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EXECUTIVE SUMMARY

The Naval Industrial Reserve Ordonance Plant (N1ROP) is located in
an industrial area in the northern portion of the Minneapolis/St. Paul
Metropolitan Area within éhe city limits of Fridley, Minnesota.
Advanced naval weapons systems are designed and manufactured at the
NIROP. The wnorthern portion of the facllity i1s government-owned and
operated by & private contractor (FMC), and the remainder of the
facility 1s owned independently by FMC.

The most significant natural resource mnear the facility is the
Mi;sissippi River. The City of Minneapolils water supply intake in the
Mississippl River is less than one mile downstream from the NIROP. A
portion of the Anpka County Islands of Peace Mississippi Riverfront Park
is located west of the NIROP adjacent to the river.

Ground water use 1n the vieinity of the NIROP consists primarily of
high capacity industrial production wells completed in the Prairie du
Chien/Jordan (PCJ) aguifer system. The City of Fridley also maintains a
backup well finished in the PCJ immediately north of the NIROP.

A  highly permeable aguifer within wunconsolidated Quaternary
sediments overlies the PCJ in the vicinity of the NIRDP. The
unconsplidated aguifer 1s hydraulically separated from the PCJ by a
silty to shaly basal bed of the St. Peter S;ndstuna except for an area
where the St. Peter Sandstome has been eroded. The unconsolidated
aquifer is in contact with the PCJ in the eroded area. The City of
Minneapolis has plans to utilize the wunconsolidated aquifer for a
"Ranney” well system to serve as a backup to the Misslssippi River

surface water intake.
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In March 1981, an anonymous phone call to the MPCA léd to the
discovery of trichloroethylene (TCE) in three NIROP water supply wells
finished in the PCJ. Grab samples obtained from NIROP storm sewer
outfalls at the Mississippi River also showed contamination by TCE and
other volatile organic compounds (VOCs) at that time. Subseqﬁent
sampling at the City of Minneapolis Mississippi River water intake also
revealed measurable concéntrations of TCE.

Investigations into potential problems at the NIROP began
immediately by FMC Corporation. Two separate areas of concern were
identified as the South Study Area (FMC-aned property) and the North
Study Area (government-owned property) by Hickok and Associates
(198la). - FMC pursued investigation of the south study area sebarately
from the government—owned north study area. An agreement was recently
reached between FMC and the MPCA for what Hickok had called the South
Study Area. That agreement calls for opumping and discharging
contaminated ground water to the Pig's Eye Waste Treatment Plant for
treatment. Cleanup levels for the ground water have been set at 0.270
mg/1 total VOCs. This Interim Report details the Navy's efforts related
to investigation of what Hickok (198la) called the North Study Area,
which is herein referred to as the NIROP.

On March 31, 1982, Naval officials imple;ented the Navy Assessment

and Control of Installation Pollutants (NACIP) program to identify and

control environmental contamination from past use and disposal
practices. An Initial Assessment Study (IAS) was completed in June 1983
by Envirodyne Engineers, Inc. The IAS determined that drummed wastes

had occasionally been buried in the northern portion of the NIROP and,
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additionally, that the area beneath the NIROP building may Be
contributing to ground water problems. As a result of IAS recom~
mendations, the Navy contracted the U.S. Army Corps of Engineers (COE)
to continue investigations.

Through various geophysical and remote sensing techniques, nine
areas were selected for excavation based on their liﬁi;hood for
containing drummed wastes. These areas were excavated under COE
direction in the fall of 1983. Forty-three excavated drums and
. underlying solls were found to contain VOCs, PCBs, o0il and grease,
pesticides, and metals. The 43 excavated drums and 1,200 cubic yards of
soll were reportedly disposed in accordance with USEPA and MPCA
guidelines.

Three phases of ground water monitoring well installation began in
June 1983 under COE supervision. The current network consists of 33
monitoring wells installed under the COE's direction and 1 FMC~installed
monitoring well. Wells have been finished in the shallow and deep
portions of the unconsolidated aquifer as well as the PCJ aquifer. The
monitoring well network has been used to determine physical and chemical
characteristics of the unconsolidated and PCJ aquifers underlying the
NIROP and some adjacent areas.

Analysis of information gathered d&ring this investigation
indicates the following:

. Ground water flow isk from the northeast to the southwest
across the NIROP site.

. Ground water in the shallow and deep portions of the

unconsolidated aquifer at the NIROP has been contaminated by
VOCs .
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. TCE is the best indicator of the extent of ground water

contamination for evaluating remedial alternatives at the
NIROP.

. Multiple sources of ground water contamination may exist in
the vicinity of the NIROP. Source areas identified in this
report include the following:

- The former pit/trench drum disposal area on the NIROP

property.

- An unidentified TCE source upgradient (northeast) of the
facility.

- An unidentified source either on-site near the eastern
NIROP property boundary or off-site (east of the
facilicy).

- An area on the southwestern portion of the NIROP where
contamination may be emanating from both a former TCE
storage tank location and the bullding envelope (includes
sanltary and storm sewers).

. The removal action in the pit/trench drum disposal area had a
marked effect on two wells immediately downgradient of the
pits/trenches causing significant  decreases in  TCE
concentrations. However, a recent TCE concentration increase
in a third well immediately downgradient of the excavations
indicates that all of the drummed wastes and/or contaminated
soils in this area may not have been removed.

. A lack of deep alluvial wells in several areas has hampered
evaluation of the vertical extent of contamination.

. Concentrations of TCE in ground water reaching the Mississippi
River are probably on the order of 1 to 10 mg/l. o do ’QOOOwyb-

. Preliminary evaluation of the No—Action Alternative indicates
the current health-based carcinogenic risk level for TCE
calculated at the only existing receptor area, the Minneapolis
water supply intake, is above the %?EPA acceptable risk level
for individual carcinogens (107 °), assuming 10 percent
dilution of the ground water with the annual daily low flow
volume for the Mississippi River. However, the calculated TCE
concentration after 100 percent dilution in the river is below
the analytical detection limit for TCE, and is very close to

-

the acceptable 10 Jevel. :

. Current ground water data do not show significant
concentrations of any contaminant in the PCJ bedrock aquifer.
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1. INTRODUCTION
1.1 Background

RMT, Inc., has been retained by the Omaha District of the U.S. Army
Corps of Engineers to complete an Interim Report for the Naval
Industrial Reserve Ordmance Plant (NIROP) located in Fridley, Minnesota.

This Interim Report is the culmination of the following specific
tasks as described in the USEPA guidance documents on RI/FS under
CERCLA:

- RI Task 1 =~ Description of Current Situation

- RI Task 4 - Analysis of Existing Data

- FS Task 9 - Preliminary Remedial Technologies

- FS Task 10 -~ Preliminary Development of Alternatives

- FS Task 12 - Preliminary Evaluation of the No-Action

Alternative :

Recommendations for additional data that need to be obtained to
provide additional problem defimition, evaluation of the no-action
alternative and/or evaluation of potential remedial alternatives made in

this Interim Report will be addressed in the Conceptual Workplan which

outlines activities for the remainder of the RI/FS.

1.2 Purpose and Scope

The purpose of the Interim Report is to use existing information to
evaluate the impacts of past disposal practices on subsoils and ground
water and to form the basis for preliminary development of remedial
action alternatives.

The scope of this report is limited to a review of existing
information related to the NIROP site and surrounding areas which was

developed by other comsultants, the Corps of Engineers, and RMT. A list
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of previous investigations which formed the basis for this Interim

Report

is as follows:

Initial Assessment Study of Naval Industrial Reserve Ordnance
Plant, Minneapolis, Minnesota, prepared by Envirodyne
Engineers, Inc., for the Navy Assessment, June 1983.

Draft NIROP Hazardous Waste Clean—-Up Report prepared by the
Corps of Engineers in October 1984, and finalized by RMT in
September 1986.

Ground water quality and ground water level measurement data
collected by the Corps of Engineers from October 1983 to March
1986.

Summary Report on Ground Water Conditions, FMC Northernm
Ordnance Division Plant, Minneapolis, Minnesota. 1983. S8.S.
Papadopulas and Associates, Inc.

Final Report Phase I and Phase II Investigation Programs,
Northern Ordmance Division FMC Corporation. 1984. S.S.
Papadopulas and Associates, Inc.

Evaluation of Remedial Action Alternatives, FMC and BNR>Lands,
Ground Water Regime, May 1985, Connestoga-Rovers & Associates
Limited.

Evaluation of ©Past Disposal Practices Phase I Intitial
Assessment, April 1981, EBugiene A. Hickok and Associates.

Evaluation of Past Disposal Practices Phase 1I Hydrogeological
Investigation, Eugene A. Hickok and Associates, December 1981.

Feasibility Study, FMC and ENR Lands, Ground Water Regime,
January 1985, Connestoga-Rovers & Associates, Limited.

Response Action Plan, Fridley, Minnesota, April 1983,
Connestoga—~Rovers & Assoclates, Limited.

1254.01 139:RPT:frid0407a 1-2



2. INVESTIGATION SUMMARY

2.1 Site Background Information

2.1.1 Site Description

The Naval Industrial Reserve Ordmance Plant (NIROP) is operated by
the Northern Ordnance Division of FMC Corporation and is involved with
the manufacture of advanced naval weapon systems, including their
development, design, engineering, and testing. The plant begaﬂ
production of naval guns in 1941. The plant has continued to produce
naval guns and has expanded into the production of guided missile
launching systems, torpedo tubes, and hydraulic and electric power drive
and control systems.

The NIROP is located in the northern portion of the Minneapolis/St.
Paul Metropolitan Area, within the city limits of Fridley, Minnesota.
The plant is situated approximately one-quarter mile east of the
Mississippi River and less than one mile south of Interstate 694. The
plant is bordered on the west by the East River Road and on the east by
the Burlington Northern railyard. A general vicinities map is included
as Figure 2-1.

The government-owned, contractor-operated portion of the plant
encompasses 82.61 acres. The remainder of the facility is owned and
operated by FMC Corporation. Figure 2-2 show; the layout of the plant,
delineatingAthose areas owned by the Navy and'those areas owned by FMC,
as well as other site features referred to throughout the report.. This

report deals only with the government-owned portion of the facility.

1254.01 139:RPT:£rid0407a 2-1
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2.1.2 Chronmology of Remedial Work and Investigations

In‘1981, An anonymous phone call to the Minnesota Pollution Control
Agency (MPCA) led to concern over waste disposal practices ;t the NIROP
facilify.

Subsequently, on March 16, 1981, and April 23, 1981, Navy water
supply wells 2 and 3 and FMC well 1 (Figure 2-2) were tested and found
to contain trichloroethylene (TCE) at concentrations ranging from 0.035.
mg/l to 0.200. mg/l. The wells were finished in the Prairie du
Chien/Jordan aquifer and were being used as a potable water supply. The
wells were shut down on April 24, 1981.

Sampling 1in 1981 at the Minneapolis water supply intake,
approximately 1 mile downstream in the Mississippi River (Figure 2-2%,
revealed the uﬁquantifiable presence of TCE during 4 sampling rounds.
On December 31, 1981, the first quantifiable concentration (0.0012 mg/1l)
of TCE was detected at the water supply intake (Envirodyne, 1983). .

On March 31, 1982, naval officials implemented the Navy Assessment |
and Countrol of Installation Pollutants (NACIP) Program to identify and
control envir&nmental contamination from past use and disposal of
hazardous substances at Navy and Marine Corps inmstallations. The NACIP
Program is part of the Department of Defense Installation Restoration
Program, and is similar to the Environmental Protection Agency's
"Superfund” Program authorized by the Comprehensive Environmental
Response, Compensation, ané ILiability Act of 1980 and the Superfund
Amendments Reauthorization Act of 1986.

Under the NACIP Program, Envirodyne Engineers completed an Initial

Assessment Study (IAS) In 1983. The IAS team collected and eva;uated
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evidence of contaminétion that could pose a potential threat to human
health or the environment. The IAS included a review of archival and
facility records, interviews with personnel, and an on-site survey of
the facility.

The IAS team discovered that, in previous years, the storage yard
in the northern portion of the site had been used for disposing of
drummed waste by burial in 8- to 10-foot-deep trenches or in pits
(Figure 2-2).

IAS recommendations for the NIROP included the following:

. The use of geophysical techniques to locate and define the
boundaries of waste burial areas. .

. Excavation and proper disposal of wastes from located waste
disposal areas.

. Installation of numerous monitoring wells to detect tﬁe
presence of ground water contamination emanating from
suspected NIROP source areas.

Initial remedial action cleanup actlvities began in November, 1983

as a result of IAS recommendations. Under the supervision of the U.S.
Army Corps. of Engineers, nine areas were excavated (Figure 2-2), and
approximately 1,200 cubic yards of soil and 43 drums were removed. The
méjority of the drums contained inert solids; others contained PCB
wastes, flammable solids, base solids and inert liquids. Four of thé
drums were empty (U.S. Army Corps of Engineers, 1984). The hazardous
soils and drums were disposed in an EPA-approved landfill. Samples were
ﬁhen taken of the solls beneath the excavations and analyzed for vola-

tile organic compounds (VOCs) and PCBs. Soil samples beneath three

trenches contained total VOC's above 1 mg/l; however, no further testing
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was done at that time. The trenches were backfilled with clean £111,
and removal activities were completed in March, 1984.

Phased installation of ground water monitoring wells began in the
fall of 1983. To date, 34 wells have been installed as part of the
NIROP ground water monitoring network. Wells have been cbmpleted in the
shallow and deep portions of an unconfined aquifer in the Quaternary
sediments as well as in the Prairie du Chien bedrock aquifer. Eight
rounds of ground water sampling have been conducted at the NIROP since

October 1983.

2.1.3 Historical Description

‘Facility Type. The NIROP dates back to 1940 when Northern Pﬁmp
Compény negotiated with the Navy for the construction of a ﬁéw
manufacturing plant. Northern Pump had been under defense contracts to
the Navy throughout the 1930's. These defense contracts eventually
reached a level where Northern Pump's existing plant in Minneapolls was
inadequate. An arrangement was made to comstruct a new plant. The
arrangement was unique i1in that the plant was partly owned by the
government and partly owned by Northern Pump Company. The site chosen
for the plant was a corn field just north of the Minneapolis city
limits, within the Townshlp of Fridley. The new plant was completed in
just 60 days, with machinery, office equipment, and records moved intact
by flat car from the old plant. By January 1941, the plant was in full
‘production.

In June 1942, Northern Pump Company established Northern Ordnance,

Incorporated, as an operating subsidiary to conduct the government
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portion of Northern Pump's business. Thereafter, the facility has been
referred to as Northern Ordnance, Inc., and later as Northern Ordnance
Division (NOD).

On January 31, 1964, Northern Ordnance was acqulred from Northern
Pump Company by FMC Corporation. Northern Ordnance was assigned
divisional status within FMC's Ordnance Group. FMC has been the
contractor at the NIROP since this date. The facility presently employs
approximately 3,200 persons.

The NIROP has evolved into one of the prime developers and

manufacturers of naval ordnance equipment in the United States. The °

plant has one of the largest and most diverse machine shops in the
world, enabling it to be the major supplier of heavy naval ordnance for

the United States Navy.

Activities and Operations. The processing and manufacturing
operati&ns associated with the facility include a machine shop, metal
plating shop, paint shop, assembly, foundry, heat treating, welding, and
associated support facilities. The testing facilities include an
elect?ouics laboratory, metallurgical laboratory, hydraulic test bays,
and shock/vibration test equipment.

Condition of Wastes. The NIROP generates both liquid and solid

waste materlals. In some cases wastes have been disposed on—-site.
General plant wastes, such as paper, scrap wood, and garbage, are
handled ian the on—sife stationary hydraulic compactor which was
installed in the early 1970s. A contractor for solid wastes hauls this
material to an off-site landfill several times per week. An estimated

4,000 tons of this waste is landfilled annually. Between the 1940s and
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early 1970s, small burnable wmaterial was processed in the NIROP
incinerator. Incinerator ash was, in turn, hauled to a disposal area
off Navy property.

Hazardous wastes are currently placed in 55-gallon drums for

disposal off Navy property by a contractor. On the average,

approximately 30 drums per month wefe disposed of since the early
1970s. Before 1973, industrial wastes such as paint sludge vand
chlorinated solvents were typically disposed in landfills off Navy
property. Iimiteq disposal of these materials also occurred on Navy
property im the early 1970s. These materials were placed in on-site
pits or trenches in the northern portion of the NIROP property.

The NIROP has one on-site industrial wastewater treatment plant for
handling chemical wastes from the plating shop. Plant sanitary waste-
water, and both treated and untreated industrial wastewater, are
discharged to the sanitary sewer system.

Incidents. >No serious incidents (fire, explosion, etc.) have been
reported at the NIROP facility. Several spills of various materials
including acids, paints, solvents, fuel oil, and gasoline have occurred
in varying quantities. Records of spills which occurred in 1984, 1985,
and 1986, have been incorporated into this report. Records were not
available prior to 1984.

Site Investigations and Regulatory Violatioms. Investigations of

the NIROP were instigated by the discovery of TCE in the Navy wells on
the NIROP facility and at the City of Minneapolis water intake in the
nearby Mississippi River. The investigation began with the Initial

Assessment Study (Envirodyne Engineers, 1983). Subsequently, excavation
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of on-site buried drummed wastes has been completed under COE
supervision. Additionally, 34 monitoring wells have been installed to
date and eight rounds of ground water sampling have been completed.

A Request for Response Action (RFRA) was issued to the Navy by the
Minnesota Pollution Control Agency in May 1984. The obligation to take
response action required a Remedial Investigation/Feasibility Study

(RI/FS) be completed by the Navy.

2.1.4 Other Factors

Planned Use. The NIROP facility has been operating at its present
location since 1941. No plans to change that operation are knowﬁ at
this time.

Conflicting or Hissing Information. Certaln areas of this

investigation contain conflicting or missing information. Specific
problem areas include the following:

. The Draft NIROP Hazardous Waste Cleanup Report (COE, 1984)
indicated that upwards of 200 drums of waste materials were
thought to be buried in the pits and trenches. Fourty-three
drums were removed during excavation of the nine areas
selected in 1983, This apparent discrepancy potentlially
leaves many drums unaccounted for in the pit/trench area.

. Excavation of Pit 5 may have been conducted in the wrong
location. = Pit 5 was identified during pre-—excavation site
selection as having a high probability of containing drummed
wastes. Documentation of the excavations as performed

indicate that the true area to be excavated was approximately
40 feet east of the area indicated on Drawing 3 of 3 in the
Project Report of the Hazardous Waste Cleanup Site (COE,
1986).

. This discrepancy was brought to the attention of the COE.
Subsequent investigation by the COE Indicated that Drawing 1
of 3 (not included in the existing information provided to
RMT) from the Project Report (COE, 1986) shows an incorrect
planned location for Pit 53 excavation. The COE indicated that
the actual excavation area for Pit 5 was the correct
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location. However, no drums were found in Pit 5. In
addition, wuno information is available regarding why the
planned location for Pit 5 was shown incorrectly on Drawing 1
of 3. The decision to locate the actual Pit 5 excavation 40
feet west of the planned location was reportedly made in the
field by the COE during the excavation work, based on
additional field measurements.

. Total volatile organic compound concentrations detected in
solls in Pit 7 exceeded 1 part per million (ppm). - The COE
(1984) indicated that MPCA guidelines established backfilling
requirements of 1 ppm and that only trenches number 3 and 6
exceeded the guideline. Subsequent review of soils analytical
data show that TCE was detected in Pit 7 at 1.3 mg/kg (ppm).

. Conflicting information exists regarding underground tanks in
the vicipity of well 9~S. - The Initial Assessment Study (IAS)
(Envirodyne, 1983) shows the location of both above~ and
below-ground tank locations. Figure 2-2 of this report was
adapted from IAS information. Recently received information
from FMC labeled "Enclosure (15) One General Arrangement Plan
Drawing - Present Status” (not otherwise labeled or dated)
shows at least one and possibly two additional 2,000-gallon
underground tanks in the vicinity of 9-S. An April 9, 1987,
letter from the FMC Environmental Manager states that onme -of
these two tanks currently contains mineral spirits and that
the other tank was abandoned at an unknown date. Prior uses
of these two tanks, which were installed in the 1950s, is
unknown.

. Data regarding ground water quality in the deeper portions of
the unconfined aquifer is lacking in some locations.

. Ground water data for xylene are sparse in the immediate area
of the pits/trenches. Xylene was detected in a significant
quantity (39 percent by weight) in drums removed from the
pit/trench area. Xylene was not analyzed in soil samples
obtained from the pits/trenches and has been analyzed only
once (November, 1986) in ground water. Therefore, conclusions
regarding the presence or absence of xylene in ground water
cannot be made at this time.

2.2 Nature and Extent of the Problem

Results of this investigation indicate that multiple sources of

ground water contamination exist in the vicinity of the NIROP, and that

contaminant sources include NIROP activities as well as undefined off~
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site sources. The degree of off-site contribution has not been

determined at this time but may be significant. Contaminated ground
water from these sources apparently has migrated‘ to the Mississippl
River. Trichloroethylene (TCE) has been detected at the City of
Minneapolis drinking water intake less than one mile downstream from the
NIROP.

Contaminants detected in ground water are primarily wvolatile
organic compounds (VOCs). This investigation has determined that TCE is
the best indicator of ground water contamination within the study
area. The current health-based carcinogenic risk level calculated at
the Minneapolis water intake is above the USEPA acceptable risk 1eve1,.

assuming 10 percent dilution. However, the calculated TCE concentratidn

after 100 percent is very close to the acceptable 10_6 level.
The following key items which have been developed in Sections 4, 5,
6, and 7 are presented in support of the above statements:

1. Ground water use in the vicinity of the NIROP comsists primarily of
industrial production wells completed in° the Prairie du
Chien/Jordan bedrock aquifer. Shallow ground water use was
reported by Papadopulos (1983) as consisting of two farm wells; omne
north and west of the NIROP (upgradient), and one about 900 feet
south and west of the NIROP. The present condition of these wells
is unknown; however, they appear to be located in what is now a
county park and therefore, may no longer exist.

2. Thirty-three ground water monitoring wells have been installed at
the NIROP site under the direction of the COE. One additional well
(FMC-33), installed as part of the FMC Study, has been used for
this study. Data from well borings have yielded the following
geologic findings: .

- Unconsolidated silty sand, gravelly sand, sandy gravel or
gravel was found in nearly all borings.

- Clay, silty clay, sandy clay or clayey silt lenses were
observed in several borings at various depths. These lenses
appear to be discontinuous across the site. Underneath the
adjacent FMC site these «clay deposits are apparently
continuous.
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Underneath the alluvial deposits is the St. Peter Sandstome
which is 37 feet thick at the northern property line and not
present near the southern property line. Where present, the
S8t. Peter Sandstone acts as a confining layer above the
underlying Prairie du Chien Dolomite. The lack of continuous
confining layers in the alluvial aquifer and above the bedrock
means that contaminants could potentially migrate throughout
the alluvial aquifer and into the bedrock aquifer.

3. Numerous rounds of ground water elevations have been obtained from
the NIROP monitoring wells. The following findings have been
developed from this data.

Ground water flow in the shallow and deep portions of the
alluvial aquifer is generally to the southwest or west toward
the Mississippl River with horizomtal hydraulic gradients that
vary from 0.0005 ft/ft to 0.0l4 ft/ft. Average linear ground
water velocities for these gradients would range from 40 to
1,100 ft/yr, assuming hydraulic conductivities estimated by
Papadopulos (1984) and porosities from Freeze and Cherry
(1979). This movement of contaminants in the shallow aquifer
would take approximately 0.5 years to travel from the western
property boundary of the NIROP site to the Mississippi River.

Flow in the bedrock (Prairie du Chien) aquifer is also to the
southwest (toward the Mississippi River) with horizontal
hydraulic gradients of 0.0008 £t/ft. The average linear
ground water flow velocity for this gradient, assuming
hydraulic conductivities estimated by Kanivetsky (1979) and a
porosity from Freeze and Cherry (1979), is 67 feet/year. 1In
the bedrock aquifer it would take approximately 15 years to
travel the same distance. This evaluation assumes typical
gradients and flow distances and no attenuation of the
constituents.

In general, vertical hydraulic gradients in the alluvial
aquifer are near zero, except in those areas where clay lenses
exist and the wvertical gradients are downward. Vertical
gradients between the deep alluvial aquifer and the bedrock
(Prairie du Chien) aquifer are generally upward and increase
in the vicinity of the Mississippi River, which 1is the
regional discharge for both the alluvial and bedrock aquifers.

4, Ground water quality on the basis of the eight sampling rounds and
water quality analyses performed can be summarized as follows:

Inorganics - Prior to November 1986, only total concentrations
(unfiltered samples) were reported and the data suggested that
significant concentrations of inorganic constituents could be
found in the ground water. The samples collected in November
1986 had total concentrations falrly consistent with previous
results. However dissolved concentrations (filtered samples)
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were analyzed for the first time and were considerably lower,
indicative of the fact that much of the inorganic concentra-
tions were associated with sediments in the samples. Sediment
that 1s transported by ground water is not generally
consumed. Of the dissolved inorganic concentrations detected
only three constituents exceeded federal standards; manganese,
sulfate and selenium. Of these constituents, manganese and
sulfate both exhibited concentrations in excess of SMCLs in
both background wells and downgradient wells and therefore are
not assoclated with activities at the NIROP.

Selenium in a sample from well 9-S (0.49 mg/1) is the only
dissolved inorganic constituent detected in ground water above
an MCL. Since well 9-8 1is located along the eastern
(upgradient) edge of the NIROP facility, it is possible that
selenium detected in well 9-8 is related to an off-site
source.

- PCBs - PCBs were detected in several wells at concentrations
near the detectlon limit. PCB Aroclors varied between sampl-
ing rounds as did the locations where PCBs were detected.
Although PCBs were detected in drums and soils in the pit/
trench disposal area, they were not detected in wells
immediately downgradient. Low confidence in the reported
values (near detection limits) and the lack of spatial “or
temporal patterns suggests that PCBs are not of concern in the
ground water.

- Organics - The primary organic compound detected in ground
water on the NIROP site is TCE. Other organic compounds occur
at much lower concentrations than TCE. 1,2-Dichloroethylene
isomers (breakdown products of TCE) appear to be correlated
with the occurrence of TCE. Tetrachloroethylene, 1,1
dichloroethane, and 1,1,1 trichloroethane also generally occur
in the same areas as TCE, but at much lower concentrations.
TCE has been detected in background wells 15~5 and 16-8
(Figure 2-2) at concentrations as high as 0.017 mg/l and 0.17
mg/l, respectively.

1,1 Dichloroethylene has been detected in well 9-5 only, and
thus, exhibits a distinetive distribution pattern. The
balance of organlc compounds detected in ground water were
detected at insignificant concentrations or demonstrated no
obvious source areas. : : : o

Raw materials used and thus wastes generated at the NIROP include
chlorinated and non-chlorinated solvents, acids, bases, metal
conditioners, stripping and cleaning agents, paints, and
photographic chemicals.
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Data for the years 1984 through 1986 indicate leaks and spills of
various raw materials, including TCE, have occurred at the NIROP
and that spilled materials have entered both the storm and saunitary
sewer systems. It is likely that activities prior to 1984 resulted
im a similar frequency of spills, type of spilled materials, and
spill volume.

Past NIROP waste disposal practices included occasional burying of
drummed wastes in pits and trenches in the northern portion of the
facility property. Identification and removal of the drummed
wastes were wundertaken by the Navy to remediate conditions.
Hazardous substances were detected in 39 of 43 drums excavated.
Hazardous substances identified in drums and underlying soils in
the pits and trenches included VOCs, PCBs, pesticides, and metals.
VOCs were the only hazardous substance detected in drums and soils
which have been detected in shallow ground water downgradient of
the disposal area in significant concentrations. The mix of VOCs
detected in wells immediately downgradient of the pit/trench drum
disposal area (3-8, FMC-33, and 8~S) included TCE, 1,1,1
trichloroethane, 1,2 dichloroethylene and tetrachloroethylene. Of
these VOCs, TCE was detected most often and in the highest
concentrations. TCE concentrations declined dramatically wupon
completion of drum excavation and then leveled off in wells 3~S and
FMC-33. However, an increase in TCE concentrations has been noted
in well 8-S in the November 1986 sampling round. The cause of this
increase 1s unknown. Evaluation of the deep alluvial aquifer in
this area would require an additional well(s).

TCE-contaminated ground water was detected to the north and east
(upgradient) of the NKIROP in shallow alluvial wells 15-§ and 16~
S. Evaluation of the deep alluvial aquifer in this area was not
possible since there are no deep wells. Detection of TCE
upgradient of the facility at these lotations suggests that a
separate contaminant source exists which 1s not on the NIROP
property.

Ground water contamination by a similar mix of contaminants as
those detected in wells downgradient of the pit/trench area was
detected in shallow alluvial well 9-8 along the eastern NIROP
property boundary. 1,1, Dichloroethane and selenium (in excess of
the MCL) were also detected in well 9-S. Due to the location of
well 9-8, relative to ground water flow and potential on-site
sources, as well as the detection of 1,1 dichloroethane and
selenium, an off-site source of contamination east or northeast of
well 9-5 is suggested. Evaluation of the deep alluvial aquifer
near well 9-5 would require an additional well(s).

A fourth area of contamination was indicated on the southwestern
portion of the NIROP facility near wells 10-§, 6-8, 11-5, and 17~
8. Constituents detected in well 10-8 indicate a pure TCE source,
while those in well 6-8 indicate a mix similar to those previously
discussed. An above-ground TCE tank formerly located near well
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10-8 or its distribution system wmay be the source of this
problem. Over 13,000 gallons of TCE per year are used at the
NIROP. Although the contaminants detected in well 6-S may be an
extension of the plume from the pit/trench area, the building
envelope including leaks from the storm and sanitary sewers are
also potential sources.

11. Soil and water samples obtained from a dry well in Hazardous Waste
Storage Area C (Figure 2-2) indicated the presence of TICE, 1,1,1
trichloroethane, 1,2 dichloroethylene, tetrachloroethylene,
toluene, xylene, and ethylbenzene as well as chromium, lead, and
cadmium. There are no monitoring wells downgradient of hazardous

Waste Storage Area C; thus, no conclusions regarding the possible
spread of contaminants from this area can be made.

2.2.1 Speclal Was;e Considerations
Production of naval ordnance has always been the primary focus at
-the NIROP. No ammunitiom production or loading operations %é;e
conducted at the facility. Additionally, the only radioactive sougge
used at the facility was removed from service and shipped to ghe

Barnwell Waste Management Facility, Barnwell, South Carolina, in

B 1

2.2.2 ¥Effects of Contaminants from>the Site w

December 1982.

Hazardous substances have migrated from the gite to the surface

waters of the Mississippi River. No adverse effects from these

substances have been reported or observed. Likewise, no vegetative

stress or aquatic problems have been reported or observed.

2.2.3 Near—-Future Impacts of Site Conditions

The City of Minneapolis has proposed to install wells in the

alluvial aquifer near the NIROP facility. These wells would supplement

current sources during peak demand. A hydrogeologic Investigation of
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the alluvial aquifer has been completed by the Ranney Company (1978).
Definitive plans and a completion date for this project are not known at

this time.

2.3 Investigation Summary

The initial investigation of'conditions at the NIROP was performed
in 1981 by Hickok and Assoclates under contract to FMC Corporation.
Hickock identified two separate areas of concern which they called the
South Study Area and the North Study Area. Subsequently, FMC began

investigation of the South Study Area in 1981, while investigation of

the North Study Area was undertaken by the Navy.

The Navy's investigation at the NIROP facility began in March 1982,
as part of the Navy Assessment and Control of Imstallation Pollutf;n
(NACIP) program. As part of the NACIP program, an Initial Assessment
Study was performed to identify and assess site areas posing a potential
threat to human health or the environment due to contamination from past
operations including hazardous materials. The IAS concluded that three
areas warranted further investigation. As a result of IAS
recommendations, the Navy through the U.S Army Corps of Engineers (COE)
initiated cleanup of the pit/trench disposal area and installed and
sampled 34 ground water monitoring wells.

In June 1986, after seven rounds of ground water sampling and
analysis, COE retained RMT, Inc., of Madison, Wisconsin, to complete
this investigation. Subsequently, a comprehensive round of ground water
sampling has been performed as well as preparation of this report.

Concurrent with this investigation, FMC Corporation, through
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various subcontractors, conducted the investigation of a separate grdund
water contamination problem on FMC property immediately to the south of
the NIROP study. Based on studies completed by FMC, an agreement was
reached with the MPCA. FMC has agreed to pump TCE-contaminated ground
water and discharge it for treatment to the Pig's Eye Sewage Treatment
Plant. FMC cleanup levels have been set at 0.270 parts per million

(ppm) total VOCs.

2.4 Overview of Report

This report generally follows the basic Remedial Investigation
Report format as outlined in the "Guidance on Remedial'lnvestigations.
Under CERCLA,™ USEPA (1985).

The report has been divided into 10 major sections as well  as
references (Section 1l), a terminology guide (Section 12), and
Appendices. Raw data and supporting documents are included in
Volume II.

Sections 3 through 6 provide information from the following project
investigations:

. Site Features Investigation (Section 3).

. Hazardous Substances Investigation (Section 4).
. Subsurface Investigation (Section 5).
. Surface Water Investigation (Section 6).

Sections 7 through 10 outline the following feasibility study

activities:
. Preliminary evaluation of the No—-Action Alternative (Section
7. -

. Identification of Remedial Technologies (Section 8).
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. Screening of Remedial Technologies (Section 9).
/////’ Preliminary Development of Remedial Technologies (Section 10).
; Sections 11 and 12 contain a reference section and glossary,
respectively.
Appendices A through D included in Volume I are as follows:

. Chronological Summary of Constituents Detected in at Least One
Sample from NIROP Ground Water Analyses (Appendix A).

Alphabetical Summary of Constituents Detected in at Least One
Sample from NIROP Ground Water Analyses (Appendix B).

. Maximum and Mean Concentrations of Constituents Detected in
NIROP Ground Water Analyses (Appendix C).

. Constituents Added November 1986 (Appendix D).
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3. SITE FEATURES INVESTIGATION

3.1 Demography

The Naval Industrial Reserve Ordnance Plant is in the City of

Fridley, Anoka County, Minnesota. Population estimates for 1984 place
e T T _‘_M\\u .
Fridley's population at 29,270 residents.“ Anoka County's population,
\"'"‘--—-—_u—wm—-r-.. prpm—

according to 1984 estimates, was 210;939 people.

The NIROP facility is located near the northern boundary of the
metropolitan statistical area (as defined by the U.S. Bureau of Census)
for Minneapolis-St. Paul, Minnesota-Wisconsin. The area was estimated
to contain a population of 2,262,400 people in 1985, The facility is

situated in the southern-most tip of Anoka County.

3.2 Land Use

The NIROP site and properties neighboring on the north, east, and

south, are zoned “heavy industrial."‘&>

e

Also located between East River Road and the Mississippi River

(west of the site) is the "Anoka County Islands of Peace Mississippi
Riverfront Park." The park is a_day-use recreation facility. on the
w_, .w.m—ti;:;‘ e

3

river's edge, consisting of approximately 6Qhacresl_ e

3.3 Natural Resources

Two significant waterways are In the vicinity of the site: Rice

‘Creek- approximately 2 miles to the north and the Mississippi River to

e -

the west, Because of ground water and surface water flow directions
(west and south), it 1is unlikely that the NIROP facility would impact

Rice Creek.
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The Mississippi River provides active recreational opportunities to
boaters and anglers as well as passive recreation because of its
aesthetics and historical significance. The river also serves as a
source of public and private water supply. The City of Minneapolis
waterworks facility is 1located approximately 2,000 feet south
(downstream) of the NIROP (see Section 6.3 for further details),

The NIROP facility is situated over an aquifer capable of yielding
significant qugntities of water for residential or municipal supplies.

The aquifer 1s generally restricted to the Mississippl River Valley.

3.4 C(Climatology

The climate in the area of the NIROP is characterized by warm
summers with average temperatures ranging from the upper 70°F to théwlow
80°F, with moderate rainfall averaging about 17 inches. Winter tempera-
tures average between 3 and 7°F for January and February. Winter
precipitation (during the months of October through April) averages
about 9 inches. Temperature extremes for the area range from -34° to
104°F (Envirodyne, 1983).

Wind directions vary throughout the.year. Northwest winds pfevail
from November through April; southeast winds are dominant in May, June,
August, and October; and southern winds dominate in July and
September. Wind speeds are fairly constant throughout the year,

averaging 10.5 miles per hour (Envirodyne, 1983).
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4. HAZARDOUS SUBSTANCES INVESTIGATION

This section of the report summarizes the information. RMT obtained
from the COE and FMC regarding substances found at the NIROP., All of
the documents reviewed were produced during the 1980s., The facility,
however, has been Iin existence since 1941. Very little information is
available for this forty-year period and most of what does exiét is
anecdotal, such as recollections of older employees, or indirect, such
as alr photo interpretation. There also have been no facility-wide
investigations designed to provide a comprehensive evaluation of past
hazardous waste generation or disposal. The information presented here,
consequently, can only provide a "snap shot"™ of current practices that
may not be representative of past practices mnor lead to the
identification of all past disposal afeas or other potential sources of
hazardous substance releases. This section is divided into two parts.
The first part describes the hazardous substances that are used at the
NIROP, the processes that utilize hazardous substances and generate
hazardous wastes, and the disposition of the hazardous wastes. The
second part of this section describes the physical and chemical behavior

of the major hazardous substances found at the NIROP,

4.1 Hazardous Substance Types

This section addresses hazardous substance quantities, location,
components, containment, composition, and management methods. It covers
the materials at the site that may be potential sources of environmental
contamination or public health threats, or which may be of importance._

during remediation.
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4.1.1 Raw Materials

The NIROP uses a wide variety of raw materials for industrial
operations. Tanks and stockrooms used for storage of raw materials are
\located throughout the facility. Most materials used for the various
industrial operations are stored 1in stockrooms associated with
individual departments. Only hazardous materials are stored in a
central location (Figure 4-1). These materials are not dispensed from
this location but ‘are transported directly to the shops through the
Maintenance Control Center.

Numerous hazardous materials including metal conditioners,
stripping and cleaning agents, solvents, paints, acids, bases, and
photographic chemicals are used at the NIROP. All fresh chemicals and
machinery oils are kept in the central hazardous materials storage
area. Materials are labeled upon receipt and stored in their shipping
containers. Items are segregated by type (acids, bases, solvents, etc.)
into individually diked rooms. The oll and solvent stockroom contains
an explosion-proof ceiling.

Specific materials used at the NIROP for which material safety data

sheets have been provided to RMT by the COE include the following:

Product Ingredieﬁts
Reliasolv 564 90% Tetrachloroethylene
Diko Mixed phenols

23-75 Coreactant Bisphenyl isocyanate

Aromatic hydrocarbons
Various Pepset Aromatic and aliphatic hydrocarbons

Formulations phenol, formaldehyde, polymeric
diisocyante and pyridine
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Various Isocure Aromatic and aliphatic hydrocarbons,
Formulations triethylamine, polymeric diisocyanate,
phencl, formaldehyde, alcohol, and
aromatic acid derivatives
Rust-Lick G~25-JA Amines, nitrate, polyoxyethylene
(dimethylimino) ethylene
(dimethylimino) ethylene dichloride
Trimsol Petroleum o0il, chlorinated wax,
emulsifiers, odorants, and dye
*TrichloroethyLene (TCE) 1s also used in the NIROP facility in large
quantities. Commercial or technlcal grade TCE can contain other
compounds that are also considered hazardous substances. These include
chloroform and 1,1,1 trichloroethane. 1,1,1 Trichloroethane is also
used In relatively large quantities in vapor degreasers. Materiéi

safety data sheets for TCE and 1,1,1 trichloroethane were not provided.

Both above-ground and underground tanks are located outside for

et . e

bulk storage of o1l and several other materials. Tanks used for
materials storage at the NIROP, their locations and contents, are shown
on Figure 2-2.

Due to the detection of trichloroethylene (TCE) and other volatile

organic compounds (VOCs) in ground water, tanks containing VOCs are of

primary concern to this investligation. The current TCE stqrgggwﬁfpk (T2
on Figure 2-2) was moved to its present location under permit number
M~83~S, issued by the MPCA in May 1983. The 8,670-gallon steel TCE tank
is above ground. Safeguards include a 5~foot~2-inch~high concrete wall
surrounding and contiguous with a base slab constructed of & inches of
reinforced concrete. There 1is no curbing or containment for trucks

delivering or receiving the TCE and there are no overflow prevention

devices or alarms. The TCE is transported into the plant in "tote
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tanks” hauled on trucks. The trucks deliver the TCE to the various
points of use.
Prior to May 1983, a steel TCE storage tank was located on the west
side of the building (Figure 2-2). TCE distribution at that time was by
piping laid in a covered concrete trench. The 10-foot-diameter, 15-
foot~high tank was placed on a 7 1/2-inch-thick concrete pad. The
original TCE storage and distribution system drawing (FMC Drawing Nos
2555F, 2558F, and 2574F October 1966) shows no spill containment
provisions.
The principal oil used over the years at the NIROP has been #6 fuel

oil. The o0il is stored inm six above-ground insulated steel tanks

adjacent to the Plant Maintenance Department. All tanks are connected
by equalizer lines at the top to guard against overflowing.

Four steel underground tanks ({ﬁigggzgil}pq capacity) are also used
to store #6 fuel oil. These tanks are located in an area adjacent to
the Boller Rnoﬁ (Figure 2-2). The tanks are similarly connected by
equalizer lines to prevent overflow. There are no sanitary or storm
drain inlets in the viecinity of these tanks. Storm sewers have been
sealed at the o0il unloading stations to prevent leaking or spilled oil
from entering the system.

Spills and leaks of stored materials have occurred at the NIROP,
both indoors at’storage areas and shipping’and receiving areas, as well
as outdoors at storage tanks. Records obtained from FMC for the years

1984 to 1986 list 23 spills in these areas of acids, oils, solvents, and

plating solutions in quantities ranging from less than 1 to 15 gallons
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per spill., Various methods were used to clean up these spills. Records
for years prior to 1984 were not provided. The récords for the years
1984 through 1986 are found in Volume II of this report. It is likely
that previous facility activities resulted in a similar frequency of

spills, type of spilled matefial, and spill volumes.

4,1.2 Industrial Processes

The processing and manufacturing operations associated with the
facility include machine shop, metal plating shop, paint shop, assembly,
foundry, heat treating, welding, and associated support facilities.

Locations of productiom areas at the NIROP have varied over the
years. Figure 4-1 shows areas of the facility which were being used for
various activities as defined by Envirodyne (1983).

Reports documenting spills and leaks that occurred in process areas
during the period from 1984 to 1986 were provided by the COE. One
hundred and thirty-three (133) spills were reported over the three-year
period. Spilled materials included cyanide compounds, acids, oils,
plating solutions, paint, ethylene glycol, paint thinner and solvents.
Individual spill volumes ranged from less tham 1 to 4,000 gallonms.
Approximately 780 gallons of TCE were also reported to have been spilled
during the three~year period, including a 200-gallon spill in the
plating area (April 1984) and a 520-gallon spill in the foundry area
(September 1985). Generally, spilled material was recovered with
absorbent material or vacuuming, Some of the spilled material,
including part of the 200 gallons of TCE, was lost to floor drains or
the sanitary sewer system. ' Some reported corrective measures included

the sealing of floor grates to prevent future spill losses.
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4.1.3 Waste Storage, Processing, and Disposal Practices

Hazardous Waste Storage Areas.

Table 4-1 summaiizes findings regarding waste productiom in the
industrial process areas. Much of the informatlon reported in Table 4~1
has been taken from the Initial Assessment Study by Envirodyne
Engineers, Inc., June 1983, Findings reflect conditions at the NIROP in
the 1970's and early 1980's. Little information is available fegarding
practices during the 1940's and 1950's,

Three areas of hazardous waste storage, designated A, B, and C, are
located at the facility., Areas A and B are located within the plant
building. Area C 1s located in an outlying bullding near the northeasé
corner of the main plant building (see Figure 4-1).

The maximum number of drums that can*be stored in the existing
storage areas is 274 535-gallon drums distributed as follows:

Area A - Storage Shed - 52 drums

Area B - Storage Crib - 108 drums

Area C ~ Building - 114 drums

The three storage areas are currently being replaced by a new
storage facility with a capacity of 288 55~gallon drums. Closure plans
for Areas A, B, and C have been submitted for both state and federal
approval.

During closure of Storage Area C, it was discovered that a sump in
the building floor was actually a dry well. The dry well consisted of a
section of 48-inch—diameter concrete pipe filled with crushed rock.
Core samples taken and analyzed from beneath the dry well indicated
contamination by halogenated and aromatic solvents. As a result,'
actions have been taken to seal this dry well temporarily until final
closure of the storage area,
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Production Area

Machine Shop

Metal Plating

Cleaning/Degreasing
(Plant-wide)

Palot Shop

TABLE 4-1

SUMMARY OF WASTES GENERATED BY INDUSTRIAL PROCESS AREAS

Waste Generated

Metal scrap, shavings, water soluble
coolants, lubricating and cutting
oils, hydraulic oils

Acids, caustics, chromium and cyanide
bearing liqulds

Plating Sludges

TCE
Stoddard Solvent

1,1,1 Trichloroethane

Paint sludges, cleaners,
phosphatizers, chromic acid, rinse
water contaning naphtha or
methylethyl ketone (MEK), and toluene
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Dispasal Methods

Some recycling, 50,000 to 150,000 gallons/year of liquids to
sanitary sewer. Approximately 8 barrels/year of sludges
disposed off-site.

Pre-1973 1iquids pumped to sanitary sewer or disposed off-
site. Post~1978 wastewater pretreatment then to sanitary
sewer.

Approximately 25 barrels/year disposed off-site. Some or
site disposal prior to 1973.

Approximately 40 barrels/year of TCE sold to reclaimer.
Approximately 120 barrels/year of stoddard solvent disposed
off-site.

Approximately 75 barrels/year of 1,1,1 trichloroethane
disposed off-site.

1960's - 2 to 3 barrels/year sludges disposed off-site with
some presumed disposed on-site in pits and trenches.

1970's — filter system installed with filters disposed of f-
site,

Cleaner, phosphatizers discharged to sanitary sewer.

Chromic acid collected and processed with plating effluent
pretreatment.

Ringe water discharged to sanitary sewer.

Cleaners containing MEK, toluene, or naphtha disposed off-
site (approximtely 20 gallons/day).



Production Area

Asgembly

Foundry

Heat Treating

Photo Shop

Welding Departrent

Boller Plant

TABLE 4-1

SUMMARY OF WASTES GENERATED BY INDUSTRIAL PROCESS AREAS

Waste Generated

Stoddard solvent, 1,1,1-
trichloroethane, wash water, solvent-
soaked rags

Quench oils, water-based ofls, non~
cyanide bearing salts, cyanide
bearing salts, grit/bead blast

Fixer, developer, and silver bearing
liquids

Rod stubs, flux, slag, lime carbide

Condensate blowdown
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Disposal Methods

Stoddard solvent and 1,1,1 trichloroethane included with
cleaning/degreasing (above). Wash water discharged to
sanitary sewer. Solvent-soaked rags collected in closed
contalners and washed on-site.

Most sand 1s reclaimed, however, non-reclaimable sand (core
butts) disposed off-site. Some core butts reportedly
disposed on-site at north property prior to 1970. After
1970 disposed by contract hauler.

Quench oil burned in bollers. Water-based olls discharged
to sanitary sewer. Approximately 1,200 pounds/year each of
waste salts (noncyanide and cyanide) disposed off-site.
Grit/bead blast wastes disposed off-gite.

300,000 gallons of rinsewater discharged anmually.

Wastes collected and disposed off-site.

300,000 gallons/year discharged to sanitary sewer.



Soil samples from beneath the dry well at Hazardous Waste Storage
Area C were obtained on May 30, 1985, by Braun Engineering of
Minneapolis., Samples were taken to a depth of 14.5 feet below the base
of the dry well., The samples contained chromium, cadmium, and lead at
24, 2.8, and 32 mg/kg, respectively, at the 4-foot to 6-foot level.
Chromium, cadmium, and lead concentrationg decreased to 7.2, 0.17, and
4.7 mg/kg, respectively, at the 10-foot to 12-foot levels. Organic
compounds detected in the soil sample from the 4-foot to 6-foot level
included ethyl benzeme (7.9 mg/kg), m-xyleme (19 mg/kg), o-xylene and
p-xylene (28 mg/kg), toluene (6.9 mg/kg), 1,2-dichloroethylene (19
mg/kg), tetrachloroethylene (26 mg/kg), 1,1,1 trichloroethane (1.2
mg/kg), and trichloroethylene (430 mg/kg). Organic contaminants
detected at the 10-foot to 12-foot level were tetrachloroethylene‘(ée
mg/kg) and trichloroethylene (62 mg/kg).

A water sample was also obtained from the dry well in Hazardous
Waste Storage Area C., Although one might not expect to see standing
water in a dry well, water was observed during the July 25, 1986, site
visit. It is unclear how water from the dry well was sampled, but
sampling was performed by Braun Engineering in May 1985, It is doubtful
that this sample represents ground water coﬁditions at Area C, but
rather represents spills of materials which occurred in the storage area
combined with surface runoff.

Results of the water sample obtained by Braun Engineering showed
the following organic contaminants: ethyl benzene (3.3 mg/l), m-xylene
(11 mg/1), o-xylene and p-xylene (6.9 mg/l), toluene (2.4 mg/l), cis and

trans 1,2-dichloroethene {63 mg/l), tetrachloroethenme (49 mg/1l), 1,1,1
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trichloroethane (4.2 mg/l) and 1,1,2 trichloroethene (470 mg/l1).
Results of Braun Engineering laboratory testingA are included 1in
Volume II,

PCB Storage, PCBs were used as dielectric fluid in caﬁacitors for
induction furnace and hardening equipment located in the Foundry and
Heat Treat Departments and in power capacitors throughout the NIROP,

The Maintenance Department notifies plant engineering when a PCB
capacitor is to be removed from service., Plant engineering, in turn,
coordinates disposal operations. The out-of-service units are placed in
DOT-approved 17-H drums containing one foot of sorbent material. The
55~gallon drums are placed into an 800-gallon concrete vault constructed
with 4-inch-thick walls and a 6-inch bottom. Eaéh‘vault 1s ultimately
fi1lled with a 6-inch layer of sorbent material and sealed with a 4-inch-
thick concrete cap.

Three sealed concrete PCB storage vaults are located outside of thé
plant in the northeast cormer of the facility (Figure 2-2). The vaults
are kept above the ground by placing them on wooden blocks.

On—-Site Waste Disposal. The storage yard located in the northern

portion of the NIROP facility was used for burilal of waste materials in
pits and trenches (Figure 2-2), Drums of wastes were buried in the pits
or trenches at depths of 8 to 10 feet,

No records of buried materials were maintained; therefore, the
exact amount and location of wastes could not be ascertained. Upward of
200 d;ums of waste materials were. thought to be buried within the pits
and trenches (COE, 1984), The materials disposed in the pits and

trenches were thought to include waste oil, plating sludge, paint
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sludge, cleaning solvents, and degreasing solvents. These waste
materials may have contained hazardous substances such as cyanide,
trichloroethylene (TCE), methyl ethyl ketone (MEK), and 1,1,1-
trichloroethane. Wastes were assumed to be in liquid, semi-liquid, or
solid form.

The Navy, through the U.S. Army Corps of Engineers (COE), began
cleanup of the pits and trenches iIn 1983. COE personnel conducted
geophysical surveys of the suspected disposal areas. Prior to the
geophysical survéy, Navy and FMC officials arranged to relocate
equipment and materials kept in the storagevareas to delineate potentiai
excavation areas to reduce Interference with the surveys. The
geophysical survey crew completed their task by using both magnetometer
and terrain conductivity surveys. As a result of these surveys, 20
areas were identifled as potential disposal locations.

Nine areas wefe selected for excavation (Figure 2~-2). These areas
were divided into high, medium, and low probability waste sites as
follows:

High Probability Waste Sites - é, 5, 18

Medium Probability Waste Sites - 6, 7, 10

Low Probablility Waste Sites =~ lS,(éf, 19
The criteria for these subdivisions included consideration of aerial
photograph analyses and interviews with NIROP employees (COE, Exhibit Q,
1984).

Chemical Waste Management of Oakbrook, Illinols, began excavation
of the nine pits‘in November 1983. A total of 43 drums were recovered

(41 drums from Pit 3 and 2 drums from Pit 17) and stored temporarily om

1254.01 139:RPT:£frid0407b 4-12



a staging pad until excavation of all‘ pits was complete. It 1is
uncertain at this time whether the 200-barrel estimate presented by COE
(1984) is in error or whether there are a substantial number of drums
.still buried in the north storage area.

After excavatlon, composite samples were obtained from the drums
and analyzed. Classification‘aud a summary of analytical results for
the 43 drums are shown in Table 4-2. Laboratory analytical results are
included as Volume II of this report.

During review of data from the excavated areas It was noted that
Pit 7 was originally excavated in the wrong location. A second excava-
tion was made in the correct (as planned by geophysical data) 1ocatioﬁ
and sampled. A drawing prepared for the COE (U.S. Army Co*ps? of
Engineers, Drawing Control No. XF-215-30-01, Sheet 4, 1984) shows both
the proposed locations of the excavations and the locations at which the
excavations were actually made. This drawing also indicates that Pit 5,
a high probability waste site, appears to have been excavated
approximately 40 feet west of the planned location. There is no file
information to indicate that Pit 5 was re-excavated. The COE project
manager has verified that the drawing showing areas to be excavated
(Drawing 1 of 3, COE, 1984) is incorrect and that actual excavation took
place in the corrct location (Thiele, 1987).

All empty drums were crushed and disposed with the contaminated
soil at the Evergreen Landfill, Northwood, Ohio, USEPA I,D., OHD
68111327, The full or partially filled drums were trucked to Emelle,

Alabama, and disposed at the Chemical Waste Management Facility, USEPA

I.D. ALD 000622464,
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TABLE 4-2

SUMMARY OF COMPOSITE ANALYSES PERFORMED ON DRUM CONTENTS FROM PIT/TRENCH AREA
(Analyses Date, January 1984)

7l=%

Number 0il and Grease Total Me£2;2hable** Volatile Organic Compounds PCBs
Classification* of Drumsv (% by weight) (ng/kg) (ng/1) (% by weight) (mg/kg)
Empty 4 - - - -
Inert Liquid 4 7.5 As < 0.07 Isopropanol 0.3 ND
Ba 5.78 Methyl Ethyl Ketone 0.6
cd 142 7.21 Trichloroethylene 0.2
Cr 7,430 2.12 Ethyl Benzene 0.02
Cu 15.3 Xylenes 0.07
Hg < 0.005 Hydrocarbons (Cyg-20) 0.2
Ni 6.84
Pb 18.9 0.04
Se 0.15
Zn 2,560 95.7
Base Solid 1 16 Ag < 0.22 | Methyl Ethyl Ketone 0.06 ND
As < 0.07 Trichloroethylene 0.4
Ba 119 1.70 Toluene 0.03
cd 8.60 0.01 Ethylbenzene 0.07
Cr 427 < 0.01 Xylenes 0.3
Cu 71.5 Hydrocarbons (Cg~16) 0.5
Hg < 0.005
Ni 22.8
Pb 312 < 0.01
Se < 0.07
Zn 1,250 3.40
PCB Waste 6 (a) (a) (a) 650
(as 1016)
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TABLE 4-~2 (Cont'd)

SUMMARY OF COMPOSITE ANALYSES PERFORMED ON DRUM CONTENTS FROM PIT/TRENCH AREA
(Analyses Date, January 1984)

Number 0il and Grease Metals Volatile Organic Compounds PCBs
Total Leachable**
Classification* of Drums | (% by weight) (mg/kg) (mg/1) (% by weight) (mg/kg)
Flammable Solid 2 54.4 Ag 0.74 Trichloroethylene 0.06 ND
As < 0.08 Toluene 2
Ba 44.9 Ethylbenzene 12
cd 2.87 0.01 Xylenes 39
Cr 1,020 0.31 Hydrocarbons (C7-22) 12
Cu 24,5 Naphthalene 0.2
Hg < 0.005 C3 Benzenes 2
Ni 8.18 C; Benzenes 3
Pb 301 < 0.01 Cs Benzenes 2
Se 0.16
Zn 32,500 97.3
Inert Solid 26 6.92 Ag 1.46 Trichloroethylene 0.8 65
As 1.49 Toluene 0.08
Ba 218 2.14 Ethylbenzene 0.2
cd 4.90 0.03 Xylene . 1
Cr 533 0.16 Hydrocarbons (C1g-23) 2
Cu 124 Cresols 0.8
Hg 0.0202 C3 Benzenes 0.03
Ni 33.1
Pb 324 < 0.01
Se < 0.08
Zn 1,250 3.16
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* - Classifications by Chemical Waste Management Corp.
*% — Leachable Concentrations by EP Test Procedure
(a) — Constituents Not Reported

ND - Not Detected
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The required depth of excavation was to be determined based on the
results from the volatile organics testing of the soil at the base of
the excavations. Guidance from Dave Richfield of the MPCA was that, if
the total concentration ’of VOC analyzed was less than 1 part per
million, backfilling could proceed. The project report of the hazardous
waste cleanup (COE, 1984) states that all pits except numbers 3 and 6
had VOC concentrations below the 1 ppm (1 mg/kp) guideline. Pit number
3 was also reportéd to have PCBs in the soil beneath the pit (COE,
1984). The data reviewed by RMT indicates that Pit 7 apparently also
exceeded the 1 ppm guideline (éee Sectioﬁ 5.1). The soil contaiﬁing
more than 1 ppm of VOCs was not removed. The final depth of the
excavations has not been reported. However, ’photographs of pit 3
indicate the depth to be 4 to 5 feet. Pit number 3 was lined with
plastic sheeting ?rior to backfilling so that the clean backfill would
not come into contact with the trench bottom scil that still contained
organic compounds. The remaining 8 pits were filled with clean soil
without any special provisions for segregating the f£ill from the
underlying soil.

Upon completion of excavation, five soil sampling locations were
identified at the bottom of each excavation. Split—-spoon samplés were
obtained at each of the five locations at thé pit bottom and at a 1-foot
and 2-foot depth below the pit bottom level. The range of comstituent
values detected in soils from pits and trenches upon completion of

excavation are shown in Table 4-3.
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TABLE 4~3
RANGE OF CONSTITUENT VALUES DETECTED IN SOILS FROM PIT5 AND TRENCHES UPON COMPLETION OF EXCAVATION*

Pit/Trench
Constituent 3 5 6 hid 10 15 17 18 19
Metals (mg/kg)
Arsenic € 0.06 - 2,50 € 0.06 = 27.7 < 0.06 - 6,15 <h-6 <0.7-9 < 3.2~ 6.1 <3-¢10 < 3.9 - <16 <27 =11
K Baf{im 5.01 - 83.8 8.28 - 78.2 7.16 — 169 <5-210 7.5 - 300 ¢ 2 -7 (c)
Cadnium 0.88 - 2.06 0.90 - 2.91 1.3 - 4.29 <05 -2 < 0.3 ~< 0.6 <04 - 4.3 < 0.3 - < 0.3 <0.3-1 < 0.2~ <04
Chroutun (Total) 6.82 - 48.7 9.94 - 16.4 9.00 - 19.3 5.3 - 74 2.2 - 28 (a) <2 - 130 (a) (a)
Copper 5.67 = 334 6,57 = 45.5 5.58 - 80.2 4.1 - 145000 0.7 -19 1.8 - 4, 1-3 6.4 ~ 39 7.1~ 3
¢ read 12,4 « 48.3" 14.3 = 49.4 19.9 - 74.2 <8€350 ) . |<1-¢2 < 10 (780 <2 <10 - 22 <10 -2
. Manganege (d) ) (d) < 0.067%14,000 , | 39 - 3,000 () 1007750/ @) (4)
Mercucy < 0.005 - 0.0363 < 0.005 - 0,0202 < 0.005 -~ 0.2231 | < 0,07 - < 0.1 € 0.03 - € 0.1 < 8.1 -<0.5 < 0.02~<0.8 <00 -2 < 0.1 - < 0.2
Nickel 9.2 - 18.3 7.98 - 19.2 0.8 - 27.1 1761100 <10 - 25 (e) 4.5C_37) (e) (e)
Seleniun < 0.06 - 0,45 < 0,05 ~ 0.25 < 0.06 ~ 0.21 <3.8-<6 <0.8-¢1 <2 <1-%2 <2-¢8 <2
Stivex 0.23 - 1.36 0.44 ~ 1,28 0.75 ~ 1.79 < 0.1 = <14 <1 . <1-¢<4 <(1=-¢5 <06 =<1
«|.2lne-" 10.2 ~ 108 13.4 - 46.5 12,3 ~ 70.8 8.0 @ 4.6 - 28 8.4 - 1,200 ¢ 5.2 - 46 5.1 ~ 43 16 ~ 56
Otganics (mg/kg)
Aldein < 0.001 < 0.001 < 0.001 < 0.001 < 0.002 < 0.002 ND - < 0,015 < 0,002 = 0.0077 | < 0.002
Chlordane < 0.00L < 0.001 < 0.001 < 0.010 < 0.020 < 0.020 - 0.041 | ND - < 0.015 < 0.002 ~< 0.020 | < 0.020 - 0.028
boT < 0.001 < 0,001 < 0.001 < 0.001 ~ 0.270; | 0.0025 - .100 0.0024 - 0,130 | 0,004 - 0,140 < 0,002 - 0,093 | 0.0048 - 0.126
Dieldrin < 0.001 < 0.001 < 0.001 < 0.001 - 0.002 | < 0.002 ~ .0063 | < 0.002 - 0.0071 | ¥D - 0.015 < 0,002 - 0,012 | < 0.002 ~ 0.022
Endrin < 0.001 < 0.001 < 0.001 < 0,001 ~ 0.002 | < 0,002 - .0289 | < 0.002 - 0.0058 | ND ~ 0.082 < 0.002 - 0.086 | < 0.002 ~0.0071
Heptachlor < 0.001 < 0.001 < 0.001 < 0.001 < 0,002 - 0081 | < 0.002 . 0.0048 ~ 0.0086 | < 0.002 - 0.0079 | < 0.002
Lindane < 0.001 < 0.001 € 0.001 < 0.001 - 0,002 | < 0.002 - 0023 | < 0,002 ND - 0.0025 < 0.002 - 0.0028 | < 0.002
Methoxylchlor < 0,001 < 0.001 < 0.001 < 0.005 < 0.010 < 0.002 ~ < 0.010 | < 0.002 < 0.010 | N < 0.010
Toxaphene < 0.005 €°0.009 < 0.005 < 0.020 < 0.050 < 0.050 - 0,280 | < 0.050 - 0.280 | D - 0.690 < 0.050 - 0.250
Parathlon oot o4 | <ooon 7€ |cowm 4 | <ol < 0.050 < 0.050 ) < 0.050 < 0.050
PCBs (mg/kg) < 0.00% - 0.03 | < 0.001 < 0.001 < 0.042 < 0.020 - .130 | < 0.0055 - 0.077 | M - 1.00 < 0.020 < 0.02 ~ 0.053
Industrial Solvents
(% by welght) < 1.0 <1.0 <10 (b (b) < 0.1 (b) < 0.1 < 0.1
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*  Ranges tndicated for each pit/trench include values for samples obtalned from the surface of the pit bottom; 1 foot below the pit bottom, and
2 feet below the pit bottom. Duplicate sample results have been Included in ranges shown where appropriate.

%k pit #7 was excavated and sampled twice due to a sutveying errar. Values shown represent the second (true) excavation location.

ND - Not Detected
{a) - Total chrouwlum not reported for plts/trenches 15, 18,
(b) - Industrial solvents not reparted for pits/trenches 7,
(c) — Barium not reported For pits/trenches 15, 18, and 19,
(d) - Manganese not reported for pita/trenches 3, 5, 6, 15,
(e) ~ Nickel not reported for pits/trenches 15, 18, and 19.

and 19.
10, and 17.

18, and 19.




Since Pit number 5 may have been excavated in an undisturbed (non-~
disposal) area, the solls sampled below this pit may be indicative of
natural or background conditions. Comparing the Pit 5 soil data with
samples from the other pits suggests that barium, chromium, copper,
lead, manganese, nickel, and zinc may have been associated with past
waste dispésgl in the storage yard. This round of soil sampling and
analyses also indicates that pesticides are present below some of the
excavated pits. None of the pesticide concentrations detectéed at the
NIROP exceeded 1 pg/kg (1 part per million - ppm). Curreatly there are
no standards for pesticides in solls, The United States Department‘of
Agriculture (USDA) considers that 1 to 10 ppm of pesticide residue at
three feet is normal in agricultural use. (USDA, 1987). Therefore,
pesticide concentrations detected at the NIROP appear to be
insignificant,

At the MPCA's request, a modification was issued to perform
additional pit bottom sampling in order to quantify the presence of 15
volatile organic compounds. The previous analyses (Table 4~3) had
reported "industrial solvents” on a percent by weight basis only. These
additional samples were taken 1 foot below the pit bottoms. Additional
samples were obtained as follows:

Pit Number Number of Samples Analyzed

Pt
o~Nounw

15
17
18
19

[ %]
g\lmwwmwwwmm

Total
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The above testing was performed to a detection level of 10 parts per
billion. Table 4-4 summarizes the range of concentrations of VOCs from
one foot below the pit bottom as required by the MPCA,

At the request of the MPCA, soil from beneath trenches 3 and 6 was
resampled in June 1985, Samples were gollected during the installation
of the second set of monitoring wells at the site. The drill rig was
used to drive and obtain split-spoon samples. Samples were obtained at
eleven locations in pit 3 and five locations in pit 6., Samples were
collected beginning at 10 feet below ground surface to a depth of 20
feet below ground surface. All of the samples were, therefore, col-
lected below the base Qf the pits. Data are presented in Volume II. A
summary of these soll data is presented as Table 4-5 and boring
locations are shown on Figure 4-2,

Three organic compounds were detected in 11 of 13 samples collected
below Pit 6. Methylene chloride was found in two samples (0.39 and 0.14
mg/kg) and bis (2 ethylhexyl) phthalate was found in 9 samples (0.234 to
0.0200 mg/kg). Trichloroethylene was detected in only two samﬁles; one
from boring 4 between the 16.5-foot and 18,0~foot depth at 0.026 mg/kg
and on from boring 5 between the 18.5-to 20.0-foot depth as present but
not quantifiable.

Samples from below Pit 3 contained 8 organic compounds at
concentrations greater than those in Pit 6. Trichloroethylene was
detected in 75 percent of the sampleé and ffom all depths belo& Pit 3
. and in concentrations ranging from present, but below detection limits,

to 207 mg/kg. Trichloroethylene was most prevalent at the eastern end

of pit 3. Other organic compounds detected included tetrachloroethylene
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TABLE 4-4

SUMMARY OF CONCENTRATION RANGES FOR MPCA~REQUIRED VOLATILE ORGANIC COMPOUND ANALYSES
OF SAMPLES FROM ONE FOOT BELOW PIT BOTTOMS

Pit/Trench
Constituent (mg/kg) I 5 o* Thx 10 15 17 18 19
Ethylbenzene < 0.010 < 0.100 | < 0-019 NS < 0.010 < 0.010 < 0.010 < 0.010 < 0.010 < 0.010
Benizene < 0.010 - € .100 | € 0.010 NS < 0.010 < 0.010 < 0.010 < 0.010 < 0.010 < 0.010
Methylene Chloride < 0.005 ~- 1.200° | < 0.010 0.017 -0.033 |< 0.005-0.056| < 0.010 < 0.010 < 0.010 < 0.010 < 0.010
Tetrachloroethylene | 0.022 - 6.300 < 0.010 0.042 ~0.05L < 0.005-0.078] < 0.010 < 0.010 < 0.010 < 0.010 < 0.010
1,1,2-trichloroethane|< 0.010 - < 0.100} < 0.010 < 0.010 < 0.005 < 0,010 ( 0.010 < 0,010 < 0.010 < 0.010
Toluene 0.100 - 12.000 | < 0.010 NS < 0.010 < 0.010 < 0.010 < 0.010 < 0.010 < 0.010
Chloroform < 0.010 < 0.100 | < 0.010 < 0.010 < 0,005 < 0.010 < 0.010 < 0.010 < 0.010 < 0.010
1,1 dichloroethane |< 0.010 - 5.000 | < 0.010 < 0.010 < 0.005 < 0.010 < 0.010 < 0.010 < 0.010 < 0.010
cis 1,2-dichloro- < 0.010 -~ NS < 0.010 < 0.010 < 0.005 < 0.010 < 0.010 < 0.010 < 0.010 < 0.010
T(:';Llil?:;'dichlom- < 0.100 ~ < 0.010 0.021 -0.064 |< 0.005 — < 0.010 < 0.010 < 0.010 < 0.010 < 0.010
ethylene © 10.000 - 0.057
< 100.000)

1,1-dichloroethylene {< 0.005 - 1.300 | < 0.010 < 0.010 < 0.005 < 0.010 < 0.010 < 0.010 < 0.010 < 0.010
1,1,2,2 tetrachloro~ |€ 0.010 -~ < 0.100] < 0.010 < 0.010 < 0.005 < 0.010 < 0.010 < 0.010 < 0.010 < 0.010
ethane

1,1,1,2 tetrachloro- |< 0.010 < 0.100 | < 0.010 < 0.010 < 0.005 < 0,010 < 0.010 < 0.010 < 0.010 < 0.010
ethane

1,1,1 trichloroethane|< 0.010 ~ 1.000 | < 0.010 < 5.1~ 13 K 0.005-0.014} < 0.010 < 0.010 < 0.010 < 0.010 < 0,010
Trichloroethylene 0.680 - 3,700  {0.050 -0.280 [0.160 -1.600 {0.045 - 1.300]0.099 - 0.220{ < 0.010 < 0.010 < 0.010 < 0.010
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* Due to high concentrations detected in pits/trenches 3 and 6 reanalysis was required by MPCA. Concentrations shown reflect reanalyzed samples.
*% pit #7 was excavated and sampled twice due to a surveying error. Concentrations shown repregent the second (true) excavation location.

NS-Data not supplied.




TABLE 4-5
NIROP SOIL SAMPLING RESULTS OF BORINGS ADVANCED AT PITS 3 AND 6

JUNE 1985 (ppm)

1%} 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Sarple 7 Tocation i T 7 1 3 3 3 7 0 7 5 5 5 3 3 3 7 7 7
Bepth T0.0-11.5,[18.5-20.0 [10.0-11.5 [18,5-70.0 [10.0-11.5 [16.5-16.0 [18.5-20.0 [[0.0-11.5 [15.5-16.0 |15.5-20.0 [10.0-11.5 [L2.5-18.0 [13.5-200 [10:0-1L.5 |14->-16.0 [18.5-20-0 [T0-0-TL.5 |14 5-16.0 [18.5-20.0
Lead 2.78 397 2.43 212 145 L& 1.6 161 2.3 1.9% 1.8 1.63 2.0 2.0 L& ] 2.0 304 2.50
Manganese 619 485 28 166 150 1% 218 85 0 205 6 7 s 387 26 W 460 390 3
Zine 1.3 1.y 9.1 1.2 13 8.40 1.6 9.03 2.4 1.9 11 10.2 1.2 16.2 124 3.1 15.8 14.2 8.05
PCB 1262 <002 Jc.omz Jcwooz |c.o2 |c.om2 fe.om [c.om2 [c.mz Je.om <0z |c.ooz f<c.o2 [c.0o2 fe.oor [<c.002 [c.o02 |c.002 [c.ooz |<.002
PCB 1248 <002 < .002 <00 < .00 < .002 € ,002 < .002 < .002 <,0n < .00 < .002 <002 < ,002 < .00 <.002 < 002 < 002 < .002 < 002
PCH 1254 c.02 fc.o02 fc.o2 Jc.ooz |c.oo2 [ec.002 |c.002 J<.o02 [c.mz Jc.om fc.oo2 |0z [<.mz [0z fe.omz Jeio {00z fc.o2 |00
PCB 1260 <o [c.o02 com Jcom |c.om [com Jcom [<.om [com [<com [coo [<io <.z (e [com ez |0z [<.002 | <.002
| Hethylene Chlortde | <.025 |<.025 | .10 <.025 | 035 €.025 |<.025 | .03 <25 | €.025 [<,05 |<.025 |<.025 |<.63 < .63 <.63 < .63 <.025 | <.025
1,1-Dichloroethens | <025 | <.05 |<.025 |<c.o5 |<.on5 |cos [con | <o [com Jcwos [<com [cos |<8 s [c3 (< <055 )<.0z
L1-Dichlorsethane [ ¢.025 |¢.025 [<.05 |<,o25 Jec.o5 Je.oms |e.oms Jc.om [c.os Jcoms <o [c.oms Jcus [ce3 |3 [z fces el | <o
B ;E,'ﬂo::;m <05 f<o55 <05 J<on e [<cos |cons [cons <05 Jcon [0 |c.on [0 (<83 [cd fcws |.m <05 | <05
V' 1,1,1 Techlorethane| < 025 [ <.005 [c.o5 <. |<c.os <. [ .o [ Jeuos [<.o5 |<c.os [<.os |80 [ces |3 |0 .48 <025
3 Trichloroethene \9 oot Lcoz Jcuomse Jeons Jeos Jeos Jeos [coms [ <05 | |.om 07 w 78870 (135 |67 .53
Benzene <5 |c.oos feuos | |cos |cos | | <. [ <05 05 <05 |c.ms e [<.63 Jcs J<.e3 |ce3 Jc.ons | <0
Tetrachlomethene | .0% <05 e |cos Jeons [con |0 [cos <o |Lon <o e [cwos |15 [uve 39 1.9 % 097
Tolvene <025 |<.o25 <05 |c.o05 |e.oms (<25 <. Jemas Jewons [<.os |c.os o5 (s |89 7.9 46 3.82 3 032
_ Ethylbenzene <o |<.05 |con fcos fcos Jcon Joos s Jconm [con |eon Joos <05 L9 106 64 485 2.3 < .05
Chloroform <055 Je.o2s f<oms [e.oos |<.05 |<c.05 <o [c.om [ [c.o5 Jciozs [c.os {0 Jc63 Jce3 |e63 |3 <05 [<.025
2,‘,:,‘:,;:’3“‘“’ <00 |<.0002 | <000z |<.0002 |.om0 | .om o2 o085 | .06 on <0002 | <.o002 | .08 <0002 <0002 [ .045 <. |<.0002 .03
TTT20.05 T30 BT B LI07I8T)




TABLE 4-5 (Cont'd)
NIROP SOIL SAMPLING RESULTS OF BORINGS ADVANCED AT PITS 3 AND 6
JUNE 1985 (ppm)

PLt§ 3 3 3 3 3 3 3 6 6 6 6 6 6 6 6 6 6 6 6 6
Sample # tocation 8 8 9 9 10 10 n 1 1 1 2 2 2 3 3 3 4 4 4 5
Depth 12.5-14,0|18.5-20.0[10.0-11.5 18.54(:6111«.5'16.0 18.5-20.0118.5-20,0]10.0~11.5 l“.S-lﬁ.OJlB.S"ZU.O 10.0-11.5{14.5-16.0]18.5-18.0{10.0-11. 5{14.5-16,0}16.5-18.0[10.0-11.5 lk.S»lﬁ.OilB.S—lS.O 18.5-20.0

Lead 1.85 2,50 2.47 1.89 1.7 2.8 2.69 1.57 1.81 2.59 1.68 2,10 1.49 L.0? 1.86 1.80 1.5 2.27 3.30 2.44
Manganese 192 35 602 3% 164 1820 kG 35 05 5 1400 5% 3% 540 %6 28% 34 19% 521 ne
Zinc 9.65 10,2 14.2 9.85 9.12 10.7 10.2 9.3% 11.8 14.5 11.8 9.10 9.27 n3 8.27 12.1 12,9 10.1 ne 2.2
PCB 1242 <002 | <.002 | <.002 |<.002 [<€.002 [<.002 [<.002 [<.002 |<.002 f<.002 §<.002 |<.002 [<.002 J<.002 J<.002 |J<.002 |<.002 |<¢.002 |<.002 |<.002
PCB 1248 <€.002 | €.002 f<.002 [<.002 f<.,002 [<.002 J<.002 J<.002 J<.002 J<,002 J<.002 f<.002 J<.002 |¢.002 |<.002 §<.002 J<.002 |<.002 |<.002Z {<.002
PCB 1254 < .002 < .002 < .,002 < .002 < .002 £ .002 < .002 < ,002 < .002 4 .002 < .002 < .002 < 002 < 002 < .002 < .002 < .002 < .002 < .002 < .002
BB 1260 < 002 < ,002 < .002 < ,002 <.002 | <.002 < .002 < .002 < .002 < ,002 < .002 < .002 <.002 §c¢,002 |<.002 < .002 §<.002 <.002 | ¢.002 < ,002
Hethylene Chloride <.025 [<.025 p<.025 |<.025 )<.025 §<.025 | .042 .39 B U €.025 | <025 <025 J<.025 J<,025 |<.025 §<.025 [<.025 |<.025 |¢< ',025, €.025

1,1-Dichloroethene €025 f¢,025 [<.005 [<.005 [<.025 (<005 | <.025 [<.025 [<.,025 [ <.025 [ <.025 [<.,005 {<.025 |<.025 | <025 |<.025 |<.025 |<.025 |<.025 J<.025

1,1-Dichloroethane €025 | <025 | <025 §<.025 J<.025 §<.025 |<.025 J<.025 J<.025 |<.025 |<.025 [<.025 |<.025 |<.025 §<.025 |<.025 |<.025 |<.025 |<.025 |<.025

Traus 1,2- .05 J<.05 <05 [<.05 |<.o05 [c.05 <005 [c.05 | <o [coms [ Jeuons [cos |cuoms |<coms feom [cos o [<.o5 |08
1,1,1 Trichl o5 | c.o5 | <o [ <o .o | <o |<.0ms [<.o5 J<ioms | <. | .o [c.oms fe.oos | <o [0 <o <o <o [<.om5 <05
Trichloroethene <05 |30 0% <. | <o [ <o | s .05 |<.05 [¢.055 |<.0m [com5 [<o5 [c.o5 {05 (<o {<.05 <05 |03 f<.oo5n
Benzene < .025 < .025 < .02 < .05 £ .025 <025 < .025 < .05 < 025 < ,025 <025 < .025 < .025 € .,025 < 025 < .025 <.025 < .,025 <.025 < .025

Tetrachloroethene €.025 [€,025 | <025 | <025 §<.055 [<,005 [<.05 |<.025 {<€.005 {<€.025 {<.005 [{<.025 [<.025 |¢.025 |<.025 J<.025 |<.005 |<.05 |<.025 |<.025

Toluene < .05 < 025 < .025 < .05 < 025 < .025 < .025 <.025 < .025 < .025 < .025 < .025 € .,025 <025 <025 < .025 < 025 < .025 < .025 < .025
Ethylbenzens <.025 {<.025 [ <.025 [4.025 <02 |¢,025 [<.025 }<.025 1<.025 | <05 J<.025 |<.025 |<.025 <025 |<.005 <025 <05 |<.025 |<.025 |<,005
Chloroform < 025 < 025 <025 < .05 < .025 € .025 < .025 < .025 < .025 < .05 4 .025 < .025 < .05 < .025 < ,025 < .05 < .025 < .025 < .05 < .025
ety eowlhesD Toa [Loost | <.oom | <.oom | oo | oo | ooz [om [iom [ [Loms [l | o [om fom [ oo | <o | coom [ Loom | <o
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(0.0987 mg/kg to 16.5 mg/kg); 1,1,1 trichloroethane (0,048 to 1.0
ng/kg); methylene chloride (0.10 to 0,039 mg/kg) toluene (0.032 mg/kg to
7.9 mg/kg); ethylbenzene (1.9 mg/kg to 10.6 mg/kg) bis (2 ethylhexyl)
phthalate (0.0049 to 0.045 mg/kg) and trans 1,2 dichloroethylene (0.78
ng/kg) .

The presence of high concentrations of VOCs below the pits
indicates that an unknown quantity of these hazardous constituents were
released from the disposal area. The VOCs also probably entered thé
ground water flow system since the water table is approximately 19 feet
below the ground surface in the area of the pits. The disposal
activities in some of the pits and trenches did result in reieases of
hazardous substances into thé environment. The constituents left in the
soil (Table 4-5) may also form continuing source to the ground water as
precipitation infiltrates through the sandy soils.

Sewer Systems. Sewer systems Iin use at the NIROP include separate

sanitary and storm sewers (Figure 4-3). The sanitary sewer systenm
installation was begun during the original site development, As the
facility expanded, so did the collection system. Various sizes of clay
pipe were used for the original gravity flow system. The sanitary sewer
is 4 to 6 feet below the ground surface at the northern end and 8 to 10
feet below the ground surface on thevsourthern end of the facility. The
sanitary sewer system from NIROP continues beneath FMC-owned property.
The system carries plant sanitary wastewater and treated and untreated
industrial wastewaters. It has a single 15-inch connection point to fhe
metropolitan system. Total facility (NIROP and FMC) wastewater

discharged to the metropolitan sewer system during 1983 ranged from 0.3 -
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to 0.5 MGD. The wastewater discharge has varied over time, depending on
the number of employees, which has ranged from 1,000 to 11,000, There
are currently approximately 3,200 employees at the NIROP., The plant
effluent is piped to the Pig's Eye Wastewater Treatment Plant, which is
operated by the Metropolitan Waste Control Commission,

Repairs to the FMC portlon of the sanitary sewer system were
initiated by FMC in October 1982, as reported by Papadopulos (1983).
These repalrs were needed because of unusually high ground water levels
observed in a monitoring well located near the sewer. It was concluded
that leakage from the sanitary sewer was probably causing the elevated
ground water levels. This conclusion was also based on an inspection of
the condition of the sewer in existing manholes and a television survey
of the sewer between manholes. The wastewater contains several
different types of wastes, and leakage from the sewer may have caused
ground water contamination bemeath the FMC-owned portion of the
facility. The sewer was repaired in October 1982 by inserting a2 liner
into the existing pipe. Inspection and repair of the lateral lines was
not conducted., The condition of sanitary sewer lines beneath the NIROP
is not known. The inspections and repairs described here occurred only
beneath the FMC-owned portions of the facility.

The storm sewer system is also shown on Figure 4~3., Most of the
storm sewer system exits the fécility at ﬁhe southwestern corner of the
main plant building, near monitoring wells 10-S, 6-D, and 6~S. The
storm sewer system 1Is connected to roof draims, catch basins in
roadways, and in the plant, as well as floor drains throughout the plant

(FMC Drawing 4251, 1984). The drawing indicates that many of the floor-
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drains have been plugged as of 1984. A separate sewer drains the
southeastern portion of the facility near well 9-S, toward the south.
An 84-inch 1line draining to the Mississippi River is located to the
south, near monitoring wells 19-S and 19-D.

The sewer systems beneath the NIROP have the potential for
releasing hazardous substances to the environment. Spills described
earlier in this report, continue to occasionally find their way into
floor drains and the sanitary sewer. It is likely that 20 to Ab years
ago spills of liquid wastes, and intentional waste disposal practices,
resulted in even greater discharges to the sewer system. Some section
of the sewer lines are over 40 yeérs old., It is not unlikely that small
and large leaks may exist in parts of the system as was discovered
beneath the adjoining FMC facility.

The integrity of the sewer systems have not been investigated.
However, two outfalls on the Mississippi River and the sanitary sewer
were sampled in March 1981 (Hickok, 198la). The results are summarized
on Table 4-6, The sample from storm sewer outfall 20200 contained
substantial quantities of TCE (0.4 mg/l), acetone, methyl ethyl ketone,
and isopropyl alcohol. The second storm sewer sample contained only
acetone, The sanitary sewer sample contained at least seven organic
compounds, including 0.35 mg/l of TCE. These data suggest that if the
sewers are leaking, hazardous substances can be released to the shallow
ground water flow system beneath the NIROP.

Industrial Wastewater Pretreatment Plant. The NIROP wuses an

industrial wastewater pretreatment system, constructed in 1973, for

wastewater generated from metal plating operationms. Before the-
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SUMMARY OF SANITARY AND STORM SEWER EFFLUENT
ANALYSES (FROM HICKOK, 1981).

Acetone

n-Butyl alcohol
Isopropyl alcohol
Methyl ethyl ketone
Methyl isobutyl ketone
Methylene chloride
Mineral spirits
Naphthalene

Tetrachloroethylene
Toluene
Trichloroethylene
1,1,1 Trichloroethane
Xylene (meta)

Xylene (ortho/para)

Chromium
Cadmium
Copper
Cyanide
Lead
Nickel
0il/Grease
Zinc

pH

TOC

CoD

*¥ I = Illegible copy

TABLE 4-6

ALL CONCENTRATIONS IN mg/L.

and NR = Not Reported
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Sanitary _ Storm Sewer Outfalls
Sewer  NPDES 20200  KPDES 20300 84" Outfall
0.15 0.3 0.060 < 0.025
< 0.025 < 0.025 < 0.025 < 0.025
0.3 0.1 < 0.025 < 0.025
< 0.025 0.3 < 0.025 < 0.025
< 0.025 < 0.025 < 0.025 < 0.025
0.06 < 0.025 < 0.025 < 0.025
2.0 < 0.5 < 0.5 < 0.5
< 0.025 < 0.025 < 0.025 < 0.025
< 0.025 < 0.025 < 0.025 < 0.025
< 0.025 < 0.0%5. < 0.025 < 0.025
0.35 0.40 < 0.025 < 0.025
10.03 < 0.025 < 0.025 < 0.025
0.030 < 0.025 < 0.025
< 0.025 < 0.025 < 0.025
0.45 < 0.05 < 0.05 < 0.05
I* < 0.01 < 0.01 < 0.01
< 0.05 < 0.05 I < 0.05
0.023 < 0.006 < 0.006 0.006
0.05 < 0.05 < 0.05 < 0.05
0.05 < 0.05 < 0.05 < 0.05
364 10 NR* 13
0.14 0.03 0.02 0.01
8.6 8.1 8.1 8.2
I 5 9 8.2
16 <4 16 20



pretreatment plant was constructed, plating wastes were discharged
directly to the sanitary sewer (Envirodyne, 1983).

The continuous pretreatment system automatically treats
approximately 100,000 gallons per day of 1iquid plating wastes (rinse
water and spent plating solutions). The pretreatment plant employs
chemical treatment to destroy cyanide, reduce hexavalent chromium to the
trivalent state, neutralize acids and alkalis, and precipitate heavy
metals. The treatment sludge, a listed hazardous waste containing heavy
metals, 1s drummed and stored in a NIROP hazardous waste staging area
prior to f£final 'disposal in an approved landfill. The treatment
operation during the 1980's generated approximately 12 to 24 barrels of
sludge annually. Clarified wastewater is'discharged to the sanitary

sewer system,

4.2 WVaste Component Characteristics and Behavior

4,2,1 Imtroduction

An evaluation was conducted by RMT to determine which chemical
parameters at the NIROP site should be addressed more extensively in
terms of environmental behavior and potential toxicity, The 1list of
chemicals compiled in Section 4.1 was screened to select chemicals which
satisfied one or more of the following general criteria:

- clear pattern of occurrence in on-site ground water samples

- clear pattern of occurrence in trench and pit soils

- known history of spills

- toxicologically important

The highest priority was given to those chemicals for which there
was evidence of migration In ground water (discussed in detail in

Section 5.3.3 and 5.3.4 of this report), The compounds which were

reported frequently in samples of ground water are listed below:
1254,01 139:RPT:£frid0407b 4-29



Trichloroethylene

Methylene chloride

cis and trans l,2~dichloroethylene

Tetrachloroethylene

1,1,1-trichloroethane

1,1-dichloroethane

No metals exhibited an obvious ground water occurrence pattern
indicative of on-site operatiomns. Two inorganics, manganese and
sulfate, were frequently measured at concentrations exceeding the
secondary drinking water regulations. However, these levels appear in
wells throughout the site and are likely due to either upgradient
sources or natural geochemlical conditiomns, |
Selenium was measured at a concentration over the primary drinking

water standard in well 9-S during the last round of sampling in
November, 1986, For this reason the behavior of selenium will be
further discussed. In addition, because of the occurrence of xylene and
ethylbenzene at high concentrations in one of the excavated drums and
PCBs in soils beneath one of the trenches, these parameters warrant
further discussion. Toluene was also found in two drums and in some
ground water samples. Isocyanates will also be discussed because they
are listed as a raw material and are potentially very toxic. These
compounds have not been included in any waste, soil, or ground water

analysis program. The environmental significance of isocyanates is

therefore unknown at the NIROP site.

4.2,2 Behavior of Individual Compounds
The behavior of the compounds in the list in Section 4.2.1 can be
discussed as a group. All these compounds are 1liquids at room

temperature but are considered volatiles. Xylene, ethylbenzene, and
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toluene can also be included in this group. Therefore, they would tend
to evaporate from surface spills, If buried or spilled in large
quantities these compounds would become available for leaching by
infiltrating rainfall.

In general these compounds are soluble in water so that ground
water could cause significant translocation In the subsurface. Water
solubilities for each compound are listed in Table 4-7.

If a spill or leak is large enough such that the solubility in
ground water 1is exceeded, then these liquids would separate from
water., Toluene, éthyl benzene and xylene are less dense than water and
would float on the water's surface, The remaining wvolatile compounds
are denser than water and would sink, It is possible that
trichloroethylene may have sunk at the NIROP site because 1t appears to
have been spilled or leaked in the largest concentratioms.

A sinking plume of trichlorcethylene will be slowed byylayers of
less permeable strata or by bedrock. Ground water flowing past a
sinking plume will dissolve trichloroethylene from the plume edges and
transport it in the direction of ground water flow at concentrations
less than or equal to the solubility (i.e., approximately 1000 mg/l).

Trichloroethylene may also undergo bilodegradation In the
subsurface, The amount of degradation by microorganisms cannot be
predicted at any particular site. It 1s dependent on concentrations of
the compound, exposure time of thé organisms to the compound, amount of
oxygen present, other compounds present, and other hydrogeochemical
factors, The breakdpwn products of trichloroe;hylene could Include the

three forms of dichloroethylene, vinyl chloride, chloroethane and carbon
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TABLE 4-7

WATER SOLUBILITIES AND DENSITIES OF
SELECTED VOLATILE ORGANIC COMPOUNDS

Solubility* Density
Compound (mg/L) (H,0 = 1)
Trichloroethylene | 1,000 1.46
Methylene Chloride 20,000 1.3
trans 1,2-dichloroethylene 600 1.28
cis 1,2~dichloroethylene | 800 1.26
Toluene 515 0.87
Tetrachloroethylene 150 1.63
1,1,1-trichloroethane 4,400 1.35
1,1-dichloroethane 5,500 1.17
Ethylbenzene 152 0.87 -
Xylene 180 0.88

*Solubility in water at 20°C
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dioxide (Kleopfer et.a., 1985; Bario-Lage et.al., 1986); Diéhloro—
ethylene does appear in ground water samples. However, vinyl chloride
has not been detected in ground water, indicating that degradation of
trichloroethylene may not be occurring,

Polychlorinated biphenyls (PCBs) behave differently in soils. PCBs
exhibit a much lower water solubility (less than lOO'ppb.) PCBs also
have an affinity for organic or other solid surfaces., Therefore, PCBs
are not mobile in ground water, nor are they readlily leached from the
unsaturated zone. Migration can occur if other organic solvents are
mixed with PCBs. -However, ét the NIROP site the soils in the pit/trench
containing the highest concentration of PCBs did not contain detectable
levels of organic solvents.

Isocyanates are generally highly reactive with both organic
solvents and water. In both instances, the c¢yanate molecule 1s
altered. In the case of reaction with water, substituted urea compounds
and carbon dioxide ate’formed. It is unlikely that isocyanatés would
remain intact after exposure to rainfall or ground water.

The material safety data sheets at NIROP show that polymeric
isocyanates are being used. Although this terminology is not
definitive, it may refer to the polymeric form of MDI (diphenylmethane -~
4,4'~diisocyanate). Synonyms for this material are methylene bisphenyl
isocyanate and polymethylenepolyphenyl polyisocyanate. The vapor
pressure of this materifal is low (0.00014 tarr at 25°C) which is
significant because the toxilcity of 1isocyanates 1s greater via

inhalation than by dermal exposure.,
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Selenium occurs in several oxidation states in the etivironment (-2,
+4, +6). In intermediate redox conditions and at pH values between 2.9
and 8.4, selenium normally exists as HSe03-. In this oxidation state
(+4) selenium is called selenite. Selenite 1s strongly adsorbed to
solid surfaces containing iron below a pH of 9. Clay minerals with low
iron content may adsorb seleqite less strongly. At higher pHs carbonate
can prevent selenlte adsoprtion. Other anions may reduce selenite

adsorption, including phosphate and possibly sulfate.

4.2.3 Toxicology of Individual Compounds

Volatile Organic Compounds. The carcinogenic potential of the

compounds listed in Table 4~7 has been studied. Table 4~8 classifies
the compounds by carcinogenicity.

The acute and chronle toxicities of these compounds to humans is
not well known. In order to compare these compounds, the oral LDsq
values for rats are shown in Table 4-9, Data on mutagenicity and
teratogenicity is even more scarce. The information which is available
is often contradictory or for inhalation experiments only (WDHSS, 1985
and 1986). Therefore, an effective comparison of compounds cannot be
made,

PCBs. PCBs are regarded as a potential human carcinogen by NIOSH
(1986)., According to NIOSH, exposure by humans to PCBs can also cause
chloroacne, gastrointestinal disturbances, changes in blood chemistry
and numbness in fingers and toes. EPA concluded that PCBs may also
cause adverse reproductive effects (49 CFR 28176 Tuesday, July 10,
1984)., However, PCBs have a low acute oral toxicity (> 1,000 mg/kg for -
rats and mice, NIOSH, 1986).
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TABLE 4-8

CARCINOGENICITY OF VOLATILE ORGANIC COMPOUNDS

Compound
Trichloroethylene

Methylene chloride

trans 1,2-dichloroethylene
cis 1,2-dichloroetylene
Toluene

Tetrachlorethene
1,1,1-trichloroethane
1,1-dichloroethane
Ethylbenzene

Xylene

Carcinogenicity

Known or probable carcinogenl

Some data to indicate non--catcinogen2
Insufficlent data?

Insufficient data?

Some data to indicate non~carcinogen2
Known or probable carcinogen1
Non—carcinogenl
Contradictory data?
2

Insufficient data

Insufficient data?

1 50 FR 46886 Wednesday, November 13, 1985.

2 Public Health Related Groundwater Standards, September 1985 and June
1986. Wisconsin Department of Health and Social Services, Division

of Health.
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TABLE 4-9

ACUTE TOXICITIES OF SELECTED VOLATILE ORGANIC COMPOUNDS!

Oral LDg
Compound for Rats (g?kgl
Trichloroethylene ’ 4.9
Methylene chloride 2.0 - 3.0
cis and trans 1,2~dichloroethylene 0.77
Toluene - 4.3 - 7.5
Tetrachloroethylene No data
1,1,1-trichloroethane 11%
1,1~dichloroethane 14.1
Ethylbenzene 3.5
Xylene 0.0043

*LDg5qg for Mice
lTaken from Public Health Related Ground Water Standards, September 1985

and June 1986. Wisconsin Department of Health and Socilal Services,
Division of Health.
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Isocyanates. The isocyanates exert toxic effects primarily in the
‘vapor phase (ACGIH, 1986). Although both eye damage and respiratory
problems have been.documented, most reported incidents have been in the
lungs and bronchial airways. The threshold limit value - time weighted
average (TLV-TWA) is 0.02 ppm in air for MDI (ACGIH, 1986). MDI appears
to have a low oral toxicity and is not a potent skin irritant,

Sel@niun. Selenium is considgred a potential carcinogen based on
tests with laboratory animals (USDHS, 1983), However, there 1s some
evidence that selenite may actually inhibit tumor formation (Sittig,
1980). Other toxic effects of selenium are strongly dependent on the
chemical form of selenium. Selenium iIs considered an essential nutrient
for humans in the ramge of 0.0l to 0.1 mg/l in the diet (Sittig,
1980). TFor these reasons a Primary Drinking Water Standard of 0.01 mg/l
has been set as a precautionary measure until human health effects are

more clearly defined,
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5. SUBSURFACE INVESTIGATIONS

The U.S. Army Corps of Engineers (COE) has installed 33 monitoring
wells on the NIROP in three phases in May 1983, May 1985, and January
1986. The wells were designated with suffixes to identify the
stratigraphic position of the monitoring well intakes: with "s"
indicating a shallow (water table) well in the unconsolidated aquifer,
"D" indicating a deep (piezometer) well near the base of the unconsoli-
dated aquifer, and "PC" indicating a monitoring well (piezometer) near
the top of the aquifer in the Prairie du Chien Formation. The wells
were constructed of stainless steel, wire-wound well screens and
galvanized well casing. The boreholes were grouted énd lockable
protective casings were cemented over the well casings. Individual well
construction diagrams are provided in Volume II of'this Teport.

This section of the report also compiles the regional information
contained in published reports; unpublished data from previous
investigations of the FMC Northern Ordnance Division Plant (Papadopulos,
1983; Conestoga Roovers, 1983 and 1985); unpublished reports of previous
investigations at the NIROP facility (Envirodyne, 1983); and the

November 1986 ground water sampling conducted by RMT.

5.1 Soils

Physical Properties of Soils. The soils in the area of the NIROP

formed in sandy glacial deposits. The glacial deposits occurring at the
site consist of coarse'sand, medium sand, and some gravelly sand. These
unconsolidated deposits are up to 150 feet thick in the vicinity of the

NIROP (Envirodyne, 1983).
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Alluvial deposits occur ip areas lmmediately adjacent to the
ﬁississippi River, west of the East River Road. Theée deposits are of
recent origin, and the soils formed show little development. The
texture of these alluvial deposits varies widely. Theée deposits are
frequently subjected to flooding (Envirodyne, 1983).

The NIROP is located in the southwesternmost portion of Anoka
County in a small strip of land referred to as the "Anoka County
Boot." This portion of the county is not included in the present (1983)
Anoka County Soil Survey. Howe?er, the Soil Conservation Service (SCS)
was able to provide Envirodyne (1983) information as to the soils
present at the NIROP. The SCS indicated that the NIROP was located |,
within the Hubbard-Nymore soil association, which is characterized by
nearly level to gently sloping, excessively drained, sandy soils. The
majority of the area has Hubbard soils, while small areas close to the
Mississippi River are occupied by Becker and Chaska soils.

The Hubbard series consists of nearly level to slightly sloping,
excessively drained soils formed in broad outwash sands. These soils
are located on broad flats adjacent to drainageways and large depres-
sions in the sandy outwash plains. Hubbard soils have a black and very
dark grayish-brown, coarse sandy surface layer about 20 inches thick.
The subsoil 1s dark brown and vyellowish-brown coarse sand. The
underlying material at a depth of about 44 inches is pale brown,
gravelly coarse sand. The permeability of these soils is rapid.

The Becker series consists of nearly level, moderately well drained
to well drained solls formed in loamy sediments underlain by sand.

These soils are found on bottomland along rivers and streams.
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Permeability of these soils is modérately rapid, and the available water
capacity is moderate. This so0oil 1is occasionally flooded for short
periods. The surface layer is very dark brown, black or dark grayish-
brown fine sandy loam about 27 inches thick. The subsoil is dark brown
and dark yellowish~brown, friable, very sandy loam about 17 inches
thick. The underlying material is mottled yellowish-brown, loose coarse
sand. This soil differs from the Hubbard soilé in that it has a thick A
horizon and a thicker loamy sediment.

The Chaska series consists of deep, poorly and somewhat poorly
drained soils formed in loamy alluvium on flood plains. The surface
layer is very dark gray silt loam 8 inches thick. The substratum is 30
inches of very dark grayish-borwn and very dark gray mottled silt loams
with strata of fine sand and very fine sandy loam over stratified and
mottled dark grayish-brown and olive fine sandy loam and grayish-brown
loamy fine sand. Slopes on these soils range from 0 to 2 percent.
These soils are commonly subjected to periods of flooding. The

permeability of these soils is moderate to moderately rapid.

5.2 Geology

The description of site geology is based upon published reports,
NIROP monitoring well logs, and reports from the nearby FMC study area.
A general geologic column (Hogberg, 1972) is presented in Table 5-~1.
The NIROP site lies on an alluvial terrace deposit which was formed
during the Pleistocene Epoch, when glacial melt waters caused the nearby
Mississiﬁpi River to flow at a higher elevation. The terrace deposits

consist of a heterogeneous mixture of gravel, sand, silt, and clay.
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Soil samples (39) from borings 5-D, 6-D, 9-S, and 10-§ were
classified according to the Unified Soil Classification System following

mechanical analyses. The predominant sediment type beneath the NIROP

was found to be sand silty sand (SM).  Gravelly sand (SP or SM~SP)

occurred at boring 5-D, 6-D, and 9-S. Sandy clay was found in boring
5-D. Details of these analyses and depths of individual samples are
presented in Volume II of this report.

The bedrock unit immediately underlying most of the Quaternary
deposits at the NIROP is the St. Peter Sandstome. Successive units
underlying the St. "Peter sandstone are the Prairie du Chien Group and
the Jordan, St. Lawrence, Franconia, and Dreshach Formatious. This
discussion extends to the base of the St. Lawrence due to its role as a
regional confining unit.

The St. Peter Sandstone has been described by Thiel (1944) as
consisting of a medium to fine-grained, friable, white to yellow
sandstone, with beds of siltstone and shale in the lower part of the
formation. Because of the small size of its quartz grains, the
formation is not highly permeable.

Much of the original thickness of the St. Peter Sandstone was
eroded away Dbefore the overlying unconsolidated materials were
deposited. Therefore, only the lower portion of the formation is
present beneath the site. The base of the St. Peter Sandstone is
typically silty to shaly. This low permeability unit therefore acts as
a hydrogeologic confining unit within the ground water flow system,
separating the Quaternary deposits from the underlying Prairie du Chien

aquifer. Within the Mississippi River Valley, the St. Peter Sandstone
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is often completely eroded away, exposing the underlying Prairie du
Chien Group. Where the St. Peter is absent, or where "windows" occur,
there is direct communication with the alluvium and hazardous substance
migration into the Prairie du Chien Formation can occur.

The Prairie du Chien Group consists of the Shakopee and Omeota
Dolomites. The Shakopee Dolomite is much less dolomitic than the Oneota
(Thiel, 1944). Ité basal beds are sandy and, in many places, the
succeeding layers are thin-bedded. Much of the formation is a massive,
drab, dolomitic limestone with cavities filled with white calcite.
Calcareous oolites may be found throughout the Shakopee, and much of the
flint that is common in this formation is also oolitic.

The Oneota Dolomite is thick-bedded, drab to buff, and in places
pink, and may be sandy or shaly. The upper part may be cherty and in
many locations it 1s porous to cavernous. Many of the cavities and
joints are lined with quartz crystals, and huge calcite~lined pockets
are common. In the southeastern counties where the dolomite 1s strongly
developed in the bluffs of the Mississippl and 1ts tributaries, there
are extensive solution channels, some of which reach the dimensions of
caves penetrable for some distance. Both the Shakopee and Oneota
Dolomites are highly permeable and form a regional aquifer that is
widely used for water supplies.

The Jordan Sandstone, which underlies the Prairie du Chien Group,
has been described by Thiel (1‘944) as a loosely cemented medium— to
coarse-grained white sandstone, which becomes yellow or brown, due to
oxidation, along its outcrops and jointing planes. It ranges from 75 to

nearly 175 feet thick and is exposed in the valleys of the Minnesota
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River and tributary streams; it also appears in the lower part of the
bluffs of the Mississippi and its branches from near Hastings southward
to the Iowa state line. Elsewhere the Jordan Sandstone is deeply buried
beneath younger rock. The Jordan Sandstone is made up of two members,
the Norwalk and the Van Oser. The upper Van Oser member is the
‘coarser. It consists of friable gray, white, pink, or brown sand
,grains.' The lower Norwalk member is not present in the Twin Cities
area. The Jordan sandstone is very permeable and acts as a regional
aquifer.

The St. Lawrence Formation underlies the Jordan Formation. The St.
Lawrence Formation consists of glauconitic, buff, dolomitic limestone .
(The@l, 1944). Several comspicuous beds of gray to buff dolomitic
siltstone occur near the base of the formation. The St. Lawrence
consists of two members, the lower of which is the Nicolet Creek member,
the upper, the Lodi shale.

Neither member of the St. Lawrence Formation is important as a-
source of ground water. The chief value of these members lies in their
function as confining strata under the Jordan Sandstone aquifer.
Contaminants which have migrated to this depth would be impeded from
further migration by the St. Lawrence Formation.

Geologic Cross Sectioms. Geologic cross sections have Dbeen

prepared to aid in the discussion of site geology at the NIROP study
area. Cross-section locations are shown on Figure 2-2. Two north-south
geologic cross sections and one east-west cross section are shown on
Figures 5~1 and 5-2. Boring logs from the installation of NIROP
monitoring wells and information from FMC reports were used in preparing .
Figures 5-1 and 5-2.
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Unconsolidated deposits seen on Figures 5-1 and 5-2 are generally
silty sand. . Gravelly sand, sandy gravel, or gravel units were found in
nearly all borings. A gravelly sand layer is found at a shallow depth
(approximately 10 to 25 feet below‘ thei ground surface) beneath the
NIROP. It is not found sou}h of the NIROP, on FMC land. A deeper
g:avelly sand unit is found near or at the base of the unconsolidatéd
sediments. The 5- to 40-foot-thick unit extends benmeath both thé NIROP
and FMC facilities, with the exceptiom of the area bounded by borings 6-
D, FMC-41, and 9-D. There 1s also a body of "clean" sana (SP) beneath
the southwest cornefr of the NIROP (boring logs 6-D, 8=D, and 9-D). This
unit extends downward to the bedrock surface (Figure S-i). fhe thick
clean sand unit may be correlated to the shallow gravelly saﬁ& unit (see
borings 7-D and 4~PC on Figure 5-2). Both may represent recent fluviél
deposits left by the Mississippi River. This recent alluvial sediwment
is prohably hydraulically interconnected with the gravelly sand 1ayéf a£
the. base of the unconsolidated sediment; immediately west of ﬁoring
location 7-D.

Clay, silty clay, or sandy clay silt lenses were observed at
various depths in several borings on the NIROP. These fine-graiﬁed
deposits appear to be discontinuous lenses within the silty sand found
beneath most of the NIROP. An apparently continuous clay layer
underlies the FMC facility at elevations 760 feet to 8i0 feet. The clay
layer forms an aquitard beneath the FMC property that has a significant
impact om ground water flbw and Thazardous substance migraf{bh
(Padadopulos, 1984; Conestoga-Roovers, 1985)} This unit thins and
becomes discontinuous to the north and is mnot found under fhé
‘northernmost portions of the NIROP facility.
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Several borings beneath the NIROP facility penetrate the bedrock
formations. A distinct thinning of the St. Peter Sandstone occurs
between wells 1-PC and 4-PC. The thickness decreases from.approximately
37 feet to 7 feet between the wells. Further south, the St. Peter
Sandstone is absent between borings 7-D and FMC 42 and 41 and appears
agaip at FMC 31. 1In the area where the St. Peter Sandstone is absent,
the Prairie du Chien Dolomite is in direct contact with the overlying
alluvial deposits. The approximate areal extent of Prairie du Chien
exposure is shown on Figure 5-3, which has been adapted from the Iﬁitial
Assessment Study (1983). This area could allow vertical migration of
contaminants into the Prairie du Chien Formation to occur. The contact
area aﬁpears to be the mouth of a buried bedrock wvalley described by
Payne (1965). Payne describes the valley as extending to the northeast,
which would 1locate it under the southern portion of the NIROP
facility.

In summary, the NIROP is wunderlain by a thick layer of
unconsolidated sediments. The majority of the sediments are silty sand
and form an extensive aquifer beneath the facility. There are coarser,
gravelly sand layers near the top and the bottom of the unconsolidated
sediments. Both layers are hydraulically connected to thick sand
deposits that appear to extend from near the ground surface to the
bedrock along the Mississippi River. The clay 1layer(s) which

significantly affects ground water flow and contaminant migration
beneath the FMC facility becomes thin and discontinuous beneath the

NIROP. It probably does not have a significant impact below the NIROP.

1254.01 139:RPT:£frid0407c¢ 5-11



T L e

3-PC
NAVY~2

o3

BURLINGTON NORTHERN RAILR‘OAD YARD

PROPERTY ADAPTED TROM INITIAL ASSESSMENT STUDY, 1983
® WELL LOCATION & NUMBER. USED FOR DETERMINATION OF ,@
UPPER BEDROCK LITHOLOGY
vewessanss CONTACT BETWEEN BEDROCK UNITS . MO'
w—m FMC PROPERTY
1" =500

= » ae « = N|ROP PROPERTY

5T. PETER SANDSTONE pec  PRAIRIE du CHIEN DOLOMITE

ST.P
FIGURE 5-3 _[lown-er:_moz
APPROXIMATE ST. PETER SANDSTONE/ W P45 _srauise
PRAIRIE du CHIEN CONTACT PROJE 4120.03



5.3 Ground Water
5.3.1 Aquifer Systems

Four aquifers underlie the ﬁIROP site as defined by the Minnesota
Geological Survey (Kanivetsky and Walton, 1979). These are (from
youngest to oldest) the Quaternary aquifer, the Prairie du Chien/Jordan
aquifer, the Franconia/Ironton/Galesvillé aquifer and the Mt. Simon/
Hinckley/Fond du Lac aquifer. The upper two aquifers (Quaternary and
Prairie du Chien/Jordan) are separated from the lower two units by the
St. Lawrence Formation, which serves as a confining layer. Therefore,
this investigation will focus on the upper two aquifers.

The Quaternary aquifer is found within Mississippi‘River alluvial
deposits which consist primarily of sand with some gravel, varyiﬁg
thicknesses of silts, and occasional clay 1énses. The (Quaternary
alluvial aquifer, though capable of yielding fairly high quantities of
water to wells, is not commonly used for water supply purposes. The
Quaternary aquifer is highly susceptibile to contamination; therefore,
the underlying Prairie du Chien/Jbrdan aquifer is more commonly used
(Envirodyne, 1983).

The Prairie du Chien/Jordan (PCJ) is composed of two units:
dolomites of the Prairie du Chien Group and the Jordan Sandstone. The
Prairie du Chien is primarily a highly fractured dolomite and contains
solution.cavities that increase its permeability. The Prairie du Chien
Group is underlain by the poorly cemented Jordan Sandstone which,
together with the Prairie du Chien, is capable of yielding 500 to

1,000 gpm.
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In the NIROP study area, the PCJ aquifer is generallf separated
from the overlyling Quaternary aquifer by a silty to shaly basal bed of
the St. Peter Sandstone. However, under the southwestern portion of the
plant, the St. Peter Sandstone is fully eroded and in contact with the
unconfined Quaternary alluvial aquifer (see Figure 5-3). Where this
condition occurs, the PCJ and the Quaternary deposits act as a single,

hydraulically connected unit.

Ground Water Use. Only two area wells were reported by Papadopulos

(1983) as being finished in the Quaternary alluvial aquifer in the
vicinity of the NIROP. One well is north and west of the NIROP
(upgradient), west of East River Road; and thé other is about 900 feet
south of the NIROP, west of East River Road. Both wells are iﬁ the area
currently designated as a park. It is not known if either well is
operational. The production from these wells was estimated by
Papadopulos at less than a few hundred gallons per day. A high4capacity
“Ranney"” well system to augment the City of Minneapolis water supply has
been proposed for the alluvial aquifer immediately west and south of the
NIROP. These welxs would be generally downgradient of the NIROP.

The PCJ aquifer is a major source of ground water for the
Minneapolis-St. Paul area. Within and near the NIROP site, ground water
production from the Prairie du Chien/Jordan aquifer either has occurred
or does occur from several wells. Three high capacity production wells
are located on NIROP propei’ty (FMC/Navy wells 1, 2, and 3 on Figure
2=2). Thesg wells are no longer in use. The City of Fridley Municipal
Well 13 (immediately northwest of the NIROP), two wells owned by

Honeymead/Minnesota Linseed 0il Company (located southeast of the
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facility), and two wells owned by Kurt Manufacturing Company (located
about 2,500 feet northeast of the NIROP), continue to rely upon water
from the PCJ aquifer.

Production from these wells has varied over the years. Navy wells
2 and 3 produced at an average annual rate of about 500 to 650 gallons
per minute (gpm) or about 0.7 to 0.9 million gallons per day (Mgd) prior
to their closure in April, 1981 (Papadopulos, 1983). FMC well 1
produced at an average rate of about 245 gpm (0.35 Mgd) in 1983. Prior
to the closure of Navy wells 2 and 3, FMC well 1 was used only to
supplement the production from wells 2 and ‘3. The average annual
production rate of FMC well 1 prior to August 1981 was less than 10 gpm
(0.01 Mgd). Fridley well 13 is used intermittently at a pumping rate of
approximately 1,000 gpm and produces about 15 to 30 gpm (0.02 to 0.04
Mgd) on an average annual basis. The Honeymead wells average about 140
to 170 gpm (0.20 to 0.24 Mgd) of production annually (Papadopulos,
1983). Annual production from the wells owned by Kurt Manufacturing
Company is unknown.

Other wells that produce ground water from the Prairie du
Chien/Jordan aquifer are located in the main Fridley well field (about 2
miles north-northeast from the plant) and in the Brooklyn Center well
field (about 2 miles north-northwest from the site). The production
from these well fields in 1979 was about 4 and 3 Mgd, respectively
(Papadopulos, 1983). However, in the Fridley well field, only about 40
pe;ceﬁt of the total production was from the Prairie du Chien/Jordan

aquifer.
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Effects of Pumping. Little is known about the effects of pumping

in the vicinity of the NIROP. One effort to determine the effects of
nearby pumping wells was reported by Papadopulos (1984). Three local
production wells were evaluated; Fridley Number 13 (Figure 2-2), Kurt
Manufacturing (about 1/2 mile northeast of the NIROP), and Honeymead/
Minnesota Linseed O0il Company (Southeast of the NIROP). Efforts to
develop accurate data for both the Kurt Manufacturing and Honeymead
wells were unsuccessful.

The Fridley Well Number 13 tést was more successful. Fridley Well
Number 13 was pumped at a reported rate of 1,000 gallons per minute for
24 hours beginning at 1:00 p.m., January 4, 1984, Water in the pumping
well declined nearly 30 feet over the test period. Water level declines
of 0.1 to 0.9 feet were obsefved in bedrock monitoring wells beneath the
NIROP and FMC facilities.

The short-term pumping test indicates that production from well 13
could potentially affect ground water flow directions in the Prairie du
Chien beneath the NIROP facility. If hazardous constituents were to
enter the Prairie du Chien, they could be drawn toward Fridley Well 13

during periods of intermittent use.

5.3.2 Ground Water Flow

Monitoring wells at the NIROP study area were installed in three
phases. The U.S. Army Corps of Engineers supervised the installation of
monitoring wells at the NIROP site. Fourteen monitoring wells were
installed at the NIROP site between May and August 1983. Seven addi-

tional on-site monitoring wells were installed in May and June 1985.
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Installation of twelve off-site monitoring wells was completed in
February 1986. The purpose. of these wells was to monitor the
effectiveness of waste removal activities from the pits/trénches
(described in Section 4 of this report), to determine ground water flow
directions, and to determine the extent of ground water contamination.
Water levels were measured regularly from October 1983 to April 1983,
and from June to September 1986. Well construction logs and water level
data are presented in Volume II of this report. Table 5-2 summarizes
some of the monitoring well information.

Three separate water table or piezometric surface maps have been
prepared to present horizontal ground water flow directions (Figures
5-4, 5-5, and 5-6). Water level data from the adjacent FMC study area
has been incorporated where appropriate.

The water table surface within the unconsolidated deposits has been
developed from water le?els measured on July 22, 1986 (Figure 5.4).
Generally, ground water flow is toward the southwest or west, to the
Mississippi River. A horizontal gradient of 0.0005 feet/foot beneath
most of the site (well 7-5 to well 10-S8) steepens to between 0.014
feet/foot (well 10-S to well 11-8) and 0.010 feet/foot (well 20-S to
19-8) at the southern edge of the facility. The stepening occurs in the
area of a broad "valley” within the water table surface between the
NIROP and the Minneapolis Waterworks facility. The increased gradients
and lower water levels may reflect the occurrence of the “clean™ sand
unit discussed in Section 5.2. This potentially more permeable umit
would cause flow to converge in this area from the surrounding, less

permeable silty sands. This low point in the water table may be
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TABLE 5-2. NIROP MONITORING WELL CONSTRUCTION DATA

WELL TOP OF CASING | TOP OF SCREEN |BOTTOM OF SCREEN| WELL *
NUMBER | ELEVATION ELEVATION ELEVATION DEPTH

1-5 837.14 817.24 802.16 34.98
1-D 836.75 731.31 721.21 . 115.54
1-PC 837.63 653,97 %% 628.97 208.66
2-8 836.07 816.62 801.42 34.65
2-D 836.04 733.93 723.74 112.3
2-PC 838.05 679.35%* 659.76 178.28
3-8 836.75 817.06 802.00 34.75
3-D 837.48 766.79 756.61 80.87
3-PC 839.21 706.51%* 679.81 159.4
4-8 837.45 817.67 802.60  34.85
4=D 834.79 723.94 713.86 120.93
4=PC 834.75 677 . 42%% 652,42 182.33
5-§ 835.06 815.38 800.35 34.71
5-D 836.00 729.1 718.9 117.1
6-S 835.73 816.28 801.08 34.65
6-D 835.69 715.71 705.74 129.95
7-8 835.97 816.23 806.03 29.94
7-D 835.63 727.63 717.63 118
8-S 835.76 815.96 805.86 29.9
8-D 834.02 716.02 706.02 128
9-s 836.68 817.38 807.38 29.3
9-D 834.30 720.03 710.30 124
10-8 835.89 814.59 804.59 31.3
11-8 835. 89 814.79 804. 59 31.3
12-8 838.51 812.61 802.61 35.9
13-8 834.59 810.69 800.69 33.9
14-8 835.99 811.59 801.59 34,4
15-8 834.83 810.33  800.33 34.5
16-5 837.26 811.46 801.46 35.8
17-8 835.75 806.75 796.75 39
18-§ 834.08 803.33 793.33 40.75
19~ 834.56 799.56 789.56 45
20~$ 837.62 812.02 802.02 35.6
FMC-33 837.05 806.05 760.05 77.0
* From top of casing {1254.,01 139:RPT:frid0407T3)
* Open hole
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accentuated as a-result of ground water leaking into the 84-inch storm
sewer noted in Section 4.1 or, flowing laterally through very permeable
bedding materials used in constructing the storm sewer system. The
.storm .sewer may{therefore intercept the southwgstward ground water flow
from the NIROBR.’ Additionally,4this area may be more subject to changes
in stage of the Mississippl River. :

The piezometric surface in the base of the unconsolidated sediments
is shown in Figpre 5-5. Ground water is again flowiﬁg'southwestward
toward the Mississippi River. The - horizontal gradient beneath the
northeastern two-thirds of the facility was calculated to be 0.0044
feet/foot. The horizontal gradient on the southern edge of the facility
.again increases to 0.012 feet/foot. The increased gradients‘ and
"valley" in the piezometric surface may -again be reflecting the presence’
,0f more permeable sands in the vicinity of wells 6-D, 7-D, and 8-D.

.The piezomettic surface for the Prairie du:Chiéh/Jordan7aqgffer
system shown' .on Figure 5-6. Flow is toward ‘the southwest. x The -
horizontal gradient calculated between wells 1-PC and 2-PC was 0.10008 °
feet/foot. The gradient appears to remain ‘flat across the. site to the
Mississippl River.

Vertical hydraulic gradients were ca}cglated fdr gigbt?NIROP §e11 
nests to allow a better understanding of the ve:;i-z.:‘;‘]}‘p _components ‘pf‘f
ground water flow. The verticglfgpa&ients measu;g& at thefeiéﬁf*weiig
nests on three differeﬁt dates are summarized in~Tabie %*5. The dates
were chosen to cover both,pggh.ané'iow‘wgfe: table elevati%ng.;

In general, vertical gradients are downwatd or near zerq’vithiﬁ“fbe‘

alluvial aquifer. The gradients are slight, except for Wellineéts
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TABLE 5-3

VERTICAL GRADIENTS* IN NIROP WELLS

VERTICAL GRADIENT (ft/ft)

WELL | AQUIFER FINISHED IN 11/18-20/86 7/22/86 1/18/85

1-8 Shallow Alluvial :

1-> | Deep Alluvial 0.002 0.007 0.0001

2-5 Shallow Alluvial -0.0005 0 -0.003

2-D Deep Alluvial -0.01 ~0.005 _0'009

1-PC | Dolomite e *

3-8 Shallow Alluvial

2-p¢ | Dolomite 0.003 0.0008 ‘0.002

4-s | Shallow Alluvial 0.01 .

3-D | Deep Alluvial -0.01 —8.838 _8'339

3-PC | Dolomite e ’

5-8 Shallow Alluvial 0.05

4-D | Deep Alluvial -0.2 _3'27 -g‘g7

4~PC | Dolomite ) ‘

17-S | Shallow Alluvial 0.06 0.08 Wells Not

7-D Deep Alluvial * ' Installed

18-85 | Shallow Alluvial -0.0002 0 Wells Not

8-D | Deep Alluvial ’ Installed

19-5 | Shallow Alluvial Wélis Not

9-D Deep Alluvial 0.004 0.005 Installed
254.01 139; T:fri&ObD?IEi

* Upward gradients are preceded by a negative sign.
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5-5/4-D and 17-S/7-D, where gradients are nearly 0.1 feet/foot
dowvnward. These steeper gradients may be attributed to a drop in
hydraulic head as ground water enter the potentially more permeable
sands found in the vicinity of wells 6-D, 8-D, and 9-D.

Vertical gradients between the deep alluvial aquifer and the
dolomite were calculated at three locatioms. Vertical gradients at
these 10¢ations were upward. The strongest gradient (0.2 feet/foot) was
measured at 4-D/4-PC, the well nest nearest the Mississippi River. The
strong upward gradient may reflect ground water flow from the bedrock
aquifer to a reglomal ground water discharge area, the Mississippi
River.

No information is available regarding hydraulic conductivities for
the NIROP study area. Hydraulic conductivities from slug tests reported
by Papadopulos (1984) for the unconsolidated sediments ranged from 0.5
feet/day to 320 feet/day. The wmedian value for 15 tests was 65
feet/day. Grain size analyses of sand and gravelly sand (SP) from NIROP
borings 5-D and 6-D were performed by the COE (see Volume II). Repre-
sentative analyses were used to estimate hydraulic conductivity values
for the sand using the methods presented by Masch and Denny (1966). The
estimated values ranged from 20 to 90 feep/day, the same order of
magnitude as the field test values from FMC. The silty sands (SM) found
beneath much of the NIROP have not been tested. It is likely that the
hydraulic conductivity is less than that of the sand (SP).

Hydraulic conductivity values for the Prairie du Chien/Jordan
aquifer have been estimated by Kanivetsky (1979). Values reported
ranged from approximately 4.9 feet/day to nearly 66 feet/day. The mode
value was approximately 46 feet/day.
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The average linear ground water velocity (V) can be determined from

the modified Darcy's Law:

= Ki
V= -

where: K - hydraulic conductivity of aquifer
i - gradient
n - porosity of aquifer

The chart below has been prepared from hydraulic conductivities and

gradients cited above. Values assumed for n are from Freeze and Cherry

(1979).

K i n v
Unit (ft/day)  (ft/ft) (assumed) (ft/yr)
Shallow Unconsolidated Sediments 65 0.0005 0.30 40
Shallow Unconsolidated Sediments 65 0.014 0.30 1,100
Deep Unconsolidated Sediments 65 0.0044 0.30 350
Deep Unconsolidated Sediments 65 0.012 0.30 950
Prairie du Chien Aquifer 46 0.0003 0.20 67

These calculatione indicate that flow rates near the water table
over most of the NIROP are relatively slow, except in the southwest
corner of the facility where gradients steepen. Ground water flow rates
in the deeper portions of the unconsolidated sediments show less

variability across the facility.

5.3.3 Data QA/QC Evaluation and Preseutatipn‘

This section of the report documents the extent of hazardous
substance occurrence in ground water as defined by the the monitoring
well sampling program at the NIROP. Ground water samples have been
taken six times from the original fourteen wells. The seven wells
installed in May and June 1985 have been sampled three times, and the

twelve off-site wells have been sampled twice. The latest sampling
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round was in November 1986. Table 5-4 summarizes the history of ground
water sampling from the NIROP wells. All samples were analyzed at the
U.S. Army Corps of Engineers Waterways Experiment Station, Vicksburg,
Mississippi. The section has been divided into two parts: the first
portion deals with QA/QC and evaluation of NIROP data; the secondportion
looks at the extent of hazardous substances beneath the‘facility. |

This section evaluates data anal&ses for three of the eight
sampling rounds performed by the COE between October 1983 and April 1986
Jand by BMT in November 1986. The first two rounds evaluated herein are
a combination of the January and April 1986 sampling rounds and the June
1985 sampling round.

The quality control data for the June 1985 and January-April 19386
rounds of water quality anal&sis were examined by RMT in order to
evaluate accuracy of analyses performed by the Waterways Experimental
Station (WES). Data were evaluated on the basis of percent recovery in
spiked samples, relative percent difference in duplicate or replicate
samples, and results of analysis of field blank samples.

Percent recovery information for spiked samples from the June 1985
and January-April 1986 sampling rounds is summarized in Table 5-5. The
number of samples for which percent recoveries were reported, the range
of percent recovery, and the mean percent recovery are indicated for
each constituent. The last column in the table contains ranges of
acceptable percent recovery for each constituent based on method
performance data from a number of different laboratories and published

in the Federal Register (October 26, 1984, Part VIII). The Waterways

Experiment Station percent recovery data i1s very good and falls well
within the acceptable range for every comstituent.
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TABLE 5-4

MONITORING WELL INSTALLATION AND SAMPLING DATES

SAMPLING DATE
INSTALLATION :
WELL NO. DATE 10/83 4/84 10/84 1/85 6/85 1/86 4/86 11/86
1-8 05/26/83 X X X X X X
1-D 05/25/83 X X X X X X
1-PC 08/25/83 X X X X X X
2-5 06/28/83 X X X X X X
2-D 06/22/83 X X X X X X
2-PC 08/24/83 X X X X X X
35 06/13/83 X X X X X X
3D 06/08/83 X X X X X X
3~pC 08/15/83 X X X X X X
45 06/09/83 X X X X X X
4-D 06/02/83 X X X X X X
4PC 08/26/83 X X X
55 , 06/02/83 X X X X X X
5-D 05/24/85 X X X
S 06/06/83 X X X X X X
6D 06/05/85 X X X
75 05/28/85 X X X
7-D 02/07/86 X X
88 06/10/85 X X
&D 02/18/86 X X
95 06/11/85 X X X
9-D (2/01/86 X X
10-8 06/07/85 X X X
11-8 06/06/85 X X X
12-5 12/30/85 X X
13§ 01/02/86 X X
14-8 01/08/86 X X
15-8 01/09/86 X X
16-S 12/31/85 X X
17-8 02/06/86 X X
18-8 02/06/86 X X
19-§ 01/17/86 X X
20-8 01/13/86 X X
mMC-33 01/24/83 X X X X X X
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TABLE 5-5

PERCENT RECOVERY FOR SPIKED SAMPLES
FROM JUNE 1985 AND JANUARY-APRIL 1986 ROUNDS

USEPA 7%

RECOVERY
ACCEPTANCE
NO. OF RANGE OF MEAN % RANGE

CONSTITUENT SAMPLES % RECOVERED RECOVERED ~ CRITERIA *
Zinc 7 92.2 to 104 98.8 75 to 125
Manganese 7 98.0769 to 105 101.9 75 to 125
PCB 1221 3 80 to 110 90.3 15 to 178
PCB 1248 2 112 to 114.4 — 38 to 158
Chloromethane 2 75.25 to 97.375 " -— D to 273%*
Bromomethane 2 66.375 to 103.25 - D to 242
Vinyl Chloride 3 81.75 to 99.875 91.3 D to 251
Chloroethane 3 79.125 to 95.25 87.4 14 to 230
Methylene Chloride 4 78.8235 to 108.75 87.8: D to 221
1,1 Dichloroethylene 6 86.5 to 104.25 95.3 D to 234
1,1 Dichloroethane 6 63.25 to 105.5 90.6 59 to 155
1,2-Dichloroethylene 6 78.75 to 123.5 94,3 54 to 156
Chloroform 5 90.75 to 100.75 95.8 51 to 138
1,2 Dichloroethane 5 93.25 to 102.5 96.5 59 to 155
1,1,1 Trichloroethane 6 83.5 to 106.25 97.1 52 to 162
Carbon Tetrachloride 5 81.75 to 105.25 93.8 70 to 140
Bromodichloromethane 5 91.25 to 100 95.5 35 to 155
1,2 Dichloropropane 5 95 to 100.75 97.5 D to 210
Trans~1l,3-dichloropropene 4 50.23 to 105.114 88.7 17 to 183
Trichloroethylene (TCE) 6 72.5 to 100.25 87.8 71 to 157
Dibromochloromethane 5 94 to 104 97.7 53 to 149
Cis~1,3~dichloropropene 2 94.8718 to 100.321 — D to 227
1,1,2 Trichloroethane 5 79 to 107.25 97.1 52 to 150
Benzene 6 86.75 to 110.5 93.4 37 to 151
2-Chloroethylvinylether 3 91.75 to 108 98.1 D to 305
Bromoform 4 76.75 to 95.5 83.9 45 to 169
1,1,2,2 Tetrachloroethane 4 98.75 to 116.5 107.9 46 to 157
Tetrachloroethylene 5 87 to 112 - 96.9 64 to 148
Toluene 6 90 to 101.75 96.1 47 to 162
Chlorobenzene 5 90.75 to 132.75 107.5 37 to 160
Ethylbenzene 5 63.5 to 121.5 93.6 37 to 162
Acrolein 1 89.75 - 88 to 118
Acrylonitrile 3 109.5 to 118.5 111.4 71 to 135

* USEPA Percent Recovery Criteria for organic compounds were obtained from
the Federal Register, Friday, October 26, 1984, Part VIII, 40 CFR, Part
136, Guidelines Establishing Test Procedures for the Analysis of Pollutants
Under the Clean Water Act; Final Rule and Interim Final Rule and Proposed
Rule. Criteria were obtained from tables for methods used by Waterways
Experimental Station for water analyses: Volatile organic compounds, method
624 (p 43326), PCB's, method 608 (p. 43379); and acrolein and
acrylonitrile, method 603 (p. 43285).

*% D - Detected - results must be greater than zero.
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Duplicate analyses were performed for some constituents for twelve
of the June 22, 1985, samples and for 6 of 27 samples in the January-
April 1986 round. Relative pefcent difference (as defined by Contract
Lab Program Procedures) was calculated for each duplicate sample pair
for which quantifiable concentrations of a constituent were detected in
both samples. Relative percent difference (RPD) values were calculated

according to the following Contract Lab Program definition.

G- G
RPD = X 100
G+ G
7

C; = Concentration of constituent in sample
02 Concentration of same constituent in replicate sample

fl

The results of these calculations are summarized in Table 5-6.

The range of values and the mean relative percent difference for
five organic compounds and two inorganic elements were calculated.
Generally, laboratories maintain records of duplicate analysis data from
which confidence limits are established. Confidence limits for relative
percent difference for a limited number of constituents are published in
the Contract Laboratory Program Procedures Manual. Of those constitu-
ents in Table 5-6, only trichloroethylemne has such a published
confidence limit. The confidence limit for TCE is a relative percent
difference value of 14. This is a 90% confidence limit meaning“that, in
nine of ten duplicate analyses, a laboratory should obtain a relative
percent difference value less than 14. Eight of the nine duplicate

pairs analyzed by the Waterways Experiment Station which contained
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TABLE 5-6

RELATIVE PERCENT DIFFERENCE (RPD) FOR DUPLICATE SAMPLES
FROM JUNE 1985 AND JANUARY-APRIL 1986 ROUNDS

USEPA 90%

CONFIDENCE
CONSTITUENT PAIRS* RANGE RPD MEAN RPD LIMIT OF RPD
Zinc 7 0.7 to 4.0 1.9 -
Manganese 7 0.0 to 1.7 0.9 —
Trans 1,2 dichloroethylene 8 0.0 to 14.6 5.1 —
Tetrachloroethylene 1 4ob — -
Trichloroethylene (TCE) 9 2.3 to 14.3 8.1 14
Methylene chloride 1 30.5 —— —
Bis(ethylhexyl) phthalate 2 33.3 to 33.8 33.6 —

*Indicates the number of replicate pairs for which quantifiable
concentrations of the indicated constituent were detected in both
samples.

1254.01 139:RPT:frid040773



P

quantifiable concentrations of TCE had relative percent difference
values less than 14. The one value higher than the 90 percent
confidence‘limit was 14.3.

One distilled water field blank sample was analyzed during the
January—-April 1986 round. The field blank was not of sufficient volume
to analyze for all parameters. Therefore, the trip blank was not
analyzed for lead, zinc, manganese, or any of the seven PCB Aroclors.
0f the other constituents analyzed, only methylene chloride (0.013 mg/1)
was detected in the field blank sample. Methylene chloride is a common
contaminant resulting from laboratory analysis procedures.

An eighth ground water sampling round was conducted at the NIROP in
November 1986 by RMT. A QA/QC evaluation of laboratory results similar
to that presented here for COE data is described in detail in the A-E
Quality Control Summary Report (RMT, 1987). Results of that evaluation
indicated that the data quality was similar to the two rounds of data
evaluated here. The analytical quality of the reviewed data was deter-
mined to be acceptable for use in the RI evaluations. The November 1986

sampling round also improved the overall quality of the data base since

it was the first round in which all wells were sampled for a consistent

set of constituents. Previous rounds had included only portions of the
monitoring well network and the analytical program changed between
rounds. This had made evaluations of spatial and temporal trends in
constituent concentrations difficult.

Analysis of dissolved metals in the NIROP monitoring wells was
performed for the first time in November 1986. Dissolved metals samples

were prepared by filtering in the field in order to minimize chemical
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changes to the ground water samples and to collect a more representative
sample of the water moving through the ground. Three of the 34 ground
water samples collected were analyzed for total metals as well as
dissolved metals so that comparisons to previous sampling could be made.

Laboratory results for the eight rounds of sampling are included in
Volume II. Interpretation of data directly from the analyses shown in
VolumekII proved difficult for the following reasons:

1. Due to the phased approach of well installation, various wells
were sampled as they were installed.

2. Constituents included in the analytical program and individual
constituent detection limits changed between sampling rounds.

3. The format shown does not allow for data manipulation and/or
statistical analyses.

In order to provide for easier interpretation, the data shown in
Volume II were first reduced to a list of constituents which were
detected in any of the wells at least one time over the entire
monitoring period. A list of these constituents is shown in Table 5-7.
From the list of detected constituents, a second set of tables was
derived which lists each constltuent detected by sample round and by
well. These tables are shown in Appendix A.

Reduction of ‘data to \the format shown in Appendix A allowed
grouping of constituents alphabetically Oby well (Appendix B).
Alphabetical grouping facilitated étatistical analyses of detected
constituenté. Both manual and computer checks of data reduction were
performed to ensure completeness and accuracy.

Statistical analyses chosen for data presentation included the

selection of maxgimum and mean values of detected constituents. In order
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TABLE 5-7

LIST OF CONSTITUENTS DETECTED IN MONITORING WELL SAMPLES
FROM THE NIROP SITE, FRIDLEY, MINNESOTA

INORGANIC CONSTITUENTS

ORGANIC CONSTITUENTS

Arsenic 1,1,1 Trichloroethane
Barium 1,1-Dichloroethane
Cadmium 1,1-Dichloroethylene
Calcium Benzene

Chloride Bis (2 ethylhexyl) Phthalate
Chromium Chloroform

Copper 1,2~-Dichloroethylene
Lead Ethylbenzene
Magnesium Methylene Chloride
Manganese PCB 1242

Mercury PCB 1248

Nickel PCB 1254

Silver PCB 1260

Sodium TOC

Sulfates Tetrachloroethylene
Zine Toluene

Alkalinity Trichloroethylene
Nitrate-N Trichlorofluoromethane
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to determine mean values of constituent concentrations, the following
assumptions were made:

1. Data points were left blank in instances where individual
wells were not sampled, samples were broken, or "insufficient
sample” was present. Thus, the above instances are not
included in the count for calculation of mean concentrations.

2. A value equal to one-half the detection limit was assigned to
samples listed as not detected at concentrations less than the
detection limit, or present, but below the detection limit.

3.  Actual values were assigned to constituent concentrations
detected as equal to or greater than the appropriate detection
limit. ' ‘

Results of statistical analyses of wmaximum and mean values of
constituents detected are included in Appendix C. Statistical analyses
of new constituents added in the November 1986 sampling round were not

performed. Data for added constituents are shown in Appendix D.

5.3.4 Evaluvation of Constituents

The purpose of this section is to evaluate constituents detected in
monitoring wells at the NIROP site. This evaluation is aimed at
determining which constituents are to be further considered as
significant ground water contaminants. In order to facilitate
discussion, constituents have been grouped together as inorganics and
organics. ‘

Inorganic Constituents. Until November 1986, most inorganic

constituents were analyzed only once or twice. Only lead, manganese,
and zinc analyses were performed in each of the first seven sampling
rounds. Prior to November 1986, samples for analysis of inorganic
constituents were unfiltered and preserved with acid prior to shipment

(total concentration). Filtered samples (dissolved concentrations) as
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well as three total concentration samples (for comparison), were
obtained for analyses in November 1986.

Findings are presented below for individual constituents which were
measured above detection limits in at least one sample. Constituents
which have never been found above detection limits include antimonmy,
beryllium, cyanide, and thallium. Dissolved constituent concentrations.
are discussed where appropriate in detail because it is the dissolved
fraction that is pdtentially mobile in ground water, and it dis the
dissolved fraction in gicund water that may result in exposures to
humans or the environment. The dissolved concentrations are summarized
on Table 5-8. Detected concentrations have been compared to Maximum
Contaminaﬁt Levels (MCLs), Maximum Contaminant Level Goals (MCLGs) and
Secondary Maximum Contaminant Levels (SCMLs) as defined by the Safe
Drinking Water Act (as ammended).

Arsenic was analyzed in the second sampling round (April 1984) and
in the last sampling round (November 1986). Measurable concentrations
of total arsenic were reported in 1984 in only one well (1-S) at a
concentration of 0.008 mg/l. Dissolved arsenic concentrations were
reported in the November 1986 sampling round from wells 9-5 and 15-§ as
well as duplicate samples from those wells. It was not detected in the
well 1-S sample in November. The total‘arsenic concentration in well 9-
S was 0.023 mg/l while the dissolved concentration was < 0.005 mg/l.
Total and dissolved arsenic detected in 15-8 was 0.045 mg/l and 0.014
mg/l, respectively. The dissolved arsenic values are below the MCL of
0.05 mg/l. Arsenic is not known to have been used in processes at the

NIROP.
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TABLE 5-8. CONCENTRATIONS OF DISSOLVED
INORGANIC CONSTITUENTS DETECTED IN GROUND WATER
SAMPLES, NOVEMBER 1986 (mg/1)

s 4
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Barium was analyzed only in the November 1986 sampling round.
Total concentrations of barium measured in wells 3-8, 9-S, and 15-§ were
0.088 mg/1, 0.086 mg/l and 0.172 mg/l, respectively. Quantifiable
dissolved barium was found in all wells with concentrations ranging from
0.032 mg/1 in downgradient well 19-S to 0.165 mg/l in on-site well 3-S.
Background concentrations of barium are similar to downgradient
concentrations and no sample exceeded the MCL for barium (1.0 mg/l).

Cadmium was analyzed in samples collected in October 1983, April
1984, and November 1986. The highesﬁ total cadmium concentration
reported from NIROP samples was 0.0194 mg/l, in the November 1986 sample
from upgradient well 15-S. This value is above the MCL for cadmium of
0.01 mg/l. The dissolved cadmium concentration for the sample from well
15~8 (0.0008 mg/l1), however, is more than one order of magnitude below
the MCL. Dissolved cadmium was reported in 30 of 34 samples at
concentrations of 0.0002 to 0.0024 mg/l. Cadmium is used in NIROP
plating processes and these sludges may have been disposed of on-site.
However, the presence of similar cadmium concentrations inm background
and downgradient samples indicates that cadmium 1s not being released to
the ground water from the NIROP.

Calcium was analyzed only in the November 1986 sampling round.
Concentrations of total calcium measured for wells 3-S, 9-S, and 15-§
were 169 mg/l, 154 mg/l and 207 mg/l, respectively. The dissolved
caleium concentrations for these three samples were 8 to 48 ﬁg/l less
than their respective total concentration. Dissolved calcium

concentrations ranged from 21.1 mg/l to 208 mg/l. Background and
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downgradient samples had similar calcium concentratiomns. No health-
based or environmental sﬁandards have been established for calcium.

Chloride was analyzed only in the November 1986 sampling round.
Chloride was detected in all 34 monitoring wells at concentrations
ranging from 3.2 to 75.6 mg/l. The SMCL of 250 mg/l was not exceeded in
any well.

Chromium was analyzed In samples collected in October 1983, April
1984, and November 1986. The MCL for chromium is 0.05 mg/l. It was
exceeded by total chromium concentrations from well 2-5 (0.057 mg/l) and
well 9-S5 (0.267 mg/l) in October 1983 and November 1986, respectively.
The dissolved and total chromium analyses from November 1986 indicated
that total concentrations were 3 to 300 times higher than dissolved
concentrations. The total values therefore do not accurately reflect
potential hazardous constituent migration because much of chromium is
assoclated with the sediment which is not transported with the slow-
moving ground water. Dissolved chromium was detected in 28 of 34
monitoring wells, at concentrations ranging from 0.001 mg/l to 0.005
mg/1l, during the November 1986 sampling round. The MCL for chromium was
not exceeded by any dissolved chromium concentrations and there were no
significant differences between background and downgradient dissolved
chromium concentrations. Chromium was used in the NIROP plating shop
and may have been disposed on-site with plating sludges. The lack of
significant downgradient chromium concentrations suggests that chromium
that may have been disposed on the NIROP facility does not appear to be

migrating to, or with, ground water.
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Copper was analyzed in samples collected in October 1983, April
1984, and November 1986. The MCLG for copper is 1.3 mg/l. The highest
value of total copper detected in NIROP monitoring wells was 0.377 mg/l
in well 9-S5 (November 1986). The dissolved copper concentrétion for
well 9-S was 0.005 mg/l. Again, most of the copper is associated with
sediment which is not transported by ground water. Dissolved copper
concentrations range from 0.009 mg/l to < 0.001 mg/l. None of the
dissolved copper.concentrations exceeded the MCLG. Copper was used in
the plating shop at the NIROP facility and may have been disposed on-
site. The ground water data however, suggest that copper disposed on
the facility is not entering, or migrating with, the ground water.

Lead has been analyzed in all sampling rounds. Total lead has been
detected in numerous samples (both upgradient and downgradient of the
facility) at concentrations above the MCL of 0.05 mg/l. A comparison of
dissolved and total concentrations from November 1986, however, show
that total concentrations, on the order of 70 times greater than
dissolved concentrations, reflect lead associated with sediment. None
of the dissolved lead concentrations exceeded the MCL. Almost all the
dissolved lead concentrations measured in November 1986 were less than
or equal to 0.005 mg/l. The highest dissolved lead concentration
detected in November 1986 came from well 9-D (0.011 mg/l) and the
adjacent well 19~8 (0.009 mg/l). Both wells are downgradient of the
NIROP. It is not clear whether this is indicative of a release from the
facility since other downgradient wells closer to the plant yielded

samples with lower lead concentrations.
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Magnesium was analyzed in only the November 1986 sampling round.
The WES did not report analyses for total magnesium. Data for dissolved
magnesium showed concentrations ranging’from 10.7 mg/1 to 61.4 mg/l. No
health-based or environmental standards have been set for magnesium.

Manganese was analyzed in all eight sampling rounds. No MCL or
MCLG has been set for manganese. However, total manganese
concentrations have exceeded the SMCL of 0.05 ng/l in every well
sampled. Dissolved manganese was detected at concentrations exceeding
the SMCL in all but 6 wells. In general, the highest dissolved
manganese concentrations were detected in background wells (15-8, 12-8,
13-8, and 16-8). Based on these results, the observed manganese levels
do not appear to be originating from on-site operationms.

Mercury was analyzed in 14 well samples collected in April 1984 and
in 34 well samples collected in November 1986. Total mercury was
reported in 1984 at concentrations exceeding the detection limits in
shallow wells 3-8, 4-S, and 6-8 at 0.0013, 0.0007, and 0.0008 mg/l,
respectively, and in the Prairie du Chien well 2-PC at 0.0008 mg/l.
Neither dissolved mercury nor total mercury were reported abéve the
detection 1limit of 0.0004 mg/l during the November 1986 sampling
round. No concentration of mercury (total or dissolved) has exceeded
the MCL of 0.002 mg/l. Mercury is not reported as haviﬁg been used in
NIROP processes.

EEEEEL was analyzed in 14 samples obtained in April 1984 and 34
samples collected in the November 1986. Total nickel was reported in
all of the well samples collected during April 1984, between concentra-

tions of 0.003 and 0.107 mg/l. The comparison of dissolved and total
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concentrations from three of the November 1986 sampleé indicates that
much of the nickel is associated with suspended sediment that is not
transported by ground water. Total concentrations ranged from 0.332 to
0.018 mg/l, while dissolved concentrations were less than 0.005 mg/l.
Dissolved nickel concentrations ranging from 0.001 mg/l (9-D) to 0.072
mg/l (7~5) were reported in 22 of the 34 monitoring well samples
collected in November 1986. Background well samples had the same range

of dissolved nickel concentrations as on-site or downgradient well

" samples. Nickel is used in the plating process at the NIROP facility,

but is apparently not being released to the ground water. MCLs and
MCLGs have not been set for nickel. The ambient water quality criterion
for the protection of human health has been set at 0.0134 mg/l. The
observed dissolved nickel concentrations are generally one-half the
criterion.

Selenium was analyzed for the first time in samples collected
during November 1986. Digssolved selenium and total selenium were
approximately equal  when  detected (0.049 and 0.076 mg/l,
respectively). This is typical since selenium is mnot gemerally
associated with sediment. Only two wells showed concentrations of
dissolved selenium above the detection limit of 0.005 mg/l: background
well 14-§ (0.008 mg/l) and on-site well 9-8 (0.049 mg/1l). The MCL for
selenium is 0.010 mg/l and the MCLG is 0.045 mg/l. Concentrations of

selenium detected in the sample from well 9-8 exceeded the MCL. Well
9-5 is near the NIROP property boundary on the eastern {upgradient) side

of the facility. Sources of selenium are not apparent since it has not
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been reported as being used at the facility. The presence of selenium
may be indicative of an as yet unidentified upéradient source.

Silver was analyzed in samples obtained at the NIROP facility in
October 1983, April 1984, and November 1986. Silver was reported in
only one sample (4-8) in April 1984 at the detection limit of 0.001
mg/l. Dissolved silver was detected in 10 of the 34 monitoring wells in
November 1986. Concentrations ranged from 0.001 mg/l (12-8) ﬁo 0;005
mg/l (1-S). Both background and downgradient well samples had similar
concentrations. Sllver was used in both the NIROP plating process and
the photo lab but is apparently not being released to the ground
water. The MCL of 0.05 mg/l was not exceeded by any sample.

Sodium was analyzed in only the November 1986 sampling round.
Concentrations ranged from 3.57 mg/l to 14.1 mg/l in samples from wells
5-D and 19-5, respectively. There were no apparent spatial trends in
sodium occurrence across the NIROP. No health-based environmental
standards for sodium have been established.

Suifate was analyzed in only the November 1986 sampling round.
Concentrations ranged from 26.8 mg/l (19-8) to 422 mg/l (18-S). The
SMCL for sulfate is 250 mg/l. The SMCL for sulfate was exceeded in
eight wells, including one background well. Approximately two-thirds of
the wells with high sulfate concentrations are downgradient of the
southwest corner of the NIROP (7-D, 8-D, 11~S, 17-S, and 18-8). It is
not clear i1f this spatial distribution is related to any particular
source on the NIROP.

Zinc was analyzed in all/ eight sampling rounds at the NIROP

facility. Total zinc concentrations, measured at all monitoring wells,
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have ranged from 0.086 to 29.8 mg/l. The SMCL of 5.0 mg/l was exceeded
in 15 of 34 monitoring wells sampled. The high total zinc values appear
to be associated with suspended sediment in the well samples.
Comparison of dissolved and total concentrations from November 1986 show
total wvalues to be 12 to 17 times greater than dissolved
concentrations. Dissolved zinc concen@rations above the 5.0 mg/1
standard were not observed in any well sampled during November 1986.
The dissolved zinc concentrations ranged from 0.030 mg/l to 4.42 mg/l.
There were no significant differences between upgradient and on-site or
downgradient dissolved zinc concentrations.

Some of the zinc detected in the well water at the NIROP facility
may have leached from well casing materials. The highest dissolved and
total zinc concentrations are found in those wells that have galvanized
well casing in contact with the ground water. Galvanized well casings
can reportedly leach zinc into well water (Barcelona et al., 1983). The
leached zinc may precipitate at the bpttom of the well or be absorbgd by
sediment at the well bottom. Zinc is not reported as being used in the
plating process at the NIROP. Based on these results, the observéd zinc
levels do not appear to be originating from on-site operations.

Table 5-9 has been prepared to aid in summarizing the findings of
the previous section. Prior to November 1986, only total concentration
(unfiltered samples) were reported and the data suggested that signifi-
cant concentrations of hazardous inorganic constituents could be found
in the ground water. The samples collected in November 1986 had total
concentrations fairly consistent with previous results. However,

dissolved concentrations were considerably lower, indicative of the fact
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TABLE 5-9

SUMMARY OF INORGANIC CONSTITUENTS DETECTED AT LEAST
ONE TIME IN GROUND WATER SAMPLES FROM THE NIROP STUDY AREA

1254.01 139:RPT:frid0407T3  S5-44

(mg/1)
SDWA
Maximum Total Maximum Dissolved Regulatory

Constituent Concentration/Location Concentration/Location Level
Arsenic 0.045 15-8 0.014 15-8 MCL~0.05
Barium Not Analyzed 0.165 3-8 MCL~-1.0
Cadmium 0.0194 15-8 0.0024 19-8 MCL-0.01
Calcium Not Analyzed 208 FMC-33 None
Chloride Not Analyzed 75.6 4-PC SMCL~250
Chromium 0.057 2-S 0.005 1-§ MCL~0.05
Copper 0.377 9-8 0.009 4-8 MCLG-1.3
Lead 0.366 12-8 0.011 9-D MCL~0,05
Magnesium Not Analyzed 61.4 5-D None
Manganese 27.5 7-S 1,96 15-8 SMCL-0.05
Mercury 0.0013 3-8 < 0.0004 all wells MCL-0.002
Nickel 0.107 2-8 0.072 7-8 None
Selenium 0.076 9-8 0.049 9-8 MCL-0.010
Silver 0.001 4-5 0.005 1-8 MCL-0.05
Sodium Not Analyzed 41.4 19-8 Nonek
Sulfate Not Analyzed 422 18-S SMCL-250
Zinc 29.8 10-8 4.71 18-85

SMCL-5.0



that much of the inorganic concentrations were associated with sediment
in the samples. Sediment is not transported by ground water and is not
generally consumed. In fact, only three constituents exceeded federal
standards when dissolved concehtrations were considered; manganese,
sulfate, and selenium. 0f these constituents, manganese and sulfate
both‘ exhibited concentrations in excess of SMCLs in both background
wells and downgradient wells.

Selenium in a sample from well 9-S (0.049 mg/l) is the only
dissolved inmorganic constituent detected In ground water abdve an MCL.
Well 9-5 is located along the eastern (upgradient) edge of the NIROP
facility. Thus, it is possible that the selenium detected in well 9-8
may be related to an off-site source. Selenium has only been analyzed
in a single sampling round (November 1986). Additional sampling would
be required to increase the certainty in any interpretation of selenium

occurrence.

Organic Comstituents. Organic constituents have been analyzed in

samples from all 8 sampling rounds. Most of the analysis has focused on
volatile organic compounds. A number of these compounds haﬁe, and
continue to be, used on the NIROP facility. Many are also used in lafge
quantities. ©Previous investigations (see Section 4.1) have also found
these compounds to be in past waste disposal areas. Some samples (1é
collected in April 1984) have also been analyzed for the more extensive
priority pollutant list.

A summary table (Table 5-10) has been prepared to clarify the
occurrence of organic constituents in ground water sémples. The table

lists only those compounds that have been detected at least one time at

1254.01 139:RPT:£frid0407c 5-45
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TABLE 5-10 MAXIMUM AND MEAN CONCENTRATIONS OF

ORGANIC CONSTITUENTS DETECTED IN GROUND
WATER SAMPLES, OCTOBER 1983 to NOVEMBER
1986 (mg/1)
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TABLE 5-10 (Cont'd).
CONCENTRATIONS OF ORGANIC CONSTITUENTS DETECTED
IN GROUND WATER SAMPLES, OCTOBER 1983 to

MAXIMUM AND MEAN

NOVEMBER 1986 (mg/1)
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TABLE 5-10 (Cont'd). MAXIMUM AND MEAN
CONCENTRATIONS OF ORGANIC CONSTITUENTS DETECTED

IN GROUND WATER SAMPLES, OCTOBER 1983 to
NOVEMBER 1986 (mg/1)
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. TABLE 5-10 (Cont'

MAXIMUM AND MEAN CONCEN-

TRATIONS OF ORGANIC CONSTITUENTS DETECTED IN
GROUND WATER SAMPLES, OCTOBER 1983 to NOVEMBER

1986 (mg/1)
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the NIROP. The data is summarized as mean concentrations to simplify
the presentation. The maximum reported value is also listed to provide
a sense for the variability observed at a given monltoring well.

Bis (2 ethylhexyl) phthalate was analyzed in all but the April 1986

and November 1986 sampling rounds; therefore, no background wells have
been analyzed. Bis (2 ethylhexyl) phthalate was detected in every round
when analyzed and in nearly every well at least once. The occurrence of
this compound is highly wvariable in space and time. 1In the April 1984
round, this compound was found at its highest concentrations in wells 3~
S (0.14 mg/1) and 6=8 (0.22 mg/1), both of which also exhibited high TCE
levels. The samples collected from 14 wells in January 1985 had
concentrations from < 0.00001 to 0.00007 mg/l. By June of 1985, 9 of
these 14 we}ls yielded samples with concentrations of 0.00062 to 0.0049
mg/l. Bis (2 ethylhexyl) phthalate was not detected in the soil samples
beneath the disposal pits (see Section 4.1). Bis (2 éthylhexyl)
phthalate is widely used as a plasticizer in a variety of rubber and
plastic compounds. As such, it has become a common contaminant in
laboratory settings and sampling equipment. This may account for the
sporadic occurrence of this compound in the NIROP data base. No MCL or
MCLG has been set for bis (2 ethylhexyl) phthalate.

Benzene was analyzed in all eight sampling rounds. It was reported
in 19 percent of the samples as detected but not quantifiable to 0.010
mg/l. Three samples had concentrations as high as 0.022, 0.021, and
0.023 mg/l. Almost all benzene detections (93%) were reported prior to
June 1985. 1In November 1986, benzene was detected in only one well (17-

S) at a concentration of 0.0065 mg/l. The MCL for benzene is 0.005 mg/l
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and the MCLG is zero. All but 1 of 34 samples did not meet the MCL in
November 1986. There are no apparent spatial or temporal trends related
to past or current NIROP activities.

Chloroform was analyzed in all eight sampling rounds. It was
reported at the detection limit of 0.010 mg/l on several occasioms, but
never above the detection limit. The data show no consistent spatial or
temporal pattern. Chloroform was not detected in any well during the
November 1986 sampling round. Chloroform was also not found in the soil
samples collected beneath the pits (see Section 4.1). It is unlikely
that a significant source exists based on these results. The MCL for
chloroform is 0.10 mg/1.

1,1 Dichloroethane was analyzed for in all eight sampling rounds.

It has been found in measurable concentrations only at 3-8, 8-S, and
FMC-33 (in the pit/trench area) and, at well 9-§ om the eastern
boundary. It was conspicuously absent from the area around well 6-8
until November 1986, when 1,l-dichloroethane was reported at 0.019
mg/l. No detectable concentrations of 1,l-dichloroethane were found in
the background wells. No regulatory levels have been set for 1,1~
dichloroethane.

1,1 Dichloroethylene was analyzed in all eight rounds. It was

detected only in well 9-8 at 0.0092 and 0.0056 mg/l in June 1985 and
January 1986, respectively. It was not detected in the most receat
(November 1986) sampling round. No detectable concentrations of this
compound were found in background wells. The proposed MCL for

1,1 dichloroethylene is 0.007 mg/l.
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1,2-Dichloroethylene was analyzed in samples from the April 1984

and October 1984 in only a few wells and again in November 1986 in all
wells. The concentrations shown for cis 1,2-dichloroethylene are
identical to the reported concentrations for trans 1,1-dichloroethylene.
It 1s unclear at this time whether total 1,2 dichloroethylene was
reported for both compounds or if total 1,2 dichloroethylene was divided
evenly between the two compounds.

In April and October 1984, it was detected in shallow wells 3-S5 and
6~S8, FMC-33 and the bedrock well 2~PC. In November 1986, cis 1,2-
dichloroethylene was reported in samples from 11 wells at concentrations
ranging from 0.022 to 0.53 ng/l.

It 1is likely that 1,2 dichloroethylene originated from the
microbial degradation of TCE. This process of degradation has been
previously reported in both laboratory and field investigations. The
MCLG of 0.07 mg/l was exceeded in samples from 6 wells. The wells which
vield samples with 1,2 dichloroethylene also exhibited high
concentrations of TCE.

Ethylbenzene was ahalyzed in samples from all eight sampling
rounds. Ethylbenzene was not détected in any sample in November 1986.
Previously, it has been detected in only two wells (3-S and FMC-33)
immediately downgradient of the disposal pits. At FMC-33 the concentra-
tion decreased from 0.21 mg/l in October 1983 to < 0.005 mg/l in
November 1986. At 3-S the concentration has decreased from 0.037 mg/l
to below the detection limit during the last two rounds of sampling.
The MCLG for ethylbenzene is 0.68 mg/i. Ethylbenzene wag identified in

both drums and soil samples collected below the disposal pits (see

1254.01 139:RPT:£frid0407c 5-52



Section 4.1). The decrease observed in the monitoring well samples
suggests that the pit excavations have removed the ethylbenzene source
upgradient of wells 3-S5 and FMC-33.

Methylene chloride was analyzed in all eight sampling rounds. It

was detected at least once in 16 of the 34 wells. Reported
concentrations range from 0.0065 to 41.0 mg/l. The latest sampling
round had methylene chloride occurring in only one sample (1-S at 0.013
mg/l). It was also detected in three of the field blanks taken prior to
" November 1986.  The results are highly wvariable and difficult to
interpret. Methylene chloride is a commonly used cleaning solvent for
organic compounds. Therefore, contamination during sampling or analysis
may have contributed to the observed -variability in the
concentrations. MCLs or MCLGs for methylene chloride have not been
established.

PCB Aroclors 1016, 1221, 1232, 1242, 1248, 1254, and 1260 were
analyzed in water samples from all monitoring wells. Aroclors 1016,
1221, 1232, and 1260 were not found in any sample. In the October 1984
sampling round, the only Aroclor reported was 1242, in 10 of 14 éamplés
at concentrations ranging from 0.0002 to 0.0005 mg/l. Aroclor 1254 was
reported only in January 1985 samples. Concentrations in 10 of 14
samples collected on that date ranged from 0.0002 to 0.0011 mg/l.
Aroclor 1248 was detected in 2 of 5 rounds from well 3-PC in concentra~
tions of 0.0004 and 0.0002 mg/1l. The reported levels are at or mear the
detection limit of the method (0.0002 mg/l), and therefore identifica-
tion and quantification are difficult. The proposed MCLG for PCBs is

zero, which is below the detection limit. The lack of consistent
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spatial or témporal trends also makes the reliability of these ‘1ow
concentrations unéertain. PCBs were found in barrels and soils in the
pit/trench area; however, the wells immediately downgradient of the
disposal areas were never reported to contain any PCB Aroclors. The low
confidence in the reported values (near detection limits) and the lack
of spatial or temporal patterns suggests that PCBs are not of concern in
the ground water.

Tetrachloroethylene (PCE) was analyzed in all eight sampling

rounds. PCE has been found at much lower concentrations than TCE
(0.0053 to 0.22 mg/l) in samples from 6 monitoring wells. These areas
include the pit/trench area wells FMC-33, 8~5, and 3-S (PCE not detected |
in 3-S5 since October 1984); well 9-85 at the eastern boundary; and in
well 6-5 near the southwest corner of the main NIROP building. No
detectable amounts werevfound in the background wells. The concentra-
tions of PCE have decreased to at or below detection levels in the
pit/trench area. However, the levels have remained somewhat constant at
well 6-S (average of 0.028 mg/l) and were as high as 0.21 mg/l at well
9-5 in the January 1986 sampling round and 0.20 mg/l in November 1986.
The proposed MCLG for tetrachloroethylene is zero.

Toluene was analyzed in all eight sampling rounds. Toluene has
been detected in 14 monitoring wells at ﬁear the defection limit (0.020
to < 0.005 mg/1l) in 18 percent of the samples collected. Most of the
samples (88%) with detectable concentrations were collected prior ﬁo
June 1985. Toluene was not detected in any well sample in November
1986. The wells immediately downgradient of the disposal areas have not

had significant toluene concentrations. The spatial distribution of
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6. - SURFACE WATER INVESTIGATION

6.1 Surface Water Characteristics

The NIROP facility 1s situated on an alluvial terrace of the
Mississippi River. Much of this very flat surface is covered by build-
ings and pavement. Runoff from these hard-surfaced areas, as well as
from drains within the plant, is collected by a serles of storm sewers,
which discharge into the Mississippi River, located approximately 800
feeF west of the plant boundary.

The flow of the Mississippi River is recorded by the United States
Geological Survey (USGS) at a gaging station near Anoka, which is
located about 6 river miles upstream from the NIROP site. Water
elevation near the NIROP range from 800 to 810 feet MSL. The average
discharge at this station 1s about 7,600 cubic feet per second (cfs) or
4,900 million gallons per day (Mgd). The average monthly flow at this
station 1s seldom less than 1,000 cfs (650 Mgd) and is generally between
4,000 and 10,000 cfs (2,600 and 6,500 Mgd) (Norvitch and otheré,
1973). low-flow conditions for the river are expressed generally in
terms of a number of consecutive days during which the flow does not
exceed a given value. Statistically, these conditions occur with a
certain frequency called a recurrence interval. For the Mississippl
River near Anoka, a flow of less than 1,000 cfs (650 Mgd) for a 7-day
duration occurs about once every ten years. A low-flow pf 2,400 cfs
(1,500 Mgd) for a 7-day duration occurs about once every two years
(Mann, 1971). |

As part of a 1975 study, the U.S.G.S. determined flood plain datums

at the I-694 bridge less than 1 mile north of the NIROP. The 100-year
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flood plain elevation was found to be 818 feet (MSL) and the 500~year
flood plain was found to be 821.5 feet (MSL) (U.S.G.S. 1987).

Ground elevations for the terrace on which the NIROP site is
located are over 830 feet (MSL). Therefore, the facility is not within
the boundaries of either the 100~year flood plain or the 500-year flood

plain.

6.2 Ground Water/Surface Water Relationship

Papadopulos (1983) showed that hydraulic communication exists
between both the alluvial and Prairie du Chien aquifers and the
Mississippi River beneath the FMC study area, immediately south of the
NIROP. Papadopulus determined that the control the Mississippi River
exercises on ground water levels in the vicinity of the site is evidence
that the river is the downstream head control for the ground water
system and 1s the discharge area. Conditions at the‘adjacent NIROP
study area are expected to be the same. Similar comparisons with NIROP
well data and river stage are difficult at this time, since newer wells

near the river were not installed until 1986.

6.3 Surface Water Use

The Mississippi River is a drinking water source for Minneapolis
and St. Paul. Surface water is withdrawn from the Mississippi River at

the St. Paul water intake (about 3 1/2 river miles upstream from the
site) and at the Minneapolis water intake (about 1 mile downstream from
the site). In 1970, St. Paul had a total water use of about 56 Mgd.

Most of this water was derived from the intake on the Mississippi
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River. 1In 1970, Minneapolis was withdrawing approximately 77 Mgd from
the river (Norvitch and others, 1973). 1In 1979, St. Paul's total water
use had declined to about 50 Mgd and Minneapolis' withdrawal was
estimated to be about 55 Mgd (Papodopulos, 1983).

In addition to drinking water, the Mississippi River 1s used for
recreation, transportation, and wastewater discharge. In the vicinity
of the NIROP, the Anoka wastewater treatment facility is located about
13 river miles upstream from the disposal site and discharges effluent
into the river. The discharge rate 1s about 2 Mgd (Larson and others,

1976).

6.4 Surface Water Contamination

On March 16, 1981, and April 23, 1981, Navy water supply wells and
FMC well 1 (Figure 2-2) were tested and found to contain
trichloroethylene (TCE) at concentrations ranging from 0.035 wg/l to
0.200 mg/l. Subsequent sampling in 1981 at the Minneapolis water supply
intake, approximately 1 mile downstream in the Mississippi River (Figure
2-2), found detectable but unquantifiable TCE concentrations during 4
sampling rounds. On December 31, 1981, the first quantifiable
concentration (0.0012 mwg/l) of TCE wés detected at the water supply
intake. Table 6-1, adapted from the IAS report (Envirodyne 1983),
summarizes the concentrations of TCE detected at the water intake forv
the period July 1981 to August 1982. The TCE concentrations detected at
the water intake may have been related to activities at the NIROP (sewer
discharge or ground water contamination) or from other upgradient

sources.
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TABLE 6-1

TRICHLOROETHYLENE CONCENTRATION AT MINNEAPOLIS SURFACE WATER INTAKE*

(mg/1)

Minneapolils Minneapolis
Sample Date Water Intake Finished Water
07/22/81 *%
07/29/81 LES
08/14/81 *k
09/08/81 *k
12/31/81 0.0012
01/27/82 . 0.0013
02/03/82 0.0010
02/10/82 0.0012
02/17/82 0.0011
03/03/82 0.0009
03/17/82 0.0008 0.0006 .
04/01/82 < 0.0002
04/07/82 < 0.0002 < 0.0004
04/16/82 < 0.0002 < 0.0002
04/19/82 < 0.0002
04/21/82  — . ___ < 0.0002- >0.0004
04/23/82 i < 0.0002 | [~\
06/16/82 0.0009 0.0004 s
06/30/82 0.0008 0.0002 ///
o7/w4/82 . .. . 0.0004- ~ .0015\4'
07/28/82 | 0.0006 w
08/11/82 0.0006 0.0002

* (Envirodyne, 1983).

*% Tndicates that TCE was present, but the amount was too small to
quantify.
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7. EVALUATION OF THE NO-ACTION ALTERNATIVE
7.1 Introduction

The National Contingency Plan specifies that rvemedial actions be
evaluated in terms of, among other things, the eitenc to which they
mitigate damage to, and provide protection of, public health. To do
this, it 1is first necessary to evaluate the threats posed by exiéting
conditions at the site. The following evaluatlion is an analysis of
NIROP gite conditions in the absence of remedial action.

Existing conditions at the NIROP site were defined by available
analytical data obtained through November 1986. This information was
used to 1dentify critical contaminants and the pathways by which they
may impact public health. Risk levels were then calculated at five
potential receptor areas as follow:

1.  Background (off-gite and upgradient).

2. On-site contaminant source areas.

3. Along the downgradient property line.

4. Off-glte between the property line and the Mississippi River.

5. The Minneapolls municipal water supply 1intake situated

downstream of the site on the Mississippl River.

To assess the potential for, and the risks associated with, future
conditions which may be more severe than those observed to date, analyt-
ical and numerical techniques were used to model potential contaminant
novement at the site. These calculations were limited by uncertainty
over exact source conditions and hydrogeologlcal parameters. They
should be considered only an approximate representation rather than an

exact reproduction of conditions.
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7.2 Summary of Existing Conditions

Sections 2 through 6 provided a review of the available historical,
hydrogeologic, and analytical data for the NIROP site. This information
was used to establish the ground water flow patterns and contaminant
distribution map (Figure 5-7) which provide the basis for the risk
~evaluation in Section 7.4,

The graphical representation of TCE contamination in thé shallow
alluvial wells reveals that there are probably at least 4 source
areas. Two majof potential sources are the "pits and trenches” area
along the northern side of the plant and a second area to the east of
the plant. Wells in these two locations exhibit the highest TCE"
concentrations. Soll samples taken after excavation of the pits and
trenches also reveal residual levels of TCE, 1,2-dichloroethylene, 1,1-
dichloroethylene, tetrachloroethylene, toluene, and 1,1,l-trichloro-
ethane.

The distribution of TCE in the alluvial aquifer is consistent with
shallow ground water flow. For example, TCE levels generally decrease
at wells downgradlent of the suspected source areas, and at wells that
are transverse to flow lines through the source areas. Wells not
subject to flow from the source areas typlcally exhibit TCE levels at
the analytical detection level. It is also possible that there are
additional off-site or on-site sourcés which have not yet been identi-
fied, and which may be influencing the observed distribution of TCE.

Ground water flow through the alluvial (as well as underlying
bedrock) aquifer discharges to the Mississippi River west of the site..

This pathway may result 1in contaminant loading to the river.

1254.01 139:RPT:frid0407d 7-2



Contaminants discharging to the river would be subject to dilution in
proportion to the ratio of ground water flow to river flow. Based on
available hydrogeological data and the annual average daily low flow for
the rivér, this dilution factor was estimated to be(approximately 555,
assuming complete wixing (see calculations in Voiume 11). Since
receptor point of interest, the Minneapolis water supply intake, is
located only 1 mile downstream of the NIROP facility, complete nixing
may not be a valid assumption. If incomplete wmixing 1s assumed which

results in ground water mixing with only 10 percent of the river flow,

the dilution factor would ﬁé\SS;}>

7.3 Strategy for the Public Health Evaluation

A relatively extensive data base describing ground water quality on
and off the NIROP site presently exists. Fach wmonitoring well reveals
ground water quality at a discrete point 1In the overall 3-dimensional
flow system. Similarly, each round of data represents conditions at a
specific point in time.

Based on available data, health risks can be evaluated at many
different points 1n space and tiwme. A valid public health evaluation
should use that data which 1s representative of conditions under which
there way be public exposure. At present, there Is winimal human
exposure because ground water on-site and downgradient is not being
consumed.

Because there 1s a wide range of contaminant concentrations in

ground water, there 1s a corresponding range of potential health risks.

1f risk 1is calculated at a location or time where an observed —
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constituent concentration is high, then the corresponding risk from that
constituent is Thigh. If risk 1s calculated where the observed
concentration is low, the risk is low. In either case, there is no
measure made of whether or not exposure will acually occur. Depending
on where (and when) the exposure occurs, the risk will vary.

For this reason, the notion of ah "averége" or typical level of
risk across the site is not meaningful. The only concept of "averaging”
that 1is appropriate is that at any point of exposure there may be an
average observable conceutration. Risk at that specific location could
then be calculated based on exposure to that Qverage concentration.

The strategy for the public health evaluation, therefore, should be
to calculate risk at different points of interest where exposure might
occur. The maximum risk at these points 1s that associated with the
highest observed concentrations. Lower risks are éntirely possible and
probable as the exposure concentrations decrease.

For this evaluation, at each area of interest, risk has been
expressed based on the following:

1. The highest mean observed concentration for a monitoring well
within that area.

2. The lowest mean observed concentration for a monitoring well
within that area. :

These values represent a range of risk which may be encountered if there

is an exposure (consumption) to ground water in each area.

7.4 Public Health Evaluation of Existing Conditions

7.4.1 Method of Evaluation
This evaluation is a preliminary assessment of the public health

impacts based only on available ground water wonitoring data and is not
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intended to be a comprehensive risk assessment. The method for
evaluating the health risk for contaninants identified on-site has been
adapted from the Superfund Public Health Evaluation Manual, draft

al,
/Tre, 1)

edition, Decewber 18, 1985, prepared for the USEPA by

Worksheets 5-2, 6-1, 7-1, 7-2, and 7-3 from this document were used to
ca;culate intake ratlos for noncarcinogenic substances and to estimate
risk for carcinogens. Coples of the computation worksheets are
contained in Volume II of this report.

The evaluation 1s based on five potential receptor areas or
locations as follow:

1.  Background (off-site and upgradient).

2. On-site contaminant source areas.

3. At the property line downgradient of the source areas.

4. Off-gite between the property line and the Mississippi River.

5. Minneapolis water supply intake, on the Mississippi River.

The network of existing monitoring wells has been divided so that
each well 1s assigned to one of the first four areas above based on its
location. This grouping is contained in Table 7-1. Within each area,
the highest and lowest mean concentrations in any monitoring well were
selected for evaluation. These concentrations are listed in Table 7-2.
Although this method provides a falrly realistic estimate of health
risks, it may hbe conservative for some parameters which have been
obgserved  infrequently and whose occurrence is  probably not
environmentally significant.

The risk level for TCE was calculated for the Minneapolis water

supply intake by "diluting" the observed off-site concentrations
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TABLE 7-1
MONITORING WELL DESIGNATIONS BY LOCATION

Well
Designation Number Approximate Location
1. Background 12-s 0ff-Site, NW of pits/trenches
(0ff-site 13-8 Off-Site, N of pits/trenches
upgradient) 14~8 Off-Site, N of pits/trenches
15-§ Off-Site, NE of pits/trenches
16-8 0ff~Site, NE of pits/trenches
2. On-site Sources 1-8 E of pits/trenches
1-D E of pits/trenches
1-PC E of pits/trenches
2-8 E of pits/trenches
2-D E of pits/trenches
2-PC 8 of pits/trenches
3-S 8 of pits/trenches
5-D N of pits/trenches
7-8 N of pits/trenches
8-8 S of pits/trenches
FMC~33 | S of pits/trenches
3-D E side of plant
3-PC E side of plant
4~3 E side of plant
9-S E side of plant
10-8 Adjacent to Pre~1983 TCE tank
3. Downgradient at 4-p SW Corner of plant
Property Line 4~pC SW Corner of plant
5-S SW Corner of plant
6-S SW Corner of plant
6-D SW Corner of plant
11-8 SW Corner of plant
4, Off-Site 7-D W of property line
(Powngradient) 8-D SW of property line
9-D 8 of property line
17-8 W of property line
18-85 S of property line
19-8 S of property line
20-8 On FMC property
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SUMMARY OF GROUND WATER CHEMICAL ANALYSES AND CALCULATED VALUES AT MINNEAPOLLS

TABLE 7-2

{all units mg/l)

WATER SUPPLY INTAKE

Background On-Site Sources Property Line off-Site Minnesota Water Intake

Highest owest Highest Lowest Highest Lowest Highest Lowest Average Calculated Calculated

Mean Mean Mean Mean Mean Mean Mean Mean of All at 100% at 10X
Parameter MCL MCLG Value* Value Value Value Value Value Value -~ Value Heans Dilution Dilution
Atsenic (As), Dissolved ** | 0.050 0.050 P 0.014 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 0.0025 BD BD
Barium (Ba), Dissolyed* 1.0 0.136 0.064 0.165 0.034 0.106 0.061 0.111 0.032 0.073 BD 0.001
Cadmium (Cd), Dlssolved ** | 0.01 0.005 P 0.0021 0.0008 0.0009 < 0.0001 0.0009 < 0.0001 0.0024 0.002 0.001 BD BD
Chromium (Gr), Dissolved** | 0.050 0.12 P 0.002 < 0.001 0,005 0.001 0.002 < 0.001 0.003 0.002 0.002 BD BD
Coppetr (Cu), Dissolved ** NA Lap 0.006 0.002 0.009 < 0.001 0.009 < 0.001 0.004 0.002 0.003 BD BD
Lead (Pb), Dissolved *# 0.050 0.020 P 0.005 0.00t 0.005 < 0.001 0,003 < 0.001 0.011 0.002 0.004 BD BD
Manganese (Ma), Dissolved**| NA NA 1.960 0.876 1.94 0,002 0.593 0.003 0.920 0.034 0.717 0.001 0.013
Mercury (Hg), Dissolved ** | 0.002 0.003 P |< 0,004 < 0.0004 < 0.0004 < 0.0004 < 0.0004 < 0,0004 < 0.0004 < 0.0004 0.0002 BD 8D
Nickel (Ni), Dissolved ** NA NA 0.037 < 0.001 0.072 < 0.001 0.043 < 0.001 0,072 < 0.001 0.022 BD BD
Seleaium (Se), Dissolved* 0,01 0.045 P 0.008 < 0.005 0,049 < 0.005 < 0.005 < 0.005 < 0.005 < 0,005 0.0025 BD BD
Silver (Ag), Dimsolved ** 0.050 NA 0.003 < 0.001 0.005 < 0.001 < 0,001 < 0.001 0.002 < 0.001 0.001 BD BD
Zine (Zn), Disrolved ** NA NA 3.81 1.84 4.42 < 0.030 0.909 0.086 471 1.03 2.73 0.005 0.049
PCB 1242 NA or 0.00017 0.00010 0.00017 0.00009 0.00015 0.00008 0.00010 0.00010 0.0001 BD BD
PCB 1248 NA 0 0,00010 0.00009 0.00017 0.00009 0.00010 0.00008 0.00010 0,00010 0.0001 BD BD
PCB 1254 NA or 0.00023 0.00010 0.00029 0.00009 0.00011 0.00008 0.00010 0.00010 0.0001 BD BD
PCB 1260 NA 0P 0.00010 0.00009 0.00010 0.00009 0.00018 0.00008 0.00010 0.00010 0.0001 BD BD
1,1,1 trichloroethane 0.20 P 0.20 0,0025 0,0025 0.2667 0.0025 0.0616 0.0025 0.0056 0.0025 0.003 8D 8D
1,1 dichloroethane NA NA 0,0025 0.0025 0.0540 0.0025 0,0065 0.0025 0.0025 0.0025 0.0025 BD BD
1,1 dichloroethylene 0.007 P | 0.007 0.0025 0.0025 0.0038 0,0025 0.0038 0.0025 0.0025 0.0025 0.0025 BD BD
Benzene 0,005 P | O 0.0025 0.0025 0.0072 0.0025 0,0050 0.0025 0.0045 0.0025 0.003 BD 3D
Bis (2 ethylhexyl) phthalate] NA NA NA NA 0.0379 0.0013 0.0564 0.0008 " NA NA NA NA NA
Chloroform 0.10 NA 0.0025 0.0025 0.0038 0.0025 0.0038 0.0025 0.0025 0.0025 0.0025 BD BD
1,2 dichloroethylene NA 0.07 ¥ 0.0025 0.0025 0.3400 0.0025 0.2490 0.0025 2.51 0.0025 0.437 BD 0.008
Ethylbenzene NA 0.68 P 0.0025 0.0025 0.0655 0.0025 0.0038 0.0025 0.0025 0.0025 0.0025 BD BD
Methylene chloride NA N 0.0056 , 0.0025 6.8408 0.0025 0.0772 0.0025 0.0025 0.0025 0.0025 B 8D
Tetrachloroethylene NA or 0.0025 0.0025 0.1833 0.0025 0.0554 0.0025 0.0025 0.0025 0.0025 8D BD
‘Tolurne NA nor 0.0025 0.0025 0.0067 0.0025 0.0072 0.0025 0.0054 0.0025 0.003 BD BD
Trichloroethylene 0.005P | O 0.133 0.0025 7.9167 0.0025 1.3321 0.0033 8.2000 0.0025 1.85 0.003 0.033

* Mean values may be less than detectlon limits because concentrations reported at less than detection limits were {ncorporated into the mean at 0.5 of the detection limit concentration.

** Daly one round of samples (November 1986) were analyzed for dissolved Inorganlcs.

P Proposed Maximum Contaminant level Goal.

NA Not Available.

BD Value not calculated because "off-gite average” is already at or below detection limit or calculated value Iitself is well below detection limit.
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(average mean value) by the two factors described in Section 7.2. The
average mean value for all samples from the off-site wells was used in
this calculation because the flux of grdund water to the river 1s across
a two-dimensional plane represented by all the wells, not any particular
well. The water intake evaluation actually’results in an incremental
risk 1éve1 since it does not include the potential presence of TCE in
the river from other upstream sources. It 1s also conservative because
it assumes that there 1s no removal in the river by volatilization or

blodegradation.

7.4.2 Deviations and Assumptions

The evaluation is hased on the assumption that the primary route of
human exposure occurs only through ingestion of ground water or river
water and that the effect of exposure through other media (e.g., air
transport and inhalation, soll contact, etc.) are negligible. Hence, it
was not considered necessary to select indicator chemicals through the

ranking process outlined in the Superfund Public Health Evaluation

Manual .
It is also assumed that the only source of TCE from the site to the
river 1s wvia ground water discharge. Other discharges, such as

stormwater, are assumed to be minor.

7.4.3 Computations

The calculation of risk 1§ based on the unumerical technique
described in the Superfund Public Health Evaluation Manual. For non-
carcinogens, the observed concentrations (mg/l) were nultiplied by

USEPA's human intake factors (1l/kg/day) to determine the estimated daily
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intake level (mg/kg/day). The estimated daily intake was then divided

by USEPA's acceptable daily intake. These results are contained in
Table 7-3.

For carclnogens, the estimated daily intake (EDI) was calculated as
above. The EDI was then multiplied by USEPA's carcinogenlc potency
factor to determine actual risk levels. Since the relatiénship between
risk and observed concentration is linear, 1t can be plotted as a
straight line on log-log paper. For each observed carcinogen, this is

illustrated in Figure 7-1.

7.4.4 Interpretation of Results

Non—-carcinogenic Health Effects. There is concern about potential

health effects when the estimated human intake exceeds the established
acceptable intake level (i.e., when the ratio of estimated actual intake
to acceptable intake exceeds unity). Thus, as can be seen from Table .
7-3, there 1s cause for concern over non-carcinogenic health effects at
background, on-site and off-site locations for barium.

Barium levels approach the Maximum Contaminant Level (MCL)
(drinking water standard), but do not exceed it. Manganese 1s the only
metal which exceeds a published MCL (that being in an on-site source
well).

Several non-carcinogenic organic compounds exceed published MCL's
or Maximum Contaminant Level Goals (MCLG's). Methylene chloride is the
only organic compound which exceeds an intake ratio of 1.

For manganese and methylene chloride the potential effects should
be qualified by whether the observed concentrations are environmentally

significant. - This is discussed in Chapter 5.

1254.01 139:RPT:frid0407d 7-9



RISK LEVEL

T T 4] ™ T T 17T T TR
3 | I T ] ‘3
[ =
E
. o -l
| Z 4
S
IIS -2
X EIE 3
- ETRACHLOROETHENE 1
1073 S
1074 i L
1075 I MDH ACEPTABLE RISK LEVEL FOR 108
3 TOTAL CARCINOGEN CONCENTRATIONS 3
B
10-8 ___USEPA ACCEPTABLE RISK LEVEL FOR 17
l INDIVIDUAL CARCINOGEN CONCENTRATIONS ::]
PR | 1 .1..n] 1 vatangl YT | 1 et ol g 4 10'7
0.001 0.01 0.1 1 10 100
CONCENTRATION, mg/L
FIGURE 7-1
RELATIONSHIP BETWEEN CONCENTRATION
AND RISK FOR CARCINOGENS
NOTES:
4) =i RANGE OF MEAN CONCENTRATIONS
SEEN IN MONITORING WELL SAMPLES
2) DETECTION LIMIT FOR PCB'S IS 0.0002 mg/L.
MEAN CONCENTRATIONS ARE NEAR OR
BELOW THIS LEVEL.
T-ar o, MeCS

M l ‘ J’:. 5Ia7
SR 4254.01




TApud 7'3

~(for non-~carcinogens)

RATIO OF ESTIMATED HUMAN INTAKE TO ESTABLISHED ACCEPTABLE INTAKE LEVELS*

. Background On-Site Sources Area Property Line Off-Site Minnesota Water Intake
Highest Lowest Highest Lowest Highest Lowest Highest Lowest
Mean Mean Mean Mean Mean Mean Mean Mean 100 % 104

Parameter Well Well Well Well Well Well Well Well Dilution Dilution
— (] Barlm > (8) | — - - - - - - - - -
R @© | 13.6 B4 16.5 3.4 10.6 6.1 11.1 3.2 B 0.1
Cadmfum ) | 0.2 0.08 0.09 0.005 0.09 0.005 0.2 0.2 B i)
© | 021 0.08 0.09 0.005 0.09 0.005 0.24 0.2 B B
Chromium (S) | 0.000004  0.000001 0.00001 0.000002 0.000004  0.00000L 0.000006  0.000004 B B
©) | 0.00004 0.00001 0.0001 - 0.00002 0.00004 0.00001 0.00006 0.00004 B BD
Copper (s) | 0.0047 0.00157 0.00705 0.00039 0.00705 0.00319 0.00313 0.00157 BD BD
(€) { 0.0047 0.00157 0.00705 0.00039 0.00705 0.00319 0.00313 0.00157 BD BD
Lead | - - - - - - - - - -
© | 0.104 0.0207 0.104 0.104 0.062 0.0104 0.228 0.041 0] B

Mamganese  (S) | 0.107 0.0479 0.106 0.0001 0.0325 0,0001 0.0503 0.0019 0.00005 0.00071

I ©) 0.258 0.115 0.256 0.0003 0.0782 0.0004 0.121 0.0045 0.00013 0.0017
Z | Mercury (s) | 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0,009 0.009 B )
© | 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0.0029 0 )
Nickel (8) 0.0536 0.0007 0.104 0.0007 0.0623 0.0007 0.0029 0.0007 ] B
©) | o0.0107 0.0001 0.0208 0.0001 0.0125 0.0001 0.0006 0.00015 i) B
Selenium (8) | 0.0725 0.0227 0.444 0.0227 0.0227 0.0227 0.0227 0.0227 B B
)| 0.0773 0.0242 0.474 0.0241 0.0241 0.0241 0.0241 0.0241 )] B
Silver o | - - - —_— — — —_— — -
© | - - - - - - - et - -
Zine (5) | 0.52 0.254 0.610 0.0021 0.125 0.0119 0.651 0.142 0.0007 0.007
(C) | 0.526 0.254 0.610 0.0021 0.125 0.0119 0.651 0.142 0.0007 0.007

* Ratlo is the estimated human intake divided by the acceptable intake (values greater than 1 represent a health concern)
— = Not Evaluated, “acceptable intake" values not available
(8) = Subchronic Exposure Risk
(C) = Chronic Exposure Risk

BD = Not calculated because concent:

|

ration would be well below amalytical detection limit




TABLE 7-3 (Cont'd)

RATIO OF ESTIMATED HUMAN INTAKE TO ESTABLISHED ACCEPTABLE INTAKE LEVELS*
(for mon-carcinogens)
Background On-Site Sources Area Property Line Off-Site Minnesota Water Intake .
Highest Lowest Highest Lowest: Highest Lowest Highest Lowest
Mean Mean Mean Mean Mezn Mean Mean Mean 100 % jli4
Parameter Well Well Well Well Well Well Well Well Dilution Dilution

1,1,1 tri- ®| — - - - - — - - - -
chloroethane  (C)] 0.0002 0.00001 0.0014 0.00014 0.0033 0.00014 0.0003 0.00014 )] B
1,1 dichloroe- (S)| 0.00009 0.000006 | 0.0013 0.00006 0.00016 0.00006 0.00006 0.00006 BD BD
ethane (c)y| 0.0009 0.00006 0.013 0.0004 0.0016 0.0006 0.0006 0.0006 BD B
1,1 dichloro~ (S8)] — - - - - - - - - -
ethepe o - - - - - - - - - -
Bis (2 ethyl- (8)] — - - - — - - - -
bexyl)phthalate(C)| — - - - - - - -~ — -

~ | cis, 1,2 ©®) - — - — - - - - -

o |dichloroethene (C)| — - -~ - — - - - -
Ethylbenzene (S)| 0.0001 0.000008 | 0.0002 0.000008 | 0.00011 0.00008 0.00008 0.00008 BD B
o (C)| 0.001 0.00008 0.002 0.00008 0.0011 0.0008 0.0008 0.0008 BD B
| Vethylene  XS)| — - —_— - - - - - - ~
.| Cnloride (@] 0.032 0.0002  |74.0 0.0015 0.044 0.0015 0.0015 0.0015 ® B
Toluene (s)| 0.0004 0.00002 0.0004 0.0002 0.0005 0.0002 0.0004 0.00002 BD )]
(€)] 0.0006 0.00003 0.0007 0.0003 0.0007 0.0003 0.0006 0.00003 BD B

125401 139:RPT: frid0407Th
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— = Not Evaluated, “acceptable intake" values mot available

(8) = Subchronic Exposure Risk

(C) = Cronic Exposure Risk

BD = Not calculated because concentration would be well below analytical detection limit



Carcinogenic Effects. Six of the contaminants measured in the
ground water.samples are known or pétential carcinogens with established
carclnogenic potency factors. In evaluating carcinogenic risks, the
USEPA considers risks lower than 1 x 1076 ag the acceptable range. The
Minnesota Health Department considers the risks of multiple carcinogens
to be additive and uses risks lower than 1 x 1077 ag being in the
acceptable range for the total of all carcinogens present.

Figure 7-1 illustrates carcinogenic risk levels for 6 carcinogens.
The figure plots concentration versus risk for each of the six
carcinogens on a logarithmic scale. The relationship is linear, which
means that 1f the concentration 1s doubled, so does the risk. This is
an especlally important point because the ground water data reveal that
the observed concentrations vary by up to several orders of magnitude
over relatively short horizontal or vertical distances across and around
the site. This makes it difficult to describe the "real" risk posed by
ground water at the site.

Figure 7-1 also points out that for several carcinogens even the
analytical detection 1imit exceeds the USEPA acceptable risk level of
1076,  Mean values close to or below the detection limit which are
calculated with "not detected” values are therefore of questionable
validity. In general, the most valid calculations are those which do
not include values below the detection limit.

Figure 7-2 plots specific TCE data points at several locations.
This {llustrates that there is a carcinogenic risk at on-site and off-
site wells 1n excess of state and federal guidelines. The calculations
for risk at the Minneapolis water supply intake are generally in the —

range of acceptable levels, depending on the dilution assumption used.
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7.5 Modeling of Contaminant Movement and Evaluation of Potential Future
Conditions

The movement of dissolved constituents in ground water is governed
by various physical and chemical processes. The principal ﬁechanism is
simply the mass transport of the chemical by ground water flow.
Contaminants are transported in the ditection of, and at a velocity
related to, that for ground water flow. As contaminants are transported
via this advective process, they are also dispersed (or spread out) by
physical and chemlical means 1In directions which are parallel and
transverse to ground water flow lines, This spreading results in the
typical "plume"” of contamination. The shape and extent of the plume is
further defined by attenuative processes such as adsorption and
degradation,

The magnitude and extent of downgradient concentrations is also
dependent on the strength and size of the source of contamination. To
make meaningful predictions of future conditions, it 1s also necessary
to know when the source originated, and whether it is continuous or
instantaneous.

Unfortunaﬁely, none of these source variables can be accurately
defined with available Information. For calculations such as these, the
predicted downgradient concentratiouns are highly sensitive to the source
size. Therefore, without precise source information, the predictioas

can vary by orders of magnitude,

On-site Soll as a Potential Source of TCE in the Ground Water

TCE which is contained in unsaturated soils may provide a source of
TCE in the ground water, For example, near Pit #3 the soils data

indicate an average residual TCE concentration of approximately 110
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ppm, If it is assumed that this soil is providing an ongoing TCE
source, the solls concentration can be converted to an equivalent
aqueous concentration using a simple partition coefficient model (see
Volume II), This concentration would represent TCE which may be leached
to the water table and then subjected to the transport processes
described above. This leachate concentration is estimated to be 410
mg/l. As dilution and dispersion occur, this concentration would be
reduced to lower levels at downgradient 1ocations.

This calculated TCE concentration is mnuch higher than shallow
ground water concentrations immediately downgradient of the pits and
trenches area, however. Concentrations on the order of 1 mg/l and
higher have been seen. This suggests that either substantial dilution
of leachate from the solls is occurring, or that leachate generation is

not widespread.

The Potential for the Existence of Unknown, On-going Sources

It is conceivable\that a past release or spill of TCE may provide a
continuing source of ground water contamination. TCE has a specific
gravity greater than that for water (1,49 vs 1.0), and thus undiluted
TCE which reaches the water table may "sink" through the aquifer. TCE
which becomes entrapped in soil pores or which settles at the top of a
less permeable layer may dissolve slowly over a long period of time. At
such a source, TCE could be measured at concentrations up to the
solubility limit (1,000 mg/l at 20°C). Depending on the size and extent
of the source, concentrations would decrease at downgradient locations.
Such a source may also be difficult to identify since it could be

located at depth within the aquifer and fairly limited in extent.
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From the existing data, it is difficult to determine whether a
continuous source of TCE exists. For example, in shallow and deep wells
adjacent to the pits and trenches, there has been a marked decrease in
TCE concentrations over a two-year period, From October 1983 to Juﬁe
1985, concentrations dropped from 28 mg/l to 0.62 mg/l in well 3-S and
from 37 mg/l to 2.6 in well FMC-33. The November 1986 data show TCE
concentrations of 0.88 mg/l and 1.3 mg/l at these wells, respectively.
These trends seem to reflect a dissipating source which may have reached
steady~state., Similar trends may arise at downgradient locations and at
other potential ‘source locations due to natural flushing mechanisums.
This situation, in turn, would result in decreasing public health risks
even in the absence of remedial action. It 1s not possible to predict
the time required to reach acceptable risk 1levels through natural

removal mechanisms with the existing information.

Modeling of Possible Future Conditions

The existing data do not provide sufficient detail to accurately
determine TCE source concentrations or predict future conditions.
Therefore, a simple computer model was used to calculate theoretical
downgradient TCE concentrations based on a hypothetical and conservative
ongoing source, The model was based on the numerical techniques for
solving the dispersion-convection equation described by Domenico and
Robbins (1985), This equation, and the corresponding numerical
solution, consider dispersive and convective (advective) transport from

‘a three-dimensional source, The source can be defined as instantaneous
or continuous, and can be at the specified surface of the water table or-

at any location across the thickness of the aquifer, It can also be
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specified as continuous in the vertical dimension. Since the model does
not consider any contaminant removal mechanisms, it will yleld conserv-
atively high concentrations downgradient of the source. Based on best
available information, estimates for reQuired parameter 1Inputs are
listed in Table 7-4. Where site-specific data were not avallable,
estimates were used.

Several scenarios were investigated, The first scenario used the
assumption that a large trench (200 feet long), aligned perpendicular to
a flowline, was continuously generating leachate which was contaminated
with TCE at 1,000 mg/l (roughly the solubility limit). This leachate
was Introduced at the surface of the water table and then subjected to
advection and dispersion in three dimensions. The results are
summarized below.

TCE (mg/1) DOWNGRADIENT OF A HYPOTHETICAL TRENCH
(STEADY-STATE CONDITION)

Distance Downgradient, m
Depth, m 0 100 540 720
(Source) (Property Line) (River)
0 1000 8 2 1
30 0 0 2 1

The results of this simulation indicate that a large continuous
source of TCE could result in concentrations of roughly 2 mg/l at the
NIROP property line. This 1s not Inconsistent with measured values at
downgradient wells. Further, little additional reduction 1s achieved
before recharge to the river. At downgradient locatioms, concentrations

are uniform across the thickness of the aquifer.
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TABLE 7-4
CONTAMINANT TRANSPORT MODEL INPUT PARAMETERS

Parameter Units Value Used Justification

Seepage Velocity, V m/yr 167 | Calculated based
, on typical water

table gradient

(see Volume II)

Longitudinal Dispersivity, 1 | m 50 Typical value,
sand and gravel
aquifers
(Anderson, 1984)

Transverse Dispersivity, vy m 5 RY = 0.1
(Typical
relationship)

Transverse Dispersivity, z m 5 Aa = 0.1,_,“.
(Typical
relationship)

Dispersion Coefficient, Dy mzlyr 8350 Dy = X, .V

Dispersion Coefficient, Dy mz/yr 835 Dy =c<ya\/

Dispérsion Coefficient, D, mzlyr 835 D, =X3-V
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Simulations over varying time perlods indicate that steady-state
conditionsAare achieved 5 to 10 years after the continuous source is
introduced to the system. It follows, then, that at least this amount
of time would be required to purge the system after the source is
removed.

The numericgl solution is liﬁear with respect to the initial source
concentration. Thus, if the source concentration is reduced by an order
of magnitude, all downgradient concentrations would be reduced
correspondingly.,

The second scenario assumes that there is a uniform vertical column
(10 feet wide) of TCE entrapped across the thickness of the aquifer at a
location corresponding to the original pits and treaches. This source
is assumed to be continuously releasing TCE at 1,000 mg/l. The results
are given below.

TCE (mg/1) DOWNGRADIENT OF PRODUCT ENTRAPPED IN WATER COLUMN
(STEADY-STATE CONDITION)

Distance Downgradient, m

Depth 0 100 540 720
(Source) (Property Line) (River)
Uniform 1000 38 16 14

These results are somewhat higher than those observed at
corresponding monitoring locatlions., If it is assumed that the source is
entrapped over a relatively discrete thickness, such as the top 0.5 m of
the water table, similar model calculations show that concentrations
drop off to 1 mg/l within 50 m. Thus it may be difficult to even see
the effects of numerous small sources. This, however, may be the

scenario which most closely represents actual coanditions.
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Evaluation of Possible Future Effects

These modeling exercises provide at least a qualitative insight to
the possible future effects of the No-Action Alternative., These can be
summarized as follows:

. In the absence of remedial action, a large, unidentified
continuous TCE source may yield downgradient concentrations
which are higher than those prasently observed, Public health
risks would increase proportionally. (The data to date,
however, do not indlcate worsening ground water quality in
terms of TCE concentrations, This scenario is not realistic
if all large sources are presently known.)

. If there have been no new sources of TCE in the last 5-10
years, then the concentrations presently observed (and the
corresponding risks) probably will not increase.

. Since the effects of small, 1isolated sources of relatively
pure TCE (such as subsurface pools or pockets) are relatively
local, not all of the risks may be presently known.

Based upom present knowledge regarding the extent of past waste
disposal practices and the fact that TCE levels are declining in some
wells, it appears that the risk evaluation for existing (observed)
conditions provides a conservative estimate of future risks as well.
The evaluation of risk for potential future conditlons could be improved

by better defining sources and by identifying any additional trends in

ground water quality over time,
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8. TIDENTIFICATION OF REMEDIAL TECHNOLOGIES
8.1 Introdﬁction
8.1.1 Purpose of Remedial Action

The purpose of evaluating remedial actions in the feagibility study
portion of the RI/FS process under CERCLA 1is to identify a cost-
effective and technically justifiable remedial alternative that protects
the health and well-being of potential receptors in the area of the
site. Prior to final selection of a remedial alternative, a remedial
investigation is conducted to identify potential constituents of concern
and the pathways by which these constituents may come in contact with
potential receptors,

For the purpose of this Interim Report, the remedial inﬁestigation
consisted of complling existing information developed by the U.S. Army
Corps of Engineers. These data were used as a basis for defining the
current situation and for developing preliminary remedial action
alternatives, This was done to focus subsequent investigative steps,
providing the data necessary for the evaluation of the alternatives.

As previously identified, the potential constituents of concern may
be grouped into metals, PCBs, and organics. Specific compounds under
each of these groupings have been detected in the solls and ground water
at the site. The following 1s a summary of the major findings from the

investigations conducted at the NIROP site:

. Metals - Ground water samples from earller NIROP
investigations were not filtered in the field prior to
analysis. Only the November 1986 round of samples was

filtered in the field. In the November 1986 round, selenium
was analyzed for the first time and was detected in one sample
above the MCL. In addition, in previous rounds many metals
were detected at approximately equal concentrations in samples
of ground water taken from locations both up~ and downgradient
of the site. Based on these facts, metals do not appear to be
a contaminant of concern and will not be addressed in the
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technology evaluation, screening, or alternmative development
sections.

. PCBs - PCBs were detected in the ground water and soil samples
at the site. However, concentrations detected were very low,
showed no consistent detection pattern at a specific well or
location, and generally consisted of different Aroclors.
Thus, it was concluded that PCB's do not represent an on-site
source of environmental contamination and technologies will
therefore not be developed to specifically address PCBs.

. Organics - A number of organic compounds have been detected in
the soils and ground water at the site; however, the primary
constituent of concern for this analysis will be TCE. This is
based on the following reasons:

- Many of the organics (tetrachloroethene - PCE, 1,1
dichloroethane, 11,1 trichloroethane, 1,2~
dichloroethane) showed the same general distribution
pattern as TCE but were detected at much lower
concentrations,

- Ethylbenzene was not detected 1in the most recent
monltoring round.

- Many of the organics detected (toluene, phthalates) are
commonly found as a sampling or laboratory contaminant.

- Other organics (chloroform) showed decreased
"concentrations or showed no consistent patteran or trends,

In summary, the balance of the organic compounds, when detected,
were detected at insignificant concentrations or demonstrated no spatial
or temporal patterns indicative of on-site contamination.

Previous sectlons of this report have identified the potential
pathways for TCE to come in contact with receptors. Ground water has
been designated the primary pathway for the following reasons:

. Surface water - Much of the contamination documented to date
is below ground level and does not come in contact with
surface water, Much of the site 1s covered by buildings and
pavement which drain to storm sewers; however, little data

exist to date on the quality of the storm water runoff from
the site,
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. Air - The majority of constituents detected have been found
below ground, thus limiting their potential migration through
the atmosphere. In addition, RMT personnel used an HNU
volatile organic photolonizer during a recent site visit and
found no significant atmospheric concentrations of VOCs.

. Soils - The contaminants of concern are such that, instead of
moving through soils, the contaminants will move with the
ground water. In addition, contaminated soils generally exist
below ground surface, thus removing erosion as a pathway.
Thus, contact with constituent-laden solls has been removed
from further consideration.

. Direct Contact - The majority of constituents detected have
been found below the ground, and a high level of security is
in force at the site; therefore, the constituents of concern
are inaccessible for direct contact.

Based upon ‘the above summary, TCE and 1its assoclated organic
compounds are the major contaminants, and the ground water is the main
pathway for the contaminants to move off site. Thus, only technologles
and alternatives that contain, remove, treat, or dispose of TCE~-
contaminated ground water and subsurface source areas in soils will be

discussed.

8.1.2 Objectives of Remedial Action

The feasibility study under CERCLA 1is designed to identify and
evaluate technologies and alternatives which could be developed for
source control and on-site or off-site remedial action. The major
objective of a feasibility study is to determine which technologiles are
appropriate as remedial actions, using a cost-effective approach
consistent with the objectives and goals of CERCLA, The National
Contingency Plan (NCP) requires the "assessment of each alternative in
terms of the extent to which it 1Is expected to effectively mitigate and
minimize damage to, and provide adequate protection of, public health,-

welfare, and the environment™ - 40 CFR 300.68(1)(2)(d).
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The RI/FS process carried out under CERCLA is divided 1into 15
separate and distinct tasks. The FS portion 1is broken into tasks 8
through 15 as follows:

No. 8 = Description of Proposed Response

No. 9 - Preliminary Remedial Technologies (Identify and Screen)
No. 10 - Development of Alternmatives

No. 11 - Initial Screening of Alternatives

No. 12 - Evaluation of Alternatives

No. 13 ~ Preliminary Report

No. 14 - Final Report

No. 15 - Additional Requirements

The scope of the work contained within this section of the Interim
Report 1is limited to the performance of tasks No. 8 and 9 and a
preliminary performance of task No. 10. The performance of these tasks
is limited to the use of data previously collected by firms other than
RMT. The only data collected to date by RMT includes ground wafer
levels, the‘November 1986 round of analytical results, and HNU data.

In this section of the Interim Report, potential remedial
technologies will be didentified that could possibly be used at the
site. These technologies will then be screened to eliminate those which
do not warrant further consideration. The selected technologles will be
combined to form remedial alternatives to effectively mitigate contam-
ination at the site. In conjunction with determining remedial actions,
an adequate level of site remediation to address the applicable
remediation criteria must be developed.

At the present time, there 1s no written nationwide policy on
cleanup levels for actions under CERCLA., The Superfund Ameundments and
Reauthorization Act of 1986 (SARA) does, however, place heavy emphasis
on remedial actions that are permanent. Historically, individual USEPA
regional offices have made determinations on the level of remediation onh

a case-by-case basis,
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On November 13, 1985, the USEPA proposed a Maximum Contaminant
Level for TCE in drinking water of 5.0 micrograms per liter (parts per
billion - ppb). In addition, 1in the November 28, 1980, Federal
Register, the USEPA promulgated the level of TCE which (through
ingestion of contaminated water and countaminated aquatic organisms)‘may ‘
result in Incremental increases of cancer over a person's lifetime., The

corresponding criteria for the 1076 cancer risk is 2.7 ppb,

8.1.3 General
The first "step 1In the feasibility study process 1is the
identification of remedial technologles appropriate to the desired
remedial response actions. For the NIROP site, the following five broad
response actlions have been identified:
l. No action - (see Section 7).
2, Contalnment of wastes and contaminated media,
For the most part, this includes isolating and containing TCE-
contaminated materials to prevent continued migration through
the environment. This action also includes limiting the flow
of ground water through highly contaminated areas and
controlling ground water which has already been contaminated.
3. Removal of wastes and contaminated media.
For waste materials and contaminated soils and ground water,
removal may be necessary prior to either treatment or
disposal.
4, Treatment of wastes and contaminated media,
Some form of treatment of wastes and contaminated soils and
ground water, either on-site, off-site, or in situ, may be

undertaken prior to  disposal, or concurrently with
containment,
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5. Disposal of soils and/or ground water.
Certain wastes or contaminated media may be disposed directly
without prior treatment. Depending on the nature and degree
of hazard of the material, on-site or off-site disposal
options may be possible.
Figure 8-1 1illustrates the variety of remedial technologies
avallable for the containment, removal, treatment, and disposal of TCE~
contaminated materials, This flowchart also points out the

interdependence and sequential nature of applying remedial technologiles

to site cleanup. Each of these alternative technologies is discussed

below. A preliminary screening of alternatives 1s addressed in

Chapter 9. The following is a discussion of specific technologles as

illustrated in Figure 8-1.

8.2 Containment Technologies

Containment can be used in conjunction‘with other remedial actions
or as a means of site stabilization., The containment action may address
contaminated soils as well as contaminated ground water downgradient of
the waste source. In either case, it Is essential to Incorporate a well

designed post~closure monitoring program with the containment. action.

8.2.1 Cap In Place

The purpose of site capping is threefold: 1)'to eliminate surface
transport of contéminants through erosion processes; 2) to eliminate the
potential for direct contact with waste material; and 3) to minimize the
-1htroduction of preciéitation and thereby the leaching of contaminants
from buried waste materials. Capping is frequently employed as a final

method of site stabilization for a wvarlety of waste materials,
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particularly when removal is impractical because of cost or the type of
contaminant., Capping does not eliminate the risk associated with a
waste but rather reduces the risk of exposure to it,

Concrete Pavement. This technology involves grading the site to

provide contouring for effective surface water runoff, and placement of
a granular base course followed by placement of a concrete slab, The
slab would provide a durable surface which would permit selective future
surface use of the site for storage or parking. The concrete slab has
excellent weathering characteristics and excellent water repellency.

Asphalt Pavement. This technology involves surface contouring for-

effective water runoff and placement of a granular base course and an
asphaltic surface course, This surface 1is specifically designed to
reduce infiltration and is similar to highway paving asphalt except that
the percentages of mineral filler and asphalt cement are increased,
providing an excellent water repellent surface.

In-situ Soil Admixtures. This technology involves surface grading

followed by addition and mixing into the soil of either a 1£Quid asphalt
to create soil asphalt, or cement and water to create soil cemént. The
mixing depth in either case is generally 6 to 12 inches, resulting in
physical soil properties (strength, water repellency) greater than the

natural soil.,

Sprayed-On Caps. This téchnology involves grading the area for

effective surface water runoff, compaction and rolling of the area to

obtain a smooth surface, and application of a sprayed surface membrane.

The membrane material generally used is an asphalt or a rubber and/or

plastic latex. The finiahed membrane generally has a thickness of_
approximately 1/4 inch.
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Soil Caps. This technology involves base preparation of regrading
and recompaétion followed by placemenﬁ and compaction of clay to achieve
a hydraulic conductivity of less than 1 x 1077 cm/sec to a general depth
of 2 feet. A sand blanket is then placed on top of this compacted clay,
followed by a layer of fill material which is then covered by topsoil
for revegetation. The clay layer provides a low ﬁermeability barrier
which minimizes infiltration of surface waters. The sand blanket
provides a drainage layer abovg the clay to intercept and drain the
infiltrated surface water. The layer of f£fill materials serves to
protect the clay layer from frost penetration and surface eroaion.
Revegetation helps to reduce surface erosion and minimize ground water
recharge by evapotranspiration of infiltrated precipitation.

Synthetic Membrames, This technology Involves regrading the site,

followed by placement of a synthetic liner sandwiched between two sand
blankets. A layer of fill material to be revegetated is then placed on
top of this. The bottom sand blanket provides a cushion for the
synthetic membrane, which i1s usually a flexible polymeric material, The
sand blanket. above the membrane provides a drainage 1layer for
infiltrated surface water, The fill material protects the membrane from
surficial activities, while the revegetation provides erosion control.

Composite Covers. This technology involves placement of a clay

layer of less than 1 x 1077 hydraulic conductivity, A synthetic
membrane sandwiched between two sand blankets is then placed on top of
the clay. Then, fill material to be revegetated is placed on top of the
sand blanket, This'technology provides two low permeabiiity liners to
minimize infiltration, as well as sand blankets to cushion the synthetic_
membrane and serve as a drainage layer,
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8.2.2 Ground Water Containment

Subsurface barriers are used to isolate and contain waste deposits,
redirect ground water flow around contaminated areas, and contain plumes
of contaminated ground water. To control the ground water head within
or upgradient of such a barrier, pumping wells or subsurface drains are
frequently used. In order to effectively control contaminant migration
within the ground water regime, a perimeter barrier wall must be keyed
into a confining layer of low permeability at its base, extend upward to
an elevation above the ground water level, and completely encompass the
contaminated area, Hydraulic containment does not address the actual
removal of contaminants.

Slurry Walls. This technology involves excavating a trench to the
depth of the confining base layer while adding a slurry into the excava-
tion. The slurry generally consists of a bentonite/water mixture. The
slurry holds the excavatlion open while creating a low permeability cake
on the sidewalls of the trench, The wall 1s usually completed by
backfilling with a soil/bentonite mixture. The effectiveness of slurry
walls depends on the control of proper excavation procedures and proper
proportioning and placement of the select backfill material. In
addition to soil-bentonite mixtures, cement-bentonite ﬁixtures have been
used or a synthetic membrane may be placed in the trench in a "U"
configuration by filling it with a highly permeable sand material. With
the :synthetic membrane installation, observation wells may then be
placed within the permeable sand material to detect infiltration and to

determine the integrity of the synthetic membrane.
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.Sheet Piles. This technology involves driving‘sheet piles, with
the flangeé back-to-back, around the perimeter of the area to be
contained. The piles are driven until the tips re#ch and penetrate an
underlying low permeability layer.

Injected Screens. This technology is similar to the sheet piles

except that the piles are subsequently extracted one at a time and the
resultant void filled with a grout injected under pressure,

Grout Curtains. This technology involves drilling holes along the

perimeter of the area to be contained until an underlying low permeabil-
ity layer 1is resched, The drill 1is then extracted and a grout is
injected under pressure through the drill holes. The drill holes are
spaced along a line at distances such that the cemented 2zone of each

grout hole overlaps the preceding zone.

8.3 Removal Technologies

8.3.1 Soils

Excavati@n. This technology involves the excavation of
contaminated materials from an identified area followed by disposal or
treatment of the contaminated material. The purpose of the excavation
18 to physically remove the source of contaminants available for future
migration, This technology is therefore viable and effective in
minimizing future ground water contamination, assuming that all

significant sources of contaminants are located.
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8.3.2 Ground Water

Pumping Weils. Pumping wells installed within a contaminant plume

can be used to recover contaminated ground water for treatment and/or
disposal, This technology c¢an also be used to coantrol hydraulic
gradients in the vicinity of the site, limiting the off-site migration
of contaminants or reducing flow through the areas of subsurface
contamination, These wells are frequently used in conjunction with
subsurface barriers to physically and hydraulically 1soléte waste
areas. The spacing and sizing of pumping wells are determined by the
extent of the plume to be controlled and by aquifer propertiles,

Subsurface Drains. This technology serves the same general purpose

of pumping wells ~ to remove contaminated ground water from below a
site. Subsurface drains are generally limited to shallow depths and
thus may serve as a subgtitute for pumping wells in shallow aquifer
conditions, Subsurface drains normally include a drain pipe or gravel
bed, protective filter media to prevent clogging by fine particulate
matter, manholes or wet wells for the collection of ground water, and
pumping facilities to remove the accumulated water. Drains are
typically situated transverse to the direction of ground water flow and
may be placed downgradient to collect contaminated water or upgradient
to keep uncontaminated ground water from coming in contact‘ with

contaminated areas.
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8.4 Treatment Technologies

8.4.1 Ground Vater

Most remedial technolégies discussed 1in the previous sections
require extraction of ground water to be effective, The extracted
ground water often requires some form of treatment prior to disposal.
Many forms of ground water treatment exist. The following discussion
‘has been 1limited to those technologies deemed applicable to the
treatment of VOC-contaminated ground water.

Biological Treatment, This technology requires sufficient organic
g g

matter to sustain bilological activity., This technology 1z frequently

used in the treatment of Industrial and municipal wastewaters.

Treatment plants interviewed by the USEPA as part of the development of

effluent guidelines for the organic chemical, plastic and synthetic
fibers industries demonstrated the use of biological treatment (notably
activated sludge) in the treatment of organics including TCE (Federal
Register January 14, 1986, p. 1720).

Carbon Adsorption. This technology involves placing extracted

ground water through a bed of activated carbon chosen to be suitable for
the removal of the organic contaminant in question. This technology has
been extensively developed and proven suitable for the removal of a wide
range of organic substances, Carbon adsorption has been shown to
provide a high level of contaminant removal and is capable of producing
water that is of drinking water quality. Carbon adsorption systems are
closed and therefore (unlike other treatment systems) have a low

potential for emissions of VOCs to the atmosphere,

1254.01 139:RPT:£frid04074d 8-13



Stripping. This technology uses equipment to mix large volumes of
air with a céntaminated water source. This mixing promotes the transfer
of volatile organics info the air, thus removing them from the liquid
stream. The system generally consists of a packed column in which water
is pumped into tﬁe top of the column and is allowed to cascade down over
loosely packed media while air is pumﬁed upward through the column. The
efficlency of the air stripping process is mainly dependent on the air-
to-water ratio, the contact time and temperature provided in the tower,
and the physical and chemical properties of the constituent of
interest. Air stripping may also be used in conjunction with carbon
adsorption, where the carbon adsorption process 1s used to further
remove contaminants from the ground water or the alr stream exiting the

stripping unit.

8.4.2 Soils Treatment

In contrast to treatment of contaminated ground water, the source
of the contaminants (contaminated soils) could be removed and treated,
thereby removing a source of contamination. |

Incineration. Incineration technology can prov;de thermal
destruction of many organic chemicals, including TCE. Soil ;esidué
could be left as fill material or, depending on leaching character—
istics, may require landfilling. Off-site commercial incinerators are
avallable for the destruction of solid, liquid, and pumpable wastes.
On-site incineration of small volumes of contaminated soils has also
been conducted. These units are typically trailler-mounted, allowing for

setup at a waste site and minimizing off-site transportation costs.
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Fixation/Solidification. Fixation/solidification refers to the

incorporation of the contaminated media into a nonleachable solid
mass. This is accomplished by increasing the structural integrity of
the soll or by otherwise encapsulating the waste. The specific method
is dependent on the charécteristics of the soil and the contaminant of
concern. Methods may include cement or pozzolanic solidificétion,
gsorbant additiom, thermoplastic techniques, or silicate stabilization.
Air Strippiog. Soils that have been’contaminated with volatile

organic compounds can be treated by excavatiﬁg the soils and spreading
them in thin 1ifts to volatilize the organics. The soils are spread
over an 1mpermeable base to minimize the potential for migration of.
contaminants into the subsoil. Following volatilization, the soils can
be capped with a relatively impermeable cover and final disposal

accomplished.

8.4.3 In~gitu Treatment

Stripping-Ground Water. Similar 1in concept to the more

conventional process of air stripping, the technology of in-situ
stripping has been developed on a very preliminary conceptual level.
This technology invol;ss completing hollow-stemmed wells down to the
confining layer, followed by blowing air or oxygen through the well
screen at the top of the well. Such wells would be completed in a line
transverse to the direction of ground water flow. The air emanating
from the bottom of the wells is supposed to strip volatile chemicals

from the ground water. This generally leads to the requirement of
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extraction wells to remove the air above the saturated zone as it
bubbles toward the surface.

Stripping-Soils. A recently developed technology which has been

successful in some applications 1s the in-situ stripping of unsaturated
soils, This process involves completing air extraction wells down to
the water table. Horizontal extractor arms may then be placed on the
end of the well or wells to improve collection efficiencies. A vacuum
is then placed on the well(s), drawing the VOC-laden air to the surface
for treatment or disposal, This alternative has the advantage of
removing the contaminant from the site. 'In discussions with RMT, a
vendor of this technology has indicated that alr concentrations of VOCs
below those requiring a discharge permit can be achieved.

Biological Treatment. In-situ blological treatment has been found

effective in some instances Involving the remediation of ground water
contamination resulting from oil or gasoline spills., Degradation of VOC
compounds by natural soil microbes may also occur., However, this pro-
cess apparently proceeds at a very slow rate. Theoretical considera-
tions suggest that the rate of degradation of chlorinated organics’in
ground water may be enhanced by providing naturally occurring microbes
with both nutrients and oxygen, either or both of which may be rate

limiting.

8.5 Disposal Technologies

8.5.1 Soils
Land disposal of both hazardous and nonhazardous wastes is a proven

technology that has been used for many years. Design, construction and-
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operation of regulatory agency-approved sites is commonplace. However,
any proposed use of the land disposal technology for site remediation
would be affected by the USEPA's recent "land ban" on solvent-containing

wastes. In the January 14, 1986, Federal Register, the USEPA proposed

to ban waste containing more than 2 ppm solvents from land disposal
effective November 8, 1986 (commonly referred to as the "land ban").

The EPA also proposed in the same Federal Register a 2-year national

variance from that restriction for solvent-contaminated soils. This
variance now applies to November 8, 1988, at which time all solvent-
contaminated solls with total solvent levels above 2 ppm will bg banned
from land disposal. Any proposed use of land disposal technologies
would also be subject to SARA. As previously mentioned, SARA placed
heavy emphasis on seeking solutions that treat and/or destroy the
contaminant of interest, thereby providing a “permanent” solution.

Off-Site Facility. Excavation of contaminated material would be

performed by a backhoe or other mechanical means. Excavated material
would be transported by licensed hazardous waste haulers to an off-site
hazardous waste landfill approved by the USEPA. Imported fill material
would be required to backfill the excavated areas. The excavation and
disposal technology results in a minimal long-term disturbance to the
site and permits full future use of the site. Long-term management of
the contaminated material would become the responsibility of a third
party; however, the liabllity assoclated with the material femains that
of the generator. This option would also be subject to the above-

mentioned "land ban.”
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On-Site Facility. This technology would involve the construction

of a landfill at.the NIROP site. This landfill would have to meet RCRA
land disposal requirements consisting of a base, cap and sidewalls
constructed of low permeability clay Qith a second internal synthetic
liner to further contain cbntaminants. This option ’would also be

subject to the above-mentioned "land ban."

8.5.2 Ground Water

Discharge to Surface Water. This alternative 1s applicable to both
treated and untreated ground water, provided that both the quality and
quantity meets the allowable discharge requirements for fresh water as
regulated under federal or state standards. The quantity of the ground
water that would be allowed to be discharged would depend on the
capacity of‘ the discharge system and the recelving water bodies.
Sampling of the ground water to be discharged would be required to
identify d1its quality and to identify whether or not 1t meets the
allowable discharge requirements.

Discharge to POTW. The alternative of discharging to a Publicly

Owned Treatment Works (POTW) is applicable to both treated and untreated
water provided that the quality and quantity of the water meet the
allowable requirements of the local regulatory agency and other
applicable standards (e.g., Clean Water Act, SARA). The quantity
allowed would likely depeﬁd on the capacity of the discharge system and
the POTW. Sampling and analysis of the ground water to be discharged

would be required to identify its quality.
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Disposal at a RCRA-Permitted Facility. This alternative 1is
applicable t; both treated and untreated ground water. Waste ground
water would be transported to a RCRA-permitted treatment and/or disposal
facility that is approved to accept waste ground water of the quality
and quantity of the ground water to be disposed.

Reinjection. This alternative is applicable only to treated ground
water, as reinjection of untreated ground water would not be 2 means of
disposal but rather a recirculation system. The reinjection of treated
ground water may serve as a means of hydraullic control in limiting the
further migration of a contaminant plume, as well as providing flushing
of residual contaminant from the system. Recovery and injection wells
can be sized and spaced based on aquifer properties for effectiv