) Radon concentration - 0.03 001/1 (from Grand Junction Project, (DOE 1987) -

Radon flux pCi/m2.see

5) Average thoron concentration (CRN) above thorium-contaminated areas onsite is

CRN - 188 pCl X iocl/mZ-sec X 0.03 nCJIl - 5.64 pCl/l at Bay City and !

correspondingly pCl/gm pCi/m2.See

CRN - 0.87 pCl/l at Midland

it should be noted that this calculated value of CRN is extremely conservative

since it is based on parameters derived for Rn-222 in the absence of measured values of

thoron concentration or flux. Thoron (Rn 220) concentrations will be considerably

less.than these calculated based on Rn 222 parameters because of its considerably

shorter half life (54 sec vs 3.8 days). As Eisenbud states (El 1973) "The
'

concentration of radon is reported- to be 50 to 100 times greater than that of thoron-

- and "the dose to the lung from thoron and its daughters does not add significantly to the -"

dose received from the radon 222".

L
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1.3.1 QccuoationalThoron Dose

The thoron dose to the lung (DRN) from the Bay City materialis:

DRN - S.64 oCl/l x 0.06/100 x 0.7 rad /WLM x 20 x man-hours / activity

170 Hrs /WLM x 10-3 rem /mrom

Where:

06/100 - daughter equilibrium factor

20 - quality factor to translate from rad to rem for alphas

Thus DRN - 0.278 mrem /hr x man hours / activity for Bay City material and
'

DRN - 0.047 mrem /hr x man hours / activity for Midland material.

The lung dose to workers for the steps in the removal of the material from Bay City and

Midland and disposal at Salzburg are provided in Table 3.0.

1.3.2 Offsite Non-Occucational Thoron Dose

The predicted thoron dose rate (D.R.) to a resident just outside the site boundary,

at distances of 2640 ft and 1580 ft from the material piles at Bay City _ and Midland

respectively, is:

DR - U X 0.278 mrem - 3.2 X 10-4 mmm at Bay City

2640 ft hr hr

D.R. - U x 0.047 mmm - 8.9 X 10-5 mmm at Midland
1580 hr hr

,

assuming the thoron concentration to vary as a function of 1/r from the source. The

assumptions as to resident exposure times and locations are similar to those as in section
'

1.1.2.

The indoor dose (Di) is -: ;

Di - 18 ht X 145 day 1 x 3.2 X 10-4 mrem X 0.5 - 0.42 mrom at Bay City and j
day activity hr 1

1

|
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,

. _ _ . .. . _- . . ._ ._-. . __ .
,

-
:

.

- -correspondingly' O.12 mrem at Midland and th'e outdoor dose (Do) is:
1

' Do - 6 ht X '145 daXg X 3.2 X 10-4 mmm - 0.28'at Bay City and correspondly
$

day activity hr

0.08 mrem at Midland
.

- The total thoron dose to the lungs of the closest resident is 0.70 mtgm at Bay City for the

activity. I

material excavation and the removal period and 0.20 mrem for the comparable period at.

Midland, activity
.

1.3.3 On-Site Non-Occuoational Thoron Dose

'

The predicted thoron dose to the lung for an individual working in a building on-

site not involved in remedial activities is based on the same assumptions as used in

section 1.1.3. Using the thoron dose rates above the piles gives a dose at the buildings of:-
'i

M X 0.278 mmm X 8 ig.a X 145 days X 0.5 - 0.24 mrem |

2000 ft hr day
,

at Bay City and

M X 0.047 mrem X 8 hr.g X 64 days X 0.5 - 0.06 mrem

600 ft hr day

at Midland. ,

;

.

q

q

q

:- )

q
4

j.

j

l

'

!
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TABLE I 1.0

Occupational Gamma Doses '

Maximally Exposed -

Total Exposure Total Dose ' Individual

Activity Time (Hrs) (mrem /Activitv1 (mromi

Bay City Midland Bay City Midland Bay City Midland

(1) Excavation of material 1000(a) 300(a) 1980 20.4 198 (b) 2(b)

from thorium-contamin-

inated region and movement

to staging area

(2) Transport of material to 4000 960 7920 65.3 1980 32.7

Salzburg (c)

(3) Emplacement of material 1000 300 1980 20.4 990 10.2

and cover at Salzburg

(4) Health Physics and

monitoring support
,

a) at Soume 200 60 396 4.1 198 2.1

b) at Salzburg 1000 300 1980 20.4 990 10.2

(a) Based on operator using a scraper / bulldozer combination.

(b) Based on using 10 persons (1 foreman,5 laborers, and'4 operators) to perform

excavation in 100 hr. period at Bay City and 30 hr period at Midland.

(c) Based on using 6 persons (1 foreman, 3 laborers, 2 operators) to perform q
emplacement of material and cover. and 1 person- to ' perform vehicle.
decontamination at Salzburg.

.

~

(d) Based on 2 HPs onsite at Bay City full time, Midland and Salzburg performing soil

measurements and personal and area monitoring.

d
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TABLE I 1.0

Occupatier.a! Gamma Doses

Maximally Exposed
Total Exposure Total Dose individual

Activity Time (Hrs) (mrem / Activity) Imrem)
Bay City Midland Bay City Midland Bay City Midland

(1) Excavation of material 1000(a) 300(a) 1980 20.4 198 (b) 2(b)
from thorium contamin.

inated region and movement

to staging area

(2) Transport of material to 4000 960 7920 65.3 1980 32.7
Salzburg (c)

(3) Emplacement of material 1000 300 1980 20.4 990 10.2
and cover at Sa!zburg

(4) Health Physics and

monitoring support

a) at Soume 200 60 396 4.1 198 2.1
b) at Salzburg 1000 300 1980 20.4 990 10.2

(a) Based on operator using a scraper / bulldozer combination.

(b) Based on using 10 persons (1 foreman,5 laborers, and 4 operators) to perform
excavation in 100 hr. period at Bay City and 30 hr period at Midland.

(c) Based on using 6 persons (1 foreman, 3 laborers, 2 operators) to perform
emplacement of material and cover, and 1 person to perform vehicle
decontamination at Salzburg.

.

(d) Based on 2 HPs onsite at Bay City full time, Midland and Salzburg performing soil
measurements and personal and area moni;oring.

_ _
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Table i 2.0
Q_

Occupational Air Particulate Dose

(A) Bay City Material

Total Maximally Exposed
Exposure Time Total Dose Individual

Activity (Hrsi (mrem /activitvi Imrem)

(.1) Excavation of 1000 WB 3.7 0.37
material and L 114 11.4
movement to BM 174 17.4

,

staging area.

(2) Emplacement and 500 WB 1.9 0.31
cover of material L 57 9.5
at Sa!zburg. BM 87 14.5

(3) Health Physics
Monitoring
Sepport
(a) at Source 200 WB 0.7 0.4

L 23 11.5
BM 35 17.5

(b) at Salzburg 1000 WB 3.7 2.9

-) L 114 57
BM 174 87

(B) Midland Material

Total Exposure Total Dose Maximally Exposed
Activity Time Ihrs) (mrom/activitv) Individual (mrem)

(1) Excavation of 300 WB 0.2 0.02
material and L 5.3 0.5
movement to BM 8.2 0.8
staging area

(2) Emplacement and 150 WB 0.1 0.01
cover of material L 2.7 0.5 ;

at Salzburg BM 4.1 0.7
!

(3) Health Physics and
monitoring support

- (a) at Source 60 WB 0.04 0.02
L 1.1 0.6

BM 1.6 0.8

(b) at Salzburg 300 WB 0.2 0.1
L 5.3 2.7

BM S.2 4.1~

.



TABLE I 3.0

~-'% .-
Occupational Thoron Dose,

t.

Total Exposure Total Dose Maximally Exposed
Act!v!?v Tima I Hrs) Im re m/a ctivityi Individual (mrom)

Bay City MJg[and Bay City Midland Bay City Midland

1) Excavation of 1000 300 278 14,1- '27,8 1.4-
material and
movement to

staging area

2) Emplacement of 1000 300 278 14,1 139 7.1
material and
cover at Salzburg

3). Health Physics and
monitoring cupport

a) At source 200 60 56 2.8 28 1.4
b) At Salzburg 1000 300 278 14.1 139 7.1

Footnotes on Table I .0 are applicable to above time durations '
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