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FOREWORD

The U.S. Environmental Protection Agency was created
because of increasing public and government concern about the
dangers of pollution to the health and welfare of the American
people. Noxious air, foul water, and spoiled land are tragic
testimonies to the determioration of our natural environment,
The complexity of that environment and.- the interplay of its
components require a concentrated and integrated attack on the
problem. "

Research and development is that necessary first step in
problem solution; it involves defining the problem, measuring
its impact, and searching for solutions. The Municipal
Environmental Research Laboratory develops new and impoved
technology and systems to.prevent, treat, and manage wastewater
and solid and hazardous waste pollutant discharges from-
municipal and community sources, to preserve and treat public
drinking water supplies, and to minimize the adverse economic,
social, health, and aesthetic effects of pollution. This
publication is one of the products of that research and provides
a most vital communications 1ink between the researcher and the
user community.

With the passage of Superfund legislation providing for the
clean-up of environmental hazards at uncontrolled waste disposal
sites, information is needed on the types of remedial actions
that have been implemented to date, as well as their effective-
ness and cost. This report provides this information by presenting
the results of a nationwide survey of 169 such remedial action
sites. More specific information on nine of these sites 'is
provided in the form of detailed case studies, also contained

herein.

Francis T. Mayo, Director
Municipal Environmental Research
Laboratory
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ABSTRACT

During the Summer of 1980, a nationwide survey was conducted
to determine the status of remedial actions applied at uncontrolled
hazardous waste disposal sites?. Over 130 individuals were
contacted to obtain information on such remedial action projects.

A total of 169 sites were subsequently identified as having
been subject to corrective measures.

Remedial actions were found to have been implemented at
many kinds of hazardous waste disposal facilities including
drum storage areas, incinerators, and injection wells, but
most frequently landfill/dumps and surface impoundments. At
the sites receiving such remedial actions, ground water was
found to be the most commonly affected media, followed closely
by surface water.

Although several types of-remedial measures-were-identified,
remedial activities usually consisted of containment and/or
removal of the hazardous wastes. Sufficient money was often
not available .for complete environmental cleanup (e.g.,
extraction and treatment). The survey determined that a
lTack of sufficient funds and/or selection of improper techno-
logies was responsible for remedial actions having been applied
effectively at only a portion of the uncontrolled hazardous
waste disposal sites. Where they had been applied, remedial
actions were found to be completely effective only 16 percent
of the time.

Nine sites were studied in detail to document typical
pollution problems and remedial actions at uncontrolled
hazardous waste disposal sites. Of these nine sités, remedial
actions were completely effective at two and only partially
effective at the other seven. Technologies employed at these
nine sites included (1) containment, (2) removal of waste for
incineration or secure burial, (3) institution of surface
water controls, and (4) institution of ground water controls.

The work upon which this report is based was performed
pursuant to Contract No. 68-01-4885, Directive of Work No. 13,
with the U.S. Environmental Protection Agency. Work was
performed between April and October 1980.

iv




CONTENTS

FOreWOrd. s s v ittt e ieveeoesoscnsonsenosssasassnsnassssascscssesns iii
Y s i - W o iv
FigUresS . ittt ittt i ittt tteneceeenneeans et ececoaes viii
Tables . ei i iiiiieiieeineonnonnnnnns et e s e s e e e e et e st aeuse e
T SUMMATY ettt eseenoeonenasoesasnsnssiasasanssasssasssss 1
Introduction....... it ese e ere et e s ee e 1
Project Description.....ciiiiiiiiiineriieeeneonenensons 2
Survey Findings........... e ese e eeecessrateesanne s 3
Case Study FindingsS....eeiieeeerenenorseiTooanoonnsns 7
CoNCTUSTONS .ttt ittt ittt it teeenasoassesasesssnsssnnsss 7
Summary References and Bibliography..........covvvas. 10
Appendix 1-1, Remedial Action Hazardous Waste
Sites by State...i.e i iiierieeeoescnnsaocevannasanss 11
2. Site A, 0lin Corporation, Saltville, Virginia.......... 21
Introduction. . oot ereeeeeeeacaoanasoansananans 21
Site Descripltion...e e ee e ieeeeeonranrsnoenccoassansaas 21
Site Operation and History.................... e 26
Pollution....ovirineiiiieenroecsneanns e eee e e 28
Remedial ACtion. . .uveee et eeeeeeeeeerneaneeneeosansnns 33
CONCTUSTON. ittt et ievneosennsasosssseasssonsssasnsssos 40
Site A References and B1b11ography ................... 42
Appendix-2-1, Site A Photographs......... P X
3. Site B, F1restone Tire and Rubber Company, -
‘ Pottstown, Pennsylvania......eeeeeeeeenn. e .. A7
Introduction. ...t iiieroeeeeenenosnansonosananensas 47
Site Description. . i iieieeie e ieeieneeeosananans 47
Site Operation and History.....oeiiiiiiiiinnenenennnn 48
2o T T T A o £ 53
Remedial Action.............. e e et eeeseaas 54
CONCTUSTON. ittt e ceearoecnesnansssosesssssssssssscsnss 55
Site B References and Bibliography.........ceiieie.n 59
Appendix 3-1, Site B Photographys......ccoieevevnann. 60
4. Site C, Anonymous Waste~Disposal Company Dump Site,
» East-Central, New York.....oveiveiiieinenannns R 1
Introduction. . e in i itieeenetseensseasnsascenossans 65
Site Description.....c.iieiieeineiennannns et eca s ece e 65
Site Operation and History......oiiiiiiieinieseeenennnn 70
POl TUtTON. . ittt ittt ittt seeseseneeseesosnoanansannocnss 74
Remedial Action........coieiuiiieneninnnnn. e e 75
Conclusion. ...t ieneeeeneeeseieennns [P 83
Site C References and B1b11ography ................... 85
Appendix 4-1, Waste Disposal Company Sampling
(1975-1979) FOr STte Cuvtrnnieninneeeeanoencnnnnans 86
Appendix 4-2, Site C Photographs.....cceiuieeieeneennns 91




CONTENTS (Continued)

5. Site D, Destructo/Carolawn, Kernersville

North Carolina....eeeeiieeeeeeesonssssssacansccces 95
Introduction.....viieiiiinieiniiiiiniinenreonnnnnns 95
Site Description....iiiiiierieeeeeteneessoncanoonnans 96
Site Operation and History....oovviiininieeneneenennn 99
POTTUETON. ettt eieeeeeeessonssesosasnssassssnssnonas 100
Remedial Action.....iiieereeeeeeieeesenscnnonsssssons 104
CONCTUSTON. et oot eeereeeseesoasoassosssscnssasassasssns 109
Site D References and Bibliography......cciveieenn 111
Appendix 5-1, Site D Newspaper Articles............. 112
Appendix 5-2, Site D Photographs.........ccevvven.. 116

6. Site E, Whitmoyer Laboratories, Myerstown,

Pennsylvania....eeeeeieeiteececcososessnossnnsonsas 121
Introduction. ..o eieeeeeeeeoneasesccsnasoncsnnns 121
Site Description...e. e eeeeeeeennennnenaead i movwoe 121
Site Operation and History......oceveeeuenn. er e 125
Pollution and Remedial Action......cvvevivvernnccens 127
CONCTUSTON. et eeetieeeeensenooanssseasssssasasensacnsss 135
Site E References and Bibliography.......cciviennens 137
Appendix 6-1, Site E Photographs...........ovvvu 138

7. Site F, Western Sand and Gravel, Burrillville, . ‘

Rhode Island....ceieieeeneeeennneonneenoneanannanns 141
Introduction. ... oo e ieeeeeeeeeenennorosssaasossassss 141
Site Description....iieiieieieeesenssnstosososoonceses 141
Site Operation and History....veveeieeenenoneeenoons 147
POTTUETON. . it ie it ettt tteeeeeenssosseascssscsncanasnss 148
Remedial ACtion.....cieeeieeieeeeceenncocnasosassnsnes 154
CONCTUSTON. ettt tieeeeeeeeenscosnassossassssssssnsscsas 154
Site F References and Bibliography.......cciieiieen. 157
Appendix 7-1, Multi-Probe Well Installation

Details for Site F.uvverrereeeeeieneoannoeosncnsasas. 158
Appendix 7-2, Site F Photographs.....ceveiieieeeennns 162

8. Site G, Ferguson Property, Rock Hill, South Carolina.. 166
IntroduCtion. . et eeeeeeeenteencnseneanscsscsansnsaes 166
Site Description....ceieieeenenereeeeesccscconnaness 166
Site Operation and History.....ccveiiiiniieieenennns 167
POTTULTON. et e ittt eeeiresesensssceansosasoasssoassasss 169
Remedial Action....eeieeeeeereeeesosescenonsncosssas 171
0] £ o T 3 1 176
Site G References and Bibliography......ceveeeveennn 177
Appendix 8-1, Site G Photography......... ... 178

vi




CONTENTS (Continued)

9. Site H, 3M Company, Woodbury, Minnesota...e.eeeeeeeenn 182

Introduction. .. e it ittt iiteneeeeoneoeneennnnas 182

Site Description.....ceeieeeeeeenn.. h et e esseseeeeene 182

Site Operation and History...c.eeeeiiieeeeonesoeoonns 186

o T R s 1 4 T 188

Remedial Action......iviiieinieeeeeieroeocaconacecoaans 190

CONCTUSTON. e it eneeeeeeesosoeenoocsescnseasansosconsesns 197

'Site F References and Bibliography........... heeenae 198

, Appendix 9-1, Site F Photographs.....c.vveiiienennns 199
10. Site I, Whitehouse/Allied Petroleum,

Jacksonville, FIorida....eeeeeeereeeeneennoenannns 202

Introduction. ..ot iieieteenneeeesescenoncannonssas 202

Site Description. ... i ienieeeneoeeennonnanens 202

Site History and Pollution.......cviireeereeeennnenns 203

Remedial Action......c.cvveeneen. e eeareseeesanensenee 208

MONitoring.ee e et ieiieteieeeeesanoesesnoeeoseasossnanns 215

CONCTUSTON. et eenannoenssoaasens e ceseesvennsans 222

Site I References and B1b11ography ......... e eceeen o 224

Appendix 10-1, Well Log for Site I.....ceivvvvenenn, 225

Appendix 10-2, Site I Photographs......oeieeeenenennn 227

vii




FIGURES

Number Page
2-1 Aerial Photograph of 01in Chemical CompleX........... 22
2-2 Site Layout of 01in Chemical CompleX....ovoieeernennnn 23
2-3 Generalized Geologic Cross Section.....eeveereeeennes 25
2-4 Upper Holston River Watershed..........ciiivivuenenn. 25
2-5 Location of Former River Bed through Waste

Ponds 5 and B...iiineeeinieenennnneneneononecnnnns 27
2-6 Process Flow Diagram for 01in Alkali Plant........... 29
2-7 Soda-Alkali Production at 01in Saltville Plant....... 30
2-8 Chlorine-Caustic Production at Olin Saltville Plant.. 30
2-9 Erosion Control Measures at Chlorine Plant Site...... 35
2-10 Construction Details for Sealing North Fork

RIVErDANK . ottt irt i it ittt etiieeeenieeneonneneonnenenss 36
2-11 Mean Mercury Content of the Sediment at the - »

Control and Affected Stations on the Holston
River July 1978 and July 1979, ... ennennnnens 38

2-12 Mean Mercury Content of the Fish at the Control

and Affected Stations On the Holston River

July 1978 and July 1979, ..ttt inineieeeeononanenens 39
3-1 Partial Map of the Firestone Plant Showing Some

Wells and Pits Used for Remedial Action............ 49
3-2 Location Map of Firestone Plant with Remedial

Action Wells.. i it neeeinenn e ie s e e e s e —50__
3-3 Rough Geologic Cross Section of the Mater1a1 :

Underlying the Firestone Plant.........vtviviennn.. 51
3-4 Location and Partial Geologic Map for Firestone's

Pottstown, Pennsylvania Plant.......cviiierinnnenn. 52
3-5 Sulfate Concentration in the Ground Water Before

and After the Use of the Recovery Wells.......ov... 56
3-6 Five Day BOD in the Ground Water Before and After

Use of the Recovery Wells....eee oo ieneeeeeneonanes 56
3-7 Chlorine Concentration in the Ground Water Before

and After Use of the Recovery Wells......oveveeunnn 57
4-1 Site C Location Map....oeieeeereeeieeeeneennenns ee e 66
4-2 Site Environs (1966 Before CloSUre) ... eeeeeeeeeennnn 67
4-3 Facility Layout in 1968 Before Closure......... et 69
4-4 Generalized Geologic Cross Section of Site C in 1980. 71
5-1 Site Layout of Destructo/Carolawn, Kernersvilie,

SoUth Carolina. ..o e eeieseeeeeeeneeoenenseonannans 97
5-2 Drainage Pattern of Destructo/Carolawn Site.......... 98
5~-3 Tank Location and Flow Direction of 1977 Spill

at Destructo/Chemway....ovivieeeeeeeeeeeneneennananas 102

viii




FIGURES (Continued)

Number Page
6-1 Location of Whitmoyer Laboratories............ e - 122
6-2 Detailed Site Location for Whitmoyer Laborator1es.... 124
6-3 Ground Water Contour Map of Whitmoyer Laboratories... 124
6-4 Generalized Geologic Cross Section Drawn

‘ Perpendicular to the Strike Direction.............. 126
6-5 Location of Wells on the Whitmoyer Lab Property...... 129
6-6 Location of Sampling Stations Established by the
U.S. Army Corps of Engineers.....c.cieeeeeeennnsnnes 134
6-7 Arsenic Content at Station 2 at Whitmoyer Labs....... 134
6-8 Cumulative Graph of Arsenic Removed from the
Ground Water at the Plant Site.....ceevveieeeneenenn 136
7-1 Location of Western Sand and Gravel Sites............ 142
7-2 Site Environs and Monitoring Well Locations.......... 144
7-3 Well and Pit Location Map......ieieeiienriecnennanans 145

8-1 Location of Ferguson Site in Rock Hill,

South Carolina..ee.eeeeeeieeeeneceoesossosnnosasnnans 168
8-2 Location of Drums on Ferguson Property............... 172
8-3 Site Layout After Remedial Action at the

Ferguson Property...cieereeseeeseecececnnnsennseeses 174
9-1 Location of 3M Disposal Site in Woodbury, Minnesota.. 183
9-2 Geological Cross Section of Area Beneath

Woodbury Disposal Site....cciiiiiiiiiiierenrennnnns 185
9-3 Configuration of Waste Disposal Pits at

3M Woodbury Site..eeieeeriniienereesaronsannns ceecee. 187
9-4 Location of Contaminated Schussler Well

and Barrier Wells...ioriiniiiiniieeenesooncnsasnnns 189
9-5 Sum of the Concentration of Isopropyl Either,

Isopropanol, and Dichloromethane for Shall

Well at Schussler Residence.......ccieiieeenonnnnnns 191
- 9-6 Graphs of Isopropanol Ether Measurements

for Barrier Well Nos. 1T to 4....0.iiinerenennns 195

10-1 Location of Whitehouse/Allied Petroleum Site......... 204

10-2 Layout of Whitehouse 0i1 Pits.....cvieiivennnn. 205

10-3 Layout of Whitehouse 0il1 Pits and Diversion Ditches.. 206

10-4 Carbon Adsorption Treatment Plant for PCB's.......... 212

10-5 Pit Profile After Stabilization.......c.iviiieennennn 214

ix




TABLES

Number Page
1-1 Facility Type at Remedial Action SitesS....eeeeeeeees. 4
1-2 Location of Remedial Action Sites............ ceeeeee 5
1-3 Affected Media at 169 Remedial Action Sites.......... 6
1-4 Funding Sources at 169 Remedial Action Sites........ .. 6
1-5 Pollution and Remedial Action Status at 169 Sites.... 7
1-6 Case Study Site Identification..... e e e st eeec s e s e e e as 8
1-7 Case Study Site Background........oeveveeiuenerenonnen 8
4-1 Waste Disposal Company Sampling (1966)....ceveeeeenn. 76
5-1 Storage of Waste Materials at Destructo
Chemway CorpPOratioN. it ettt et ieeeeeereenannsnnns 101
5-2 Carolawn's Inventory as of July 31, 1978.....000ve... 105
5-3 Bioassay StuUdTeS..uieeeeeeneneeeeeeeennonnsonennanns 108
6-1 Initial Arsenic Concentrations from Plant Wells...... 130
7-1 Pit Dimensions and VoTuUmMEeS ... eieeeeeeereonnnennnens 146
7-2 Summary of Field Permeability Test1ng Results...eeee.. 150
7-3 Analytical Results for Pit Sampling on 2/27/80%.+.... 151
7-4 Analytical Results for Well and Stream Sampling
on February 7, T1980. ..ttt neeneennenenens e e oo 152
7-5 Analytical Results for Well Sampling on May 1, 1980.. 153
7-6 Estimated Remedial Action COStS...e'eveeeneeennnss «e. 155
8-1 U.S. Environmental Protection Agency Drum
and SoiTl AnalysisS.ueeeeeereeeenreensennnns cheseaenas 170
8-2 Cost of Containment Remedial Measures at )
Ferguson Property...c.eeeeereeeennn. O I 2
9-1 Horsepower and D1scharge of Barrier Wells. ceeesees 194
9-2 3M Woodbury Wells Priority Pollutant ‘
Sampling Results. ..ttt enereeeenannnns .. 194
10-1 Partial Remedial Action Costs for First Phase........ 216
10-2 Projected Remedial Action Costs for Second Phase. . 216
10-3 Depth of Monitoring and Private Wells........... ceees 217
10-4 Water Quality in Wells..eeeeereeeneenanns et ee e 218
10-5 Initial PCB Analysis of Sludge SampleS.....oveeeeens. - 220
10-6 Quantitative Analysis of 01 STudge.....eeeeuennnenos 220
10-7 Analyses of Treatment System Removal Efficiencies. 221




SECTION 1
-SUMMARY
INTRODUCTION

Proper disposal and transport of hazardous substances is a
major concern of the U.S. Environmental Protection Agency (EPA).
Past management of hazardous residues has generally been inade-
quate and. unsound disposal practices have created adverse public
health and safety impacts. It has been estimated that 90 percent
of all hazardous waste has been disposed of in an unsound manner,
Facilities comprising this 90 percent include surface impoundments
(48 percent), landfills (30 percent), incinerators (10 percent),
and other practices (2 percent). [1—1]

The two laws which provide federal assistance for remedial
.actions at uncontrolled hazardous waste sites are the Clean
Water Act (CWA) and the Resource Conservation and Recovery Act
(RCRA). Under Section 311 of CWA, a special contingency fund
is available for emergency remedial action at sites where the -
release of 0il or hazardous materials threatens navigable waters.
However, Tand spills that do not directly threaten surface
water are not covered under Section 311.

RCRA dictates the manner in which hazardous material may
be transported, stored, treated, and disposed. The regulatory
thrust of RCRA is currently being placed on identification of
abandoned waste sites and abatement of po]]ut]on at such sites.
Section 7003 of RCRA authorizes EPA to bring suit against
legally responsible parties to remedy conditions at sites that

present "imminent and substantial endangerment to health or
the environment".

The authorities under CWA and RCRA enable EPA to (1) supply
Timited assistance for enforcement related investigations
(e.g., chemical analysis, site investigation, technical assis-
tance); (2) take emergency remedial action where navigable
waters are threatened; and (3) take legal action in cases where
sites pose an 1mm1nent hazard. However, remedial actions at
sites where navigable waters are not threatened can only be
initiated and funded by states, local governments, and
responsible parties. Usually in cases where Section 311 funds
are not used, extensive time is involved in identifying the
problem, the .responsible party, and the remedial measure which
is likely to be successful. Even more time is often required
in getting the responsible party to clean up such sites, either
voluntarily or through court action. The Comprehensive Environ-
mental Response, Compensation and Liability Act (Superfund) was .

passed and signed into law in December 1980 in order to better
address these problems.




PROJECT DESCRIPTION

In an effort to determine the type and effectiveness of
past remedial actions at uncontrolled sites, a nationwide
survey of on-going and completed remedial action projects was
conducted from May to October 1980. The purpose of the survey
was to provide information and examples of applied remedial
action technologies. Examples provided in the form of case
histories identify typical problems, effectiveness, and costs
related to implementing remedial action at such facilities.

During the initial phase of the survey, a 1ist was compiled
of disposal sites where remedial actions had been or were being
implemented. Remedial action sites were identified based upon
file and Titerature review and face-to-face discussions with
federal and state personnel. The intent was to compile a list
of remedial action sites which (1) represented different remedial
action technologies; (2) were located in diverse geographical,
geological, and climatological regions; and (3) were fairly
effective in resolving the environmental hazard.

In identifying remedial action sites, emphasis was placed
upon landfills, surface impoundments, drum storages, incinerators,
and deep well injection facilities. If federal or state
personnel identified a spill, that site was listed. However,
spill sites were not usually sought during the survey, since
much of this data is reported yearly in the proceedings from
the National Conference on Control of Hazardous Materials
Spills.

For the purposes of this survey, a waste burial site was
designated as a "landfill" if it was permitted to receive
such waste. It was designated a "dump" if it had not been
legally permitted. Midnight dumping, roadside dumping, etc.,
were cited as "dumps", as well as land disposal sites located
on company property which had not been officially permitted.
- Surface impoundments included pits, ponds, and lagoons used
for the storage, treatment, or disposal of wastewater or sludge.
Injection wells included subsurface disposal wells and for
purposes of the survey included such sites as old mine shafts.
Incinerators included facilities which dispose of wastes by
burning. Spills included events such as liquid disposal into
sewers, pipeline spills, railway spills, and other transpor-
tation associated spills.

After remedial action sites were identified, the sites
were prioritized to determine candidate sites on which detailed
case history investigations would be conducted. Factors consi-
dered in prioritizing these sites included consideration of
(1) legal actions which would hamper in-depth investigation;
(2) the extent and nature of the environmental problem associated




with the site; (3) the nature and effectiveness of the applied
remedial action; and (4) the availability of background data.
Subsequently, after the top case history candidates were
selected, telephone contacts were made with site owners/operators
to verify information and to request permission to visit the
site. Permission for a site visit was given for nine of the

19 sites for which permission was requested.

SURVEY FINDINGS

Initially 199 sites were identified as having some form of
remedial action. Thirty of these sites were later deleted from
the 1ist due to (1) lack of sufficient information, (2) insuf-
ficient progress on planned remedial action, and/or (3) the use
of "low-technology" remedial actions. "Low-technology" actions
were defined to include measures such as (1) merely filling a
lagoon with native soil without instituting surface or ground
water controls, (2) discontinuing waste receipts at a landfill
without attempting to properly close the facility, or (3) clear-
ing a drum storage facility without regard to existing soil
or water contamination.

As summarized in Appendix 1-1 to this report, remedial.
measures identified included a variety of technologies such as .
containment on-site, chemical treatment (neutralization of
acids and bases, precipitation, etc.), biological treatment
(land spreading, oxidation ponds, and underground enhancement
of native microbes using fertilizer), incineration, and
removal and burial in a secure landfill.

The survey indicated that remedial measures usually
consisted of containment and/or removal of the hazardous waste.
Containment was often approved based upon cost and the concept
that it is better to deal with the problem in-place rather than
relocate the problem to another locality. Cost was often the
prime determinant of the type of technology applied. As a
result, the primary remedial goal has been prevention of
further contamination of the environment rather than complete
cleanup. - Complete environmental-cleanup -can.-require.millions
of dollars, sophisticated technologies, and long periods of
time. '

When. hazardous material was contained in its original
location, surface water controls were generally constructed
(e.g., grading, diversion ditches, revegetation, surface
sealing, etc.). In most instances where the ground water was_

contaminated, a major portion of the waste was removed and sent
to a secure landfill or incinerated and surface water.controls
were constructed to secure the remaining contaminants. Imple--
mentation of controls for ground water cleanup is typically.
more expensive and time-consuming than implementation of surface




water controls. Accordingly, ground water remedial measures
were implemented at only a few sites. Ground water pumping
was the most often applied ground water control at disposal
sites while a remedial measure such as a bentonite slurry
trench or steel cutoff wall was found at some spill sites.

Tables 1-1 through 1-5 were compiled based on information
gathered during the survey. Over 130 individuals were contacted
to compile the data. Some of the factors which should be
considered in reviewing the data presented in the following
tables include: (1) data was based solely upon the immediate
survey findings, as reported by individuals contacted;

52) a potential threat was not included in the analysis; and
3) probable (but undocumented) contamination was taken as
a positive finding.

Table 1-1 was compiled to indicate the types of disposal
facilities which experienced remedial actions. It should be
noted that the total number of facilities in Table 1-1 (204)
does not coincide with the number of identified sites (169).

The higher number is the result of different types of facilities
being located on the same property. For example, a landfill,
drum storage, surface impoundment, and/or incinerator could all
be located at one site. More surface impoundments and landfills
were identified as experiencing remedial action than other types
of disposal facilities. This would be anticipated since

surface impoundments and landfills are the most used types of
disposal. )

TABLE 1-1. FACILITY TYPE AT REMEDIAL ACTION SITES

Number of Facilitie
Status . ‘chﬁ'f'
Facility Type ° Active Inactive Number

Landfill " 16
Dump 0
Drum Storage 11
Surface Impoundment 18
Injection Well : 1
Incinerator 1
Spin 0

Total

Table 1-2 was compiled to determine the geographical
Tocation of sites which had undergone remedial action. During
conversations with federal officials, it became apparent that
many factors affect the geographical distribution. For example,
industrial waste disposal sites would typically predominate
in those states which have more industry. The possibility of
a larger number of uncontrolled sites needing -remedial measures
would increase with an increase in the number of industrial
disposal sites. However, the presence of more uncontrolled




sites needing remedial measures did not necessarily mean
remedial measures were being applied.

TABLE 1-2. LOCATION OF REMEDIAL ACTION SITES

' Number of
State Sites

Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
Florida
Georgia
Hawaii
1daho
I11inois |
Indiana
Towa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
.Michigan 1
Minnesota
Mississippi
Missouri
Montana
Nebraska
Nevada
New Hampshire
New Jersey -
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania 1
Rhode Island
South Carolina
South Dakota
Tennessee 1
- Texas
Utah
Vermont
Virginia
Washington
West Virginia
Wisconsin,
Wyoming

Total 50 States
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Institution of remedial measures was dependent upon t1me
and force exerted by public off1c1a1s, as well as the ’
envirpnmental concern of the site's owner/operator. Public
awarepess and environmental consciousness were strong factors
in implementation of remedial measures. Pressure exerted by
state| officials sometimes forced companies and property owners




to implement corrective actions. Since remedial action is
generally a time-consuming endeavor, the number of remedial
action sites was also dependent upon how long ago the environ-
mental concerns were emphasized. Legal action to identify
"responsible" persons for remedial actions generally took four
to nine years. After this time, the identified responsible
party either instituted remedial actions at the site or declared
bankruptcy (in the process refusing to remedy the situation).

Table 1-3 was compiled to obtain an indication of the
type of pollution associated with sites which had undergone
remedial action. Media affected at the 169 sites were found
to include ground water 65 percent of the time, surface water
56 percent, soil 41 percent, air 29 percent, and food chain
12 percent of the time. Frequently a site affected more than
one media.

TABLE 1-3. AFFECTED MEDIA AT 169 REMEDIAL ACTION SITES

DS
of
Affected Media Occurrences
Ground Water 110
Surface Water 95
Air 49
Soil 69
Food Chain 20
Total 343

Table 1-4 was compiled to identify funding sources.
Generally the state, county, and/or municipality attempted to-
persuade the owner/operator of an uncontrolled facility to
voluntarily remedy the environmental hazards. If this effort
failed, legal proceedings were instituted against the responsible
party. Depending on the degree of hazard posed by the site,
various government agencies funded the remedial activities
while legal responsibility was determined by the courts. Federal
financial assistance for remedial measures is largely funded
under Section 311 of CWA. As previously stated, these funds
are available only for endangerment of navigable waters. Since
any one site might require millions of dollars, total funding
from state, county, or municipal sources is unlikely. As a
result of these high costs, more than one party often funded
the remedial activity.

TABLE 1-4. FUNDING SOURCES AT 169 REMEDIAL ACTION SITES

“Funding Number of-
Source Qcecurrences
Federal 44
State 62
County -1
Municipal 22
Private 103 _
Total 242




Table 1-5 was compiled to determine the general status of
improvement that occurred at sites which had undergone remedial
actions. A total of 180 separate remedial action efforts were
initiated at the 169 sites. The pollution status was considered
unimproved when the implemented remedial measure did not
correct the contamination problem. Usually, lack of improvement
was the result of inadequate funds or the type of action
instituted. Improved refers to a remedial measure which may
have partly corrected the problem, but some problems are still
experienced at the site. A remedied site was one at which the
problem had been corrected; e.g., contaminated surface water
was returned to its natural state. Based on these definitions,
the last column in Table 1-5 indicates that 46 percent of
corrective actions were not effective, 38 percent improved the
pollution problem, and 16 percent were completely effective.

TABLE 1-5. . POLLUTION AND REMEDIAL ACTION STATUS AT 169 SITES

Number of Remedial Actions

Planned On-Going CompTeted
Pollution Status Actions -Actions Actions Total
Unimproved 16 49 17 82
Improved 12 36 21 69
Remedied _0 _3 26 29
Total 28 88 64 180*

+ A total of 180 remedial activities were identified at the 169 sites.

CASE STUDY FINDINGS

“"Caseé study sites included in the report were selected
based on a desire to represent a wide range of facility types,
pollution type and media, and remedial action technology.
Tables 1-6 and 1-7 present an overview of the nine case
histories. The nine sites include two remedied and seven
improved sites. Remedial action applied at the seven improved
sites showed varying degrees of effectiveness. The combination
of all nine sites covered contamination of all media including
ground water, surface water, soil, air, and the food chain.
Waste types involved included mercury, arsenic, solvents, oil,
tire wastes, inorganic and organic waste, and septic waste.

The types of facilities examined included surface impoundments,
Tandfills, drum storages, and incinerators. The technology
employed consisted mainly of containment, removal of waste for
incineration or secure burial, and institution of surface water
and/or ground water controls.

CONCLUSION

Remedial measures encountered during this survey were
usually confined to containment and/or removal of the hazardous




TABLE 1-6. CASE STUDY SITE IDENTIFICATION

Hame

Location

Haste Type

Remedial Action Technology

0lin Corporation

Firestone Vire and
Rubber

Anonymous

Bestructo/Carolawn

#hi tmoyer
Laboratories

Western Sand and

Gravel
Ferguson Property

34 Company

¥hitehouse/Allied
etroleum

Saitville, PA

Pottstown, PA

East Central, NY

Kernersville, NC

Myerstown, PA

Burrillville, RI

Rock Ril1, SC

Woodbury, MN

Jacksonville, FL

Mercury

Tires, SO, scrubber
waste, orSanic waste,
pigments, PVC sludge

Solvents, oils, paint
waste with PCB

Volatile/flammable waste
Arsenic compounds

Septic plus hazardous
wastes

Solvents, heavy metals

Spent solvents, acid
sludge

0i1, PCB

Graded and constructed erosion conrol structures. Removed
contaminants. Planning extensive remedial action ($23 million).

Recovery wells intercepted polluted ground water and recycled
it through their plant. Expected to be 100 percent effective.

Lagoons filled and capped. Diversion ditches and test wells

installed.

Two Phases: 1. Waste removed, incinerated or landfilled.
Contaminated soil removed and landfilled.
2. Ha te,rgmogedx incinerated, landfilled, and deep

well injected,
Removed arsenic waste %rom agoon, treated and discharged. Waste
piles of arsenic placed in concrete vault. Ground water treated
using purging wells. Some contaminated soil remains.

Four Tagoons pumped, dried, and contents stored off and og-site.
Monitoring wells installed. Future remedial action planned.

Two Phases: 1. Contained with polyethylene and clay cap.
Installed surface water diversion ditches and
vent pipes in contained area.

2. Since phase one ineffective, removed Tiquid.
Sti1l some sTudge and drums left.

Pits emptied and contents burned. Barrier wells installed to
stop spread of contaminated ground water.

Mobile activated carbon unit dewatered pit, o0il absorbed using
solid waste and earth, Future remedial action planned,

TABLE 1-7.

CASE STUDY SITE BACKGROUND

Facility Type

PoTJution

Affected Media Status

Remedial Action
Funding Status

Litigation

&

I111egal Dump
Drum Storage

Injection Well
Incineration

Inactive
Food Chain

Surface Water
Remedied

Ground Water

Unimproved
Improved

Municipal
Completed
Expected

T OMMOOE D

*x x |landfill

x

* x x |Surface Impoundment

» x

> X

>
o X x
H XX XXX

KX XXX XX

b3
x >

M X X X
*x x

*®




wastes with a primary goal being the prevention of further
contamination of the environment rather than complete cleanup.
Complete environmental cleanup of ground water or surface water
generally requires sophisticated technology, additional money,
and additional time. Therefore, a responsible party with
sufficient funds and expertise must be located for complete
cleanup to occur. In most cases sufficient funds have not
been available for effective remedial action. The U.S. EPA

is able to provide only limited funds under Section 311 of the
CWA. States and local governments typically cannot provide
sufficient money for total cleanup, since any one site may
require millions of dollars to correct.

Based on the case studies and survey, the state-of-the-
practice in remedial action does not look favorable when one
considers that 46 percent of the time the applied remedial
action was ineffective and only a portion of all uncontrolled
sites have received some form of remedial action. In addition,
remedial action applied at a site experiencing problems was
found to be totally effective only 16 percent of the time.

It should be emphasized that the numbers presented in
this section are based on assumptions by the persons performing
the survey and the opinions of those interviewed. However,
the percentage numbers are a fairly accurate representation
of the state-of-the-practice in remedial actions.




1-1

SUMMARY REFERENCES AND BIBLIOGRAPHY

Connery, Jan. "Draft Report on Review of Uncontrolled
Site Response, Public Information Document". Energy
Resources Company, Inc. Cambridge, Massachusetts.

April 4, 1980.

10




APPENDIX 1-1
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Arsy Redstone Arsenal x X PCB/D DT Plant shut down in 1970, cleaned in 1979
{014n Chemical Plant)
Huntsville, AL
Kevlar Waste Storage Site X Sulfuric acid, spent dope Drums removed, soil removed and treated with Time.
Anniston, AL waste. Site limed. Berm constructed to control runoff.
18-Acre Vacant Lot X Arsenic. Cleaned soil.
Phoenix,
Tri-City Landfin X Hazardous waste and heavy Removed wastes.
Phoenix, AZ metals.
Hountain Home View Estates Asbestos dust. Demolished mills, covered asbestos with dirt,
Globe, AZ revegetated.
Vertac Chemical Corporation X X X X Pesticides, phenols, > . Built interceptor ditch and installed monitoring
Jacksonville, AR herbicides, dioxin. wells. Building additional interceptor ditches and
will cap site.
Gurley Refining Company X PCB, zinc, heavy o0il sludge. Waste neutralized with lime. Need to recycle waste
Edmondson, AR or cap site.
Xoppers Company, Inc. X Creosote, PCP Triple Tined lagoons. Installed recovery wells.
8utte County, CA
Stringfellow Industiral X Organic and inorganic residues. Built dam to contain waste, leakage detected below
Maste Disposal Site dam. Waste and contaminated soil currently being
Riverside County, CA removed.
¥oly Corporation X Lead and zinc. Installed a cement cut-off barrier and pumped
Yountain Pass Operations contaminated water.
San Bernadino County, CA
Rocky Hountain Arsenal X Pesticides, herbicides. Drainage corrected. Recycling. Containment of
Denver, ground water, 1ined impoundment, closure.
Lowry Landfill X Chemical waste. Monitor. Cleanup initiated.
Denver, CO
City of Denver, CO x Landfil1l gas. Monitoring. Placed barriers.
Fitagerald Gasket Company X Asbestos. Removed waste.
Terringten, CT
Gallup Dump X x - Acetate, organics, heavy Cleanup included general containment.
Platnfield, CT metals.
Chemical Waste Removal X Chemical wastes. Removed wastes.
8ridgeport, CT
Ploneer Products X Hydrocarbons. Practices corrected.
East Haddam, CT
Diamond Shamrock Corporation X Mercury wastes. Monitoring. Removal of water. Capped and seeded.
Delaware City, DE
Llangollen {Army Ck) Landfil X Heavy metals and hazardous Capped. Aquifer reclamation, aeration, monitoring.
Hilmington, DE wastes.
8roward Chemical Company X Calcium hydroxide sludge. Higher berms constructed. Site regrading to control
Ft. Lauderdale, fFL sludge planned.
tiorth Miami Beach, FL X Organosulfate Wells closed, system flushed, treated with

12
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Gulf Coast Lead x Acid, lead. Dumping practice changed. Acid neutralized.
Tampa, FL Plan to recovery lead. :
Whitehouse Waste 011 Pits X X 011, PCB. Mobile activated carbon unit dewatered pits,
(Allied Petroleum Pits) 0il absorbed using solid waste and Fuller's
Jacksonville, FL Earth.
Piper Aircraft Corporation X . Trichloroethylene Repaired tanks. Ground water volatilized.
Vero Beach, FL
Gainsville, FL X Phenol Lagoons covered. Parking lot on top. Since
phenol problem, no remedial action instituted.
Taft, FL X Pesticides Barrels removed, contaminated area treated.
Gordon Service Company X Acid, heavy metals, organics, Preliminary assessment underway. Monitoring
Gordon, GA inorganics, - wells installed.
General Electric X PCB. Removed waste.
Rome, GA
Vacant Lot X Explosive chemicals, Drums removed. Waste detoxified.
Lake City, GA
Ft. Gillem 01d Landfill X Narcotics, oils. Cover material placed on top.
Atlanta, GA
Kerr-McGee Disposal Site X X Hazardous waste, radiocactive Chemicals removed to approved s‘ite and are
West Chicago, IL waste, ThOp and V30g. negotiating for cleanup of radioactive wastes.
Monsanto Chemical Co. Dump X Phenols, nitrobenzene, Site closed and covered with 4-6 ft of clay and
East St. Louis, IL ' sulfuric acid, fly ash. seeded, Monitoring wells installed. Chemicals
removed to approved site.
U.S. Drum Corporation X Liquid/industrial waste, resin, Some drums removed. Liguid contaminants stored
Chicago, IL paint and pigment waste. in water-tight containers.
Banner Landfil} X Municipal/industrial waste. Leachate collected and recirculated through
Rockdale, IL landfill,
S!)amrock Environmental Services x Heavy metals. Treatment lagoon, clay-lined, drainage pattern
Will County, IL changed, area reseeded and leachate collected in
tank trucks and treated on-site.
Texaco 0i1 Company X Phenol. Contaminated soil removed.
Richland County, IL
Johnson Property X Industrial waste, cyanide, Drums removed, earthen dams and trenches
Byron, IL heavy metals. constructed to confine runoff which was treated
with calcium hypochlorite to destroy cyanide.
Monitoring program instituted.
Hyon Waste Management X Mixed cher;n‘cﬂs. Drums removed.
Chicago, IL :
Seymour Recycling X Mixed chemicals. 2,700 ft waist high trench constructed to contain
Seymour, IN waste., Sand and charcoal filters to contain waste.
Bloomington South Wastewater X PCB. Building new wastewater treatment plant. Will
Treatment Plant replace sewer lines.
Bloomington, IN
Conrail Derailment -X Hazardous chemicals Initiated ground water purging and carbon .

Inwood, IN
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filtration, soil removed. Ground water monitored.




Hame and Location

Facility Type

Landfill

Surface Impoundment

I1legal Dump
Drum Storage
Injection Well

Incinerator

Waste Type

Remedial Action Technology

LaBounty Oump
Charles City, IA

Yulcan Hater{als Company
Nichita, Xansas

Hational Zinc Company
Hontgomery County, KS

Goodyear Dump
Berca, KY

Raywick Chemical Dump Site
{Allan Dump)
Raywick, KY

Hassingschlager Farm
Covington, KY

Lees Lane Landfili
Louisville, KY

Campground Landfill
Louisville, KY

Southeastern Chemical Corp.
Reserve, LA

Cleve-Reber
Sorrento, LA

Vulcan Materials Corporation
Qarrow-Geismar, LA

Heo 0'Conner's Junk Yard
Augusta, ME

Hekin Company
Gray, ME

Horris Farm Landfill

Dundolk, MD

H8H Drum Company Chemfcal
Waste Warehouses and
Disposal Site

Drtmouth, HA

Stiresim
Lowell, MA

Herrimac Chemical Company
Woburn, MA

Bankrupt Waste Hauler
Dorchester, HA

Shad Factory Pond
Rebohoth, HX

>

Orthonitroanaline arsenic.

Chlorinated organics.

Heavy metals and sulfuric
acid.

Asbestos, heavy metals.

Solvents

Solvents.

Combustible gas.

Combustible gas.

Chlorosulfonic acid,
hydrocarbons.

Corrosive waste and
volatiles.

HCB

PCB.

Waste oils.

Sulfides and organic wastes,
hydrogen sulfide.

Chloroform, organics, ketone,
toluene, etc,

Solvent waste oils, plating
wastes, toxic metals.

Solvents, tannery wastes.

Chemical wastes.

Toluene, trichloroethylene,
ethyl acetate.

Ground water monitoring system installed.
Future remedial action planned.

Encapsulated landfill and graded. Purging and
treating ground water, then injecting into
disposal wells. Surface water treated.

Chemical treatment of land with Time and
precipitation of heavy metals.

Barrels removed. Contaminated soil removed.

Flammable material sent to incinerators, non-
hazardous waste disposed in Lebanon Landfill.
Burial site reclaimed and revegetated.

Barrels removed.

Extraction system instal]ed.‘

Extraction system installed.

Removed 2 trucks of Tiquid waste, assessment is

completed and future closure being planned.

Runoff controlled with dike ~ only in preliminary
stage of assessment.

Stopped previous practice and are burying waste
on-site, Emissions of HCB 1into the air have been
reduced, Have covered previously used landfilis
which received HCB wastes with 4-6 ft soil and a
polyethylene film placed 2 ft below surface.
Storing HCB wastes underwater in a lagoon and
subsequently Tandfi1ling utilizing above cover.
Capped.

Wells capped. Water supply extended to homes.
Cleanup completed.

Neutralization. Covered and graded.

Criminal action. Removed soil and chemicals.

Contained. Berms constructed. Monitoring.
Analysis. Initial stage of cleanup.

Removed waste.

Cleanup initiated.
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Chesapeake & Ohio Railroad X Styrene. Slurry trench, aeration, monitoring wells, and
Derailment purging wells initiated.
Pearl, MI
Chesapeake & Ohio Railroad X Phenol, ethylene oxide, Carbon filtration, aeration, and ground water
Derailment vinylidene chloride. pruging initiated.
Woodland Park, MI
Anderson Development X Curene 442, Vacuum-swept homes and streets. Partial cleanup
Adrian, MI of site.
Qakland County Dump Sites X Numerous chemicals. Some drums removed or containerized.
Oakland County, MI
Bofars Lakeway, Inc. X Amines, benzene, toluene. Purged grodnd water.
Muskegon, MI
Cordova Chemical Company X X X Pharmaceutical intermediates, Drums being removed. Ground water purged.
Muskegon, MI herbicides, pesticides,
synthetic musks.
Hooker Chemical Company X X X Brine, asbestos, fly ash, Wastes and contaminated soil will be placed in
Montaque, MI deadly pesticides. a vault being constructed. Ground water purging
will be continued for 50 years.
Wurtesmith Air Force Base X TCE. Leaky tank repaired. Ground water cleanup planned.
Oscoda, MI .
Hedblom Industries X X TCE. Public water supplied to residents. Drums moved
Oscoda, MI to shed.
Central Landfill X Metal plating waste C-56. Excavated tanks and contaminated soil removed.
Montcalm County, MI B :
Chemical Recovery X Mixed chemicals. Approximately 5,000 drums removed. Intercépt
Wayne County, MI trench built - failed - new one being built.
Pollution Controls X Combustible paint sludges, Have removed some drums, will remove all drums
Shakapee, MN ' solvents, and waste oils. and dispose of contaminated soil.
3M Company X Spent solvents, acid sludge Barrier wells installed which continuously pump
Woodbury Village, MN (isoprophyl ether). water to stop continued spreading. Lagoons emptied.
Reilly Tar & Chemicals Co./ X X X Tars and creosote. Preliminary assignment of contamination. Wells
Republic Creosoting Company . capped and excavated material.
St. Louis Park, MN
Verona, M0 X Dioxin. Excavated soil.
Albert Harris Property X 0i1/PCB waste. Excavated pit, pit sealed. Cleaned debris from
Dittmer, MO stream bed. Water treated using carbon absorption.
St. Joseph, MO X Alcohols, solvents, Drums removed and sent to a secure landfill.
chrome sludge.
Conservation Chemicals Company X Pickle Tiquor, fly ash. Lagoons closed and stabilized, and will be
Kansas City, MO covered with asphalt.
Montana Radiation X Radioactive phosphate slag. Gamma monitoring. Cleanup initiated.
Butte, MT
Montana Radiation X Radioactive phosphate slag. Gamma monitoring. Cleanup initiated.

Anaconda, MT
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Diamond Asphalt Company x 011 compounds, sludge and Closed and contained.
Chinook, MT Tiquid.
Xalispell Landfill X P3 PCB, polyester resin. Diked and removed.
Kalispell, MT
Hovat Industires X Toxic solids. Removed waste. Ongoing assessment. -
Columbus, MT
Cross Road Landfill, M X Phenols. Lime addition. Extention of public water
supply lines.
Reich Chicken Farm X Petrochemicals, toxics, Removed drums and soil. New wells drilled.
Oover Township, NJ flammables.
Battery Operation X Lead dust. Removed lead and lead contaminated soil.
Elizabeth, H
Sherwin Hilliams Company b3 X Lead, mercury. Contained and removed.
Gibbsboro, HJ
Chemical Control Corporation X Solvents, organics, Removal of waste.
El{zabeth, NI inorganics.
Kin-Buc Landfill X X Solvents, organics, Regraded, discharge controlled. Monitoring.
Scotch Plains, MV inorganics.
Hartin Landfill X Petroieum wastes. Cleanup initiated.
HKiddletown Township, NJ :
Jones Industrial Services X Petroleum wastes, chemical Closed. Removed or contained.
Landfi1l wastes.
South Brunswick, NJ
Unknown Name X Phenols. Emptied older Tagoon and 1ined new lagoon.
Hinslow, NJ
Ortho Pharmaceutical Company X Volatile 1iquid organics. Closed and removed.
8ridgewater Township, NI
HFS (Nuclear Fuels Services) X X x % Radioactive "low" and "high", Closed and improved. Removed waste.
Hest Valley, NY
General Electric Company b3 X PCB. Removed . soil and wastewater from impoundment.
Hudson Falls & Ft. Edward,NY
FHC Corporation X b3 Arsenic, ammonia. Regraded and drained impoundment.
Hiddleport, NY
Gas Storage Tanks X Gasoline, Removed waste. Biostimulation instituted.
Long Island, AY
Ancnymous Landfill X X Solvents, oils, paint Filled lagoons, diversion ditches, and test
East Central Y waste, PCB. wells installed. Capped.
Phclps-Oud?e Refining Company X Nickel and copper. Removed waste.
Hew York City, NY
Hecco Park Landfill X Barium organics. Drained, cabped, seeded.
Hiagara Falls, NY
Ltove Canal Chemical Landfill X Chemical (organic and Drained. Assessment initiated.
Niagara Falls, NY inorganic)
Hyde Park Landfill X Closed. Constructed leachate collection system.

Niagara Falls, NY

Chemical Sorganic and
inorganic
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Removed soils, eliminated outer berm, berm contain-
ment, drainage system, removed waste, incorporated

cover,
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102nd Street Landfill X Pesticides, phosphorous Soil cover uced in closure.
Niagara Falls, NY chlorates.
Hudson Valley PCB Sites
1. Caputo RDA X . PCB. Runoff controlled, regraded, capped. Removed
wastes.
2. Ft. Edward Landfill X PCB. Runoff leachate controlled and treated. Capped.
3. Kinsbury Landfill X X PCB. Regraded, capped, grout-curtain wall, well point
system, leachate controls installed,
4. Ft. Miller RDA - operating X PCB. Capped, reburied wastes.
5. 01d Fort Edward RDA X PCB. Removed wastes.
Vanderhorst Co., Plant No. 1 X Chromium. Removed wastes.
Olean, NY
Allied Chemical X Mercury Cleaned up lake.
Onondoga County, NY
Pollution Abatement Services, Inc. X X PCB, chloroform, toluene, etc. Constructed dike and trench for leachate control,
Oswego, NY removed wastes, filled. impoundment.
Destructo Chemway Corporation X X X Fuel oil, toluene, xylene, One-third of waste chemicﬂs removed. 32,000 ft3
(Carolawn Co., Inc.) dichloroethane, trichlorethene. contaminated soil removed. New drinking water
Kernersville, NC - supply system constructed, '
"North Carolina Highway Spill® X PCB. Sprayed activated carbon and covered the area
Raleigh, NC with asphalt.
Koppers Company, Inc. X Pentachlorophenol (PCP}. Contaminated soil/waste removed. Still some
Morrisville, NC contaminated soil on site.’
Renroh Warehouse X 2-4 dinitrophenol. Removed drums.
Holly Ridge, NC
Summit Avenue X Waste chemicals, solvents, Removed drums.
Charlotte, NC plating wastes.
Haywood County X X Petroleum based cleaning Surface skimming of water.
Clinton, NC fluid,
Carolina Task Cleaning Company X Solvent rinses. EEB cleanup of waterway. Pit cleaned up.
Greensboro, NC .
Arsenic Disposal o X X Arsenic, Collected and recycled waste.
North Dakota
Belfield-North Ashing Site X Radioactives and heavy metals. Preliminary study. Cleanup initiated.
Belfield, ND :
Belfield-South Ashing Site - X Radioactives and heavy metals. Preliminary study. Cleanup initiated.
Belfield, ND
Husky Industries X Organic residues. Preliminary study. Cleanup initiated.
Dickenson, ND
Sqdium Chromate X Chromium. Monitoring. Cleanup initiated.
Dickenson, ND
North Dakota University at Fargo x Toxics, radioactives, Monitoring. bieanuﬁ initiated.
Minot, ND flammabies.
Summit National Liquid Services X Chemical waste oils, acetone, Containment, drainage instituted, redrummed,
Pontege County, OH . and removed wastes.
Chem-Dyne Corporation X Solvents, organics, inorganics. Removing wastes and site cleanup.

Hamilton, OH
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Chemicals & Minerals Relcamation X X Solvents, organic and inorganic. Removed drums.
Cleveland, OH .
Pristine, Inc. X X Mixed hazardous chemicals Some drum removal and site cleanup.
Reading, OH :
fobler Hater any X Gasoline spill, Aquifer recycling. Added phosphate as fertilizer
{Hew Jersey Zinc to ground to accelerate biodegradation. -
Asbler, PA
Kaxgﬂickl Berylco Industries, Inc. X Beryllium sludge. Treating collected ground water, site capped.
Hazle Township, PA
Mational Wood Preservers X X PCP, oil. Impoundment filled and graded.
Haverford, PA
Hease Chemical Company X Heavy metals, kepone, mirex. Initial cleanup created a kepone problem which
State College is ongoing.
College Township, PA
Transformer Sales X PCB, organics. PCB material placed in new drums. Building has new
Youngsville, PA roof and concrete floor pad. Berm constructed
around building. Soil being evacuated.
Revere Chemical Corporation X Acids, heavy metals. Waste neutralized, removed, sent to sea. Lagoons
Hackamixon, PA backfilled. Soil at site still contaminated.
Tob{hanna Army Depot X Electroplating (cyanide Closed, regraded, changed pre-landfilling technique.
Coolbaugh Township, PA hexavalent chromium)
Firestone Tire & Rubber Company x X Refinery, SO, scrubber wastes, Contaminated ground water recirculated and used in
Pottstown, PA organic waste. plant processes.
K11 Service, Yukon Plant X Pickle liquor sludge. Practice corrected, ciosure plans being developed.
Southington Township, PA
ABH Company - Wade Site X X Volatile organics hydro- Determined extent of problem. Materials disposed
Chester, PA chloric acid, PCB, cyanide, above natural grade. Hot spots removed. Runoff
benzene. discharge prevented.
Elkland Tannery Site X Sulfuric acid, tannic acid, Material removed, lagoon backfilled.
Elkland, PA 1ime and sodium hydroxide.
Rohm-Haas Company X X Arsenic compounds. Removed arsenic waste from lagoon, treated and
{Khitmoyer Labs) discharged. Waste piles of arsenic placed in
Hyerstown, PA concrete vault, Ground water treated using purging
: wells. Some contaminated soil remains.
Eavironmental Alds X Pickle liquor, organic Removed waste and chemically treated. Limed pond.
New Becaver Burrow, PA sludge. Revegetated,
Chio River Park X Upgrading to landfill led Closed park off. Monitoring gas and ground water.
Hev{lle Island to release of noxious fumes. Material removed.
Pittsburg, PA
*1977 Flood" X 011, organics. Containment. Activated carbon for water treatment.
Johnstown, PA
Foote-Hineral b3 Lithium. Lagoons lined. Activated carbon for water treatment
Exton Corporation
Khiteland, PA
18
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Western Sand and Gravel Chemical, septic. Emptied lagoons. Removed soil. Use of BarCad
North Smithfield & wells,
Burrilville, RI
Candybox Farm (Piccillo) X Ferric chloride, sodium, Drums removed.
Coventry, RI aluminum, benzene, toluene.
Bristol Landfill X X Chemical solvents Drums removed.
Bristol, RI
Capuano Landfill X X - X PCB, organics, 1iquid and Removed standing water, instailed barriers.
(Sanitary Landfill, Inc.) industrial wastes.
Cranston, RI
Ferguson Property X Solvents, paints, inks. Remedial action in two stages: (1) encapsulated
Rock Hill1, SC site temporarily to prevent runoff into nearby
stream, (2) since 1 above was ineffective, liquid
was removed and sent to a solvent reclaimer.
Chapel Estates X Paints, solvents, dyes, Drums removed with some contaminated soil
Greer, SC inks. removed.
Fort Lawn, SC X Volatile chemical waste, Some drums removed.
paints and solvents.
Velsical Residue Hill X Pesticide wastes. Grading, capping, revegetating the area.
Chattanooga, TN ’ Possible backfiush planned to minimize impact
on ground water.
Bumpass Cove Landfill X X Industrial waste. Drums removed and incinerator shut down. Landfill
Jonesboro, TN no longer accepting industrial waste., Plan to
regrade, cap, and revegetate landfill.
Velsicol Chemical Corporation X Pesticide wastes. Grading, capping, revegetating the area.
Hardeman County, TN Possible backflush planned to minimize impact’
. on ground water.
Milan Army Ammunition Plant X Explosive residues. Pits covered.
Milan, TN
Accidental Spill of Askarel X Askarel. Soil removed. Area covered with top soil, seeded,
East TN and landscaped.
Waynesboro City Dump X PCB waste. Site fenced, covered, regraded, and planning
Waynesboro, TN ) future closure.
Millington Dump Landfill X Pesticides and herbicides. Site closed in 1976. Clean fill imported. Since
Memphis, TN then land ‘used to grow soybeans.
North Hollywood Site X Unknown types of industrial Visible drums removed and completion of surface
Memphis, TN - waste. water control. Future efforts to monitor ground
water and surface water.
Meryville Pike X Plastic polymers, Surface diversion initiated to prevent rainwater
Knoxville, TN . runoff. Capping, revegetation, and silt control
measures used.
Motco, Inc. : X X X Styrene tars, vinyl Some styrene tars removed, Vinyl chloride
LaMargue, TX chloride, heavy metals. contamination continues.
DuPont-Ingleside b3 X X Carbon tetrachloride, Two surface impoundments relined. Purged ground

Corpus Christi, TX

Fluoride, arsenic, chloride.
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Ha=e and Location — = O ;A = = A Waste Type Remedial Action Technology
Bio-Ecology Systems, Inc. X X X X X X Arsenic, chromium, copper, Removed drums. Drained lagoons. Filled and
Grand Prafre, TX lead, zinc, nickel, etc. graded,

Little Mountain Salvage Yard X b3 0ils. Removed, treated and redisposed of wastes. Site
Ogden, UT was capped and graded.

Spill X X Pesticide. Recycled and treated waste.

Plains, VA

0lin Plant X b3 Mercury and alkalide Graded, constructed erosion controls. Removed
Saltville, VA products. contaminants.

Train Deraflment - Spill X Hydrochloric acid, mother Contained and removed.

Hill{amstown, NV liquor, formaldehyde.

Welseter Construction X Demolition wastes, PCB's, Contaminated soil being removed.

Calumat County, WI mercury, lead, cadmium.

Ansul Company X Arsenic salts. Treated and removed wastes,

Harinette, W!

Tecumseh Products Company x PCB's, Contaminated soil stored in warehouse.
Sheboygan Falls, Wi

Aeoco Refinery Plant X X X 0ils. Closed. Contamination removed and monitoring

Casper,

is ongoing.
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SECTION 2

SITE A
OLIN CORPORATION
SALTVILLE, VIRGINIA

INTRODUCTION

A chemical production complex located in Saltville, Virginia
was established in 1895 and operated continuously until its
closure in 1970 by the final owner/operator, 0lin Corporation.
Major product streams generated by the facility over 1its
operational 1ife included soda alkali, chlorine, hydrazine, and
dry dce.

Operation of the now-closed chemical complex resulted in
total dissolved solids (TDS) and mercury pollution in the
nearby North Fork of the Holston River. The TDS pollution has
been traced to several ponds on the property used by plant owners
for disposal of their manufacturing wastes. The mercury
pollution has been traced to an old chlorine plant on the
complex (since demolished) and one of the above-cited ponds.

Mercury is the pollution problem of chief concern. Although
plant officials and regulatory authorities had been aware of
the mercury problem for many years, the problem was not
ser1ous1y addressed until 1976 when it became obvious that
mercury in the North Fork bottom sediments was not decreasing
through natural dispersive processes.

Subsequently, environmental engineering studies indicated
that soil erosion from the chlorine plant area represented a
major pathway of mercury to the North Fork. Accordingly,
erosion control measures at the old plant site were implemented
by O0lin Corporation. These measures were apparently effective
in controlling further mercury discharges from the chlorine
plant site. However, TDS and mercury discharges are continuing
from the ponds, and measures to control these discharges are
now being considered. Even after all further mercury and TDS
discharges from the chemical complex site are controlled, some
remedial actions will have to be performed to control settled
mercury in riverbed sediments downstream.

SITE DESCRIPTION:

The 01in Chemical complex is located in the Saltville Va]]ey
in southwestern Virginia. The plant location is shown in an
aerial photograph included as Figure 2-1; the layout of facilities
at the complex is shown in Figure 2-2.
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Figure 2-1. Aerial photograph of 01in
Chemical complex. [2-1]
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The average annual rainfall in the area is 109 cm (43 1in.)
and average annual snowfall is 38 cm (15 in.). The average daily
high temperature is 13°C (55°F) with the highest daily maximum
in July at 29°C (85 F) -and the Towest in January at -4°C (25°F).

The small town of Saltville lies in the belt of the faulted
and folded Appalacian Mountains. Saltville and the former Olin
plant site 1ie in the flood plain of the North Fork of the Holston
River. Underlying the site is the MacCrady Formation, a shaley
Timestone of Mississippian Age. The MacCrady Formation contains
evaporite deposits of high quality halite (rock salt) and occupies
a narrow bank less than 300 m (1,000 ft) wide. This Formation
supplied salt to the brine wells located on the plant property.

East of the former chlorine plant site, the MacCrady Formation
thickens to about 600 m (2,000 ft) as a result of flowage of the
evaporites during thrust fau1ting. The strike of the MacCrady
is 55° NE with a dip ranging from 45° to 60° SE. The North Fork
flows to the southwest following the bedrock strike and is
underlain by the MacCrady Formation.

The Little Valley Formation, resistant limestone of Missis-
sippian Age, overlies the MacCrady Formation. This limestone
outcrops and forms the cliff and ridge between the former plant
site and the Town of Saltville, southeast of the North Fork.
Northwest of the river valley is Little Mountain formed by the
resistant Price Sandstone of Mississippian Age, which underlies
the MacGrady Formation. In the river valley, alluvium overlies
the bedrock and consists mostly of sandstone boulders in silty
and sandy clay.

Figure 2-3 displays a generalized geological cross section
of the area in which the plant was located. The alluvial
material may have been removed from some areas of the plant
grounds during initial site preparation. Presently, most of
the former chlorine plant site is underlain by loose fine
grained fill consisting of clayey silt and sand and some pieces
of building materials.

The North Fork is located on the southeast side of the
0lin property and separates the former plant site from Saltville;
it originates from springs and streams near the town of Nebo,
Virginia about 64 km (40 mi) northeast of Saltville. As shown in
Figure 2-4, it flows southwest for about 209 km (130 mi) to
Kingsport, Tennessee where it joins the South Fork of the Holston
River to form the Holston River. The Holston River flows about
80 km (50 mi) to the Cherokee Reservoir, and thence an additional
160 km (100 mi) to the Tennessee River.

The North Fork of the Holston River is a mountain stream
with an unregulated flow ranging from 0 to 467 m3/sec (0 to
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Figure 2-3. Generalized geologic cross section*.
* The cross section is perpendicular to the strike direction and

the vertical exageration is approximately 2.5 times the
horizontal distance. '
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16,500 ft3/sec). Typical stream flow at Saltville is about

80 m3/sec (300 ft3/sec). Extensive pool and ripple areas are
Jocated in the river, and the riverbed is primarily composed of
boulders and cobbles with submerged rock ledges. Figure 2-5
shows that the riverbed has been altered in the area which now
houses two ponds used for disposal of Olin's Tliquid wastes.

The River now flows to the southeast of Ponds 5 and 6 rather
than through the area in which these waste ponds are located.

The two plant site areas causing environmental concern are
the o1d chlorine plant site and Ponds 5 and 6. Since corrective
action has only been implemented at the old chlorine plant site,
this area will be.emphasized.

Hydrogeological studies indicate that most of the ground
water underlying the former chlorine plant area is the result
of infiltration of precipitation. However, the western part of
the chlorine plant area derives some ground water from the
Robertson Branch Creek and some from precipitation falling on
higher surfaces. Ground water has been found at the old -
chlorine plant site at depths from 4 to 6.4 m (13 to 21 ft).
Hydraulic connections occur horizontally and vertically between
the rock, alluvium, and fill. [2-4] The drinking water for the
Town of Saltville is supplied by mountain springs located at
higher elevations north of the plant site. These springs are
capable of supplying 0.07 m3/sec (1.5 mgd). .

SITE OPERATION AND HISTORY

In 1748, saline brines were discovered in the vicinity of
Saltville. Although salt production began in 1788, production
was sporadic until the Mathieson Alkali Works acquired the
property in Saltville in 1892. The first alkali product was
produced in 1895 by Mathieson. .

To capitalize on the raw materials of the area (e.g., rock
salt and Timestone deposits, as well as coal fields), Mathieson
began to broaden their chemical product capability. A dry ice
plant, the largest of its kind, was constructed in 1931. In
1951, the electrolytic chlorine and caustic soda plant was
constructed by the Company, then called Mathieson Chemical
Corporation. Mathieson merged with 0lin Corporation in 1954,
constructed a hydrazine plant, and began production of rocket
fuel. The hydrazine plant, operated for the U.S. Air Force,
was the last major addition to the Olin complex.

Due to economic and technical factors, 01in Corporation
began closing their facility in Saltville in 1970 and completed
the process by 1972. 071in had owned 3,000 ha (7,300 ac) .in
Smyth and Washington Counties and was the only major industry
in the area. About 1,400 ha (3,500 ac) was donated to the State
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Waste Ponds 5 and 6. [2-3]
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of Virginia as a game and timber reserve. About 1,400 ha
(3,500 ac) within the corporate 1imits of Saltville were .
donated to the Town, including the plant site, building, and
surrounding farm lands. In addition, mineral rights plus
some money was awarded to the Town.

From July 4, 1895 until June 20, 1972, 0lin Corporation
and its predecessors (Mathieson Chemical Corporation and
Mathieson Alkali Works) operated a chemical complex at
Saltville. A Tist of principal products and manufacturing
processes utilized by 01in at the Saltville complex is
displayed in Figure 2-6. As shown in Figure 2-7, raw materials
were converted to soda-alkali compounds via the Solvay process.
Chlorine and caustic soda were produced by electrolysis.
from salt (see Figure 2-8). The Solvay process and chlorine-
caustic process produced significant quantities of wastes.

The Solvay process produced sodium chloride, calcium chloride,
calcium carbonate, calcium hydroxide, and other solids as
wastes. The chlorine-caustic process produCed caustic soda,
salt, and mercury as wastes. The dry ice, 1iquid carbon
dioxide, and hydrazine processes did not produce wastewater
with any significant contaminants.

The Saltville facility produced 0.1 m3/sec (2 mgd) of
waste containing 910,000 to 1,360,000 kg (1,000 to 1,500 tons)
per day of calcium and sodium ch1or1des (sa]t) plus much
smaller amounts of caustic agents, mercury, and other
contaminants. The wastewater was discharged to large disposal
ponds where the solids were settled and supernatant discharged
to the North Fork. During the plant's operat1on, a total of
six such ponds were used. Ponds 1 and 2 have since been
filled and residences are located atop Pond 1. Ponds 3 and
4 were only temporary holding lagoons, and Ponds 5 and 6
exist to this day, although they are now dry.

POLLUTION

As a result of preparation of alkali and.ch10r1ne
products, the North Fork has elevated levels of total
dissolved solids (TDS) and mercury. During the
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plant's operation prior to 1969-70, the State Water Control Board
regulated the chloride discharges and gave little attention to the
amount of mercury discharged. Since the p]ant s closure, the

- 500 mg/1 TDS standard for the North Fork is exceeded 60 percent

of the time. However, no real health hazard is exper1enced from
TDS loading . and resident fish appear to have acclimated. Also,
the river water is too brackish for use as a water supply and
there is no demand for its use s1nce ground water supp]1es are
adequate.

Approximately 10 percent of the TDS'concentration (as sa1t)
in the North Fork is estimated to be the natural background level.
Salt leakage from the brinefield is believed to have occurred
for many centuries and could be considered to be a natural
condition since the present Saltville flat was once a salt lake
around which Pleistocene mammals gathered. It is probable’ 7
~that the mining operations of 01in and its predecessor aggravated
the situation. - However, saline flows could probably not be stopped
since the near-surface geological formations are fragmented. ' The
brinewell field contribution to TDS is not considered to be
easily remedied. ‘The TDS loading due to Ponds 5 and 6 1s con-
sidered to be at least partially abateable.

In 1969, the Swedish scientists Jensen and Jernelov published
the first f1nd1ngs on methylation and subsequent bio-accumulation of
inorganic mercury in the environment. Their discovery focused
‘attention upon the amount of mercury being discharged as waste.
Virginia State Water Control Board water analysis of the North
Fork indicated that the stream was seriously contaminated with
mercury. :

Beginning in 1951, 0lin COTporation used mercury in an
electrolytic chlorine process. The mercury-contaminated waste-
water and process wastewater were recycled, disposed in the
ponds, and/or discharged to the river. 1In 1970, tighter
restrictions were placed on chlorine plants, as a result of ~
Jensen and Jernelov's discovery of mercury methylation. Before
regulation (1950 to 1970) an estimated 45 kg/day (100 1b/day)
of mercury dischardged to the North Fork via spills, runoff,
and other pathways. After regulations were developed (1970 to -
1972), 01in reduced losses to about 0.1 kg/day (0.25 1b/day)
by recycling and tightening plant operations.

0lin officials had planned to redes1gn the plant and to
further reduce mercury discharge to a minimum. However, 0lin
later decided to abandon the Saltville plant since the cost of
repair and restoration was prohibitive. 01in closed the plant
and donated its land to the State of Virginia and the Town of
Saltville in 1972 ,
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A 0.5 mg/kg (ppm) mercury level in fish was established by
the Food and Drug Administration in Spring 1970. Since September
1970, the North Fork of the Holston River has been closed to
fishing for eating purposes as a result of the mercury content
in the fish. Game fishing is now allowed. The Virginia State
Water Control Board annually monitors the mercury content in the

—-fish and river sediment.

When it became evident that the natural dispersive processes
would not eliminate the mercury problem and return the River
to an acceptable quality, the State and 01in began to consider
clean-up actions. A mass balance study of mercury input to the
river conducted by 0lin from October 1978 until November 1979
indicated an average mercury input of 45 g/day (0.10 1b/day).
State samples taken during the same period indicated an input
of 40 to 60 g/day (0.10 to 0.13 1b/day). [2-5] Mercury's physical
property complicates the contamination process. Because of its
weight mercury has the tendency to settle out and water does not
act as a driving force. The higher than water density of mercury
resulted in accumulative deposits of mercury in the riverbed
from long-term, historical discharges. Abatement of mercury
contamination of the river will thus require dredge removal or
fixation of the riverbed mercury.

Even with a mercury input to the North Fork of 60 g/day or

22 kg/year (0.13 1b/day or 10 1b/year), the concentration of mercury
in the flowing river probably never exceeds 1 ug/1 (1 ppb) and
rarely exceeds 0.2 ug/1 (0.2 ppb). The mercury criterion for
domestic water supply is 2.0 ppb and this level would probably
never be exceeded. As further health protection, there are no
public water supply intakes in the North Fork below Saltville,
nor is there a need for public water intakes on the river. Thus,
apart from human consumptioen of -fish caught in the river, the
ﬂercugy Tevel in the water was not seen as presenting a health
azard.

The two site areas containing residual contamination and
discharging mercury have been identified as Pond 5 and the old
chlorine plant site. The only pollution source which has been
assessed and which has received corrective actions is the chlorine
plant site. Therefore, for purposes of clarity, the mercury
contamination as associated with the chlorine plant will be
discussed more than the problem associated with Pbnd 5.

Pond 5 was recently assessed by a consultant for 0lin. The
report revealed that 92 percent of the mercury, approximately
38,600 kg (85,000 1bs), in the pond was confined to the tgp 5.3 m
(17.5 ft) of the solids comprising 612,000 m3 (800,000 yd3). The
average concentration in the top 5.3 m (17.5 ft) of soils was
about 13 mg/kg (13 ppm). O0lin estimates that it will cost
$25,000,000 to $30,000,000 to remove this material and dispose
of it in a secure landfill. A water balance conducted on Ponds
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5 and 6 indicated that 60 percent of the total water results from
direct rainfall onto the pond.~ Ground water contributions are
insignificant. :

Approx1mate1y 100,000 kg (220 000 1b) of mercury has been
estimated to be at the surface and subsurface of the demolished
former chlorine plant site. The fill material contains the
highest concentration of mercury and the alluvium contains the
Towest concentration. Generally, soils in the western half of
the building site contain the highest concentrations of mercury.
Mercury beads, up to 1.5 mm (0.1 in.) in diameter, .have been
visible on the top surface of concrete structures. Mercury
concentrations in the soil above and below the concrete were
found to be less. Most of the mercury present at the site
entered the subsurface during the years that the chlorine plant

was in operation. ,

It appears that mercury percolated downward via gravity
through pore spaces in the fill and alluvial materials at the
chlorine plant site and along open bedding planes and joints in
rock. It -then collected in high concentrations in the subsurface
where relatively tight materials such as concrete and tight
rock formed barriers to further downward migration. Because of
gravity and ground water movement, mercury could have spread
laterally for short distances. However, it is believed that the
lateral movement of e1ementa1 mercury at the site in the ground
‘water is s]1ght .

REMEDIAL ACTION

When it was determined that the natural dispersion of
mercury would be slow, with centuries elapsing before the river
ecosystem recovered completely, 01in Corporation and the State of
Virginia began taking the first steps to correct the problem.-

A Saltville Task Force was established to study the level of
mercury, evaluate the problem, and advise 01in on acceptable
measures to remedy the problem. Members of the Task Force
represent the U.S. Environmental Protection Agency, State of
Virginia Water Control Board, the State of Tennessee Department
of Public Health, and the Tennessee Valley Authority.

The former chlorine plant site continued to discharge
mercury into the river after its closure :in 1972 through residual
materials and deposits at the plant site. O0lin's consultants
studied the movement of elemental mercury at the chlorine p]ant
site (1) through the soil and rock, (2) in the ground water, and
(3) by 5011 movement through erosion.

The potential for mercury pollution of the river through

erosion was deemed to be greater than through ground water
seepage from the ‘area to the river. The fill material at the
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former plant site has higher mercury concentrations than the
ground water. This mercury could be deposited in the river by
sheet flow runoff, especially. from the steep river banks at times
of heavy rainfa]]. A flood in April 1977 -undercut the river bank
in front of the former chlorine plant site. The amount of mercury
deposited into the river by erosion and movement of particulate -
matter is believed to have been . significant. It is also probable
that stream bank erosion at the site during high river flows

in the mid-1970's carried more mercury into the River and
contributed to the noticed increase in mercury contents in fish
and sediment.

The corrective action completed in 1979 included implementa-
tion of erosion control measures along the river bank to prevent
further discharge of mercury. This was the first corrective
project 0lin undertook in conjunction with the Task Force. O0lin
Corporation contracted W-L Construction of Chilhowie, Virginia
to implement the erosion control project. The U.S. Army Corps
of Engineers and the Virginia Water Control Board reviewed the
plans for the project. The detailed engineering work was done
by a consulting firm from Chicago, Illinois.

Approximately $400,000 in costs were incurred by 01in to
prevent erosion of the river bank in the area of the chlorine
plant. The project (see Figure 2-9) began in October 1978 and
was completed by April 1979. The corrective measures to reduce

mercury concentrations in the North Fork included the following:

1. Drainage diversion measures. Revisions to prevent the
possibility of Robertson Branch Creek overflowing onto
the chlorine plant site consisted of the following:

a. The road across the Branch Creek serving Tri-Cities
Dry Ice was modified to include a 7.6 m (25 ft) wide
by 3 m (10 ft) high arch structure to allow higher
flows to pass.

An earthen berm was constructed from the above
mentioned road along the chlorine plant site to-
the double-barreled culvert.

An overflow channel was constructed on top of the
double barreled culvert. A 2:1 slope was maintained
in the overflow channel by removing previous railroad
tracks, and by applying sand, filter material, and
riprap on the slope.

Sealing off the plant site from the North Fork (see
Figure 2-10). The slope of the chlorine plant site
facing the river was regraded to a 2:1 incline. Soil
and debris which noticeably contained mercury deposits
were removed from the slope and placed back away from
the North Fork on the former chlorine plant site. Sand
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was applied to the slope, at a thickness of from

5 cm to 15 ¢cm (2 to 6 in.). A 0.8 mm (30 mil)
polyvinylchloride (PVC) mesh filter was applied
over the sand to hold it in place. Finally, riprap
was applied on the slope. ' :

Removal and plugging of drainage pipes from the area.
Two drain pipes and a rectangular concrete drain
were located during the excavation and regraded.
These drain structures were moved back a distance
from the North Fork and plugged.

Prevention of precipitation infiltration. A 10 cm
(4 in.) layer of topsoil was used as cover material
for the chlorine p]ant site. The area was then
seeded. “ .

The above measures were implemented as erosion control
measures and are considered effective to that end. It is hoped
that these measures will prevent the migration of mercury from
the chlorine plant area during flooding and high stream flows.
Entrance of water due to surface runoff from the nearby hills
and overflow of Robertson Branch Creek, likewise should be
prevented by the surface diversion measures installed.

It is difficult to accurateTy'determine the extent of
mevrcury contamination at the site and in the river and fish.
Fish data taken since plant closure appear random since

statistically the change in mercury concentration over time can
be equally represented by a line with a positive, negative, or
flat slope. [2-5]

Figures 2-11 and 2-12 present: mercury concentrations of
fish and sediment before and after the erosion control activity
-was implemented at the chlorine plant site. The sampling station
identification number increases with distance downstream from
the site. Sampling Station Bl is Tocated 8 km (5 .mi) downstream-
from the former 0lin plant site. Sampling Station B6 is 119 km
(74 mi) downstream of the 0lin site. Figure 2-11 illustrates
the mean mercury content of fish in July 1978 (pr1or to remedial
action) and July 1979 (after remedial action). Likewise, Figure
2-12 indicates the mean mercury content of the sediment in the
North Fork in July 1978 and July 1979. From viewing Figures 2-11
and 2-12, it is difficult to determine if further discharge of.
mercury has been prevented. Because of the behavior of mercury,
1odgement of mercury on the river floor may be creating a random
data appearance. Time will permit the collection.of a larger . .. ..
data base for mercury concentrations in fish and sediment.
Perhaps then, a site-specific accurate assessment of mercury
mobility and transport mechanisms can be made, as well as a
determination of whether further mercury discharges from the
chlorine plant site are continuing.
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Figure 2-11. Mean mercury content of the sediment at
the control and affected stations on the Holston
River, July 1978 and July 1979. [2-7]
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control and affected stations on the Holston River
July 1978 and July 1979. [2-7]
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Concurrently, Olin's consultants have been collecting data
and investigating methods of corrective action at the disposal
ponds. The six ponds constructed over the years by the site
operators were operated in accordance with standard operating
practices of the day. While four of the six have reverted to a
natural state, two of the ponds remain active pollution sources.
Ponds 5 and 6 are sources of total dissolved solids (mainly
calcium and sodium chloride) pollution; Pond 5 is also a source
of mercury pollution.

Pond 5, which covers 29 ha (72 ac) contains 5 miilion m3
(7 million yd3) of waste. No final decision has been made on
abating the mercury problem associated with this pond. The
soil under the pond consists of sandy, cobbled material, and
thus containment of Ileachate from the bottom of this pond would
be difficult. As an alternative surface sealing has been proposed
to prevent further intrusion of rainwater. Such sealing would be
less expensive to install and although it would not prevent any

further Teaching, it would minimize the amount of future leachate
discharges. '

CONCLUSION

When the chlorine plant at the 01in complex ceased operation
and was demolished, it was anticipated that the environmental
problem associated with mercury contamination of the fish in the
North Fork of the Holston River would gradually diminish. However,
mercury concentrations in fish have fluctuated and actually appear
to have increased in 1977. This increase correlated with a
reduction in dissolved solids and chlorides in the North Fork.
Likewise, river sediment values fluctuated and a linear decrease
was not noted for some 80 km (50 mi) downstream. It was
theorized that the increases in mercury content in the fish was
the result of changes in the stream's chemistry after the plant
closure. This increase has since subsided, but some mercury
discharge has continued and the stream remains contaminated.

No reduction in mercury concentrations has been substantiated in
the eight years since closure.

In mid-1976, the State of Virginia and 0lin Corporation began
studying the problem. The State .of Tennessee also became involved
with the assessment since the North Fork of the Holston River
empties into the Tennessee River. There is evidence that the
contamination extends down the river to the TVA Cherokee Reservoir,
161 km (100 mi) from Saltville, Virginia.

Delay in correcting the mercury contamination problem has
been the result of several factors, one of which would be the
time consuming environmental and engineering studies to
rationally analyze the problem and to formulate cost effective
corrective measures that would have a reasonable chance of success.
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Presently, only a small part of the . environmental problems
associated with the previous operations at the chemical complex
has been corrected. The completed corrective action includes
erosion control measures implemented at the former chlorine
plant site. These measures appear to be successful in limiting
further mercury contamination from the chlorine plant site from
entering the North Fork, according to representatives from both
the Virginia State Water Control Board and Olin Corporation.

01lin believes the largest potential source of mercury dis-
charge to the river has been corrected. They maintain that
current discharges of TDS and mercury are between 0 and 20
percent of lTevels discharged during the years immediately before
and after plant closure. .Thus, O0lin officials believe a large
portion of the overall environmental problems associated with
the chemical complex were mitigated by the plant closure and
subsequent remedial actions. [2-5] Although a significant
amount of effort and money ‘has been expended, the U.S. EPA and
Virginia State Water Control Board believe that correction of
environmental problems from the site is only beginning.
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APPENDIX 2-1
SITE A PHOTOGRAPHS
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View of 0Tin Corporation at Saltville while

it was still oerpational. Plant facilities

are located in the upper right corner. Pond

5 is in the center and left portions of photo.
The North Fork of Holston River borders the pond.

i i : ; Wy '

Overview of 0lin Corporation at Saltville. Town
of Saltville in upper right corner of photo,
01in plant facilities with Ponds 5 and 6 are
located in the central portion of the photo.
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Appearance of river bank bordering chlorine p]ant‘sfté
before and after sloping and sand application.

- Application of plastic 1iner and riprap

to resloped, sanded embankment of chlorine
plant site.
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Appearance of chlorine plant site after
remedial action. . '
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SECTION 3

| SITE B , ,
FIRESTONE TIRE AND RUBBER COMPANY
POTTSTOWN, PENNSYLVANIA

INTRODUCTION

In 1942 Jacobs Aircraft and Engine Company operated a
machine shop for the production of aircraft engines in Pottstown,
Pennsylvania. During this time, they disposed of cutting oils
and metal filings in lagoons on their site. Firestone Tire
and Rubber Company purchased the Jacobs site in Pottstown in
1945, Since that time, they have landfilled tires, inert cloth
and rubber, pigments, zinc oxide, sulfur dioxide scrubber wastes,’
rubber flashing, and PVC sludge resins at the site. Iron, -
manganese, aluminum, sulfates, and chlorides originating from
the lTandfill and lagoons on the site have polluted the ground
and surface water in the area. v :

To remedy these water quality problems, Firestone has
established a ground water recovery system of wells which purge
the ground water near the lagoons and landfill so that no a
~off-site migration of the contaminants occurs. The amounts of
contaminants in the ground water and surface water are now
within health standards as the Company continues to monitor -
the water quality in the area.

SITE DESCRIPTION

The Pottstown Plant of Firestone Tire and Rubber Company 1is
located in southeastern Pennsylvania approximately 50 km (30 mi)
northeast of Philadelphia in Montgomery County. The site
occupies 106 ha (263 ac) within a meander loop of the Schuylkill
River which eventually flows to the Delaware River. Pottstown,
a community of over 20,000 people, lies a few kilometers (miles)
upstream from the Firestone Plant. Residents in the area use
the ground water for drinking water. :

Pottstown receives about 110 cm (43 in.) of precipitation
and 81.cm (32 in.) of snow per year. No frost can be expected
from early April to late October. The winds average 15 km/hr
(9.3 mph) from the west. The temperature averages about 10°C
(51°F) year round with a summer average of about 22°C (72°F)

and a winter average of about -3°C (26°F). ,

Firestone's old Tandfill area is'1ocated 45 to 90 m
(150 to 300 ft) from the Schuylkill River. Both the new landfill
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area and the new lagoons lie about 200 m (600 ft) from the
Schuylkill River (see Figures 3-1 and 3-2). The Schuylkill
River is 0.6 to 1.2 m (2 to 4 ft) deep and 15 to 30 m (50 to
100 ft) wide (depending on seasonal variations) at the Firestone
site. The river is 33 m (110 ft) above sea level and the
Tandfill is 9 m (30 ft) deep. The river's 100 year frequency
flood raises its level 9 m (30 ft) which would flood the bottom
of the landfill. This has occurred three times in recent years.
The site is fairly flat with a small valley that will be filled
in with the expansion of the old landfill. The old landfill '
itself is flat across the top with steeply sloped sides.

The subsurface consists of two distinct materials. Alluvium,
6 to 7.5 m (20 to 25 ft) thick, Ties at the surface and consists
of thin layers of silt, sand, and gravel. The water table levels
in this material correlate closely with river stages. There is
1ittle hydraulic gradient in this, the upper, or shallow flow -
system. The landfill and Tagoons lie in this material. Under-
1ying the alluvium are the Lockatong Formation, a mudstone and
shale, and the Brunswick Formation, a shale, siltstone, and
sandstone. The bedrock is not_horizontal but dips approximately
30 degrees to the southeast (see Figure 3-3 and 3-4). Ground
water in this, the lower or deep flow system, occurs along
joints and bedding planes of the Brunswick Formation. The deep
wells used for process water and potable water extend down into
this system. There is some communication or recharge from the
shallow to the deep ground water. Therefore, the Schuylkill
River, the alluvium aquifer, and the bedrock aquifer are not
independent of one another.

The area around the Firestone site is hilly and well drained.
Elevations range from 33 m (110 ft) to over 90 m (300 ft) as
seen in Figure 3-4. The vegetation at the Firestone site consists
of grasses and some hardwood trees. The trees grow along the
river banks and in the small valley. Native grasses have been
planted on the landfill and other disturbed areas.

SITE OPERATION AND HISTORY

In 1942, Jacobs Aircraft Engine Company operated a machine
shop and defense plant for the production of aircraft engines as
part of the war effort. Cutting oils, metal filings, and other
wastes were placed in an open dump on the site. Firestone Tire
and Rubber Company bought the plant in 1945 and began tire
production soon afterwards. They continued the use of the
open dump through the early 1960's converting it to a Tandfill
accepting vinyl resins, factory trash, and rubber tires. The
Tandfill was originally 5.3 ha (13 ac) in size. Six earthen
lagoons were also used for PVC wastes. Six deep wells were
used in the early 1960's to supply water for process uses.
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 Figure 3-1.
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PLANT WATER SUPPLY
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p of the Firestone plant showing
sed for remedial action. [3-1]
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Figure 3-2. Location map of Firestone plant
with remedial action wells.
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Figure 3-3. Rough geologic cross section of the material
.under1ying the Firestone plant.
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Figure 3-4. Location and partial geologic map for
Firestone's Pottstown, Pennsylvania plant. [3-2]
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Currently, Firestone operates a tire manufacturing plant,
a chemical plant, and a sheeting plant which produces plastic
resins, film, and sheeting products. They have proceeded with
plans to close their tire plant. However, the chemical plants
Will remain in operation. Before the tire plant was closed,

- Firestone employed nearly 2,400 people, and produced 450,000 kg
(1 million 1bs) of finished tires per day. Both the number of
employees and the amount of tires produced declined as closure
‘activities continued. The chemical plant employs 450 people and
the film and sheeting plant 250 people. ‘

Both the tire and the chemical plants contributed to the
landfill. 1In early 1971, an average of 30 metric tons (33 tons)
of waste was Tandfilled per day; the majority of which was -
factory trash and paper. The following is a 1ist of typical
Tandfill refuse: : o '

Inert cloth and rubber

° Tires )

) Paper ® Rubber flashing

° Carbon black ° 0ily rags o

(] Polyethylene 0 PolyvinyT chloride (PVC) film

. Wastewater treatment e Clay : S

- sludge (] Talc :

° Metal banding and ° Boiler fly ash '
strappings ® Synthetic polymer fabric

() Wooden pallets ) 0i1/water emulsions

) Coagulated butadiene/ e Sulfur dioxide sludge
styrene latex . Floor and roadway sweepings
wastes ¢ Fiber drums : o

° Miscellaneous ) Lagoon wastes (including
compounding agents calcium carbonate, ,
or dust from clean- calcium hydroxide, and.
up activities : - PVC resin) = =

(including sulfur
and zinc oxides)

Two Tagoons are now used by the chemical plant. Both are rubber-
lined and used only during emergencies. Wastewater is the only
material added to the lagoon. ' :

POLLUTION

Initially, the landfill and lagoon operations were considered
environmenta]]y’adequate by the Pennsylvania Department of
Environmental Resources. However, subsequent monitoring of wells
and the Schuylkill River indicated contamination. Contaminants
detected in the ground water in 1972 from monitoring wells
placed around the Tandfill included iron (185 ppm), manganese
(20 ppm), aluminum (10 ppm), and sulfates (140 ppm). Because
of the interconnection of the two aquifers as well as the

- Schuy1kill River, all three water bodies were threatened by
the pollution. , S '
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The 1andfill was accepting nearly 27 metric tons (30 tons)
of refuse per day in 1970 when Firestone 'applied for a new
permit to operate a sanitary landfill. The permit was approved
in July 1971, but not actually issued until August 1973 due to
permit infractions and revisions. "It was the first industrial
Tand disposal permit issued by the State's Division of Solid
Waste Management. - ‘

Firestone received a variance for a pilot plant process to
remove sulfur dioxide and fly ash from their boiler stacks.
They also received permission to landfill the wastes from the
sul fur dioxide scrubber system in late 1973. Wastes from the
scrubber process included calcium sulfite dihydrate, lime
residues, fly ash, and sodium sulfate. The sludge was mixed
with dirt and landfilled. Use of the scrubber system began in
February 1975 as an experimental one-year operation in cooperation
with the State. A permit for continued operation of the
scrubber processing and disposal facility was granted 1in
September 1977.

REMEDIAL ACTION

In early 1974, the Pennsylvania Bureau of Water Quality
Management ordered that use of the six lagoons be discontinued.
Two of the lagoons were excavated and one lined lagoon was
installed in their combined locations. A second Tined lagoon
was installed alongside in virgin ground. These new lagoons
were lined with multi-layered rubber 1liners developed by
Firestone. The other four lagoons were filled during this time
and a solids removal system was constructed upstream. The
four lagoons were then discontinued. Currently, solids which
are removed upstream go directly to the Tandfill and the lined
lagoons are used only in emergencies. The new lagoons lie in a
one-hundred year flood area but otherwise there is no discharge
and, therefore, they do not affect the ground water.

In 1974 Firestone sought permission to expand their existing
landfill, but were first required to install a leachate control
system since lining the expanded Tandfill to isolate it from the
ground water flow system was determined to be more expensive
than flow manipulation. Also, it would be impractical to
attempt to line the existing landfill. Therefore, Firestone
began a ground watering recovery system consisting of 14 wells
located as shown in Figures 3-1 and 3-2. Some of the extracted
water would be used for processing and potable uses.

Three wells, used for potable water, draw a total of
0.01 m3/sec (150 gal/minute) and are 60 m to 120 m (200 to
400 ft) deep. Five wells are used for process water which is
deionized previous to use jn the polymerization process. These
wells draw 0.006 to 0.01 m3/sec (100 to 200 gal/minute) each.
The five wells form a large zone of depression beneath the -
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seepage lagoons and the landfill. Recharge from the alluvium
aquifer is drawn to this large zone of depression. Therefore,
the pollutants entering the shallow flow system (alluvium
aquifer) are similarly drawn down and do not flow to the
Schuylkill River. Water from the Schuylkill River enters the
alluvium aquifer as recharge. Flow manipulation has altered

the original flow pattern of the alluvium aquifer which recharges
both the bedrock (deep flow system) and the Schuylkill River.
Four wells are used for monitoring. This recovery system has
been effective in controlling off-site migration of pollutants.

The data presented on the graphs contained in Figures 3-5
through 3-8 illustrates the problems of the pollution to the
ground water as well as the effectiveness of the use of the
recovery wells. No graphs illustrating iron, phosphate, or
manganese contamination are included. Early sampling for iron
was affected by contamination by the iron casings in the wells.
Phosphate and manganese results are too vague to indicate
consistent contamination or trends.

Firestone has discontinued their tire manufacturing plant
so less material is now being.landfilled. Their chemical plant
will continue use of the seepage lagoons and landfill.
Therefore, the recovery system should be adequate to control the
water flow system and the migration of pollutants. Monitoring
will continue on a quarterly basis.

Firestone paid $40,000 for a hydrogeologic study to deter-
mine the best means of Teachate control and for the placement’
of the recovery and monitoring wells. Another $210,000 was
used for revisions to the permit application and revisions
necessary to complete the landfill expansion.

CONCLUSION

Firestone has attempted, through several types of remedial
action, to control leachate migration from their Pottstown
facility. There has been a threat of contamination to the
ground water (a two aquifer system) and to the surface water
(Schuylkill River).

Firestone converted their open dump to a landfill in the
early 1960's. This helped control surface conditions (blowing
litter, etc.). No data is available to determine whether this
influenced the leachate entering the ground water, soil, or
the Schuylkill River.

In 1974 and 1975, Firestone closed their earthen Tagoons
and built two new lined lagoons. They also initiated a ground
water recovery system which manipulated the flow of ground water
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Figure 3-5. Sulfate concentrations in the ground water
before and after the use of the recovery wells.
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Figure 3-6. Five day BOD in the ground water before and
after the use of recovery wells.
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Figure 3-8. Concentration of total solids in the ground water
before and after the use of the recovery wells.

57



to prevent off-