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1.0 INTRODUCTION 

The Rocky Mountain Arsenal (RMA), a U.S. Army installation, has been 

managing a number of Resource Conservation and Recovery Act (RCRA) 

regulated hazardous waste facilities including Basin F. The RMA's 

Environmental Protection Agency (EPA) identification number as a 

generator and owner/operator of hazardous waste storage, treatment, and 

disposal facilities is C05 210 020 769. 

On July 21, 1982, EPA Region VIII requested the RMA to submit a RCRA 

Part B permit application for the hazardous waste facilities. On 

May 23, 1983, the RMA submitted a draft RCRA Part B permit application, 

encompassing seven facilities, to EPA Region VIII. On May 10, 1984, 

EPA Region VIII issued a Notice of Deficiency of the application to the 

RMA. 

On September 30, 1984, the State of Colorado received interim 

authorization from the EPA to administer equivalent state hazardous 

waste regulations in lieu of federal requirements. Under the state 

hazardous waste regulations, RCRA Part B permit application for which 

no decision had been reached by the EPA was to be resubmitted to the 

Colorado Department of Health (CDH), the State agency administering the 

hazardous waste regulations. 

The RMA submitted a revised Part B application to the CDH on November 

28, 1984. The CDH informed the RMA by a letter dated October 17, 1985, 

and received on October 28, 1985 of the agency's disapproval of the 

closure plan for Basin F. The CDH also indicated in that letter that 

the RMA is required to submit a revised closure plan for Basin F within 

30 days after receipt of the Notice of Disapproval (§ 265.112(c)). 

The revised Basin F Closure Plan incorporates all requirements stated 

in the Colorado Hazardous Waste Management Act Regulations (Part 265 

Subpart G and Section 100) and incorporates consideration of the 

comments contained in the October 17, 1985 Notice of Disapproval. This 

Closure Plan is divided into six sections, summarized as follows: 
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o       Section 1.0 - Introduction, provides an overview of.Basin F 

closure requirements; 

o Section 2.0 - Basin F, provides an overview of the sources of 

wastes, operating history of the facility, and pertinent site 

characteristics; 

o       Section 3.0 - Waste Characteristics, provides a waste 

inventory and a characterization of the wastes present in 

Basin F; 

o       Section 4.0 - Closure Plan, discusses the procedures to be 

employed for the closure of the Basin; 

o       Section 5.0 - Schedule, outlines the time frame within which 

the closure will  be accomplished; and 

o       Section 6.0 - Certification of Closure, describes how the 

Basin F area will  be certified as clean upon completion of 

closure activities. 

The goal  of this closure plan is to provide a course of action for the 

safe removal  from the Basin of all waste materials and all hazardous 

constituents associated with the waste storage activities.    This course 

of action has been designed to prevent the release of hazardous waste 

or hazardous constituents to the environment and to prevent any damage 
to human health or the environment.    At the conclusion of these closure 

activities, the Basin F will no longer be a potential  source of 

contamination and will be suitable for modified unrestricted use (i.e., 

the site will  be suitable for general  use excluding use of any 

contaminated groundwater that may be beneath the site). 
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2.0    BASIN F BACKGROUND 

2.1     GENERAL DESCRIPTION AND LOCATION 

2.1.1    Rocky Mountain Arsenal 

2.1.1.1    Arsenal  Location and History 

The RMA occupies over 17,000 acres in Adams County, Colorado (Figures 

2-1 and 2-2).    The RMA is located approximately 9 to 10 miles northeast 

of the center of downtown Denver.    Denver's Stapleton International 

Airport extends into the southern border of the RMA.    Land use 

bordering the RMA includes agricultural   (north and east of the RMA), 

light industrial manufacturing  (south of the RMA), and residential 

(west and southeast of the RMA).    Residential  population within a 

radius of 15 miles from the west edge of the RMA totals approximately 

1,500,000.    This metropolitan area consists of the following Colorado 

cities:    Denver, Aurora, Commerce City, Thornton,  Northglenn,  Federal 

Heights, Westminister, Broomfield, Arvada, Lakewood, Littleton, 

Englewood, Cherry Hills Village, Greenwood Village,  Glendale, and the 

heavily populated unincorporated areas of Arapahoe, Jefferson, Boulder, 

and Adams County. 

The property occupied by the RMA was purchased by the government in 

1942.    Throughout World War II,  RMA manufactured and assembled chemical 

intermediate and toxic end-item products, and incendiary munitions. 

During the period 1945-1950, the Arsenal  distilled, available stocks of 

Levinstein mustard, demilitarized several million rounds of 

mustard-filled shells, and test fired 4.2 inch mortar rounds filled 

with smoke and high explosives.    Also, many different types of obsolete 

World War II ordinance were destroyed by detonation or burning. 

In 1946, certain portions of the Arsenal were leased to private 

industry for chemical manufacturing.    The major leasee, Shell  Chemical 
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Company  (SCO, has leased a considerable portion of the manufacturing 

facilities at the RMA since 1952 for the manufacture of various 

pesticides and herbicides.    Later, the RMA was selected by the Army as 

the site for construction of a facility to produce sarin (GB) nerve 

agent.    This facility was completed in 1953, with the manufacturing 

operation continuing until  1957, and the munitions filling operations 

continuing until late 1969.    Since 1970, the RMA has been involved 

primarily with the disposal  of chemical warfare material.    This 

disposal  included the incineration of anti-crop agent (TX), mustard 

agent, explosive components, and the destruction of GB agent by caustic 

neutralization and incineration. 

2.1.1.2    Arsenal  Geology 

The local  strati graphic units at the RMA are Pleistocene and Recent 

Alluvium (which includes a thin veneer of aeolian deposits on the 

topographic highs) and the underlying Denver formation.    Alluvial  soils 

(including the aeolian deposits).cover the entire Arsenal  except in 

small  areas  (generally on topographic highs) where the alluvial  gravel 

has been quarried and the underlying Denver formation is exposed.    The 

thickness of the alluvium ranges from 9 ft to 127 ft, with the thickest 

alluvial  deposits being found within buried channels across the Arsenal 

(May, 1982).    The alluvium at the RMA consists of clays, silts,  sands, 

gravel  and boulders and is generally unconsolidated except in localized 

areas where calcium carbonate has cemented the sands and gravels into 

hard conglomerates.    The grain size of the alluvium varies from clay 

size to boulders.    Large boulders composed of igneous rock, chert, 

quartz, and petrified wood are found capping the topographic highs and 

in some of the deep channels on the Arsenal.    Most of the finer-grained 

soils have been classified as ML or CL (using the Unified Soil 

Classification System).    The sands are predominantly SM and SP and 

often contain gravel.    The sands are lenticular and grade laterally 

into clays, silts, and gravels. 
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The Denver formation underlies the surficial  alluvium (alluvial   and 

aeolian) throughout the Arsenal.    The formation within the RMA 

boundaries has a maximum thickness of 400 to 600 ft (May, 1982).    The 

thickest sections are found in the south part of the Arsenal.    The 

Denver formation under the Arsenal  consists primarily of clay shale and 

lenticular bodies of compact sand.    Thin zones of silt, clay, lignite, 

coal, siltstone, sandstone, and volcaniclastic sediments also occur. 

The clay shale in the formation is hard bentonitic and blocky in some 

areas of the Arsenal and more laminated and fissile in others.    The 

laminated clay shale commonly contains carbonized leaves and wood 

fragments.    Pyrite modules occur throughout the Denver sediment.    The 

clay shale units can be homogeneous for.a thickness of 10 to 30 ft, but 

usually become interbedded with thin zones of fine sand,  sandstone, or 

siltstone.    Many of the clay shales originated as delta plain deposits 

rich in volcanic ash.    The thicker sand layers in the Denver area are 

composed predominantly of quartz sand grains with a matrix of silt. 

Some of these sand units are as thick as 50 to 60 ft and contain gravel 

size chert and quartz.    The sands probably originated as deltaic 

channel  deposits (May, 1982). 

Additional  information on the geology of the RMA,  including 

cross-sections, is presented in a report entitled "Regional  Groundwater 

Study of Rocky Mountain Arsenal" (May, 1982). 

2.1.1.3   Arsenal  Topography and Surface Hydrology 

A topographical map of the RMA area is presented in Figure 2-3. 

Elevations range from a minimum of 5,123 ft (MSL) at the northwest 

boundary to- a maximum of 5,323 ft (MSL) at the eastern boundary.    The 

two prominent points or topographic highs on the Arsenal are located in 

Sections 25 and 35.    The prevailing slope is about 0.6 percent to the 

northwest, therefore surface water flow is generally in that 

direction.    Runoff is intermittent and usually follows heavy 

precipitation or snowmelt events.    The annual  precipitation for the RMA 
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(recorded at adjoining Denver-Stapleton Airport) during 1977 to 1981 

ranges from a low of 10 in. in 1977 to a little over 20 in. in 1979, 

(Resource Consultants Inc., 1979). This precipitation data is 

presented in Figure 2-4. Average annual precipitation recorded at 

Denver's Stapleton Airport over a period of record from 1944 to 1983 is 

14.59 inches. Most of the yearly precipitation at the RMA occurs 

between March and August of each year. 

By comparison, average evaporation rates (for pure water) are higher 

than precipitation rates. Average monthly evaporation rates in inches 

for the period from 1959-1978 are as follows: 

Jan. 0.80 May 6.96 Sept. 6.52 

Feb. 1.00 June 8.68 Oct. 4.46 

Mar. 1.74 July 9.54 Nov. 2.20 

Apr. 4.34 Aug. 8.78 Dec. 1.00 

The annual average evaporation rate is over 56 inches or more than 40 

inches greater than the average precipitation. It must be noted that 

evaporation of Basin F liquids does not necessarily reach the levels 

encountered with fresh water. For example, a 1969 study estimated the 

annual evaporation rate from Basin F to be 1.25 gpm per acre or about 

24 inches (Buhts et al., 1979). It is likely that, due to 

concentration of the liquids over time, this evaporation rate is 

somewhat less than this value at the present time. 

The two major watersheds which contribute runoff to the Arsenal are 

First Creek and Irondale Gulch. First Creek is a well defined channel 

that crosses the Arsenal. At times, the creek is intermittent with 

some flow coming from the sewage treatment plant in the northeastern 

part of the Arsenal. At other times, such as during the spring and 

during major storm events, the flow is continuous and has even caused 

some flooding on the Arsenal. Irondale Gulch has poorly defined 

channelization because the drainage area is smaller and because 

drainage patterns have been modified by the construction of 
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Figure 2-4: Precipitation Data, 1977-1981, Denver Stapleton Airport 
(Resource Consultants, Inc. 1982) 
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subdivisions (southeast of the Arsenal), the South Plants lakes, 

man-made channels, and storm drains. Other drainages also bring some 

water onto the Arsenal. Second Creek crosses near the extreme 

northeast corner of the Arsenal and Stapleton Airport drains a limited 

amount of water onto the Arsenal. Surface water drainage off the 

Arsenal occurs primarily in First and Second Creeks. 

Additional information on the topography and surface hydrology of the 

RMA is presented in a report entitled "Surface Water Hydrologie 

Analyses, Rocky Mountain Arsenal, Colorado" (Resource Consultants, 

Inc., 1982). 

2.1.1.4 Arsenal Groundwater Hydrology 

The complex depositional history of the Denver formation and the 

alluvium has resulted in an equally complex groundwater regime at the 

RMA. The extent and geometry of the Denver formation is such that many 

of the groundwater recharge areas for the formation (off the Arsenal) 

are at higher elevations than the Arsenal. This situation provides the 

necessary hydraulic gradients for artesian conditions in the Denver 

aquifers at the RMA. Under artesian conditions, the groundwater in the 

Denver strata flows laterally up-dip and discharges into the alluvium. 

A water table contour map constructed from third quarter 1981 data is 

shown in Figure 2-5. As indicated by the map, the regional water table 

gradients across the Arsenal are to the northwest. One of the most 

significant features on the map is the groundwater mound under the 

South Plants area (over 5,250 ft elevation). The mound has been 

present since 1957 and is probably due to leaking pipes in the area. 

Attempts have been made recently to repair the leaking pipes and reduce 

the mound. Intermittent operation of high capacity pump wells 

immediately outside the Arsenal boundaries cause periodic fluctuations 

in the adjacent water table on the Arsenal. 
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The primary alluvial groundwater flow routes are presented in Figure 

2-5. The thickness of the arrow is intended to represent the amount of 

groundwater flow in that direction. The largest flow moves west and 

northwest from a point south of the South Plants lakes. The flow 

towards the north boundary of the Arsenal is smaller. 

Denver sand units are in contact with the alluvium in many areas. Many 

of these sands are thin lenticular, however there are some thick 

water-bearing sands in contact with the alluvium particularly in the 

area of Basin F and northwest of Basin A. These sands could be making 

a significant contribution to groundwater flow in the alluvium in these 

areas. 

In general, the alluvial water table throughout most of the Arsenal is 

controlled by the artesian head pressures from the Denver formation and 

remains fairly constant. The major features on the Arsenal that 

produce major localized, periodic or continual fluctuations in the 

water table with respect to inflow are the mound in the South Plants, 

the South Plants lakes, and First Creek. 

Additional information on the groundwater hydrology at the RMA is 

presented in a report entitled "Regional Groundwater Study of Rocky 

Mountain Arsenal" (May, 1982). 

2.1.1.5 Arsenal Groundwater Quality 

Monitoring of groundwater quality at the RMA was intiated in the 1950's 

as a result of complaints by farmers pumping groundwater for irrigation 

purposes north and northwest of the Arsenal. Analysis of the water 

indicated high concentrations of chlorides. Data collected during this 

period of time was assembled and illustrated using isoconcentration 

maps. The maps indicated that Basin A was probably the major source of 

the chloride and that it migrated to the northwest through'the "A-Neck" 

area (Figure 2-2) where it split, with one component proceeding west 
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Note: Arrows indicate direction and relative magnitude of groundwater flow. 

Figure 2-5: Water Table Elevation, 3rd Quarter, 1981 (RMA Contamination 
Control Program Management Team, 1983) 
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and then northwest exiting the northwest boundary of the arsenal, and 

the other component proceeding north through what is now the Basin F 

area and exiting the north boundary of the arsenal. The concentrations 

of chloride found in these plumes were far in excess of the natural 

concentrations found in the area. 

In the years since, additional contaminants known to be associated with 

Arsenal activities have been added to the analytical parameter list for 

monitoring. This monitoring has indicated several key sources of 

contaminants on the Arsenal including the South Plants, Basin A, Basin 

F, and the Rail Classification Yard. To summarize the extent of and 

migration pathways of the contaminants, a composite plume map has been 

prepared. This map, presented in Figure 2-6, illustrates the 

distribution of some key chemical species in the groundwater of the 

Arsenal, including Diisopropylmethlylphosphonate (DIMP), 

Dibromochloropropane (DBCP), and Dicyclopentadiene (DCPD). In 

addition, significant concentrations of organic contaminants associated 

with the production of pesticides and herbicides have been found in the 

groundwater in the South Plants area. As indicated by the map, the 

major migration pathways from the interior of the Arsenal to the 

northwest and north boundaries have not changed since the 1950's when 

chloride monitoring was initiated. The plumes in the southwest corner 

of the Arsenal are the result of recent monitoring and represent 

concentrations of DBCP which appears to be originating in the Rail 

Classification Yard and migrating to the northwest. As expected, these 

pathways tend to follow the major groundwater flow paths as previously 

illustrated in Figure 2-4. Additional information on the groundwater 

quality and potential contamination sources at the RMA is presented in 

a report entitled "Selection of Contaminant Control Strategy for RMA" 

(RMA Contamination Control Management Team, 1983). 
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2.1.2   Basin F 

2.1.2.1    Description and Location 

Wastes and waste streams from the various chemical processing 
operations conducted at the RMA since its establishment in 1942 were 

discharged into unlined evaporation basins (surface impoundments) 

identified as Basins A-E until an asphalt-lined evaporation basin 

designed for total  retention was completed in 1956.    This basin, 
designated Basin F, is located in the northwest part of the Arsenal in 
Section 26 (see Figure 2-2).    The Basin as designed had a surface area 
of 90 acres at the maximum fluid level with a capacity of approximately 

243 million gallons.    The basin, roughly oval  in shape, was created in 

a natural depression by constructing a dike around the area.    It 

measured approximately 2,900 ft across at the north end and 1,600 ft 
across at the south end.    As designed, the average depth of the basin 

was approximately 10 ft.    An asphaltic membrane (approximately 3/8 
inches thick) was placed on the bottom of the basin extending to a 
projected high water elevation of 5,200 ft (MSL) at the edge of the 
sealed area.    After the asphalt had been placed, an earth blanket 
approximately one foot thick was placed on top of the membrane to 
protect it.    A vitirified clay chemical sewer line with chemically 
resistant sealed joints was installed between the industrial  facilities 

where the wastes were generated and Basin F to facilitate the transfer 

of liquid wastes to the Basin.    In 1962, a low dike was placed across 

the southeast corner of the basin enclosing an area of approximately 

eight acres.    This area is commonly referred to as "Little F". 

2.1.2.2   Geology and Geohydrology in the Basin F Area 

Detailed information on the geology and geohydrology in the Basin F 
area was obtained from studies conducted from 1977 to 1979 which 

involved the placement of numerous borings around Basin F (see 
Figure 2-7)  (Buhts, et al., 1979; U.S. Army Engineer Waterways 
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Experiment Station Geotechnical Laboratory, 1979). The alluvium has 

been found to range in thickness from 32 ft at boring Deep Boring #1 

(DB-1) to 40 ft at boring DB-3. The alluvium in this area consists of 

silty sands, clayey silts, clayey sands, and silty to clayey gravels. 

A few thin clay lenses and some cemented materials were also found. 

The first stratum encountered in the Denver formation in each boring 

was generally a clay shale. Underlying this first stratum were various 

layers or lenses of clay or clay shales, sand, siltstone, and 

sandstone, all of variable thicknesses. In the Basin F area, the 

surface of the Denver formation appears to have little relief and 

slopes generally to the north truncating strata that surface at the 

Denver-Alluvium contact in that area. 

A detailed water table contour map, Figure 2-8, was prepared based on 

data collected from a number of perimeter observation wells. The water 

table drops approximately 17 ft in elevation from south to north across 

the basin. The steepest gradient occurs in the southeast corner of the 

basin indicating an area of lower permeability. The saturated 

thickness in the alluvium under the basin was found to be 5 ft or 

less. The flow of groundwater beneath the basin has been estimated at 

approximately 50 gpm. The principal flow component beneath the basin 

is in a northwesterly direction. A groundwater divide occurs at the 

north end of the basin resulting in two major flow components out of 

the basin area, one towards the northwest and the other towards the 

northeast. The northwest component continues toward the northwest 

boundary of the Arsenal while the northeast component turns to the 

north and continues toward the north boundary of the Arsenal. 

2.1.2.3 Groundwater Quality in the Basin F Area 

At the four deep boring sites identified in Figure 2-7, multiple well 

screens were placed in water bearing sands located in the Denver area. 

Groundwater samples were collected and analyzed for a number of 

contaminants associated with past Arsenal activities (U.S. Army 
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Engineer Waterways Experiment Station Geotechnical Laboratory, 1979). 
Trace quantities of chlorinated pesticides were found in a number of 
the samples.    Otherwise the samples were generally clean with the 
exception of the samples taken from Deep Boring #4, peizometer #1 
(DB-4-1) where significant concentrations of chloride and DIMP were 
identified.    Groundwater samples collected from alluvial  or.shallow 

monitoring wells in the area contained much higher concentrations of 

contaminants than did the samples from the Denver wells (Zabel et al., 

1979).   These included the contaminants DIMP, DBCP, and DCPD 
incorporated in the composite plume map (Figure 2-6) plus others such 

as chlorinated pesticides, organo-sulfur compounds, chloride, and 

fluoride.    Individual contaminant plume maps are presented in Zabel et 
al., 1979, and RMA Contamination Control Program Management Team, 1983. 

The plume maps indicate that contaminants flow under Basin F from the 
A-neck area and, therefore, it is difficult to determine the amount of 
contaminants introduced to the groundwater by Basin F.    However, the 

high concentrations of contaminants such as DIMP, chloride, and the 

organo-sulfur compounds found in the groundwater at the northeast 

corner of Basin F indicate^that the basin is probably a significant 
source of these contaminants.    The associated contaminant plumes extend 

north and northeast of Basin F towards the north boundary of the 
Arsenal.    In summary, the groundwater in the alluvium or in Denver 
sands in direct contact with the alluvium in the Basin F area contains 
relatively high concentrations of some contaminants while the 
groundwater in the deeper Denver sands is generally uncontaminated. 

2.2    BASIN F, HISTORY OF USE 

By early 1957, approximately 60 million gallons of waste had been 
transferred to Basin F.    This waste from Army operations consisted 

mainly of aqueous solutions of various sodium salts including chloride, 

fluoride, hydroxide, methyl phosphonate, acetate, and sulfate.    As time 
passed, additional wastes from the on-site production of pesticides by 
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private corporations were disposed of in the basin.    These wastes 

included numerous inorganic and organic contaminants. 

Problems associated with the storage of liquid wastes in Basin F were 

encountered early in its operation and were caused by wave action 

against the shoreline that, at the time, had not been protected by 

riprap.    In 1957, tears in the asphalt liner were found.    The contents 

of Basin F were pumped into Basin C, an unlined facility, while repairs 

were made to the Basin F liner and riprap was installed.    Some of the 

other problems that have been discovered since construction are:    (a) 
fluctuating liquid levels that have caused cyclical exposures of the 

basin floor to sunlight and weather conditions (see Figure 2-9), and 
(b) evidence of groundwater contamination found as a result of chemical 

analysis of monitoring wells immediately adjacent to the basin (see 

Figure 2-10). 

Through the years, various studies and activities were proposed or 

conducted, aimed at eliminating industrial waste discharge into Basin F 
and accomplishing its final cleanup.    An attempt was made between 1962 
and 1965 to dispose of the liquid waste by injection into a deep well 

located adjacent to the basin.    Because of a marked increase in the 

number and intensity of earth tremors in the Denver area, this 
operation was discontinued.    Other disposal alternatives were 

evaluated, including treatment and enhanced evaporation, but none were 

implemented until 1982 when an enhanced evaporation system was 

installed.    From 1978 to 1982, the primary flow of waste into Basin F 

was approximately 300,000 gallons per year from the Hydrazine Blending 

Facility, and miscellaneous Army operations, and an undetermined amount 
of groundwater that infiltrated into the sewer line feeding the basin. 

The potential for industrial waste discharge into Basin F was 
eliminated in 1982 when the chemical  sewer feeding the basin was 
excavated from a point immediately north of the South Plants Area to 

the southeast corner of the basin.    A portion of the line from the 
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North Plants Area was also excavated. The sewer line and associated 

contaminated soil excavated, consisting of approximately 12,000 cu yds 

of material, were stored in a lined waste pile in the southeast corner 

of Basin F. 

Natural evaporation of the liquid in the basin has exceeded the inflow 

of waste over the past few years and therefore the volume of liquid in' 

the basin has decreased significantly. As a result, the liquid pool 

has receded to the north end of the basin exposing the soil covering 

the liner in- the southern end of the basin. An evaporation system 

consisting of a newly constructed dike on the exposed surface of the 

basin, a large pump, and a pipe network for liquid distribution was 

constructed in the basin to enhance evaporation of the liquid 

contents. A schematic of this system is presented in Figure 2-11. As 

designed, liquid from the existing pool is pumped through a supply line 

to two trickier lines which distribute the liquid over the exposed 

surface of the basin thus increasing the area for evaporation. Liquid 

from the .inner trickier line will flow back into the existing pool 

while liquid from the outer trickier line will pond behind the new dike 

thus creating a new liquid pool and a larger exposed surface area for 

additional increased evaporation. This system was completely 

reconstructed during October 1985 and is now operable. 
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3.0 WASTE CHARACTERIZATION 

3.1 WASTE CHARACTERISTICS 

In addition to the actual liquid wastes contained within the Basin, 

three other categories of materials are present which may be considered 

waste materials. These are the Basin liner itself, the overburden 

above the liner (including precipitates), and any contaminated soil 

adjoining the Basin or beneath the liner. Overburden, liner and 

contaminated soils can be considered together for treatment and 

disposal. 

3.1.1 Basin F Liquid 

Numerous analyses have been conducted on Basin F liquid through the 

years. A comprehensive review of the previous analytical results was 

conducted in 1977 (Buhts et al., 1979). The results of this effort are 

summarized in Table 3-1. Contaminant concentrations in the liquid have 

likely increased since 1977 due to evaporation of water and the 

resulting concentration of the liquid. The liquid presently appears to 

be saturated with salts. 

A crystalline precipitate forms in the liquid when a sample is taken 

and allowed to set and evaporate for a short period time. This 

crystalline precipitate is visible in the exposed area of the basin. 

As precipitation falls on the basin, some of the precipitated salts are 

probably redissolved thus allowing the liquid to maintain a fairly 

constant chemical character. 

Limited testing to further define the pnysical characteristics of the 

liquid is being conducted in an ongoing study. Specific properties 

being evaluated include specific gravity and viscosity over a 

temperature range of 40 F to 100 F, and corrosivity. Physical 

observations have indicated that the liquid becomes very viscous at low 

temperatures and that the liquid is highly corrosive. Other studies, 
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TABLE 3-1 

CHEMICAL CHARACTERIZATION OF BASIN F LIQUID 

(Buhts et al., 1977) 

Compound or Parameter Units Concentration Ranged 

PH - 

Aldrin ppm 
Isodrin ppb 

Dieldrin ppb 

Endrin ppb 
Dithiane ppb 
DIMP ppm 
DMMP ppm 

Sulfoxide ppm 

Sulfone ppm 

Chloride ppm 

Sulfate ppm 
Copper ppm 

Iron ppm 

Nitrogen ppm 

Phosphorus (total) ppm 

Hardness ppm 

Fluoride ppm 

Arsenic ppm 
Magnesium ppm 
Mercury ppb 
Cyanide ppm 

COD ppm 
TOD ppm 

6.9 
50.0 

2.0 
5.0 

5.0 
30.0 
10.0 

500.0 

4.0 

25.0 

48,000.0 
2i,uuu.0 

700.0 

5.0 

120.0 
2,050.0 

2,100.0 

110.0 

1.0 
35.0 

26.0 

1.45 

24,500.0 
20,500.0 

7.2 
400 

15 

110 

40 
100 

20 

2,000 

10 

60 

56,000 
2o,0l)0 

750 
6 

145 
2,150 

2,800 

117 

1.3 
40 

29 
1.55 

26,000 
22,500 

*Based on the analysis of various samples from different locations and 

depths in the Basin. 
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described in Section 4.3.2 of this Closure Plan, will also include a 

more detailed analysis of the Basin F liquids. When these results 

become available, this Closure Plan will be updated and/or revised as 

necessary. 

3.1.2 Basin F Overburden, Liner, and Soil 

A comprehensive study of Basin F was conducted in 1982 to determine the 

distribution of contaminants in the overburden and in the soil 

underlying the liner, and to assess the condition of the liner (Myers 

and Thompson, 1982). This study involved the placement of 16 shallow 

borings in the exposed portion of the basin as indicated in Figure 

3-1. At each boring location, the overburden was removed from an area 

approximately 2.5 ft in diameter down to the liner. Selected samples 

of the overburden were collected during removal. A steel caisson was 

placed in the hole on top of the liner to provide a clean area in which 

to penetrate the liner. A hole was cut in the liner large enough to 

permit passage of a 1.5 in. diameter split-spoon sampler. The soil 

beneath the liner was sampled with the split-spoon sampler by making 

three 1.5 ft drives at each location. This provided a continuous core 

4.5 ft. long consisting of three sections. After sampling, each boring 

was grouted with cement to a point above the surface of the overburden 

to insure that the holes punched through the liner were securely sealed. 

The sample cores and samples of the overburden were subjected to a 

series of analytic extraction procedures. Among those initially 

considered were EP Toxicity, solid waste leaching procedures (SWLP), 

and total extraction (bulk analysis). The EP Toxicity would yield a 

determination of whether the waste would be considered hazardous under 

RCRA. The SWLP is similar to the EP Toxicity Test with the exception 

that water with a neutral pH is used as an extract to more accurately 

simulate migration potential (Myers and Thompson, 1982). Bulk analyses 

utilize a solvent rinse to correlate the gross amount of contaminant 

held within the-waste matrix available for potential release. It was 

determined that the SWLP and bulk analysis would yield sufficient 

information to determine the area! extent and depth of concern for 

contamination beneath the basin. 
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Figure 3-1: Location of Boring Sites within Basin F 
(Myers and Thompson, 1982) 



The overburden in the basin is composed of the original sand placed 

over the liner during construction plus additional material deposited 

on the layer through time as a result of precipitation of salts from 

the liquid, deposition of wind blown soil, and dumping of waste solids 

into the basin. In certain areas of the basin where the overburden has 

been exposed for long periods of time, it appears that some of the 

original sand cover has been lost, probably due to wind erosion. In 

order to provide an overall picture of the depth of overburden in the 

exposed portion of the basin, a contour map of depth was developed 

based on measurements taken during field activities. This contour map 

is presented in Figure 3-2. The minimum depth found was 0.65 ft. while 

the maximum depth found was 1.8 ft. No information was obtained on 

sediment depths under the existing liquid pool, however, they are 

likely to be as great or greater than those found in the exposed area 

of the basin. 

During placement of the borings in the basin, the liner at each boring 

location was inspected and its condition noted. Over most of the 

basin, the liner was found to be in good condition with a reported 

thickness of approximately -3/8 in. The major exception was found in 

boring No. 2 (in "Little F") where the liner appeared to have been 

liquified and dispersed making it difficult to identify. 

The soil cores taken in the basin were field classified using the 

Unified Soil Classification Systems (USCS). To illustrate the 

variations in soil types found with depth, a series of three horizontal 

cross-sections were prepared delineating the soil classification in the 

intervals 0-1 ft, 1-2 ft, and 2-3 ft. The horizontal cross-sections 

are presented in Figures 3-3, 3-4, and 3-5, in which specific soil 

groups are identified using a standard symbol. The predominant soil 

groups identified include silty clays, inorganic silts, and inorganic 

clays. Inorganic clays become more predominant with increasing depth. 

All of the soil types identified provide some capacity for hoi ding-up 

or retaining contaminants.since they are fine grained or contain clay 

or both. 
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Figure 3-2: Basin F Overburden Thickness (ft) (Myers and 
Thompson, 1982) 
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BASIN F SUBLINER SOILS: 0-1  FT INTERVAL 

Soil Types 

CL- clay, low plasticity 
CH- clay, high plasticit. 
ML- silt 
SM- silty sand 

LIQUID   ^ 
BORING a, 
LOCATIONS   ® 

Figure 3-3: Distribution of 
Below the Liner 

Soil Types in Basin F, 0.0-1.0 
(Myers and Thompson, 1982) 
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BASIN F SUBLINER SOILS: 1-2 FT INTERVAL 

SOIL TYPES 

- clay,  low plasticity 
- clay,  high plasticit 
- silt 
- silty sand • 
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Figure 3-4: Distribution of Soil Types in Basin F, 1.0-2.0 ft 
Below the Liner (Myers and Thompson, 1982) 



BASIN F SUBLINER SOILS: 2-3 FT INTERVAL 

SOIL TYPES 

CL- clay, high plasticf 
ML- silt 
SM- sil-ty sand 
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Figure 3-5: Distribution of Soil Types in Basin F, 2.0-3.0 ft 
Below the Linder (Myers and Thompson, 1982) 



The extracts from the SWLP tests conducted on subsamples of the cores 

were analyzed for a select group of contaminants which had been 

identified previously in the Basin F liquid. Detailed results of these 

SWLP tests can be found in Appendix A of this Closure Plan. The 

concentrations of many of the contaminants in the SWLP extracts were 

very low or below detectable limits (Myers and Thompson, 1982). A plan 

map.was developed for the purpose of summarizing the SWLP results on 

the cores. This map is presented in Figure 3-6. All the contaminants 

found above 100 times their respective water quality levels in the SWLP 

extracts of the boring cores from the first four, one-foot intervals 

under the liner are identified with respect to each boring site on the 

map. Those intervals from which samples were not analyzed or no 

contaminants were found in the extracts above their action levels are 

also identified. 

The contaminants found in the extract above their respective action 

level concentrations include Aldrin, Dieldrin, Endrin, Isodrin, 

organo-sulfur compounds4 DBCP, arsenic, and fluoride. Some of the 

borings (No. 21, 22, 23, 60, and 70) had no associated extracts with 

contaminant concentrations above the criteria shown in Table 3-2. 

Borings No. 1 and 2 (in "Little F") were found to have the greatest 

number of contaminants in the extracts for all intervals. Also, the 

concentrations of the contaminants in the extracts from these two 

borings were in general higher than those associated with the other 

borings. 

The SWLP tests conducted on the overburden samples collected from five 

boring sites resulted in much higher concentrations of contaminants in 

the extracts than in those associated with the soils underlying the 

liner. In addition to the contaminants identified in the SWLP extracts 

from the cores, concentrations of DIMP and DCPD were found in some of 

the extracts from the overburden. In previous testing (required for 

filing of Part A of the RCRA permit for the Arsenal), an EP extract of 

the overburden from the basin was found to contain Endrin in excess of 

the associated 0.02 ppm criterion. 
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C ARSENIC 
D ENDRIN 
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(1) = 0.0-1.0 FT 
(2) = 1.0-2.0 FT 
(3) = 2.0-3.0 FT 
(4) =. 3.0-4.0 FT 

Figure 3-6:  Contaminants Identified in the SWLP Extracts 
of the Soils in Basin F (Myers and Thompson, 1982) 
(See Appendix A) 



Only the extracts from the cores collected at Boring Ho. 2 from the Ü-1 

ft and 1-2 ft intervals exhibited concentrations exceeding 100 times 

their respective water quality levels (see Figure 3-6). For the 0-1 ft 

interval, the concentrations of Aldrin, Dieldrin, Endrin, and Isodrin 

in the extract exceed the criteria. In the 1-2 ft interval, only the 

concentration of Dieldrin in the extract exceeds the criteria. 

As discussed previously, boring No. 2 was the only boring location in 

the study where the liner was found to be in poor condition. 

Contamination in the overburden or contaminated liquid (when this area 

was innundated) was probably able to migrate in high concentrations 

into the soil due to the deteriorated condition of the liner. In the 

other areas of the basin evaluated in this study, the liner appears to 

have maintained sufficient integrity to prevent the migration of large 

amounts of contaminants to the underlying soils. 

3.2 CURRENT WASTE INVENTORY 

3.2.1 Basin F Liquid 

Table 3-2 presents a summary of the relationships between surface 

elevation, surface area, and liquid volume for the basin. The volume 

fluctuates with respect to varying meteorological conditions which 

affect precipitation and evaporation. The majority of the 

precipitation that falls within the perimeter dike of the basin flows 

into the existing liquid pools because the basin floor slopes to these 

areas. Rapid evaporation occurs in the hot, dry summer months. Energy 

absorption and thus evaporation of the liquid is enhanced by its dark 

color. This natural evaporation can be enhanced through use of the 

pumping and distribution system described earlier. 

As a result of the elimination of waste flow to Basin F and natural 

evaporation, the volume of liquid in the basin has been significantly 

reduced. The volume is currently (November, 1985) estimated at 
3 

approximately one million gallons or about 5,000 yd . 
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TABLE 3-2 

VOLUME OF LIQUID CONTAINED IN BASIN F WITH RESPECT TO 

ELEVATION AND SURFACE AREA* 

Elevation of 
Liquid Surface Surface Area Total  Volume Total Volume 

{ft) (square feet) (cubic feet) (gallons) 

5,187.5 0 0 0 
5,187.6 32,902 1,695 12,679 
5,187.7 62,946 6,537 48,897 
5,187.8 116,719 15,520 116,090 
5,187.9 164,922 29,602 221,423 

5,188.0 235,113 49,604 371,038 
5,188.1 298,899 76,305 570,761 
5,188.2 377,015 110,101 823,555 
5,188.3 477,189 152,811 1,143,026 
5,188.4 594,049 206,373 1,543,670 
5,188.5 692,788 270,715 2,024,948 
5,188.6 801,146 345,411 2,583,674 
5,188.7 877,780 429,357 3,211,590 
5,188.8 949,218 520,707 3,894,888 
5,188.9 1,021,813 619,258 4,632,050 

5,189.0 1,095,8-72 725,142 5,424,062 
5,189.1 1,162,585 838,065 6,268,726 
5,189.2 1,226,092 957,499 7,162,093 
5,189.3 1,285,126 1,083,060 8,101,289 
5,189.4 1,312,055 1,212,989 9,073,158 
5,189.5 1,345,228 1,345,783 10,066,457 
5,189.6 1,371,633 1 ,481,626 11,082,562 
5,189.7 1,398,556 1,620,135 12,118,610 
5,189.8 1,426,007 1,761,363 13,174,995 
5,189.9 1,453,997 1,905,363 14,252,115 

5,190.0 1,482,537 2,052,189 15,350,374 
5,190.1 1,501,403 2,201,386 16,466,367 
5,190.2 1,520,510 2,352,482 17,596,565 
5,190.3 1,539,859 2,505,500 18,741,140 
5,190.4 1,559,455 2,660,466 19,900,286 
5,190.5 1,579,300 2,817,404 21,074,182 
5,190.6 1,599,397 2,976,338 22,263,008 
5,190.7 1,619,751 3,137,296 23,466,974 
5,190.8 1,640,363 3,300,302 24,686,259 
5,190.9 1,661,238 3,465,382 25,921,057 
5,191.0 1,682,378 

vey conducted June 

3,632,562 

1984. 

27,171,564 

* Based upon sur 
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3.2.2 Overburden, Liner, and Contaminated Soils 

Based on the results of preliminary soil sampling described in Section 

3.1.2 (Myers and Thompson 1982), the overburden above the liner is 

considered to be hazardous. The liner may also be considered to be 

contaminated. The total volume of the overburden and liner is 

approximately 240,000 cubic yards. This calculation is based on an 

estimated average overburden and liner thickness of 1.6 ft. and a basin 

area of 93 acres (450,120 square yards). 

The preliminary soil sampling analyses by Myers and Thompson (1982) 

also provides a basis for estimation of the volume of soil to be 

excavated. The results from those S'w'CP tests suggest that approximately 

six feet of soil needs to be removed from the "Little F Area" (approx- 

imately 8 acres), while six inches would be removed over the rest of 

the basin (approximately 85 acres). This provides a minimum estimate 

of 146,000 cubic yards of soil that will have to be removed from the 

basin. This.approximation will be adjusted in accordance with the 

results of analysis of soils beneath the liner area now covered by 

liquid, of soils constituting the dikes surrounding the basin, and 

reanalysis of soils over the remainder of the basin. Some of this 

additional analytical work is currently underway, and all available 

sampling and analysis data will be used as it becomes available to fine 

tune appropriate sections of this Closure Plan. In addition, volume 

estimates will also be adjusted in accordance with action levels 

finalized at the time of closure. 

A summary of the current, estimated volume of raw waste materials 

within Basin F is as follows: . 

Current (1985) 3 

Raw Waste Material Estimated Volume, yd 

Liquid (1 million gal) 5,000 
Overburden and Liner 240,000 
Underlying Soils 146,000 
Sewer Debris and Soils 12,000 

Total 403,000* 

* Excludes adjoining soils which may have been contaminated by 
Basin F activities. 
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The "sewer debris and soils"' are potentially contaminated wastes that 

were generated during the removal of the chemical sewer leading to 

Basin F. These wastes were deposited within Basin F. 

3.3 DESCRIPTION OF PROCESSES GENERATING WASTES 

The nature of wastes discharged into basin F varied considerably during 

its period of operation. During the first year of use, 1957, Army 

operations resulted in the discharge of approximately 60 million 

gallons of aqueous solutions of various sodium salts - chloride, 

fluoride, hydroxide, methyl phosphate, acetate and sulfate. Subsequent 

operations by private corporations led to discharge of organic and 

inorganic contaminants from onsite production of pesticides. During 

the final phase of operations, from 1978 to 1982, wastes were 

discharged from the hydrazine blending and storage facility (HBSF) and 

from miscellaneous Army operations at a rate of approximately 300,000 

gallons per year. Discharges from the HBSF may have included the 

compounds anhydrous hydrazine (AH), monomethylhydrazine (MMH), 

unsymmetrical dimethylhydrazine (UDMH), and n-nitrosodimethylamine 

(NDMA). The compounds are either the fuels themselves (AH, MMH, and 

UDMH) or fuel degradation products (NDhA). HBSF wastewaters were 

treated (oxidized) with calcium hypochlorite prior to discharge, but 

the treatment may not have been completely effective in destroying 

these contaminants. 
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4.0 CLOSURE PLAN 

4.1 OBJECTIVES AND SCOPE OF CLOSURE PLAN 

This closure plan is designed to meet the following performance 

standards: 

o  Protect human health and the environment; 

o  Prevent the escape of hazardous waste, hazardous waste 

constituents, or waste decomposition products to the ground or 

surface waters or the atmosphere by eliminating sources of 

contamination; and 

o  Render the site suitable for modified unrestricted use (i.e. 

general use excluding use of any contaminated groundwater that 

may be beneath the site). 

The specific activities that are necessary to accomplish the closure 

objectives at Basin F are outlined in Section 4.3 of this Plan. The 

criteria which will be used to determine the adequacy of the 

decontamination are presented in Section 4.2.4. 

The following factors were taken into account in the development of 

this plan: 

1. Closure activities will be conducted within an area bounded by 

the limits of Basin F. This boundary is defined by the 

original containment dike surrounding the liner in addition to 

any contiguous areas within the Basin F security fence judged 

contaminated based on action levels discussed in Section 4.2.4. 

2. Areas outside the boundaries (fence line) specified above, 

including potentially contaminated soils located downwind from 

the former spray raft operation in the 1960's, are being 

addressed by the arsenal-wide remedial action strategy. 

0786a 
4-1 



3. Groundwater contamination appears to De linked in part to 

disposal in Basin F. However, arsenal-wide groundwater 

contaminant migration is being addressed as part of the RMA 

conceptual strategy. 

4. Because RMA is a federal facility, no financial requirements 

need be met (40 CFR Parts 264.110 and 264.140). In addition, 

because all wastes will be removed, no post closure activities 

will be required. However, ground water monitoring in this 

area will be continued as part of the arsenal-wide groundwater 

strategy. 

4.2 DETERMINATION OF CONTAMINATION 

4.2.1 Sampling Program 

4.2.1.1 Purpose 

The purpose of the sampling program is to obtain data necessary to 

evaluate the extent of contamination at or associated with Basin F. 

Specifically, analytical data are needed to assess treatment and 

disposal options for liquid wastes and to determine the exact volume of 

contaminated soils and other materials that need to be excavated, 

treated, and disposed of. 

4.2.1.2 Past Sampling 

Past sampling efforts have included collection of Basin F liquid 

samples (see Section 3.1.1). Results of this liquid sampling are 

summarized in Table 3-1 and are discussed in detail elsewhere (Buhts et 

al. 1979). Limited sampling of the overburden and subliner soils was 

also conducted in 1982 (see Section 3.1.2). This involved placement of 

16 shallow boreholes in the portion of Basin F not covered by liquid. 

The results of this soil sampling are summarized in Figures 3-1 to 3-6 

(Myers and Thompson 1982). Additional sampling in the Basin F area has 
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been conducted more recently in support of litigation at the RI1A, and 

this effort will be continued in the near future as part of Task 6 of 

the arsenal-wide contamination cleanup. Although these data are not 

yet available* they will serve to more clearly define the magnitude and 

extent of contamination problems in the Basin F area. Maximum use will 

be made of these existing and planned data collection activities. 

Although past and current sampling efforts have provided valuable 

insight into the contamination at Basin F, additional sampling and 

analysis will be needed to more accurately define closure requirements 

(more specifically, to aid in the final selection of treatment and 

disposal techniques and to more accurately define the soil removal 

requirements) and to verify the completeness of waste removal 

activities. 

4.2.1.3 Additional Sampling 

Additional sampling efforts at Basin F will focus on materials that 

will or may need to be removed for closure, i.e., the remaining liquid 

in the Basin, overburden (including the liner), soils beneath the 

liner, and soils adjoining the Basin, including containment dikes. The 

liquid must be sampled and analyzed again because the characteristics 

of this waste may have changed during the time period since previous 

sampling was conducted. In addition, the composition of this liquid 

will need to be carefully defined to permit an accurate assessment of 

the feasibility of various treatment technologies for this waste, e.g., 

incineration. Soils beneath the liner under the existing liquid pool 

also need to be characterized. Overburden above the liner will be 

sampled when borings are done for subliner soil sampling. Lastly, 

soils adjoining the Basin (but within the fence line) will be sampled 

to determine whether contamination attributable to past high liquid 

levels has occurred and to determine whether the contaminated soils 

that are found can be effectively treated. 
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4.2.2    Sampling Techniques 

4.2.2.1 Liquids 

Sampling of Basin F liquid will be conducted according to a simple 

random sampling strategy (EPA SW 846, Sec. 1-1). Approximately 15 

samples will be collected using fluorcarbon, plastic, weighted bottles 

with the necessary sinker, stopper, and line assembly. Liquid will be 

sampled, removed, and treated prior to sampling of soils and overburden 

beneath the liquid pools. 

4.2.2.2 Soils 

The number of boreholes installed for soil sampling will be determined 

by utilizing a borehole spacing calculation method devised for all RMA 

damage assessment activities. In this method, borehouse spacing is 

dependent on the overall area of the site. The relationship between 

site area and the corresponding appropriate borehouse spacing is shown 

in Figure 4-1. 

The portion of Basin F known as "Little F" must be considered 

separately from the remainder of the basin, because in this area 

preliminary studies revealed liner deterioration and higher levels of 

soil contamination than noted elsewhere. Consequently, "Little F" will 

have a greater density of boreholes. The area of "Little F" is 

approximately eight acres or 350,000 square feet. The corresponding 

borehole spacing, as determined for Figure 4-1, is about 95 feet. 

Accordingly, the total number of boreholes in "Little F" will be about 

40. The remainder of Basin F occupies about 85 acres or 3.7 million 

square feet. From Figure 4-1, the appropriate borehole spacing in this 

area is about 145 feet. Thus, the total number of borings to be 

emplaced in the remainder of Basin F will be about 170. Borings in 

each area will be emplaced in two phases. Phase I will contain 30 

percent of the total number of borings for each area, i.e., 12 in 

"Little F" and 50 in the remainder of the Basin. Soil will be 

excavated based on the results of Phase I sampling. Phase II will 
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comprise 70 percent of the total number of borings and will be 

conducted after preliminary soil removal to confirm absence of 

contamination. If additional contamination is noted as a result of 

Phase II borings, excavations will be continued. 

There is a possibility that soils outside the actual Basin F 

impoundment (dike) may have become contaminated due to wave action when 

the Basin was filled or due to aerosol drift. The sampling of the 

adjoining soils will initially be limited to the faces of the dike 

surrounding Basin F. Samples will be collected at 500-foot intervals 

around the perimeter of the Basin. A total of 15 samples will be 

collected during Phase I activities. If the analysis of these samples 

reveals the presence of contamination, then the spacing between samples 

in the suspected contaminated zone will be reduced to 100 feet, and the 

sampling area will be extended outward from the Basin to the fence line. 

All soil borings will be made using a continuous core augering 

technique. This technique will allow for an examination of the entire 

length of the core. Cores, will be stored in five-foot long clear 

plastic (polybutyrate) liners. Samples will be collected at vertical 

intervals of five feet. Samples will also be selected from horizons 

where contamination is usually evident. 

4.2.2.3 Overburden 

The overburden above the Basin F liner consists of sand emplaced during 

construction and additional material deposited by precipitation from 

the liquid. Wind blown soil and dumping of waste solids may have also 

added to the accumulation. Because this material was'at least partly 

derived from the liquid, and wholly immersed in it, it is presumed to 

be hazardous. Therefore all overburden will be removed and disposed of 

as hazardous waste, and need not undergo rigorous diagnostic tests like 

the underlying soils. However, where penetrated during drilling for 

soil sampling, overburden will be sampled for purposes of description 

for the facility receiving the wastes. Overburden will be sampled at 

10 percent of the borings done for soil sampling. 
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4.2.3 Analytical Techniques 

Liquid samples to be collected from Basin F will be analyzed for the 

14 substances included in the Extraction Procedure (EP) toxicity test, 

i.e., eight metals (arsenic, barium, cadmium, chromium, lead, mercury, 

selenium, silver) and six pesticides (endrin, lindane, methoxychlor, 

toxaphene, 2,4,5-trichlorophenoxypropionic acid, and 2,4-dichlorophen- 

oxyacetic acid). In addition, all substances previously identified in 

the liquid (see Table 3-1) will be analyzed for. The presence of DBCP 

(dibromochloropropane) and DCPD (dicyclopentadiene) will be 

investigated. Finally, since the identified organic constituents in 

the Basin F liquid account for only about 10 percent of the total 

organic contgent of this waste (as measured by COD or TOD), a full 

Priority Pollutant scan will be run on a composite liquid sample. If 

significant concentrations of priority pollutants or other organic 

compounds of concern are found, then these compounds will be added to 

the list of analyses for the overburden, liner, and soils, and action 

levels will be'established for their removal. 

The analytical methods to be used shall be EPA-approved standard 

methods wherever practical. Where not practical, other properly 

validated and standardized methods such as ASTM or state-of-the-art 

methods for which appropriate precision, accuracy and interlaboratory 

comparison data have been generated may be substituted. These analyses 

will provide a'n up-to-date assessment of Basin F liquid contents. 

Solid waste samples (soil and overburden) will undergo EP toxicity 

testing (EPA SW 846) in accordance with 40 CFR Section 261 Appendix 

II. This test is designed to simulate leaching that occurs in a 

sanitary landfill. The following analytical methods will be used on 

the extract: 
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PARAMETER METHOD REFERENCE 

Toxic Metals 

Toxic Organics 

Atomic adsorption 
or 

ICP Emission 
Spectroscopy 

Gas Chromatography 

EPA, 1979, SW-846 
Methods 3010, 3020, 
or 3050 

40 CFR Section 136 
Dec. 3, 1979 

SW-846 

4.2.4 Action Levels 

To determine whether soil samples taken from the suspected contaminated 

areas should be considered contaminated or uncontaminated, a 

predetermined concentration level for each of the chemicals of concern 

will be established. 

As part of the overall contaminant cleanup strategy for the arsenal, 

PM-RMA is developing contamination criteria levels for various 

contaminants present throughout the arsenal including the contaminants 

of concern in the Basin F area. This study will define the 

concentration levels for hazardous constituents in soils, below which 

they can be classified as "clean." To determine these action levels 

for various contaminants, PM-RMA is performing risk analyses for each 

of the contaminants. Upon completion, this "how clean is clean" study, 

and the resulting action levels, will be amended to this closure plan. 

4.3 CLOSURE PLAN ACTIVITIES 

4.3.1 Overview of Closure 

The closure of Basin F will involve the completion of studies to assess 

waste treatment methods, the sequential removal of liquid and solid 

wastes from the basin, and the restoration of the site following 

completion of waste removal activities. These activities have been 

grouped into the following steps: 
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o  Evaluate and, as appropriate, implement remedial action 

strategies; 

o  Complete feasibility studies to define treatment and disposal 

techniques for Basin F liquids and solids; 

o  Dewater Basin F and "Little F," and treat and dispose of 

liquid wastes; 

o  Treat and dispose of waste sediments, overburden, and liner 

o  Identify, treat, and dispose of contaminated soils; 

o  Decontaminate treatment and removal equipment and dispose of 

decontamination wastes; 

o  Confirm waste removal; 

o  Restore site topography and vegetation. 

Directly related to these activities (in fact, an outgrowth of the 

feasibility studies) will be the pilot testing, design, permitting, and 

construction of the treatment and/or disposal facilities to be used for 

Basin F wastes. For example, an on-post (RMA) landfill will be 

designed, permitted, and constructed to accept residues from Basin F 

closure activities. The activities needed to develop this landfill 

will proceed concurrently with Basin F closure activities. Figure 4-2 

illustrates the basic flow of activities required to close Basin F. 

Because all wastes will be removed from the Basin, no post-closure 

monitoring will be required; however, the regional groundwater 

monitoring program will continue. Only vegetation maintenance will be 

needed, and that will only be required until the vegetation is 

established. Although groundwater beneath Basin F appears to have been 

contaminated to some degree by Basin F activities, it also appears that 

activities beyond the limits of this site closure may have contributed 

to the groundwater problems. Therefore, in keeping with the 

Arsenal-wide remedial action strategy, no separate groundwater 

decontamination activities will be performed as part of this closure 

plan. 
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figure 4-2 
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* Shown for illustrative purposes only. Similar approach will be used for any 
selected treatment or disposal option. 
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4.3.2 Interim Remedial Activities, Feasibility Studies, and Design 

A number of feasibility studies have been conducted by RMA to determine 

what the best methods for handling Basin F wastes will be. Additional 

studies are planned for the immediate future including on-post pilot 

operations to examine elements such as landfill liners and covers, 

in-situ solidification, incineration of waste liquids and solids, site 

reclamation, and others. 

The ultimate goal of these studies is to develop the most 

cost-effective, environmentally sound approach to the cleanup of 

Basin F; however, the results of some of these studies have indicated 

that it may be possible to undertake one or more interim remedial 

activities which, while not optimal from the standpoint of final 

closure, will achieve some degree of cleanup or hazard reduction at the 

Basin. These interim actions could be undertaken while the feasibility 

studies and design efforts for final closure are completed. The 

following sections of the Closure Plan address the pertinent studies 

that have been, are being, or will be conducted which in some way 

impact the Basin F Closure-Plan scenario. 

4.3.2.1 Interim Remedial Activities 

Due to its large size and the complex nature of the wastes contained 

within it, Basin F will require an extended closure period if the most 

environmentally sound and cost-effective treatment and disposal 

techniques are to be employed. On the other hand, it is desirable to 

carry out interim actions, when feasible, that minimize or reduce the 

threat of contaminant migration from the basin and that, to the extent 

possible, demonstrate or test technologies that have the capability to 

permanently immobilize, detoxify, destroy, or otherwise render harmless 

the Basin F contaminants. Some of these interim activities are 

described in following report sections; however, there are a number of 

other options that are also being considered. For example, the most 

pressing need at Basin F is for control of the Basin F liquids. There 

are a number of alternatives being considered to address this need. 
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As described earlier, dikes have been constructed across Basin F to 

separate the liquid into a number of individual pools. This increases 

the surface area of the liquid and hastens liquid evaporation. 

Enhanced evaporation systems (pumping and distribution facilities) have 

also been installed and operated to reduce liquid volumes. These 

efforts have had a substantial effect in reducing the volume of Basin F 

liquids from about 70 million gallons in 1983 to approximately 

1 million gallons in late 1985. Although these dikes and evaporation 

efforts have obviously been effective, the drawback is that the surface 

of the liner forming Basin F has remained largely wetted. Thus, any 

deteriorated portions of the liner would be more susceptible to 

leakage. This is particularly true in the southeastern portion of the 

basin ("Little F") where a standing liquid pool is located near an area 

of the liner that is believed to be in a deteriorated condition. The 

liner in the northern (deeper) portion of the basin is believed to be 

in good condition, so a simple means of minimizing the leakage 

potential is to breach the dikes to allow all remaining liquids in the 

basin to flow into one common pool. This can be accomplished at 

minimal expense. The disadvantage of this strategy is that it will 

reduce the rate of evaporation of the remaining liquids. 

A second interim action that is being considered to minimize the 

potential for migration of soluble contaminants to the groundwater is 

in-situ solidification of the Basin F liquids. A commercial vendor has 

offered a means of in-situ waste solidification, and the PM-RMA is 

currently negotiating with this firm to set up an on-site demonstration 

of their proprietary solidification/fixation process. This process 

reportedly can fix both inorganic and organic contaminants. It is a 

modification of a pozzolanic solidification using flyash, kiln dust, or 

Portland cement together with the proprietary chemical additive. As 

currently envisioned, the vendor will provide a trailer-mounted 

treatment system that will be used to solidify approximately 10 cubic 

yards of Basin F liquids and sludge. The solidified material will be 

subjected to a variety of tests to determine the effectiveness of the 

solidification process. 
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Additional remedial activities that are being considered include 

recontouring of the basin, pilot scale incineration of Basin F wastes 

(perhaps in the existing incinerator in Building 1611); groundwater 

interception and, perhaps, treatment; and others. As these interim 

measures are more fully evaluated and, where possible, implemented, 

this Closure Plan will be amended to reflect them. 

4.3.2.2 Basin F Waste Solidification 

Much of the work needed to characterize the performance of waste 

solidification techniques on Basin F liquids has been conducted over 

the past several years. The major waste solidification study completed 

to date (Myers and Thompson 1983) examined eight basic solidification 

processes, some with a number of variations in solidification and 

absorbent chemical additions. Each of these processes was cement or 

pozzolonic based. Five commercial solidification processes and a 

non-proprietary solidification process satisfactorily converted 

"concentrated" Basin F liquid to a solid form. Tests were conducted on 

a sample of Basin F liquid that was concentrated via evaporation to 

approximate the concentrations of contaminants that would be present if 

the volume of Basin F liquid were reduced to about 9 million gallons. 

(As noted earlier, it now appears that the total volume of liquid waste 

in Basin F is much less than 9 million gallons. As a result, 

contaminant concentrations would be expected to be higher now than 

those used in the solidification study. Despite this fact, it is 

believed that, perhaps with some slight modifications, the results of 

the solidification testing are still applicable). 

This testing showed that the formulation of the solidification agents 

could be altered slightly to achieve desired variations in key 

parameters such as ultimate bearing capacity, permeability, ability to 

immobilize contaminants (as measured in leaching tests), release of 

ammonia gas, and others. Materials costs for solidification additives 

ranged from $0.10/gallon to $1.00/gallon of Basin F liquid (1983 

dollars). The volume increase resulting from solidification, expressed 
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as the ratio of final volume of solidified waste to the original volume 

of Basin F liquid ranged from 1.2 to 4.1, but seven of the ten 

variations on the six basic, acceptable processes had volume increases 

of 2.5 or less. Most of the solidified materials prepared in the study 

increased in strength with repeated wet/dry cycles, indicating that 

they would not deteriorate once emplaced in a landfill. 

All of the solidified waste samples passed the EP toxicity test, but 

the limited statistical data indicate that there are real and 

substantial differences in the ability of the solidification processes 

to immobilize contaminants such as arsenic, copper, and mercury. On 

the other hand, the'data also indicated that there are no substantial 

differences in the ability of the processes to immobilize gross organic 

contamination (as measured by TOO in Basin F liquid. The leach data 

did demonstrate an order of magnitude reduction of contaminant levels 

in samples prepared by leaching of solidified Basin F liquid compared 

to the untreated liquid. 

The only significant problem encountered in working with' the 

solidification techniques-was the release of large amounts of ammonia 

gas upon addition of the solidification agents. Formulations were 

developed, however, that minimized this problem, albeit at a higher 

expense in terms of solidification agent costs. An alternate solution 

to this problem would be to employ ammonia scrubbing systems to capture 

and collect this compound. 

As noted above, six basic techniques (ten variations in total) were 

shown to satisfactorily solidify the Basin F liquid. Depending upon 

the final specifications established for this process, it is likely 

that a number of alternate formulations may be available which will 

prove effective on the Basin F liquids that will remain in the 

impoundment at the start of closure activities. Further pilot testing 

is required to ensure that this technique is viable on a full scale 

basis. As a result, no specific solidification process can be defined 

at this time. When the appropriate specifications are prepared (based 

0786a 
4-14 



upon pilot test results and disposal requirements among other factors), 

then contractors will be requested to submit bids for the construction 

and operation of a facility to stabilize the Basin F liquid, and 

perhaps solid, wastes. 

4.3.2.3 Conventional  Incineration Technology 

One technology that holds promise for effectively destroying organic 

contaminants in the Basin F area is conventional, rotary kiln 

incineration. Feasibility studies to address this alternative will 

begin in early 1986. These studies will include a complete 

characterization of Basin F wastes, a literature review to identify the 

most suitable candidate incineration techniques, and bench scale test 

burns to obtain data on the destruction of organics, the effects of 

incineration on the inorganic matter, volume reductions obtainable, 

emissions control requirements, and other pertinent factors. If the 

results of these studies prove positive, then one or more incineration 

techniques will be pilot tested to obtain full-scale design information 

and to permit the accurate estimation of cost data for a full-scale 

incineration system. 

4.3.2.4 Advanced Incineration Technologies 

In addition to conventional incineration techniques, there area number 

of promising innovative tratment technologies that could be used on 

Basin F wastes. The PM-RMA, in conjunction with the U.S. Army Toxic 

and Hazardous Materials Agency (USATHAMA), is about to undertake a task 

to examine these advanced technologies for application to Basin F 

wastes. The three technologies that have been selected to date are 

Circulating Bed Combustion, Molten Glass Incineration, and In-situ 

Vitrification. 

Circulating bed combustion uses a fluidized bed of limestone to enhance 

incineration of hazardous wastes by providing a turbulent combustion 

zone and circulating solids to tie up salt and acid gas residues. The 
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potential benefits of this technology over conventional incineration 

are lower capital costs due to reduced air pollution control 

requirements and lower operating costs due to lower fuel requirements. 

Molten glass incineration utilizes a glass furnace containing a molten 

pool of glass into which hazardous wastes are fed. The pool of glass 

is maintained at 2300°F by electric resistance heaters. Within the 

furnace the organics are vaporized. They are then incinerated in a 

secondary chamber. The inorganics and metals are dissolved or 

suspended in the molten glass to form a slag. This slag is tapped off 

and quenched for disposal. 

In-situ vitrification uses electric current to melt contaminated soil 

in-place. No excavation is required. The process is accomplished by 

placing carbon electrodes in the ground and passing electric current 

through the ground between the electrodes. The heat generated by the 

electric current melts the soil and rock, decomposes organic material, 

and dissolves or encapsulates inorganic materials. Upon cooling, the 

molten solid forms a glass-like block that resembles volcanic 

obsidian. Laboratory tests indicate that the vitrified soil has 

leaching characteristics similar to Pyrex glass. The advantages of 

this process are that in-situ treatment does not require excavation, 

transportation, reburial, or other intermediate materials handling. 

Other advanced technologies may also be investigated, for example, 

fluidized bed combustion or ported kiln incineration. The task will 

include a review of the scientific and engineering literature and 

industrial data base to identify and evaluate these and other feasible 

technologies, and it will also include laboratory bench scale testing 

of at least the three technologies described above. The data generated 

will be analyzed to compare the effectiveness of the treatment 

technologies, and an engineering and economic analysis will also be 

performed on each technology to gauge its applicability to the Basin F 

closure scenario. 
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4.3.2.5 On-Post State-of-the-Art Waste Containment Facility 

Based upon estimates of waste volumes presented in the previously 

submitted Closure Plan for Basin F,-a conceptual design for a 

state-of-the-art, above ground hazardous waste containment facility to 

accept all wastes generated during the closure was prepared. The total 

estimated volume of waste materials to be deposited in this 

hypothetical containment facility was 520,000 cubic yards, and it was 

designed as a series of six cells, each with a waste capacity of about 

100,000 cubic yards. Site selection criteria employed for the facility 

included a minimum 1 mile buffer zone around the site, a groundwater 

separation distance of 40 feet or more from the base of the fill, a 

site outside of the 100 year floodplain, and a site where the Denver 

sand formation was not in contact with the surficial alluvium. 

The state-of-the-art above ground hazardous waste containment facility 

design incorporated the latest techniques for waste disposal including 

a double liner, leachate collection and leak detection systems, gas 

collection system, impermeable cover, stormwater management system, 

leachate collection system; site security, and other necessary 

features. Each active cell was to be covered by an air supported 

building to prevent rainfall from entering the waste materials. The 

projected cost of this containment facility (1984 dollars) including 

operations was nearly $38,900,000. 

Although the containment facility's basic design will not change, the 

volume of material to be deposited in this facility may either increase 

or decrease depending upon the final treatment method selected. This 

is not a problem since the facility can be enlarged or reduced in size 

by altering the number of cells to be constructed. The latest 

estimates of waste volumes that will be placed in such a facility 

(based upon raw waste volumes as presented in Section 3.2 of this 

Closure Plan) are as follows: 

0786a 
4-17 



Raw Waste Volume Treated Waste Volume 

(cubic yards) (cubic yards) 

2,5ü0* 6,200 

240,000 300,000 

146,000 146,000 

12,000 12,000 

Waste Material 

Liquid 

Overburden and Liner 

Underlying Soils 

Sewer Debris and Soils 

Total 400,500 464,200 

* Assumes a 50 percent reduction in existing liquid waste volume 

due to evaporative losses prior to the start of closure activities. 

If contaminated soils are found outside of the Basin proper, or if the 

extent of contamination beneath the liner is greater than currently 

anticipated, then the volume of waste to be deposited in the secure 

containment facility would increase accordingly. 

Studies will be continued'to finalize the design concept for this 

on-post containment facility as results from other feasibility 

investigations become available. This process will culminate in the 

design and construction of a disposal facility that will accept all 

wastes generated from Basin F closure activities including treated 

liquids, overburden, liner, contaminated soil, and equipment deemed not 

suitable for decontamination. 

4.3.3 Liquid Removal, Treatment, and Disposal 

The first step in the actual closure of Basin F will involve the 

removal, treatment, and disposal of residual liquid wastes and incident 

precipitation from the impoundment. As discussed above, methods have 

been defined to solidify these liquids in preparation for disposal, but 

incineration offers an attractive option for their total or near-total 

destruction. In-situ solidification may also prove to be possible. As 
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a result, although this plan is currently being presented with removal 

and solidification as the treatment method of choice for these liquids, 

the plan may be amended once the results of the incineration and other 

feasibility studies are available. 

Removal of the liquids from Basin F will accomplish two main goals. 

First, it will remove the hydraulic head that has the potential to 

drive contaminants downward to the groundwater. This is particularly 

important in the "Little F" area where the liner is believed to have 

deteriorated. In fact, the small dike creating the "Little F" pool 

will be immediately breached to allow this liquid (primarily rainwater 

that may have become contaminated as a result of its contact with the 

basin sediments) to flow into the main wastewater pool at the northern 

end of Basin F. It is believed that the liner beneath this main 

wastewater pool is competent and will effectively contain the liquids 

until they can be removed. The second goal to be achieved by removal 

of the Basin F liquids is that it will permit equipment access for the 

subsequent removal of overburden, liner, and contaminated soil 

materials. 

The new enhanced evaporation system.that was installed in October 1985 

will be operated during summer months until one week before actual 

removal and treatment of the liquids begins. This will maximize the 

evaporation of water from the impoundment and minimize the waste 

volumes to be treated as well as the residue volume to be disposed of. 

The pumping system installed for the enhanced evaporation system will 

be used to draw the liquid from the basin. An auxiliary pumping system 

may also be used by the selected contractor to supplement the existing 

system. The liquids will be pumped to a treatment (solidification) 

facility located adjacent to the basin. The treatment facility will be 

located on a pad constructed of watertight materials. This pad will be 

capable of supporting the loads imposed by the treatment facility as 

well as the equipment used to transport the solidification materials 

and the solidified wastes. The pad will also be equipped with a sump 

to capture potential spills or leaks of waste liquids. The treatment 

equipment to be used to mix the solidification agents with the waste 
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liquids will be selected by the waste treatment contractor, but it is 

anticipated that standard cement mixers or similar devices will be 

employed. Although the waste liquids may be corrosive, they will be in 

contact with steel equipment surfaces for only a brief period of time, 

and the equipment will be washed out at the end of each work day, so no 

significant corrosion problems are anticipated. 

After the liquids have been thoroughly mixed with the solidification 

agent, the mixture will be poured into molds (most likely steel or 

fiberboard drums) and allowed to harden. Following hardening, which is 

expected to last no more than 24 hours, the solidified wastes will be 

loaded onto trucks for transport to the on-post hazardous waste 

RCRA-approved landfill for ultimate disposal. Only in the event that 

such a landfill is found not to be feasible on the RI-iA will these 

solidified wastes be hauled to an off-site RCRA-approved hazardous 

waste landfill. 

Based upon past waste solidification studies, the addition of the 

solidification agent will increase the liquid waste volume by a factor 

of 1.25 to 2.50. The liquid waste volume is currently estimated to be 

1.0 million gallons. Based upon the schedule established for 

performance of the closure activities (see Section 5.0) and based upon 

an average net evaporation rate from the Basin of 1.5 gpm/acre (Hyer 

and Thompson 1983), it is estimated that approximately 0.5 million 

gallons of liquid will remain in Basin F at the initiation of the 

liquid waste solidification efforts. This corresponds to a liquid 

waste volume of 0.5 million gallons/7.48 gallons per cubic foot or 

67,000 cubic feet of liquid. Assuming a conservative solidification 

volume increase of 2.5 times, the maximum amount of disposable waste 

materials to be generated from the solidification of Basin F liquids is 

167,000 cubic feet or 6,200 cubic yards. Additional liquids from 

equipment washdowns may, depending upon analytical results, also need 

to be solidified. The volume of contaminated washwater that will be 

generated is difficult to determine, but assuming that a -wastewater 

volume of 250,000 gallons will be generated over the course of closure 
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and that it will all be found to be unacceptably contaminated (worst 

case), and further assuming a solidification volume increase of 2.5 

times, an additional 83,600 cubic feet or 3,100 cubic yards of 

solidified wastes will be generated. 

EP Toxicity Test results on samples of solidified Basin F liquids have 

shown that they do not exceed the criteria for the EP Test metals or 

pesticides, although some leaching of organics was noted. 

Nevertheless, the solidified wastes will be treated as hazardous wastes 

and will be disposed in the on-post or an off-site RCRA approved 

hazardous waste landfill. The enhanced evaporation system will be 

dismantled and disposed of as hazardous waste. All other equipment 

used for liquid removal and treatment will be decontaminated or, should 

decontamination prove to be inordinately expensive, will be disposed of 

a hazardous waste. 

4.3.4 Sediment and Liner Removal and Treatment 

Feasibility studies to examine the potential for using incineration as 

a means of destroying organic compounds and reducing waste volumes will 

be conducted on the Basin F sediment (overburden) and liner materials. 

This appears to represent the most attractive option for treatment of 

this waste; however, at the present time, the results of these 

feasibility study efforts cannot be predicted and a final decision on 

the treatment method be used for the sediments and liner has not been 

made. Nevertheless, it has been assumed for the purposes of 

establishing conservative estimates of waste volumes that incineration 

will not be employed and that sediment/liner stabilization will be 

accomplished using the same or similar techniques as those developed 

for the Basin F liquids, i.e., solidification using a cement-based or 

pozzolonic reaction. Developmental studies are ongoing to finalize the 

final design criteria for this process. In any event, it must be kept 

in mind that additional pilot work, design, and construction of 

treatment facilities will precede the actual removal and treatment of 

these waste materials. 
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Removal of the overburden and liner will be accomplished by a 

contractor, but it is anticipated that he will utilize standard 

earthmoving equipment such as rubber-tired front-end loaders, pans, and 

dump trucks. Although the overburden and liner may be somewhat 

corrosive due to the presence of high salt concentrations, no 

specialized equipment is expected to be required for its removal since 

the equipment will be cleaned via brushing and steam cleaning at the 

end of each work day. This equipment will undergo final decontamination 

only after its use on the site is no longer necessary. All cleaning 

and decontamination wastes will be collected and analyzed. If 

contaminants are found to be present at levels in excess of the action 

levels described earlier, then these wastes will be solidified, 

stabilized, or otherwise treated (e.g., incinerated) prior to disposal 

in the hazardous waste landfill. 

Based upon results obtained to-date, a volume increase of about 25 

percent can be anticipated for stabilization of the overburden and 

liner. (A volume reduction would be expected if incineration were to 

be selected as the preferred treatment method.) With a raw waste 

volume of 240,000 cubic yards, the total stabilized waste volume to be 

disposed of will be 300,000 cubic yards. The stabilization processing 

plant will be decontaminated, dismantled, and removed from the site 

following completion of treatment activities. 

4.3.5 Contaminated Soil Removal 

Because contaminant levels in the soils are not expected to be high, 

and because no stabilization is expected to be required to achieve 

adequate bearing capacity for landfill placement, no soil treatment is 

anticipated. (However, the incineration feasibility studies will 

include an assessment of the effects of incineration on soil organics 

content and volume reduction. If good results are obtained, then this 

treatment technology will be further evaluated). Soils will be sampled 

and assessed for degree of contamination using the methods and criteria 

described in Section 4.2. Soils found to be contaminated will be 

removed by a contractor using standard earthmoving equipment, e.g., 
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rubber-tired front-end loaders, pans, and dump trucks. For the purpose 

of developing a conservative waste volume estimate, it has been assumed 

that the contaminated soils will be hauled directly to the on-post 

hazardous waste containment facility for final disposal. The current 

estimate of contaminated soil.volume (including wastes generated during 

removal of the chemical sewer) is 158,000 cubic yards. If the soils 

are incinerated, this volume would be reduced; however, the exact 

magnitude of this volume reduction will not be known until the 

incineration feasibility studies are complete. 

4.3.6 Equipment Decontamination and Disposal 

Equipment used during Basin F Closure activities will undergo regular 

cleaning during the course of closure to prevent corrosive wastes from 

damaging equipment surfaces in contact with waste materials. When any 

particular piece of equipment is no longer needed within the restricted 

contamination zone, it will be decontaminated prior to leaving the 

site. Decontamination will consist of removal of all visible traces of 

contaminated materials by brushing, sweeping, wiping or other physical 

means followed by a wash with high-pressure water (using a detergent 

solution) or steam cleaning to be repeated a minimum of three times on 

each surface. The contractor's Certified Industrial Hygienist will be 

required to attest to the efficacy of the cleaning procedures used for 

the equipment used in the closure. 

4.3.7 Residual Disposal 

All hazardous wastes removed from or generated as a result of 

activities at Basin F are expected to be deposited in the on-post 

landfill described earlier. Wastes or nonrecoverable equipment which 

must be removed from the Basin F site but which, based upon the action 

levels discussed in Section 4.2.4, are found not to be hazardous will 

be disposed of off-post by the appropriate contractor. 
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4.3.8 Confirmation of Waste Removal 

In order to prevent any possible release of hazardous constituents from 

the Basin F site in the future, all wastes must be removed down to the 

action levels specified in Section 4.2.4.- All Basin F liquids, 

overburden, and liner will be removed, but only those soils found to be 

contaminated will be excavated from the Basin F subbase (beneath the 

liner), dikes, and adjoining areas. Upon completion of all excavation 

activities, the entire Basin F area will be subjected to a final soil 

sampling effort to ensure that no contaminated materials remain. This 

sampling effort will include those areas used for closure equipment 

storage, waste treatment, staging areas, and other associated 

activities. If contamination is discovered, it will be removed in 

accordance with the procedures identified earlier. Assuming that no 

soil contamination is found, the site will be certified clean by an 

independent registered professional engineer in accordance with CHSWHA 

regulations. 

4.3.9 Site Restoration 

Once it has been confirmed that all.wastes have been removed from the 

Basin F site, the area will be regraded to restore it to as near 

original contours as is practicable without importing fill materials. 

Studies to be conducted in 1986 will identify the most suitable methods 

for land restoration and revegetation, but it is anticipated at this 

time that the site will be planted to native shortgrasses. The soils 

will be amended as necessary with fertilizers to promote rapid plant 

growth and prevent wind or water from eroding the site surface. Native 

grasses represent one of the more attractive revegetation alternatives 

due to their low post-closure maintenance requirements' and their 

ability to survive well in the Denver area, but hardier species will 

also be considered to ensure the establishment of a dense vegetative 

cover on the Basin F site. 
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4.4    REGULATORY REQUIREMENTS 

4.4.1 Preclosure 

The U.S. EPA (Region VIII) and the Colorado Department of Health (CDH) 

are the two regulatory agencies which may be involved during the 

preclosure period for Basin F. CDH, under the Colorado Hazardous Waste 

Management Act, has primacy over the RCRA regulations (but not the 1984 

RCRA amendments). EPA need only review any preclosure activities for 

compliance with the 1984 RCRA amendments even though these amendments 

do not apply directly to Basin F. CDH requirements for the closure 

plan and closure activities are essentially identical to those of RCRA 

and the waste numbering requirement is also the same. 

The major preclosure activity is the preparation of this written 

closure plan that meets the closure performance standards of Part 

264.111 and the closure requirements of Part 264.112 of the state 

hazardous waste regulations. 

Any sampling program undertaken during preclosure will also meet the 

U.S. Occupational Safety and Health Administration (OSHA) standards for 

worker protection as well as U.S. Department of Transportation (DOT) 

requirements for hazardous waste sample shipment. 

4.4.2 Closure 

The regulatory agencies to be involved in closure activities include 

OSHA, CDH, and EPA. The most pertinent regulations are identified 

below. 

(a) OSHA - In the past, OSHA regulations have not been enforced for 

RCRA closure activities. However, they may be required by CDH or 

as a result of a worker complaint or accident. Therefore, the 

OSHA requirements that should be met during closure are those 

concerning worker safety and protection during hazardous waste 

handling and site contamination. 
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Specific OSHA requirements that would apply are: 

(i)   29 CFR Part 1910.132 Personal Protective Equipment, General 

Requirements 

(ii)  29 CFR Part 1910.133 Eye and Face Protection 

(iii) 29 CFR Part 1910.134 Respiratory Protection 

(iv)  29 CFR Part 1910.135 Occupational Head Protection 

(v)  29 CFR Part 1910.136 Occupational Foot Protection 

(b) CDH—The requirements that must be met during closure involve the 

timing of closure activities, the handling, disposal and 

decontamination of waste materials and final certification of 

closure. 

(i)   40 CFR. Part 265.113 - Time allowed for closure 

(ii)  40 CFR Part 265.114 - Disposal or decontamination of 

equipment 

(iii) 40 CFR Part 265.115 - Certification of closure 

(iv)  40 CFR Part 265, Subpart I - Management of containers 

(v)   40 CFR Part 265.197 - Specific closure evaluation for 

contaminated tanks 

(vi)  40 CFR Part 262, Subpart B- Manifesting for hazardous waste 

transportation 

(vii) 40 CFR Part 262, Subpart C - Pretransport requirements 

(packing,...labeling, etc.) for hazardous wastes 

(viii) 40 CFR Part 262, Subpart ü - Recordkeeping for hazardous 

waste shipment 

(c) DOT—The requirements that apply during closure involve the 

labeling, packaging and shipping of hazardous wastes. 

(i)  49 CFR Part 172 - Labeling, packaging, marking, placarding 

and documenting 

(ii)  49 CFR Part 173 - Hazardous waste preparation for shipping 

(iii) 49 CFR Part 178 - Containers 
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(d) EPA—The'Colorado Department of Health (CDH) has primacy over RCRA 

provisions, with the exception of the 1984 RCRA amendments. 

However, it is unlikely that any RCRA amendment regulations will 

apply during closure of Basin F. 

(e) Department of the Interior, Fish and Wildlife Service -- the 

Migratory Bird Treaty Act of 1918 may apply to migratory birds 

being killed by contact with contaminated liquids in Basin F. This 

Act precludes hunting or killing of select migrating birds except 

as permitted during open hunting seasons by licensed individuals. 

There are existing facilities in place at Basin F to scare away 

birds from the impoundment. These facilities will continue to be 

operated until all liquid pools are removed. 

Requirements of the Federal Clean Water Act, administered by the U.S. 

EPA, may have to be observed if it becomes necessary to discharge 

effluent during closure operations. This is considered unlikely. 

Requirements of the Federal Clean Air Act, also administered by EPA, 

may apply if there are volatile emissions from Basin F liquids during 

closure. This is also considered unlikely. 

4.4.3 Post Closure 

Post closure care will not be required since all wastes will be removed 

from Basin F. 

4.5 HEALTH AND SAFETY PROGRAM 

To ensure the safety of all personnel directly engaged in closure 

activities of Basin F, a Health and Safety Program (HASP) must be 

established. Although the cleanup contractors) will have primary 

responsibility to prepare a suitable HASP under the direction of a 

Certified Industrial Hygienist, the main aspects of a HASP,, i.e., 
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management and personnel protection, are briefly discussed here. The 

contractor(s) performing the closure activities will follow the 

framework established here to develop the site-specific health and 

safety plan. 

4.5.1 Management of the HASP 

The prime contractor working on the Basin F closure activities will 

have the responsibility to develop a comprehensive site specific health 

and safety plan and to implement the plan for all phases of the 

project. The plan must be administered by a Certified Industrial 

Hygienist (CIH) employed by the contractor. The primary 

responsibilities of the CIH will be to: 

o  Establish site control work zones; 

o  Assure that appropriate protective equipment is available and 

properly utilized by all on-site personnel; 

o  Assure that personnel are aware of the provisions of the 

health and safety plan and are instructed in the work 

practices necessary to ensure safety and in the planned 

procedures for dealing with emergencies; 

o  Assure that personnel are aware of the potential hazards 

associated with site operations; 

o  Monitor the safety performance of all personnel to ensure that 

the required work practices are employed; 

o  Correct any work practice or condition that may result in 

injury or exposure to hazardous substances; 

o  Arrange for medical examinations for specified project 

personnel; 
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o  Arrange for on-site emergency medical care and first aid to be 

available; 

o  Notify RMA emergency officers (i.e., police and fire 

department) of the project team's operations and make 

emergency telephone numbers available to all team members; 

o  Provide adequate training specific to the expected hazards 

including, but not limited to, instructions and demonstrations 

on the use of required safety equipment, hand signals, 

monitoring equipment, the buddy system, response.to accident 

and emergencies, removal of protective clothing and equipment, 

and decontamination of such equipment and of self; 

o  Provide baseline physicals for all employees engaged in 

closure activities to identify health and contaminant status 

of earn employee prior to working at HBSF and to identify any 

restrictions affecting the use of protective clothing and 

equipment; 

o  Prepare any accident/incident reports; 

o  Keep daily logs of all significant safety related incidents 

that occur. 

4.5.2 Personnel Protection 

The general guidelines on personnel protection as presented here will 

be followed unless the on-site monitoring indicates otherwise. For the 

purpose of clarifying the use of various levels of protective clothing, 

operations which will be performed during the closure period can be 

classified into following types: 

Type 1: Routine entry for inspection, data gathering and other 

administrative activities that require no contact with 

Basin F liquid, overburden, or contaminated soils. 
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Type 2:  Entry to conduct sampling or abatement where the 

possibility of exposure to hazardous substances has been 

practically eliminated. 

Type 3:  Conduct of sampling or abatement procedures where 

possibility of exposure to hazardous substances exists 

only under unforeseen circumstances. 

Type 4:  Conduct of sampling and decontamination operations, where 

exposure to hazardous substances is probable or certain. 

The protective clothing to be employed consists of three levels, i.e., 

modified Level A, modified Level B and modified Level D. The 

.definitions and contents of the various protective clothing levels are 

outlined in Table 4-1. Table 4-2 outlines the levels of protective 

clothing to be employed during the sampling and decontamination period, 

correlated to'the types of operation expected to occur. These tables 

should only be construed as guides. The exact protective measures to 

be employed during closure activities will be established by a 

Certified Industrial Hygienist (CIH) employed by the contractor 

selected to perform these activities. 
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TABLE 4-1 

PROTECTIVE CLOTHING LEVELS 

1) Level A (Modified): 

Inner Clothing: 
a) Undershirt, unimpregnated 
b) Drawers, unimpregnated 
c) Socks, unimpregnated 

Liner:    Coveralls, disposable, tyvek material 
Outer Clothing:    Suit - Coverall, Toxicological Agent Protective 
(TAP) M3 
Gloves: Butyl (TAP) M4 
Footwear: Boots, butyl, safety toe, TAP, M2A1 
Headgear: Hood, butyl rubber, MSA (for SCBA) 
Respirator: SCBA, Mine Safety Appliances or Scott 

2) Level B (Modified): 

Inner Clothing: 
a) Drawers, unimpregnated 
b) Undershirt, unimpregnated 
c) Socks, unimpregnated 

Outer Clothing: Apron., TAP, M2 
Gloves: Butyl, TAP, M4 
Footwear: Boots, butyl, safety toe, TAP, M2A1 
Headgear: Hood, butyl rubber, MSA (for SCBA) 
Respirator: SCBA, Mine Safety Appliances or Scott 

3) Level D (Modified): 

Inner Clothing: 
a) Drawers, unimpregnated 
b) Undershirt, unimpregnated 
c) Socks, unimpregnated 

Outer Clothing: Coveralls, disposable, tyvek material 
Gloves: Surgical, disposable 
Footwear: Boots, butyl, safety toed, TAP, M2A1 
Headgear: None 
Respirator: SCBA, MSA or Scott 
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TABLE 4-2 

TYPES OF OPERATIONS WITH CORRESPONDING PROTECTIVE CLOTHING LEVEL 

Types of Operation 

Type!: Routine safety inspection. Collecting 
wipe samples of external surface of 
equipment, tanks, piping and structures, 
drilling operations for soil sampling, 
draining of basin via remote pump 
controls, excavation of soils and over- 
burden. 

Type 2: Blending equipment and piping using 
closed loop rinsing, cleaning of con- 
taminated equipment in an open system. 

Type 3: Transfer of contaminated wastewater by 
pumping or of contaminated solid 
wastes with open heavy equipment. 

Type 4: Disassembly of equipment containing 
Basin F liquid, vapors, or overburden. 

Protective Clothing 
Level 

Modified Level D 
unless results of 
air sampling and 
analysis show the 
need for Modified 
Level B gear. 

Modified Level B 

Modified Level B 
clothing. In the 
event, the risk of 
exposure is higher, 
Modified Level A 

Modified Level A 
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6.0 CERTIFICATION OF CLOSURE 

Following all waste removal, decontamination, and disposal of 

residuals, the sampling activities described in Section 4.2 will be 

conducted. The U.S. Army Corps of Engineers, in conjunction with an 

independent registered professional engineer working for the cleanup 

contractor, will certify that all hazardous wastes and constituents 

have been removed from the SCSBS in accordance with the provisions of 

this plan. 
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APPENDIX A 

Analytical Results 

SWLP, Bulk Organic and Bulk Metal Analysis 
. of Core Samples and Overburden 

Basin F 

(Myers and Thompson, 1982) 



Table Al 

•esu.t;   :ro"i   ;'..*"L.?  Con.duczad   on  S-inoLes   from *?orina  "o .   01 

Anaivts 

Aidrin 

Dieidrin 

- 50 ■! r — 7L 

DIM? 

Dithi^na 

Sulfon-2 

Suifoxidc 

D3C? 

Mercarv 

r iucjri-r.s 

6.5* 

0.30 

0.22 

0.40 

70 

S^-in udsnt "ir i.cH 

Core  Sub<5;ini?las 

0.61 

0.01_3 

0.20 

0.003 

90 

Q < 2 

0.71 

2.41 

COG; 

HO 

Q i 

0. 40 

0. 54 

0. Ql 

0. 11 

no 

0.12 

:/ 

19.5 

710 

L i-j 

9.5 T ?    "< 

.-._.  values   oM^r   than  pH dca   report  .Lö   ppb  unices  ociicrvi.se nocei. 

**    Less   than detection  ii-iit. 



Table A2 
■".." :i i'.'t 1 ::.\ L \es '.It3   fron "." T Conducted  PP. n ids   froi1 3orinc v0.   0 2 

,# 

Cora Subs nn.^ ■ 5s 

■ .Vinlvte 0.0-1.^ ft 

9.1* 

1.0-2.0  ft ft; 3.0-4.0 

9.1 ?- g, [ a < ^ 

AIdrin 49." 8.10 1.-2 0.30 

IKeidrin 59.1 19.5 4.19 0.12 

Find r in 76.3 17.0 4.04 0.^0 

DIM? 20 

D'.C'? _** 

?/ithi.i-2 40 

Suifone 1600 

Suifo:-:ide 1070 

D3C? 0.60 

Mercury 0.53 

Arsenic 170 

Fluoride   (r.i-) fi   * 

30 30 

630 550 

440 440 

0.09 0.0Q 

1.0 1.24 

230 160 

'-   '5 -     -3 

10.3 

760 

760 

o.i: 

0.5: 

120 

* Ail values other than pH are reported as ppb unless otherwise noted. 

**    Less than detection lir.it. 



Table A3 

■Tv-.lyttc-u Results fro- ?VL? Con-.h'.cteri on Sa-.nles fror 3ortn2 "o. 11 

Ar.aj.vte 

Oieldrin 

"ncrin 

DIM? 

">ithiar.3 

5uifone 

Suit o:cide 

v. '.er cur-' 

Arsenic 

s 3* 

0. 51 

•   0. 12 

o. n/. 

30 

0.12 

Se-ni.e' Identification 

Core  SiibsHTiD L2s 

0.0-1.0  ft       1.0-2.0  ft       2.0-1.0  ft        3.0-i.O  f< 

0.013 

■10 

■ 0.12 

0.o = 

6. ? 

0. 30 

0. 12 

o. •'  1 

0. 2 "5 

70 

Ovirhur "1ST 

8. 6 

«.51 

23.* 

i> •   -   - 

20 

0.07 

0.022 - 0.07 

0.20 0.16 1.20 

- 20 230 

O. 71 1 . •» 1 /.     3 

*    ALL values other  than pK are  reported as  ppb unless otherwise  noted. 

"v    Less   than detection  unit. 



Table A4 
Analytic tl,  ^es'ili:?   fror.  Sri?   "-incy.ct 3d   c-  $->-—L^   frc-  •\->---v» 'v     < 

Anaivte 

pH 

AIdrin 

Oiei^ri: 

Isodrin 

DIM? 

on: 

5.8* 

30 

Ssr'T'Ls  Tdfi'it■? ^" " - *J ^n 

Core   Suh^.inn 1-2; 

5.4 

o.i: 

0.51 

10 

0.3-1.0  ft 1.0-?.0   ft 2.0-3.0  ft 

5.5 

10 

3.0--.0  5: 

6.0 

i>u i. toxics 

D3CF 

Fluoride   (oprr.) 0.48 

0.013 

0.14 

0.54 

0.24 

n or. 

50 

7    C<^ 

••\^_   .'?.i-:si  ot:vi-   tcac   r" 

**    Less   than detection   iini! 
iZ.    s-5    ~'P-    —'.'- —v- = =    JC.isrViae    CO I 



•.n.-._■•"11:;.
-
.I^ .lesiii! 

Table A5 

.?  Coruvic-gd  on  Sa-mles   from  Horln?  *.'o.   13 

Ana j.vte 

?:! 

Aidr in 

Diei dri n 

Endr in 

ISO.'. rin 

Ü J.i\~ 

Q'.O.'D 

Dith inn 2 

<=:•; - ■*. ji o 

Suiforcida 

DSC? 

Me r cur',' 

Fluorida (ppn) 

SannLe Identific.ition 

Core Subs.-iT.oies 

0.0-1.0 

S.4* 

40 

0.04 

0.14 

64 

1.7 

1 n ? 1 

8.2 

i0 

0.04 

0.14 

1.1 

*    Ail values  other  than pK are  reported as ppb unless otherwise noted. 

•*    Less   than detection  Linie. 



Table A6 
•■esuits •,-N-> -. .otv..:::- ?..-.—>*.'■>'■ 

Amlvte 

Aldrin 

Dieidrin 

Endrin 

0.0-1.0  ft 

?anr> Le  Tr5er.tif ic?. tion 

Core  Suhsa^oL-»-? 

fa.  •   •  ' J  •   W .    «. 

5.6* 5.8 5.6 
_** - <">. 0 2 

- 0.10 0.21 

- — 0.07 

Overburden 

8. i 

1. '. ° 
3. 1 /. 

/•', - 

DIM? 

DMM? 

Dithiur.2 

Suifone 

Sulfoxide 

DBG? 

Mercury 

Arsenic 

20 20 20 

0.12 0.12 

-!    ^ 

120 

0.3? 

9160 

1140 

i n l 

2. 14 

* ALI values other thar m pri are reported as ??b unless otherwise noted. 

.=53 than defection li-it. 



Table A7 

Analytical  Results   frcn  S's'L?  Conducted  on Sarr.nles   fro?, 3orir.c No.   15 

Sam In  Identification 

rtn.ij.vte 

r 4h 

Aldrin 

Dieidrin 

Endrin 

Isodrin 

DC? 

Oithinna 

~ui fona 

Suifo::ida 

DBC? 

Mercury 

A-oanic 

0.0-1.0 r t 

5.3* 

_** 

0.10 

0.08 

40 

90 

16C 

;re  sunssmnl.vs 

1.0-2.0  ft 

5.6 

0. 10 

0.07 

30 

0.12 

170 
/-,        -   -\ 
■J . 4U 

2.0-7.0  :• 

D. / 

35 

20 

0. 

*     AH  value?  other   than  ■?'.•  v.--a 

**    Less   than detection  Unit. 



An.-'.iVtic?. L  sesults   cro' 

Table A8 
S'/L?   Conine ten  on  Sar.n'.as   from  Soring No.   21 

AP.;I I'-'t S 

?--■ 

Dieldrin 

ondrin 

- s o ii r i n 

DIM? 

Oichiana 

Suifone 

0.0-1.0 fi 

o. v OÄ 

60 

<;^m ■pie Taentirication 

Cor3 Subs.ar!oL-2S 

1.0-2.0 ft 

4.3 

0.01 

40 

2.0-3.0 

4. ' 

20 

DSC? 

Va »"C1' r*' 

Arsenic U 11 

*  Aii '.'^.I'-is" cthir tu..\r. tH ' 

** Less than detaccion ii-it. 



Table A9 

:.1_   'O?;; .c.-rizzr:  01  :^~p.ii- •ionns  .in.   1. 

Ar.ni.vte 

or: 

0.0-L.O  ft 

-+. a* 

0.03 

L£ Identtrtuition 

Core  Si.ibs.irn:> La^ 

1.0-2.0  ft 

.** 

2.0-3.0  fi 

tnarm 

Isodrin 

DIM? 

DMM? 

THtbiane 

Suifor.e 

Suifoxida 

DBC? 

Mercury 

Arsenic 

"■.,.---■^3   r-~-\ 

1 in 1 — ^ 140 150 

*     Ail  values  other   than   pK are   reported  as  ppb  unless  otherwise  noted. 

-'■    Le53   thi-n detection  unit. 



Table AlO 
"on::,:c: 3 ■.: on "-irnlds fror.. Eorir.a -'"o, 

Anaivte 

Aidrin 

Dieidrin 

Is-5:'.ri" 

DIM? 

DMM? 

Suifone 

Sulfoxida 

u.- ■„ r 

Mar cur; 

Ids   Cc;:^) 

O.Q-1.0  ft 

i.S* 

_** 

60 

0.20 

15 
n     » .-> 

bc!?0 L'5    IIIS", t r.jj.TT-f --•, at ion 

Cor.2  Sur I^DiSS 

T   0-?   ^   =■■ 

40 

29 

0. 

9    .", _ •}    o    r«. 

=;  o 

O.O'l 

30 

*    ALI  values  other  than  pH are  reported as  ppb unless otherwise  noted. 



Table All 

Ar.Hlv'ic?.! Results fro~i r'.-t?  Conducted on Sarnies froir ^orine V.o.   31 

Cora Subs;ir.nles 

Anai vte 0 .0-1.0 

5.''* 

ft 1.0-2.0-ft 

pH 5.5 

Aiirir. _•.** 0.30 

- 1.25 

Endrin - 2 2° 

Isodrin 0. 10 0.005 

DIM? 20 20 
nv«'3 - - 

Oithiana - - 

5u ..rone - - 

Sulfoxid 2 - - 

D5C? - 0.03' 

Me r cur:-- 0.16 0.22 

Ars e n i ~ 11 25 

Fluoride (p?"0 0.66 1.0 

2.0-l.n ft     Overburden 

5.6 

0.10 

10 

25 

3.9 

3.5 

23.- 

- J . - 

17.7 

8.1D 

310 

60 

3200 

0.46 

0.35 

360 

7.3 

* Ail values other than pH are reported as ppb unless otherwise noted. 
:r :c   . i - . J  ^:>Ui. ■ a ^ - • ,^ * 



Table A12 

frcT: STL? Conducted or.  Sarr.-iies fvovr.  ?>orir.^ ''o. 32 

A~.ilvte 

Diei-irin 

Ir.drir. 

DE'? 

n.c-t.o ft 

5.5* 

0.20 

o.io 

0.10 

170 

Sar.rLe Identification 

Core Suhsa: CO i.2S 

5.S 

2.0-3.0 fi 

5. 2 

n. ' ;1 
- J 

0. 10 

0. 10 

0. '  A 

150 

Oithiane 

Suifrne 

Suifoxido 

D5C? 

Mercur: 

Fluoride (npm) 

100 

0.16 

14 

0.57 

0.006 

0.36- 

12 

0.63 

* Ail -."lues other than pH arj re-ortad as "b ur.iess othirviöe r.ocei. 

«* Less than detection ii-it. 



i;."uiLi - . i 

Table Al? 

SVL? Conduct;: on ^.i-oic-s fro- "'orins "o.'32 

S.i-sie Identification 

Anaivte 0.0-l."i ft 

f " 

Aidrin 

Dieidrin 

Indrin 

Isodrin 

DIM? 

Dithians 

Suifone 

Suifoxide 

D3C? 

Mercury 

Arsenic 

Fluorice (??r; 

5# ^ "^ 

0. 20 

0. 10 

0. T,-j 

0. 10 

20 

14 

n.67 

1.0-2.0- 

5. 3 

10 

28 

*  Ali "aiues other than pH are reported as ?ob unless otherwise noced. 

** Less than detection unit. 



Table A14 

c.r.y.ctJ'-j  CM  Sar^Les   fror.  Borinn  v'o.   50 

Annlvte 

pH 

Aidrin 

i^ieidrin 

Endrin 

Is-::: .-in 

DIM? 

0.0-1.0  ft 

6. 2* 

0. iO 

0. 

0. 71 

30 

Sarttue   ir-entiricaticn 

Core ":II'-!3.-!TIO: 

1.0-2.0  ft 

5.0 

0.30 

n   ' "> 

0.30 

40 

2.0-1.0   ft 

5. 1 

0. 30 

0. 12 

0. 50 

c. 005 

3.0-Ü.O 

8.0 

20 17 

u'it-.ia-a 

•Suifone 

Suifo::ida 

D3C? 

Mercury 

Arsenic 

Fluoride   CtjrrrO 

40 

0.12 

•j. / i 

o.i: 

O.il 0.-2 

0. 
-,r\ 
«. ■ * 

0 

*    Aix  values  other  than  pH are  rc-c^rtei  is  TSC  unless  otherwise  nocid. 

**     Less   than detection Unit. 



Table A15 
A-!;\Lv-ic<iL "esuits   frc^  T-TL?  Conducted   on   Sarnies   froir. Borins vo.   fiO 

Sar.oi.i  Identification 

A:vilvta 

Cora Subs-vnoLas 

5.2* 

_rr* 

i n 1 •"> « < 

Diüidrin 

iiic'r'^r» 

0. 10 

n.io 

DIM? 20 

DM::? 

Dith idr.3 

Suif :ne 

Suif 3::ida 

DBC? 

Mar- 

0.01 

0.54 0.16 

n *■? 0.11 

* Ail values other than pH are reporced as pp'c uuiess otherwise noted. 

A* Le?'i th?.n detecti-vi 1-< —; r 



Table A16 

An"iLv11:: il  ?.a an its   fror.  5"--."T.?  Conii':ct-id   en  Sarnies   frc-1. 3erir.g "To.   70 

 Sa^o la Identicic?.fLon  

Core  Subsaiyjlas 

Ä ft 

Aldrin 

Dieidrin 

•End r in 

Annlvte 0.0-1.0   ft 1.0-2.D   ft 2.0-3.0   ft Overhur.der. 

3. -V 

n# IT 

0. in 

0. 01 

0.10 

0.70 

Iscdrin - 0.10 0.10 

DIV.? 40 20 ' 20 40 

Oithiane 

Suifr 

Suifc::ida -             -            - 

33C? - 

Mercury 0.22           -           0.42           0.23 

Arsenic 12       ...   11           11             81 

Fluoriii ':::>--"; 0.26          0.--         0.-3           ^.4 

*     All   -'P.iues  ether  than  ?H   \r-.i   report :d  as  ~?-b  unless  otr.^rvisa  r.ctid. 

"*    Less   than  detection  unit. 



Table A17 

Bulk Organic Analysis  of   the  0.0-1.0  ft  Core SubsamnU   from Boring No.  PL 

 Tentative' Identification  Level   fytg/g) 

Diisopropyinethyiphosphonata 5 

Toluene    ".. 0.6 

I, l ,2-Trichioroücb.sne 2 

TetrachloroethyLene. 0.2 

Unknown   (?./a  79  base) 1 

Xylene 0.1 

Xyiane 0.1 

1,1,2,2-Tetrachloroethane 4 

Pent ichiorcethane 0.3 

■V.etophenor.e 0.1 

Unknown   (p./e 79  base)   . '2 

Unknown   (rs/e  79 base) 2 

Unknown   fa/e  79 base) 6 

Unknown   (^i/e  79 base) 1 

5.   (molecular sulfur) 1 

S     (-olecular  sulfur) 16 

Ur.kr._"wr.   ''n/a   273  bds.';) 2 

i-tert-3titvl-2-(tert-butvLthio-^ rv-Tidi-e 0. 5 



Table A18 

?iiik Metal Analysis  or   the  0.0-1.0   ft  Core  Ssih.san7.nie   from 3orins "o.   01 

A.I;Jj.vce- Concentration   (ß* 'T) 

Stiver 1.1*3 

Aluminum 8750 

Arsenic <1.3 

Boron 7.L5 

3arium 170 

Beryllium <0.0£? 

Calcium 2130 

Cadmium <0.1 

Cobalt 3.2? 

Chromium 13.1 

Copper <i .JQ 

-ron 11.300 

Mercury 

Potassium 

Manganese 

Molybdenum 

Sodium 

*"icl-:.21 

Phosphorus 579 

Lead 2 7.L 

Antimony 45,0 

Selenium <6.2 

Tin               _ < 5Q 

Titanium 4-3.0 

Th-iIlium 24.1 

Yttrium In.2 

Zinc io.i 

Fluoride 152 

w * 

2530 

30:0 

384 

5. 19 

4250 



-3.. • «.      <"i 

Table A19 

■t'-nnl:   \n.-iI-.-5i-;  of   the ^v~c'r:::.az   from  3orins "o.   II 

rent?.tive Tder.tific'*.tior £2  Level   (jj.z/'z) 

Dir.ethymethyiphosphonace 40 

Diisop ropy Lrr.e thy Iphosphonate _ 

p-chicrophenyi:nethyL3ui?one 250 

Chiorophenylnechylsuifone   isomer 12 

Aidrin 

Isodrin 

3er.zene 

-\i.:VT.n.^ 

. • - c o n t3. i -1 * -z  u n ■.* r. o'-m 

2°  or  3° amine unknown 

-lexnohic robu tad lane 

'.'.:- rchlorirato-i  unknovn   (^r  15S) 

Aikane 

500 

80 

Dieidrin 53ü 

450 

20 
>-"CiO.-.3>:ene i in 

Dirr.ethyi disuLfide 2 

L, 1,2-trichioroethane 5 

Unknown   (possibly >T-.-ethyIacetacide) SO 

Mvi 93  unknown 30 

Weak unknown   fn/a "3 base)              -* 30 

2s  or  3°   mine  unknown 20 

Unknown   (yfe  57 base)   . 30 

5 

"-nitrosodipropyiaiTtine ?no 

2°  or  3°  aTiine unknown 5 

30 

Methyicyclopentaiitiue •? 

MethyicycLopentadiene   isomer i 

"iiknowri   (r.'e  79  base) 270 

70 

177 

3 



Table A19 (Continued) 

Ten: -i c iva  liant if ten z I or. Lavqj   fug/?) 

"ri.w.c'i lo roh icyclone? cadiane «00 

Aikane g 

ra'-.ncvn 7 

Aldrtn-type  pesticide   (?),   ". ea :-1 

Chlorinated unknovn (MU 332) 3C0 

Chlorinated unknown i0 

Aikane 14 

A.k-na 8 

Tetrachiorobenzene 70 

Chlorinated unknovn 250 

Unkno-.v-n (rs/e 57 base) 20 

S, (molecular sulfur) JQQ 

Unknovn 35 

2° or 3° anine unknown ?o 

2° or 3 s arine unknown 13 

2; or 3° anine unknown           '~ i0 

Alirin-type chlorinated pesticide 130 



Table A20 

'a;.:. A:vil'.-5i; r>.* ;';e  Q-.-er'"nr-ien from Borins Vo. 11 

Alunir.um 

-nti-cny 

Tin 

Titanium 

Thallium 

Ytrriur?. 

Zinc 

Fluoride 

..Tin LVte  Concentration f_g/g) 

Siiver 0.561 

6830 

Arsenic .i a 

Bo ron 

Barium 

3ery i.liu:n 

Cadniu-n 

Cobalt 

Chror.iun 

Copoer 

Iron 

\'~.— „,,. 

Potassium 

0 ,4a 

94 6 

<0 08 

6 LlC 

0. 55 

5. 66 

10. / 

5220 

7660 

0.057 

Magnesium - 27 40 

Manganese igQ 

Molybdenum 5 55 

Sodium 23 700 

.<ic:;ai 

Phosphorus 3100 

Lend 

13.8 

_ST .0 

2 °. 0 

<6.2 

<50 

63.6 

15.0 

9.56 

6°.7 

4Q4 



Table A21 

jul'.c   organic  Analysis-os:   th-2  ■"''..'3-1.."/  ft   Cora  Subsamnie   from Boring Mo.   12 

Tentativi»  Idantiftea tier. Level   fvzfi^ 

p-Chiorophenyimethylsulfone 2.1 

Toluene 8 

1,1,2-Trichioroe thane 1.1 

Tetrachloroethv"ens 0,2 

M« 93 unknown 30 

Xylene 0.2 

Unknown (m/e 79 base) 5 

1,1,2,2-Tetrachlorcethane 4 

Pentachloroe thane 0.2 

IZ-:  93 or 134 unknown 7.° 

Unknown 2 

5^ (molecular sulfur) 1 
o 



Table A22 

in!': Met.il Analysis op the 0.0-1.0 ft Core SubsamnLe from Borine >'o. 12 

Yi-- 

AnaLyte Concentration (uzfzY 

Sii'-'ar 1.26 

Aluminum 7190 

Arsenic <1.3 

Boron 6.31 ' 

Barium 133   - 

3-ryL_ium <0.03 ! 

Caicium. 18 700 

Cadmium < 0.1 

Cobalt o.3i 

Chromium 10.5 

Copper              . <1C0 

Iron 10200 

Mercery 0.010 

Potassium 1840 

Magnesien 3060 

Ma n ~ a r. 3 ? e ? = ~ 

Molybdenum 5.01 

Sodium                              . fill 

"ic-1 .>.-,o 

Phosphorus 553 

Lead lQ>7 

6ej.en-.um <5.2 

Tin «. 5Q 

Titanium 84.5 

Thallium 22.9 

1 • ?. 

Zinc 27.3 

Kinorida q5#0 



Table A23 

Bulk Organic Analysis  of   the Overburden   fron tforins Mo.   II 

 Tentative  Identification  Level   Cgg/g) 

Diaidrin 5<4 

p-CUiorobenzene  -ethyl suifoxide 3 5 

p-C.-.iorobenzene methyl  .-:uLfone 32 

p-Chlotobenzene  methyl  suifoxide   isomer 1 

Aidrin 

LOiuene 

I, L.I-Trichicroerhar-.e 

!W 98  unknown 

Unknown 

.ea:<  un.-cnown 

"3   .-v • ---•. 

1.4 

14 

N,M-di-ethyiactarnide 

"nkr.own 

N-r.itrosodipropyianine 

MIv 127 unknown ^ 

Unknown 2° or 3° asiaa '' n: 

0.3 

3 

20 

1 
Unknown Qn/a 79 base) g 

?0 

Methyl  sulfonyl benzene   (very weak) Q  3 

••"e.'ik  unknown 1 
u 

S3 C-oUc::L.ir sulfur; 33 

Unknown (2 75 base pk) 4 

^-tart-"utyl-2 (tert-butylt'iio) pyridine 3 

Unknown MW 221 N-containing concound 4 

'••'eak '.".J  131 unknown /. 



Table A24 

3'iLk  v*t^i  Am L'.'-; i '•'•"IS iP   »<^  r>-- iir^ii^   ^r*cn ^r^r"*"1'7 *"o     ^ ^ 

An.ilyte 

Silver 

Alu-inurr* 

Sariu^ 

BeryLllua 

Caiciur. 

Cadniun 

Cobalt 

Chre-p.iu-i 

Copper 

Iron 

larci 

Peel s slum 

Magnesium 

Martganase 

Soriium 

.'ic<et 

?ho~2Uorx:3 

Tin 

Titanium 

Th=iliiu::i 

Yttri=r:i 

Zinc 

Fluoride 

Concentration   (ix-z/s) 

1.1-5 

7280 

<1.8 

8. r» ^ 

1L5 

<0. 08 

4440 

<0. 1 

5. 57 

9. 76 

513 

091 

1790 

2350 

205 

1^.4 

IS. 0 

<n. 

«50 

84. •4. 

18. 1 
1 

q^ 90 

41. 5 

217 



Table A25 

n   <"»_'     T    :-    f^_-    <j, •orir.c 

Ten t:i 1 i"G  I.'isn t i. f. ici t Ion 

DIMP 

p-Ch io r oph any L.rethyisu tone 

Toluene 

1,1,3-Trichioroe thane 

Te z rach lo ro a thy Lens 

?:3S'J lb L"   y.——<2 Z h v 1 a C a Z J.~ i:". c 

M17  98  unknown 

Xyiane 

Kylene 

Weak unknown 

Xyiene 

1, 1,2, 2-Tetrachioroethane 

Pantachloroe thane 

Acetophenone 

Unknown   (n/e  79  base) 

S.   (molecular sulfur) o 
S_   C-noiecuiar  suifur) 

3 

fliCr/r^ 

2.6 

1.5 

O.o 

4.7 

3.1 

3.2 

0.2 

0.5 

1.3 

0.3 

11 

0.7 

0.5 

5 

20 



Table A26 

Tiiik Metal Analvsis o •: the 0.0-1.0 ?t Core Subsa^^Le fror?. Borina No. 14 

Annivte Concentration (uz/1*) 

Silver 1.53 

Aiu-inun 6340 

Arsenic <1.8 

"^ -> T»— n 9.s: 

Bariun ■120 

Bervlliun <0.08 

Caiciun 9120 

Cadmium <0.1 

Cobalt 7.90 

Chromium 11.3 

Copper <100 

Iron 10 900 

Mercury 0.015 

Pota-ssiun 2200 

Magnesium .-* 4920 

Manganese 294 

Mo i7bdenum 5.41 

Sodium 896 

Nickel 13.6 

Phospr.orus 606 

Lead 22.5 

Anti-crr* 100 

Seien ü.ira <6.2 

Tin <50 

Titanium 94.5 

T'-aLiium 28,3 

Yttrium 14.5 

47.5 

Fluoride 

- 

184 



Table A27 
the  ^. "- L ..')   ft  Cv-jra  Sü>:;a~iLe   fron Borir.e "o.   31 

l» *-r a     -nor 

D>C-'P 

p-Caiorophen/Lriethyisuifone 

Toluene 

1, 1,2-Trichioroethane 

unknown 

*" v Lene 

1,1,2, 2-Tetrachioroethane 

Fe.ntachLoroetkana 

Acetophenor.e 

(Jnknovn   (We   79  base) ' 

Lcation Level   fuj.'-j) 

1. 9 

0. 6 

1 

2 

3 

0. 0 

0. 1 

7 

0. 3 

■4 

Weak unknown   (contains m./e 79)                                                                                          2 

S,.   f-olecuLar  suifur) ? 
o 

5Q   (noiecuiar  suifur) -,«                                                                                 5 



Table A28 
^'ii'-lj    O" :f   r.-i-a   <:.. ::.j^.rrr.i.a   from Serin? VQ .   31 

Silver 

Aluminum 

Arsenic 

Boron 
T> .* ,- -' .. —, 

Cadmium 

Cobalt 

Copper 

Iron 

Me r cur/ 

Potassium 

Sodium 

N iil '-I3 1 

Phosphorus 

Lead 

Concentration   f.g/;) 

1.47 

9270 

<!.<* 

14.5 

177 

<0.03 

:s?:o 
<0.1 

Li.2 

<100 

12700 

0.030 

2630 

5050 

329 

6.35 

655 

562 

23." 

Selenium 

Tin 

Titanium 

Thailium 

Yttrium 

Zinc 

Fiuoride 

<50 

75.1 

35.2 

14.9 

43.a 

224 



Table A29 
Bulk  Or^ini-v .■•■.:*. il--3j-  o".   ;ha Overburden   :ror  3orlr.s Vo.   31 

 ar.tati-e   ^:antificaticn  Level   p-taA?) 

Aidrin 3,100 

Tsodrin 200 

p-T/iiorophenylrretkylsulfons yq 

Toluene 3Q 

"exachiorobutadien 220 

Monochlorinated  unknown   ('-•■*  158): ]_QQ 

r.e::ac'-;lorcbi-y;l.:'-.ept2.1..ie-.i 1,700 

Caiorir.ated  unknown 500 

Tetrachiorcbenzane 3H 

S^   (?.olacul.ir  sulfur) i.30 

Unknown   (a/e 275 base) 30 

Dieidrin                              . '550 

Chlorinatad unknown 30 

Aldrin-lype  chlorinated pasticide 200 



Table A30 
Bui'.-: Mat.il Analysts  of   tha Ovar'rmr.-jer.  from Borine rIo.   31 

Ag.ily te 

Stiver 

ALu-inuT1. 

Arsenic 

Boron 

3ari::r. 

Berylliun 

Calcium 

CriiiJTliUIu 

Cobalt 

Chroaium 

Copper 

Iron 

Mercury 

Potassium 

Magnesium 

Manganasa 

..oiyrcenu:?. 

So <ii. un 

Nickel 

Phcspl-.jruö 

Lead 

Antt.-cnv 

Seianiuri 

Titaniur?. 

Thallium 

Yttriun 

Zinc 

F bio ride 

Concentntton (y?/z) 

0.65 

7460 

<1.8 

3.70 

<0 OS 

16100 

0. 21 

6. 03 

11. 

2110 

O [ OQ 

0. 031 

2050 

3600 

219 

5, .' *T 

52700 

13. T 
i. 

2 «SO 

<6.2 

<5C 

19.1 

4P. 2 

336 



Table A31 
ulk  Ortanj;  Anajy^is  of   ;h-g  0.0-1.0   ft   Core  SuhsamnLe   from  Horins No.   33 

[•e-it.-sivq Tdentif ic.it ion 

p-Chiorobenzene methyi  öuifone 

Toluene 

1,1, --Trichioroethane 

Tacrachioroethylene 

Tr ?3 L'ni:nown 

Xylane 

Unkncv- f-./e 79 base) 

Tetrachioroethane 

Pentachioroethane 

>"v 93 or 134 unknown 

Level C^g/g) 

0.4 

6 

2 

0.2 

30 

o.: 

ii 

0.3 



Table A32 

'■'■IV. Ma til   Vial-.-.; is  o:r   the  Q.'-I."1   ft  Core Sub:ia;nr: Le  fron Borins Mo.   33 

AT» "i Lvt 2 

SLi-er 

Au.viinum 

Arsenic 

3cron 

Barium 

..c."'.^l urn 

Caiciun 

Cadr.iurn 

Cobalt 

Chromium 

Co^oer 

Iron 

Marcury 

Potassium 

MoiyHdenuns 

Sodium 

Mi--:el 

Phosohorus 

Concentntion   (\J-zlz) 

1.35 

11500 

<1.3 

3.33 

162 

<0.0« 

29^0 

<0.1 

1~. S 

<L00 

13600 

0.015 

2680 
1 *: o •■> 

296 

3.31 

1030 

I-.L 

aeiemum 

Tin 

Titsniun 

Thi Ilium. 

Yttrium 

Fluoride 

<^ ■-»■ 

<50 

70. t 

32. 9 

15. 0 

49. 0 

60. 3 



Table A33 

't Z.:T9.  ^ihs.-rnnU fron Borins >7o. 70 

.er.: 

ToxUdne 

I, 1,2-trichioroethr.ne 

Tetrachioroethyleae 

MW GS  unknown 

Xyiar.e 

Unknown   (-/a   "?  base) 

1,1,2, 2-Tetrachior;3athar. 

Pen tic'-: lores thcir.s 

T.: 93  or  134  unknown 

Unknown 

Aikana 

Level   (ßz/z) 

10 

3.0 

0.2 

•?n ' 

0.3 

9 

13 

0.3 

30 

0.7 

-> 



.)::_.'.  'lariL  An.-'.; 

Table A34 

if   t'.-e  0.0-L.')   ct   C.)re  Subs-iranis   fron 3orin<-r xTo.   70 

Analyre 

3"' * v* *" 

ALininum 

Arsenic 

Boren 

nariv.-?. 

2eryLliun 

Calciu- 

Cadriiu- 

Chr'.'-niu- 

Cop^er 

Iror. 

Msrcurv 

?o cass lum 

Manganese 

Concentration f-2/e) 

1.23 

25 QO 

<1.8 

Q.56 

53.3 

<0.03 

1300 

<0.1 

3.34 

4.49 

<L"0 

4040 

■J * \, LJ 

33 5 

1050 

123 

N'ickei 

■ill 

no P.V 

.-;aie".;;:- 

H=    o 

<t>._ 

Titaniu:?. 

Thallium 

Yrtriu~ 
3.77 

5.63 

■50. 3 


