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i EXECUTIVE SUMMARY

i Phase 2 of a remedial investigation (RI) has been conducted at the U.S. Army Materials
Technology Laboratory (MTL) in Watertown, Massachusetts. The U.S. Army
Environmental Center, New England Division, contracted with Roy F. Weston, Inc.
(WESTON) under the Base Closure Program Contract Number DAA15-90-D-0009,
Task Order 1, to complete, among other tasks, the Phase 2 RI at MTL.

I After the Phase 1 RI was initiated, MTL was recommended for closure by the Defense
Secretary's Commission on Base Realignment and Closures. The original objectives of
the Phase 1 RI did not include assessing concerns associated with future unlimited use
of the site by the public after the closure of MTL. To do so, sampling in buildings, as
well as more extensive environmental sampling and risk assessment, was required.
This additional information was collected during the Phase 2 RI to properly evaluate
potential remedial measures that would allow subsequent land use consistent withassigned reuse.

EThe objectives of the Phase 2 RI were:

i • To characterize areas not addressed in the Phase 1 RI.

* To investigate further the nature and extent of contamination uncovered
i in the Phase 1 RI.

0 To evaluate potential human health and environmental risks from present
and likely future use of the site.

* To provide a basis for decisions concerning the need for and. type of
i remedial measures.

To accomplish the objectives of the Phase 2 RI, the following investigations were
i conducted:

* Geophysical investigation of sewer lines, underground storage tanks, and

i fill areas.

* Sampling of surface and subsurface site soil.

* Sampling of groundwater from both shallow and deep zones.

0 Measurement of groundwater levels in wells and subsequent
determination of groundwater flow direction and velocity.

i Inspection and sampling of Charles River surface water and sediments
upstream and downstream of MTL storm sewer outfalls.

MKO1\RPT:0228101 1.001\phase2ri.es ES-i 12/17/93
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"* Sampling of water and flow measurements in the storm sewer system i
running through MTL.

" Inspection and sampling of sediments in the sanitary sewer system at i
MTL.

"• Survey of both indoor and outdoor radiological contamination at MTL. i
"* Sampling of indoor surfaces by wiping walls, floors, fume hoods, and other

surfaces with solvent-soaked gauze pads.

"* Air sampling inside MTL buildings.

"* Sampling of liquids and sediments from various cisterns, tanks, sumps,
and dry wells on-site.

In general, samples from all media were analyzed for volatile organics, semivolatile
organics, metals, cyanide, pesticides, PCBs, and radiological parameters, usually
uranium isotopes and gross alpha and beta activities. These analytes were chosen i
based on CERCLA guidance, historical uses of the MTL facility, and information on
current chemical and radiological inventories for buildings at the site.

Soil, groundwater, surface water, and sediment sampling locations are summarized in
Figure ES-1 and are shown in more detail in Figures 4-1 through 4-15 and in
Appendix I.

EPA REMEDIAL INVESTIGATIONYFEASIBILITY STUDY PROCESS

The U.S. Environmental Protection Agency (EPA) has established protocols for the
investigation and remediation of contaminated sites that, for any of a number of
reasons, are included on the EPA Superfund National Priority List. Often, sites that
are not on the list are investigated using EPA protocols, to ensure a consistent,
comprehensive approach to site cleanup.

The type of investigation conducted using the EPA guidance described above is known
as a remedial investigation/feasibility study (RI/FS). The RI/FS process begins with an
investigation of site historical data, including maps; photographs; aerial photographs;
public documents such as newspaper articles; existing reports on environmental or
other studies conducted at the site; raw material inventories; regional and local (if i
available) hydrogeological, historic, and meteorological data; and employee interviews.

Using information gathered during this initial process, a Technical Sampling Plan is
developed which describes media to be sampled, sample numbers and locations, sample
collection procedures, field personnel health and safety protocols, laboratory analytical
procedures, data tracking procedures, and, most importantly, objectives for the use of i
the data gathered. The objectives are determined by using a conceptual site model thatdelineates contaminant types, sources, and possible exposure pathways.
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I

Once the Technical Sampling Plan is approved by the public or its technical
representative and various regulatory agencies, field sampling is conducted. The data
collected are interpreted by comparison to regulatory standards and incorporation of
the data into both human health and ecological risk assessments. Conclusions are
drawn as to the significance of the site contamination and its associated risks, and
recommendations regarding the need for remediation are made. The information is
compiled in a remedial investigation report, which is reviewed by the public and
regulatory agencies.

I The results, conclusions, and recommendations of the remedial investigation report are
used in developing remediation alternatives in the feasibility study. In this study, the
universe of applicable technologies is evaluated and screened. A number of technologies
can be eliminated immediately, due to such factors as infeasibility of implementing a
particular technology because of access problems, type of contamination, or regulator
policy regarding the technology. The remaining technologies are assembled into
sitewide remedial alternatives. These alternatives are evaluated based on comparisons
between implementability, cost, regulatory compliance, effectiveness, etc. This entire
process is presented in a feasibility study report, which is reviewed by the regulators
and the public. One or more alternatives (depending upon how many different media
must be remediated) are chosen for site implementation. Once the chosen alternative(s)
is/are reviewed by the public, a Record of Decision is written and maintained in the
regulatory files.

E INSTALLATION PROFILE

The MTL facility has been in operation since 1816. It was established for the purposes
of storage, repair, cleaning, and issue of small arms and ordnance supplies. Throughout
the 1800s and until World War II, MTL's mission was continually expanded to include
weapons development and production, and materials research experimentation andI development. At the height of its activity (just after World War II), the site
encompassed 131 acres with 53 buildings and structures and employed 10,000 people.
In 1960, the Army's first nuclear materials research reactor was constructed, and it was
used in research activities until its deactivation in 1970. Decommissioning of the
reactor, in accordance with the Nuclear Regulatory Commission standards, is
proceeding. MTL currently executes the Army's primary mission in materials research
and development, solid mechanics, testing technology, and lightweight armor
development.

3 An operational phaseout of the arsenal was begun in 1967. At that time, approximately
55 acres of land were sold to the town of Watertown, and 28.5 acres were transferred
to the General Services Administration (GSA). The parcel sold to Watertown currentlyS contains a shopping mall, condominiums, and a public park and playground. Land
transferred to GSA has undergone various improvements, including paving in someU portions.

MTL currently occupies 36.5 acres and is bounded on the north by Arsenal Street and
a commercial area, on the west by commercial and residential property, and on the east
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by condominiums and a park. To the south of the site, along the Charles River, are I
11 acres of land controlled by the Commonwealth of Massachusetts and containing a
public roadway (North Beacon Street), a public park, and a yacht club. MTL contains
15 buildings and 15 associated structures.

PHYSICAL CHARACTERIZATION

MTL is located in an urbanized area. The site, located on a former low bluff of the
river, is generally flat, sloping slightly toward the river. As a result of more than a
century of construction, most of the original topography has been covered by sand and
gravel fill and construction debris. With the exception of a narrow strip of land along
the river, the MTL property and its adjoining 11 acres to the south lie outside of the
500-year flood zone.

Facility surface drainage is primarily to the south, towards the river. An extensive on-
site storm sewer system directs rain and snow runoff to the Charles River through I
several outfalls.

Recently, the classification of the Charles River has been upgraded by the
Massachusetts Department of Environmental Protection (MADEP), such that the water
is deemed acceptable for swimming and other recreational purposes, due to a reduced
level of coliform bacteria. Most surface water quality parameters, measured at a
sampling station approximately 25 miles upstream of the facility and the adjacent
industrial areas, fall within acceptable levels for this classification.

Geologically, the facility is located in the north-central portion of the Boston Basin.
Soils at MTL are classified as Merrimac gravelly sandy loam, although they have been
significantly altered as a result of numerous construction and fill activities. Much of
the site is overlain by over 10 ft of sand and gravel fill material. This fill is underlain
by less coarse glacial till deposits. U
Deep soil borings indicated that bedrock depth ranged from approximately 50 ft at the
western end of the site to approximately 100 ft at the eastern end. The bedrock surface
sloped generally to the south-southeast. These findings agreed for the most part with
the geophysical investigation of bedrock depth and slope during Phase 1.

Depth to groundwater ranged from approximately 4 ft in the southeastern corner of the
site to approximately 24 ft in the northwestern corner. Two water-bearing zones (one
shallow and one deep) exist within the aquifer. These zones appear to be
hydrogeologically connected. Groundwater flow is generally to the south-southeasttowards the Charles River in both the shallow and deep water-bearing zones.

GEOPHYSICAL INVESTIGATION

A geophysical investigation using ground-penetrating radar and/or an electromagneto-
meter was performed over portions of the site to assist in locating the following:
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fl Suspected underground storage tanks
0 Fill areas
0 Sewer line junctions

Since geophysical methods are not exact, they were used in conjunction with siteU sampling results to draw conclusions about the areas investigated.

The parking lot between Buildings 37 and 131 was surveyed for the presence of an
underground storage tank. Elevated conductivity readings, perhaps indicating buried
metal, were detected in the northern end of the lot. This area is probably an
underground storage tank, since aerial photographs show what appears to be a gas
pump located approximately 100 ft southwest of this disturbed area and since a monitor
well downslope of the area contained some volatile organic compounds associated with
fuel products.

I The park along the Charles River, the on-site area north of North Beacon Street, and
the areas south and west of Building 60 were surveyed for the presence of fill. More
than half of the park area (primarily in the western portion) consists of disturbed soil
or fill. Measurements suggesting buried metal were recorded in the northwestern and
northeastern corners of the surveyed area of the park and in a small area in the center
of the park. Areas north of North Beacon Street also contained disturbed soil or fill.
High conductivity readings were detected near the propellant storage area and near the
steep bank to the north, suggesting the presence of buried metals. Three disturbed
areas were located near Building 60. The hillside and flat area southwest of the
building appear to be all fill, and slag was observed on the hillside.

Visual inspection and ground-penetrating radar were used to revise the understanding
of the piping configuration at five sewer junctions where discrepancies existed between
site sewer maps and diagrams by A.D. Little from the Phase 1 RI. Based on the
current understanding of existing site maps, the ADL diagrams, and Phase 2 data, some
of the representations of sewer junctions on existing facility blueprints are incorrect.

I SOIL INVESTIGATION

SamUling PrOgraM

I A soil sampling program was carried out to identify and delineate potential soil
contamination throughout the facility. A facilitywide grid system (sampling on 300-ft
centers) not biased toward areas of suspected contamination was used to collect data
throughout the MTL property. Additional borings were installed in areas where
contamination had been identified in previous studies or near locations where
hazardous or radioactive constituents may have been stored or used. Subsections 2.3
and 4.3 of this report discuss the details of the soil investigation. Figures 4-7 and 4-8
depict the sampling locations.

The 62 soil borings were advanced from ground surface to the water table using a
continuous split spoon sampling technique. In addition, 30 surface soil samples were
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I
collected using stainless steel bowls and scoops. A total of approximately 180 soil
samples were submitted for laboratory analysis for the following parameters: volatiles;
semivolatiles; cyanide; metals; pesticides/PCBs; radiological parameters, including gross
alpha and beta; and uranium isotopes U-234, U-235, and U-238. In addition, selected
soil samples collected from 18 of the soil borings were analyzed for total organic carbon.

On-site sample results were compared to the Massachusetts Contingency Plan Method 1 1
Soil Standards for discussion purposes only. The risk assessment used background
concentrations based on sampling results from upgradient soil samples to assist in
determining site-related compounds. Background samples are those samples located
in such a way as to be uninfluenced by site activities. As such, these samples do not
have to be off-site, but merely located away from and/or upslope or upgradient of site
operations. In addition, background samples need not be pristine, just outside of site I
influence. Upgradient samples are located based on groundwater flow direction. For
a sample location to be considered upgradient of a site, groundwater must flow from
the sample location towards the site.

For soil, the following potential exposure pathways and exposure routes were evaluated: 3
0 Future child and adult site residents - ingestion of and dermal contact

with yard soil and soil in the park areas. Ingestion of vegetables grown
in contaminated soil was also evaluated. Exposure to excavated soil
(0 to 12 ft deep) was considered where appropriate.

* Future commercial office workers - soil ingestion.

0 Future construction workers - soil ingestion and inhalation of soil dust.

Samrling Results

Soil samples collected from beneath concrete floors in Buildings 43, 311, and 312
showed elevated concentrations of semivolatile organic compounds. Contaminant
concentrations were generally highest at ground surface. Elevated concentrations of 3
polycychc aromatic hydrocarbons (a subgroup of semivolatiles typically found in
petroleum distillate products or other petroleum-related products such as coal tar or
asphalt) were detected in soil samples collected from borings completed in the grassy 3
area between North Beacon Street and the Charles River. The highest levels of
polycyclic aromatic hydrocarbons were detected adjacent to Buildings 39 and 227/60,
and in the parking lot between Buildings 37 and 131. Analytical results showed that i
the total uranium activity in all soil samples was below the federally mandated
maximum allowable total activity for DU of 35 pCi/g for soil (46FR 52061). Metals
concentrations, primarily beryllium, were reported above MCP Soil Standards in
shallow (less than 1 ft) soil samples collected from immediately outside Buildings 39,
43, 311, 313, and 656. Pesticides were detected in surface soil samples, particularly in
the grassy areas within the southeast and central portions of the site and along the
southern fence line.

I
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Approximately 177 tons of soil contaminated by a leak of No. 6 fuel oil on the north
side of Building 227 were excavated by a contractor to MTL to a depth of 14 ft. When
the excavation threatened the structural integrity of Building 227, it was discontinued.
Results of samples taken from the excavation piles indicated the presence of fuel-related
compounds. Further remediation of the area will be addressed in the feasibility study.

U Risk Assessment for Exposure to Soils

Four major reuse zones were identified by the Watertown Arsenal Reuse Study as the
most likely future uses of the site (see Figure 6-2). These areas, with the addition of
the grassy area along the river, were used to evaluate potential future exposures in the

* risk assessment.

MADEP considers any site risk from exposure to carcinogens in excess of 1 in 100,000H as an unacceptable risk. The EPA action level for risk is 1 in 10,000.

Potential carcinogenic risks for future resident adults and children due to soil exposure
in each of the four zones exceeded 1 in 100,000. Where gardening was considered as
part of the future residential use (Zones 1 and 4), exposure through consumption of
vegetables was the most significant exposure pathway, with risks exceeding 1 in 10,000.
If Zone 4 were not further developed as a residential area and deeper soils (below 2 ft)
were not excavated and spread on the surface, potential risks were calculated to be less
than 1 in 100,000. Potential carcinogenic risks in Zones 2 and 3 exceeded 1 in 100,0003 primarily due to the potential ingestion of soil.

Potential exposures to soils for future commercial workers would produce estimated
risks in excess of 1 in 100,000 for exposure to Zone 3 soils, but not for Zone 1 or 2.
Construction worker scenarios produced estimated risks of less than 1 in 100,000.

Analytical results showed very little evidence of radioactive isotope concentrations
above background. Risk assessment results did not indicate any health risks in excess
of 1 in 100,000 as a result of the presence of radioactive isotopes.

I For noncarcinogenic risks, MADEP considers a hazard index (sum of the ratios between
the assumed daily intake of a substance and the maximum daily dose that could be
incurred without deleterious health effects for all substances considered) of 1.0 or less
to be unlikely to cause any health effects. Metals concentrations were reported above
background in shallow (less than 1 ft) soil samples collected from immediately outside
Buildings 39, 43, 311, 313, and 656. Risk assessment results indicated that elevated
metals concentrations in soil do not pose a significant noncarcinogenic risk to humans
(hazard quotient less than 1.0).

Noncarcinogenic pesticides were detected in surface soil samples, particularly in the
grassy areas within Units 13, 14, 15, and 16. Noncarcinogenic hazard index values
slightly exceeded 1.0 under potential residential exposure to excavated (surface and
deep) soil in Zone 4 (hazard index = 2). This hazard index was primarily the result of
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.I
ingestion of vegetables potentially grown in contaminated soil. All other zones and
scenarios produced estimated hazard indices of less than 1.0.

The UBK model predicted acceptable blood lead levels for future residents; however, I
at least one location near Building 656 may require further confirmation/remediation.

Recommendations I
Results from soil borings located adjacent to active buildings at MTL indicated that
polycyclic aromatic hydrocarbons and, to a lesser extent, Aroclor 1260 and dieldrin, are
responsible for most of the potential cancer risks. The highest levels of PAHs were
detected adjacent to Buildings 39, 227/60, and under the parking lot between Buildings
37 and 131. 1
Because the potential cancer risks associated with these chemicals are in excess of the
risk allowed by Massachusetts, and because some chemicals also exceeded the MADEP
soil action levels, it is recommended that remediation of the soils in these areas be
considered prior to the sale of the facility. The type of remedial action of soils in excess
of the risk allowed by Massachusetts will be evaluated in the FS. It should be noted, I
however, that most of the excess cancer risk is posed by consumption of vegetables
grown in contaminated soil. Restrictions on growing vegetables in Zone 1 would suffice
to reduce the risk to acceptable levels.

GROUNDWATER INVESTIGATION 3
Sampling Program

An investigation was carried out to characterize groundwater upgradient of and
beneath the facility. The present investigation consisted of installing 15 groundwater
monitoring wells, while an earlier Phase 1 investigation consisted of installing 16 wells.
One groundwater sampling round was completed and groundwater samples from the
31 wells were submitted to a laboratory for analysis of volatiles, semivolatiles, metals,
cyanide, pesticides/PCBs, and radiologic parameters, including gross alpha, beta, and 3
gamma activity and uranium isotopes U-234, U-235, and U-238. Sampling locations and
procedures are discussed in Subsections 2.4 and 4.4. Figures ES-1 and 4-9 depict these
locations.

Assessment of groundwater consisted of comparing the analytical results to MCP
groundwater standards and Massachusetts groundwater standards. No RA was
completed for groundwater because groundwater in the vicinity of the site is not used
as a water source and will not be used as one in the foreseeable future. Watertown is
a MWRA member community and obtains its water supply from several reservoirs in
Massachusetts.

I
I
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I Sampling Results

With the exception of one well, all upgradient wells showed detectable quantities of
chlorinated solvents. Chlorinated solvents (solvents commonly found in industrial
degreaser solutions) identified in upgradient wells include tetrachloroethylene,3 trichloroethylene, and 1,1,1-trichloroethane.

In addition, one upgradient well showed elevated concentrations of gasoline-related
volatile organics. Based on a site water table map, groundwater flow paths indicate the
potential of groundwater flowing away from the site in an area in the northwest part
of the site before flowing towards the Charles River. No evidence of on-siteScontamination migrating off-site was found in groundwater collected from on-site wells.
Most likely, a groundwater divide exists under a short stretch of Arsenal Street near
the northwestern corner of the site. In general, however, groundwater flows from
north of Arsenal Street to the site.

Chlorinated solvents including trichloroethylene and tetrachloroethylene were detected
in groundwater samples collected from 12 on-site monitor wells. Monitor wells located
in the western portion of the site reported the highest concentrations of tetra- and
trichloroethylene. Few exceedances of proposed groundwater standards occurred.

Elevated concentrations of semivolatile 1,3-dimethylbenzene and volatile xylene were
detected in one well located in the central portion of the site. Based on a petroleum
odor present during groundwater sampling, contamination is believed to be the result
of a fuel oil release. Analytical results from nearby monitor wells suggest the elevated
concentrations are restricted to the area around this well.

When completing a soil boring beneath the Building 36 parking lot, several inches of
free product were observed at the water table. Analysis of a soil sample collected at the
water table indicated the contaminant was a fuel oil product. The sample did not
contain the more commonly known gasoline-related compounds (benzene, toluene,
ethylbenzene, and xylene), but it did contain certain compounds found in some of the
heavier fuel oils such as phenanthrene, fluoranthene, and pyrene. This oil may be No.
6 fuel oil resulting from a pipe release in the area of Building 227; however, the boring
in which the free product was found is slightly upgradient of the release, and therefore,
the contamination in the central well may be from another source. Groundwater
samples collected from downgradient monitor wells did not detect evidence of the free
product, indicating that there has not been contaminant migration in this direction.
To determine more precisely the contaminant plume configuration, additional
observation wells will be required.

I Groundwater Recommendations

Chlorinated solvents (tetrachloroethylene and trichloroethylene) were detected in 12 on-
site monitor wells. The impact of chlorinated solvents in locations where regulatory
standards of organic compounds were exceeded should be evaluated in the FS. Other
monitor wells were identified where groundwater exceeded groundwater standards.
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High concentrations of 1,3-dimethylbenzene (xylene) were detected in groundwater
collected from a well in the central portion of the site. Based on additional
groundwater monitoring and soil boring work completed in the area around this well,
the contaminant plume is not believed to have migrated beyond the immediate area.
The impact of this contaminant should be evaluated in the FS.

To better determine the plume configuration in the vicinity of the boring beneath the
Building 36 parking lot, additional soil borings should be installed.

CHARLES RIVER INVESTIGATION

Samplinir Program I
Surface water and sediment samples were collected at locations upstream and
downstream of the storm sewer outfalls at MTL to determine what impact, if any, the I
runoff from the installation has had on the Charles River. Surface water and sediment
samples were collected from a total of five locations upstream of MTL storm sewer river
outfalls. Sediments were also collected from 14 downstream locations (9 of these were
also sampled for surface water). Sample locations and sample collection protocols are
discussed in Subsections 2.5 and 4.5. Figures ES-1 and 4-10 depict the sample
locations. Samples were analyzed for volatile organics, semivolatile organics, metals, I
cyanide, pesticides, PCBs, and radiological parameters (uranium and gross radiological
activity). In addition, some samples were also analyzed for total organic carbon.
Chemical data from the downstream samples for surface water were compared to I
available EPA and Commonwealth of Massachusetts criteria for protection of aquatic
life or human use of the river. A baseline risk assessment for human health (Section 6)
and an ecological assessment for MTL (future addendum) on the potential effects to I
native plants and animals were developed using the levels of contaminants found in the
Charles River surface water and sediment samples. Both were performed in accordance
with MADEP Risk Assessment Guidance. The sediment data were compared to the U
available Draft National Sediment Quality Criteria (currently established for five
compounds). 3
SamDlin• Results

Ten metals and one organic compound were detected in the surface water samples U
collected from the upstream sampling locations. Sediments collected from the same five
locations contained 15 semivolatile organic compounds and 19 metals. Many of the
semivolatiles detected in the upstream sediments are contained in petroleum products.
This, together with the observation of evidence of the long-term deposition of dark-
colored organics (possibly heavy oil) indicate that the area immediately upstream ofMTL has been influenced by the practices at the adjacent yacht club (see Figure ES-1
or Figure 4-10 for the location of the yacht club).

Eight metals were detected in downstream surface water samples at levels exceeding I
upstream concentrations. Of these, only chromium was detected in the downstream
locations without also being detected in the upstream locations. Four organic
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compounds (toluene, ethylbenzene, xylene, and trichloroethylene) were detected in
downstream surface samples, but not in the upstream samples. The first three
compounds, are thought to be associated with fuel-related activities (e.g., filling fuel
tanks on boats) at the yacht club.

In downstream sediment samples, 19 metals, 20 semivolatile compounds, and cyanide
were detected. A total of 14 of these exceeded the upstream concentrations. Silver,
anthracene, naphthalene, dibenzofuran, dibenzo(ah)anthracene, indeno(1,2,3-c,d)pyrene,
and cyanide were detected in downstream samples, but not in the upstream samples.

Detected radionuclides exceeded the upstream concentrations in both surface water and
sediments. These exceedances occurred in only five locations (mostly locations near
storm sewer outfalls).

In summary, river contamination exists both upstream and downstream of MTL. The
majority of the surface water contamination is located downstream of MTL influence,
while much of the sediment contamination (especially fuel-related compounds) is
upstream of MTL outfalls.

Another round of surface water sampling was performed in September 1993 in order
to achieve lower detection limits for five metals. In all cases, lower detection limits
were achieved so that Ambient Water Quality exceedances could be assessed. The
results of this effort will be discussed in the Addendum to the RI, which will contain
the Environmental Evaluation.

Risk Assessment for Charles River Exposures

Risk scenarios were developed consistent with the Charles River classification by theE Commonwealth of Massachusetts as a Class B river that is designated suitable for
bathing and recreational purposes, public water supply with treatment, fish and wildlife
habitat, and certain agricultural and industrial uses.

Risk levels were developed for the following Charles River exposure pathways:

* Ingestion of/dermal contact with surface water and sediment while
swimming.

* * Consumption of fish.

The levels of risk derived from these exposure pathways and the concentrations of
compounds found in samples at or downstream of MTL are as follows:

* The total potential carcinogenic risk for recreational use of the Charles
River was less than 1 in 100,000 and, therefore, less than the federal level
of 1 in 10,000. The total estimated carcinogenic risk was 2 in 1,000,000
primarily as a result of potential ingestion of sediment.

I
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0 The total hazard index for potential noncancer risks for the use of theCharles River was approximately 0.02 and, therefore, was less than thestate limit of 1.0. U

The ecological assessment for MTL, focusing on the potential effects on plants and
animals from contaminants found in the Charles River surface water and sediment
samples, will be updated in an addendum to this RI report.

Recommendations

Levels of background and site-related contaminants in the Charles River surface water
and sediment may have some adverse ecological effects; however, even with upgradient I
and site-related impacts combined, the estimated human health risk levels for use of
the Charles River were less than the 1 in 100,000 guideline used by the Commonwealth
of Massachusetts. In addition, remedial measures (e.g., dredging) in the Charles River i
would further disrupt the current ecosystem in the river and disperse additional
contaminants; therefore, no remedial action is currently recommended for the Charles
River. A final decision regarding remediation will not be made until the ecological I
assessment has been completed.

STORM SEWERS INVESTIGATION i
Sampling Program 3
The storm sewer investigation consisted of flow monitoring and sampling of storm
sewer runoff during a rain event, and an internal TV inspection to investigate the
integrity of the lines and possibility of groundwater infiltration. Background sampling I
points were used to determine the flow and contaminants contributed from off-site.
Subsections 2.6 and 4.6 discuss the storm sewer investigation program in detail.
Sample locations are shown in Figure 4-11.

Samplinqg Results 3
The storm sewers contained little or no sediment; therefore, only liquid samples were
obtained during the rain event. Sampling results indicate that the site contributes
small amounts of some metals and pesticides to the storm sewer runoff. The only
metals that exceeded two times the maximum background values were copper and zinc,
both of which also exceeded the typical urban runoff range. Confirmed pesticides
concentrations exceeding two times background concentrations were alpha-, beta-, and I
delta-BHC; chlordane; DDE; and methoxychlor. No radiological contamination was
discovered. 3
Three storm sewer segments were inspected using television. The TV inspection
revealed that the lines were in good condition with some cracks attributed to natural
deterioration. The cracks were found along the joints and sides of pipe constructed of I
vitrified clay and brick. Although cracks were found, there was no evidence of
groundwater infiltration, past or present, in any of the segments investigated.
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U Recommendations

Access to the storm sewer is very limited; therefore, calculation of potential risks from
long-term exposures is not appropriate. Potential risks from use of the Charles River
where the storm sewer lines discharge were calculated (see Subsection 8.4); however,
the risks calculated for Charles River use scenarios incorporate chemical and
radiological contamination from numerous upstream sources (in addition to MTL storm
sewer outfalls). Because of this and because very little sediment exists in the storm
sewers, no remediation is recommended.

SANITARY SEWERS INVESTIGATION

Samulin• Program

Sanitary sewers were investigated for radiological contamination. Sediment samples
were collected from 12 sanitary sewer manholes. Depleted uranium contamination was
present in several manholes. The sampling program is discussed in Subsections 2.7 and
4.7. Sample locations are shown in Figure 4-12.

I Sampling Results

On Arsenal Street, uranium was found in a manhole connected to the drainlines from
Building 43. Since uranium concentrations in two manholes upstream of Building 43
are lower, the contamination in the manhole connected to the drainlines from
Building 43 appears to have been augmented by sources in Building 43.

3 On North Beacon Street, uranium contamination was found in several manholes.
Manhole 120 is the furthest upstream sample taken on the North Beacon Street
sanitary line. The source of this contamination is unknown at present. Further
sampling of manholes upstream of Manhole 120 will be performed, as well as tracing
(using dye testing or an equivalent method), if possible, to locate any potential on-sitei sources of contamination.

Two sanitary sewer line segments were inspected using TV. The sanitary lines are in
good condition with some cracks, as in the storm sewer lines. There was no evidence
of past or current groundwater infiltration into the sanitary sewer lines. Because of
the apparent integrity of the lines, infiltration of the contamination into theI surrounding media is not likely.

Access to the sanitary sewer is very limited, so calculation of potential risks due to
long-term exposures is not appropriate. Elevated levels of lead were found in several
sewer sediment samples; therefore, the issue of remediation of chemical contamination
in the sewers may have to be dealt with separately. It has not been determined
whether the source of lead contamination is upstream of MTL or site-related. Removal
of additional contaminated sediment will be evaluated in the FS.

MK01\RPT:02281011.001\phase2ri.es ES-15 05/10/94I



Recommendations i

No Nuclear Regulatory Commission action levels currently exist for radioactivity in
sanitary sewer sediments. WESTON has proposed maximum allowable levels based on
background data and on the available literature (WESTON, April 1992). A Nuclear
Regulatory Commission ruling on the acceptability of these levels is currently pending.
Based on this ruling, remediation of sewer sediments may be required. It is not
anticipated at this time that remediation will be necessary. In any case, sediments in
sanitary sewer lines under much of Arsenal Street and North Beacon Street were
already removed and drummed to allow a camera inspection of the lines. Radiologically
contaminated sediments in these drums will be properly disposed of off-site.

RADIOLOGICAL INSTRUMENT AND WIPE SURVEYS

The contaminated and suspected buildings were radiologically decontaminated during i
the period of August 1992 to May 1993. Each building was remediated and resurveyed
to ensure that cleanup goals were met. Therefore, the description of radioactive
contamination is no longer applicable. The extent of contamination observed during
the Phase 2 RI is described here, but the description is not indicative of currentconditions.

Survey Program

In addition to the soil, surface water, sediment, air, and sewer samples analyzed for 3
radiological parameters, the following radiological investigations were conducted:

0 Field instrument survey of the site grounds (outdoor survey). i
0 Survey of indoor surface contamination using instrument surveys and

swipe sampling of surfaces. U
* Performance of borehole gamma radiation logging.

* Performance of radiological contamination removability studies for select
floor and wall areas, drains, and laboratory benches.

0 Survey of building roofs and rafters.

* Survey of steam tunnels. i

The field instrument survey of the site grounds (outdoor survey) indicated that the only
outdoor surface gamma contamination was found in asphalt-covered areas, with oneexception, in soils outside the northwest corner of Building 39 south of Structure 229.
Therefore, this contamination could possibly be attributed to elevated levels of natural
uranium in the asphalt. In any case, with the one exception noted, it is doubtful thatthe elevated outdoor readings noted are a result of site operations. It is not anticipated
that any remediation will be required. i
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The building interior instrument survey and swipe sampling program, the roof and
rafter survey, and the removability study indicated that remediation of surface
contamination in several areas was required and could be accomplished. These surfaces
were cleaned to levels below appropriate Nuclear Regulatory Commission standards.
Buildings requiring remediation include 37, 39, 43, 97, 292, 311, 312, and 313. Areas
within the buildings that required remediation included walls, floors, sumps, roofs,
rafters, and drain pipes. These remedial activities are discussed in the Facility
Decommissioning Plan (WESTON, 1992) and are completed and awaiting approval of
the termination survey under the direction of the Army Corps of Engineers, New
England Division.

IRisk of Exposure to Radiological Contamination

Radiological sampling of the various environmental media at the site (Charles River,
surface and subsurface soils, storm sewers, and groundwater) and of the indoor air and
the containers indicated that detectable levels of radiological parameters do exist in
select samples, but at low concentrations that do not pose a human health risk at MTL,
even under hypothetical future residential use of the site (see Subsection 6.7). The risk
from residual radiological contamination of indoor surfaces is still being evaluated.

E Recommendations

E The radiological investigation can be divided into two sections: environmental media,
when the need for remediation is based on the risk assessments; and buildings to be
remediated as part of facility decommissioning, where remediation is based on cleanupE standards as established by the Nuclear Regulatory Commission and Massachusetts
Department of Public Health. No remediation is required in environmental media at
MTL due to radioactivity, but remediation was performed in various operations areasE of the site as part of decommissioning. Decommissioning activities have been
documented in the termination survey reports prepared for the USACE, New England
Division. The MADEP is reviewing the 10 MREM standard used during theI decommissioning process. The MADEP is in the process of determining if this standard
is adequately regulated in accordance with the Massachusetts Contingency Plan.

I INDOOR SURFACE CHEMICAL INVESTIGATION

Samplinm Program

E Indoor surface chemical wipe samples were taken from 855 locations in 17 buildings/
structures at MTL and 4 off-site (background) buildings. Indoor surface sampling
procedures and locations are discussed in Subsections 2.9 and 4.9. The on-site sample
locations are depicted in Appendix I.

E Sampling Results

Background samples taken off-site contained a total of 6 organic and 16 inorganicE contaminants. Since neither the EPA nor the MADEP has promulgated guidelines or
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protocols for allowable surface contamination, the wipe sample results could not be
evaluated in the baseline risk assessment; however, guidelines were calculated based
on protocols used by the State of New Jersey to establish surface contamination action
limits. These guidelines and their associated action limits are health-based values.
Contaminants that exceeded the calculated guidelines were considered elevated.
Conclusions from the on-site surface wipe investigation are discussed below:

0 Rooms in Buildings 111, 118, 131, 243, 292, 311, 312, 313, 36, 37, 39, 43,
and the bunkers had levels of at least one analyte in samples above
calculated guidelines.

0 Buildings 243, 292, 311, 312, 313, 37, 39, and 43 had the most analytes 3
above calculated guidelines.

* Many occurrences of elevated levels of chemicals were consistent with past i
uses in the particular buildings or rooms. For example, rooms in
Building 312 were the only locations where wipe samples contained
elevated levels of beryllium.

Recommendations

The MADEP is in the process of preparing a risk assessment guidance for indoor
chemical contamination. Once completed, risks will be calculated based on the indoor
sampling data. Cleanup levels will be calculated as part of the indoor FS report. Some
areas will already have been remediated as part of the facility decommissioning, due to
the presence of low-level radioactivity on various surfaces. These areas include
rooms/areas in Buildings 39,43,97,292, 311, 312, and 313. Potential remedial methods I
for surficial radiological contamination are outlined in the Facility Decommissioning
Plan (WESTON, 1992). Further remediation will be evaluated in the feasibility study.

AIR INVESTIGATION

SamDlinz Program i
Air samples were collected from Buildings 36, 37, 39, 43, 60, 97, 131, 241, 243, 292, 311,
312, and 313. Samples were analyzed for volatiles, semivolatiles, metals, explosives, and
radiological parameters. Samples were collected as 24-hour composites, and sample
receptacles were placed in central locations in each building so as to assess the air
within the building as a whole. Air sampling procedures and locations are discussed
in Subsections 2.10 and 4.10. Sample locations are depicted in Figure 4-14 and in
Appendix I. Background samples were collected from six outdoor areas on-site. Results
of background samples were compiled. For each sample and for each chemical or
radiological component, comparisons of analytical results to MADEP 1990 background
volatile organic sample results from two outdoor sampling stations in the greater
Boston area and occupational health standards and public health guidelines were made. 1
No occupational health standards or public health guidelines were exceeded.
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I Samplinu Results

In no instance were public health guidelines or occupational exposure limits exceeded.
While nearly all buildings sampled contained volatiles, semivolatiles, and metals, the
most prevalent contaminants were volatiles. Possible sources of the volatiles in site
buildings (especially Buildings 39, 43, and 60) include solvents and other chemicals
currently in use in the buildings; fugitive emissions from the boilers in Building 60;
sources outside of the site, such as cars passing by the base; and emissions from other
industrial sources outside the base. It should be noted here that in many instances the
outdoor background on-site air samples contained higher concentrations of
contaminants than did the indoor samples.

Recommendations

For the following reasons, remediation of indoor air at MTL is not recommended:

i • No health guidelines were exceeded.

0 The cessation of current site activities and remediation of indoor surfaces
would eliminate the presence of on-site surficial contamination that may
become airborne.

i In many instances, outdoor levels exceeded those indoors. It is believed
that most of the air contamination is from outdoor air entering the
buildings.

i Rather than remediate interior air, it is recommended that if building surfaces require

cleaning (see Subsection 8.8), the air be monitored during and after remediation.

E CONTAINER INVESTIGATION

Sampling Program

A total of 26 cisterns, tanks, sumps, and dry wells were sampled as part of the Phase 2i RI effort (11 outdoor and 15 indoor). Depending on their availability at the time of
sampling, both water and sediment samples were collected. Where sample volume
permitted, samples were analyzed for volatile and semivolatile organics, metals,E pesticides, PCBs, and radiological parameters. No background data were available (the
purpose of containers of this sort is to contain potentially contaminated liquids, and
therefore a 'background" container sample is not possible).

i Sampline Results

E Results of sampling indicated that containers in or associated with buildings historically
engaged in radiological laboratory or manufacturing processes contained radiological
contamination, usually in the form of depleted uranium. Radiological contamination
in the reactor area was composed of other radioisotopes, such as cesium and thorium.
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Data from 23 of the 26 containers sampled indicated that one or more metals regulated
under the Resource Recovery and Conservation Act were detected. PCBs were detected
at levels above background levels in three of the containers sampled. Several outdoor
container samples contained various pesticides (samples from the dry well near the
propellant storage area and samples from Cistern 243). This is expected when
infiltration of outdoor overland flow into the containers is considered. Polycyclic i
aromatics (a subgroup of the semivolatiles) were detected at concentrations exceeding
background tolerance in three containers sampled. Volatiles were detected at
concentrations exceeding background in only two containers sampled.

In addition to the cisterns, tanks, sumps, and dry wells at the site, there were six
underground storage tanks dispersed throughout the site. These tanks were used to Istore either fuel oil for use in the buildings or mineral oil (some used as quench oils in
site operations). As of the writing of this RI, all six have been emptied and removed
from the site. I
Risk Assessment for Container Contamination

A number of analytes, compounds, and radionuclides were detected; however, the
likelihood of human exposure to these contaminants is extremely low. For this reason,
container samples were excluded from the risk assessment calculations in Section 6, and i
no human health or ecological risks for these sources were computed. Additionally,
these results must be considered in light of the fact that the background sample
population does not exist.

Recommendations

One would expect to find chemicals in cisterns, sumps, etc., in an industrial setting.
This, taken with the low probability of human contact with the container contents,
indicates that remediation of the chemical contamination in the containers for I
protection of human health is not necessary.

Many of the radiologically contaminated containers were remediated as part of the I
facility decommissioning (WESTON, 1992). This is in large part because during
decommissioning, the structures surrounding these containers were removed (reactor
building) or otherwise remediated (Building 43).

Total Site Risk

Exposure profiles were developed for two residential populations - adults and
children - at four zones across the site. The residential profiles included exposures
both at home and at the site recreational areas. At each of these zones, carcinogenic i
risk estimates exceed 1E-05. Carcinogenic risks were highest at Zones 1 and 4 (2E-04
to 7E-04), where exposures to vegetables grown in contaminated soils were included. •
Carcinogenic risks in Zones 2 and 3 ranged from 7E-05 to 8E-05. The PAHs detected 1
in soil are the primary contributors to this risk. Radiological carcinogenic risk
estimates for residential populations were all within the acceptable range (i.e., less than
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I 1E-05). Hazard indices calculated for resident children were all below 1E+00, except
in Zone 4. At that location, an HI of 2E+00 (due to the presence of pesticides) wasI calculated for the vegetable pathway. Although the UBK model predicted acceptable
blood lead levels for children who might live in these zones, it was recognized that at
least one location near Building 656 may require further investigation if a child residentE were to preferentially ingest soil from that area.

Exposures profiles were also developed with the assumption that Zones 1, 2, and 3
could be developed commercially. There appears to be no health concern for workers
in a commercial setting, exposed to soil from surrounding outdoor locations except in
Zone 3 where the estimated cancer risk is 2E-05. Noncancer and radiological risk
estimates are all within acceptable ranges.

There appears to be no health concern for construction workers who could be exposed
to site contamination during future building-type activities. Estimates for carcinogenic
risk (chemical and radionuclide) are all within the acceptable risk range, as are the
hazard indices.

I
I
I
I
I
I
I
I
I
I
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SECTION 1

INTRODUCTION

i 1.1 PROJECT SCOPE

Roy F. Weston, Inc. (WESTON) was contracted by the U.S. Army Corps of Engineers
(USACE) Toxic and Hazardous Materials Agency (THAMA) under the Base Closure
(BC) Program Contract (DAAA15-90-D-0009, Task Order 1 and its associated
modifications 01 through 04) to conduct two remedial investigations (RIs) and a
feasibility study (FS) at the Army Materials Technology Laboratory (MTL) in
Watertown, Massachusetts. THAMA has since changed its name to the Army
Environmental Center (AEC). AEC is responsible for the BC program. The objective
of this program is to identify contamination resulting from past operations on Army
properties throughout the United States.

* Under Task Order 1, WESTON has been contracted to:

* Develop a Phase 1 RI report using existing data collected by EG&G and
Arthur D. Little, Inc. (ADL) between 1988 and 1990.

i Conduct a Phase 2 RI whose field effort supplements that of Phase 1 in
providing a more complete database.

0 Conduct a study of potential cross-contaminated areas at MTL for use in
screening remedial alternatives where mixed wastes may be involved.

i Conduct a detailed radiological survey of the facility buildings and
grounds and use the data collected in a Facility Decommissioning Plan
(FDP).

i S Conduct an FS.

i Conduct post-FS activities, such as preparation of a proposed plan, a
responsiveness summary, and a regulatory record of decision (ROD).

E Fieldwork for Phase 2 was conducted between September 1991 and February 1992.

This report summarizes the investigations performed, data collected, and conclusionsE drawn as part of the Phase 1 and Phase 2 RIs. An FS Draft Report has been completed
and will be revised based on this Final Phase 2 RI Report.

i

i
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MI
1.2 INSTALLATION PROFILE H
1.2.1 INSTALLATION HISTORY

The MTL property is located on 36.5 acres of land in Watertown, Massachusetts, on the
north bank of the Charles River approximately 5 miles west of downtown Boston (seefn
Figure 1-1). The installation is bound on the north by Arsenal Street, on the south by
North Beacon Street, on the east by Talcott Avenue, and on the west by the Veterans
of Foreign Wars, USA, Burnham Manning Post No. 105, and private property. An
additional 11 acres of federal land south of the site and abutting the Charles River are
controlled by the Commonwealth of Massachusetts and consist of a public roadway
(North Beacon Street), a public park, and a yacht club. Figure 1-2 provides a
topographic map of the Watertown area, including the MTL site.

The facility was established as the Watertown Arsenal in 1816 by President James
Madison and was originally used for the storage, cleaning, repair, and issue of small
arms and ordnance supplies. During the 1800s, this mission was expanded to include
ammunition and pyrotechnics production; materials testing and experimentation with
paint, lubricants, and cartridges; and manufacture of breech-loading steel guns and
cartridges for field and siege guns. The mission, staff, and facilities continued to
expand until after World War II, at which time the facility encompassed 131 acres,
including 53 buildings and structures, and employed approximately 10,000 people.
Arms manufacturing continued at the facility until an operational phasedown was
initiated in 1967. In 1960, the Army's first materials research nuclear reactor was 1
completed at MTL, which was used actively in molecular and atomic structure research
activities until 1970, when it was deactivated.

At the time of phasedown, much of the Watertown Arsenal property was transferred
to the General Services Administration (GSA), and in 1968, approximately 55 acres
were sold to the town of Watertown and subsequently used for the construction of
apartment buildings, the Arsenal Mall, and a public park and playground. Of the 47.5
acres retained by the Army, 36.5 acres became the Army Materials and Mechanics
Research Center (AMMRC), which was designated an historical landmark by the U
American Society of Metals in 1983. In 1991, the 36.5-acre parcel was designated an
historical district.

In 1985, the AMMRC became MTL, which currently employs approximately 500 people
and contains 15 major buildings and 15 associated structures. The current mission of
MTL is materials development, structural integrity testing, solid mechanics, lightweight I
armor development, and manufacturing testing technology.

In October 1988, Congress passed the Defense Authorization Amendments and Base U
Realignment and Closure Act (Public Law 100-526). In December 1988, the Secretary
of Defense's ad hoc Commission on Base Realignment and Closure issued its final
report, which included a recommendation, subsequently approved by Congress, for the I
closure of 81 Department of Defense installations, including MTL. A closure program
was initiated by AEC, which consists of three stages: preliminary assessment/site
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I inspection (PA/SI), RI/FS, and remedial actions. The first stage of the program at
MTL, the PA/SI, was conducted by EG&G Idaho in 1987. EG&G also conducted a field
program in 1988, from which an RI report was developed; however, this RI was never
sent to a state or federal agency and has remained an internal draft. It was determined
that chemical analyses for the 1988 sampling were not performed in accordance withE the AEC Quality Assurance (QA) Program. These data could not be verified or
validated by AEC and are therefore considered insupportable. Because the 1988 data
are considered insupportable, a "resampling" was conducted in 1990 by ADL underU contract to EG&G. This sampling was intended to duplicate, to the extent possible, the
1988 sampling effort, including resampling the 1988 sampling locations. Resampling,
however, was not possible in every case. For instance, certain aqueous sewer samples
could not be collected in 1990 because no flow was present at that time.

In March 1989, AEC was assigned the responsibility for centrally managing the BaseE Realignment and Closure Environmental Restoration Program. As a result of the
closure and realignment of MTL, additional environmental investigations were
mandated prior to the sale of any MTL property. As directed by AEC, WESTON has
completed RI/FS efforts (initiated by EG&G Idaho in 1988) to address issues raised by
the closure and reuse of MTL. The completion of these efforts includes production of
a Phase 1 RI report, performance of Phase 2 field investigation activities, andf production of a Phase 2 RI report, whose conclusions and risk assessment (RA)
component will incorporate all Phase 1 and Phase 2 data collected to date.

E 1.2.2 HISTORICAL USE OF SELECTED BUILDINGS

Past and present use of the buildings investigated is discussed in the following
subsections, with particular emphasis on potential sources of radiological or chemical
contamination. Figure 1-3 depicts the locations of these buildings.

I 1.2.2.1 Building 36

I Building 36 was erected in 1900. The building has undergone several renovations and
additions and currently measures 110 ft by 275 ft. The building was previously used
for manufacturing high-explosive and armor-piercing shells, assembling gun carriages,H and storing rubber materials and gun carriage parts.

The building contains an auditorium, a library, a cafeteria, a photographic laboratory,
conference rooms, and offices. There is also a mezzanine level in the library. The
basement formerly held a fallout shelter.

E 1.2.2.2 Building 37

Building 37 is a two-story brick building built in 1851. It has undergone several
I additions and renovations and currently measures 131 ft by 315 ft. The building has

housed several operations, including a machine shop, equipment maintenance shop, iron
and brass foundry shops, an open hearth furnace, and general storage areas.

I
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The building houses an automotive repair shop, storage for lawn care equipment, a I
carpentry shop, a paint shop, building material storage areas, risk management offices,
facility maintenance offices, radiological calibration source laboratory, and automotive
garages. The third-floor area is used to house the engineering plans and work-
coordinating branch.

1.2.2.3 Building 39

Building 39 is a five-story building with poured concrete pillars and was constructed in
1922 as a privately owned piano factory. The building was also used as a mattress
factory prior to its acquisition by the Army in 1941. In the mid-1950s, portions of the
building were occupied by the U.S. Atomic Energy Commission, the U.S. Air Force
Geophysics Laboratory, and the USACE Soils Laboratory and Engineering Warehouse.
The types of activities performed by these agencies are unknown.

The building houses several laboratories and offices. Work performed in the
laboratories includes organic synthesis research, crystallography, metals research,
ceramics research, organic materials research, corrosion research, mechanics and i
structural integrity research, computer systems research, and instrument calibration
operations. The offices are occupied by various research scientists, engineers, and
administrative personnel.

Little is known about the early use of radioactive materials in this building.
Reportedly, Room 101 on the first floor was used to melt small (40-pound) depleted
uranium (DU) ingots in the 1950s. A DU machine shop was located on the second floor
in the area around Rooms 202, 247, and 248. The exact location is uncertain. The fifth
floor contained an analytical laboratory in Rooms 501 and 512, where some DU was I
analyzed using wet chemical techniques and where emissions spectroscopy was
performed on solutions containing DU. A 1959 Nuclear Regulatory Commission (NRC)
inspection report mentions Ni-63 in an HC1 solution, H-3 (tritium) in stearic acid, and
Po-210 (polonium chloride) being stored in a fume hood in the isotope laboratory of
Building 39. These liquids were reportedly poured down the drain to the sanitary
sewer.

Recent operations involving DU include metal polishing in Rooms 145 to 147. Small
DU specimens are polished with wetted abrasive paper as a first step and in an I
aluminum oxide slurry as a final step. Corrosion testing of DU is done in Rooms 202
and 206 with small DU specimens and small amounts of dilute salt solutions. 1
1.2.2.4 Buildingr 43

Building 43 is a large, high-bay, one-story brick-and-steel building that was originally I
built in 1862. The building has undergone several renovations and additions and
currently measures approximately 20,000 ft2. It was originally constructed to house a
blacksmith shop. Other metal-processing operations, including forging iron parts for
use in seacoast gun carriages, were also performed.

I
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I In addition, the building was used for processing radioactive materials, although it was
not determined when such operations were begun. The east end of the building had
a concrete floor in the 1950s, but part of the floor was still dirt until the mid-1960s,
when the building was used as a forge shop (MTL employee, 1992). One of the first
reported uses of DU occurred in the mid-1960s, when a salt bath that was located in
the southeast corner of the building was used to heat DU billets. They were extruded
on the 1,000-ton press located in the northeast corner of the building (MTL employee,
1991). Whether this was done before or after the dirt floor was installed is not known.E Around 1963, the melt furnace was transferred from Building 421 (in what is now the
Arsenal Mall) and installed in the annex on the north side of Building 43 (MTL
employee, 1992).

Recent operations included two DU melt furnaces and a heat treat furnace in the melt
room located in the annex on the north side of the building. The annex contained a
lathe, a mechanical saw, and a ventilation system. The main bay of Building 43, called
the Forge Shop, contained a variety of mills, presses, and ovens, some of which were
used primarily for processing DU. These DU machines were located at the east end of
the building, and a DU incinerator was located in the southeast corner. This DU
equipment was removed by Chem-Nuclear Systems, Inc. (Chem-Nuclear).

E The incinerator burned DU chips and turnings. The emissions went through a scrubber
and a high-efficiency particulate air (HEPA) filter and out the east end of the building.
In recent times, the emissions were monitored by radiation stack monitors (MTL, 1988).
The scrubber water was monitored to ensure that its concentration was less than the
water effluent limits specified in 10 Code of Federal Regulations (CFR) 20 and was thenI poured down floor drains that discharged to the sanitary sewer (MTL, 1977).

The roof of the main bay consists of two sloped sections topped by a vee-shaped roof
above a clerestory. The two sloped sections, composed of asbestos concrete, were
replaced with metal panels in 1990.

I 1.2.2.5 Building 60

Building 60 was constructed in 1913 and 1914 as a central powerhouse and boiler roomE building. The boiler was originally coal-fired but was later converted to fuel oil. The
plant produced electricity until 1919.

I The building currently houses an oil-fired boiler that produces steam for heating other
buildings in the installation. The steam is piped through underground steam tunnels
to each building. The asbestos cement roof was recently replaced with a metal roof.

I 1.2.2.6 Building 97

Building 97 was constructed in 1920 and measures 56 ft by 185 ft. The building was
reportedly used as a railroad locomotive repair shop. It was renovated and converted
in the late 1950s to house operations associated with the nuclear reactor.

I
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The building also contains various laboratories, male and female decontamination areas,
an ion implantation facility, and a particle accelerator for neutron production.

An NRC inspection report dated 1962 indicated that radioactive by-products were being
stored in the building. Liquids from the reactor and the laboratories drained to a sump
in the south end of the building. The liquid was pumped to three 3,000-gallon indoor
aboveground tanks. The wastewater was monitored and released to the sanitary sewer
if it was determined to be below effluent limits.

A 1966 NRC inspection report discussed the Kaman neutron generator located in Room
145. This generator used 7-curie tritium targets. The neutron generator used a
vacuum system to collect tritium (H-3). Air monitoring for tritium was being
performed, but none was detected. The NRC inspection report also mentioned that
experiments were being performed in Room 144 using microcurie amounts of 5 to 35.

Currently, portions of the Kaman neutron generator are in place, but the bulk of it has
been removed. The liquid waste sump is present, but the three 3,000-gallon
aboveground tanks have been removed to accommodate an accelerator. The water from i
the sump is pumped directly to a drain that discharges to the sanitary sewer.

1.2.2.7 Building 111 I
Building 111 was built in 1865. It is three stories tall, constructed of brick, and
contains approximately 12,000 ft2 of floor space. The building provides housing for the
installation commanding officer and his family. It is listed on the National Register ofHistoric Places. i

1.2.2.8 Buildings 117 and 118

Buildings 117 and 118 were built in 1906 and 1851, respectively. The buildings were i
originally constructed to house cows and horses. They were later renovated and
converted to provide military housing. Building 118 was also previously used to house
the post fire engine. Building 117 is currently used for military housing, and Building U
118 is used for military dependent housing.

1.2.2.9 Building 131 i
Building 131, a two-story brick building with basement, was built in 1900 and expanded
in 1942. It has undergone several renovations and additions and currently contains 1
approximately 68,000 ft2 of floor space.

Since its construction, the building has been used for administration. Currently, several i
installation administrative offices, including budget, procurement, personnel, records
management, laboratory administrative offices, and technical planning offices, are
located in this building. The building also contains a health clinic, mail room, and print
shop.
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E 1.2.2.10 Structure 226

Structure 226 is a concrete tank vault located at the northwest corner of Building 43,
and houses two 10,000-gallon heating oil tanks. The vault is partially buried and is
accessible from the surface by a bulkhead. The vault is of concrete construction. No
known spills or releases are associated with this vault.

1.2.2.11 Structure 227

Structure 227 is a brick-and-concrete containment structure, housing pumping
equipment and two 25,000-gallon No. 6 fuel oil tanks. Historical documents (THAMA,
April 1980, and EG&G, March 1988) also list this structure as the source of the 1979
No. 6 fuel oil release to the Charles River. It is unclear from the documents whichU structure (227 or 295) is the true source of the release.

1.2.2.12 Structure 229

E Structure 229 is a 9-ft-by-15-ft concrete building constructed in the early 1940s. It is
used to house cooling oil pumping equipment. An associated 3,000-gallon undergroundI storage tank (UST) was removed in 1991.

1.2.2.13 Building 241

I Building 241 is a 26-ft-by-18-ft prefabricated metal building that was erected on an
existing concrete slab in the early 1980s. The building is used for storing drums and
barrels containing radioactive DU and beryllium waste products prior to off-site
shipment.

E 1.2.2.14 Building 243

Building 243 is a 20-ft-by-30-ft brick building constructed during the 1950s. A 20-ft-by-E 12-ft prefabricated metal storage building was added in the 1970s. Both buildings are
used for storage of various chemicals prior to use.

E 1.2.2.15 Structures 244 and 245

Structures 244 and 245 are propellant/explosives storage bunkers, situated side by sideI and enclosed within a single brick structure. The structure is located near the guard-
house in the southeast corner of the site. Currently, Building 244 is empty. An
inventory of the contents of Bunker 245 is provided as part of Appendix L. It should
be noted here that while Bunker 244 is empty, researchers and scientists are allowed
a maximum of 5 pounds of explosives in selected areas of Buildings 311 (detonics lab),
312 (firing range), and 313 (firing ranges).
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1.2.2.16 Building 246

Building 246 is a 30-ft-by-60-ft prefabricated metal building constructed during the m
1970s. The building is used for storing road and grounds maintenance equipment and
supplies.

1.2.2.17 Building 292

Building 292 is a two-story brick building constructed in 1920. It currently measures
70 ft by 215 ft. The building was originally built as a metal stock storehouse. It was
also used to house a plating shop operation. The building was renovated in the late
1950s and converted to a general laboratory building.

The building currently contains several offices and laboratories. Laboratory operations
performed include x-ray diffraction, electron micrography, chromatography, and i
analytical wet chemistry.

It is not known when DU was first used in this building. Pieces of DU material were i
used in various experiments or tests, and DU was analyzed by x-ray diffraction in
Rooms 205 and 212. Wet chemistry analysis involving radioactive materials was also
performed in Room 212. i
1.2.2.18 Structure 295

Structure 295 is a large concrete containment area housing four 10,000-gallon
aboveground No. 6 fuel oil tanks. In 1979, a containment wall crack and a spill of No.
6 fuel oil from the tank farm allowed a release of approximately 50 gallons of oil into m
the Charles River. Some oil infiltration into the tunnel near Building 60 was also
noted. The crack has been repaired, and recently, soil remediation has occurred in this
area (see Subsections 2.12 and 2.13 for details).

1.2.2.19 Building 311 m

Building 311, a large high-bay warehouse and machine shop with overhead cranes, is
constructed of brick and steel. The first section of the building was built in 1917 for
the erection of disappearing, barbette and railway carriages for guns. The building has I
had several additions and renovations and currently measures 180 ft by 950 ft.

The building has housed numerous manufacturing operations, including cold-working I
of guns and gun carriages, various machine shops, induction crucible furnaces, and
other associated armaments research and manufacturing operations.

Currently, operations include various research laboratories, an industrial x-ray facility,
a diatonic facility, machine shop operations, a protrusion facility, a fiber composite lab,
DU storage areas, materials receiving and warehousing areas, and administrative
offices.
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I Building 311 houses a radioactive materials storage area. Radioactive materials and
other products are being stored in metal drums in a fenced-in, open-top storage area
segregated into two distinct storage compartments. A DU machine shop was once
located on an area covered with steel plates. This is located about 100 ft past the
present location of the DU storage cage. DU is also stored in the DU vault andI temporarily in the shipping area in the eastern part of the building. There are
currently no machining operations performed on DU in this building.

I 1.2.2.20 Building 312

Building 312 is a high-bay brick-and-steel building that has three floors and was built
in 1894. The building has undergone several renovations and additions and currently
measures approximately 80 ft by 280 ft. It was originally built to house an erecting
shop for assembling gun carriages. Additional operations performed in this building
include a machine tool shop, an electroplating shop, a crystal growth laboratory, a
shock wave physics laboratory, ballistics ranges, a mechanical equipment loft, several
offices, and a laser laboratory. A section of the first floor of this building wasU previously used to house a beryllium and DU machining operation. Activities using
radioactive materials in this building are believed to have begun in 1963 when the DU
machine shop was transferred from Building 421. A 1965 NRC inspection report stated
that DU melting and machining were being done in Building 312. It reported
contamination levels of 50 to 500 dpm/100 cm 2 beta-gamma and 20 to 300 dpmnl00 cm2

alpha. The rooms that contain the DU and beryllium machine shops were constructed3in 1963. Reportedly, the north part of the building continued to have a dirt floor and
DU chips were stored in barrels on the floor.

E Recent operations include machining DU in the south end of the first floor in the areas
known as the DU and beryllium machine shops. Operations included turning, cutting,
grinding, and drilling. There is also a plate shop on the first floor where DU metal was
cleaned and plated. In the plate shop, small DU pieces were cleaned in buckets of nitric
or hydrochloric acid or alkali. They then underwent electrochemical plating with nickel
and cadmium. All work was done in an area with a concrete curb and no drain (MTL3 employee, 1991).

A vacuum exhaust system was installed to collect dust and particles generated by the
DU and beryllium machining operations. This vacuum exhaust system is located on the
third floor of Building 312 and consists of a roof stack, associated ductwork, blowers,
filters, and cyclone separators.

There are currently no operations involving DU being performed in the remainder ofI the building. It is not known whether the firing ever took place. The DU and
beryllium machining areas consist of a series of small rooms (Rooms 101 through 130)
with painted plaster walls and ceilings and a concrete floor covered with asphalt tile.
The rooms contain various machine tools, glove boxes, sinks, and other equipment. The
plating shop is a room with a 20-ft ceiling, painted brick walls, and a concrete floor.
The room contained electroplating tanks in an area with a concrete curb.

1
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1.2.2.21 Building 313 U
Building 313 has two stories and a basement and was constructed in 1862 in the shape
of a capital E. The building was initially used as a carriage and machine shop for gun
carriage fabrication and also as a powerhouse for adjacent buildings (43 and 37). The
south end of the building was also previously used as a woodworking shop. The
building has had several renovations, including a second-story addition to the center
wing in 1942, and currently measures 180 ft by 300 ft.

Currently, the building houses ballistics ranges, several research laboratories, and
administrative offices. The south wing of the building contains an experimental
foundry, a ceramic research and fabrication area, and a clean dry laboratory. The 3
center wing contains a welding laboratory, the nondestructive examination (NDE)
school, and associated NDE laboratories. The north wing of the building houses the
installation security offices, general research laboratories, a ceramic laboratory, and
other administrative offices. Ballistics ranges are also located in the basement of this
wing.

Pieces of DU were taken to Building 313, where various experiments or tests were
conducted. Ballistics testing may have been performed in the building as well. Room
150A, in the center wing, was used for DU storage. There was no other known use of i
DU in this building.

1.2.2.22 Structures 652 and 654

These two structures are pump houses located on the southern fence line of the facility
just south of Structure 295. The construction dates of the pump houses are unknown. I
The structures contain equipment that was used to pump water from the Charles River
for use in the fire protection system. The equipment was abandoned in place when the
fire water system was converted to use the municipal water supply.

1.2.2.23 Building 656

Building 656 is a 40-ft-by-30-ft single-story brick building built during the early 1960s.

It is used for storage of cooling equipment.

1.3 PREVIOUS INVESTIGATIONS

1.3.1 PRE-RI INVESTIGATIONS I
Thirteen previous investigations that pertain to environmental conditions at MTL were
completed between September 1968 and December 1987. These investigations, which m
antedate RI/FS investigations, are listed in chronological order below:

0 Air Pollution Status and Environmental Survey No. 44-21-0214-81, U.S. i
Army Environmental Hygiene Agency, January 1981.

l
MK0 IRPT:02281011.00Ol\phase2risl 1-1i0 12/16/93

I



"R • Environmental Assessment Report for Phase 1 of the AMMRC Master
Plan, Camp, Dresser & McKee, Inc., May 1980.

"* Environmental Compliance Audit - MTL, PRC Engineering for U.S. Army
Engineer Division, May 1986.

" Environmental Radiological Monitoring Plan for the Army Materials
Research Reactor Charles E. Dady and Leo F. Foley, 13 September 1968.

"* Geotechnical Report. Army Materials Technology Laboratory. Watertown,
Massachusetts, Goldberg Zoino Associates, Inc. (GZA), December 1987.

"* Installation Assessment of United States Army Materials and Mechanics
Research Center, Report No. 169, USATHAMA, April 1980.

"* Investigation of Storm Drain Pollutants, Coffin and Richardson, Inc., July
1979, revised January 1982.

"• Plating Wastewater Pretreatment System, Alonzo B. Reed, Inc. and Hoyle,
Tanner & Associates, Inc., September 1978.

"* Preliminary Assessment/Site Inspection for the U.S. Army Materials
Technology Laboratory (PA/SI), EG&G Idaho, Inc., March 1988.

"* Radiological Safety Survey, Nuclear Reactor John F. Vining III, Acting
An. Safety Officer (Internal Army Report), June 1982.

"* Radiological Survey of the Former Watertown Arsenal Property, GSA Site,
Argonne National Laboratory (ANL), October 1983.

"* Wastewater Engineering Survey No. 32-61-0134-79, Department of the
Army, U.S. Environmental Hygiene Agency, North Regional Division, May
1979.

A summary of findings of the reports available to WESTON is included in Table 1-1.

In 1987, AEC initiated additional environmental investigations under the Army's
Installation Restoration Program (IRP). A PA/SI (EG&G, 1988) was performed as the
first step of this program. The PA/SI scope of work included an assessment of previous
uses of the 15 existing on-site buildings and 15 existing structures, several3 buildings/structures that had been razed prior to the PA/SI, and also potential
contaminants associated with their previous uses, as summarized in Table 1-2.

A more comprehensive list of chemicals used and stored at MTL is presented in
Appendix L. The appendix provides a listing of chemical usage in the metallurgy lab
in Building 39, a chemical inventory for MTL buildings, and the hazardous waste
disposal records of MTL for 1990 and 1991.
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The PA/SI subdivided MTL into 18 geographical units, each of which contains a mixed i
assemblage of potential waste sources (Figure 1-3). The 18 units are divided in such
a way that each contains a separate building or structure or group of structures (if the 3
structures are small or have similar missions). The assessment of previous practices
and uses of the on-site buildings and their associated contaminants was presented as
" separate discussion for each of the 18 geographical units. The PA/SI also included 3
"a soil gas investigation to preliminarily characterize source areas.

1.3.2 PHASE 1 RI INVESTIGATION 3
Based on the findings of the PA/SI, a technical plan was prepared for a Phase 1 RI
(EG&G, May 1988). The Phase 1 RI had four objectives: i

* Determine the historical and present uses of the laboratory facilities.

* Identify and quantify the contaminants and their locations at MTL.

* Determine the sources of the contamination and the potential for i
environmental impacts from past and present operations.

0 Address the actions necessary to prevent negative future environmental i
impacts.

The primary motive for selecting the type and quantity of data collected for the Phase 3
1 RI was the need to describe the nature and extent of contamination at MTL. The
sampling and analyses were designed to characterize the hydrogeologic conditions
beneath MTL and to define the spatial distribution of any contaminants that may be i
present (EG&G, May 1988).

A secondary objective of the Phase 1 RI sampling program was to acquire sufficient U
data for the development of a preliminary risk analysis for the MTL site.

The third objective of the program was to use the data collected in the preparation of m
an FS for the site. The data collected during Phase 1 will be used in conjunction with
Phase 2 data for the development and evaluation of remedial alternatives under the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 m
(CERCLA), as amended by the Superfund Amendments and Reauthorization Act
(SARA). 3
The primary target areas of the Phase 1 RI sampling effort were the subsurface soils,
the groundwater, and the storm sewer/outfall system at MTL. The intent of the Phase
1 sampling was to screen the site for possible subsurface sources of contamination as
well as to define possible subsurface contaminant pathways. The sampling was also
intended to determine preliminarily whether water and sediment flow in the MTL
storm sewer system could serve as a transport mechanism for contaminant migration U
to the Charles River.

I
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The other target areas included facility buildings, utilities (polychlorinated biphenyl
[PCB] transformers), and storage tanks. For these areas, the Phase 1 sampling
program was designed to determine whether each area contains the types and
quantities of contaminants that would present risks to human health (through direct
exposure) or the environment.

In 1988, a field sampling program based on the technical plan (EG&G, 1988) was
conducted by EG&G. As part of field activities, various air, dust, sediment, surfaceSwater, wipe, and surface and subsurface soil samples were collected and analyzed for
various contaminants (volatile organic compounds [VOCs], base/neutral/acid extractable
organic compounds [BNAs], pesticides, metals, and radiological parameters). Results3of these field efforts are presented in the "Environmental Investigation Status Report"
(EG&G, 1990).

fl Because of the development of various issues surrounding the laboratory that analyzed
these samples, the results of this program were considered insupportable by AEC.I Consequently, ADL was retained by EG&G to perform resampling in 1990, concurrent
with the preparation of the Status Report (EG&G, September 1990). This effort was
intended to repeat the original RI sampling performed in 1988; however, not all
samples were repeated, and some samples were added to the 1990 sampling effort as
well. Results of this field effort are presented in a report (ADL, 1990).

Results of the Phase 1 sampling effort, as well as conclusions and a preliminary RA, areI presented in the Phase 1 RI (WESTON, 1991). The Phase 1 RI report was prepared
primarily using the information collected during the resampling event that occurred inI February 1990 (ADL, 1990). In instances where a particular sampling point or a
particular sampling medium (such as air or dust) was not resampled in 1990, the 1988
results (EG&G, 1990) were used.

3 The RI report is developed in accordance with the following requirements, guidance,
and regulations:

I Army Regulation (AR) 200-1.

3 0 U.S. Environmental Protection Agency (EPA) Draft Guidance on
Remedial Investigations and Feasibility Studies Under CERCLA (1988),
as updated by SARA (1986) and the National Contingency Plan (NCP).

I • Massachusetts Contingency Plan (MCP, 310 CMR 40).

3 0 National Environmental Policy Act (NEPA), as implemented by AR 200-2.

Under these requirements, identification of the state, federal, and local applicable or
relevant and appropriate requirements (ARARs) is also part of the scope of this RI, asI_ stated in the Statement of Work (SOW). These ARARs are presented in Section 4 of
this RI.
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Once the nature, extent, and transport mechanism of the various contaminants at MTL I
have been determined (through collection of sampling data), an RA will be performed.
This analysis includes evaluations of the collective demographic, geographic, physical,
chemical, biological, radiological, and ecological factors associated with the
contamination identified as a result of the Phase 1 and Phase 2 sampling activities at
MTL. The current status of asbestos management at MTL is also evaluated. i

The human health RA will be performed using assumptions and equations from the
CERCLA RA Guidance in accordance with the NCP. These assumptions (regarding 3
such variables as reference doses [RfDs] and human intake factors) are thought to be
more conservative than those assumptions made in accordance with the MCP; however,
once risks are calculated, they are to be compared to both MCP and NCP limits for i
carcinogenic and noncarcinogenic contaminants. In this way, the lower MCP limits are
considered and the overall risk evaluation is more conservative.

1.4 SCOPE OF THE PHASE 2 RI

1.4.1 POTENTAL HAZARDS ADDRESSED IN THE RI 3
As part of contract DAAA15-90-D-0009, WESTON has been tasked to perform a Phase
2 RI at MTL. The Phase 2 SOW issued by AEC on 29 August 1990 directed WESTON i
to complete the following tasks:

"* Develop approved technical plans as identified by Section C.3.2.1.1.1 of the 3
basic contract and Section 5.2 of the SOW.

"* Conduct a field program implementing these plans to ultimately meet the 3
program requirements of AR 405-90 and the Army's goal of property
transfer, and to fulfill all data gaps and needs identified by the Phase 1
RI.

The Phase 2 scope of field activities is presented below: 3
"* Storm/sanitary sewer investigation
"* Inspection and survey of containers
"* Geophysical investigations i
"• Surface and subsurface soils investigations
0 Groundwater investigations
"* Surface water and sediment investigations I
"* Radiological investigations
"* Building interior wipe sampling investigations
"• Air investigation m
"* Status report of MTL's radon program
"* Removability test
"* Mixed waste investigation
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1 1.4.2 POTENTIAL HAZARDS NOT ADDRESSED IN THE RI

There are several sources of contamination at the MTL site that were not sampled as
part of the Phase 2 RI fieldwork. These include radon, asbestos, lead paint, USTs, and
PCB transformer oils.

I 1.4.2.1 Radon

I Radon has been identified in several buildings at MTL. The MTL Risk Management
Office currently oversees an ongoing radon-sampling program. Radon health risks at
the site have been evaluated, and steps for radon remediation have already been
recommended. Therefore, investigation of radon at MTL was not part of the scope of
the Phase 2 RI; however, in isolated instances where not all of the sources of
radiological activities in various buildings could be accounted for, radon testing was
conducted. This is described further in Subsection 4.8. The MTL radon-monitoring
program is described below.

EAR 200-1, Chapter 11, is the Army Radon Reduction Program (ARRP). The Army has
divided the testing of buildings for radon into three priorities. Priority I sites include
family housing, billets, day care facilities, hospitals, and schools (24-hour occupancy).
Priority II sites include training centers, operations centers, and research and
development/technology facilities (24-hour operations). Priority III sites cover other
facilities, office buildings, laboratories, shops, and warehouses when use is normally
restricted to 8 hours or less.

The Priority I sites, the first sites to be tested, are tested for a period of 90 days,
preferably under closed-up or worst-case conditions (during the fall and winter months).
Structures that exceed 4 picoCuries per liter (pCi/L) but are less than 20 pCi/L are
restricted for 1 year to ensure that the radon level in the structure is not artificially
high.

I The Priority II and III sites are not tested unless readings from the 90-day Priority I
testing are >4 pCi/L, or the Priority I-measured structures geologically and structurally
are not representative of the installation.

I Mitigation of the structures exceeding 4 pCi/L is performed based on the magnitude of
the results.

E MTL performed the initial 90-day site testing by placing detectors in 72 sites at MTL
in November 1989. No areas were found to contain radon above the 200 pCi/L

I requiring mitigation within 1 month. Three living quarters locations were found to
have radon at levels above 4 pCi/L: Buildings 111, 117, and 118. Building 111 is not
occupied.

I Building 117 was sampled to have 32.9 pCi/L. An inspection by the Radiation
Protection Officer was made and resulted in the detection of cracks in the floor andUm openings around incoming pipes of an underground storage heating oil tank. The
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underground tank was removed and replaced with an aboveground tank. The i
occupants were advised to open the windows to provide ventilation.

Building 118 is an apartment unit and had radon at 10.5 pCi/L in the cellar area. This I
area is used as a laundry washroom. For interim remediation, fans were placed in the
cellar to enhance ventilation. 3
MTL followed up the 90-day monitoring with long-term measurements as required by
AR 200-1. Detectors were deployed in Buildings 118, 111, 131. Work for lead paint 3
abatement was ongoing when detectors were deployed in February 1992 in Building
117; consequently, detectors were not placed in Building 117 because of the possibility
of erroneous readings. Detectors were scheduled to be deployed in Building 117 for a
1-year monitoring cycle within 2 months. If the 1-year average is found to be greater
than 4 pCi/L in Priority I areas, remediation is required.

Appendix S.1 provides documentation of the portion of AR 200-1 mandating the radon

program at MTL.

1.4.2.2 Asbestos

MTL has been undergoing a comprehensive asbestos removal program for the past 3
several years. Therefore, asbestos sampling was not included in the Phase 2 RI scope
of work; however, monitoring the status of the asbestos program was included in the
scope of work. This did not include sampling, but did include a review of asbestos
sampling and removal documentation, as well as a visual inspection of areas thought
to contain (or to have once contained) asbestos. During the visual inspections, asbestos
was noted in several areas. This is further described in the appropriate subsections. i
The asbestos management program at MTL is described below.

AR 200-1, Chapter 10, Asbestos Management Program is the basis for managing I
asbestos at Army installations. AR 200-1 complies with EPA's Asbestos Hazard
Emergency Response Act (AHERA) 1986 requirements.

MTL is following a remediation plan based on the Technical Review Committee (TRC)
inspection report. The TRC report gives the priority and amounts of asbestos to be
remediated for the buildings at MTL. To date, MTL has performed the following U
remediation.

USACE Northeast Division remediated some spray-on types of asbestos from the fourth I
floor of Building 39. Some work was also performed in Buildings 36, 39, 60, and 131
and is ongoing in 311. Some debris in crawl spaces needed to be removed from the
housing units, but the installation has no "housing funds." MTL has sealed off the I
areas requiring asbestos remediation in the housing units. Building 118 is the multiple-
apartment unit, and Building 117 is also a military housing unit. The commander's
quarters (Building 111) has some asbestos in a steam line that services the building and
needs to be remediated.

I
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I
I The tank farm (Building 295) has steam tunnel lines running from Building 60, which

require some asbestos remediation. The work was identified by Universal Engineers,
who did a survey for MTL.

Also, the transite roof on Building 60 was removed before the TRC survey.

MTL has removed some asbestos from the southeast tunnel that runs to Building 43
from a spur off a manhole near Building 37 (approximately 60 ft).

Appendix S.2 contains an inventory of asbestos in MTL buildings. A checkmark

indicates asbestos that has been removed.

1.4.2.3 Lead-Based Paint

IA Phase 2 sampling program targeting lead-based paint at MTL was not conducted,
since MTL already has a lead-based paint management program. This program is
described below.

The MTL lead-based paint management program is conducted in accordance with the
U.S. Department of Housing and Urban Development (HUD) guidelines for lead-based
paint protection. HUD guidelines are not regulations; however, when federal funding
is used to remediate a site, remediation is to meet the HUD guidelines. In February
1991, MTL contracted with Lead Busters Inc., of Boston, Massachusetts, to performI a lead-based paint inspection of occupied housing. Documentation of this inspection is
presented in Appendix S.3. Occupied housing at MTL consists of two buildings,I Buildings 117 and 118. Building 118 is an apartment unit that provides housing for
enlisted personnel. No children are living in Building 118. Building 117 is a single-
family housing unit, and the family does have children.

3 Results found lead-based paint in both units. Funds were requested; however, at a
closing installation, this type of funding is not a priority if other means can be used toI protect human health. In this case, occupants in Building 117 were advised how to
manage any hazards from the lead-based paint in the unit by wet mopping and washing
walls rather than dusting.

I Massachusetts has a mandatory property transfer notification for property owners
attempting to sell residential property. Commercial property is not included in theEMassachusetts regulation. The state law required the seller to file the Property
Transfer Notification (PTN) 10 days prior to the sale. The PTN notifies the
prospective buyer of the responsibilities for the property if it is to be used for housingI children, and it allows the prospective buyer to perform a lead inspection of the
building's painted surfaces at the buyer's cost.

For base closures sites, the Army will ascertain whether buildings on a site are old
enough to have been painted with paint containing lead. Manufacturers began taking
lead out of paint in 1973; however, the Army's inventory probably contained lead paintI for a few years after that. Therefore, any buildings painted prior to 1980 are assumed
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to contain paint with lead. For BC purposes, the Army discloses to the prospective
buyer the likelihood of buildings containing lead paint. At MTL, it is likely that all the
buildings contain some lead-based paint. 3
In the firing range located in the basement in Building 313, lead abatement was
performed by MTL facilities for lead released from small arms testing. The remediation
technique was vacuuming. Also, the USACE Northeast Division performed remediation
of a ventilation system in the firing range.

In addition to the Army program described above, nearly all of the Phase 2 chemical
wipe samples collected were analyzed for Target Analyte List (TAL) metals, which
include lead. As a result, information on the removable portion of lead contamination
on interior surfaces is available.

1.4.2.4 PCB TMrnsformers

While some wipe samples and surface soil samples on or around selected transformers
were collected and analyzed for PCBs, none of the actual transformer oils was sampled
as part of the Phase 2 RI. Several on-site transformers are known to contain PCB-contaminated oils. Currently, plans exist for removing or retrofitting these

transformers. Since those transformers containing PCBs were already identified,
sampling of transformer oils was not included in the Phase 2 RI scope of work;
however, MTL has initiated a program for retrofitting or removing transformers at the
site. Appendix S.4 contains a transformer inventory for the site, which indicates those U
transformers that have been (or will be) retrofitted.

1.4.2.5 USTs 3
At the start of the Phase 2 RI, six USTs were known to exist on-site. As of the writing
of this document, all six have been removed and the areas remediated and backfilled.
While the RI scope of work included an attempt at locating a seventh UST using
geophysical techniques, no other UST investigations were included in the Phase 2 scope
of work. The field effort for locating the seventh UST is discussed in detail in I
Subsection 2.2.2 and findings are discussed in Subsection 4.2.1.

Several other oil storage tanks, which are not considered USTs, do exist at MTL. I
These include tanks in Buildings 226 and 227. Remedial efforts pertaining to a leak
from a line leading into 227 are described in Subsection 2.12. Sampling was not
conducted within Building 226 because of access problems; however, the inside of the
building was inspected and surface soil samples were collected in the vicinity of the
building. While no environmental concerns associated with the building were noted,
the inside of the building was cluttered and staining on the floor was noted. This
building, while not evaluated as a potential hazard in this RI, should be cleaned prior
to transfer of the property. I

I
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U 1.5 REPORT ORGANIZATION

This document is structured as follows:

0 Section 1, Introduction, presents the background project description,
discussions of previous investigations, and a brief overview of the Phase
2 RI scope of work.

3 Section 2. Field Investigation Approach and Procedures, presents the
various field investigations performed and includes sampling objectives,
field monitoring and sampling methodologies, number of samples
collected, and analyses performed.

* Section 3. Physical Characterization, describes the physical setting of
MTL and the surrounding area (including topography, land use, climate,
surface hydrology, and hydrogeology) and the physical tests performed at
the site (including slug testing).

* Section 4. Nature and Extent of Contamination, discusses ARARs for the
Phase 2 RI and presents results for the physical testing and chemical
sampling performed during Phase 2.

0 Section 5. Contaminant Fate and Transport, enumerates chemicals of
potential concern and discusses contaminant migration pathways and
transformations.

3 Section 6. Baseline Risk Assessment of Human Health Effects, presents
a human health evaluation of the risks associated with the contaminants
of potential concern, as determined from Phase 2 sampling results.

0 Section 7. Environmental Evaluation, presents an evaluation of risks to
the environment associated with the contaminants of potential concern,
as determined from Phase 2 sampling results. The Environmental
Evaluation will follow under a separate cover.

I • Section 8. Conclusions and Recommendations, summarizes the results of
the Phase 2 investigations and presents remedial action alternatives for

3 MTL.

0 Section 9, References, lists the references used in preparing this3 document.

I
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1 SECTION 2

FIELD INVESTIGATION APPROACH AND PROCEDURES

I 2.1 FIELD INVESTIGATION SUMMARY

2.1.1 DATA QUALITY OBJECTIVES

2.1.1.1 Project Data Quality Objectives

The main objective of the Phase 2 sampling program at MTL was to supply information
for decisionmaking regarding the cleanup methodologies to be used in preparation for
BC and release of the property for unrestricted future use. To ensure that the data

Scollected would be adequate for these purposes, the Technical Sampling Plan (TSP)
(WESTON, May 1991) was developed under guidelines set by CERCLA, although MTL
is not a National Priorities List (NPL) site. Specifically, the sampling data were used

* for:

0 Location of existing (and former) contaminant sources.

* Characterization of extent of contamination in the various environmental
media at the site.

0 Characterization of contamination associated with various indoor areas,
containers, and sewers.

* Determination of the impact(s) of past and present MTL activities on the
surrounding area.

* Determination of human health risks associated with the various

contaminants on the site.

The investigations conducted to satisfy the above data objectives included the following:

3 Geophysical surveys
0 Subsurface soils sampling
0 Groundwater samplingI Surface soils sampling
0 Charles River water and sediment sampling
0 Storm sewer samplingI Radiological surveys
* Indoor surface chemical wipe sampling
* Indoor air samplingU * Cistern, tank, sump, and dry well sampling
* Archaeological investigation
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In addition, radiological survey results from the Phase 2 RI are to be used in decisions
pertaining to the decommissioning of the facility. As such, radiological sampling
strategies were based primarily on NRC guidelines and Massachusetts Department of 3
Public Health (DPH) guidelines. Specifically, the radiological component of the Phase
2 sampling was to be used for:

"* Identification of buildings and grounds requiring cleanup prior to
decommissioning.

"• Identification of areas that require no further action prior to
decommissioning.

"* Analysis of existing human health and ecological risks associated with the
radioactivity currently at and around the facility (i.e., in the Charles
River, etc.).

a Determination of cleanup measures required for decommissioning of the
facility under NRC and DPH guidelines, as well as for release of the I
property for unrestricted use under CERCLA.

More detailed descriptions of the various field investigations, including radiological i

surveying, are provided in Subsections 2.2 through 2.15.

2.1.1.2 Laboratory Data Quality Objectives U
The main objective of the analytical portion of the RI program was to ensure accurate,
well-documented, defensible data. This was an especially difficult task because a large
amount of data was generated in a short time and several laboratories were
concurrently involved in sample analysis for the Phase 2 RI. To achieve the desired
goals, a number of protocols were observed:

"* Where possible, AEC-certified analytical procedures were used to analyze
the various sample media for the constituents specified in the TSP. In
instances where no AEC-certified method existed, EPA, NRC, or other
generally accepted methods were used. 3

"* An extensive data quality assurance/quality control (QA/QC) plan was
developed and implemented to provide for thorough data tracking and
validation. The procedures used included completion of chain-of-custody U
forms in the field for inclusion with each shipment of samples;
performance of various QA/QC analyses for the various media sampled;
performance of laboratory QC checks, such as group checks on the data I
on a lot-by-lot basis; completion of map-coding forms for each sample
collected for entry into the Installation Restoration Data Management
Information System (IRDMIS) database system; tracking of the status of i
the IRDMIS through periodic production of data inventories; constant
communication among project management, the WESTON analytical 3
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I quality assurance coordinator (AQAC), the field team leader, and the
laboratory quality assurance coordinators (LQACs) at each of the

* subcontracted laboratories.

0 A data management team was maintained that could, through periodic
checking of data inventories and other database parameters, keep various
project team members apprised of the status of the MTL database. This
same team was able to manipulate the data into useful, tabular forms and* ensure that the database was complete.

To ensure that the proper procedures were followed, constant communication among3 AEC representatives, WESTON personnel, and the laboratories was maintained.

Those Phase 2 data acquired using AEC-approved analytical methods are AEC Level
3 data. This data level is analogous to EPA analytical Level I, which means the data
can be used for RAs, potentially responsible party (PRP) determination, evaluation of
remedial alternatives, and engineering design (EPA, 1988). EPA Level IV typically
employs analytical methods that can achieve reporting limits in the low parts per billion
(ppb) for most organic and inorganic parameters. Data that were not analyzed using
AEC-approved methods were validated using methods similar to EPA methods and
were then entered into IRDMIS by WESTON personnel.

Elevation of data to AEC Level 3 took 90 days in instances where no problems were
encountered. Data acquired by AEC methods could not be evaluated for purposes of
characterization, RA, or development and evaluation of remediation alternatives untilI Level 3 had been achieved. Other data could be evaluated immediately upon receipt by
WESTON.

I A discussion of the results of QA/QC sample analyses is presented in Subsection 4.12.
In general, duplicate sample results compared well with the original sample results for
groundwater, surface water, and soils, but less well for sediments and wipes. The field
blank sampling indicated that no gross contamination was introduced into the samples
by the field sampling team. No compounds were omitted from the risk assessment
based on detection in blank samples.

I 2.1.2 FIELD INVESTIGATION SUMMARY

During the Phase 2 field characterization, samples were collected of the subsurface soil,
surface soil, groundwater, storm sewer system, facility containers (i.e., cisterns, tanks,
sumps, and dry wells), indoor surfaces, and indoor air at the facility, as well as of the

* surface water and sediment in the nearby portion of the Charles River.

Initially, a geophysical survey was conducted to identify suspected USTs on-site, to
delineate fill areas along the southern border of the facility as well as off-site, and to
trace certain storm and sanitary sewer lines of particular interest due to incomplete
existing information. These items were investigated using ground-penetrating radarI (GPR) and electromagnetic (EM) surveys, as described in Subsection 2.2.
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To supplement existing subsurface information, soil borings were drilled at various i
locations around the facility (both on-site and off-site). The soil boring program is
discussed in detail in Subsection 2.3. Some of the locations were purposely chosen to 3
confirm or eliminate certain buildings, sewer lines, processes, etc., as contamination
sources. Some of the locations were chosen to augment existing downslope "perimeter"
information. Others were chosen to provide background information. Finally, some
locations were chosen simply to ensure that any potential isolated points of
contamination that may not be directly attributable to any single source were not
missed. In all, 62 soil borings were completed.

Groundwater monitor wells were installed in a number of the Phase 2 boreholes to
supplement the existing Phase 1 groundwater data. Well installation and groundwater 3
sampling are discussed in detail in Subsection 2.4. Both Phase 1 and Phase 2 wells
were sampled during the Phase 2 field program. The new well locations were chosen Iwith the following objectives:

"* Contamination previously detected in Phase 1 could be traced to possible
sources.

"* Any existing contaminant plumes could be identified.

"• Information on both vertical and horizontal gradients could be
supplemented. 3

"* Deep groundwater quality could be characterized.

"* Upgradient information could be obtained for both shallow and deep i
groundwater.

"* Data gaps concerning the direction of groundwater flow beneath MTL and i
groundwater quality at the downgradient perimeter of the facility could
be filled. 3

In all, 15 new wells were installed. The locations of the 15 new wells were surveyed
by a Massachusetts registered surveyor. A total of 31 wells were sampled. In general,
the samples were analyzed for Target Compound List (TCL) volatile organics, TAL U
metals, cyanide, PCBs, and radiological parameters. Certain wells were also sampled
for nitrates and explosives. Slug tests were conducted at selected wells to estimate
aquifer conductivity. Testing was conducted on four well clusters, and groundwater U
levels were measured in all 31 of the monitor wells.

Soil borings were advanced to determine the radiochemical constituents of the I
subsurface at MTL. In addition, boring lithologies were recorded for use in defining
subsurface stratigraphy at the site. At each of the 62 soil borings drilled, a soil sample
was collected at the surface as well as at depth (see Subsection 2.3). In addition, 30 I
surface soil samples not associated with the soil boring program were collected as either
discrete or composite grab samples, using a stainless steel bowl and trowel as the 3
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collection device. These samples were intended to provide source-specific information
regarding surficial contamination at various locations throughout the site. The choice3 of analyses performed on each sample was therefore based on the location of the
particular sample. A summary of these samples is presented in Subsection 2.5.

3 The primary objective of the Charles River sampling was to determine the impacts (if
any) of MTL activities (past and present) on river quality. Surface water and sediment
samples were collected from a number of locations in the Charles River to characterize3conditions in the river water and the riverbed. Sample analysis results were also to be
used in drawing some conclusions (primarily qualitative) about the impacts of past and
present activities of MTL, as well as of other industrial sources in the vicinity, on
conditions in the river. Results were also to be used in assessing the potential risks to
human and/or ecological receptors through contact with the river or the outfalls from
the facility. Surface water samples were collected from the river in areas upstream of,
adjacent to, and downstream of the facility. These samples were collected from the
main stream of the river as well as along the shoreline near MTL outfalls. Sediment
samples were collected at the same locations as the surface water samples and also in
several additional locations that are either in or immediately adjacent to MTL storm
sewer outfalls. In all, 14 surface water and 29 sediment samples were collected duringI the Charles River sampling program. All of the samples were analyzed for TAL metals,
TCL organics, pesticides, PCBs, gross alpha, gross beta, and isotopic uranium. In
addition, selected samples were analyzed for total organic carbon (TOC), hardness, and
hexavalent chromium. Sampling methods and specific sample location information are
provided in Subsection 2.6.

In addition to the river samples, surface water samples were collected from seven storm
sewer manholes. Storm sewer manholes were inspected and sampled to determine the
possible impacts of MTL on the Charles River from discharge of facility overland flow
through several storm sewer outfalls into the river. The samples included two samples
from manholes located at storm sewer junctions just prior to entry of the storm sewer
lines onto the site. The remaining five samples were collected from manholes just
upstream (in the sewer lines) of the outfalls to the river, whose sediments were sampled
as part of the river sampling program. Samples were collected as 24-hour composites
during a rain event. All of the samples were analyzed for TAL metals, TCL organics,E pesticides, PCBs, hardness, gross alpha, gross beta, and isotopic uranium. In addition,
selected samples were analyzed for cyanide. Flow measurements were taken at each
manhole at designated intervals; these measurements were intended for use inE estimating the total contribution of the MTL storm sewer system to the river during
a typical rain event. Storm and sanitary sewers were inspected using a video camera
along key portions to determine their integrity. Sampling methods and details of theI flow calculations and video inspection are presented in Subsection 2.7.

A radiological survey program was conducted to characterize the extent of radiologicalI contamination at the site. The data gathered were intended for use in a facility
decontamination and decommissioning plan for buildings currently under NRC licenses

I
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and also to support the release of buildings not suspected of radiological contamination i
for unrestricted use. The survey consisted of the following main elements:

"* A background survey (indoors and outdoors) to determine natural
background radiation levels in the area.

"* An outdoor survey involving the recording of instrumental readings
obtained during an outdoor site walkover with an Nal Gamma Field
Instrument for Detection of Low-Energy Radiation (FIDLER) detector. 3

"* An indoor survey involving building walk-throughs with portable radiation
detectors combined with a wipe sampling program of interior (permanent)
surfaces, such as walls, floors, French drains, drain traps, sumps, and I
beams. The indoor survey also involved a removability study to determine
which decontamination techniques would be necessary to reduce indoor
contamination to background levels.

"* Analysis of samples collected under the other programs described in this
section for various radiological parameters, generally gross alpha/beta and
isotopic uranium, but occasionally other parameters as well.

* Miscellaneous surveys, including gamma logging of boreholes drilled as
part of the subsurface soils investigation, a building roof and rafters 3
survey, a survey of the steam tunnels underlying the facility, an
investigation of selected building sanitary drainlines and sanitary sewer
manholes, and a limited survey of ductwork at the facility.

Throughout the survey, those buildings or areas not suspected of radiological
contamination were sampled with the greatest frequency, since it is the intent of the
study to meet the NRC's requirements for release of the buildings for unrestricted use.
The intent of the survey of buildings/areas suspected of contamination was to provide
information that will be used in the selection of remediation and disposal alternatives.
Since this survey was not intended as a final survey, samples were collected at a lesser m
frequency. Survey and sampling techniques, analyses, and rationales are described in
detail in Subsection 2.8.

As part of the Phase 2 characterization of MTL buildings, an extensive chemical wipe
sampling program was conducted at the site. Wipe samples were collected in 17 on-site
buildings/structures and 4 off-site buildings (background). Wipe sample analyses U
depended on the past (if known) and present activities conducted in each building (and
each individual room) wiped. Generally, TCL semivolatiles and metals were analyzed.
Other parameters analyzed were nitrates, cyanide, explosives, pesticides, and PCBs. U
A total of 855 indoor locations were wiped. The chemical wipe program is described
in more detail in Subsection 2.9. n

From those buildings and structures whose histories indicated the possibility of air
contamination and whose structures indicated the possibility of future human 3
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I habitation, 24-hour composite air samples were collected. Outdoor ambient air samples
were collected from several locations to provide adequate background information.
Thirteen building interiors were sampled. Twenty-four indoor locations were sampled,
and background samples were acquired from three outdoor locations on-site. The
choice of analyses requested for each building sampled was based on the past and
present activities conducted within each building. The full gambit of analyses was run
on each of the background samples. This includes TCL organics, TAL metals, cyanide,
explosives, nitrates, PCBs, gross alpha/beta, and isotopic uranium. The sampling
methods as well as the analyses requested for each building are described in Subsection
2.10.

During a site walk-through in Phase 2, a number of cisterns, tanks, sumps, and dry
wells were discovered and visually inspected. Where sufficient material was available,
liquid and/or sediment samples were collected from these containers. As with various
other Phase 2 programs (described above), the analyses requested for each of these
containers were largely dependent on the past and present uses of the buildings or
structures these containers were in or adjacent to; however, where possible, each
container was analyzed for at least TCL organics, TAL metals, cyanide, pesticides,
PCBs, gross alpha/beta, and isotopic uranium. In some instances, other radioisotopes,
such as thorium-230 (Th-230) and cesium-137 (Cs-137), were analyzed. A total of 25
containers, both indoor and outdoor, were sampled. Details of the sampling are
provided in Subsection 2.11.

3 Throughout the Phase 2 investigations, care was taken to maintain the structural and
historical integrity of the buildings at the facility. Prior to commencement of field
activities, the Massachusetts State Historic Preservation Officer (SHPO) was given an
opportunity to review the Phase 2 TSP and concurred with its contents. In addition,
the field activities were conducted in accordance with the Memorandum of AgreementE (MOA) between the Army, the Massachusetts Advisory Council on Historic
Preservation, and the SHPO concerning the closure and disposal of MTL.

In addition, a licensed archaeologist was present for all intrusive subsurface activities,
i.e., soil borings. The archaeologist logged each WESTON boring and collected and
catalogued any artifacts encountered during drilling. Results of the archaeologicalE findings are presented in Subsection 2.15.

2.2 GEOPHYSICAL SURVEYS

E The geophysical investigation at MTL was designed to answer specific questions about
certain areas on- and off-site. GPR was the primary geophysical survey method, butI noncontacting EM terrain conductivity was used in certain locations.

2.2.1 INSTRUMENTATION AND THEORY

I The GPR survey was conducted using a Geophysical Survey System, Inc. (GSSI) Model
SIR System 8 GPR coupled to a Model 3105 AP 300-MHz antenna. The System 8 unitE consists of a Model 4800 radar control unit, a Model 5P-100 microcomputer, a Model
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M WI
SR-8004H graphic recorder, a Model P731 calibrator, and a 200-ft transducer cable. U
The 12-volt battery from the field vehicle was used to power the radar system.

GPR is a surface interface radar (SIR) system that transmits an EM pulse into the
subsurface. The pulse travels through the subsurface until it encounters a soil interface
or emplaced object with contrasting dielectrical properties. This contrast causes a
portion of the transmitted pulse to be reflected back toward the surface. The reflected
energy is received by the antenna and is transmitted to the control unit. The reflected
EM pulse is processed in the control unit and transmitted to both the oscilloscope and
the graphic recorder. The graphic recorder produces a hard-copy subsurface profile that
can be analyzed in the field or office.

The depth of GPR penetration varies from site to site and is reduced in soils with
relatively high conductivity (i.e., clay-rich soils). In an area with predominantly clay
soils, GPR penetration may be only 3 to 5 ft or less; signal attenuation would prohibit
detection of deeper soil horizons and buried objects. Identification of a subsurface
feature also depends on its dielectric contrast with surrounding features. Consequently,
not every subsurface feature can be identified using a GPR survey.

The EM survey was conducted with a Geonics, Ltd. EM-31D Noncontacting Terrain
Conductivity Meter (EM-31). The EM-31 is battery-powered and operates at afrequency of 9.8 kHz. The system consists of a transmitting coil, receiving coil, phase-

sensing circuits, and an amplifier. A fixed 3.7-meter intercoil spacing is standard for
the EM-31. I
The EM-31 operates by creating an alternating primary magnetic field at the
transmitting coil. This primary field is produced by alternating current in the m
transmitting coil at an audio frequency. An electromotive force is produced in the earth
by the primary field, which causes secondary loops of electrical current to flow in the
subsurface. This process is known as EM induction. An alternating secondary U
magnetic field results from this current flow in the earth. The receiving coil responds
to an electromotive force generated by the resultant of the primary and secondary
fields. I
Both the quadrature and in-phase components of the secondary alternating field will
be measured at the site. The quadrature component is sensitive to conductors with low
induction numbers (i.e., low-conductivity materials). A linear relationship exists
between conductivity and the ratio of the secondary field quadrature component to the
primary field at low induction numbers. At high conductivity, the quadrature I
component departs from linearity, becoming negative. The in-phase component has a
greater sensitivity to buried metal objects. Apparent conductivity values associated
with in-phase measurements have no absolute meaning. It is more appropriate to I
consider them as ratios of the in-phase EM fields. Negative in-phase (and quadrature)
conductivity values may be observed at the site. This phenomenon occurs as a result
of the transmitting and receiving coils straddling a metallic conductor (e.g., surface I
debris or buried metal). Conductivity decreases to a negative minimum as a result of
the geometry of the system. The conductivity again returns to that of the normal soil 3
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I or rock (background) once out of the influence of the metallic object. Conductivity
measurements were obtained in the vertical dipole mode of operation. The effective
depth of exploration associated with this mode of operation is 18 ft.

The EM-31 instrument measures apparent conductivity in units of milimhos per meter
(mmhos/m) in materials with true conductivities ranging up to 1,000 mmhos/m.
Apparent conductivity is not the true conductivity of a material. Rather, it is an
average value that is derived from the heterogeneity and anisotropy present in thefl subsurface under most conditions.

2.2.2 IDENTIFICATION OF USTs

The purpose of the GPR survey in the parking lot between Buildings 37 and 131 was
to search for a suspected UST.

Prior to conducting the GPR survey, a grid was laid out covering the two islands at the
east end of the parking lot. The existing parking space divider lines were used as the
grid in the paved areas. The GPR record length was set to 100 nanoseconds (ns), and
the system was calibrated to on-site soil and moisture conditions by making several
traverses with the antenna over the survey area. GPR traverses on the two islands
were conducted at 5-ft intervals in both north-south and east-west directions. East-
west traverses on the pavement were conducted at 4- to 6-ft intervals. North-south
traverses were also completed on the pavement in disturbed areas. The EM-31 was

I then used to determine if there was metal in the disturbed areas.

I 2.2.3 FELL AREAS

Geophysical techniques were employed to locate potentially contaminated areas of fill
in three separate areas. GPR was the primary screening tool used to investigate the
park between North Beacon Street and the Charles River. GPR was also used to
investigate the area north of North Beacon Street and south of the embankment in theI southeast corner of the MTL facility. Finally, the areas south and west of Building 60
were investigated with the GPR to explore reports of an ash disposal pit.

Before beginning the GPR survey in each area, a ground reference grid was established.
In the park, the intersection of the bridge and the south edge of the sidewalk were used
as the reference grid origin. Pin flags and a tape measure were used to subdivide the
park at 50-ft intervals. Each flag was labeled with appropriate grid coordinates. These
pin flags were replaced by wooden grade stakes in areas covered by the EM survey. All
pin flags and grade stakes were removed after completion of the survey.

I North of North Beacon Street, pin flags were placed at 50-ft intervals along the iron
fence to serve as reference points. Spray paint was used to mark the pavement for the

I reference grid near Building 60.

In each area, the record-length electronic gains and filters were adjusted to optimize
subsurface resolution before beginning the GPR survey. GPR traverses were conducted
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at 10-ft intervals both parallel and perpendicular to North Beacon Street in the park
and south of the embankment. Near Building 60, GPR traverses were made at 5-ft
intervals parallel to the building walls. All GPR data were printed as hard-copy profiles
as the survey progressed. Periodically, a traverse was repeated to ensure that
variations observed resulted from changing subsurface conditions rather than
aberrations in system electronics.

2.2.4 STORM/SANITARY SEWER LINES

The objectives of the storm/sanitary sewer line geophysical investigation were to locate
two stormwater outfalls to the Charles River and to resolve discrepancies between site
maps and diagrams drawn by an ADL sampling team.

GPR was used to trace the outfalls. Visual inspection was the primary tool used to
resolve discrepancies between the site maps and previous sampling diagrams. If the
discrepancies could not be resolved visually, GPR was used. In both the outfall and
junction surveys, GPR traverses were conducted perpendicular to the buried pipes.

2.3 SUBSURFACE SOIL INVESTIGATION

2.3.1 OBJECTIVES

The objectives of the soil boring program were to determine the impact of potential
contaminant sources on the subsurface soils and to provide additional information on U
composition and thickness of unconsolidated materials at MTL. The subsurface soil
survey was designed to investigate potential soil contamination in the following areas:

"* Where groundwater contamination was previously detected (e.g., MW-8
and C-2). i

"* Near areas where chemicals and radioisotopes have been used or
previously detected.

"* Across the facility on a grid pattern to provide sitewide sampling

coverage. 3
"* Upgradient of the facility.

2.3.2 BOREHOLE DRILLING I
The subsurface soil investigation involved completing 62 soil borings between 15
October and 15 November 1991. Soil borings were completed with a Davey-Kent truck-
mounted drill rig using 4.5-inch hollow-stem soil augers. A primary objective of the soil
boring program was to identify contaminants at the locations identified above. To i

l
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I

complete this objective, soil borings and sample collection were completed in four
primary locations, as follows:

0 Along the northern perimeter and north of the site, to determine soil
quality upgradient of the site.

* On the facility, concentrated around potential contamination sources.

0 South of the facility, between North Beacon Street and the Charles River,
to identify contamination associated with soil fill.

f In a grid system involving 24 borings that were drilled to detect potential
contamination resulting from site activities that may not have been
reported.

Soil samples were collected using a 2-ft-by-1.375-inch stainless steel, split-spoon
sampler. Standard penetration tests were completed on each sample by recording the
number of blows required to drive the sampler through 2 ft of undisturbed soil. The
sampler was driven using a 140-pound hammer falling 30 inches.

Continuous sampling was typically completed in each boring from ground surface
through the top of the water table, except where borings were terminated above the
water table because of auger refusal or contact with unidentified buried objects. Split-
spoon samples were collected from beneath the water table only in borings where
installation of monitor wells was planned. All other borings were terminated at or
above the water table. In borings where installation of a monitor well was planned,
split-spoon soil samples were collected at 5-ft intervals from immediately beneath the
water table to the bottom of the boring.

Original plans called for completion of nine soil borings within buildings; however, two
borings were abandoned, leaving a total of seven completed indoor borings. Borings
were begun by first coring through concrete floors with a 6-inch coring barrel. In
buildings with adequate working area, the truck-mounted auger rig was then used for
soil boring. In buildings without adequate work space, a portable, skid-mounted,
hollow-stem auger rig was used. The maximum depth achieved by the portable rig was
approximately 10 ft.

2.3.3 SAMPLING

Lithologic classification of all soil samples was conducted in the field using the Unified
Soil Classification System (USCS), and each sample was also field-screened for elevated
VOCs and gamma radiation. Soil boring logs, developed based on lithologic and field
screening results, are presented in Appendix A. Representative lithologic samples were
collected from each spoon and stored in 8-ounce glass containers. Between two and six
soil samples were collected from each soil boring and submitted for laboratory analysis.
Each soil sample submitted to the laboratory was analyzed for the following
parameters: TCL organics; cyanide; TAL metals; and radioactive parameters, including
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alpha and beta, U-234, U-235, and U-238. In addition, selected soil samples were I
analyzed for TOC.

2.4 GROUNDWATER INVESTIGATION H
2.4.1 OBJECTIVE

As part of the Phase 2 RI field program, WESTON completed a groundwater
investigation between October and December 1991. A previous groundwater
investigation involving installation and sampling of 16 monitor wells was completed
between May 1988 and February 1990 as part of the Phase 1 RI. The Phase 2 RI
groundwater investigation was performed to address uncertainties that were identified
following completion of Phase 1 work. The objectives of the groundwater program were
as follows:

a To further delineate groundwater contamination plumes previously

identified at the MTL site and to identify any additional areas of
contamination. i

* To increase understanding of hydrogeologic factors influencing
groundwater flow and contaminant transport.

* To obtain groundwater-quality data to be used in developing the baseline
risk assessment.

0 To accurately characterize chemistry of groundwater flowing onto the
MTL site (upgradient conditions).

To the extent possible, existing data and monitor wells from the previous investigation
were used; however, 15 additional monitor wells were installed, and additional I
hydrogeologic and water quality data were collected.

Fieldwork performed for the Phase 2 groundwater investigation falls within one of the i
following categories:

* Installation of additional groundwater monitor wells i
* Determination of groundwater flow direction and hydraulic gradients
0 Performance of groundwater sampling
0 Assessment of aquifer hydraulic conductivity

A detailed discussion of each component of the groundwater investigation is provided
below.

II
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E 2.4.2 MONITOR WELL INSTALLATION AND DEVELOPMENT

E 2.4.2.1 Overview

Between 8 October and 9 December 1991, 15 monitor wells were installed and
developed under the direction of on-site geologists from WESTON. During the Phase
1 study, 16 monitor wells had been installed at the MTL site.

I Of the 15 wells installed during the Phase 2 study, 5 wells were installed upgradient
of the site to characterize quality of groundwater flowing onto the site, 4 wells were
installed at the downgradient boundary to better characterize the quality of
groundwater migrating off the site, and the remainder of the wells were installed within
the site to identify and further delineate on-site groundwater contamination. Nine of
the new wells were constructed with screens placed across the water table to detectf possible dissolved and floating free-phase contaminants. The six remaining wells were
drilled to refusal to check for dense free-phase contaminants that could potentially
accumulate at hydraulic conductivity barriers, such as the bedrock interface. Eight of
the new wells were installed as well couplets (four locations) to provide information on
vertical variations in hydraulic gradient, hydraulic conductivity, and groundwater
chemistry. Well construction details are summarized for all new and existing wells in
Section 3, and a well construction log is provided for each new well in Appendix B. All
wells have been constructed with 4-inch schedule 40 polyvinyl chloride (PVC), each with
a 10-ft screened section. All wells have been fitted with a 6-inch locking pressure cap
and a 12-inch, flush-mounted waterproof protective cover.

I While wells were being drilled, split-spoon samples were collected for lithographic
classification using the USCS. Selected soil samples were submitted for chemical
analysis. Further details of the Phase 2 RI subsurface soil investigation are providedI in Subsection 2.3 of this report.

As mentioned, each new monitor well was installed to fill data gaps identified followingI completion of the Phase 1 RI. A justification for each well location is provided below:

9 Well cluster MW-15/MW-15A is located south of and immediately adjacent
to Building 311. Building 311 is approximately 300 yards long and houses
a number of machining, laboratory, and testing activities, and MW-15 was
installed to characterize shallow groundwater (water table) quality
immediately downgradient of Building 311. MW-15A, located
approximately 10 ft west of MW-15, was installed to characterize deep
groundwater downgradient of Building 311. MW-15A was drilled to
refusal. The well couplet MW-15/MW-15A also provides information onvertical hydraulic gradient and vertical variations in hydraulic
conductivity at this location.

I * Original plans called for well cluster MW-16/MW-16A to be located in the
northeastern corner of the site near Building 43 to provide information
on upgradient groundwater quality; however, the planned well locations
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were relocated approximately 180 ft north of the site to the opposite
(north) side of Arsenal Street to provide information on groundwater
quality further upgradient. MW-16A is located approximately 10 ft west
of MW-16 and provides upgradient groundwater chemical data for deeper
strata. The paired wells MW-16 and MW-16A were also used to provide
information on vertical hydraulic gradients and vertical variations in
hydraulic conductivity at this location.

0 Well cluster MW-17/MW-17A is located approximately 150 ft south
(downgradient) of the deactivated nuclear reactor (Structure 100) and was
installed to characterize groundwater quality downslope of the reactor.
MW-17 was constructed with the well screen intersecting the water table.
MW-17A is located approximately 10 ft east of MW-17. This well is used
to characterize the deep groundwater quality downgradient of the
deactivated reactor. MW-17A was drilled to auger refusal. The well
cluster MW-17/MW-17A also provides additional information on vertical
hydraulic gradients and vertical variations in hydraulic conductivity at
this location.

0 MW-18 is located adjacent to and downslope of the concrete-lined loading
areas and tank farm (containing four aboveground fuel oil storage tanks), I
approximately 50 ft from the southeastern property boundary. This well
has been used to assess the impacts of the fuel loading area and fuel
storage tanks on the shallow aquifer and to better characterize off-site
migration of groundwater. MW-18 was drilled to intersect the water
table, with the bottom of the screen set at 24.5 ft below ground surface
(bgs).

0 Well cluster MW-19/MW-19A/MW-19B is located approximately 100 ft
southeast of Building 131. Toluene and related compounds were detected
in well C-2; well cluster MW-19 was installed to characterize the extent

of contamination detected in well C-2. The well screen for MW-19 was
placed across the water table. MW-19B is located approximately 20 ft
west of MW-19. Originally, installation of MW-19B was not proposed;
however, on the first attempt at drilling MW-19A, hollow-stem augers
encountered refusal at 54 ft bgs. Rather than abandon the well
altogether, it was decided, following a conversation with officials from
AEC, that a well installed at the till/sand interface would be useful.
Therefore, MW-19B was installed to characterize groundwater at this
depth. MW-19A was installed to characterize groundwater at the glacial

till/bedrock interface. Well cluster MW-19/MW-19A/MW-19B also provides
information on vertical hydraulic gradients and vertical variations in I
hydraulic conductivity.

* MW-20 is a deep well located approximately 20 ft south of the previously I
installed shallow well MW-8. MW-20 was installed to determine whether
any of the dense, aqueous-phase contaminants previously found in shallow
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I well MW-8 have migrated into deeper strata. Water-level measurements
from MW-20 and MW-8 also provide information on the vertical hydraulic
gradient beneath the eastern edge of the site.

0 MW-21 is a deep well located along the southern property line between
MW-I and MW-2, approximately 150 ft south of Building 39. MW-21 was
installed to determine the quality of deep groundwater flowing off-site
beneath the southwest portion of the site.

0 MW-22, MW-23, and MW-24 were installed north of the MTL site to
establish upgradient groundwater quality conditions for groundwater
flowing onto the MTL site. All three wells were screened across the water
table.

The new wells will also provide additional detail on groundwater flow in and around

the site and will allow for construction of more precise water table maps than were
I possible using only the 16 Phase 1 monitor wells.

2.4.2.2 Monitor Well Drilling Program

I The Phase 2 drilling program began on 8 October 1991 and ended on 9 December 1991.
During this interval, 15 groundwater monitor wells were installed and developed. In
addition to installation of monitor wells, approximately 62 soil borings were also
completed. The subsurface soil investigation portion of the Phase 2 RI is discussed in
Subsection 2.3 of this report.

I Appendix A3.4 of the Technical Plans (WESTON, August 1991) details the drilling and
well installation protocols followed during Phase 2 sampling. Original plans called for
all well drilling to be carried out using hollow-stem soil augers; however, difficult
drilling conditions (e.g., boulders in the borehole) and the deeper drilling depths
required at some locations forced WESTON to modify the original plan, first trying

I mud-rotary drilling with a roller bit and 6-inch casing and then using air-rotary drilling
with an air hammer and 8-inch casing. Mud-rotary and air-rotary drilling techniques
were used only at MW-19A, where Phase 1 geophysical results (seismic refraction)E suggested that unconsolidated sediments are the thickest sediments at this location (up
to 140 ft thick). All hollow-stem auger and mud-rotary drilling was completed by
R & R International, Inc., of Akron, Ohio, while air-rotary drilling was completed by3 Hydro Group, Inc., of Dracut, Massachusetts.

Drilling and drilling supervision work were completed using modified Level D personal
protective equipment (PPE). All soil removed during construction of monitor wells was
stored on-site in sealed 55-gallon drums.

E Field Adjustments

During drilling of MW-15A, large quantities of fine sand flowed up inside of andI plugged the 10.5-inch soil augers. After several attempts to remove the plugged sand,
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the driller determined that successfully installing a properly functioning monitor well
at that location would be nearly impossible. Therefore, it was determined (with AEC
approval) that the best solution was to abandon the hole and redrill another hole, while
modifying the drilling technique slightly to reduce sand lafiltration. The augers were
removed and unplugged, the well was abandoned following well abandonment
procedures outlined in the AEC drilling specifications, and a new hole was then drilled
approximately 20 ft west of the previous location.

During drilling of MW-19A with mud rotary, refusal was encountered at 70 ft bgs. It
was concluded that the refusal was probably not the result of bedrock, and the casing
was removed and the well abandoned, following AEC-approved abandonment
procedures. An alternate location for MW-19A was then selected approximately 20 ft
west of the abandoned location, and another hole was drilled using air-rotary drilling.

During drilling of MW-20, geologic conditions were such that hollow-stem auger bits I
would bind up, making it difficult for the driller to rotate the augers in the hole. After
drilling down 69 ft, the driller was inhibited from drilling deeper by severe binding,
even though rock refusal had not been encountered. Basal till was encountered, but I
appears to be relatively thin based on other deep borings around the site, so bedrock
was believed to be close to the augered depth.

Auger Drilling

R & R International used a CME-75 drill rig equipped with 10.5-inch, hollow-stem soil n
augers to complete all auger drilling required for installing monitor wells. Above the
water table, continuous split-spoon soil samples were collected, while below the water
table, split-spoon samples were collected at 5-ft intervals. Because of the cumbersome I
nature of the heavy 10.5-inch auger boring bits, continuous soil sampling above the
water table was completed by the soil boring crew using 4.5-inch soil augers. Beneath
the water table, soil sampling was completed by the well drilling crew.

All split-spoon samples were collected using 2-ft-by-1¾-inch (inside diameter) split
spoons. Standard penetration tests were completed using a 140-pound hammer with
a 30-inch free-fall. All split-spoon soil samples were examined and described by a
WESTON site geologist using the USCS. Lithographic samples were also collected.

Deep monitor wells were drilled to refusal, while shallow wells were drilled
approximately 8 ft into the water table. A comparison of the projected bedrock depth
(based on the Phase 1 geophysical survey) and the auger refusal depth suggested in U
most cases that refusal was bedrock. Adding water and drilling fluid (bentonite) to
holes during drilling was avoided; however, in situations where the driller believed that
successful completion of a well required the addition of mud or water, the site geologist
allowed fluid to be added. Quantities of all fluids added during drilling were
documented, and removal of lost drilling fluid was allowed for during well development.

I
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I Mud Rotary

Following one failed attempt to install MW-19A with soil augers, mud rotary was
suggested to AEC officials as a possible alternate drilling technique. AEC agreed that
an alternative method was desirable for installing MW-19A and that mud rotary was3 an appropriate method. As a result, an attempt was made to install MW-19A using
mud rotary; however, this drilling technique encountered refusal at 70 ft. Because
Phase 1 geophysics had suggested that bedrock at this location is significantly deeper
than 70 ft, it was decided that the refusal was probably the result of a boulder and that
a deeper hole should be attempted.

E Air Rotary

To avoid the possibility of again encountering boring refusal, air-rotary drilling was
selected, following a discussion with AEC, as an alternative to mud rotary for MW-19A.
Air-rotary drilling was completed with a Barber drill rig, using a 6-inch air hammer
with 8-inch steel casing. As required in the AEC drilling specifications, a 2-inch, in-line
coalescing air filter was installed to reduce the potential of air compressor oil being
blown down the borehole.

I A Barber rig is a unique type of air-rotary drill rig that allows for simultaneous
advancement of drill bit and steel casing through overburden. This technique is veryI useful for drilling through fine sand and other materials that could flow up inside of
and clog the well casing. The air hammer drill bit is also able to drill through rock.
Soil sampling was carried out by means of a 1%/s-inch-diameter split spoon attached to
a wire-line sampler. Because of the difficulty in applying a consistent force to the split
spoon, this technique does not allow for standard soil penetration tests (blow counts)
to be completed when collecting split-spoon samples.

E Weathered rock was encountered in MW-19A at 94 ft bgs. Drilling proceeded for
another 15 ft through rock, at which point it was concluded to be bedrock. A bentoniteI slurry was used to grout the bedrock below MW-19A, and the well was then set at the
till/bedrock interface.

U 2.4.2.3 Monitor Well Construction

After drilling to the desired well depth was completed (8 ft below the water table forI shallow wells and boring refusal for deep wells), drilling stopped and tools were
removed from the borehole. A 4-inch PVC monitor well was installed. A diagram
showing a typical well construction is provided in Figure 2-1. The following procedure3 was used to construct each 4-inch well:

0 Ten feet of 4-inch ID Schedule 40 PVC well screen was placed at the
bottom of each well. The screen is of commercial manufacture with 0.010-
inch slotted openings.
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"* Four-inch threaded PVC Schedule 40 riser pipe was attached to the well i
screen and lowered into the borehole. Appropriate lengths of riser pipe
were added so that the top of the PVC casing would be situated
immediately below the flush-mounted road box planned at each location.

"* Following placement of PVC pipe, silica sand was used to backfill each
borehole to provide a filter pack around the well screen. The wells were
backfilled with silica sand to 5 ft above the top of the well screen.

"* A 5-ft bentonite plug (pellets or slurry) was added as a seal on top of the
filter pack to minimize vertical infiltration of water into the screened
area. Following injection of bentonite, the slurry was allowed to expand 3
for several hours prior to injection of grout into the well.

" A cement/bentonite grout (20:1) was used to seal the remaining annular I
space to ground surface. The grout was tremied from the top of the
bentonite seal to ground surface to ensure a proper seal.

"* A 5-ft protective steel casing with a 6-inch locking pressure cap was
installed, and a flush-mounted cap was installed. A 36-inch-by-36-inch
concrete pad was constructed around each well. U

2.4.2.4 Well Development

Well development began a minimum of 48 hours after completion of construction of
each well. Well development was conducted using a 3-inch, ½2-horsepower, stainless
steel Grundfos submersible pump with an approximately 10-gallons-per-minute (gpm) 1
maximum pumping rate. Low-yielding wells were also bailed with a 3-inch PVC bailer.
Surging of wells was completed by rapidly raising and lowering the submersible pump
or bailer inside the well casing. Original plans called for removing a minimum of five m
times the standing water volume in each well (using the submersible pump), plus five
times the water calculated to be in the well sand pack, plus five times the volume of
fluid lost during monitor well installation; however, several wells were pumped dry long 3
before the minimum well volume had been pumped, and these were slow to recover to
their original static levels. The AEC geologist suggested, as an alternative technique,
pumping the wells dry and allowing them to recover for a minimum of 4 hours, then i
evacuating them again using the alternative technique. Well evacuation was completed
a minimum of five times, or until specific conductivity and pH values between
consecutive evacuations were within 10% of each other. During well development, m
specific conductivity, pH, and temperature were measured at the start, middle, and end
of the pumping period. Table 2-1 summarizes this well development data, and well
development forms are provided for each well in Appendix D.

All development water was field-screened for volatiles and gamma radiation, and if
neither was detected, water was discharged onto the ground. If volatiles or radiation
above background were detected, water was stored on-site in sealed 55-gallon drums.

I
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I Development water from one well, MW-18, needed to be containerized because of
elevated volatiles in groundwater.

I 2.4.3 SLUG TESTING

To evaluate hydraulic conductivity of geologic material, slug tests were completed in
selected monitor wells between 17 December and 20 December 1991. The slug test was
developed by Ferris and Knowles (1954) as a method of estimating aquifer conductivity.
The test consists of instantaneously introducing a known volume into a monitor well,
causing a change in water level. The rate at which the water level in the well returns
to its original level is a function of the aquifer's ability to transmit water. Hydraulic3 conductivity and transmissivity values obtained from the slug test analysis are
representative only of material within close proximity of the well; however, by
performing the tests at several locations, one may obtain an assessment of aquifer3 conductivity.

The testing was completed using a 5-ft-by-2.5-inch solid-mass PVC slug. The slug was
introduced into the well, and water-level response was recorded with an In-Situ
Corporation SE-2000 data logger attached to a pressure transducer. Following
introduction of the slug, the aquifer was allowed to recover for a minimum of 2 hours,3 or until the water level in the well recovered to 90% of its original water level. The
slug was then pulled, and aquifer response rate was measured. Following removal of
the slug, the aquifer was again allowed to recover for a minimum of 2 hours or until
water levels in wells reached 90% recovery. To reduce the possibility of cross-
contamination, all slug test equipment was decontaminated between wells. Slug testing
was completed on shallow monitor wells MW-15, MW-16, MW-17, and MW-19 and on
deep monitor wells MW-15A, MW-16A, MW-17A, and MW-19A. Through testing of well
clusters, assessments of both vertical and horizontal variations in hydraulic conductivity

* were made.

2.4.4 GROUNDWATER LEVEL MEASUREMENTS

3 As part of the groundwater investigation, water levels were collected in all 15 new and
16 previously installed wells at the site. Complete rounds of water-level measurements
were obtained monthly between Phase 1 well installation and April 1992. Contoured
water-level data were used to assess hydraulic gradients, groundwater flow direction,
and velocity. In addition, well couplets were used to assess vertical gradients and

* vertical flow components.

2.4.5 GROUNDWATER SAMPLING

I Between 9 December and 16 December 1991, groundwater sampling of 31 wells was
completed. Water samples from all wells were analyzed for the following parameters:

U TCL VOCs
• TCL semivolatile organic compounds (SVOCs)I • TAL metals
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