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May 26, 2005

NOTE TO: Kim Gruss, Chief
Materials Decommissioning Section
Decommissioning Directorate

FROM: Mark Thaggard, Chief
Performance Assessment Section
Environmental and Performance Assessment Directorate

SUBJECT: ENVIRONMENTAL AND PERFORMANCE EVALUATION OF
THE U.S. ARMY CORPS OF ENGINEER'S GROUNDWATER
ASSESSMENT OF THE SHALLOW LAND DISPOSAL AREA

Summary and Conclusions

The Environmental and Performance Assessment Directorate (EPAD) has performed a review
of the U.S. Army Corps of Engineers (USACE) hydrogeologic evaluation as part of its
Remedial Investigation of the Shallow Land Disposal Area (SLDA) in Pennsylvania. EPAD's
evaluation is based upon a review of USACE's Draft-Final Remedial Investigation Report
Shallow Land Disposal (SLDA) Site Parks Township, Armstrong County, Pennsylvania and
supporting documents.

EPAD has concluded that the USACE's hydrogeologic assessment of the SLDA is adequate;
however, additional work is recommended to clarify the site conceptual hydrogeologic model
and groundwater flow rates within the water bearing and associated units.

This note completes the second component of Decommissioning Directorate's (DCD) Technical
Assistance Request (TAR) to EPAD dated April 12, 2005, an analysis of the USACE's
groundwater assessment of the SLDA. EPAD has addressed the first component of DCD's
TAR, the QA evaluation of DCD's analysis of the USACE's dose assessment of the SLDA.

Background

Between 1961 and 1970, process and other wastes from the Apollo Nuclear Fabrication Facility
in Apollo, Pennsylvania were buried in ten trenches at the SLDA. These wastes were buried in
accordance with 10 CFR 20.304, Disposal by Burial in Soil, which was subsequently revoked in
1981.

The USACE developed the following Preliminary Radionuclides of Potential Concern (ROPCs)
for the SLDA: Am-241, Pu-239, Pu-241, Ra-228, Th-232, U-234, U-235, and U-238. USACE
states that these radionuclides are present at the SLDA in concentration posing a potential risk
concern. The USACE also identified the following Secondary ROPCs at this site: Co-60, Cs-
137, Pu-238, Pu-240, Pu-242, Ra-226, and Th-230. USACE has concluded that these
radionuclides are not expected to pose a potential risk concern at the SLDA.

The burial trenches at the SLDA include nine upland trenches located in the south central
portion of the site above an abandoned coal mine that is approximately 130 feet or less below
the land surface. The tenth burial trench occupies a former strip mine area along the northwest
and north central portion of the site.
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Groundwater, Surface Water, and Related Investigations

USACE has conducted an extensive review of the existing hydrogeological investigations at the
SLDA, and it has performed additional hydrogeoloigical studies during its remedial investigation
(RI). The current and previous studies are documented in the appendices of the RI report.
Table 1 lists the appendices that pertain to USACE's hydrogeological assessment of the SLDA.

Table 1. Appendices of the Remedial Investigation Report that Pertain to Hydrogeological
Issues

Appendices Title

A Radiological Analytical Data

B Chemical Analytical Data

C Surface Boring Logs

D Monitoring Well Construction Diagrams

E Geotechnical Analytical Laboratory Report

F Packer Test Data and Calculations

G Slug Test Data and Calculations

H Groundwater Elevation Data

K Monitoring Well Development Records

L Low Flow Groundwater Purging/Sampling Logs

M Temporary Waste Sampling Point Purge Logs

N Surface Water/Sediment Sampling Legs

S Summary of Historical Surface Soils Sampling

T Summary of Historical Subsurface Soils Sampling

U Summary of Historical Groundwater Sampling

V Summary of Historical Surface Water, Sediment, and Groundwater Seep
Sampling

Y Summary of Historical Background Sampling

Groundwater and Surface Water Monitoring at SLDA

Groundwater and surface water monitoring at the SLDA has enhanced the understanding of the
hydrogeology of this site. The groundwater and surface water monitoring at the SLDA can be
summarized as follows:

* In 1981, ORAU collected and analyzed 25 groundwater samples for U-235, U-238, Th-
232, Ra-226, Cs-1 37, and Co-60. Individual results were not reported for a majority of
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the samples collected, only statistical summaries were presented. Groundwater was
sampled from open boreholes; therefore, the groundwater may not be representative of
the individual water bearing units (ORAU, 1982).

B&W started the quarterly groundwater monitoring program at the SLDA in 1991. Most
of these samples were analyzed for gross alpha and gross beta. Additional radiological
and chemical analyses were performed on samples collected during B&W's Site
Characterization (1990 and 1994) and the 1995 Field Investigation. See Table 2.2 of
the RI report for the specific analyses performed during the Site Characterization and
1995 Field Investigation.

* USACE's groundwater monitoring for the RI.

* Groundwater samples were collected from five water bearing units at the SLDA:
Overburden, First Shallow Bedrock, Second Shallow Bedrock, Upper Freeport Coal, and
Deep Bedrock. Figures 4-5 through 4-10 of the RI report illustrate the locations of the
groundwater monitoring wells and piezometers screened in the five water bearing units.

* Surface water and groundwater seep monitoring occurred during the following
investigations: Site Characterization (1990'and 1994), 1995 Field Investigation (surface
water and mine outfall samples collected along Carnahan Run), and USACE's RI
sampling. Figure 4-11 of the RI report shows the location of the historical and RI
surface water and groundwater seep locations at the SLDA.

* Existing groundwater, surface water, and groundwater seep monitoring data except the
1981 groundwater monitoring data were determined to be usable for defining the nature
and extent of radiological contamination at the site.

USACE's Hydrogeologic Assessment of the SLDA

The surface geology of the SLDA site is recent upland soils and subsoils that have developed
from weathered near-surface Pennsylvanian bedrock. The bedrock consists of cyclic
sequences of sandstone, siltstone, shale, claystone and coal. The basal sandstones and
shales are interpreted as river and delta deposits, while the coals formed in coastal swamps
and limestones (not a significant lithology at the SLDA) formed in either shallow marine or
freshwater swamps (PADEP, 1999). Lithologic changes may occur rapidly in both horizontal
and vertical directions because of the variable depositional environments and the cyclic
transgression and regression of the inland sea. Coal mines at the SLDA occur within the Upper
Freeport Coal of the Allegeny Group (Pennsylvanian).

USACE's RI field activities included drilling numerous shallow soil borings to the top of the
bedrock about 5 to 20 feet across the site and several deeper bedrock borings. USACE
converted five overburden borings and 11 bedrock borings to monitoring wells. In addition, five
bedrock borings were completed with Flexible Liner Underground Technology (FLUTe)
monitoring systems. Figure 4-4 in the RI report delineates all the subsurface boring locations
(from the 1981 through USACE's investigation) in the upper trench area, while Figure 4-5
delineates the historical and RI monitoring well, FLUTe, and piezometer locations for the entire
SLDA. Logs and construction diagrams of the monitoring wells are available in the Appendices
C and D, respectively, of the RI report.

The SLDA's site conceptual hydrogeological model (conceptual model) includes the five water
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bearing units and the aquitards that separate the water bearing units. These units have a
combined thickness of approximately 150 feet in the southeast to a few feet in the northern
area of the site. The five water bearing units identified at the SLDA site are:

* Overburden - subsoils, clay to sand with weathered bedrock materials, thickness ranges
from 5 to 10 feet (soils, which overlie the subsoils, have a thickness range from 0 to 10
feet);

* First Shallow Bedrock - primarily shale with interbeds of sandstone and siltstone,
horizontal bedding predominates with some vertical fractures in the sandstone, that
ranges in thickness from 5 to 20 feet;

* Second Shallow Bedrock - similar to the above water bearing unit, with a thickness
ranging from 10 to 25 feet;

* Upper Freeport Coal - coal and voids (mine workings), with a thickness ranging from 0
to 5 feet; and

* Deep Bedrock - siltstone and shale that transitions into sandstone, with a thickness
greater than 20 feet.

Beneath each of the upper four water bearing units are rock units that USACE has described as
aquitards, low permeability units that do not readily yield groundwater to pumping wells.

USACE describes the conceptual model by discussing the recharge, groundwater flow, and
potential radionuclide transport relationships between the above rock units and surface water.
USACE states that recharge of the hydrogeologic system occurs as precipitation and surface
water from Dry Run, an ephermeral stream that has both gaining and losing reaches as it flow
along the eastern boundary of the SLDA. USACE indicates that during B&W's Site
Characterization recharge from precipitation was calculated to be 9.2 inches/year.

USACE has described groundwater flow in its conceptual model as predominately horizontal in
the water bearing units with a vertical downward flow component. Also, groundwater flow in the
aquitards is significantly lower than within the water bearing units. Groundwater within the
Overburden water bearing unit is frequently perched because of the weathered bedrock unit at
its base impedes vertical groundwater flow; however, the weathered bedrock is not continuous
across the site. Groundwater in this unit flows toward the north (Figure 2-23 of the RI report),
and some of the groundwater discharges into Dry Run. Because of the hydrogeology in the
upper trench area, groundwater with trench-derived radionuclides discharges through seeps
along the overburden/trench interface and at the land surface near Trench 5 into Dry Run.

Groundwater in the upper bedrock units (First and Second Shallow Bedrock) flows north,
northeast, and west at the SLDA (Figures 2-24 and 2-25 of the RI report). Both of these units
are below the channel of Dry Run. However, groundwater in the Upper Freeport Coal and the
Deep Bedrock at the SLDA flow to the west and southwest (Figures 2-26 and 2-27 of the RI
report) toward Carnahan Run, which is south of the SLDA. Groundwater flow in the Upper
Freeport Coal follows the dip of the beds toward the south, and within the mine workings the
groundwater flow may at times be open channel flow. Groundwater in the Trench 10 area flows
horizontally into the mine workings with a potential of vertical flow into the Deep Bedrock.

The groundwater was sampled in December 2003 and June 2004 during the RI. The
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radiological analytical results from these two sampling events are listed in Tables 4-27 through
4-36 of the RI report. Results from these analyses indicate that the Overburden water bearing
unit has been impacted by the disposal trenches because Primary ROPCs are present in the
groundwater from well MW-11S. Groundwater in the First Shallow Bedrock water bearing unit
appears to have been impacted from migration of radionuclides from Trenches 1 and 2. The
other deeper water bearing units do not appear to have been impacted by the disposal
trenches. All observed radiological contamination were below the U.S. EPA MCLs.

Surface water sampling of Dry Run has indicated that groundwater containing radionuclides
from the disposal trenches has contaminated reaches of this stream. This has been
documented with the historical (Table 4-19 of the RI report ) and the RI (Table 4-18 of the RI
report) sampling data. Historical data have exceeded the U.S. EPA MCLs; however, the more
recent RI data did not exceed the U.S. EPA MCLs.

USACE states that the potential for contaminant transport of the Primary and Secondary
ROPCs at SLDA is low because the solubility/mobility of these radionuclides are extremely
limited. Uranium has the greatest potential for transport of these radionuclides; however, it is
not very soluble or mobile because of the geochemistry and hydrogeology rocks at the site.

Analysis of the USACE's Hydrogeologic Assessment of the SLDA

EPAD has concluded that the USACE's hydrogeologic assessment of the SLDA is adequate.
The density of monitoring wells for all five water bearing units is appropriate, and sampling of
the monitoring wells, surface water sites, and background sites was adequate when both the
historical and RI databases are used. Monitoring data are available to evaluate trends over
time and over wet and dry climatic periods.

EPAD agrees with USACE's conceptual model and that the potential radionuclide transport
within the water bearing and associated units at the SLDA is limited. This conclusion is
supported by the limited extent of trench-derived radionuclide contamination in the groundwater
of the Overburden and First Shallow Bedrock water bearing units and the surface water of Dry
Run.

However, EPAD believes that quantifying the vertical groundwater flow rates would enhance the
understanding of the groundwater system. The USACE has limited information on the vertical
groundwater flow rates between the water bearing and associated units. Thus, it can not
predict the likelihood that groundwater in the Overburden will reach the Upper Freeport Coal.
Also, information on vertical groundwater flow rates can be used in evaluating the potential
impact of preferential groundwater flow in the SLDA.

Therefore, developing better estimates of vertical groundwater flow rates between the
Overburden and lower water bearing units will help to clarify the conceptual model. EPAD
recommends that USACE perform groundwater tracer tests to evaluate the vertical groundwater
flow rates within the water bearing and associated units from the Overburden to the Deep
Bedrock. Tracer tests technology for groundwater systems has developed significantly over the
past few years. It includes both natural (e.g., 018, S35) and artificial (e.g., organic dyes,
chloride, bromide) tracers.
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