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EXECUTIVE SUMMARY

This Draft Final Feasibility Study (FS) was prepared for Area 2 of Solid Waste Management Unit 11 (SWMU11) at the Dugway Proving Ground (DPG) in Dugway, Utah in accordance with the Performance Work Statement for the United States Army Environmental Command (AEC) under Contract No. W9124J-18-D-0007, Delivery Order W9124J18F0088.

Area 2 of SWMU-11 at DPG is a radiological disposal area of concern located at DPG. DPG is in western Utah and covers approximately 840,000 acres in Tooele County. Records indicate Area 2 was never licensed by the U.S. Nuclear Regulatory Commission (NRC). During 2016, the Department of Defense (DoD) and the NRC finalized a memorandum of understanding (MoU) for the coordination of response actions for DoD sites containing radioactive material that are not licensed by the NRC (NRC-DoD MoU, 2016). This FS is prepared pursuant to the MoU and the Comprehensive Environmental Response, Compensation and Liability Act (CERCLA), as amended by the Superfund Amendments and Reauthorization Act of 1986, to the extent practicable the National Contingency Plan (NCP), U.S. Environmental Protection Agency (EPA) Remedial Investigations (RI)/FS Guidance 540/G-89/004 (EPA, 1988), and is part of the overall remedial action process.

The nature and extent of contamination were initially identified in trenches TR-5 and TR-6 of Area 2 SWMU-11 in the 2005 Phase II Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) for SWMU-11 (Parsons, 2009) and the 2014 RI/FS (Cabrera, 2014) and 2016 Final Report (Cabrera, 2016). Contaminants of concern (COCs) and excavation waste volumes were calculated by Cabrera. This data was re-evaluated and defined by North Wind Services, LLC (North Wind) to determine the radiological COCs in the site Characterization Report (North Wind, 2019), which is included as Appendix A. The nature and extent and fate and transport are summarized in Sections 2 and 3, respectively, of this report.

Six remedial alternatives are presented in this FS and are developed, screened, and evaluated to address the site-related contaminants that were determined to pose an unacceptable risk to human health and the environment. These six remedial alternatives are: 

No Action;

Land Use Controls (LUCs);

Containment through capping; 

Excavation, Disposal, and Backfilling; 

Excavation, Sorting, Screening, and Disposal; and

Soil Stabilization 

Effectiveness, implementability, and cost are used to screen these six alternatives and to select which alternatives are carried forward in the Feasibility Study. Closure standards, including NRC standards 10 CFR 20.1402 and 10 CFR 20.1403, are addressed in this FS. Evaluation criteria, including overall protection of human health and the environment; compliance with chemical-, location-, and action-specific applicable or relevant and appropriate requirements (ARARs); long- and short-term effectiveness; reduction of toxicity, mobility, volume, and mass of contamination; implementability; and cost, were used to evaluate each remedial alternative in an individual and comparative analysis. The results of that analysis are presented herein.
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INTRODUCTION

DPG is located in western Utah on approximately 840,000 acres in southern Tooele County (Figure 1). The facility is bordered to the northeast by the Cedar Mountains and to the north-northwest by Wendover Air Force Range. DPG currently serves as the Army’s designated Major Range Test Facility for chemical and biological defense.

SWMU-11, also known as DPG-011 and the East Granite Holding Area, is located in the remote southwest portion of DPG and lies within a small canyon on the east side of Granite Mountain. SWMU11 is divided into two distinct areas: Area 1 and Area 2. Area 1 of SWMU-11 consists of three closed trenches (TR-1, TR-2, and TR-3) running roughly east-west along the north side of the canyon and a fourth backfilled trench (TR-4) running north-south. Area 1 of SWMU-11 was previously evaluated and closed under RCRA and corrective action requirements of the Utah Division of Waste Management and Radiation Control (DWMRC). Area 2 (0.86 acres) of SWMU-11 is a radiological disposal area of concern and consists of two trenches (TR-5 and TR-6) and the area adjacent to the trenches. Area 2 previously contained a CONEX container; however, it was determined to be radiologically clear and was removed in 2017 (Marsh, 2017). This FS specifically addresses Area 2 of SWMU-11. Figure 2 shows the Area 2 boundary and trench locations.

Area 2 of SWMU-11 at DPG is a radiological disposal area of concern that records indicate was never licensed by the NRC. During 2016, the DoD and the NRC finalized a MoU for the coordination of response actions for DoD sites containing radioactive material that are not licensed by the NRC (NRC-DoD MoU, 2016). This FS is prepared pursuant to the MoU and CERCLA, as amended by the Superfund Amendments and Reauthorization Act of 1986, to the extent practicable the NCP, EPA RI/FS Guidance 540/G-89/004 (EPA, 1988), and is part of the overall remedial action process.

Purpose and Organization of Report

The FS report serves as the mechanism for the development, screening, and detailed evaluation of remedial action alternatives to address site-related contaminants that pose an unacceptable risk to human health or the environment. Remedial actions that reduce or eliminate the threat, while complying with ARARs and satisfying the other criteria established in CERCLA §121 (b)(1), were developed, screened, and evaluated to support risk management decisions. 

This FS report is organized into 11 sections:

Section 1 provides an introduction to the report and site background information, including the site history and previous investigations, 

Section 2 discusses nature and extent of contamination, 

Section 3 discusses contaminant fate and transport,

Section 4 identifies the radiological COCs and the development of Derived Concentration Guideline Levels (DCGLs),

Section 5 identifies human and ecological receptors and exposure routes,

Section 6 identifies and discusses the RAOs, ARARs, and remedial goals.

Section 7 identifies and discusses the development of general response actions, and the screening of remedial alternatives.

Section 8 provides a discussion of the development of remedial alternatives. 

Section 9 provides a detailed analysis and comparison of remedial alternatives using evaluation criteria. 

Section 10 presents a summary and conclusion of the FS.

Section 11 presents the references cited herein. 

Background Information

Site History

In the DPG RCRA Facility Application, SWMU-11, Area 2, was one of seven reported radioactive landfills. Historic records regarding radiological materials handling were summarized in the 2009 Phase II RFI (Parsons, 2009). Specific records regarding radiological materials disposed at SWMU-11 are limited. The East Granite Holding Area (i.e., SWMU-11) is not identified in the available literature as being associated with the testing of radiological munitions conducted at DPG in the 1950s and 1960s. Historical inspection records indicate that buried wastes in the SWMU-11 area consisted primarily of “contaminated rags and papers.” Inspection records from the U.S. Atomic Energy Commission indicate that low-level radioactive waste materials were repackaged for sea disposal in the Able Area. Waste from this activity may have also been disposed at the DPG burial area corresponding to SWMU-11 after the sea disposal program was discontinued. 

Radioactive waste materials from laboratory activities in other areas of DPG were stored in a CONEX container at SWMU-11 to protect individual storage containers from the elements (Figure 2). Materials stored in the CONEX container included Tritium and Carbon-14. In March 1980, contaminated glassware was removed from the CONEX by the DPG radiation safety officer and disposed at an off-site location. During the 2005 Phase II investigation, no waste remained in the CONEX container (Parsons, 2009). The CONEX container was determined to be radiologically clear and was removed in 2017 (Marsh, 2017). 

In June 2000, DPG notified the NRC about potential radiological waste at SWMU-11. During a limited survey of the area conducted in September 2000, NRC personnel were unable to detect any radioactivity significantly above background levels. In March 2001, the NRC stipulated that any required decommissioning activities at SWMU-11 could take place under the radioactive materials license currently held by DPG. However, in March 2006, the NRC notified DPG that the NRC would evaluate if a new license was necessary to conduct decommissioning activities; no new license was issued. The current radioactive materials license was for possession of sealed sources associated with an irradiator. During 2016, the DoD and the NRC finalized a MoU for the coordination of response actions for DoD sites with radioactive materials that are not licensed by the NRC (NRC-DoD MoU, 2016). Pursuant to the MoU, the remaining investigation and remediation activities at Area 2 of SWMU-11 are being addressed under CERCLA.

0. Previous Investigations

The following is a brief description of previous investigations conducted to establish COCs which define the current nature and extent of contamination at Area 2 of SWMU-11.





Figure 1. Site Location



Figure 2. Site Layout
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2005 Phase II Investigation

While investigating TR-1 through TR-4 and the surrounding area with geophysical and radiological scans during the 2005 Phase II RFI of SWMU-11 (Parsons, 2009), two additional burial trenches on the west side of TR-4 were discovered and subsequently designated as TR-5 and TR-6. The area was designated as Area 2. The following activities and samples were collected from the two trenches as part of the investigation:

A magnetometer survey; 

A radiological survey using scanning and direct measurements; 

Four surface soil samples (0 to 0.5 feet [ft] below ground surface [bgs]) collected from TR-5;

Two surface soil samples (0 to 0.5 ft bgs) collected from TR-6;

One material sample collected that included metal remnants of drum material from TR-5;

One material sample collected that included solidified sand from inside a corroded drum (approximately 2 ft bgs) from TR-6;

One soil sample collected from the base of the test pit (10 ft bgs) to investigate potentially buried wastes in TR-6; and

One soil boring drilled and one subsurface soil sample collected to characterize subsurface soil downgradient of Area 2.

Results of the 2005 Phase II Investigation are presented on Table 1. The magnetometer survey identified anomalies in both TR-5 and TR-6; anomalous radioactivity was also measured in TR-5 and TR-6. At TR5, surface scans identified an area of highly elevated radiological activity that was conspicuously devoid of vegetation and marked by a slight topographic depression (Parsons, 2009). Gamma exposure rate measurements ranged from 420 microroentgen per hour (µR/hr) at the center of TR-5 to 50 µR/hr at approximately 3 ft from center, and 30 µR/hr at approximately 6 ft from center. Additional field measurements collected with a Field Instrument for the Detection of Low Energy Radiation (FIDLER) and a Geiger Mueller (GM) pancake probe, which measure gamma and beta radiation, respectively, produced readings between 1,200 counts per minute (cpm) and 575,000 cpm directly over the area, and readings between 75 cpm and 28,000 cpm for background levels. The soil over the anomalously elevated area was not radioactive itself but was instead covering buried radioactive waste material. Analytical results from surface and subsurface soil samples collected from TR-5 revealed a single detection of Strontium-90 (4.4 picocuries per gram [pCi/g]). The metallic remnants from drum material, collected from 0.25 ft bgs, indicated gamma spectroscopic characteristics similar to those of the surface anomaly. The metallic remnant was concluded to be a ferrous metal contaminated with Strontium-90. However, the source, depth, and quantity of material was not determined (Parsons, 2009).

At TR-6, the test pit excavation identified various types of debris, including small metal tubes from approximately 7 ft bgs that had low levels of radioactivity with signatures consistent with Cesium-137. Other types of debris, including the metal drums with solidified sand and drum cores, did not exhibit detectable levels of radioactivity. Soils underlying these materials were screened for radiation during test pit excavation and were detected at background radiation levels. However, due to the uncertainties associated with the contents of the metallic cylinders, they were not shipped for laboratory analyses. Thus, in the absence of more conclusive laboratory analysis, the waste in TR-6 was considered unidentified. 

Additionally, non-radiological chemical results included detections of metals, semi-volatile organic compounds (SVOCs), and dioxins/furans at TR-5 and TR-6. In subsequent evaluations, these non- radiological chemical results were determined not to be COCs. Groundwater sampling results from SWMU-11 were also used to assess potential impacts to groundwater by site-related contamination. Groundwater samples were analyzed for volatile organic compounds (VOCs), perchlorate metals, water quality analytes, gross alpha, gross beta, gamma spectrometry, and Strontium-90; no unusual results were detected. Further investigation of the radiological portion of Area 2 at SWMU-11 was recommended in the Phase II RFI.

2014 Investigation

In 2014, Cabrera performed a non-intrusive (i.e., surface scanning) investigation at Area 2 of SWMU-11 using surficial gross gamma radiological scans and geophysical (a hand-held Schondstedt magnetometer and ground penetrating radar [GPR]) scans, as identified in the RI/FS Work Plan. The Schondstedt magnetometer and GPR investigation defined the lateral and vertical extent of TR-5 and TR-6. An area of approximately 440 square feet (ft2) (approximately 2 ft of soil cover and approximately 4 ft in depth below the covering soil) was delineated at TR-5. The radiological scans detected surface gamma emitting radioactive material at TR-5, with maximum detections in the southern half of the trench.

At TR-6, however, the GPR scan did not penetrate through the salty soil. Instead, a visual inspection detected surface debris consisting of metal tubes and possible soil piles approximately 1 to 1-½ ft high by 8 to 10 ft long. Buried metal was detected with the Schondstedt magnetometer in these low soil mounds, suggesting that debris was spread out and then covered with a thin layer of soil with an approximate surface area of 12 ft by 16 ft. 

This investigation served to confirm the Phase II surface scanning results. Though elevated readings were confirmed at TR-5, there were no indications of surface elevated gross gamma activity on or around TR-6 or outside of the TR-5 boundary based on the radiological investigation (Cabrera, 2014). No laboratory samples were collected during this investigation.

2016 Investigation

In 2016, Cabrera completed the intrusive portion of the investigation (as identified in the RI/FS Work Plan) using core scanning, downhole gamma logging, and collection of samples for confirmatory laboratory analytical testing. The investigation included 15 soil boring locations (10 at TR-5 and five at TR-6), 34 soil samples, and one debris sample. 

Soil cores scanned with a GM pancake probe indicated radioactive contamination in TR-5 soils exceeded the established screening criteria at two borehole locations, SB-14 (0 to 1-ft interval) and SB-15 (0 to 1-ft and 1 to 2-ft intervals), in the southern half of the trench (Cabrera, 2016). Downhole gamma logging using a sodium iodide detector confirmed that a majority of the radioactivity appeared to be within the top 3 or 4 ft of material at TR-5. However, elevated activities were identified in intervals below 4 ft bgs, and in some locations as deep as 8 ft bgs. At TR-6, only one borehole showed elevated radioactivity through downhole gamma logging; all depths within the other four boreholes showed no indication of elevated radioactivity and all readings were less than 9,000 cpm. Borehole 10, located at the northern end of the TR-6 footprint, exhibited a downhole gamma logging result of 10,504 cpm between 5 to 6-ft bgs, and radioactivity greater than 9,000 cpm within the upper 6 ft bgs of material. This borehole was located directly adjacent to a known metal anomaly; thus, the elevated readings may be attributed to this. 




Laboratory analytical results detected concentrations of Bismuth-214, Lead-214, Radium-226, and Strontium-90 at TR-5 from one to two orders of magnitude greater than concentrations in other borings. While soil results did not exceed screening criteria in TR-6 (Cabrera, 2016), the six highest concentrations of Cesium-137 occurred in this trench. There were no exceedances for any chemical samples (i.e., VOCs, SVOCs, or metals) above the toxicity characteristic leaching procedure (TCLP) regulatory limits presented in 40 Code of Federal Regulations (CFR) 261.24. Therefore, it was concluded that it was unlikely that any wastes generated from the excavation of the trenches would result in hazardous or “mixed” waste. 

North Wind conducted an additional review of the Phase II chemical data and noted an arsenic result of 155 milligrams per kilogram (mg/kg) from the TR-6 solidified sand from inside a drum. As a result, it was determined that TCLP analysis of the contents of drums within TR-6 may be warranted in future remedy implementation (North Wind, 2019). 
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NATURE AND EXTENT OF CONTAMINATION

Radiological COCs help to define the current nature and extent of contamination at Area 2 of SWMU-11. The maximum radionuclide concentrations at TR-6 and TR-5 were obtained from data collected by Cabrera (2016) and are presented in Tables 2 and 3, respectively. 

TR-5 COC Extent and Characteristics

Based on the 2016 Investigation, downhole gamma logging results generally support laboratory results at TR-5. Maximum concentrations of Radium-226 (3,040 pCi/g), Strontium-90 (19.2 pCi/g), Bismuth-214 (2,100 pCi/g), Niobium-94 (8.9 pCi/g), and Lead-214 (2,200 pCi/g) were reported at the 0 to 1-ft interval at SB-15. Radiological screening conducted after excavating to 1 ft bgs in three locations showed elevated gamma readings, indicating that radiological contamination was relatively homogeneous. Overall, field screening and laboratory results indicate that COCs at TR-5 are elevated within the trench, with detections exceeding background in surface and subsurface soil and the highest concentrations in the surface intervals at SB-14 and SB-15. The lateral and vertical extent of TR-5 are depicted in Figures 3 and 4, respectively, using downhole gamma logging data collected during the 2016 Investigation by Cabrera. The inferred extent of impact (Cabrera, 2016) at TR-5 is depicted in Figure 3. A cross-section view of TR-5 is depicted in Figure 4.

TR-6 COC Extent and Characteristics

Field scanning results at TR-6 did not indicate any substantially elevated radioactivity at land surface, and laboratory soil results were uniform, with no particular sample results greatly exceeding others. 

Cesium-137 was initially identified during the Phase II investigation from a debris sample taken from the small metal tubes identified at 7 ft bgs during the excavation of test pit EP-15. During the 2016 sample collection, five soil samples had Cesium-137 concentrations greater than those documented in TR-5, despite concentrations that were less than the dose compliance concentration screening levels. Downhole gamma logging identified a slightly elevated result at one location that was likely associated with a metal anomaly detected during the geophysical survey. Based on the available data, it was determined that the metallic debris in TR-6 may contain Cesium-137, particularly in the areas where geophysical anomalies were identified. The inferred lateral extent of impact at TR-6 is depicted in Figure 3, using downhole gamma logging data collected during the 2016 Investigation (Cabrera, 2016). 
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Figure 3. TR-5 and TR-6 Plan View 2016 Investigation



Figure 4. TR-5 Cross Sections, 2016 Investigation
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CONTAMINANT FATE AND TRANSPORT 

Soil

Soil in Area 2 of SWMU-11 is known to contain Radium-226, Strontium-90, Bismuth-214, Niobium-94, Lead-214, and may contain Cesium-137, as described in Sections 2.1 and 2.2. Radiological constituents in soil could be transported via wind or water erosion, could be redistributed via burrowing animals, and could be assimilated into the food chain via plant uptake or direct ingestion by animals. In addition, constituents in soil could leach and migrate towards the water table as precipitation percolates through the trenches. The Characterization Report (Appendix A) used the Residual Radioactivity (RESRAD) ONSITE computer code (Department of Energy [DOE], 2004) to model the various potential transport and human exposure pathways for soil COCs under both a residential and an industrial land use scenario. 

Debris in TR-6, identified as small metal tubes with signatures of Cesium-137, were never shipped for laboratory analysis due to the uncertainty associated with the contents. As a result, the waste in TR-6 is considered unidentified. Despite these “sealed” radioactive sources, the possibility of a leak due to aging, an accident, damage, or poor manufacture, could cause releases or migration of radioactive contamination in TR-6.

Groundwater

Groundwater in the area of SWMU-11 is part of the Dugway Valley aquifer system and is generally characterized by high total dissolved solids and flat hydraulic gradients. The flanks of Granite Mountain (including the SWMU-11 site) constitute a local recharge zone for basin groundwater in which groundwater is deeper and of higher quality than groundwater beneath the basin floor. As groundwater flows from the local recharge area toward the basin floor, it becomes increasingly laden with dissolved mineral constituents, and the quality of groundwater is greatly diminished. Thus, due to the overall low quality of groundwater in the western DPG region, there have been no potable water resources developed in the Granite Mountain area. Localized water wells provide water only for dust suppression, hand washing, and toilet flushing purposes at the U.S. Air Force Strategic Training Range Complex. Groundwater quality at SWMU-11 is Class II (drinking water quality) per Utah Administrative Code R317-6-3 (DWQ, 2019), based on the laboratory total dissolved solids measurement of 1,770 milligrams per liter (mg/L) from the groundwater sample collected by Parsons (2009).

The groundwater pathway was evaluated for Area 2 of SWMU-11 using a Resident Farmer scenario. Conservative parameter values were used for the groundwater pathway, basing the parameter values for the unsaturated and saturated zones on the typical properties of sand. Results of the Residual Radioactivity (RESRAD) ONSITE computer code (Department of Energy [DOE], 2004) show that the travel time of radionuclides to the aquifer for all radiological COCs of interest are greater than the 1,000year model period. Therefore, radiological COCs will not migrate to the groundwater during the assessment period. Evidence from the attempt by Parsons to install a groundwater monitoring well near SWMU-11, Area 2, indicates that the development of a water well in this area of the site may not be possible. Therefore, the groundwater pathway is not a significant contributor to the receptor doses at SWMU-11, Area 2, and is not included in this FS.
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DERIVED CONCENTRATION GUIDELINES AND RADIOLOGICAL CONTAMINANTS OF CONCERN 

DCGLs were developed for soil, consistent with 10 CFR Part 20, Subpart E, as referenced in the 2016 MoU (NRCDoD MoU, 2016). Site-specific DCGLs were calculated for TR-5 and TR-6 using the RESRAD ONSITE computer code (DOE, 2004). A more complete discussion of this development can be found in the Characterization Report (Appendix A).

The DCGLs were used to define radiological COCs for Area 2 of SWMU-11, as described in the Characterization Report. The radiological COCs were then used to select a group of radionuclides and radionuclide decay chains that were modeled for the DCGLs for both TR-5 and TR-6. The following constituents were included as radiological COCs: 

C-14;

Cs-137 + D (i.e., Ba-137m);

Nb-94;

Pb-210 + D (i.e., Bi-210, Po-210);

Pu-242 + D (i.e. U-238 decay series);

Ra-226 + D (i.e., Rn-222, Po-218, Pb-534 214, Bi-214, Po-214, Pb-210, Bi-210 and Po-210);

Sr-90 + D (i.e., Y-90);

Th-229 + D (i.e., Ra-225, Ac-225, Fr-221, At-217, Bi-213, Tl-209, Pb-209 and Po-213);

Th-230 + D (i.e., Ra-226 decay series);

Th-232 + D (i.e., Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Tl-208 and 
Po-212);

U-232 + D (i.e., Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Tl-208 and Po-212);

U-234 + D (i.e., Th-230 decay series);

U-235 + D (i.e., Th-231, Pa-231, Ac-227, Fr-223, Ra-223, Rn-219, Po-215, Pb-211, Bi-211, Tl-207; Po-211 and Th-227); and

U-238 + D (i.e., Th-234, Pa-234m, Pa-234 and U-234 decay series).

Two dose scenarios were developed using the DCGLs: (1) residential (i.e., unrestricted), which requires no LUCs or long-term maintenance (LTM) based on 25 millirem per year (mrem/yr); and (2) industrial (i.e., restricted release), which occurs after loss of LUCs or LTM based on 100 mrem/yr. The RESRAD ONSITE computer model (Kamboj et al., 2018) was used for all modeling for the development of the DCGLs. The Resident Farmer was selected as the critical group for DCGL development for unrestricted release under 10 CFR 20.1402. A Resident Farmer critical group results in more conservative DCGLs (i.e., lower concentrations) than an industrial use critical group due primarily to the increased dose from the consumption of food grown on-site and occupancy time considerations. An Industrial Worker was selected as the critical group for DCGL development for restricted release under 10 CFR 20.1403. The Industrial Worker is considered representative of the likely future use of the Dugway site.

Soil

The Resident Farmer and Industrial Worker scenarios assume that the entire volume of contaminated soil in a trench is exhumed and spread over the ground surface, resulting in a 6-inch contaminated soil layer. This is a conservative assumption and provides a conservative estimate of the radionuclide DCGLs. Both TR-5 and TR-6 were classified consistent with guidance in the Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) as Class 1 Areas, meaning both have a potential for radioactive contamination based on site operating history, or known contamination based on previous radiological surveys. The buffer areas surrounding TR-5 and TR-6 were classified as Class 3 Areas, based on the radiological survey area and geophysical results indicating no surface radioactive material on or around TR-6 or outside of the TR-5 boundary. 






HUMAN AND ECOLOGICAL RECEPTORS AND EXPOSURE ROUTES

Radiological COCs in soil and debris pose the highest potential exposure for human and ecological receptors. As the groundwater pathway was previously determined to be an insignificant contributor to the receptor doses at Area 2 of SWMU-11, it does not pose a concern for potential exposure to human or ecological receptors. 

Receptors with the highest potential to be exposed to radiological soil and debris COCs include site industrial workers and ecological receptors. Area 2 of SWMU-11 does not currently house any administrative buildings, family housing, industrial facilities, or barracks, and no future construction projects or residential housing are planned for this area. Access to the site is restricted; therefore, trespassers are not expected at the site under current conditions. 

Based on information from DPG staff, current usage by a site industrial worker is estimated to be approximately 2 hours per day, 5 to 10 days per year. When present, industrial workers could potentially contact impacted soil and debris. The industrial worker is considered representative of the likely future use at DPG and future land uses are anticipated to be consistent with the current land uses. Future potential contact with impacted soil and debris could include site inspections and maintenance activities. Though not identified as a current or immediate future receptor, the Resident Farmer or residential user may potentially encounter radiological COCs in the distant future. 

Ecological receptors may also encounter radiological COCs in soil at TR-5 and TR-6. Current and future use by ecological receptors is expected to remain unchanged. Radiation exposure of terrestrial plants and animals was evaluated using the RESRAD-BIOTA computer model, a tool for implementing the DOE “Graded Approach for Evaluating Radiation Doses to Aquatic and Terrestrial Biota” (DOE, 2002). Based on the results of the RESRAD-BIOTA output, the only exceedance of the terrestrial animal biotic concentration guidelines (BCGs) was for the maximum soil concentrations of Ra-226 at TR-5 (3,040 pCi/g). However, it is highly unlikely that any population of animals would only be exposed to the maximum soil concentration. Therefore, the average soil concentration (136.6 pCi/g) is considered a better metric of the soil concentration to which the terrestrial animals would be exposed. Based on the average soil concentrations at TR-5 and TR-6, the BCGs would not be exceeded. Further evaluation and results of the ecological risk screening are presented in Appendix B. This evaluation confirmed that there are no ecological COCs and therefore, remedial actions are not required to address ecological exposure pathways.

Thus, humans are identified as the primary receptors at Area 2 of SWMU-11. The identified or potential exposure routes for human receptors for the site include:

Direct radiation,

Inhalation of re-suspended dust, and

Direct ingestion of soil.
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REMEDIAL ACTION OBJECTIVES, REQUIREMENTS, AND REMEDIAL GOALS

The following sections discuss the development of RAOs, ARARs, and DCGLs as remedial goals.

Remedial Action Objectives

RAOs are site-specific, initial clean-up objectives that are established based on the nature and extent of contamination, the resources that are currently and potentially threatened, and the potential for human and ecological exposure. The purpose of the RAOs is to reduce the potential for radiological exposure, thereby limiting the dose to receptors. 

The following RAOs were developed for the remediation of radiological soil and debris at Area 2 of SWMU-11:

1. Prevent direct contact to or external exposure from contaminated soil and radiological debris (i.e., metal tubes) by human receptors with consideration to current land uses and potential future land uses. Current and potential future receptors are identified as site industrial workers, resident farmers, and residential users. 

Reduce the potential for migration of soil COCs to areas beyond the trenches (i.e., buffer zones surrounding the trenches, air, and groundwater).

Applicable or Relevant and Appropriate Requirements

This section describes the regulatory standards and guidance that may be applied to the remedial actions in accordance with 40 CFR 300.400(g). These regulatory standards and guidance requirements are divided into three categories: (1) chemical-specific, (2) location-specific, and (3) action-specific.

Chemical-Specific

Chemical-specific requirements establish health-based concentration limits, risk-based concentration limits, or ranges for specific hazardous substances in different environmental media. These standards provide media cleanup levels or a basis for calculating cleanup levels for COCs. Chemical-specific standards are also used to indicate an acceptable level of discharge to determine treatment and disposal requirements for a particular remedial activity, and to assess the effectiveness of a response action. The potential chemical-specific ARARs identified for remedial action at the site include Radiological Criteria for Unrestricted Use (Residential) (10 CFR 20.1402) and Criteria for License Termination Under Restricted Conditions (Industrial) (10 CFR 20.1403). The COCs at Area 2 of SWMU-11 are radiological COCs. Arsenic was not identified as a COC and is not driving the remedial alternatives development. The ARARs for waste characterization are adequate and appropriate to address the uncertainty regarding the single elevated detection of arsenic. Specifically, prior to off-site disposal, any excavated material would be subjected to TCLP analysis to confirm it meets the landfill criteria for acceptance.

Additional chemical-specific ARARs may include:

40 CFR 262.11(a), (b), (c), (d) to address the characterization of solid waste;

40 CFR 264.1(j)(2) to address the characterization of remediation waste;

40 CFR 268.7(a), 9(a) to address the determination for management of hazardous waste; 

40 CFR 268.34(f), 49(b), (c)(1) to address land disposal restrictions; and

10 CFR 61.55 to address low-level waste classification and characterization.

Location-Specific

Location-specific requirements set restrictions on the types of remedial activities that can be performed based on specific site characteristics or location. Location-specific standards provide a basis for assessing restrictions during the formulation and evaluation of site-specific remedies. Remedial actions may be restricted or precluded based on citing laws for hazardous waste facilities and based on proximity to wetlands, floodplains, or man-made features such as landfills, disposal areas, and/or local historic buildings. 

The potential location-specific ARARs identified for remedial action at the site include:

Archaeological and Historic Preservation Act (16 USC 469; PL 93-291; 88 Stat. 174);

Migratory Birds Act (16 USC 703); and

Bald and Golden Eagle Protection Act (16 USC 668-668d).

Archaeological and historical resources, as well as biological activities such as nesting and breeding, are not anticipated within Area 2 of SWMU 11 due to the area having been previously disturbed. However, no surveys have been performed to rule out the presence of cultural or biological resources. If evidence of either is found during remedial work on site, work will immediately be stopped, and a cultural or biological resources specialist will be consulted. Additionally, biological activity is seasonal, so the ARAR may be season-dependent and based upon the field schedule. All remedial actions performed at TR-5 and TR-6 must consider these restrictions and meet all necessary requirements.

Action-Specific

Action-specific requirements set controls or restrictions on the design, implementation, and performance of actions. These standards specify performance levels, actions, or technologies and specific levels for discharge of residual chemicals. They also provide a basis for assessing the feasibility and effectiveness of the remedial alternatives. 

The potential action-specific standards identified for remedial action at the site include the transportation of hazardous waste to a disposal facility (State Law, Title 19, Chapter 6, Solid and Hazardous Waste Act). All soil and debris must be transported from the site in accordance with this state law and meet all federal requirements. 

Additional action-specific ARARs may include:

· 10 CFR 20.2006 and Appendix G to 10 CFR Part 20 to address the transfer for disposal and manifest of low-level radioactive waste by the generator; 

· 40 CFR 262.11(a), (b), (c), (d) to address the characterization of solid waste;

· 40 CFR 262.254, 40 CFR 262.261, and 40 CFR 262.264 to address temporary on-site storage of hazardous waste and emergency procedures;

· 40 CFR 264.1(j)(2) to address characterization of remediation wastes;

· 40 CFR 264.554 (d)(1), (h), (j)(1), (k) to address operation of staging piles;

· 40 CFR 268.7(a), 9(a) to address the determination for management of hazardous waste; and

· 40 CFR 268.34(f), 49(b), (c)(1) to address land disposal restrictions. 

Development of Derived Concentration Guideline Levels as Remedial Goals

As described in Section 4, site-specific DCGLs were developed for soil in TR-5 and TR-6. The Characterization Report (Appendix A) identified radiological COCs in soil and debris as a potential risk to human receptors, primarily site industrial workers. No risks to site workers were identified in groundwater. The remedial alternatives established for this site address the anticipated land use, RAOs, ARARs, and DCGLs as remedial goals for the site.

Chemical-Specific ARAR Applicability

The ARARs listed below are presented in relation to their applicability to DCGLs for site soil and debris. The COCs at Area 2 of SWMU-11 are radiological COCs.

Radiological Criteria for Unrestricted Use

ARARs for radiological COCs in soil at the site are identified in Radiological Criteria for Unrestricted Use (Residential) (10 CFR 20.1402). Provisions of 10 CFR 20.1402 require that the annual dose to an average member of the critical group (i.e., residential receptor) not exceed 25 mrem/yr, and that the residual radioactivity be reduced to levels that are as low as reasonably achievable (ALARA). The soil DCGLs for the residential receptor provided in Table 4 are based on 25 mrem/yr. DCGLs are based on a dose standard (i.e., 10 CFR 20.1402 and 1403) and are used as cleanup criteria (i.e., allowable soil concentrations) for the site. Full development of the DCGLs can be found in the Characterization Report (Appendix A). Soil DCGLs for residential (unrestricted) use are most applicable to the remedial alternative of excavation.

Criteria for License Termination Under Restricted Conditions

ARARs for radiological COCs in soil at the site are identified in Criteria for License Termination Under Restricted Conditions (Industrial) (10 CFR 20.1403). Provisions of 10 CFR 20.1403 require that the annual dose to an average member of the critical group (i.e., industrial worker receptor) not exceed 25 mrem/yr, and that the residual radioactivity be reduced to levels that are ALARA. However, 10 CFR 20.1403 allows this dose limit to be achieved through the use of engineering and LUCs, with the added requirement that the annual dose does not exceed 100 mrem/yr should those institutional controls fail or if they are no longer in effect. The soil DCGLs for the industrial receptor provided in Table 5 are based on 100 mrem/yr. DCGLs are based on a dose standard (i.e., 10 CFR 20.1402 and 1403) and are used as cleanup criteria (i.e., allowable soil concentrations) for the site. Full development of the DCGLs can be found in the Characterization Report (Appendix A). Soil DCGLs for industrial (restricted) use are most applicable to the remedial alternative of LUCs and capping.
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IDENTIFICATION AND SCREENING OF REMEDIAL TECHNOLOGIES

General Response Actions

This section presents the identification and screening of potentially applicable remedial technologies for attaining the RAOs at DPG. General Response Actions (GRAs) are broad categories of remedial actions intended to satisfy the RAOs. Appropriate GRAs are developed based on the RAOs, site-specific conditions, and contaminant characteristics. They may be implemented alone or in combination to achieve cleanup criteria (i.e., DCGLs). The EPA’s Guidance for Conducting Remedial Investigations and Feasibility Studies under CERCLA (EPA, 1988) was the primary resource document used to select GRAs. 

The following GRAs, as listed in column 1 of Table 6, have been identified to address radiological soil and debris contamination at DPG:

No Action,

LUCs,

Containment, 

Excavation and Disposal, and

Treatment.

Identification and Screening of Remedial Technologies and Process Options

This section describes the screening and evaluation of remedial technologies and process options, which are conducted as follows:

Identification of remedial technologies and process options;

Screening criteria of remedial technologies and process options;

Evaluation of remedial technologies and process options based on effectiveness, implementability, and cost; and

Selection of remedial technologies and process options.

Identification of Technologies

Remedial technologies are the general categories of technologies by which a GRA is undertaken. Process options are the specific processes within a remedial technology by which the technology may be implemented. Potential remedial technologies and process options are presented in columns 2 and 3 of Table 6.

Screening Criteria

Potential remedial technologies and process options are identified and evaluated based on technical feasibility. The retained process options are screened based on effectiveness, implementability, and cost to determine which process options should be used in the development of the remedial alternatives. 

Effectiveness

The effectiveness criterion addresses the ability of a technology to meet the RAOs, including overall protection of human health and the environment; compliance with regulations; long-term effectiveness and permanence; short-term effectiveness; and reduction of toxicity, mobility, or volume by treatment. The protection of human health and the environment considers the reduction, control, or elimination of risks at the site through the use of treatment, engineering, or LUCs. Compliance with regulations considers the ability of a technology to meet regulatory requirements. Long-term effectiveness and permanence include the consideration of the magnitude of risk associated with residuals or untreated waste at the site and the adequacy and reliability of post-closure activities required to maintain the integrity of the response action. Short-term effectiveness includes the consideration of community protection from air quality impacts, fugitive dust, transportation of hazardous materials, worker protection during implementation, environmental impacts, and the timeframe required to achieve protection. Reduction of toxicity, mobility, or volume includes the consideration of EPA’s policy of preference for treatment and the extent and irreversibility of treatment.

Implementability

The implementability criterion addresses the technical and administrative feasibility of implementing a technology and the availability of the materials and services required for implementation. In addition, the acceptance of a technology by regulatory agencies and the community is an important component in considering the implementability of any technology. Technical feasibility includes the consideration of the reliability, maturity, prior application, and operational difficulties, as well as logistical, climate, and terrain limitations. Administrative feasibility includes the consideration of coordinating activities with regulatory agencies and obtaining permits, easements, right-of-way agreements, and zoning variances. The availability of materials and services includes considering the availability and distance to offsite treatment, storage, and disposal facilities, and required utility connections.

Cost

The cost criterion addresses the relative magnitude of capital and operation and maintenance (O&M) costs. Capital costs consist of direct and indirect costs. Direct costs include costs associated with construction, equipment, materials, transportation, disposal, analytical services, treatment, and operation. Indirect costs include expenses related to engineering, design, legal fees, permits, and start-up. O&M costs include costs associated with operation, maintenance, energy, residual disposal, monitoring, and support.

Evaluation of GRAs, Remedial Technologies, and Process Options

Table 6 lists the GRAs that were evaluated based on effectiveness, implementability, and relative costs. GRAs and remedial technologies retained for further consideration and development of process options are identified. Those GRAs that do not meet the criteria for effectiveness and implementability, or that are prohibitively expensive, are eliminated from further consideration.

No Action

The No Action GRA is evaluated and retained to establish a baseline for the comparison of the GRAs and subsequent remedial technologies. No response action of any kind would be employed at the site under this category. Inclusion of No Action is required per 40 CFR Section 300.430(e)(6) and the NCP. No Action, by definition, involves no remedial action at the site and, therefore, has no technological barriers and no associated costs. The No Action GRA is not effective, as the potential risks to human health and the environment would not be mitigated nor does it reduce the toxicity, mobility, or volume of contamination through treatment. 

LUCs

LUCs are a GRA consisting of institutional controls (ICs) and engineering controls used as remedial technologies to regulate activities at the site. ICs and engineering controls serve to reduce the potential for exposure to contamination; however, they do not reduce the environmental impacts. Radiological contamination present in the trenches is not physically altered nor is the mobility, toxicity, or volume of soils and debris reduced.

The use of LUCs shall not be a substitute for active response measures (e.g., treatment and/or containment of source material) as the sole remedy unless such active measures are determined not to be practicable, based on the balancing of trade-offs among alternatives that is conducted during the selection of the remedy (40 CFR 300.430 (a)(iii)(D)). The objective for implementing LUCs at a site following remedy implementation is to protect remedies that are in place so that protection of human health and the environment is maintained. Additionally, LUCs serve to restrict land use until site conditions allow for unrestricted use and unlimited exposure. The EPA requires LUCs when site contaminant levels do not allow for unrestricted use and unlimited exposure.

There are significant differences in the way LUCs are applied at federal facilities as compared to other sites. Some proprietary or governmental controls cannot be applied on active federal facilities. However, for properties being transferred as part of a base closure, the DoD has authority to restrict property by retaining a property interest (i.e., an easement intended to assure the protectiveness of the remedy). For active bases, LUCs are commonly addressed through remedy selection documents, base master plans, and separate MoUs.

Based on the EPA’s fact sheet, Institutional Controls: A Site Manager’s Guide to Identifying, Evaluating, and Selecting Institutional Controls at Superfund and RCRA Corrective Action Cleanups (EPA, 2000), there are four general categories, or process options, of ICs: 

Governmental controls;

Proprietary controls; 

Enforcement tools with institutional control components; and 

Informational devices. 

At DPG, proprietary controls are not retained for consideration, as DPG is a federal facility and private property is not a current land use. Governmental controls, enforcement tools, and informational devices are collectively considered administrative controls, and are retained due to their applicability at DPG. These process options allow the facility to specify the site or land usage, limit certain activities, and do not involve third parties to establish and enforce. At an active military installation such as DPG, the Garrison Manager is the local authority for regulating and enforcing ICs and administrative controls. Administrative controls may include LUCs and restrictions, signage, and permits. Administrative controls may be addressed in the Base Master Plan and are considered easy to implement, cost-effective, and maintain relative effectiveness when considered in conjunction with other remedial technologies.

Engineering controls include the process option of fencing. This option will serve to reduce the potential for exposure to radiological soil and debris by physically limiting site access to Area 2 of SWMU-11; however, it does not reduce the environmental impact. Engineering controls are easily implementable and are considered relatively cost-effective. Fencing requires labor, materials, and logistical planning. Fencing may be installed around each individual trench or around both trenches contained together. This engineering control is retained and considered in conjunction with other technologies. 

Containment 

Containment of radiological COCs through the remedial technology of capping effectively minimizes surface water infiltration, controls erosion and surface water runoff, limits the potential leaching of contaminants to groundwater, and prevents direct contact to or external exposure from contaminated soil and radiological debris by human and ecological receptors. A cap will also serve to limit and/or reduce the external dose pathway, in addition to limiting erosion or dust generation of radiation-impacted soils. The cap does not pose significant impacts to human health or the environment due to construction or during the operational period. Capping is easily implementable, though capping material would require routine maintenance and inspection by a work crew. This remedial technology can be implemented with moderate capital costs and is therefore retained in conjunction with other remedial technologies.

Capping with a clay liner or a geosynthetic clay liner (GCL) are two process options evaluated for addressing radiological soil contamination within the trenches. Though both options prevent direct contact between potential receptors and impacted soil and meet RAOs, geomembranes and GCLs are often favored over traditional clay liners as they provide a higher degree of impermeability, are less susceptible to leaks, and may require less maintenance and repair over time. Though a traditional clay liner may present an up-front lower cost when compared to a GCL, a clay liner requires additional maintenance and testing over time. Proper moisture content and compaction standards must be achieved and QA/QC testing, including standard field tests with a nuclear density gauge, in-situ hydraulic conductivity tests, and laboratory tests on representative samples are typically required. In a semi-arid to arid environment, such as that at DPG, desiccation cracking is also a concern. By comparison, a GCL does not require the same level of installation effort, requires less maintenance, testing, and inspection over time, and is not subject to desiccation cracking. 

Excavation and Disposal

Soil excavation of both trenches (TR-5 and TR-6) physically removes the contaminated soil and debris and disposes of radiologically impacted materials by transporting them to an approved off-site facility. Excavation is considered effective as the potential for direct exposure to or external exposure from contaminated soil and radiological debris is eliminated, as is the transport of radionuclides to surrounding soil and groundwater. Process options include confirmation soil sampling, a magnetometer survey or real-time radiation detector, and sorting and screening of radiologically impacted materials. Confirmation soil sampling would be performed following excavation to confirm removal of all radiological material. Sorting and screening of the excavated material on-site would segregate the radiologically contaminated debris (i.e., metal tubes) from the soil. A magnetometer or real-time radiation detector such as a FIDLER or a GM probe would be used to verify removal of trench-related debris and confirm soil contamination below screening levels is achieved. This would eliminate or reduce the possibility of a remobilization or re-excavation effort.

Following excavation, two options for soil replacement in the trenches are considered. One option would completely remove all soil and debris from the trenches and replace with clean backfill from a location on DPG. The other option would sort and screen all soil and debris, and return all non-radiologically impacted soil to the trench. Additional clean backfill would be added if necessary.

Generally, excavation and disposal are easy to implement and have been used at similar sites. Costs may be moderate to high and must comply with both Federal and State of Utah transportation regulations. Consideration is given to the distance required for transporting materials offsite, as well as the cost to deploy on-site sorting and screening equipment. Additional consideration is given to the location of clean backfill material and its proximity to SWMU-11. Disposal requirements are expected to be the same for materials from either trench.

Treatment

Treatment of radiological COCs through the remedial technology of in-situ soil treatment uses the process option of cementitious solidification and stabilization of soils to eliminate the potential for leaching and migration of radionuclides from the site. Soil stabilization through the use of cement grout such as Portland cement or acrylamide grout, would treat low-level radiological waste in-situ. Grout is injected under pressure across the target area (i.e., trenches). Once solidified, the mobility of radionuclides in soil has been reduced. Soil stabilization using grout injection has been used at numerous sites to treat radiological waste and has been shown to reduce water infiltration and reduce exposure rate. Operations should be generally easy to implement with moderate costs.

Selection of Remedial Technologies and Process Options

The evaluation of the GRAs, remedial technologies, and process options are presented in Table 6. The screening and evaluation resulted in retention of remedial technologies and process options to be carried forward in the feasibility study process. The retained process options are used in the development and detailed screening of the remedial alternatives. The rejected process options were eliminated from further consideration.
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DEVELOPMENT OF REMEDIAL ALTERNATIVES

The primary purpose of this FS is to develop appropriate remedial alternatives to address site-related contaminants that have been determined to pose an unacceptable risk to human health and the environment per 40 CFR 300.430(e)(9). The remedial alternatives have been developed from technologies retained in the screening process, as summarized in Section 7. This section includes descriptions of the alternatives that have been retained and developed for TR-5 and TR-6 in Area 2 of SWMU-11. Although the site is not intended for residential use, remediation to unlimited use/unrestricted exposure (UU/UE) is the ideal remedial goal. 

Development of Remedial Alternatives for Radiological Contaminants of Concern in Soil 

The following remedial alternatives for radiological COCs in soil were developed for TR-5 and TR-6 in Area 2 of SWMU-11 with respect to site usage:

Alternative 1: No Action;

Alternative 2: LUCs;

Alternative 3: Capping;

Alternative 4: Excavation, Disposal, and Backfilling; 

Alternative 5: Excavation, Sorting, Screening, and Disposal; and

Alternative 6: Soil Stabilization.

Alternative 1: No Action

Alternative 1 is the No Action alternative, as required per 40 CFR 300.430(e)(6) and the NCP. Under Alternative 1, no corrective action would be implemented. This alternative would not control the radiological hazards or risks posed by the COCs in soil and debris at either TR-5 or TR-6. This alternative would have no capital or O&M costs. Although the No Action alternative is not considered a viable remedial option, it will be evaluated to establish a baseline of comparison regarding future performance and risk for the remaining remedial alternatives.

Alternative 2: Land Use Controls

LUCs would be implemented to ensure protection of human health and the environment, and to ensure that land use is restricted until contaminant concentrations are at levels that allow UU/UE. The EPA requires LUCs when site levels do not achieve UU/UE. They also serve to notify current and future users about the environmental conditions of the property. Fencing and signage would be the primary LUCs employed at Area 2 of SWMU-11. 

Alternative 3: Capping

A containment or capping technology is used for impacted trench soil. This barrier layer would eliminate potential direct contact to or exposure from radiologically-impacted soil. The cap does not pose significant impacts to human health or the environment due to construction or during the operational period. Installation of this type of cover is a proven and effective method of providing an exposure barrier and erosion control. Currently, there are no structures or barriers at Area 2 of SWMU-11 that would impede construction of the cap. Because a cap leaves radiologically-impacted material in place, contamination is not removed and must therefore be maintained through periodic inspections and maintenance. As a result, this option must include all the elements of Alternative 2 (LUCs). 

The MicroShield computer model was used to evaluate the cap thickness requirements for the trenches at SWMU-11. Cap thickness was based upon the allowable dose of 25 mrem/yr for an industrial worker. Provisions of 10 CFR 20.1403 (Criteria for License Termination Under Restricted Conditions) requires that the annual dose to an average member of the critical group not exceed 25 mrem/yr, and that the residual radioactivity be reduced to levels that are as low as reasonably achievable (ALARA). However, unlike 10 CFR 20.1402, 10 CFR 20.1403 allows this dose limit to be achieved through the use of engineering and land use controls (LUCs), with the added requirement that the annual dose does not exceed 100 mrem/yr should those institutional controls fail or if they are no longer in effect. Since the cap is considered an engineering control that would be in place, preventing access to the waste, the 25 mrem/yr limit is considered appropriate for this analysis. Utilizing the maximum radionuclide soil concentrations at TR-5, it was determined that a cap would be required for exposure durations greater than 5.3 hours per year for an industrial worker. A cap thickness of 0.9144 meters (3 ft) would allow an industrial worker to be exposed for a duration of 11,210.8 hours per year. Calculations and a discussion to determine cap thickness can be found in Appendix C.

The need for a cap at TR-6 is more complex. The MicroShield computer model determined that no cap is required at TR-6 for exposure durations of 2,783 hours per year or less for an industrial worker. Current usage by a site industrial worker is estimated to be approximately 2 hours per day, 5 to 10 days per year. If site usage by an industrial worker was increased, this maximum number of hours (2,783 hours) would not be exceeded. Therefore, based on current contamination levels at TR-6, no cap is required to achieve an acceptable exposure duration for an industrial worker at TR-6. However, the sealed metal tubes at TR6 remain a potential source of contamination should they leak. Per NCP guidance, the time factor is 1,000 years, and a potential structural decay and leak is possible in the given timeframe. Therefore, a cap is also proposed to address contamination at TR-6. This cap would meet the same design specifications and standards as that of TR-5.

As discussed in Section 7.2.3, both process options, a clay liner and a GCL cap, achieve the same outcome at a similar cost. A GCL cap, however, will provide the greatest reliability. For this reason, a cap with a GCL is retained as a process option, while a cap with a traditional clay liner is eliminated from further consideration.

Alternative 4: Excavation, Disposal, and Backfilling

Excavation of soil in TR-5 and TR-6 involves the physical removal of soil and/or impacted debris (i.e., metal tubes) via standard excavation practices and technology. Soil and/or debris would be transported and disposed off-site in accordance with federal and state regulations for transportation and waste disposal. Materials handling, temporary containment of soils post-excavation, confirmation soil sampling and surveying, health and safety regulations for workers inside the trenches, and the availability of clean fill dirt are all considerations. Backfilling with clean fill and topsoil, grading, and revegetation after excavation would be required. 

Excavation would satisfy the RAO of preventing direct contact to or external exposure from contaminated soil and radiological debris that may pose an unacceptable risk to human health and the environment. It would also prevent further migration of the soil COCs to areas beyond the trenches, such as buffer zones surrounding the trenches, air, and groundwater. 

For the Characterization Report (Appendix A), excavation soil waste volumes were recalculated using the overall dimensions provided by Cabrera in the Final Report (2016). For TR-5, the approximate dimensions of 46 ft long by 17 ft wide by 7 ft deep yielded a result of 203 CY instead of 194 CY. Using a bulk factor of 1.5, the waste volume was calculated as 305 CY for TR-5. For TR-6, the approximate dimensions of 40 ft long by 20 ft wide by 6 ft deep yielded a result of 178 CY instead of 165 CY. Using a bulk factor of 1.5, the waste volume was calculated as 267 CY for TR-6. The square footage of each trench was determined to be 782 ft2 for TR-5 and 800 ft2 at TR-6. Sloping sidewalls were not included in the current waste volume calculations but may be added in the Decision Document (DD) if this alternative is the selected remedy. 

Alternative 5: Excavation, Sorting, Screening, and Disposal

Alternative 5, Excavation, Sorting, Screening, and Disposal of contaminated soil and debris, is similar to Alternative 4 but would apply only to the soil and debris determined to be radiologically-impacted above screening limits; material below the screening limits would be returned to the trench. Excavation of soil and debris would be removed via standard excavation practices and technology. Sorting and screening technologies would be employed on-site to determine which soil and debris were radiologically-impacted above screening limits. Impacted material would be transported offsite in accordance with federal and state regulations for transportation and waste disposal. All soil determined to be below screening limits would be returned to the trench. Materials handling, temporary containment of soils and debris post-excavation, confirmation soil sampling, and health and safety regulations for workers sorting and screening the soil and debris are all considerations. Grading and revegetation after excavation would be required.

 Known debris at TR-6 is metal tubes, while at TR-5, metallic remnants from drum material are present. At TR-6, radiological contamination is primarily found in debris (i.e., metal tubes) and the amount of material above the screening limit is expected to be less than in TR-5. Due to the high cost of mobilization and demobilization of the soil screening technology, Alternative 5 would be applied to both TR-5 and TR-6 for ease of implementation and consistency. This remedial alternative would satisfy the RAO of preventing direct contact to or external exposure from contaminated soil and radiological debris that may pose an unacceptable risk to human health and the environment. It would also prevent further migration of the soil COCs to areas beyond the trenches, such as buffer zones surrounding the trenches, air, and groundwater. 

Alternative 6: Soil Stabilization

In-situ soil treatment using cementitious solidification and stabilization, or soil stabilization, is an effective technology to treat radiological COCs. Using high-pressure concrete grouting techniques, Portland cement or acrylamide grout is injected across the target area to stabilize soil and debris within the trenches. Once the grout has solidified, migration of radionuclides is reduced. Soil stabilization would limit the potential direct contact to external exposure from radiologically-impacted soil and would reduce the potential for migration of soil COCs to areas beyond the trenches. Grouting operations do not pose significant impacts to human health or the environment due to construction or during the operational period. Emplacement of this type of in-situ treatment has proven effective to treat radiologically-impacted wastes, to provide erosion control, and reduce water infiltration. 

The MicroShield computer model was used to evaluate the exposure rate reduction of in-situ grout for TR-5 and TR-6. Using the maximum radionuclide concentrations for each trench (Cabrera, 2016), a silty soil composition, a grout density of 2.35 g/cm3, and input parameters representative of each trench, a reduction in exposure rate of 30% was determined, as presented in Appendix D.

Currently, there are no structures or barriers at Area 2 of SWMU-11 that would impede in-situ soil stabilization. Because in-situ soil stabilization consolidates radiologically-impacted material in place, contamination is not removed and must therefore be maintained through periodic inspections and maintenance. As a result, this option must include all the elements of Alternative 2 (LUCs). 

Cement grout would be injected under pressure across the target area for a combined surface area of 1,782 ft2. The grout would be injected to a depth of 10 ft bgs with a radius of influence of 6 ft in diameter. Two options for grout include Portland cement and acrylamide. The Portland cement mix would be used with no additives (i.e., fly ash, cement kiln) though may include URRICHEM to increase viscosity. Acrylamide, a low-viscosity grout, would contain a composition of the following: water, acrylamide solution, potassium ferricyanide solution, triethanolamine solution, ammonium persulfate, and sodium bicarbonate (baking soda) (Long, J., Huff, D., and A. Naudts, 1997). A pilot test would be performed before injections, and real time monitoring would be performed during injections to ensure parameters such as correct porosity, density of soils, strength and viscosity of the grout, were achieved. Acrylamide grout has been shown to have a durability of more than 200 years (Long, J., Huff, D., and A. Naudts, 1997).






DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES

Evaluation Criteria

This section presents and applies evaluation criteria, as specified in 40 CFR 300.430(e)(9), to anticipated alternative performance in detailed comparative analyses of the remedial alternatives developed in the previous section. These analyses are performed to aid in the selection of a preferred remedial alternative that best satisfies the criteria identified in 40 CFR 300.430(e)(9) and the specific RAOs, ARARs, and remedial goals. Section 300.430(e)(9) of the NCP lists nine criteria against which each remedial alternative must be assessed. The acceptability or performance of each alternative against the criteria is evaluated individually so that relative strengths and weaknesses may be identified.

The first two threshold criteria must be met by each alternative:

Protection of human health and the environment, and

Compliance with ARARs.

The next five primary balancing criteria provide the basis for analysis:

Long-term effectiveness and permanence;

Reduction of toxicity, mobility, volume, or mass through treatment;

Short-term effectiveness;

Implementability; and

Cost.

State acceptance and community acceptance are modifying criteria that will be evaluated in the DD following state and public comments on the Proposed Plan (PP). These modifying criteria are not addressed in this FS.

Threshold Criteria

Overall Protection of Human Health and the Environment

This criterion addresses whether the remedial alternative achieves protection of human health and the environment over time considering the specific characteristics of the site. Protection of human health and the environment is met if each exposure pathway identified as potentially resulting in adverse effects is eliminated or reduced to an acceptable level or controlled through treatment or engineering and LUCs. How each alternative achieves protection over time and whether the site risks are eliminated, reduced, or controlled are also analyzed.

Compliance with ARARs

This criterion addresses whether the remedial alternative complies with federal and state environmental statutes, regulations, and other requirements that pertain to the site.

Balancing Criteria

Long-Term Effectiveness and Permanence

This criterion relates to long-term effectiveness of the alternative in maintaining protection of human health and the environment after response objectives have been met. The focus is on any residual risk remaining at the site after completion of the remedial action and the reliability of engineering and institutional controls and monitoring to manage hazardous substances remaining at the site.

Reduction of Toxicity, Mobility, Volume, and Mass

This criterion relates to the extent to which the remedial alternatives permanently reduce the toxicity, mobility, and volume of contaminants present at the site. Factors for this criterion include the degree of permanence of the remedial action, the amount of hazardous materials disposed offsite or destroyed/removed, and the type and quantity of residuals remaining.

Short-Term Effectiveness 

Short-term effectiveness addresses the effects of the alternative during construction and implementation until the RAOs are met. This criterion considers the protection of the community and workers, including the air quality effects and hazards from excavation, transportation, and on-site treatment. In addition, the expected length of time for completion of the remedial action is considered.

Implementability

This criterion relates to the technical and administrative feasibility of the remedial alternative. The specific factors to be considered are the ability to construct, operate, and maintain the technology; the ability to monitor the effectiveness of the remedy; and the ability to obtain approvals from other agencies.

Cost

The cost estimates presented in this FS are developed to achieve a -30 percent to +50 percent accuracy range. The estimates were based on a variety of information, including generic unit costs, conventional cost estimating guides, and prior experience. Remedial Action Cost Engineering and Requirements (RACER®) software, which is widely used within the DoD and other federal agencies, was used to develop the cost estimates in this FS. The estimates have been prepared for use in the alternative evaluation based on information available at the time of the estimate. The actual costs of the project would depend on true labor and material costs, actual site conditions, final project scope, the implementation schedule, competitive market conditions, and other variable factors. The expected accuracy range of -30 percent to +50 percent is estimated over 30 years. Total cost represents the rounded present worth value considering a discount rate of 1.5 percent for 30 years, based on the Office of Management and Budget (OMB) Circular A-94, Guidelines and Discount Rates for Benefit-Cost Analysis of Federal Programs (OMB, 2018). Contingencies have been applied to each alternative to take into consideration assumptions and uncertainties associated with the current project scope and unforeseen circumstances. A 30 percent contingency allowance was used to reflect uncertainties unless otherwise noted. Costs are rounded to the nearest $1,000 per EPA guidance.

Modifying Criteria

State Acceptance

This criterion evaluates the technical and administrative issues and concerns the State of Utah may have regarding each of the alternatives. This criterion will be addressed in the DD once comments on the FS and PP have been received.

Community Acceptance

This criterion evaluates the issues and concerns the public may have regarding each of the alternatives. As with State Acceptance, this criterion will be addressed in the DD once comments on the FS and PP have been received.

Individual Alternative Analysis

The six individual alternatives, including the No Action alternative, will be evaluated in accordance with the seven criteria specified in Sections 9.1.1 and 9.1.2.

Alternative 1 – No Action

Alternative 1 leaves the trenches in Area 2 of SWMU-11 in their present condition with no LUCs or remedial actions. Radiologically-impacted soils and debris would remain as they currently exist in TR-5 and TR-6. Because contaminated media would be left on the site, a review of the site conditions would be required every 5 years, as specified in the NCP.

Alternative 1 serves as the baseline against which the effectiveness of other alternatives is evaluated and is included per the NCP. Table 7 presents a summary of Alternative 1 evaluated against the seven criteria presented below.

Overall Protection of Human Health and the Environment

Alternative 1 provides no protection to human health and the environment nor does it monitor impacted media or document land uses to ensure protection of human health and the environment. The No Action Alternative does not reduce or control potential radiological exposure to soil or debris. Impacted soil and debris would not be removed, reduced, or controlled through treatment, engineering, and/or LUCs. 

Compliance with ARARs

ARARs are not met with the No Action alternative, as no remedy would be implemented.

Long-Term Effectiveness and Permanence

The No Action alternative does not provide any controls for addressing reduction of radiological COCs over time aside from natural radioactive decay, reduction of radiological exposure, or the long-term management of impacted media; therefore, the No Action alternative does not meet this criterion.

Reduction of Toxicity, Mobility, Volume, and Mass

The No Action alternative does not employ any treatment that would reduce the toxicity, mobility, volume, or mass of impacted material; therefore, the No Action alternative does not meet this criterion.

Short-Term Effectiveness 

The No Action alternative does not pose any additional risks to the community, site industrial workers, or the environment since there are no remedial activities associated with it; however, it does not mitigate any existing or potential future risks/hazards.

Implementability

Alternative 1 has no action to implement, in that no action would be taken.

Cost

There are no present worth costs and capital costs for the No Action alternative because no action would be taken.

Alternative 2 – Land Use Controls

Alternative 2 includes institutional and engineering controls. Fencing and signage would be the primary LUCs employed at Area 2 of SWMU-11. The LUCs would be kept in place until UU/UE could be achieved. DPG encompasses Area 2 of SWMU-11, which is currently owned and operated by the DoD. Thus, implementation of this remedy does not require the approval or participation of landowners or private individuals. Because DPG is an active military installation, the local authority for regulating and enforcing ICs is the Garrison Manager. Therefore, DPG installation personnel will incorporate enforceable restrictions into the Base Master Plan, instructions, and orders used by the Garrison Manager to govern conduct, actions and activities on the installation. 

Table 7 presents a summary of Alternative 2 evaluated against the seven criteria presented below.

Overall Protection of Human Health and the Environment

Alternative 2 provides a low level of protection to human health by reducing the potential for radiological exposure in soil and debris. However, radiologically-impacted materials would not be eliminated or reduced, and the impact on the environment remains the same. Fencing would serve to create a physical barrier around the trenches, thus reducing the potential for exposure to radiological soil and debris, and to prevent inadvertent access to the trenches. Signage would inform potential receptors of the restricted land use and potential exposure to radiologically-impacted media. 

Current receptors at Area 2 of SWMU-11 are identified as site industrial workers. Although DPG is a federal facility and site access is already restricted, the fencing and signage provide additional limitations to the trenches by the current receptors. Site industrial workers may not be aware of the current potential exposure hazards that exist at the trenches. Additionally, if a trespasser or other human receptor was present, fencing and signage would serve to reduce the potential for exposure. Fencing requirements are a 3- to-5-strand wire, thus allowing predators into the area. This is not a concern because ecological receptors were determined to not be at risk of exposure, given the current pathways. Overall, Alternative 2 adds a degree of protection to human health and environment.

Compliance with ARARs

Chemical-specific ARARs were identified as Radiological Criteria for Unrestricted Use (Residential) (10 CFR 20.1402) and Criteria for License Termination Under Restricted Conditions (Industrial) (10 CFR 20.1403). LUCs would comply with the chemical-specific ARARs for Restricted (Industrial) (10 CFR 20.1403) use. 

Location-specific ARARs were identified as the Archaeological and Historic Preservation Act, the Migratory Birds Act, and the Bald and Golden Eagle Protection Act. Additional chemical- and action-specific ARARs described in Section 6.2 may need to be taken into consideration. Planning will be required to comply with all chemical-, location-, and action-specific ARARs. 

Long-Term Effectiveness and Permanence

Radiologically-impacted soil and debris would remain in the trenches and the risk of human receptor exposure through potentially complete pathways (i.e., direct radiation, inhalation of re-suspended dust, and direct ingestion of soil) would remain indefinitely. Alternative 2 does provide some level of long-term effectiveness and permanence through the use of LUCs. Posted signs should alert human receptors of the risks associated with potential radiological exposure, and fencing should offer some level of protection by restricting access to the trenches. However, an on-site land manager would not be present to ensure that engineering controls are effective. Periodic maintenance would be required to maintain the integrity of fencing and signs around the trenches.

Reduction of Toxicity, Mobility, Volume, and Mass

Alternative 2 does not provide a reduction in toxicity, mobility, volume, or mass, and radiological COCs would remain in soil and debris. 

Short-Term Effectiveness 

Construction activities for installation of fencing and signage are estimated to take less than 1 week to complete. A truck used to transport fencing and signage materials should have no impact on site traffic flow. Installation of fencing and signage should not require extensive planning due to the size of the site and trenches. Fencing and signs would be placed around the perimeter of the trenches at an adequate distance such that there would be no potential for construction workers to come in contact with impacted soils. Any short-term risks to workers would be limited through the implementation of an approved health and safety plan and additional monitoring support during construction field activities, if deemed necessary. Potential environmental impacts would be addressed in the planning documents for this alternative and are considered to be minimal.

Implementability

Alternative 2 is considered technically feasible, and services and materials should be readily available. If LUCs are selected as a remedial action, and prior to implementation, provisions for legally enforceable ICs will be fully defined in the Remedial Design and detailed in Prior to instituting LUCs, a Land Use Control Implementation Plan (LUCIP), both of which would be prepared and submitted to the Army and NRC before LUCs could proceed. Additional documents would include a DD and PP. 

Alternative 2 construction activities (i.e., fence and sign installation) would be easy to implement due to the amount of construction materials required and the size of TR-5 and TR-6 (approximately 782 ft2 and 800 ft2, respectively). Due to the size of the trenches, fencing could be installed around both trenches as one area, or around the trenches individually. Fencing would need to be 3- to 5 strand wire, as a chain-link fence would preclude predators from entering the site and allow burrowing animals to contact soil and debris within the trenches. Signs would be installed at access points and around the entire perimeter of Area 2 of SWMU-11. Installation is anticipated to take approximately 1 to 2 days, with a 2- to 3-person crew, depending on any site-specific requirements. Although the work area has limited access, all site industrial workers and materials necessary to implement the engineering controls should be readily available through the site contractor and identified prior to construction activities. Health and safety protocols would need to be identified prior to construction activities to ensure a safe working environment for the industrial workers. Periodic maintenance by site industrial workers would be required to maintain the integrity of fencing and signs around the trenches.

Administratively, implementation of Alternative 2 would require documentation and planning meetings. Documentation would include a Remedial Design, a LUCIP, a DD, a PP, and a Site-Specific Final Report. ICs would be fully defined in the Remedial Design and aA LUCIP would need to be prepared detailing ICs prior to beginning installation activities. A Site-Specific Final Report would be prepared to document the completed remedial action. All land associated with TR-5 and TR-6 is part of DPG and is currently owned and operated by the DoD. Thus, implementation of this remedy does not require the approval or participation of landowners or private individuals. For active basesAt DPG, ICs would be regulated and enforced by the Garrison Manager, and LUCs are commonlywould be addressed through remedy selection documents,in the Bbase Mmaster Pplans, and separate MoUs. 

Cost

The cost estimate for implementation of LUCs for a 30-year timeframe was evaluated using RACER® software. This estimate includes a LUCIP and other associated documentation, implementation of site use controls, planning meetings, access control signage, annual site inspections, and fencing costs for 3- to 5 strand wire fence. The total estimated cost for Alternative 2 is $167,000.

Appendix E and Table 8 provide a comprehensive breakdown of these costs, including capital costs, annual O&M costs, periodic costs, and the total present values of the alternatives. Although the remedy is expected to be in place longer than 30 years (1,000 years per NCP guidance), cost estimates are provided in this FS for a 30-year timeframe. 

Alternative 3 - Capping

Under Alternative 3, capping would provide containment of radiologically-impacted soil within TR-5 and TR-6 and would be implemented in conjunction with LUCs. 

Table 7 presents a summary of Alternative 3 evaluated against the seven criteria presented below.

Overall Protection of Human Health and the Environment

Capping of TR-5 and TR-6 at Area 2 of SWMU-11 would achieve RAOs by providing a physical barrier capable of eliminating direct contact to or exposure by current and future receptors from radiologically-impacted soil. Capping would also reduce the potential for migration of soil COCs. However, radiologically-impacted materials would not be eliminated or reduced, and the impact on the environment remains the same. Alternative 3 would be implemented in conjunction with LUCs, which would serve to further limit exposure to impacted material. The caps would be protective of human health and the environment. 

Compliance with ARARs

Alternative 3 would comply with chemical-, location-, and action-specific ARARs for soil.

The MicroShield model was used to determine a protective cap thickness based on an allowable dose of 25 mrem/yr for the industrial worker (Appendix C). Therefore, Alternative 3, used in conjunction with LUCs, would comply with chemical-specific ARARs.

Location-specific ARARs (identified as the Archaeological and Historic Preservation Act, the Migratory Birds Act, and the Bald and Golden Eagle Protection Act) would require planning and compliance by capping activities and LUCs. Additional chemical- and action-specific ARARs described in Section 6.2 may also need to be taken into consideration. 

Long-Term Effectiveness and Permanence

Alternative 3 would achieve long-term effectiveness and permanence through implementation of a GCL cap at TR-5 and TR-6 combined with LUCs. GCL caps and LUCs (i.e., fencing, signage, and land use restrictions) would provide erosion control as well as an effective and reliable long-term exposure barrier for industrial workers. The caps would require routine maintenance and inspection by a work crew.

Reduction of Toxicity, Mobility, Volume, and Mass

Alternative 3 would permanently reduce the mobility of radiological COCs in soil through erosion and surface water control. However, the toxicity, volume, and mass of radiological COCs in soil would not be reduced.

Short-Term Effectiveness 

Implementation of a GCL cap for both trenches, combined with LUCs, would result in an immediate reduction in potential exposure to site industrial workers. 

Implementability

Installation of GCL caps and LUCs is technically feasible, and services and materials for both should be readily available. A GCL cap is a common technology and can be designed to specification. Fencing and signage, described in Section 9.2.2, can be obtained by site industrial workers. Prior to installation and implementation, provisions for legally enforceable ICs will be fully defined in the Remedial Design and detailed in a LUCIP, both of which would be prepared and submitted to the Army and NRC before work could proceed. Additional documents would include a DD and PP. 

Alternative 3 construction activities would include the design and construction of two GCL caps. Each cap, a RCRA hazardous waste cap GCL, would provide a protective cover of a minimum of 3 ft and be constructed of 40-millimeter high-density polyethylene (HDPE) geomembrane. The total area would be designed to cover TR-5 and TR-6 individually, although it could be expanded to cover both trenches, if determined appropriate. 

Construction material for LUCs (i.e., fencing and signage) at both trenches is available. Due to the size of the trenches, fencing could be installed around both trenches as one area, or around the trenches individually. Although the work area has limited access, all site industrial workers and materials necessary to implement the GCL caps and LUCs should be identified prior to construction activities. Health and safety protocols would need to be identified prior to beginning construction activities to ensure a safe working environment for the industrial workers during installation. To document the completed remedial action, a Site-Specific Final Report would be prepared. Periodic maintenance by site industrial workers would be required to maintain the integrity of the GCL caps. Cap maintenance does not require radiation-specific training by industrial workers if they do not breach the HDPE layer. 

Administratively, implementation of Alternative 3 would require documentation and planning meetings. Documentation would include a Remedial Design, a LUCIP, a DD, a PP, and a Site-Specific Final Report. ICs would be fully defined in the Remedial Design and a LUCIP would be prepared detailing ICs prior to beginning installation activities. A Site-Specific Final Report would be prepared to document the completed remedial action. All land associated with TR-5 and TR-6 is part of DGP and is currently owned and operated by the DoD. Thus, implementation of this remedy does not require the approval or participation of landowners or private individuals. At DPG, ICs would be regulated and enforced by the Garrison Manager, and LUCs would be addressed in the Base Master Plans and separate MoU. For active bases, LUCs are commonly addressed through remedy selection documents, base master plans, and separate MoUs.

Cost

The cost estimate for implementation of a GCL cap at TR-5 and TR-6 and LUCs for a 30-year timeframe was evaluated using RACER® software. This estimate includes two RCRA Hazardous Waste Cap GCL built to specification, a LUCIP and other associated documentation, planning meetings, access control signage, annual site inspections, and engineering controls. The total estimated cost for Alternative 3 is $383,000.

Appendix E and Table 8 provide a comprehensive breakdown of these costs, including capital costs, annual O&M costs, periodic costs, and total present value of Alternatives 3. The costs associated with Alternative 2, LUCs, are incorporated into this estimate. Although the remedy is expected to be in place longer than 30 years (1,000 years per NCP guidance), cost estimates are provided in this FS for a 30-year timeframe.

Alternative 4 – Excavation, Disposal, and Backfilling

Under this alternative, the physical removal of radiologically-impacted soils and debris, off-site disposal, and backfilling with clean fill and topsoil would be implemented. The following discussion and evaluation apply to both TR-5 and TR-6. 

Table 7 presents a summary of Alternative 4 evaluated against the seven criteria presented below.

Overall Protection of Human Health and the Environment

Excavation of radiologically-impacted soil and debris in TR-5 and TR-6 would achieve RAOs by preventing direct contact to or external exposure from contaminated soil and radiological debris that may pose an unacceptable risk to human health and the environment. It would also prevent further migration of the soil COCs to areas beyond the trenches, such as buffer zones surrounding the trenches, air, and groundwater. Alternative 4 would thereby protect against both current and future human exposure to soil and would be protective of human health and the environment. 

Compliance with ARARs

Alternative 4 would comply with chemical-, location-, and action-specific ARARs for soil.

Chemical-specific ARARs were identified as Radiological Criteria for Unrestricted Use (Residential) (10 CFR 20.1402) and Criteria for License Termination Under Restricted Conditions (Industrial) (10 CFR 20.1403). The soil DCGLs for the residential receptor (unrestricted) use are provided in Table 4. Excavation of soil and debris will achieve UU/UE and would therefore comply with chemical-specific ARARs.

Location-specific ARARs were identified as the Archaeological and Historic Preservation Act, the Migratory Birds Act, and the Bald and Golden Eagle Protection Act. Action-specific ARARs were identified as those that address the transfer for disposal and manifest of low-level radioactive waste, temporary on-site storage of waste, staging piles, and land disposal restrictions. These ARARs would be required during the loading, marking, and manifesting of impacted soils and debris. Additional chemical- and action-specific ARARs described in Section 6.2 may need to be taken into consideration. Planning will be required to comply with all chemical-, location-, and action-specific ARARs. 

Long-Term Effectiveness and Permanence

Alternative 4 would achieve long-term effectiveness and permanence through the physical removal of radiologically-impacted soil and debris from TR-5 and TR-6.

Reduction of Toxicity, Mobility, Volume, and Mass

Alternative 4 would permanently reduce the toxicity, mobility, volume, and mass of radiological COCs via the physical removal of impacted soil and debris.

Short-Term Effectiveness 

Implementation of Alternative 4 would be immediately effective upon excavation of impacted soil and debris; however, removal activities may result in minimal exposure risks to the construction/industrial workers via the release of fugitive dusts and runoff from disturbed soil. Dust controls may include water sprays or application of chemical dust suppressants. Surface water controls may also be required.

Implementability

Alternative 4 is technically implementable via standard excavation practices and technology. Excavation can easily be performed, and typical equipment used may include backhoes, drag lines, clamshells, and vacuum trucks. Excavator services are readily available, as are the services and materials necessary for the transportation of excavated soil and debris to an approved off-site disposal facility or landfill.

Materials handling must be considered in the implementation of excavation. Staging areas would be used to prepare impacted soil and debris for disposal and transport; this area would be graded to reduce the potential for ponding and collapse of trench walls, lined to prevent groundwater contamination, and bermed to prevent runoff. The off-site transportation of wastes resulting from excavation must meet Federal and State of Utah shipping and manifesting regulations. Excavated soil and debris would be transported to an approved landfill for disposal. The excavated area would be backfilled with clean soil, and a local fill dirt location may be available. Backfilling, grading, and revegetation after excavation are necessary to prevent stormwater runoff and erosion. 

To ensure excavation was completed to meet unrestricted (residential) standards, or UU/UE, confirmation soil sampling and a magnetometer survey or use of a FIDLER or GM probe would be performed following excavation to ensure all radiologically-impacted materials had been removed. The extent of each trench has previously been evaluated and the general dimensions and extent of contamination within each individual trench are known. 

While excavation and disposal of impacted soil and debris eliminates the environmental and health concerns associated with direct contact of radiologically-impacted soil and debris, consideration must be given to the health and safety of site industrial/remedial workers. On-site air monitoring and dust and vapor control provisions would be necessary during excavation operations. Excavation activities can result in the release of fugitive dusts and runoff from disturbed soil. Dust controls could include water sprays or application of chemical dust suppressants. Surface water controls may also be required. Excavation at Area 2 of SWMU-11 would create minimal disturbance of the overall operational activities of the surrounding facilities.

Cost

The cost estimate for implementation of excavation, disposal, and backfilling was evaluated using RACER® software. This estimate includes the total excavation of both trenches, temporary containment for storage of excavated materials, confirmation soil sampling, backfilling, trench restoration, and transportation to a local facility. The total estimated cost for Alternative 4 is $593,000.

Appendix E and Table 8 provide a comprehensive breakdown of these costs, including capital costs and total present values of the alternatives.

Alternative 5 – Excavation, Sorting, Screening, and Disposal

Alternative 5 involves the physical removal of soil and debris from both trenches, sorting and screening of radiologically-impacted material from non-radiologically impacted material, off-site disposal of impacted material, and backfilling with non-impacted soils. The primary difference between Alternative 5 and Alternative 4 is that Alternative 5 would incorporate a sorting and screening phase to process impacted soil and debris on-site. 

Table 7 presents a summary of Alternative 5 evaluated against the seven criteria presented below.

Overall Protection of Human Health and the Environment

Excavation of radiologically-impacted soil and debris would achieve RAOs by preventing direct contact to or external exposure from contaminated soil and radiological debris that may pose an unacceptable risk to human health and the environment. It would also prevent further migration of the soil COCs to areas beyond the trenches, such as buffer zones surrounding the trenches, air, and groundwater. Alternative 5 would thereby protect against both current and future human exposure to soil and would be protective of human health and the environment. 

Compliance with ARARs

Alternative 5 would comply with chemical-, location-, and action-specific ARARs for soil.

Chemical-specific ARARs were identified as Radiological Criteria for Unrestricted Use (Residential) (10 CFR 20.1402) and Criteria for License Termination Under Restricted Conditions (Industrial) (10 CFR 20.1403). The soil DCGLs for the residential receptor (unrestricted) use are provided in Table 4. Excavation of impacted soil and debris from the trenches will achieve UU/UE and would therefore comply with chemical-specific ARARs.

Location-specific ARARs were identified as the Archaeological and Historic Preservation Act, the Migratory Birds Act, and the Bald and Golden Eagle Protection Act. Action-specific ARARs were identified as those that address the transfer for disposal and manifest of low-level radioactive waste, temporary on-site storage of waste, staging piles, and land disposal restrictions. These ARARs would be required during the loading, marking, and manifesting of impacted soils and debris. Additional chemical- and action-specific ARARs described in Section 6.2 may need to be taken into consideration. Planning will be required to comply with all chemical-, location-, and action-specific ARARs. 

Long-Term Effectiveness and Permanence

Alternative 5 would achieve long-term effectiveness and permanence through the physical removal of radiologically-impacted soil and debris from the trenches.

Reduction of Toxicity, Mobility, Volume, and Mass

Alternative 5 would permanently reduce the toxicity, mobility, volume, and mass of radiological COCs via the physical removal of impacted soil and debris from the trench.

Short-Term Effectiveness 

Implementation of Alternative 5 would be immediately effective upon excavation of impacted soil and debris; however, removal activities may result in minimal exposure risks to the construction/industrial workers via the release of fugitive dusts and runoff from disturbed soil. Dust controls may include water sprays or application of chemical dust suppressants. Surface water controls may also be required.

Implementability

Alternative 5 is technically implementable via standard excavation practices and technology. Excavation can easily be performed, and typical equipment used may include a backhoe and vacuum truck. Excavator services are readily available, as are the services and materials necessary for the transportation of excavated soil and debris to an approved off-site disposal facility or landfill. However, the technology used for sorting and screening of soils and debris may be less feasible. 

As with Alternative 4, materials handling must be considered. Staging areas would be used to prepare impacted soil and debris for on-site radiological screening and processing, disposal, and transport. The staging area would be graded to reduce ponding and collapse of trench walls, lined to prevent groundwater contamination, and bermed to prevent runoff. The off-site transportation of wastes resulting from excavation must meet Federal and State of Utah shipping and manifesting regulations. Excavated soil and debris would be transported to an approved disposal facility. The excavated area would be backfilled with non-impacted soil and clean backfill, if required, and non-impacted material would be returned to the trench. Backfilling, grading, and revegetation after excavation are necessary to prevent stormwater runoff and erosion. 

To ensure excavation was completed to meet unrestricted (residential) standards, or UU/UE, confirmation soil sampling and a magnetometer survey or use of a FIDLER or GM probe would be performed following excavation to ensure all radiologically-impacted materials above the screening limits had been removed. The extent of each trench has previously been evaluated and the general dimensions and extent of contamination within each individual trench are known. 

While excavation and disposal of impacted soil and debris eliminate the environmental and health concerns associated with direct contact of radiologically-impacted soil and debris, consideration must be given to the health and safety of site industrial/remedial workers. On-site air monitoring and dust and vapor control provisions would be necessary during excavation operations. Excavation activities can result in the release of fugitive dusts and runoff from disturbed soil. Dust controls could include water sprays or application of chemical dust suppressants. Surface water controls may also be required. Excavation at Area 2 of SWMU-11 would create minimal disturbance of the overall operational activities of the surrounding facilities.

The technology used to sort and screen impacted soils and debris will be transported from an off-site location and will incur a high mobilization/demobilization cost (Section 9.2.5). On-site radiological screening involves the pre-treatment of soils and debris by screening and tilling, followed by the processing of all materials. Implementing sorting and screening of soils to separate radiologically-impacted materials from non-radiologically impacted materials may not be feasible given that the same outcome (unrestricted residential use) is achieved with Alternative 4 at a lower cost. Development of this comparison is made in Section 9.3.6. 

Cost

The cost estimate for implementation of excavation, sorting, screening, and disposal was evaluated using RACER® software. This estimate includes the mobilization and demobilization of soil screening technology, total excavation of both trenches, temporary containment for storage of excavated materials, confirmation soil sampling, backfilling, trench restoration, on-site radiological screening and processing, and transportation to a local facility. The total estimated cost for Alternative 5 is $1,439,000.

Appendix E and Table 8 provide a comprehensive breakdown of these costs, including capital costs and total present values of the alternatives.

Alternative 6 – Soil Stabilization

Under Alternative 6, in-situ soil stabilization using cement or acrylamide grouting techniques would provide containment of radiologically-impacted soil and debris within TR-5 and TR-6 and would be implemented in conjunction with LUCs. 

Table 7 presents a summary of Alternative 6 evaluated against the seven criteria presented below.

Overall Protection of Human Health and the Environment

Soil stabilization through the injection of cement or acrylamide grout at TR-5 and TR-6 would achieve RAOs by limiting direct contact to or exposure by current and future receptors from radiologically-impacted soil. Soil stabilization would also reduce the potential for migration of soil COCs. However, radiologically-impacted materials would not be eliminated or reduced. Alternative 6 would be implemented in conjunction with LUCs, which would serve to further limit exposure to impacted material. Soil stabilization would protect against both current and future human exposure to soil and would be protective of human health and the environment. 

Compliance with ARARs

Alternative 6 would comply with chemical-, location-, and action-specific ARARs for soil.

Chemical-specific ARARs were identified as Radiological Criteria for Unrestricted Use (Residential) (10 CFR 20.1402) and Criteria for License Termination Under Restricted Conditions (Industrial) (10 CFR 20.1403). In-situ stabilization of soil and debris would be used in conjunction with LUCs (Alternative 2) to comply with the chemical-specific ARARs for Restricted (Industrial) (10 CFR 20.1403) use.

Location-specific ARARs were identified as the Archaeological and Historic Preservation Act, the Migratory Birds Act, and the Bald and Golden Eagle Protection Act. Additional chemical- and action-specific ARARs described in Section 6.2 may need to be taken into consideration. Planning will be required to comply with all chemical-, location-, and action-specific ARARs. 

Long-Term Effectiveness and Permanence

Alternative 6 would achieve long-term effectiveness and permanence through cement or acrylamide grouting of soil and debris at TR-5 and TR-6. Acrylamide grout has shown to have durability of more than 200 years. LUCs (i.e., fencing, signage, and land use restrictions) would provide erosion control as well as an effective and reliable long-term exposure barrier for industrial workers. The stabilized material would require routine maintenance and inspection by a work crew.

Reduction of Toxicity, Mobility, Volume, and Mass

Alternative 6 would permanently reduce the mobility of radiological COCs in soil through erosion and surface water control, and by reducing water infiltration. However, the toxicity, volume, and mass of radiological COCs in soil would not be reduced.

Short-Term Effectiveness 

Implementation of soil stabilization through cement or acrylamide grouting for both trenches, combined with LUCs, would result in an immediate reduction in potential exposure to site industrial workers. However, injection activities may result in minimal exposure risks to the industrial workers via the release of fugitive dusts and runoff from disturbed soil. Dust controls may include water sprays or application of chemical dust suppressants. Surface water controls may also be required.

Implementability

Injection of grout for soil stabilization is technically feasible, and services and materials should be generally available. In-situ soil stabilization is a commonly used technique for the treatment of hazardous waste and low-level radioactive waste. Cementitious materials are the predominant materials of choice because of their low associated processing costs and are considered environmentally friendly. Fencing and signage, described in Section 9.2.2, can be obtained by site industrial workers. Prior to installation and implementation, a LUCIP would be prepared and submitted to the Army and NRC before work could proceed. Additional documents would include a DD and PP. 

Alternative 6 injection activities would include high pressure injection of Portland cement or acrylamide grout into TR-5 and TR-6 to a depth of approximately 10 ft bgs covering an approximate are of 1,782 ft2. The radius of influence would be 6 ft in diameter. Prior to grouting, a trial grouting or pilot test may be conducted on a small-scale to confirm that the design objectives could be met and to make the necessary adjustment to grouting procedures, equipment, grout mix, injection pressures, injection sequence, and waste management. Grouting operations would be monitored and assessed in real time using geotechnical testing to ensure proper construction, porosity, density of soils, strength and viscosity of the grout. 

Construction material for in-situ soil stabilization would include equipment which would install grouting rods and perform high-pressure injections, and equipment for mixing, spreading, and compacting. Post-installation, the stabilized mass may be subject to compressive strength and durability testing. Stabilized grout would need to pass freeze/thaw and wet/dry testing. The recommended NRC test requires testing without controlling humidity, allowing drying of the grout at the highest temperature.

Construction material for LUCs (i.e., fencing and signage) at both trenches is available. Due to the size of the trenches, fencing could be installed around both trenches as one area, or around the trenches individually. Although the work area has limited access, all site industrial workers and materials necessary to implement soil stabilization and LUCs should be identified prior to construction activities. Health and safety protocols would need to be identified prior to beginning construction activities to ensure a safe working environment for the industrial workers during installation. 

While injection of impacted soil and debris eliminates the environmental and health concerns associated with direct contact of radiologically-impacted soil and debris, consideration must be given to the health and safety of site industrial workers. On-site air monitoring and dust and vapor control provisions would be necessary during injection operations. Injection activities can result in the release of fugitive dusts and runoff from disturbed soil. Dust controls could include water sprays or application of chemical dust suppressants. Surface water controls may also be required. However, injection activities at Area 2 of SWMU-11 would create minimal disturbance of the overall operational activities of the surrounding facilities.

To document the completed remedial action, a Site-Specific Final Report would be prepared. Periodic maintenance by site industrial workers may be required to ensure the condition of the grout is maintained (i.e., cracking), in addition to maintaining the integrity of fencing and signs around the trenches.

Administratively, implementation of Alternative 6 would require documentation and planning meetings. All land associated with TR-5 and TR-6 is currently owned and operated by the DoD. Thus, implementation of this remedy does not require the approval or participation of landowners or private individuals. For active bases, LUCs are commonly addressed through remedy selection documents, base master plans, and separate MoUs.

Cost

The cost estimate for grout injection at TR-5 and TR-6 and LUCs for a 30-year timeframe was evaluated using RACER® software. This estimate includes high-pressure injection of grout, a pilot test and geotechnical testing, a LUCIP and other associated documentation, planning meetings, access control signage, periodic site inspections, and engineering controls. The total estimated cost for Alternative 6 is $487,000.

Appendix E and Table 8 provide a comprehensive breakdown of these costs, including capital costs, annual O&M costs, periodic costs, and total present value of Alternatives 6. The costs associated with Alternative 2, LUCs, are incorporated into this estimate. Although the remedy is expected to be in place longer than 30 years (1,000 years per NCP guidance), cost estimates are provided in this FS for a 30-year timeframe.

Comparative Alternative Analysis

Overall Protection of Human Health and the Environment

The remedial technologies that provide the greatest overall protection of human health and the environment are Alternatives 4 and 5. Through removal of radiologically-impacted soil and debris from the trenches, UU/UE is achieved immediately and has long-term effectiveness and permanence. 

Alternatives 2, 3, and 6 do not achieve UU/UE and contamination is not eliminated or reduced. Alternative 1 does not provide additional protection of human health and the environment.

Compliance with Applicable or Relevant and Appropriate Requirements

The chemical-specific ARARs for Radiological Criteria for Unrestricted Use (Residential) (10 CFR 20.1402) are achieved through Alternatives 4 and 5. Location- and action-specific ARARs are also met with these two remedial alternatives. Alternatives 2, 3, and 6 do, however, comply with the ARAR Criteria for License Termination Under Restricted Conditions (Industrial) (10 CFR 20.1403).

Long-Term Effectiveness and Permanence

Alternatives 4 and 5 would achieve long-term effectiveness and permanence through the physical removal of radiologically-impacted soil and debris from TR-5 and TR-6.

While Alternatives 2, 3, and 6 do provide a level of long-term effectiveness and permanence through LUCs, GCL caps, and soil stabilization, respectively, radiologically-impacted soil and debris would remain in the trenches indefinitely. With Alternative 2, the risk of human receptor exposure through potentially complete pathways (i.e., direct radiation, inhalation of re-suspended dust, and direct ingestion of soil) would also remain.

The No Action alternative does not meet this criterion.

Reduction of Toxicity, Mobility, Volume, and Mass

Alternatives 4 and 5 would permanently reduce the toxicity, mobility, volume, and mass of radiological COCs via the physical removal of impacted soil and debris.

Though Alternatives 3 and 6 would reduce the mobility of radiological COCs in soil, the toxicity, volume, and mass would not be reduced. Similarly, Alternative 2 does not provide a reduction in toxicity, mobility, volume, or mass nor is mobility of COCs impeded. 

The No Action alternative does not meet this criterion.

Short-Term Effectiveness 

Alternatives 3, 4, 5, and 6 would result in an immediate reduction in potential exposure to site industrial workers and the environment. The potential for exposure by site industrial workers to radiologically-impacted materials is possible during the implementation of all three alternatives. However, the exposure is expected to be less in Alternative 3 and 6 than the potential exposure of an industrial worker in Alternatives 4 and 5.

Alternative 2 is effective upon installation of fencing and signage, though the effectiveness is substantially less than in Alternatives 3, 4, 5, and 6. Alternative 1 does not mitigate any existing or future risks or hazards.

Implementability

Alternative 1 is the most easily implemented alternative as there are no required actions. 

Compared to Alternatives 3, 4, 5, and 6, Alternative 2 is considered easily implementable and involves the fewest industrial workers, the shortest construction and implementation time, and the fewest materials. Administratively, it is the easiest to complete, as compared with the other remaining alternatives. 

Alternatives 3, 4, 5, and 6 require a larger number of industrial workers, health and safety monitoring, and more materials to implement. For these three alternatives, services, personnel, and materials are generally readily available but require greater coordination and planning. Health and safety protocols would need to be identified prior to construction activities to ensure a safe working environment for the industrial workers during remedy implementation could begin. Alternatives 3 and 6 require periodic maintenance by site workers to maintain the integrity of the caps and grouted trenches. 

Alternatives 4 and 5 require the highest level of implementation. Both require adherence to federal and state disposal and transportation regulations. Heavy equipment used for excavation and backfilling, as well as staging areas and trench specification, would be used. Confirmation soil sampling and radiological scans would also be required. Backfilling, grading, and revegetation following excavation would be necessary.

Alternative 5 would require the use of additional technologies for soil and debris sorting and screening. These technologies would require transport from a greater distance and come at a higher cost. Mobilization and demobilization costs are considerable. On-site radiological screening involves the pretreatment of soils and debris by screening and tilling, followed by processing all materials. This would require additional time and labor. Of all alternatives, Alternative 5 is the least implementable.

Cost

The total estimated costs for implementing the alternatives at TR-5 and TR-6 are included in Table 8. These costs were obtained from the Basis of Cost Estimates presented in Appendix E. Cost-specific breakdowns of line items are also provided in the Folder Assembly Level Data Report in Appendix E. The capital and O&M cost breakdown for each alternative, if applicable, is provided below:

Alternative 1 (No Action) – No associated capital, O&M, or periodic costs.

Alternative 2 (LUCs) – Capital costs include labor and materials for the installation of fencing and signage and implementation of LUCs by the DoD. Annual O&M costs include annual site inspections and multiple 5-year reviews. Periodic costs include site inspection and maintenance, administrative documentation, planning, meetings, and five-year reviews.

Alternative 3 (GCL Capping) – Capital costs include labor and materials for design, construction, and installation of the GCL caps. Capital costs also include labor and materials for the installation of fencing and signage and implementation of LUCs by the DoD. Annual O&M costs include annual site inspections. Periodic costs include site inspection and maintenance, administrative documentation, planning, meetings, and five-year reviews.

Alternative 4 (Excavation, Disposal, and Backfilling) – Capital costs include labor and materials to excavate the trenches, set up containment areas, perform confirmation soil sampling, backfill with clean fill dirt, transport impacted-materials off-site, and restore the surface with native vegetation. Costs also include administrative documentation, planning, and meetings.

Alternative 5 (Excavation, Sorting, Screening, and Disposal) – Capital costs include the mobilization and demobilization of soil screening technology, labor and materials to excavate the trenches, set up containment areas, perform pre-treatment of the soils by screening, process all materials, perform confirmation soil sampling, backfill with clean fill dirt, transport impacted-materials off-site, and restore the surface with native vegetation. Costs also include administrative documentation, planning, and meetings.

Alternative 6 (Soil Stabilization) – Capital costs include labor and materials for high-pressure grouting of the trenches, and QC and geotechnical testing. Capital costs also include labor and materials for the installation of fencing and signage and implementation of LUCs by the DoD. O&M and periodic costs include site inspection and maintenance, administrative documentation, planning, meetings, and five-year reviews. 






SUMMARY AND CONCLUSION

The six remedial alternatives presented in this FS are developed, screened, and evaluated to address site-related contaminants determined to pose an unacceptable risk to human health and the environment. The remedial alternatives are evaluated based on the nature and extent of contamination, the ability to satisfy RAOs and achieve remedial goals, and compliance with chemical-, location, and action-specific ARARs. Remedial technologies are identified and screened through evaluation criteria for an individual and comparative analysis. The selected remedy alternative will be determined based upon the outcome of the PP. 
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Table 1. TR-5 and TR-6 2005 Phase II Investigation Results.

		Gamma Exposure Rate Measurements



		Trench

		Result (µR/hr) Center of Trench

		Result (µR/hr) 3 ft from Center

		Result (µR/hr) 6 ft from Center



		TR-5

		420

		50

		30



		FIDLER and GM Pancake Probe - Gamma and Beta Measurements



		Trench

		Result (cpm) Directly Over Area

		Background Radiation Levels FIDLER Results (cpm)

		Background Radiation Levels GM Probe Results (cpm)



		TR-5

		1,200 - 575,000

		25,000 - 28,000

		75 - 125



		Material Samples



		Trench

		Notes

		Depth

		Result



		TR-6 (MS02)

		Solidified sand from inside a corroded drum

		6 ft bgs

		No detectable levels of radioactivity



		TR-6 (MS03)

		Multiple buried metal tubes

		NA

		Sample not sent to laboratory, remains on site. Gamma radiation signature similar to Cesium-137



		TR-5 (MS04 & MS04A)

		Metal remnants of drum material

		0.5 ft bgs

		Radioactivity primarily due to Strontium-90 (results on following Table 1)



		Notes:

µR/hr - microroentgen per hour 

ft - feet

FIDLER - Field Instrument for the Detection of Low Energy Radiation

GM - Geiger Mueller

cpm - counts per minute

MS - Material Sample

bgs - below ground surface

NA - isotopic analysis not used with background samples







Table 2. TR-6 Maximum Radionuclide Soil Concentrations.

		Radionuclide

		Maximum Soil Concentration 
(pCi/g)



		Cs-137

		1.22



		Nb-94

		0.019



		Ra-226

		2.03



		U-232

		3.86



		U-234

		2.74



		U-238

		1.71







Table 3. TR-5 Maximum Radionuclide Soil and Debris Concentrations.

		Radionuclide

		Maximum Soil Concentration 
(pCi/g)

		Maximum Debris Concentration 
(pCi/g)



		Cs-137

		1.6

		--



		Nb-94

		8.9

		--



		Ra-226

		3,040

		--



		Pu-242

		--

		19.7



		Po-210

		--

		3,520



		Th-229

		--

		30.6



		Th-230

		--

		0.74



		U-232

		3.91

		26.2



		U-234

		6.4

		0.8



		U-235

		0.13

		0.13



		U-238

		6.7

		0.81







Table 4. Soil DCGLs for Unrestricted (Residential) Use.

		Nuclide

		TR-5 Dose-To-Source-Ratio (DSR)

(mrem/yr per pCi/g)

		TR-5 DCGL 
(25 mrem)

(pCi/g)

		TR-6 Dose-To-Source Ratio (DSR)

(mrem/yr per pCi/g)

		TR-6 DCGL 
(25 mrem)

(pCi/g)



		Carbon-14

		1.43E-02

		1,753

		1.21E-02

		2,070



		Cesium-137

		7.62E-01

		33

		7.55E-01

		33



		Niobium-94

		2.07E+00

		12

		2.06E+00

		12



		Lead-210

		9.25E-01

		27

		8.38E-01

		30



		Plutonium-242

		1.07E-01

		234

		9.84E-02

		254



		Radium-226

		3.39E+00

		7.4

		3.26E+00

		7.7



		Strontium-90

		5.29E-01

		47

		4.80E-01

		52



		Thorium-229

		5.71E-01

		44

		5.58E-01

		45



		Thorium-230

		8.07E-01

		31

		7.74E-01

		32



		Thorium-232

		4.04E+00

		6.2

		3.95E+00

		6.3



		Uranium-232

		1.75E+00

		14

		1.73E+00

		14



		Uranium-234

		1.98E-02

		1,261

		1.85E-02

		1,353



		Uranium-235

		1.96E-01

		128

		1.94E-01

		129



		Uranium-238

		5.12E-02

		488

		4.98E-02

		502





Table 5. Soil DCGLs for Restricted (Industrial) Use.

		Nuclide

		TR-5 Dose-To-Source-Ratio (DSR)

(mrem/yr per pCi/g)

		TR-5 DCGL 
(100 mrem)

(pCi/g)

		TR-6 Dose-To-Source-Ratio (DSR)

(mrem/yr per pCi/g)

		TR-6 DCGL 
(100 mrem)

(pCi/g)



		Carbon-14

		1.50E-06

		6.68E+07

		1.40E-06

		71,479,628



		Cesium-137

		5.82E-01

		172

		5.79E-01

		173



		Niobium-94

		1.65E+00

		61

		1.64E+00

		61



		Lead-210

		3.14E-02

		3,188

		2.86E-02

		3,499



		Plutonium-242

		2.33E-02

		4,284

		2.19E-02

		4,564



		Radium-226

		1.83E+00

		55

		1.82E+00

		55



		Strontium-90

		5.02E-03

		19,916

		4.94E-03

		20,239



		Thorium-229

		3.50E-01

		285

		3.47E-01

		288



		Thorium-230

		5.00E-01

		200

		4.97E-01

		201



		Thorium-232

		2.62E+00

		38

		2.60E+00

		38



		Uranium-232

		1.39E+00

		72

		1.38E+00

		73



		Uranium-234

		4.25E-03

		23,552

		4.10E-03

		24,414



		Uranium-235

		1.46E-01

		687

		1.45E-01

		691



		Uranium-238

		3.00E-02

		3,329

		2.98E-02

		3,358







Table 6. Evaluation of General Response Actions, Remedial Technologies, and Process Options.



Feasibility Study	15	North Wind Services, LLC

Area 2 SWMU-11 Dugway, Utah		May July 2020

		General Response Action

		Remedial Technology

		Process Option

		Effectiveness Evaluation

		Implementability Evaluation

		Relative Cost Evaluation

		Retained?

		Considerations



		No Action

		None

		None

		Not effective. The No Action alternative does not address risk/hazard or reduce the toxicity, mobility, or volume of contamination through treatment. However, it is retained for consideration in the alternatives assembly to measure the effectiveness of the other alternatives.

		Not Applicable - No Implementation

		No Cost

		Yes. Required by NCP and USEPA guidance as a baseline for comparison to other options. 

		 



		Land Use Controls

		Institutional Controls

		Governmental Controls

		Effective as they do not require negotiation, drafting, or recording of parcel-by-parcel proprietary controls. Governmental controls remain effective if they are not repealed and are enforced. Examples include zoning; building codes; groundwater use regulations; commercial fishing bans or limits. DOD possesses the authority to enforce ICs on their property. 

		DPG can specify site uses.

		Negligible cost.

		Yes. Considered in conjunction with other technologies.

		 



		

		

		Proprietary Controls

		Effective when restrictions on activities are intended to be long-term or permanent between a property owner and second party. Requires the transfer of property to be enforceable. Examples include restricted-use easements and restrictive covenants which can prohibit activities that may compromise the effectiveness of a response action, restrict activities or future resource use, thereby resulting in unacceptable risk to human health or the environment. 

		Can be implemented without the intervention of any federal, state,
or local regulatory authority.

		Moderate capital and O&M costs to implement and maintain.

		No. Government facility.

		 



		

		

		Enforcement Tools with Institutional Control Components

		Effective but typically only binding on the original signatories of the agreement. Enforceable by USEPA under CERCLA and RCRA or by a state. Examples include legal tools such as administrative orders, permits, Federal Facility Agreements which limit certain site activities.

		Easier to establish than proprietary controls because USEPA is not dependent on third parties to establish and enforce.

		Negligible cost.

		Yes: Considered in conjunction with other technologies.

		 



		

		

		Information Devices

		Effective as reduces potential for exposure but does not reduce environmental impacts. Examples include signage, state registries of contaminated sites, tracking systems, and consumption advisories.

		DPG can specify site uses.

		Negligible cost.

		Yes: Considered in conjunction with other technologies.

		 



		

		Engineering Controls

		Fencing 

		Reduces potential for exposure but does not reduce environmental impacts.

		High: Requires labor and materials, logistics planning.

		Low to Moderate capital and O&M costs to implement and maintain. Maintenance requires recurring inspection and repairs.

		Yes: Considered in conjunction with other technologies.

		 



		Containment

		Capping

		Clay Liner

		Low-Moderate: Minimizes surface water infiltration, controls erosion and surface water runoff, and prevents direct contact of human and ecological receptors. Compared to a GCL, a clay liner may be more permeable, more susceptible to leaks, and can require more maintenance, QA/QC testing, and upkeep over time as a result. Subject to desiccation cracking.

		High: Requires labor and materials, logistics planning. Capping material would need regular care and maintenance, must meet compaction standards, and subject to testing. Other locations at site (non-rad) have been capped previously.

		Moderate capital costs associated with capping material care and maintenance, requires recurring inspection and repairs. Minimal cost difference compared with GCL after all tests and additional maintenance are considered.

		No. Not as effective as GCL and higher cost may be associated with more frequent maintenance, testing, and repairs. For same containment option, GCL is likely more reliable.

		 



		

		

		Geosynthetic clay liner (GCL)

		Moderate-High: Effective for minimizing surface water infiltration, controlling erosion and surface water runoff, and prevents direct contact of human and ecological receptors. Considered more effective than a traditional clay liner due to higher impermeability, fewer leaks, and less maintenance required.

		High: Requires labor and materials, logistics planning. Capping material would need regular care and maintenance. Other locations at site (non-rad) have been capped previously.

		Moderate capital costs associated with capping material care and maintenance, requires recurring inspection and repairs. Minimal cost difference compared with clay liner.

		Yes: Considered in conjunction with institutional controls. More reliable than a clay liner.

		



		Excavation and Disposal

		Excavation, Disposal, & Backfilling

		Confirmation Soil Sampling

		High: Physically removes contaminated soil & debris, transports impacted materials off-site, and replaces with clean backfill soil from an on-site source. After remediation is complete, direct exposure to risks/hazards are eliminated. Would reduce the potential of human health/environmental risks from direct contact, incidental ingestion, or inhalation of radionuclide soils. Confirmation soil sampling and a magnetometer (or FIDLER/GM) survey would confirm all radiological material and trench debris had been removed. 

		High: Easy to implement and commonly used at other sites. 

		Moderate to High cost associated with excavation, disposal and backfill, soil survey and confirmation sampling. 

		Yes. Removes soil and restores the excavated area with clean soil.

		Distance to off-site disposal facility; Compliance with Federal transportation regulations; Confirmation of backfill source on-site. 



		

		

		Magnetometer or other geophysical survey

		

		

		

		

		



		

		

		Clean soil backfill from an on-site source

		

		

		

		

		



		

		Excavation, Sorting, Screening, & Disposal

		Confirmation Soil Sampling

		High: Physically removes the contaminated soil and debris from the trench, sorts and screens the excavated material on-site to remove contaminated soil and debris (i.e., metal tubes), transports impacted material to an off-site disposal facility, and returns clean non-radiologically impacted soil to the trench. After remediation is complete, direct exposure to risks/hazards are eliminated. Would reduce the potential of human health/environmental risks from direct contact with tubes. On-site sorting and screening of soil and debris would be performed to remove material that is radiologically-impacted. Confirmation soil sampling and a magnetometer (or FIDLER/GM) survey would confirm all radiological material and trench debris above screening limits had been removed.

		Low to High: Easy to implement the excavation, may be difficult to implement sorting and screening given the high cost associated with these process options.

		High cost associated with mobilization and demobilization of sorting and screening technology.

		Yes. Removes contaminated media and restores the excavated area with original fill material. 

		Distance to off-site disposal facility; Compliance with Federal transportation regulations; Cost of transporting sorting and screening technologies to the site. 



		

		

		Sorting & Screening of Contaminated Soil & Debris

		

		

		

		

		



		

		

		Return clean soil to trench

		

		

		

		

		



		Treatment

		In-Situ Soil Treatment

		Cementitious Solidification and Stabilization

		Moderate-High: Solidification and stabilization of impacted soils and debris eliminates leaching and migration of radionuclides from the soil and is effective for treating constituents that cannot be degraded into inert forms. Contaminant exposure is reduced through the injection of Portland cement or acrylamide grout into soil and debris. This technique has been shown to reduce water infiltration and exposure rate.

		Moderate to high: Soil stabilization using cement grout is a commonly used technique to treat low-level radiological waste.

		Moderate cost associated with high-pressure injections and equipment needs.

		Yes. Once the cement grout has solidified, the mobility of radionuclides in soil has been reduced. Considered in conjunction with institutional controls.

		Would need to incorporate both QC testing (pilot test) prior to injection operations and geotechnical testing during and after injections.



		Notes:

Shading indicates that the remedial technology and/or process option will not be retained for further evaluation.









Table 6. (continued).



Table 7. Alternatives Summary and Evaluation Comparison.

		Evaluation Criteria

		Alternative 1

		Alternative 2

		Alternative 3

		Alternative 4

		Alternative 5

		Alternative 6



		

		No Action

		Land Use Controls 

		Capping and LUCs

		Excavation, Disposal, & Backfilling

		Excavation, Sorting, Screening, & Disposal

		Soil Stabilization



		Threshold Criteria



		Overall Protection of Human Health and the Environment

		Does not provide overall protection to human health or the environment. Does not reduce or control potential radiological exposure to soil or debris. Impacted materials would not be removed, reduced, or controlled.

		A low level of protection to human health is provided by reducing the potential for radiological exposure in soil and debris. However, radiologically-impacted materials are not eliminated or reduced, and the impact on the environment remains the same.

		Capping of TR-5 and TR-6 would provide protection to human health and the environment by providing a physical barrier capable of eliminating direct contact to or exposure by current and future receptors from radiologically-impacted soil. 

		Excavation of radiologically-impacted soil and debris in trenches TR-5 and TR-6 provides protection to human health and the environment by preventing direct contact to or external exposure from contaminated soil and radiological debris. 

		Excavation of radiologically-impacted (above screening limits) soil and debris in trenches TR-5 and TR-6 provides protection to human health and the environment by preventing direct contact to or external exposure from contaminated soil and radiological debris. 

		Pressure-injecting grout into TR-5 and TR-6 would provide protection to human health and the environment by limiting direct contact to or exposure by current and future receptors from radiologically-impacted waste.



		Compliance with ARARs

		ARARs are not met with the No Action alternative, as no remedy would be implemented.

		The chemical-specific ARARs for Restricted (Industrial) (10 CFR 20.1403) use is met. Planning will be required to comply with all additional chemical-, location-, and action-specific ARARs.

		The chemical-specific ARARs for Restricted (Industrial) (10 CFR 20.1403) use is met. Planning will be required to comply with all additional chemical-, location-, and action-specific ARARs.

		The chemical-specific ARARs for Unrestricted (Residential) (10 CFR 20.1402) use is met. Planning will be required to comply with additional chemical-, location-, and action-specific ARARs.

		The chemical-specific ARARs for Unrestricted (Residential) (10 CFR 20.1402) use is met. Planning will be required to comply with all additional chemical-, location-, and action-specific ARARs.

		The chemical-specific ARAR for Restricted (Industrial) (10 CFR 20.1403) use is met. Planning will be required to comply with all additional chemical-, location-, and action-specific ARARs.



		Balancing Criteria



		Long-Term Effectiveness and Permanence

		The No Action alternative is not effective or permanent for reducing radiological COCs over time, aside from natural radioactive decay. Potential exposure risks associated with radiological COCs would remain with no controls or long-term management plan. 

		Alternative 2 provides a low level of long-term effectiveness and permanence through the use of LUCs. Radiologically-impacted materials would remain in the trenches and the risk of human receptor exposure through potentially complete pathways would remain indefinitely. 

		Alternative 3 would achieve long-term effectiveness and permanence through a GCL cap at TR-5 and TR-6, combined with LUCs. Capping material would require routine maintenance and inspection by a work crew.

		Alternative 4 would achieve long-term effectiveness and permanence through the physical removal of radiologically-impacted soil and debris from TR-5 and TR-6.

		Alternative 5 would achieve long-term effectiveness and permanence through the physical removal of radiologically-impacted soil and debris (above screening limits) from TR-5 and TR-6.

		Alternative 6 would achieve long-term effectiveness and permanence through cement grouting of soil and debris at TR-5 and TR-6. LUCs would also be implemented. Integrity of the grout would require periodic maintenance and inspection by a work crew.



		Reduction of Mobility, Toxicity, Volume, or Mass

		The No Action alternative does not employ any treatment that would reduce the toxicity, mobility, volume or mass of impacted material. Natural attenuation processes may reduce radiological COCs over time, but no monitoring will be performed.

		Alternative 2 does not provide a reduction in toxicity, mobility, volume, or mass, and radiological COCs would remain in soil and debris. 

		Alternative 3 would permanently reduce the mobility of radiological COCs in soil through erosion and surface water control. However, the toxicity, volume, and mass of radiological COCs in soil would not be reduced.

		Alternative 4 would permanently reduce the toxicity, mobility, volume, and mass of radiological COCs via the physical removal of impacted soil and debris.

		Alternative 5 would permanently reduce the toxicity, mobility, volume, and mass of radiological COCs via the physical removal of impacted soil and debris (above screening limits).

		Alternative 6 would permanently reduce the mobility of radiological COCs in soil and debris through erosion and surface water control. However, the toxicity, volume, and mass of radiological COCs in soil would not be reduced.



		Short-Term Effectiveness

		No activities would be implemented that would present potential short-term exposure risks to human health or the environment.

		Would result in minimal exposure risks to industrial workers or other human receptors via institutional controls. 

		Implementation of GCL caps, combined with LUCs, would result in an immediate reduction in potential exposure to site industrial workers. 

		Implementation of Alternative 4 would be immediately effective upon excavation of impacted soil and debris, but removal activities may result in minimal exposure risks to the construction/industrial workers. Controls will be put in place.

		Implementation of Alternative 5 would be immediately effective upon excavation of impacted materials, but removal activities may result in minimal exposure risks to the construction /industrial workers. Controls will be put in place.

		Implementation of soil stabilization, combined with LUCs, would result in an immediate reduction in potential exposure to site industrial workers. 



		Implementability

		Alternative 1 is implementable, in that no action would be taken.

		Alternative 2 is considered technically feasible, and services and materials should be readily available. Requires administrative planning.

		Installation of GCL caps and LUCs is technically feasible, and services and materials for both should be readily available. Requires administrative planning and design of GCL cap.

		Alternative 4 is technically implementable via standard excavation practices and technology. Excavation activities should not interfere with ongoing operations at DPG.

		Alternative 5 is technically implementable via standard excavation practices and technology. Excavation activities should not interfere with ongoing operations at DPG. Implementing the technology used for sorting and screening of soil and debris on-site may not be feasible given that UU/UE is achievable with Alternative 4 at a lower cost.

		Alternative 6 is technically feasible, and services and materials for high-pressure injection of cement grout should be available. Testing, including pilot test, and geotechnical testing would be required, as well as administrative planning. 



		Cost

		No Cost

		$167,000

		$383,000

		$593,000

		$1,439,000

		$487,000



		Modifying Criteria



		State Acceptance

		This criterion evaluates the technical and administrative issues and concerns the State of Utah may have regarding each of the alternatives. This criterion will be addressed in the Decision Document once comments on the Feasibility Study and Proposed Plan have been received.



		Community Acceptance

		This criterion evaluates the issues and concerns the public may have regarding each of the alternatives. As with State Acceptance, this criterion will be addressed in the Decision Document once comments on the Feasibility Study and Proposed Plan have been received.



		Notes: 

RACER® software utilized to develop the cost estimates.

All costs are estimated to an accuracy of +50 percent to -30 percent (per the USEPA Guide to Developing and Documenting Cost Estimates During the Feasibility Study, dated July 2000).









Table 8. Cost Analysis of Remedial Alternatives.

		Alternatives

		Assumptions

		Inputs

		Total Cost

		Capital Costs

		Total O&M and 
Periodic Costs

		Present Worth Value



		Timeframe: 30 years* 



		Alternative 1 - No Action

		No Action

		None

		$0

		$0

		$0

		$0



		Alternative 2 - Land Use Controls

		Administrative LUC (Site use controls, Remedial Design, LUCIP, Long-Term Stewardship Plan, LUCIP meetings), Signs, Inspections; Engineering Controls (Fencing around both trenches individually or both trenches as one)

		1 Remedial Design (medium complexity)

1 LUCIP Plan (medium complexity)
1 LTS Plan (medium complexity)
2 LUCIP meetings
4 signs
Annual Inspections

		$167,000

		$146,000

		$19,000

		$161,000



		Alternative 3 - Containment of TR-5 and TR-6 and LUCs

		Capping (RCRA Hazardous Waste GCL), Administrative LUC (Site use controls, Remedial Design, LUCIP, Long-Term Stewardship Plan, LUCIP meetings), Signs, Inspections; Engineering Controls (Fencing around both trenches individually or both trenches as one)

		RCRA C cap (2)
Protective cover minimum of 3 ft cap design 
120 ft × 70 ft (8,400 ft2 for TR-5 and TR-6)
40-mil HDPE geomembrane 
36-inch protective cover
Safety Level D (PPE)

		$383,000

		$ 156,000

		$116,000

		$383,000



		Alternative 4 - Excavate, Off-Site Disposal, and Backfill with Clean Soil

		Excavate both TR-5 and TR-6, Temporary containment for excavated materials, Confirmation soil sampling/radiological survey, Backfill with certified clean material, Restore surface vegetation, Disposal at ES-Clive disposal facility, No associated O&M or periodic costs

		Documentation, planning, and meetings 
Excavate a total of 1,000 CY from both trenches 
Excavate to a depth of 7 ft bgs 
Trucked to ES-Clive for disposal (approx. 80 miles)
Backfill with certified clean material

		$593,000

		$593,000

		$0

		$593,000



		Alternative 5 - Excavate, Sort, Screen, and Off-Site Disposal

		Excavate both TR-5 and TR-6, Temporary containment for excavated materials, Mobilization and Demobilization equipment, On-site radiological screening, Confirmation soil sampling/radiological survey, Backfill with certified clean material, Restore surface vegetation, Disposal at ES-Clive disposal facility, No associated O&M or periodic costs

		Documentation, planning, and meetings 

Mobilization and demobilization of soil screening technology
Excavate a total of 1,000 CY from both trenches Excavate to a depth of 7 ft bgs 
Sort and Screen 1,000 CY of material 
Assume 20% containment
Trucked to ES-Clive for disposal (approx. 80 miles)

		$1,439,000

		$1,439,000

		$0

		$1,439,000



		Alternative 6 – Soil Stabilization 

		High-pressure injection of grout into both TR-5 and TR-6, Pilot test and geotechnical testing, Administrative LUC (Site use controls, LUCIP, Long-Term Stewardship Plan, LUCIP meetings), Signs, Inspections; Engineering Controls (Fencing around both trenches individually or both trenches as one)

		Cement grout injected under pressure across surface area of 1,782 ft2 

Injected to a depth of 10 ft bgs

Injection radius of influence 6 ft in diameter 

Pilot test and geotechnical testing

		$487,000

		$454,000

		$29,000

		$481,000



		Notes: 

Periodic and O&M costs are estimated over 30 years.

Total cost represents the rounded present worth value considering a discount rate of 1.5% for 30 years.

Expected accuracy range of -30 percent to +50 percent. Costs are rounded to nearest $1,000 per EPA guidance.

*All costs incurred in Year 1 and Year 2 for Alternatives 4 and 5.
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ECOLOGICAL RISK SCREENING FOR TR-5 AND TR-6

INTRODUCTION

An ecological risk screening analysis was conducted for Area 2 of SWMU 11 TR-5 and TR-6 radiological contaminants to confirm ecological receptors are not a driver for remedial actions. Biotic concentration guidelines (BCGs) were derived using the RESRAD-BIOTA computer model (DOE, 2004).

RESRAD-BIOTA DESCRIPTION

The RESRAD-BIOTA code (DOE, 2004) provides a complete spectrum of biota dose evaluation capabilities, from methods for general screening, to comprehensive receptor-specific dose estimation. The code was designed to be consistent with and provide a tool for implementing the Department of Energy (DOE) “Graded Approach for Evaluating Radiation Doses to Aquatic and Terrestrial Biota” (DOE, 2002).

RESRAD-BIOTA SCREENING ASSUMPTIONS

Key assumptions used in deriving the BCGs that highlight the conservatism applied in the general screening model of RESRAD-BIOTA are presented below in Table 1. Exposure pathways for each of the reference organism types considered in the graded approach are presented below in Figures 1 and 2. A summary of the general dose equation and approach used to derive the BCGs is provided below in Table 2. The deer mouse (Peromyscus maniculatus) was selected as the species for evaluation because it was noted as the predominant rodent species in the area and would be representative of maximum potential exposure. 

MODIFICATIONS to SCREENING DATA

The only modification to the RESRAD-BIOTA screening data and assumptions was for the area factor, which is a correction factor for exposure and receptor residence time for the selected organism for a finite area of contamination. Due to the limited area of TR-5 and TR-6, this factor was modified for terrestrial animals to 0.2 based on the range of deer mice (Wood et al., 2010). Wood et. al., (2010) present the range of deer mice between 360-5,868 m2. Using the minimum deer mice range of 360 m2 and the area of TR-5 (i.e., minimum contamination area) of 72.65 m2, results in an area factor of 0.2 (i.e., 72.65 m2/360 m2 = 0.2)

The area factor for terrestrial plants was maintained at the default value of 1.0.

RESRAD-BIOTA BCGs

The RESRAD-BIOTA BCGs for terrestrial animal and terrestrial plants are provided below in Tables 3 and 4, respectively.

COMPARISON OF BCGs to TR-5 and TR-6 SOIL CONCENTRATIONS

A comparison of the maximum and average soil concentration and also the debris samples from Cabrera (2016) to the terrestrial animal BCGs are provided below in Table 5. The terrestrial animal BCGs provided the limiting BCGs.

The only exceedance of the terrestrial animal BCGs was for the maximum soil concentrations of Ra-226 at TR-5. However, it is highly unlikely that the animal would only be exposed to the maximum soil concentration. Therefore, the average soil concentration is considered a better metric of the soil concentration to which the terrestrial animal would be exposed.

Based on the average soil concentrations at TR-5 and TR-6, the BCGs would not be exceeded. This evaluation confirmed that there are no ecological COCs and therefore, remedial action is not required to address ecological exposure pathways. 
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Table 1. Assumptions Regarding Sources, Receptors, and Routes of Exposure Applied in the RESRAD-BIOTA model.

		Dose Limits

		• BCGs were derived for terrestrial plant and terrestrial animal reference organisms. The dose rate limits used to derive the BCGs for each organism type are 1 rad/d, and 0.1 rad/d respectively.

• While existing effects data support the application of these dose limits to representative individuals within populations of plants and animals, the assumptions and parameters applied in the derivation of the BCGs are based on a maximally exposed individual, representing a conservative approach for screening purposes.



		External Sources of Radiation Exposure

		• Estimates of the contribution to dose from external radioactive material were made assuming that all of the ionizing radiation was deposited in the organism (i.e., no pass-through and no self-shielding). This is conservative and is tantamount to assuming that the radiosensitive tissues of concern (the reproductive tissues) lie on the surface of a very small organism.

• For external exposure to contaminated soil, the source was presumed to be infinite in extent. In the case of external exposure to contaminated sediment and water, the source was presumed to be semi-infinite in extent.

• The source medium to which the organisms are continuously exposed is assumed to contain uniform concentrations of radionuclides.

• These assumptions provide for appropriately conservative estimates of energy deposition in the organism from external sources of radiation exposure.



		Internal Sources of Radiation Exposure

		• Estimates of the contribution to dose from internal radioactive material were conservatively made assuming that all of the decay energy is retained in the tissue of the organism, (i.e., 100% absorption).

• Progeny of radionuclides and their decay chains are also included. This provides an over-estimate of internal exposure, as the lifetime of many of the biota of interest is generally short compared to the time for the build-up of progeny for certain radionuclides.

• The radionuclides are presumed to be homogeneously distributed in the tissues of the receptor organism. This is unlikely to under-estimate the actual dose to the tissues of concern (i.e., reproductive organs).

• A radiation weighing factor of 20 for alpha particles is used in calculating the BCGs for all organism types. This is conservative, especially if non-stochastic effects are most important in determining harm to biota. The true value may be a factor of 3 to 4 lower.












Figure 1. Exposure Pathways for Terrestrial Plants in the RESRAD-BIOTA Model.



Figure 2. Exposure Pathways for Terrestrial Animals in the RESRAD-BIOTA Model.



Table 2. General Dose Equation and Approach Used to Derive BCGs in RESRAD -BIOTA.

		



		• The limiting concentration in an environmental medium was calculated by first setting a target total dose (e.g., 1 rad/d for terrestrial plants, or 0.1 rad/d for terrestrial animals) and then back-calculating to the medium concentration (i.e., the BCG) necessary to produce the applicable dose from radionuclides in the organism (internal dose), plus the external dose components from radionuclides in the environment (external dose).

• The denominator of the generic equation represents the dose per unit media concentration and may be broken down into the base components of internal and external dose.

• Internal doses originate from radionuclides inside the organism’s body. The internal dose is calculated as the product of the internal radionuclide concentration and internal dose conversion factor. External doses originate from radionuclides external to the organism and are calculated as the product of the radionuclide concentration in the environmental medium in which the organism resides and an appropriate dose conversion factor.







Table 3. RESRAD-BIOTA BCGs for Terrestrial Animals.

		Terrestrial Animals



		Nuclide

		BCG (pCi/g)

		Limiting Organism



		C-14

		2.38E+04

		Yes



		Cs-137

		1.04E+02

		Yes



		Po-210

		2.17E+04

		Yes



		Ra-226

		2.53E+02

		Yes



		Sr-90

		1.13E+02

		Yes



		Th-229

		3.95E+03

		Yes



		Th-230

		4.99E+04

		Yes



		Th-232

		7.60E+03

		Yes



		U-234

		2.57E+04

		Yes



		U-235

		1.42E+04

		Yes



		U-238

		7.90E+03

		Yes







Table 4. RESRAD-BIOTA BCGs for Terrestrial Plants.

		Terrestrial Plants



		Nuclide

		BCG (pCi/g)

		Limiting Organism



		C-14

		6.07E+04

		No



		Cs-137

		2.21E+03

		No



		Po-210

		1.83E+05

		No



		Ra-226

		2.88E+02

		No



		Sr-90

		3.57E+03

		No



		Th-229

		1.03E+04

		No



		Th-230

		1.75E+05

		No



		Th-232

		2.37E+04

		No



		U-234

		5.16E+04

		No



		U-235

		2.81E+04

		No



		U-238

		1.57E+04

		No







Table 5. Comparison of the BCGs to the TR-5 and TR-6 Soil Concentrations.

		Nuclide

		BCG 
(pCi/g)

		TR-5 (pCi/g)

		TR-6 (pCi/g)



		

		

		Soil Max

		Soil Avg

		Debris

		Soil Max

		Soil Avg



		C-14

		2.38E+04

		213

		12.7

		 

		221

		22.5



		Cs-137

		1.04E+02

		1.6

		0.13

		 

		1.22

		0.34



		Po-210

		2.17E+04

		 

		

		3520

		 

		 



		Ra-226

		2.53E+02

		3040

		136.6

		 

		2.03

		1.77



		Sr-90

		1.13E+02

		19.2

		1.2

		 

		0.17

		0.06



		Th-229

		3.95E+03

		 

		

		30.6

		 

		 



		Th-230

		4.99E+04

		 

		

		0.74

		 

		 



		Th-232

		7.60E+03

		 

		

		0.84

		 

		 



		U-234

		2.57E+04

		6.4

		1.5

		0.8

		2.74

		1.61



		U-235

		1.42E+04

		0.13

		0.04

		0.13

		0.29

		0.13



		U-238

		7.90E+03

		6.7

		1.28

		0.81

		1.71

		1.16
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MICROSHEILD MODELING FOR TR-5 AND TR-6 CAPS

INTRODUCTION

The MicroShield computer model (Grove Software, 2006) was used to evaluate the closure cap thickness requirements for SWMU 11 TR-5 and TR-6. The closure cap thickness was based on an allowable dose of 25 mrem/yr for an industrial worker.

RADIONUCLIDE INVENTORY

The maximum radionuclide soil and/or debris concentrations for TR-5 and TR-6 were used in the analyses for conservatism and to ensure that the cap thicknesses were not underestimated. The maximum radionuclide concentrations for TR-6 and TR-5 were obtained from the validated data file from Cabrera (2016). The maximum radionuclide concentrations for TR-5 and TR-6 are provided in Tables 1 and 2, respectively.

Table 1. TR-6 maximum radionuclide soil concentrations.

		Radionuclide

		Maximum Soil Concentration 
(pCi/g)



		Cs-137

		1.22



		Nb-94

		0.019



		Ra-226

		2.03



		U-232

		3.86



		U-234

		2.74



		U-238

		1.71







Table 2. TR-5 maximum radionuclide soil and debris concentrations.

		Radionuclide

		Maximum Soil Concentration 
(pCi/g)

		Maximum Debris Concentration 
(pCi/g)



		Cs-137

		1.6

		--



		Nb-94

		8.9

		--



		Ra-226

		3,040

		--



		Pu-242

		--

		19.7



		Po-210

		--

		3,520



		Th-229

		--

		30.6



		Th-230

		--

		0.74



		U-232

		3.91

		26.2



		U-234

		6.4

		0.8



		U-235

		0.13

		0.13



		U-238

		6.7

		0.81





CLOSURE CAP AND SOIL COMPOSITION

The soil/cap composition for use in MicroShield was based on a silty soil used in the development of the external dose conversion factors developed in EPA’s Federal Guidance Report 12 (EPA, 1993). This soil was assumed to have a density of 1.6 g/cm3 (EPA, 1993). The soil composition is provided in Table 3.

Table 3. Soil Composition of a silty sand (EPA, 1993).

		Element

		Mass Fraction



		H

		0.021



		C

		0.016



		O

		0.577



		Al

		0.050



		Si

		0.271



		K

		0.013



		Ca

		0.041



		Fe

		0.011



		Total

		1.000







MICROSHIELD INPUT PARAMETERS

The MicroShield input parameter values for TR-5 and TR-6 are provided in Table 4

Table 4. MicroShield Input Parameter Values.

		Parameter

		TR-5 Value

		TR-6 Value



		Trench Length (m)

		14.02

		12.19



		Trench Width (m)

		5.18

		6.096



		Trench Depth (m)

		2.13

		1.83



		Dose Point (m)

		1 m above ground surface

		1 m above ground surface



		Radionuclide Inventory

		See Table 2

		See Table 1



		Soil/Cap Composition

		See Table 3

		See Table 3



		Buildup Material

		Based on air gap between ground surface and dose point

		Based on air gap between ground surface and dose point







MICROSHIELD RESULTS

The TR-6 cap exposure rates, based on the maximum soil concentrations, are provided in Table 5 for various decay/ingrowth times. The maximum soil concentrations were assumed to be homogenous throughout the 12.19 m (40 ft) by 6.096 (20 ft) by 1.83 m (6 ft) trench.



Table 5. TR-6 no cap exposure rates for different source decay times.

		Decay Time 
(yr)

		Exposure Rate 
(mR/hr)



		0

		6.66E-04



		1

		5.59E-03



		5

		8.50E-03



		10

		8.98E-03



		15

		8.81E-03



		50

		7.09E-03



		100

		5.50E-03



		500

		2.73E-03



		1,000

		2.17E-03







The maximum exposure rate occurs at 10 years of decay/ingrowth for the maximum soil concentrations at TR-6, with an exposure rate of 8.98E-03 mR/hr. Based on an allowable dose of 25 mrem/yr, this exposure rate results in an allowable exposure time of 2,783 hours per year (i.e., conservatively assuming that 1 mR equals 1 mrem).

 hr/yr

Therefore, for an industrial worker, no cap is required at TR-6 for exposure durations of 2,783 hours per year or less.

The TR-5 cap exposure rates, based on the maximum soil and/or debris concentrations, are provided in Table 6 for various decay/ingrowth times. The maximum soil concentrations were assumed to be homogenous throughout the 14.02 m (46 ft) by 5.18 m (17 ft) by 2.13 m (7 ft) trench.

Table 6. TR-5 no cap exposure rates for different source decay times.

		Decay Time 
(yr)

		Exposure Rate 
(mR/hr)



		0

		2.732E-02



		1

		4.712



		5

		4.724



		10

		4.717



		25

		4.683



		50

		4.626



		100

		4.518



		500

		3.788



		1,000

		3.052







The maximum exposure rate occurs at 5 years of decay/ingrowth for the maximum soil/debris concentrations at TR-5, with an exposure rate of 4.724 mR/hr. Based on an allowable dose of 25 mrem/yr, this exposure rate results in an allowable exposure time of 5.3 hours/yr (i.e., conservatively assuming that 1 mR equals 1 mrem).

 hr/yr

Therefore, for an industrial worker, a cap would be required for exposure durations greater than 5.3 hours per year.

The allowable worker hours for various cap thicknesses was evaluated in MicroShield based on the maximum soil/debris soil concentrations at the maximum decay/ingrowth time of 5 years. The results of the cap thickness evaluation are provided in Table 7 and Figure 1.

Table 7. TR-5 allowable worker exposure hours for various cap thicknesses, based on 25 mrem.

		Cap Thickness

		Allowable Worker Exposure Duration 
(hr/yr)



		0.0 m (0.0 ft)

		5.3



		0.1524 m (0.5 ft)

		22.3



		0.3048 m (1.0 ft)

		87.7



		0.4572 m (1.5 ft)

		316.9



		0.6096 m (2.0 ft)

		1,078.5



		0.7620 m (2.5 ft)

		3,523.6



		0.9144 m (3.0 ft)

		11,210.8









Figure 1. TR-5 allowable worker exposure hours for various cap thicknesses, based on 25 mrem/yr.
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GROUT STABILIZATION EXPOSURE RATE 

REDUCTION FOR TR-5 AND TR-6



INTRODUCTION

The MicroShield computer model (Grove Software 2006) was used to evaluate the exposure rate reductions for SWMU 11 TR-5 and TR-6 due to in-situ grout stabilization of the waste.

RADIONUCLIDE INVENTORY

The maximum radionuclide soil and/or debris concentrations for TR-5 and TR-6 were used in the analyses. The maximum radionuclide concentrations for TR-6 and TR-5 were obtained from the validated data file from Cabrera (2016). The maximum radionuclide concentrations for TR-5 and TR-6 are provided in Table 1 and 2, respectively.

Table 1. TR-6 maximum radionuclide soil concentrations.

		Radionuclide

		Maximum Soil Concentration (pCi/g)



		Cs-137

		1.22



		Nb-94

		0.019



		Ra-226

		2.03



		U-232

		3.86



		U-234

		2.74



		U-238

		1.71







Table 2. TR-5 maximum radionuclide soil and debris concentrations.

		Radionuclide

		Maximum Soil Concentration (pCi/g)

		Maximum Debris Concentration (pCi/g)



		Cs-137

		1.6

		--



		Nb-94

		8.9

		--



		Ra-226

		3,040

		--



		Pu-242

		--

		19.7



		Po-210

		--

		3,520



		Th-229

		--

		30.6



		Th-230

		--

		0.74



		U-232

		3.91

		26.2



		U-234

		6.4

		0.8



		U-235

		0.13

		0.13



		U-238

		6.7

		0.81







SOIL AND CONCRETE COMPOSITION

The soil composition for use in MicroShield was based on a silty soil used in the development of the external dose conversion factors developed in EPA’s Federal Guidance Report 12 (EPA 1993). This soil was assumed to have a density of 1.6 g/cm3 (EPA 1993). The soil composition is provided in Table 3.

The grout was represented by the National Bureau of Standards (NBS) concrete composition that is provided with the MicroShield model. The concrete has a density of 2.35 g/cm3 and the composition is provided in Table 4.

Table 3. Soil composition of a silty sand (EPA 1993).

		Element

		Mass Fraction



		H

		0.021



		C

		0.016



		O

		0.577



		Al

		0.050



		Si

		0.271



		K

		0.013



		Ca

		0.041



		Fe

		0.011



		Total

		1.000







Table 4. NBS concrete composition.

		Element

		Mass Fraction



		H

		0.0056



		O

		0.4983



		Na

		0.0171



		Mg

		0.0024



		Al

		0.0456



		Si

		0.3158



		S

		0.0012



		K

		0.0192



		Ca

		0.0826



		Fe

		0.0122



		Total

		1.000









MICROSHIELD INPUT PARAMETERS

The MicroShield input parameter values for TR-5 and TR-6 are provided in Table 5.

Table 5. MicroShield Input Parameter Values.

		Parameter

		TR-5 Value

		TR-6 Value



		Trench Length (m)

		14.02

		12.19



		Trench Width (m)

		5.18

		6.096



		Trench Depth (m)

		2.13

		1.83



		Dose Point (m)

		1 m above ground surface

		1 m above ground surface



		Radionuclide Inventory

		See Table 2

		See Table 1



		Soil Composition

		See Table 3

		See Table 3



		Concrete Composition

		See Table 4

		See Table 4



		Buildup Material

		Based on air gap between ground surface and dose point

		Based on air gap between ground surface and dose point







MICROSHIELD RESULTS

The exposure rate reduction from the in-situ grouting of waste at TR-5 and TR-6 are presented in Table 6. The exposure rate due to in-situ grouting of the waste results in an exposure rate reduction of 30%.

Table 6. Exposure rate reduction for in-situ grouting of the waste at TR-5 and TR-6.

		Trench

		Exposure Rate (mR/hr)

		Exposure Reduction



		

		Soil

		Concrete

		



		TR-5

		4.724

		3.303

		0.30



		TR-6

		8.984E-03

		6.265E-03

		0.30
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DUGWAY PROVING GROUND
BASIS OF COST ESTIMATES 

November 2019

RACER® provides users with the ability to document estimates at every level of the estimating hierarchy. This capability has been included in the system so that the rationale for estimates can be documented and understood by others and reconstructed later.

Remedial Alternative 2- Land Use Controls

· Institutional Controls

· Site use controls

· Remedial Design

· Land Use Control Implementation Plan (LUCIP)	

· LUCIP Meetings (2)

· Access Control Signs (4)

· Annual Inspection.

· Install Fencing

· Fencing around both sites

· Fencing around each site individually.



Remedial Alternative 3- Containment & LUCs

· Institutional Controls

· Site use controls

· Remedial Design

· LUCIP

· LUCIP Meetings (2)

· Access Control Signs (4)

· Annual Inspection.

· Install Fencing

· Fencing around both sites

· Fencing around each site individually.

· RCRA Hazardous Waste Cap- geosynthetic clay liner (GCL) – TR-5 and TR-6

· Based on Microshield, protective cover of 3 ft

· Total area of 120 ft × 70 ft (8,400 ft2 to cover both trenches individually) 

· 40-mil HDPE geomembrane

· 36-inch protective cover.



Remedial Alternative 4- Excavation, Off-Site Disposal, and Backfilling (complete after 2 years)

· Documentation, planning, and meetings.

· Excavation

· Excavate a total of 1,000 CY from both trenches combined. Excavate to a depth of 7 ft bgs. 

· Set up temporary containment area for storage of excavated material

· Post-excavation confirmation sampling for radionuclides

· Backfill with certified clean fill

· Restore surface with native vegetation.

· Dispose of 1,000 CY of low-level waste (LLW) at Energy Solutions- Clive facility as bulk material.



Remedial Alternative 5- Excavation, Sorting, Screening, and Off-Site Disposal (complete after 2 years)

· Documentation, planning, and meetings.

· Excavation

· Excavate a total of 1,000 CY from both trenches combined. Excavate to a depth of 7 ft bgs. 

· Set up temporary containment area for storage of excavated material

· Post-excavation confirmation sampling for radionuclides

· Backfill with certified clean fill

· Restore surface with native vegetation.

· On-Site Radiological Screening

· Mobilize and demobilize soil screening equipment

· Pretreat the soils by screening and tilling excavated material

· Process 1,000 CY

· Assume 20% contamination level.

· Dispose of 200 CY of LLW at Energy Solutions- Clive facility as bulk material.



Remedial Alternative 6- Soil Stabilization

· Institutional Controls

· Site use controls

· LUCIP

· LUCIP Meetings (2)

· Access Control Signs (4)

· Periodic Inspection and maintenance.

· Install Fencing

· Fencing around both sites

· Fencing around each site individually.

· In-Situ Grouting (Portland cement or acrylamide)

· Grout injected under pressure across surface area of 1,782 ft2 

· Injected to a depth of 10 ft bgs

· Injection radius of influence 6 ft in diameter

· Pilot test and geotechnical testing.







		Timeframe: 30 years



		Alternatives

		Total Cost

		Capital Costs

		Total O&M and Periodic Costs

		Present Worth Value



		Alternative 1 – No Action

		$0

		$0

		$0

		$0



		Alternative 2 - LUCs

		$167,241

		$146,075

		$19,270

		$160,547



		Alternative 3 - Containment and LUCs

		$383,000

		$156,000

		$116,000

		$383,000



		Alternative 4 - Excavate, Dispose

		$592,757

		$592,757

		$0

		$592,757



		Alternative 5 - Excavate, Screen, Dispose

		$1,439,237

		$1,439,237

		$0

		$1,439,237



		Alternative 6 - Soil Stabilization

		$487,000

		$454,000

		$29,000

		$481,000
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	Review Comments and Responses	13 July 2020

Draft Final Feasibility Study

Area 2 of SWMU 11, Dugway Proving Ground, Dugway, Utah

W9124J-18-D-0007, Delivery Order W9124J18F0088 

November 2019



1.  Respondent concurs (C) or does not concur (D).

2.  Commenter agrees (A) or does not agree (D) with response.



		NUMBER

		PAGE

		SECTION

		COMMENT

		C, D

		RESPONSE

		A, D



		Reviewer #1:  Christopher Grossman, Project Manager, Low-Level Waste and Projects Branch, NRC (transcribed from letter dated 1 July 2020)



		1

		27-28, 

		7 and 9

		Comment: Institutional Controls The Army should provide additional description of the legally enforceable institutional controls that would be relied upon to ensure requirements in 10 CFR20.1403(b) for sites or portions of the sites that will be released for restricted use would be met should land use controls be selected as remedial actions to meet the remedial action objectives for the option of unrestricted release.



Description: Section 7 of the Army’s draft feasibility study report identifies several potential general response actions being considered to meet the Army’s remedial action objectives and evaluates them against specific screening criteria, including effectiveness, implementability, and cost, to determine which actions should be used in the development of the remedial alternatives. The Army identifies and evaluates land use controls (LUCs) as a potential general response action and indicates that LUCs can include institutional controls and engineered controls to limit activities at the Area 2 of SWMU-11. Further, the Army identifies governmental controls, enforcement tools, and informational devices as potentially feasible groups of administrative institutional controls, whereas, engineering controls include fencing to restrict physical access to Area 2. From this identification and screening evaluation, the Army identifies land use controls as a remedial action alternative in Section 8 of the draft feasibility study report for further detailed analysis in Section 9. In the description of land use controls, the Army indicates that fencing and signage would be the primary land use controls at Area 2, but does indicate, in Section 9.2.2, that Dugway Proving Ground is currently owned and operated by the DoD.



NRC’s criteria for restricted release of sites, specified at 10 CFR 20.1403, requires, in paragraph (b), that provisions for legally enforceable institutional controls that provide reasonable assurance that the dose from residual radioactivity distinguishable from background to the average member of the critical group will not exceed 25 mrem (0.25 mSv) per year. The Army should ensure that the final feasibility study report describes provisions for legally enforceable institutional controls, and if LUCs are ultimately selected as a remedial action, that the provisions for legally enforceable institutional controls be clearly described in a future Land Use Control Implementation Plan.



Basis: The NRC-DoD MOU requires that the U.S. Army’s remedy at Dugway Proving Ground is consistent with the NRC’s requirements in 10 CFR20.1403(b) for sites or portions of the sites that will be released for restricted use. To be consistent with NRC’s criteria specified at 10 CFR20.1403(b), the Army must make provisions for legally enforceable institutional controls that provide reasonable assurance that the dose from residual radioactivity distinguishable from background to the average member of the critical group will not exceed 25 mrem (0.25 mSv) per year.

		C

		Additional language has been added to Sections 7 and 9 to address legally enforceable institutional controls (ICs) at DPG. The following modifications were made to the text:

· Additional language has been added to Sections 7.2.3 and 9.2.2 to specifically address DPG as an active military installation and the authority of the Garrison Manager to enforce and regulate ICs. Enforceable restrictions will be incorporated into the Base Master Plan.

· Wording in Section 9.2.2 has been modified to clarify that DPG encompasses Area 2 of SWMU 11, and also trenches TR-5 and TR-6, which are currently owned and operated by the DOD.

· The fencing discussion of 3 to 5 strand wire has been modified to 3-strand wire. Three-strand wire will ensure predators can access the area and control burrowing animals in the soil.

· Discussion has been added to the Implementability portion of 9.2.2 to state that prior to implementation, legally enforceable ICs will be fully defined in the Remedial Design and detailed in the LUCIP. Similar updates have been made to Section 9.2.3 where applicable to LUCs. Table 8 and Appendix E have been modified to reflect these updates.
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Good morning, Mr. Grossman –
 
Received.  Thanks to you and the rest of the NRC team for the review of the
document and for the opportunity to discuss during our conference call
yesterday.
 
In the next couple of weeks, I will formally respond to your letter so that our
acknowledgement and plan for addressing the comment can become part of
NRC’s file.
 
Please see attached for the two documents that I promised to provide during our
call:
 
1)  Historical Site Assessment for SWMU-11
2)  Technical Bulletin 43-0116 (Identification of Radioactive Items in the
Army)
 
I am also including another document that may be of interest as well that
provides a history and detailed chronology of the Army’s use of chemical &
biological agent detectors.
 
Don’t hesitate to contact me if you have additional questions.
 
Thanks again and enjoy the weekend.
Bryan
 
_____________________
Bryan M. Frey, P.E.
Functional Lead for Restoration
Headquarters, Department of the Army
Office of the Deputy Chief of Staff, G-9
   Installation Services Directorate, Environmental Division
600 Army Pentagon (DAIN-ISE), Room 5C121A-1
Washington, DC  20310
(571) 256-9733
 
From: Grossman, Christopher <Christopher.Grossman@nrc.gov> 
Sent: Thursday, July 2, 2020 9:33 AM
To: Frey, Bryan M CIV USARMY HQDA DCS G-9 (USA) <bryan.m.frey.civ@mail.mil>
Cc: NMSS_DUWP_Admin Resource <NMSS_DUWP_Admin.Resource@nrc.gov>; Koenick, Stephen

mailto:Christopher.Grossman@nrc.gov
mailto:bryan.m.frey.civ@mail.mil
mailto:NMSS_DUWP_Admin.Resource@nrc.gov


<Stephen.Koenick@nrc.gov>; Schwartzman, Adam <Adam.Schwartzman@nrc.gov>; Chapman,
Gregory <Gregory.Chapman@nrc.gov>; Nelson, Bob <Robert.Nelson@nrc.gov>; Irvin, Ian
<Ian.Irvin@nrc.gov>
Subject: [Non-DoD Source] Dugway Proving Ground, Area 2, SWMU-11 Draft Feasibility Study
Comments
 
Mr. Frey-
 
Attached is an electronic copy of NRC’s comments, per the DoD-NRC MOU on unlicensed sites,
regarding the Army’s Draft Final Feasibility Study Report Area 2 of SWMU-11 Dugway Proving
Ground, Dugway, Utah.  If you have any questions, please do not hesitate to contact me via email or
telephone at 301-415-0140.
 
I wish you and your colleagues a safe and happy Independence Day!
 
Chris
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