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MILAN ARMY AMMUNITION PLANT REMEDIAL INVESTIGATION REPORT
EXECUTIVE SUMMARY

‘A Remedial Investigation (Rl) of the Milan Army Ammunition Plant in Milan, Tennessee, was
conducted by ICF Technology Incorporated under contract to the U.S. Army Toxic and Hazardous
Materials Agency (USATHAMA). The purpose of the RI was to investigate the extent of contamination at
the suspected source areas identified by previous researchers, delineate the groundwater contamination
plumes, and collect and analyze additional data to determine the geology underlying the site, the direction
and rate of groundwater flow and contaminant transport, and the characteristics of the local surface water
hydrology. In addition, a risk assessment of the site was performed to identify exposure pathways,
estimate exposure point concentrations using both empirical data and deterministic computer models, and

evaluate the level of risk posed to both human health and the environment.

Past environmental studies have determined that explosive waste emanating from the O-Line Ponds
and other disposal areas has resulted in groundwater, surface water, and sediment contamination. The
goal of the Rl field work was to investigate the areas of potential concern identified by previous studies;
namely, the O-Line Ponds area, Open Burning Ground, Ammunition Destruction Area, Former Ammunition
Destruction Area, Former Burnout Area, 30 explosive wastewater sumps at the ammunition load lines,
drainage ditches, Closed Sanitary Landfill, Present Sanitary Landfill, Former Borrow Pit, and Salvage Yard.

The field work for the project was performed between July and December, 1990. The investigation
consisted of the installation of 26 monitoring wells to supplement data from 63 existing monitoring wells,
collection of surface and subsurface soil samples to characterize suspected source strengths, collection
of surface water and sediment samples in the on-site drainage ditch system and other surface water
bodies to assess the potential for off-site transport of contaminants and impacts on aquatic life,
performance of a series of pump tests to characterize aquifer behavior, and the installation of six surface
water gaging stations in the drainage ditch system to characterize flow, drainage patterns, and surface
water percolation.

Milan Army Ammunition Plant (MAAP) is a government-owned, contractor-operated facility whose-
primary mission includes the loading, assembling, and packaging of conventional ammunition items, as
well as the maintenance, storage, and demilitarization of items as required. The MAAP facility was
constructed in 1941 and with the exception of the period between 1945 and 1953 when the facility was
in standby status, operations at MAAP have continued in an active status since that time. MAAP is
currently under the jurisdiction of the U.S. Army Armament, Munitions, and Chemical Command. The
operating contractor is Martin Marietta Ordnance Systems, Inc. and the current level of employment is
1,600 workers. ‘ :

MAAP covers 22,436 acres and is located in both Carroll and Gibson Counties, Tennessee. The site
lies approximately midway between the Tennessee and Mississippi Rivers in the west central part of the
state. The City of Milan, population 8,000, lies to the immediate northwest of the site.

The topology of the site is flat to gently rolling. Numerous perennial and ephemeral surface water
bodies drain the site; the largest of which are the Rutherford Fork of the Obion River and Wolf Creek. In
the northern portion of the site, drainage ditches run roughly south to north and receive both surface
runoff and discharge from MAAP treatment plant outfalls. The Rutherford Fork flows east to west and
receives inflow from the major drainage ditches. '

In the past, wastewater from production activities in the lines was discharged to concrete sumps or
surface impoundments where settling of explosives occurred. From the sumps, wastewater flowed to the
ditch system. Currently, MAAP treats all process water from the lines that generate explosives-
contaminated wastewater in six pink water treatment facilities (PWTFs). The water is treated by an
activated carbon adsorption system and discharged under the authority of a National Pollutant Discharge
Elimination System (NPDES) permit. .



The surface water studies conducted during the RI consisted of flow measurements at six locations
in the ditch system during precipitation events. Analysis of the flow/precipitation data indicates that the
ditches are losing bodies; that is, baseflow is zero, intermittent flow is due to PWTF discharge and surface
runoff during precipitation events, and surface water recharges groundwater at these times. The
estimated rate of surface water loss to groundwater is 90% of the water which enters the ditch system.
The remaining 10% of the water flows to the Rutherford Fork via the major ditches or Wolf Creek.

MAAP lies in the Guif Coastal Plain physiographic province. It is underiain by the Memphis Sand
stratigraphic unit, which is part of the Claiborne group of Cretaceous age. The Claiborne and underlying
Wilcox groups are the principal sources of groundwater in western Tennessee. The Memphis Sand is a
thick body of non-marine sands that include subordinate lenses of clay and silt. Analysis of the boring
logs developed during the field work shows that the clay and silt lenses, which range in thickness from .
0.04 to 0.5 feet, cannot be correlated between wells and are therefore discontinuous across the site. The
results of the aquifer testing indicate that the average horizontal hydraulic conductivity across the site is
27 feet/day. The stratified nature of the aquifer probably impedes the localized downward flow of
groundwater without significant effect on horizontal movement or large-scale (regional) vertical migration.

The groundwater elevation contours obtained from the water level readings measured on December
3, 1990, indicate that the predominant flow direction is to the north-northwest. Groundwater is recharged
primarily by precipitation infiltration in the southern portion of the site. Shallow groundwater in the
northern portion of the site discharges to the Rutherford Fork, Wolf Creek, and Johns Creek on the -
eastern boundary of the site, but analysis of the potentiometric data from the well clusters indicates that
much of the groundwater flows under these local discharge points and continues northwest to regional
discharge points. '

The small magnitude of the hydraulic gradient resuits in a low groundwater flow velocity, which is
estimated to be 0.20 feet/day. This is an average value for the site, and some variation is expected for

various areas of the MAAP facility.

From 1942 to 1978, MAAP has operated an ordnance demilitarization facility at O-Line. Wastewater
from O-Line flowed into a series of earthen settling ponds and then into a drainage ditch, which flows
north to the Rutherford Fork. Use of the ponds was discontinued in 1978 because of the discovery of
groundwater contamination in three of the eleven production wells. The ponds were determined to be
the most likely source of the contamination. In December 1984, the ponds were closed with a
mulitilayered cap. :

14

Previous investigators have determined that a groundwater contamination plume extends from the
O-Line Ponds area toward the north-northwest. The collection and analysis of groundwater samples from
existing and newly-installed wells during the Rl field work confirmed that past use of the ponds has
resulted in contamination by explosive compounds. The plume encompasses a relatively narrow region
between the ponds and the northern facility boundary. The southern limit is the area around the O-Line
Ponds, which is the location of the highest concentrations. The plumes for. 2,4,6-TNT and HMX extend
to the northern boundary as these compounds were detected in the northernmost cluster wells. The true
northern extent of these contaminants cannot be determined from empirical evidence. However, the
contaminant mass contained within the plume has been estimated and compared to the estimated loading
rate of explosives in groundwater and the close agreement between these numbers indicates that the
plume probably does not extend significantly further north of the facility boundary.

The extent of the plume compared to the calculated contaminant transport velocities for the
contaminants indicate that the drainage ditches have been concurrent sources of contamination. Further
evidence that this may have occurred is the results of the stream flow analysis, which shows that a
significant fraction of the surface water in the ditches percolates downwards to the water table. Itis also
possible that residual contamination in the soil underlying the ditches is continuing to impact groundwater

quality.
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Approximately 370 acres at MAAP have been used for the destruction and disposal of out-of-
specification ordnance items and explosive-contaminated wastes since about 1942. The area within this
acreage where these wastes were destroyed is known as the Open Burning Ground (OBG) and the
Ammunition Destruction Area (ADA). The ADA is further divided into the current ADA and the former ADA.
The former ADA, which was abandoned in 1947, separates the current ADA from the 190 acres still used
for open burning. Groundwater monitoring data collected by previous researchers have shown low but
increasing levels of explosive contamination in groundwater from wells adjacent to the OBG. The analysis
of groundwater samples collected during the RI show that high levels of explosives are present in the
groundwater at depth. :

Three categories of waste originating both on and off the MAAP site have been handled and/or
continue to be handled at the OBG. They include bulk explosives; ordnance components, including
defective ordnance items or components-damaged during assembly at MAAP, and assemblies or
components removed from inventory at storage depots; and wastes potentiaily contaminated with
explosives, including boxes, crates, paper, rags, strapping, pallets, spent carbon from the PWTFs,
precipitated explosives from settling sumps, and cleaning solvents that may have come into contact with
explosive materials.

_ Bulk explosives, ordnance, and explosive-contaminated wastes were typically burned (as opposed
to being detonated) at the OBG. Some explosive-contaminated liquid wastes, including paints and
cleaning solvents, were disposed at the OBG without burning, Bulk explosives were burned on the
ground surface. After a burn was completed, any combustion by-products were placed in natural gullies
or excavated treriches. ' .

The results of a trenching survey conducted in the OBG in 1988 indicated that two areas of highly
contaminated soils exist in the northern area and a widespread area of lower contaminant levels exists
in the southern portion of the OBG. Because the horizontal extent of contamination was not determined
by the previous study, a fixed grid boring system was used in this study. The distance between each grid
node was 800 feet. The grid was oriented so that nine of the nineteen boring locations were situated in
the central portion of the OBG. One boring was located in each of the two areas identified in the previous
study as being highly contaminated. The remaining borings are located around the perimeter of the OBG.

The chemical analytical results for soil samples collected fromthese borings show that contamination
by explosives was detected at only three soil boring locations. Significant contamination by select metals
(cadmium, chromium, mercury, and lead) was not detected. The vertical extent of soil contamination by
explosives at these locations is limited to a depth of fifteen feet, with the concentrations of contaminants
decreasing significantly at depths beyond 5 feet. it appears that the areas which are causing the
observed groundwater contamination were not investigated during this study. Most of the boring locations
do not correspond to the source areas identified by previous researchers. Therefore, it is likely that
widespread subsurface contamination does not exist in the OBG, and that the groundwater contamination
is caused by localized regions.

The Former Burn Out Area, located in the southern portion of the site, was investigated with five soil
borings, the installation and sampling of a new monitoring well, and sampling of downgradient wells. The
results of this investigation do not indicate that this area represents a significant source of contamination.
Lead was detected in surface soil above the background level but was not detected in subsurface soil
samples. Organic compounds associated with the production or packaging of explosives were detected
in soil at very low concentrations. Explosives were not detected in soil samples. Therefore, the data
indicate that this area is not a significant source of groundwater contamination.

The sumps at the load lines were investigated with horizontal and vertical soil borings to depths
below the bottom of the sump. Surface and subsurface soil samples were collected to determine the
extent of contamination and the potential for groundwater contamination at these locations. In general,
the analytical data indicate that although surface and near-surface soil near some of the sumps is
contaminated with explosives and heavy metals, the levels of contamination attenuate rapidly with depth.
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The soil near sumps in Line B appears to be the most contaminated but it is not known if the observed
soil contamination extends to the water table. Therefore, it cannot be determined, based on available

data, if the cause of groundwater contamination is the soil near the sumps or the drainage ditches which
received wastewater from the sumps. : ‘

Soil borings were installed in the Present Landfill, Closed Landfill, Former Borrow Pit, and Salvage
vard to determine the vertical and horizontal extent of contamination. The soil samples collected from the
Present Landfill and Salvage Yard borings indicate that these areas are not significant sources of
explosives or metals. Explosives and metals were detected in soil at depth in the Closed Landfill;
however, the borehole was not extended to the water table so the vertical extent of contamination was
not determined. In the Former Borrow Pit, lead and 2,4-DNT were detected in a surface soil sample but
were not detected at a lower depth. Other organic contaminants were detected in soil samples collected
down to 24 feet but were not detected in the downgradient monitoring wells. Therefore, the Former
Borrow Pit does not appear to be a source of groundwater contarmination.

A risk assessment was conducted to evaluate the human health and environmental risks associated
with contamination of groundwater, surface soil, and sediment and to a lesser extent, contamination of
subsurface soils and surface water by past activities at MAAP. In this assessment, a set of chemicals of
potential concern was selected for detailed evaluation based on the Ri sampling results. Using a
conservative selection procedure, chemicals were selected for five media (groundwater, surface soil,
subsurface soil, surface water and sediment). A variety of organic and inorganic chemicals have been
detected at MAAP, in addition to the explosive compounds and the four metals that were the focus of the
field investigation. The explosive chemicals and several organic chemicals most likely associated with
manufacturing and production at the load lines were detected in each medium. Many inorganic chemicals
also were detected in each medium. Because few background samples were collected in each of the
sampled media, background levels of chemicals of concern have not been well characterized.
Nevertheless, many of the inorganic chemicals detected at low concentrations were retained as chemicals
of concern, although they could be well within background levels.

To evaluate the potential human heatth risks, several exposure pathways were selected for detailed
evaluation. The exposure pathways that were quantitatively and qualitatively evaluated were:

e Residential drinking water exposures of future groundwater users at the northern and northwestern
boundaries of MAAP, and of current users of off-site wells (quantitative);

e Residential inhalation and dermal exposures during in-home use of groundwater_(qualitative);

e Inhalation exposures of workers and nearby residents of chemicals adsorbed onto wind-generated
dust from surface soils at the OBG (quarititative); and

e ingestion of deer killéd at MAAP (quantitative).

Due to institutional controls at MAAP, drinking water ingestion exposures for potable water were not'
evaluated for those who work and live there. Several wells at MAAP are used for non-potable water, and
dermal exposures and exposures from inhalation of chemicals that have volatilized during use could
occur. These exposures are not expected to be significant, as few volatile chemicals were detected in
groundwater, and those that were, were detected at low concentrations. Nevertheless, since these wells
are not currently monitored, it is recommended that the water from non-potable wells be monitored on
a somewhat consistent basis. '

Exposure scenarios for each of the potential exposure pathways that was quantitatively evaluated
were developed, and exposure “point concentrations and chronic daily intakes (CDIs) of exposed
populations were made. In this assessment, the reasonable maximum exposure (RME) case was
evaluated in accordance with EPA guidance on conducting risk assessments at Superfund sites. Forthe
pathways that were quantitatively evaluated, it was assumed that chemical concentrations in the
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environmental media sampled (or modeled) would remain constant over the duration of the exposure
period assumed. In the absence of any site-specific information to the contrary, other exposure
parameters used to estimate potential intakes for potentially exposed populations were based on EPA
standard assumptions and/or professional judgement.

Quantitative risk assessment involves combining intakes for exposed populations with reference
doses (RfDs, defined as acceptable daily doses for noncarcinogens) or slope factors (for carcinogens)
to derive estimates of noncarcinogenic hazard, or excess lifetime cancer risks, of the potentially exposed
populations. For carcinogens, potential risks are presented as the product of the CDI and slope factors.
Risks were compared to EPA’s target risk range of 10" to 10, For noncarcinogens, potential hazards
are presented as the ratio of the CDl to the reference dose (CDI:RfD), and the sum of the ratios is referred
to as the hazard index. In general, hazard indices that are less than one are not likely to be associated
with adverse health effects, and are therefore less likely to be regulatory concern than hazard indices

greater than one. The risk estimates for each of the selected pathways are presented beiow.

For the receptor populations at the northern and northwestern boundaries of MAAP, risks exceeded
the 10°® risk level, primarily due to arsenic, RDX, and 2,4,6-TNT. However, it is important to note that RDX
and 2,4,6-TNT are Class C carcinogens, and that carcinogenic risks could thus be over-estimated. In
addition, arsenic was present in low concentrations and may well be within background levels, and so
risks due to arsenic also could be over-estimated. The total hazard indices for groundwater ingestion
exceed 1, primarily due to manganese, 1,3,5-TNB, 2,4,6-TNT, and vanadium. For current users of
groundwater northwest of MAAP, the hazards associated with ingestion of groundwater exceeded one for
cadmium. This could be due to problems in sampling, and therefore, there is uncertainty in the resuits.

Potential residents in the future could be exposed to organic chemicais of concern via inhalation of
chemicals that have volatilizéd during use, and via dermal absorption. Relative to the risks associated
with ingestion, inhalation and dermal exposures 10 chemicals in groundwater are not expected to be
significant.

For the potential future drinking water exposures, it should be noted that it may not be appropriate
to sum risks for all the chemicals of concern in the O-Line pond and OBG/ADA plumes of contamination,
because the organic and inorganic chemicals are travelling at different rates (i.e., most inorganic
chemicals are travelling at a slower rate than most organic chemicals). Therefore, it is unlikely that a
potential receptor-could be exposed to RME concentrations of all the chemicals at one time.

Inhalation risks were evaluated for workers at the OBG and for residents who live downwind from
the OBG. The upper-bound excess lifetime cancer risks for workers was 1x10”°, primarily due to
chromium, while the risks for off-site residents was 2x1 0’6, also due to chromium. As noted earlier, it was
conservatively assumed that all chromium at the OBG was in the hexavalent form, a known inhalation
carcinogen. However, it is more likely that most of the chromium in surface soil is in the trivalent
(noncarcinogenic) form, as this form is readily adsorbed or complexed to soil particles, metal oxides, and
organic matter.

The hazard index for the workers was one, due to chromium, while the hazard index for residents
was less than one. Again, because it was assumed that all chromium was in the form Chromium VI,
whose RfD is 200 times greater than the RfD for Chromium lil, the hazards associated with inhalation
exposures may be over-estimated. '

Inhalation exposures of lead were not evaluated in the same manner as the other chemicals of
potential concern. A comparison was made with the NAAQS for both worker and residential exposures,
and with TLVs for worker exposures. According to modeled estimates of ambient air concentrations of
lead on- and off-site, both worker and residential exposures would be well within acceptable levels.
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Risks associated with ingestion of venison were calculated for those who consume deer killed at
MAAP. Risks for ingestion of venison were 8x10°, while hazards were less than one, indicating that
neither carcinogenic or noncarcinogenic effects are likely to occur.

In this assessment, potential ecological impacts associated with the chemicals of potential concern
at the MAAP site were evaluated. Potential impacts on plants, terrestrial wildlife, and aquatic life were
evaluated either qualitatively or quantitatively, depending upon the availability of exposure and toxicity
information and the likelihood of significant exposure.

4 Potential impacts were evaluated for terrestrial wildlife exposed to chemicals of potential concern in
soil, surface water and food. Impacts to deer, the indicator species for terrestrial wildlife, from ingestion
of surface water are not predicted based on the available toxicity data. Exposure of terrestrial wildlife and

livestock to chemicals in food also are not expected to result in significant impact due to the localized
nature of the contamination at MAAP relative to the available foraging habitat.

Impacts to aquatic invertebrates and fish were evaluated by comparing surface water and sediment
concentrations in various surface waters with ambient water quality criteria (AWQC), State water quality

standards, and other toxicity data. Based on these comparisons it is apparent that aquatic life at MAAP
may be adversely impacted by elevated concentrations of inorganic chemicals in surface water and

sediment.
Conclusions

The major conclusions of this study are as follows:

o  Groundwater contamination along a broad expanse and arising from several contributing
sources is the problem of greatest concern at MAAP. The contaminated groundwater plumes
extend toward off-site receptors, and the potential health threat is unacceptably large. Further

_data collection and/or an analysis of potentially feasible remedial or corrective measures is
required. In order of decreasing availability to receptors with secondary consideration for
chemical toxicity, known source strength, and release potential, the predominant source areas
contributing to groundwater contamination are:

. the ditches north of the O-line Ponds Area;
. the closed O-line Ponds;
. the OBG/ADA;
. sumps, ditches, and wastewater ponds at several load lines;
. the Closed Landfill;
) the Former Borrow Pit; and
. other areas investigated during this Rl.
. Areas with relatively low or no observed problems and requiring no further action include:
o  the Former Burn Out Area,

. the Present Landfill; and

. the Salvage Yard.
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« A significantly more complex set of hydrologic, chemical, and source identification questions
were raised than can be resolved by available data. Many findings cannot be rationalized with
the previously held concepts of release and transport from known sources at the site, and
critical data for several areas are not available to isolate sources of concemn. Many of these
uncertainties are due to the inadequacy of available information toward understanding of
hydrologic and transport processes, and to the presence of muitiple contamination sources.
Thus, for many of the areas, the site characterization phase has not progressed to the point
where the feasibility of remedial options can be evaluated.

. The area where data are sufficient to proceed to a feasibility study phase, with concurrent
additional data collection as necessary, is the O-Line Ponds Area, where additional data
requirements can be related to needs for remedy selection and alternatives analysis.

Because the nature and extent of contamination and the resulting or potential human health and/or
environmental risks were not fully characterized for each study area during this R, further work at the site
is planned by the Army and USATHAMA. At present, the following projects are being undertaken:

e A feasibility study for the O-Line Ponds area will be performed. The purpose of the feasibility
study is to identify remedial options and treatment technologies which have the potential to
mitigate the risks associated with contaminated media at the site. The identified technologies
will be further researched, treatability tests will be conducted if needed, and the riine criteria
listed in the NCP will be used to perform a detailed evaluation of each remedial option.

e Additional Rl work will be performed to determine the extent to which the drainage ditches
have contributed to groundwater contamination. The scope of work includes the instailation
of additional monitoring wells and the drilling of boreholes to collect subsurface soil samples.

e Negotiations between the Army and EPA are being conducted to evaluate whether the risk
assessment performed as part of this study meets the requirements of a baseline risk
assessment as defined under Section 430.30 (d) of the National Contingency Plan (40 CFR
Part 300). If the risk assessment is not determined to be a baseline risk assessment, then a
baseline risk assessment will be conducted for the facility or for specific areas within the
facility.

In addition, further investigative work is planned for the OBG/ADA and other potential source areas’
identified in this RI. :

As sufficient data are collected concerning each study area, a site-specific baseline risk assessment
will be performed for each area. Should the potential risk associated with that area be determined to be
unacceptably high, a feasibility study will be performed to identify remedial technologies which are
capable of mitigating the risk.
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1.0 INTRODUCTION

ICF Technology Incorporated (ICF) has been contracted by the U.S. Army Toxic and Hazardous
Materials Agency (USATHAMA) to conduct a Remedial Investigation (RI) of the Milan Army Ammunition
Plant (MAAP). This work was performed under Contract No. DAAA15-88-D-0009, Task Order No. 4. The
R field work and data evaluation procedures are in accordance with guidance documents for conducting
activities performed under the Comprehensive Environmental Response, Compensation, and Liability Act
of 1980 (CERCLA), as amended by the Superfund Amendments and Reauthorization Act of 1986 (SARA).
In addition, the procedures used in this investigation are consistent with the National Contingency Plan
(NCP) and the Department of the Army’s policy toward integrating the National Environmental Policy Act
(NEPA) and CERCLA/SARA processes.

The RI was performed because the site is listed on the U.S. Environmental Protection Agency's
(EPA) National Priorities List (NPL). The NPL is a list of those uncontrolled or abandoned hazardous
waste sites which, in the estimation of EPA and based on available data, present the greatest risk to
human health and the environment. The MAAP site was listed primarily because of contamination of
groundwater by explosive compounds occurring at the O-Line Ponds Area and because of possible
contamination of surface water by both explosives and toxic metals. :

The purpose of this study is to determine the nature and extent of contamination associated with
past disposal practices. In addition, the risks posed by conditions at the site to both human health and
the environment are evaluated. The goal of this Rl is to gather and present information which will allow
appropriate risk management decisions to be made regarding evaluation and selection of remedial actions
at the site.

This study was performed under the purview of USATHAMA, EPA Region IV, and the Tennessee
Department of Conservation (TDC).

1.1 PURPOSE OF THE REPORT

This RI Report presents the results of background research performed at the site, field sampling
procedures, the results of the investigation, an evaluation of the fate and transport of contaminants
emanating from the site, and an assessment of risks posed by conditions at the site to human health and
the environment. The purpose of the Rl Report is to present a site-specific evaluation of the nature and
level of risk so that an informed decision regarding the selection and evaluation of remedial actions can
be made. '

Past environmental assessments performed at MAAP have determined that explosive waste
emanating from the O-Line Ponds and other on-site areas has resulted in groundwater, surface water, and
sediment contamination. The goal of the field work conducted by ICF was to investigate all areas of
potential concern identified by previous studies, including the O-Line Ponds area, Open Burning Ground
(OBG), Current Ammunition Destruction Area (ADA), Former ADA, Former Burnout Area, loading,
assembly, and production (LAP) lines which includes 30 explosive wastewater sumps, drainage ditches,
Closed Sanitary Landfill, Present Sanitary Landfill, Former Borrow Pit, and the Salvage Yard. The field
work was performed between August and December, 1990, and consisted of the following elements:

. installation of 26 monitoring wells to supplement data from 63 existing monitoring wells, to be
used in determining the lateral and vertical extent of groundwater contamination;

. collection of surface and subsurface soil samples to characterize suspected source strengths;
. collection of surface water and sediment samples in the on-site drainage ditch system and

other surface water bodies to assess the potential for off-site transport of contaminants and
any impact on aquatic life; - -




.  performance of a series of aquifer tests, including slug tests and drawdown and recovery
pump tests to characterize aquifer behavior; and

. installation of six surface water gaging stations in the drainage ditch system to characterize
flow, drainage patterns, and surface water percolation.

In addition to these data, historical data generated by studies performed by other researchers and
information gathered during conversations and meetings with USATHAMA, the U.S. Army Corps of
Engineers, MAAP, EPA Region IV, and TDC personnel were used in developing this report.

1.2

REPORT ORGANIZATION

The work presented in this report is divided into twelve sections as follows:

Section 1 - introduction ,
Presents the purpose of the report and report organization.

Section 2 - Site Background .
Presents information on the site location and physical setting, and also discusses the operational

history of MAAP. This discussion focuses on the operations conducted at the suspected source
areas at the facility. In addition, the results of previous environmental studies performed at the

source areas under investigation are presented.

Section 3 - Previous Investigations and History of Response Actions
Presents a summary of previous investigations conducted at MAAP.

Section 4 - Technical Approach to Field Operations

Describes the field activities used to investigate the geology, hydrogeology, surface water hydrology,
and extent of contamination at the site; the drilling of soil borings and soil sampling; installation of
monitoring wells; collection of sediment, surface water and groundwater samples; .aquifer testing;

and stream gaging.

Section 5 - Resuits of Physical and Chemical Analyses
Presents the results of the physical testing of soils; water level survey results; aquifer test results;
stream flow measurements, and the analytical results for soil, groundwater, surface water, and

sediment samples.

Section 6 - Quality Assurance and Quality Control _

Describes the quality control and quality assurance procedures and processes used during the
remedial investigation. :

Section 7 - Nature and Extent of Contamination -
Describes the results of the chemical analysis of environmental samples in terms of characterizing
the source areas and determining the extent of contamination in groundwater and surface water.

Section 8 - Contaminant Fate and Transport :
Evaluates the environmental fate and transport of contaminants found at the site. This includes an

assessment of potential routes of migration, the persistence and mobility of -contaminants in the
environment, and the potential for off-site. migration of contaminants through affected media. A
contaminant transport model was used to estimate the magnitude of groundwater contamination at

the facility boundary in the future.

Section 9 - Baseline Risk Assessment




|dentifies chemicals of potential concern and transport pathways which may result in human
exposure. Characterizes the existing or potential human health risks that may be posed by
conditions at the site. In addition, an environmental evaluation is described, in which concentrations
of site-related chemicals in environmental media at exposure points are compared to toxicity-based

criteria.

Section 10 - Identification of Potential Applicable or Relevant and Appropriate Requirements
Potential Applicable or Relevant and Appropriate Requirements (ARARs) are identified for use in

evaluating proposed remedial actions.

Section 11 - Conclusions
Presents a summary of the remedial investigation findings. Discusses the nature and level of risk.
posed by conditions at the site. Data gaps are identified and recommendations are made for future

work at the site.

Section 12 - References




2.0 SITE BACKGROUND

The following sections present known information regarding MAAP and specifically, the areas under
investigation. This includes information on the site history, physical setting of the area, and a summary
of potential environmental problems identified at the site by previous investigators.

2.1 PHYSICAL SETTING

MAAP currently covers 22,436 acres, and is situated in both Gibson and Carroll Counties as shown
in Figure 2-1. The City of Milan lies 5 miles west of MAAP and has a population of 8,100; Humboldt lies
17 miles southwest with a population of 10,200; Trenton lies 18 miles northwest with a population of 4,600;
and Jackson lies 28 miles south with a population of 50,000. The site is located approximately 50 miles
east of the Mississippi River.

MAAP is serviced by two rail ines, two bus lines, several major truck lines, thrée US highways, and
four state highways. Interstate 40 passes within 18 miles to the south of the plant. Air service is available
through Jackson and Memphis, and there is a US Naval Air Station at Millington, Tennessee, near
Memphis.

2.1.1 Climatology

The MAAP area is characterized by a temperate and continental climate. Rainfall averages about
. 50 inches per year, with an average minimum of 2.88 inches in October and an average maximum of 6.08
inches in January. There is no dry season, aithough the summer of 1990 was characterized by rainfall
considerably below normal. Snowfall can be highly variable from year to year. The average annual
evaporation is approximately 40 inches. Relative humidity averages 60-70%. The monthly mean
temperature ranges from 40°F in winter to 80°F in July. The average frost free season is 215 days per
year. The average depth of frost is 3 inches, with an extreme depth of 10 inches. Prevailing winds are
" from the south at an average velocity of 6-10 mph.

2.1.2 Site Physiography and Topography

MAAP is in the Gulf Coastal Plain Physiographic Province. Figure 2-2is a relief map depicting the
relationship of stratigraphic units to physiographic regions in Tennessee. MAAP lies within the coastal
plain province of the Mississippi Embayment, west of the Western Valley of the Tennessee River and east
of the Mississippi River Valley. The topography of the site and surrounding area is gently rolling to fiat.
It slopes regionally westward and contains numerous small streams, creeks, and drainage ditches. The
elevation of the plant varies from a high of approximately 590 feet above mean sea level (ft-msl) on the
south side, to a low of approximately 320 ft-msl on the north boundary of the plant.

2.1.3 Soil Types

The surface soils at MAAP consist chiefly of a reddish-brown to yellow mottied silty clay that grades
into a clay unit with depth. The soil types include the Memphis, Loring, Grenada, Calloway, Henry, Falaya,
and Waverly soil associations. Based on topography, the Memphis and Loring series occur on higher
elevations and are well-drained soils. The Henry soil series is somewhat poorly drained and is usually
associated with flat terrain while the Falaya and Waverly occur in the low areas and are poorly drained.

Drill logs from borings installed at the site indicate that the upper 12 to 15 feet of soil consists of
reddish-brown to tan silty lean clay with some layers of sandy and fat clay. Below these depths, sands

with varying amounts of silts and clays have been encountered. Occasional gravel, up to 3/8 inch in
diameter, have been encountered during boring operations. A more sandy alluvium of lesser thickness

> -
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(5-10 feet) was observed in several areas across the site. Natural and artificial drainage systems have
incised into the alluvium in several locations.

2.1.4 Geology

Western Tennessee (including MAAP) lies on the eastern flank of the Upper Mississippi River
Embayment. Structurally, the embayment is a downwarped, downfauited trough whose axis approximates
the present course of the Mississippi River. Sediments ranging in age from Cretaceous to Recent have
been deposited in this trough during its complicated history which included advances and regressions

~ of the sea. These sediments consist of sand, gravel, lignite, clay, chalk, and limestone units that vary in

thickness.

MAAP is situated on the Memphis Sand of the Claiborne Group of Tertiary age in the Gulf Coastal
Plain of western Tennessee. Figure 2-3is a roughly east-west geologic Cross section developed from
lithologic and geophysical logs of observation wells in Dyer County (Dy:H-7, Dy:H-41), Gibson County
(Gb:M-6; Gb:G-5), and Carroll County (Cr:F-15), as described in Parks and Carmichael (1990). The
altitude and thicknesses of stratigraphic units beneath Milan, Tennessee are inferred from the data for
observation wells in Gibson and Carroll Counties. :

The Memphis Sand crops out in a broad belt across western Tennessee, but is covered in most
places by fluvial deposits of Tertiary and Quaternary age and loess and alluvium of Quaternary age (Parks
and Carmichael, 1990). The eastern boundary of the Memphis Sand.was mapped by Parks and Russell
(1975) as the contact between the Wilcox and Claiborne Formations. The Wilcox and Claiborne were
mapped as formations because of the uncertainty of the equivalence of strata cropping out with the units
that make up the Wilcox and Claiborne Groups in the subsurface, as subdivided by Moore and Brown
(1969) (Parks and Carmichael, 1990). The western boundary of the outcrop belt is not well established
because the contact between the Memphis Sand and the overlying Cook Mountain Formation is covered
by fluvial deposits, loess or alluvium (Parks and Carmichael, 1990).

The Memphis Sand consists of a thick body of sand that includes subordinate lenses or beds of clay
and silt at various horizons. The clay and silt locally are carbonaceous and lignitic; thin lenses of fignite
also occur locally. Thick beds of clay and silt in the upper part of the Memphis Sand.may, in some
places, be confused with the overlying Cook Mountain Formation.

Sand in the Memphis Sand ranges from very fine to very coarse, but is commonly fine, fine to-
medium, or medium to coarse. The Memphis Sand ranges from O to 900 feet in thickness, and where the
original thickness is preserved, it is about 400 to 900 feet thick (Parks and Carmichael, 1990). The
formation is thinnest along the eastern limits of the outcrop belt in Hardeman, Madison, Carroll and Henry
counties. In western Tennessee, the base of the Memphis Sand dips westward at rates of 20 to 50 feet

per mile.

The Claiborne Group is underiain by the Wilcox Group which is about 60 feet thick. Figure 2-4
shows a north-south geologic cross section through MAAP and identifies the stratigraphic units
underneath this area. There is no confining layer between the Wilcox and Claiborne Groups. Underlying
the Wilcox is the Porters Creek Clay, which acts as a confining unit between the Fort Pillow Sand of the
Wilcox Group and the McNairy Sand of Cretaceous age.

The exact depth to rock under MAAP is not known. A test well drilled to 1,289 feet about 20 miles
south-southwest of MAAP near Jackson, Tennessee, was stopped in a sandy clay marl. It was estimated
that rock (possibly limestone) would be encountered between 500 to 800 feet below the‘dril|ed depth of

the test well.
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2.1.5 Hydrology

2.1.5.1 Surface Water. Numerous perennial and ephemeral surface water features occur within
the installation and flow to the north-northwest as depicted in Figure 2-5. Wolf Creek, the largest interior
drainage body, originates at Pine Lake near the southeastern boundary and along with three tributaries
(Dry Creek, East Fork of Wolf Creek, and West Fork of Wolf Creek) drains the southern and central
portions of the installation. Wolf Creek exits along the northwest boundary and empties into the
Rutherford Fork of the Obion River. The extreme southern portion of the installation drains south to the
Middle Fork of the Forked Deer River (not depicted in Figure 2-5). The northeastern portion of the
installation drains to Halls Branch, Johns Creek and then to the Rutherford Fork of the Obion River. The
northern portions of MAAP contains several weli-developed, ephemeral, natural drainage bodies (defined
alphabetically and numerically as Ditches 1 through 10, B, and C in Figure 2-5) that join the Rutherford
Fork along the northern boundary of the installation. The two parent streams, the Forked Deer River and
Obion River, empty into the Mississippi River about 60 miles west of MAAP.

Under the authority of the Tennessee Water Quality Control Act, the Tennessee Water Quality
Control Board has classified the three primary streams in and near MAAP (Rutherford Fork of the Obion
River, the East Fork of Wolf Creek, and Wolf Creek) for the following uses: maintenance of healthy fish
and aquatic life populations; human recreation; irrigation; and livestock and wildlife watering (TDHE, 1991).

2.1.5.2 Groundwater. Sands in the Claiborne and Wilcox Group are the principal sources of
groundwater in western Tennessee. At MAAP, the Memphis Sand of the Claiborne Group is the major
aquifer. Although groundwater is also abundant in the underlying Cretaceous sediments (i.e., McNairy
Sands), it has not been necessary to tap these deeper sources in most areas. The major controls on
groundwater movement in this unconfined aquifer are the dip of the sediments, surface topography, and
surface recharge and discharge patterns. Groundwater flow in the MAAP area is generally to the west,
in the direction of regional dip of these sands, and also trends northerly because of the topographic
influence. The gradient of the sands is estimated to be about 20 feet/mile to the northwest. Ona general
scale, there are no abrupt hydrologic boundaries in the aquifer. The formation is recognized as sand with
clay lenses and clay rich zones which may locally alter vertical groundwater flow, and stratification of the
sediments tends to make vertical conductivities lower than horizontal conductivities. The sands range
from fine to very coarse-grained, and the grain size may vary both horizontally and vertically over short
distances.

The clay units that dominate the stratigraphic section below the Wilcox Group to the top of the
Cretaceous McNairy Sand are known as the Porters Creek Clay, the Clayton Formation, and the Owl
Creek Formation. Collectively, these formations constitute a stratigraphic unit which is approximately 425
feet thick and begins approximately 250 feet below the surface at MAAP. The McNairy Sand is the
artesian aquifer that underlies the installation’ and begins approximately 500 feet below the Claiborne
Group. The McNairy Sand is approximately 200 feet thick near the Tennessee-Mississippi state line and
contains cross-bedded, variegated sands with lenses and interbeds of clay and lignite (Cushing et al.,
1964). Clays are common in the McNairy Sand and relatively large clay bodies occur stratigraphically
near the middle of the formation (Parks and Russell, 1975).

2.2 SITE HISTORY

The initial construction of the installation now known as MAAP was authorized on December 18,
1940, started in January 1941, and completed in January 1942. The H. K. Ferguson Engineering
Company, Cleveland, Ohio, and the Oman Construction Company, Nashville, Tennessee, formed. a
company (The Ferguson-Oman Company) to design and construct the installation. The original land area
contained 28,521.4 acres. Approximately 548 acres enclose the various production lines, and the storage
areas total 7,930 acres. The field service portion includes approximately 9,897 acres, and approximately
1,395 acres are used for administrative, shop maintenance, housing, recreation and other functions.

> -
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Other acreage is necessary to allow safe distances between explosive areas. In 1946, Line G, containing
approximately 42 acres, was sold to the United States Rubber Company. Other tracts have been soid;
some deeded to the city of Milan and the University of Tennessee and leased and/or transferred to the
Tennessee National Guard. The installation now contains 22,540 acres.

Initially, the plant was divided into two separate units: Wolf Creek Ordnance Plant, which was
operated by the Proctor and Gamble Defense Corporation; and the Milan Ordnance Depot. In July 1943,
the Ordnance Plant and Depot merged into a single integral ordnance facility (Milan Ordnance Center)
and the Proctor and Gamble Defense Corporation became the operating contractor for the entire
installation. :

During World War II, the mission of the installation included: the production of fuzes, boosters, and
complete rounds of both minor and major caliber ammunition; the operation of an ammonium nitrate plant;
and the receiving, storage, and shipping of ammunition. The peak employment reached approximately
11,000 people. .

Milan Ordnance Center was designated as Milan Arsenal on October 30, 1945, and the following
month the plant changed to Government operation in a standby status. The mission at that time included
extensive receipt, storage, and processing of ammunition returned from overseas; normal maintenance,
surveillance, renovation and demilitarization; and a limited amount of new production.

During the early part of the Korean Emergency, the Proctor and Gamble Defense Corporation
assumed operation of the installation. On April 29, 1953 the plant was placed in an active status.
Employment reached approximately 8,000. The principal changes in the arsenal mission were the

‘increased output of new ammunition, inclusion of experimental ammunition, and the Phase i Industrial

Engineering Studies of all ordnance ammunition command loading plants.

Effective July 1, 1954, Milan Arsenal was designated a Permanent Installation. With sharp decreases
in production schedules also in 1954, production lines were placed in layaway, and in 1955 two more lines
were placed in standby. A revision of schedules necessitated cessation of production as of September
1957, leaving active only a small demilitarization program on B-Line.

Effective October 1, 1957 the industrial activity of Milan Arsenal was placed in an inactive status.
An economy and austerity program was put into effect and remained until January 1, 1960, when the
industrial portion of the Milan Arsenal returned to an active status. No change in status has been made
since that time. However, later that same month (October 14, 1957), the Proctor and Gamble Defense-
Corporation terminated their contract with the Government. Harvey Aluminum.Sales, Inc., with a home
office in Torrence, California, became the operating contractor. ’

On November 2, 1961, the industrial portion of Milan Arsenal was designated as Milan Ordnance
Plant and the field service portion as Milan Depot activity. The field service depot activities were
discontinued on November 16, 1962. However, the field service mission is still being performed. On
August 1, 1963, Milan Ordnance Plant became officially known as Milan Army Ammunition Piant, the
present designation. ’

During the 1960s, necessary rehabilitation of existing facilities and some plant modernization was
performed to carry out the production of the following items: fuzes, primers, delay plungers, delay
elements, and boosters; 40mm, 60mm, 81mm, 90mm, 10Smm, 106mm, and 155mm ammunition; mine,
grenade, and cluster bomb unit dispensers; demolition kits; shell metal parts; pelleting explosives; and
rework and renovation of various items. ) :

_ On December 22, 1969 controlling interest in Harvey Aluminum Sales, Inc., was acquired by Martin
Marietta, Inc. ‘

29



During 1971, Lines E, F, and H were placed in layaway. Production of the items on these lines were
transterred to other lines and equipment used to produce shell metal parts was transferred to private

industry.

in December 1975, production of items on Line Z was canceled. Funds to layaway the line were
received in 1976 and the line has now been placed in standby status. Production of items on Line Z were
transferred to other lines. Likewise, the last item being produced on Line C was transferred to Line B in
1977 which then aliowed Line C to be placed in a standby status.

Since 1963, 2,287 acres of the plant have been transferred to the United States Property and Fiscal
Officer (State of Tennessee) for use by the Tennessee National Guard for weekend training purposes.
Two large administration buildings, two duplexes, and one single family house were included in the.
transfer to the National Guard to support their training program.

in December 1977, a portion of Line H was reactivated to load, assemble, and pack M739 fuzes.
This item required a humidity/temperature controlled atmosphere which was available at Line H.

An extensive modernization program began in 1978 and continued through 1985. Production Lines
A, C, E, and Z were updated at this time. A project to automate the manufacture of 60mm and 81mm
propellant increments was completed. This project led to the development of a melting system at MAAP.
Prove out/production was completed in October 1983 and the line placed in layaway in August 1984,
Limited production of 60mm and 81mm monar rounds was transferred to a hand line at Line D.

_ The new x-ray facility at Line V was built to consolidate the plant’s x-ray operations in one location.
Previously, x-ray facilities existed at Lines C, D, and K. Line V contains an underground 4 million electron
volt (MEV) x-ray unit, a2 MEV unit, and a 0.420 MEV unit, plus a fluoroscope with video tape. This is the
world's largest facility dedicated solely to non-destructive testing of ammunition.

Other upgrades to MAAP included the construction of pink water treatment facilities (PWTFs), buiit
at six production lines under a contract issued by the U.S. Army Corps of Engineers (USACE).
Construction began in October 1979 and was completed on March 13, 1981. These plants are used to
remove explosive contaminants from process water before discharge using activated carbon filtration.
These discharges are regularly monitored by a new environmental laboratory which was constructed in

1980.

- The spent carbon generated by the PWTFs is a listed hazardous waste with the EPA Hazardous
Waste Number K045. Spent carbon is presently being stored in the hazardous waste storage igloos in
Area D. The facility stores spent carbon before transporting it to an off-site treatment, storage, and
disposal facility.

Effective January 7, 1985, Martin Marietta Corporation sold its interest in the aluminum business and
organized another company, Martin Marietta Ordnance Systems, Inc., to operate the Milan Army
Ammunition Plant.

2.2.1 Current MAAP Mission

Currently, MAAP is a government-owned, contractor-operated (GOCO) military industrial installation
under the jurisdiction of the Commanding General, Headquarters, United States Army Armament,
Munitions and Chemical Command. Presently, MAAP is under the local command of the U.S. Army
Ordnance Corps and is operated by Martin Marietta Ordnance Systems, Inc. The current level of
employment at MAAP is 1,600 workers. .
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The general mission of MAAP currently includes:

a. The loading, assembling, and packaging (LAP) of conventional ammunition items as
assigned,;

b. Operation and maintenance, as directed, of active facilities in support of current
operations;

c. Maintenance and/or layaway, in accordance with regulations for standby facilities,
including any machinery and packaged items received from industry, in such condition
as will permit rehabilitation and resumption of production within the time limitations
prescribed;

d. Receipt, surveillance, maintenance, renovation, demilitarization, salvage, storage, and
issue of assigned Field Service stocks and V and W Group items of industrial stocks as
required or directed; and

e. Procurement, receipt, storage, and issue of necessary supplnes, equipment, components,
and essential materials.

2.3 MAAP RI SITE DESCRIPTIONS

This section describes the areas at MAAP which were investigated during the RIl. The information
presented in this section was collected from studies performed by previous investigators and information
received from facility personnel. For some of these areas, contaminant concentration data is available
from previous studies, and this information has been included in the site description. Other investigators
of this facility have developed more general studies involving groundwater monitoring wells, etc., and -
these studies are discussed in Section 3.

MAAP facilities include 9 ammunition LAP Lines, one washout/rework line, one experimental line, one
central x-ray facility, one test area, two shop maintenance areas, two magazine storage areas, 12
aboveground, earth-covered igloo magazine storage areas, a demolition and burning ground area, an
administrative area, a family housing area, and recreational facilities. In addition, there are medical
facilities, fire/ambulance stations, 10 high pressure heating/process steam plants, 16 low-pressure heating
plants, and 6 PWTFs. There are two sewage treatment plants located on the facility: Wolf Creek Ordnance
Plant (WCOP) treatment plant in the northern portion of the site and Milan Ordnance Depot (MOD) sewage
treatment plant in the south. A laundry facility for clothing used by on-site personnel while working with
explosives/propellants is located in Area J. Located in K-Line is a coal-fired steam plant, a coal pile, a
storage pond, and a treatment plant for coal pile runoff.

Approximately 13,600 acres within .the MAAP boundary are leased for agricultural use.
Approximately 3,984 acres are used as cropland. Cotton, corn, and soybean are the main crops, and
smaller amounts of grain sorghum and wheat are also grown. In 1990, there were 2,746 head of cattle
grazing on the facility. The cattle graze between April and November on about 8,700 acres. In addition,
MAAP has more than 6,000 acres of managed timberland.

MAAP has 15 supply wells that obtain water from the Memphis Sand. Four of the water-supply wells
(C-5, 1-11, S-99, and T-99) are currently in use as potable water sources. Wells C-5 and I-11 supply
potable water to the 'southern portion of the site while T-99 and S-99, which are high-capacity, recently-
installed wells, supply both potabie water and production water to the northern portion of the site. All
wells which supply potable water have water treatment equipment associated with them. The facility adds
caustic soda to raise the pH of the water to 7 pH units (the pH of the groundwater underlying the site
ranges from 5 to 6 pH units), phosphate for corrosion control, and chlorine for disinfection purposes.
Typically, a primary well and a secondary well are designated withia each well pair. The primary well is
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pumped for several months and the secondary well is used only when necessary to meet demand. For
example, in December of 1990 and January of 1991, S-99 was the primary water supply well and was
pumped at an average rate of 0.331 million gallons per day (MGD) with @ maximum flow rate of 1.014
MGD. Well T-99 was the secondary well and was pumped at an average rate of 0.086 MGD with a
‘maximum rate of 0.546 MGD. (Personal communication, Pat Brew, MAAP, January 24, 1991.)

Wells F-100 and T-100 are active but are not currently being used. These wells are maintained for
usage should the plant’s potable water demands increase in the future. Wells E-67, K-323, 2Z-3, and Y-
100 are used for the following non-potable purposes: fire prevention, cooling water, production, and
restrooms. Well P-97 is the non-potable water-supply well for an inactive building, so it is not currently
used. Wells X-100, B-100, C-100, and K-100 are not used because the water is contaminated with
explosives. (Personal communications, Mike Harris and Bill Blaylock, Martin Marietta, April 10 and April
19, 1991.) The depths of the above-listed water supply wells range from 141 to 292 feet.

Of the 14 process areas active by the end of World War |i only 8 lines (A, B, D, H, l, O, V, and X)
are in use today. In the past, wastewater from various production activities in the lines was discharged
to open ditches that drained from sumps or surface impoundments into both intermittent and perennial
streams and rivers, Currently, MAAP treats all process water from the lines that generate explosives-
contaminated wastewater in the six PWTFs. This wastewater is processed by an activated carbon
absorption system and discharged under the authority of a National Pollutant Discharge Elimination
System (NPDES) permit.

The NPDES permit (identification number TNOO00060) was issued in 1986 and expires on September
29, 1991. The permit identifies the receiving streams as being tributaries of John's Creek, Wolf Creek,
and Rutherford Fork of the Obion River. These receiving streams are designated as Class Il Waters,
which are suitable for the propagation and maintenance of a heaithy, well-balanced population of fish and
wildlife. The outfalls are listed in Table 2.1, along with the wastewater source and the parameters which
are regulated under the permit. ’

Outfall 001 discharges to Ditch 2, which flows to Wolf Creek. Discharge from Outfall 002 flows out
the back of B-Line and joins Ditch 4, which converges with flow from D-line (Outfall 004), and continues
north to Ditch C. Treated wastewater from the WCOP treatment plant (Qutfall 009) is discharged into
Ditch C south of the site boundary. Ditch C continues north to the Rutherford Fork. Outfall 003 from C-
Line flows to Ditch 5 and converges with the discharge from 005 (O-Line). This ditch becomes Ditch B
north of Route 104, and flows to the Rutherford Fork. Wastewater from Outfall 006 joins 001 discharge
before flowing into Wolf Creek. Runoff from the coal pile (Outfall 007) flows into Ditch B, which flows into
the Rutherford Fork. Discharge from the MOD sewage treatment plant in the southern area of the plant,
designated as Outfall 008, flows into the East Fork of Wolf Greek. The locations of these outfalls are
shown in Figure 2-6. '

Other miscellaneous sources are covered in the permit, including potable and water treatment
facilities, cooling systems, bailers, vehicle and equipment cleaning facilities, painting and corrosion control
facilities, petroleum storage and handling areas, vehicle and equipment maintenance facilities, battery
rework facilities, photographic jaboratories, firefighter training areas, swimming pools, and storm sewers.
A copy of the complete permit is provided in Appendix A of this report. '

MAAP has a Resource Conservation and Recovery Act of 1976 (RCRA) Part B permit (Permit No.
THNW-052) for permanent storage of hazardous waste. There are 15 storage units reguiated under this
permit: 14 igloos in Area D and a hazardous waste storage building in AreaJ. The material stored in the
igloos includes spent carbon from the PWTFs and solvents contaminated with explosive compounds. The
unit in Area J is used to store wastes such as PCB-containing materials, asbestos, uncontaminated
solvents, and paint sludge. This'Part B permit only allows the storage of hazardous wastes generated
on site. In addition, the facility has appiied for an interim Part B Permit for the open burning/open

2-12




Table 2-1

NPDES Outfalls, Sources, and Regulated Parameters

—

OUTFALL SOURCE REGULATED PARAMETERS
001 Production Line A Total nitrobodies, total suspended
solids (TSS)
002 Production Line B Total nitrobodies, TSS
003 Production Line C Total nitrobodies, TSS
004 Production Line D Total nitrobodies, TSS
005 Production Line O Total nitrobodies, TSS
006 Production Line X Total nitrobodies, TSS
007 Coal Pile Runoff TSS, heavy metals
008 MOD Sewage Treatment Plant Biochemical oxygen demand
(BOD, TSS, fecal coliform,
ammonia nitrogen, dissolved
oxygen, total residual chlorine
- 009 WCOP Sewage Treatment Plant BOD, TSS, fecal coliform,
ammonia nitrogen, dissolved
oxygen, total residual chiorine,
total nitrobodies
09A Laundry Wastewater Treatment Total nitrobodies, TSS

!I

Facility

2-13

SN e



'0000 —

79000

74000 -~

77000—

176000—




MIU36
M1037

' a"'g‘\

.

[}

prten v

r~ '
/\/@Q




9300 LEE Hit
FAIRFAX, V

ICF KAISER E
2203142

ENGINEERS

TILE  USATHAMA REMEDIAL INVESTIGATION ||

FIGURE 2-6
LOCATIONS
OF

NPDES QUTTALLS

SIZE | PROJECT CODE | DWG NO.

D(30874| 04019103

SCALE: AS NOTED |0RAWN BY: K. BO LER |CHECKED BY: N.||

VINIA ATW003 RGAD

MI045

® Mipe’
® MID44

|
|
\

-

\ T ~
~ \
~ -~ O
‘\_“ . N
-~ N ) ~ .
] : R
- " .
LN . .
.‘ . ,
- .
Lo )
. )
K . \‘ - ., o —'——‘.-.-.-.Q:
v Il =y - - . LL
. M T3
] \
' A
\
. i
“ =oe - ey . \
: |0°9"VC0P ™P)
S uiuze ‘ !
MI1037 | . .
oN( F |
’ , e ve .




E KA/SER | 900 \in HWAY
GINEERS | "l
~ USATHAMA REMEDIAL INVESTIGATION 1l |
FIGURE 2-6
LOCATIONS
OF !

_ NPDES OUTTALLS
0874 04019103

CHECKED BY: N,

NOTED |OorRAWN BY: K. BOLER

~
-
.  —— 1 - I
- - 'd_——‘

N e g o o S 2
i

—LAVINIA ATWOGD RPGAD



X6 ¢

Ry t’:fJOQ—J

£

2
st\
jes

175000~

974000—

'973000—

fik

ji
. 1972000—

e
s

Hnip

£ 3971000 —

prIcn

Mi013 @

<

A\

- - em— -

AREA ‘R’

d
7

/i

Ty




O
W
<
~
LINE °X* @ A1033
——— . \
(/ NS5

, ®8/100

MI013 & MI0S0

®

LINC Vv’ e
M1012
( :
/
\ —
)
\ 7
’./
AREA ‘R’

AREA 'P*

S| ——_[ASY FDEY MOLT CREEXK,
\

\

CREEX

MIUI6
/ M1037

/’

aMI0R4
SHIN

Y]
o MI07 3D
~ lo;t
mcot.ascn
ORI Ri7 /L LANDFILL
Rt ozs__ oy
®riose SACVAGE
Y
M1069 RD,
MI1070 09&-LAUND‘?Y/
HIOIGlvASTEVATE
[ Y
<
\ &
)
\\
Q\«(’
004-PVTF 'S
® 09 LINE ‘b’ s
: T
&
S
[
-
! |
\/‘\ @0
L
Mio)7
ARCA "L’
/ [
® 007
r——n



@MI01S

Foe Lt
POMDS é’
(CLOSED)

o0t

M- 1008

MID06E T &
C-1009 N/
Q'
PM100
’ D03-PWIF

@004

PRSI
LANDEILY

MmN
PUMNING GO D

T
<

VINIA ATWOOD




®@MInNS

VINIA ATWOGD

.......




- ~N
3971000 — : 8
J ' !: a
- . " o
: ’ 2]
1
; a
T //
e s
| . ' W
' >
! !
-~ |
3970000 — / j \) \
7«
»f*/ |
W
]
'l
3969000—
?{
;‘Z ©K323
3968000— —— !
haea o
13967000— ‘ 1
: 4]
A //



N TN U |
| ~ ® 007

N \

—

AMMULT N
DESTRUL IUN
ARCA

CLF CREen /

J

WEST FCPX
>
/

AREA




7
M

AMMUE N
DESTRUL 1IUN |
ARCA




e —

LEGEND

= awe= FACILITY BOUNDARY



3967000—
L
's
- . %o “r
3966000— I
I
My
‘; | ’
3965000— itk
i
|
|
|
i
. 39640.0 ! |
W W .
: : Il 3
n At !
8 g g W 8




— 545000 .

—— 348000

L — =37000

v U v Oy S

AL




\__,
i AREA D’
LEGEND
—nw== FACILIT
)
' came o e DRAINAG
N —— ROAD
:: LOADLIN
® VELL
(") NPDES (
%00 1000 1500 2900
A l I 1 Il 1 ' 'y 't Il 'y l L A 1 [ l It A

0 1000 2000 3000 4000 5000 6000 7000

llllllllllllllllllljll__l‘

lllllllllllllll

0 3 |
|

A A l A A A ke

L A A A A

1000-MITCR UNIVECRSAL TRANSVERSE MCRCATOR GRID TICKS, ZOME B¢

QocsyeE
00G3ISE —
GGCISE
0002SE

RRSY S




A LEGEND
——«=== FACILITY BOUNDARY
e+ =mee DRAINAGE

- N — -_—
::J LOADLINES/AREAS

® VELL

ROAD

«=—{"") NPDES OUTFALLS

00 1000 1300 29700 2500
U S U (U VO WY W T b o2 a2 2 b s a2 a2 1 MCTERS

1000 2000 3000 4000 S000 6000 7000 08000
lllljl‘lllllllllAllllllllllllllllllJll' FEET

R | 13
| 2 M A 2 | 2 A 1 M ] MILES

A A A A

A A A A

J0-Mr.TCR UNIVERSAL TRANSVERSE MCRCATOR GRID TICKS, ZOWE 16.

J, L e
& g g
g : g |
|
} a




detonation of ordnance in the OBG and ADA areas. This application is pending with the TDC. The facility
holds the EPA hazardous waste ID No. TN0210020582. (Personal communication, Paul Higgs, MAAP,
March 22, 1991).

From about 1942 until 1978, wastewater from a munitions demilitarization facility (O-Line) was
discharged to 11 unlined settling ponds. In December 1984, the O-Line Ponds were closed with a
multilayered cap. However, in May 1984, because of the level of contamination in the groundwater, the
facility was proposed for listing on the National Priorities List (NPL). Final listing on the NPL took place
in August 1987.

in addition, MAAP has used a burning ground to treat or dispose of some of its waste. The burning
ground has been reportedly used for the burning of ammunition and propellant, the disposal of spent
ordnance and solvents contaminated with reactive wastes, and t