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1.0.  INTRODUCTION.  This Decision Document (DD) for Solid Waste Management Unit (SWMU) 5 at the Fort Bragg Military Reservation, North Carolina, summarizes the results from the Remedial Field Investigation (RFI) and supplemental RFI conducted in 1996 and presents supplemental groundwater data collected in calendar year (CY) 2001 and CY 2002 to update the nature and extent of soil and groundwater contamination and the human health risk assessment.  This DD documents remedial response objectives that are protective of human health and the environment developed for the constituents of concern (COCs) determined from the human health risk assessment.  Applicable corrective action technologies are screened and combined into potential alternatives to meet remedial response objectives developed for SWMU 5.  The alternatives are evaluated, one alternative is selected, and a Selected Remedy is adopted.

1.1.  SITE BACKGROUND.   SWMU 5, an unlined, abandoned landfill covering approximately 12 acres, is located in the central part of the Fort Bragg cantonment area, south of the intersection of Honeycutt Road and Knox Street (See Figure 1).  SWMU 5 operated as a landfill from 1966 to 1967 (Kearney, Inc. and DPRA 1988).  No information is available regarding the types of waste placed in the landfill.  Surface debris, however, includes bricks, boards, angle iron, bedsprings, shingles, asphalt chunks, and concrete.  Waste disposal methods in the 1960s consisted of disposing of waste in low-lying areas, sometimes burning, crushing, and placing a soil cover over the waste.  It is assumed that the thickness of the landfill cover ranges from approximately 1 to 5 ft.

1.2.  REGULATORY BACKGROUND.
     a.  Fort Bragg is a U.S. Department of Defense (DOD) facility in the Installation Restoration Program (IRP).  Under the IRP the facility is required to work toward compliance with federal and state environmental laws and regulations.  In 1988, a RCRA facility assessment of the reservation was performed to identify areas of concern with respect to compliance with RCRA and the Hazardous and Solid Waste Amendments (Kearney, Inc. and DPRA 1988).  Fort Bragg holds a RCRA permit issued by the U.S. Environmental Protection Agency (EPA) Region 4 and NCDENR, Permit No. NC 8210020121.  An RFI was performed to address environmental conditions at 31 SWMUs and 7 areas of concern at Fort Bragg in accordance with RCRA corrective action guidelines.  The RFI included a field investigation of SWMU 5 between 1992 and 1995 to determine the nature and extent of contamination in soil and groundwater and the potential for migration of contamination from the source areas. 
    b.  The regulatory authority governing the action at SWMU 5 is RCRA, 40 Code of Federal Regulations 264, Title II, Subpart C, Section 3004 (42 United States Code 690 et seq.).  Regulatory criteria and guidance for corrective actions at SWMU 5 include groundwater cleanup standards. The EPA maximum contaminant levels (MCLs) for drinking water, risk-based remedial goal options (RGOs) calculated by USGS for the 1996 RFI, and North Carolina Standards for Groundwater Protection [15A North Carolina Administrative Code (NCAC) 2L and interim maximum acceptable concentration (IMAC)] are criteria for cleanup.  Other guidance used in establishing remedial levels for the groundwater includes the EPA Region 9 tap water screening levels.  The North Carolina action levels are calculated values equivalent to an RGO protective of a 1E-06 excess cancer risk or a non-cancer hazard quotient (HQ) of 0.1.  The risk management evaluation process presented in this DD provides for an acceptable range of risk between 1E‑06 and 1E-04.
    c.  The scope of this DD is to:

        1.  Develop RGOs and subsequent remedial response objectives for COCs that are protective of human health and the environment.

        2.  Screen applicable corrective action technologies and develop corrective action alternatives that meet the remedial response objectives, and

                   3.  Select an appropriate corrective action alternative that is protective of human health and the environment and develop a conceptual design for the alternative.

1.3  

SITE OVERVIEW.  Fort Bragg is situated in northwestern Cumberland County and northern Hoke County.  The principal population centers near Fort Bragg are the city of Fayetteville, 5 miles southeast, and Spring Lake, adjacent to the northeastern boundary of Fort Bragg.  With the exception of the urban areas of Fayetteville and Spring Lake, land near Fort Bragg is primarily forested, with scattered private dwellings, farms, and small communities.  Property use in the vicinity of SWMU 5 is industrial.  Knox Street borders the landfill on the east, pine forests on the north and west, and the Honeycutt Marshalling Yard on the south (Figure 1).  The area north and northwest of SWMU 5 and south of Honeycutt Road is wooded.  A golf course is northwest of the intersection of Knox Street and Honeycutt Road, and a fire station is at the southeastern corner of the intersection.  Prior to the RFI, SWMU 5 was estimated to encompass 7 acres; however, a geophysical investigation conducted during the RFI discovered additional areas to the northwest used for landfill operations.  These additional areas increased the size of SWMU 5 to approximately 12 acres.
1.4  





TOPOGRAPHY, PHYSIOGRAPHY, AND CLIMATE.  Fort Bragg is situated in the Sand Hills hydrologic zone of the North Carolina Coastal Plain. The Coastal Plain extends westward from the Atlantic Ocean to the Fall Line, a distance of about 130 miles.  The Fall Line is the boundary between the Coastal Plain and Piedmont physiographic provinces. The Sand Hills area is characterized by deep, sandy soil and has the most variable topography and highest land-surface elevations in the Coastal Plain. Topography at Fort Bragg is characterized by gently to steeply sloping ridges; the highest ridges are in the central part of the Reservation. Elevations range from approximately 550 ft above mean sea level (AMSL) in the western part of the military reservation to approximately 150 ft AMSL in the northeastern part of the military reservation along the Little River.
1.5  WATER SUPPLY.  

    a.  Drinking water for Fort Bragg and surrounding areas are primarily obtained from surface water sources.  One exception is the town of Spring Lake, which obtains most of its water supply from groundwater sources.  Water used at Fort Bragg is obtained from the Little River, which has a drainage area of about 348 mile.  The average rate of water use at Fort Bragg is 6.4 million gal/day.  Water is impounded at two dams near the water treatment plant.  Two supplemental water-supply reservoirs are maintained at Fort Bragg: Lake McArthur in the northwestern corner of the military reservation and McKellers Pond at the northwestern edge of the cantonment area. These two lakes, which drain into the Little River, have storage capacities of 9.6 and 2.6 billion gal, respectively.  In 2003, withdrawal from these lakes was necessary to supplement the Fort Bragg water supply during drought conditions. 
    b.  There are 26 water‑supply wells at Fort Bragg. None are located near SWMU 5.  Reported well depths range from 62 to 600 ft below land surface (BLS), with a median reported depth of 93 ft; reported yields range from 5 to 170 gal/min.  Water levels in these 26 wells range from 11.5 to 85 ft BLS.  The depths of the screened intervals and the aquifer they are screened in are not known.
    c.  Seven supply wells (12 to 18) are located are within 2 miles of SWMU 5.  All seven wells are golf course irrigation wells. Well 15, the closest to SWMU 5, is approximately 1,500 ft northwest and upgradient of SWMU 5.  Based on regional groundwater flow directions, it is unlikely that contaminants potentially present at SWMU 5 would affect the quality of water at these wells.
    d.  The remaining wells at Fort Bragg are outside of the cantonment area and are used for potable water supply.  Well 10 is the closest potable water well to SWMU 5 and is approximately 3 miles southeast of the SWMU.  Groundwater from SWMU 5 flows directly to Beaver Creek (downstream) and is not likely to affect Well 10 or the more distant potable water supply wells.
    e.  LaGrange Waterworks supplies water to residential areas southwest of Fort Bragg and west of Fayetteville through a network of 24 wells with yields ranging from 35 to 150 gal/min.  Water supplies for the city of Fayetteville, southeast of Fort Bragg, are obtained from the Cape Fear River and impoundments along Cross Creek and Little Cross Creek that drain the southeastern portion of Fort Bragg.

1.6  
SITE GEOLOGY.  Geologic units in the Fort Bragg area, from oldest to youngest, consist of the Carolina Slate Belt rocks, which comprise the basement rock, the Cape Fear Formation, and the Middendorf Formation.  Carolina Slate Belt rocks, which underlie the younger sedimentary rocks, are of Precambrian and Cambrian age and are composed of metavolcanic, metasedimentary, and igneous rock.  The Cape Fear Formation is continuous throughout the Fort Bragg area and is overlain by the Middendorf Formation, except along the Little River and some of its tributaries, and in the lower reaches of Beaver Creek and Rockfish Creek where the Middendorf Formation has been eroded.  The Middendorf Formation is exposed at land surface throughout the Fort Bragg area.  The Middendorf Formation is thickest beneath the upland areas of Fort Bragg, such as at well 5MWD where it is about 80 ft thick.  A 5- to 9-ft clayey layer in the upper part of the Middendorf Formation underlies the cantonment area.  The Middendorf Formation is composed of tan, cross-bedded, medium‑ and fine-grained, micaceous quartz sand and clayey-sand interbedded with clay or sandy‑clay lenses or layers.  Gravel beds, ranging from 10- to 20‑ft thick and consisting of rounded pebbles 1 to 6 in. in diameter, occur in the basal portion of the Middendorf Formation.

1.7  
SURFACE WATER HYDROLOGY.  

   a.  An east(west trending ridge divides Fort Bragg into two drainage sub basins. The northern sub basin drains into Little River; the southern sub basin drains into tributaries of Cross Creek and Rockfish Creek. SWMU 5 is in the southern sub basin and drains to an unnamed tributary to Beaver Creek and to Beaver Creek, which is a tributary of Rockfish Creek. Little River and Rockfish Creek are tributaries of the Cape Fear River, which is east of Fort Bragg. Streams located on the military reservation are generally low gradient and, in many areas, have poorly defined channels that grade into swampy areas. Streambeds consist of unconsolidated materials, typically silt or clay.
    b.  Several impoundments are present at Fort Bragg and include Lake McArthur in the northwestern corner of the military reservation, McKellers Pond in the northeastern part of the military reservation, and Smith Lake in the southeastern part of the military reservation. There are no natural lakes at Fort Bragg.
    c.  The closest surface water body to SWMU 5 is Beaver Creek, which is approximately 600 ft to the northeast and is heavily vegetated. Surface runoff from SWMU 5 could also be transported to Beaver Creek by overland runoff after heavy rains.

1.8  GROUNDWATER HYDROGEOLOGY
    a.  The Fort Bragg area is underlain by three freshwater aquifers: the saprolite-basement, Cape Fear, and Middendorf aquifers. The saprolite-basement rock aquifer is below the Cape Fear Formation, and its depth ranges from 140 ft BLS in low-lying parts of the cantonment area to 300 ft or more BLS in the central and western parts of Fort Bragg.  The saprolite-basement aquifer is generally assumed to yield little water, and no supply wells in this area are known to solely tap this aquifer.  

    b.  The Cape Fear aquifer is composed of the Cape Fear Formation, which is primarily clay interbedded with silt and silty-sand under confined conditions.  The uppermost 5 to 10 ft of the Cape Fear Formation in the Fort Bragg area form the Cape Fear confining unit.  This confining unit restricts vertical movement of water between the overlying sediments and the silty-sand units of the Cape Fear aquifer.  Several wells on the Fort Bragg reservation might be screened in this aquifer; however, none of the wells in the cantonment area, closest to SWMU 5, are screened in this aquifer.  East of Fort Bragg, the Cape Fear aquifer is used for public and industrial water supplies in the municipality of Spring Lake.

1.9  SITE ECOLOGY.

    a.  Ecological receptors at SWMU 5 include terrestrial, wetland, and aquatic animals and plants.  Although a survey of the terrestrial and wildlife flora and fauna potentially using the SWMU 5 area has not been performed, Fort Bragg supports numerous species of wildlife. Species or groups that are known to occur at the Reservation and that might occur within SWMU 5 include the cotton mouse, short‑tailed shrew, red fox, eastern meadowlark, red‑tailed hawk, raccoon, and great blue heron. No rare, endangered, or threatened species indigenous to the Reservation (i.e., red cockaded woodpecker) are known to occur at SWMU 5.  Tall grasses cover much of the SWMU.

    b.  Aquatic receptors in Beaver Creek, the tributaries that flow into the creek, and surrounding wetlands include invertebrates, plants, algae, amphibians, and fish. The native fish population in the perennial rivers, streams, and lakes at Fort Bragg includes blue gill, chain pickerel, grass pickerel, largemouth bass, redbreast, red ear, warmouth, bowfish, bullhead catfish, carp, channel catfish, and gizzard shad.

2.0  NATURE AND EXTENT OF CONTAMINATION.  The RFI for SWMU 5, conducted in 1992 and 1995, included a geophysical survey and the collection of soil, soil gas, and groundwater samples.  Soil gas surveys were conducted at SWMU 5 to obtain preliminary information, which was used to locate soil‑boring sample collection and monitoring well installation sites. 

2.1  Geophysical Survey.  Surface geophysical measurements were collected at 180 points within the assumed boundary of SWMU 5 and outside this area to determine where landfill materials were buried outside the pre-RFI-estimated boundary of SWMU 5 (USGS 1996a). Anomalous geophysical values were obtained for areas west and northwest of the boundary assumed for SWMU 5 prior to the RFI.  Two test pits were installed in the area of the anomalous conductivity values identified by the surface geophysics.  Buried waste materials were indicated at each of the test pits, confirming that the anomalous geophysical values represented buried waste.

2.2  Soils.  The maximum concentrations of four SVOCs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and dibenz(a,h)anthracene] were above screening criteria, and these constituents are considered COPCs in surface soil.  Two metals (arsenic and iron) were detected at concentrations above screening criteria.  The maximum concentrations were below the reference background criteria; therefore, arsenic and iron are not considered COPCs.
2.3  Methane.  Methane was measured at each well at SWMU 5.  The results were 0.1% at nine of ten locations.  None of the measurements exceeded 25% of the lower explosive limit of 5% (1.25% methane by volume).
2.4  Groundwater.  Low concentrations of four VOCs (carbon tetrachloride, chloroform, chloromethane, and ethylbenzene) were detected or estimated in the groundwater samples.  Carbon tetrachloride was detected in three and estimated in four of ten groundwater samples (including from deep background well 5MWD1) at concentrations ranging from 0.3J (g/L to 1.9 (g/L.  None of the detections of carbon tetrachloride exceeded the MCL, but all of the detections exceeded the more stringent North Carolina groundwater standard and EPA Region 9 tap water preliminary remediation goal.  No SVOCs, pesticides, or PCBs were detected in groundwater.  Barium was the only metal detected.  All barium detections were below the screening criteria, including the background criterion.
3.0  Supplemental RFI/CMS Field Investigation Results.   The supplemental RFI/CMS field investigation was conducted to determine whether sufficient data have been collected to proceed in the regulatory process.  Groundwater samples were collected from all ten existing wells (5MWS1 through 5MWS8, 5MWD1, and 5MWD2) at SWMU 5. The samples were analyzed for VOCs only.  Methane concentrations in the headspace of the well casings were measured at the ten existing monitoring wells at SWMU 5.  Methane measurements were taken immediately upon removal of the inner well cap.  None of the measurements exceeded 25% of the lower explosive limit of 5% (1.25% methane by volume).  The following field parameters were collected during groundwater sampling: pH, specific conductance, temperature, Redox, and ferrous iron. 
3.1  Groundwater.  Low concentrations of four VOCs [1-methyl-1-4-(1-methylethyl)benzene, carbon tetrachloride, chloroform, and toluene] were detected or estimated in the surficial groundwater.  1-Methyl-1-4(1-methyethyl)benzene was detected at a concentration of 15.3 µg/L at 5MWS8.  No screening criteria were available for this constituent.  

Chloroform was detected at two downgradient locations (5MWS3 and 5MWS4) at concentrations ranging 0.5 (g/L and 0.7J (g/L, respectively. Chloroform was also detected in one of the site-specific background locations (5MWD1) at a concentration of 0.8 (g/L.  All of these concentrations were above the North Carolina groundwater standard and EPA Region 9 tap water PRG; however, they did not exceed the federal MCL.  Toluene was detected at a concentration of 125 (g/L at 5MWS8.  This concentration exceeded only the EPA Region 9 tap water PRG.

Carbon tetrachloride was detected or estimated in two downgradient locations at concentrations of 1.4J (g/L and 2.1 (g/L, respectively. Carbon tetrachloride was also detected at a concentration of 1.4 (g/L at 5MWD1, one of the site-specific background locations.  All of the concentrations were above the North Carolina groundwater standard and EPA Region 9 tap water PRG; however, they did not exceed the federal MCL.
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Soils.  The maximum concentrations of four SVOCs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and dibenz(a,h)anthracene] were above screening criteria, and these constituents are considered COPCs in surface soil.  Two metals (arsenic and iron) were detected at concentrations above screening criteria. The maximum concentrations were below the reference background criteria; therefore, arsenic and iron are not considered COPCs.
4.0  CORRECTIVE ACTION ALTERNATIVES.

    a.  The technologies retained following the screening step were combined in various ways to develop corrective action alternatives that would meet the remedial response objectives of protecting human health and preventing contact with buried waste.

    b.  The following three corrective action alternatives were identified to meet the remedial response objectives:

      1.  Alternative 1: Institutional Controls – Land Use (BMP Restrictions, Post-Mounted Warning Signs), Groundwater Monitoring, Implementation of O&M Plan;

      2.  Alternative 2: Institutional Controls – Land Use and Physical Barriers (BMP Restrictions, Chain-Link Fence Barrier, Fence-Mounted Warning Signs), Groundwater Monitoring, Implementation of O&M Plan; and.

      3.  Alternative 3: Institutional Controls – Land Use and Physical Barriers (BMP Restrictions, Chain-Link Fence Barrier, Fence-Mounted Warning Signs), Groundwater Monitoring, Native Soil Cover, Implementation of O&M Plan.

4.1  Evaluation Factors.  Based on the results of the technology screening, the retained technologies are considered applicable to the site and implementable.  Two primary evaluation factors were used to select the preferred corrective action alternative: protection of human health and 5-year costs.

    a.  Protection of Human Health.  Each alternative’s effectiveness at protecting human health is dependent upon its ability to prohibit human activity associated with the use of groundwater. For each alternative, the level of protection of human health was evaluated and compared with those of the other alternatives for that medium.

    b.  Five-Year Costs.  The 5-year cost estimates are budget estimates based on conceptual designs and are to be used only for alternative comparisons. Costs are estimated for capital construction, administration, and O&M. As the SWMU 5 landfill has not been operational for the last 35 years (since 1967), an O&M period of 5 years was considered sufficient for this site by USACE, Savannah District and NCDENR. The cost estimates were derived from current information, including vendor quotes and conventional cost estimate guides (e.g., Means 2002; Means 2003). The actual cost of the project would depend on the labor and material costs, site conditions, competitive market conditions, final project scope, and implementation schedule at the time the corrective action was initiated. The 5-year cost estimates are not adjusted to present worth costs, and no escalation factors have been applied.

4.2  Evaluation of corrective action alternatives.

    a.  Alternative 1: Institutional Controls – Land Use (BMP Restrictions, Post-Mounted Warning Signs), Groundwater Monitoring, Implementation of O&M Plan.   This alternative would provide for the implementation of land-use controls during the period of ownership by DOD through restrictions imposed by the BMP.  It would protect human health by preventing human exposure to buried waste by imposing land-use restrictions.  The BMP would be an effective tool for prohibiting development of the landfill for residential use and preventing installation of potable water wells at the site while property is under DOD ownership.  To reduce potential exposure to buried waste at SWMU 5, warning signs stating restrictions on human activity within the SWMU 5 landfill would be posted at 200-ft intervals around the boundary of the site.  Signs would be effective at discouraging human access to the site.  Warning signs/posts would be repaired and/or replaced, as needed, through implementation of a documented O&M Plan. Groundwater is not currently used as a source of drinking water at the site.  Institutional controls prohibiting the use of groundwater in the future would be effective at protecting human health from the elevated levels of COCs in the groundwater.  Ten existing groundwater-monitoring wells would be sampled and analyzed every 9 months for 5 years for a total of six groundwater-sampling events.  The groundwater samples would be analyzed for VOCs.  The groundwater monitoring results would be presented in an annual report, in association with the O&M report.  The groundwater monitoring results would be evaluated at the end of the sixth monitoring period to determine whether additional actions were needed for the groundwater.  This alternative would be the least expensive of the three, with a 5-year cost of $239,000.
    b.  Alternative 2: Institutional Controls – Land Use and Physical Barriers (BMP Restrictions, Chain-Link Fence Barrier, Fence-Mounted Warning Signs), Groundwater Monitoring, Implementation of O&M Plan. This alternative would protect human health by providing for the implementation of land-use controls through enforcement of the BMP and by installing and maintaining a fence and warning signs to discourage unauthorized access to the site, thereby preventing human exposure to buried waste within the landfill.  In this alternative approximately 3,407 lin ft of 6-ft-high chain-link fencing would be installed. Fence-mounted warning signs would be positioned approximately every 200 ft.  Three 20-ft-wide gates would be installed to allow access to the site for inspection and maintenance.  Fencing and signs would be repaired and/or replaced, as needed, through implementation of a documented O&M Plan.  The effectiveness of Alternative 2 at preventing the use of groundwater would be equal to that of Alternative 1.  Ten existing groundwater-monitoring wells would be sampled and analyzed every 9 months for 5 years for a total of six sampling events.  The groundwater samples would be analyzed for VOCs.  The groundwater monitoring results would be presented in an annual report, in association with the O&M report.  The groundwater monitoring results would be evaluated at the end of the sixth monitoring period to determine whether additional actions were needed for the groundwater. 

This alternative would be more expensive than Alternative 1, with a 5-year cost of $360,000. 

    c.  Alternative 3: Institutional Controls – Land Use and Physical Barriers (BMP Restrictions, Chain-Link Fence Barrier, Fence-Mounted Warning Signs), Groundwater Monitoring, Native Soil Cover, Implementation of O&M Plan.   This alternative is similar to Alternative 2 in that it specifies land-use controls through the BMP and physical barriers (fence and warning signs), groundwater monitoring for a period of 5 years, and implementation of an O&M Plan.  It would protect human health by preventing human exposure to buried waste by imposing land-use restrictions and maintaining an adequate soil cover on the landfill.  The BMP would be an effective tool for prohibiting development of the landfill for residential use, preventing unauthorized disturbance of subsurface soil (i.e., buried waste), and preventing installation of potable water wells at the site.  To discourage unauthorized access to the site, chain-link fencing and fence-mounted warning signs would be installed similar to Alternative 2.  The existing soil cover would be evaluated and supplemented, as needed, to provide a minimum thickness of 18 inches.  The fencing, signs, and soil cover would be repaired and/or replaced, as needed, through implementation of a documented O&M Plan.  The effectiveness of Alternative 3 at preventing the use of groundwater would be equal to that of the previous alternatives.  Ten existing groundwater-monitoring wells would be sampled and analyzed every 9 months for 5 years for a total of six sampling events.  The groundwater samples would be analyzed for VOCs.  The groundwater monitoring results would be presented in an annual report, in association with the O&M report. The groundwater monitoring results would be evaluated at the end of the sixth monitoring period to determine whether additional actions were needed for the groundwater.  This would be the most expensive of the three alternatives, with a 5-year cost of $1,828,000.
5.0  SELECTED CORRECTIVE ACTION Remedy.

    a.  The selected remedy for SWMU 5 is Alternative 1:  Institutional Controls (BMP, Post-Mounted Warning Signs) Groundwater Monitoring, and Implementation of O&M Plan.  The institutional controls comprising this alternative will use a combination of land-use restrictions and prohibitions as well as provide warning signs around the perimeter of the landfill.  Land-use restrictions will be documented and/or enforced through the BMP. 

    b.  Institutional controls will provide a sufficient level of protection of human health and the environment and are cost‑effective. The institutional controls described for this alternative will ensure an adequate degree of long‑term reliability and effectiveness as well as short‑term effectiveness.  The institutional controls under this alternative can be easily and cost‑effectively implemented. Justification for selection of this corrective action alternative is further detailed in the following evaluations of effectiveness, implementability, and cost.  Groundwater monitoring will be performed to evaluate contaminant concentration trends, and a decision will be made on the need for further action after a 5-year monitoring period.

5.1  Effectiveness.

    a.  Post-mounted warning signs and documented land restrictions will be highly effective and will provide long-term reliability with respect to preventing human exposure to contaminated groundwater at SWMU 5.  To maintain an acceptable level of long-term reliability and effectiveness, the BMP will establish land-use controls during DOD’s ownership.  Prior to planning any construction activities at Fort Bragg, the BMP must be reviewed.  In addition, the Base Master Planner and the Fort Bragg PWBC will review all construction projects during the planning stages for approval.

    b.  Warning signs will be mounted on posts around the perimeter of the site to note the use and entry restrictions.

    c.  The groundwater-use restrictions will provide an effective method for preventing the use of groundwater at the site for drinking or irrigation. The surficial aquifer is not used as a source of drinking water at Fort Bragg. The BMP will be modified to officially restrict its use, preventing future use of the surficial groundwater at the site.

    d.  An O&M program will be administered to inspect and replace or repair warning signs and the site groundwater monitoring wells, which might deteriorate over time.  Implementation of the O&M Plan will ensure the effectiveness of this selected remedy.

5.2  Establishment of Institutional Controls.

    a.  Prior to installation of the post-mounted warning signs at SWMU 5, land-use restrictions for the site will be incorporated into the BMP, which will include all restrictions and provisions documented in this report.  The BMP will include a description of land-use controls provided in this DD.  The appropriate implementing document(s) will include land-use prohibitions and restrictions, including those related to activities that would disturb or allow contact with buried waste and to construction of structures that would disturb or allow contact with buried waste.  The implementing document(s) will also provide allowances for those activities that do not disturb or allow contact with buried waste.  References to relevant corrective action documents for this SWMU will also be included in the BMP. 

    b.  A survey plat for the landfill will be prepared by a professional land surveyor certified in the state of North Carolina. The plat will be included in the BMP.  The survey will indicate the location and dimensions of the SWMU 5 landfill with respect to permanently surveyed benchmarks and will include the final contours of the landfill.  The plat will contain a permanently displayed note that states Fort Bragg’s obligation to prohibit disturbance of SWMU 5 in accordance with this DD. 

5.3  Post-Mounted Warning Signs.

    a.  Eighteen permanent warning signs will be mounted on posts at approximately 200-ft intervals surrounding the perimeter of the landfill.  The warning signs will be used to discourage access to the site.  The positioning of each sign will provide maximum visibility from all locations outside the landfill boundary.  Signs will be as follows:

__________

FORMER LANDFILL

CONTAMINATED GROUNDWATER

NO TRESPASSING

CONTACT PWBC (910) 396‑3341, EXT. 353

REGARDING USE RESTRICTIONS

__________
    b.  Each sign will have the dimensions of 24 in. by 24 in. Warning signs will be metal plates with reflective paint and of weather‑resistant construction.  The signs will have a brown background and white lettering.  All signs will be permanently labeled (for identification purposes) on the back with a numerical identification number.

    c.  The warning signs will be inspected every 9 months in accordance with the O&M Plan.  Damaged signs will be repaired, or replaced, as needed.  Repair or replacement of the signs will occur within 1 month of inspection.  Should damage be observed between inspections, repair or replacement will occur within 1 month of observation.

5.4  Groundwater Monitoring.

    a.  Ten existing groundwater wells (5MWS1 through 5MWS8, 5MWD1, and 5MWD2) will be sampled every 9 months for 5 years (six sampling events) starting in CY 2003.  These wells were chosen because they are the same wells sampled in CY 2001 and CY 2002.  The CY 2001 and CY 2002 data will provide the baseline for establishing temporal trends. The groundwater samples will be analyzed for VOCs.  Field parameters will be measured at the time of sampling using a flow-through cell and will include dissolved oxygen, temperature, Redox, conductivity, and pH.   

    b.  The purpose of the monitoring is to establish contaminant concentration trends and determine whether additional actions are needed to address the groundwater contaminants that exceed remedial levels.  The need for additional action will be made at the conclusion of the sixth monitoring event.

6.0  Selected Remedy Cost.  Based on the results of this sampling event and previous investigations, Fort Bragg has selected long-term monitoring of wells, historically exhibiting groundwater contaminant levels in excess of NC Groundwater Protection Standards, every 9 months for a total of 5 sampling events, as it’s selected remedy for this site.  Once four consecutive sampling events establish no exceedance of the NC Groundwater Protection Standards for these constituents, a NO FURTHER ACTION determination would be requested.  Anticipated annual cost for each semi-annual sampling event is $47,800.00, for a projected lifecycle cost of $239,000 for long-term monitoring of groundwater from SWMU 5.  Eighteen permanent warning signs will be mounted on posts at approximately 200-ft intervals surrounding the perimeter of the landfill.  The warning signs will be used to discourage access to the site.  Cost for the first year of implementation will be higher due to the cost of the signs and installation.  The first year Selected Remedy cost is projected to be $80,000 with a projected life cycle cost of $239,000.  

                                         //s//

                                     GREGORY G. BEAN

                                     COL, EN

                                     Director, Public Works

                                       Business Center
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AMSL - above mean sea level
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Redox - oxidation-reduction potential

RFI - RCRA facility investigation

RGO - remedial goal option

SCM - site conceptual model

SVOC - semivolatile organic compound

SWMU - solid waste management unit

TCLP - Toxicity Characteristic Leaching Procedure

TPH - total petroleum hydrocarbons

USACE - U.S. Army Corps of Engineers

USGS - U.S. Geological Survey

VOC - volatile organic compound
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