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1.0 INTRODUCTION

1.1 PURPOSE OF REPORT

This Generic Installation Remedial Investigation/Feasibility Study (RI/FS) Work Plan is
designed to serve as a foundation for RI/FS workplans, and provides generic information that
is not specific to any particular site at Seneca Army Depot Activity (SEDA). Site specific
information is contained in associated RI/FS Project Scoping Plans that are referenced
throughout this Generic Work Plan. The Generic Work Plan and its associated Scoping
Plans provide a mechanism for investigating sites (Areas of Concern - AOCs) at SEDA as
part of the United States Army Corps of Engineers (USACE) remedial response activities
under the Comprehensive Environmental Responsibility, Compensation and Liability Act
(CERCLA). SEDA is included on the federal facilities National Priorities List (NPL) and
has been listed since July 13, 1989. Where appropriate, information from New York State
Department of Environmental Conservation (NYSDEC) Technical Administrative Guidance
Memorandum (TAGM) titled, "Phase II Investigation Generic Workplan" (HWR-88-4007,
May 1988) was incorporated into this Generic Installation RI/FS Work Plan.

The RI/FS will determine the nature and extent of environmental impacts and evaluate and
select appropriate remedial actions. These will be based upon compliance with ARARs and
overall risks to human health, welfare and the environment.

As required, this generic workplan will be updated and/or revised to incorporate specific field
sampling procedures and/or analytical methodologies or test procedures used for
environmental investigation/construction developments at the Seneca Army Depot Activity,
in order to comply with location (area or site) specific Data Quality Objectives and ARARSs.

1.2 REPORT ORGANIZATION

The remaining sections of this report are organized to describe the overall site conditions,
provide a scoping of the RI/FS, and to provide task plans for the Rl and FS. Section 2.0
(Site Conditions) presents a description of regional geologic and hydrogeologic site conditions
and discusses the results of previous investigations. Section 3.0discusses scoping of the RI/FS
including the conceptual site model, identification of potential receptors and exposure
scenarios, scoping of potential remedial action technologies, preliminary identification of
ARARs, data quality objectives, and data gaps and needs. The task plans for the RI and FS
are discussed in Sections 4.0 and 5.0, respectively. Section 6.0 (Plans and Management)
discusses scheduling and staffing. Appendices A through F are included with this report.

1.3 SITE BACKGROUND

Background information for the subject site is described in the appropriate RI/FS Project Scoping
Plan that serves as a supplement to this Generic Installation RI/FS Work Plan.

Page -1
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2.0 SITE CONDITIONS
2.1 PHYSICAL SETTING

SEDA is an active military facility constructed in 1941. The site is located approximately 40
miles (mi) south of Lake Ontario, near Romulus, New York (Figure 2-1). The facility is
located in an uplands area, at an elevation of approximately 600 feet Mean Sea Level (MSL),
that forms a divide separating two of the New York Finger Lakes, Cayuga Lake on the east
and Seneca Lake on the west. Sparsely populated farmland covers most of the surrounding
area. New York State Highways 96 and 96A adjoin SEDA on the east and west boundaries,
respectively. Since its inception in 1941 SEDA’s primary mission has been the receipt,
storage, maintenance, and supply of military items. A plan view of SEDA is presented in
Figure 2-2.

2.2 REGIONAL GEOLOGICAL SETTING

The Finger Lakes uplands area is underlain by a broad north-to-south trending series of rock
terraces mantled by glacial till. As part of the Appalachian Plateau, the region is underlain
by a tectonically undisturbed sequence of Paleozoic rocks consisting of shales, sandstones,
conglomerates, limestones and dolostones. Figure 2-3 shows the regional geology of Seneca
County. In the vicinity of SEDA, Devonian age (385 million years bp) rocks of the Hamilton
group are monoclinally folded and dip gently to the south (Figure 2-4). No evidence of
faulting or folding is present. The Hamilton Group is a sequence of limestones, calcareous
shales, siltstones, and sandstones. These rocks were deposited in a shallow inland sea at the
north end of the Appalachian Basin (Gray, 1991). Terrigenous sediments from topographic
highs associated with the Acadian landmass of Western New England, eastern New York and
Pennsylvania were transported to the west across a marine shelf (Gray, 1991). These
sediments were deposited in a northeast-southwest trending trough whose central axis was
near what is now the Finger Lakes (Gray, 1991).

The Hamilton Group, 600 to 1500 feet thick, is divided into four formations. They are, from
oldest to youngest, the Marcellus, Skaneateles, Ludlowville, and Moscow formations. The
western portion of SEDA is generally located in the Ludlowville Formation while the eastern
portion is located in the younger Moscow Formation. The Ludlowville and Moscow
formations are characterized by gray, calcareous shales and mudstones and thin limestones
with numerous zones of abundant invertebrate fossils that form geographically widespread
encrinites, coral-rich layers, and complex shell beds. The Ludlowville Formation is known to

Page 2-1
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contain brachiopods, bivalves, trilobites, corals and bryozoans (Gray, 1991). In contrast, the
lower two formations (Skaneateles and Marcellus) consist largely of black and dark gray
sparsely fossiliferous shales (Brett et al., 1991). Locally, the shale is soft, gray, and fissile.
Figure 2-5 displays the stratigraphic section of Paleozoic rocks of Central New York. The
shale is extensively jointed and weathered at the contact with overlying tills. Joint spacings
are 1 inch to 4 feet in surface exposures. Prominent joint directions are N 60° E, N 30° W,
and N 20° E, with the joints being primarily vertical. Corings performed on the upper 5 to
8 feet of the bedrock revealed low Rock Quality Designations (RQD’s), i.e.,less than 5
percent with almost 100 percent recovery (Metcalf & Eddy, 1989), suggesting a high degree
of weathering.

Pleistocene age (Wisconsin event, 20,000 bp) glacial till deposits overlie the shales. Figure
2-6, the physiography of Seneca County, presents an overview of the subsurface sediments
present in the area. The site is shown on Figure 2-6 as lying on the western edge of a large
glacial till plain between Seneca Lake and Cayuga Lake. The till matrix, the result of
glaciation, varies locally but generally consists of horizons of unsorted silt, clay, sand, and
minor gravel. The soils at the site contain varying amounts of inorganic clays, inorganic silts,
and silty sands. In the central and eastern portions of SEDA the till is thin and bedrock is
exposed or within 3 feet of the surface in some locations. Thickness of the glacial till deposits
at SEDA generally ranges from 1 to 15 feet, although in selected locations it is greater than
30 feet thick.

Darien silt-loam soils, 0 to 18 inches thick, have developed over Wisconsinan age glacial tills.
These soils are developed on glacial till where they overlie the shale. In general, the
topographic relief associated with these soils is 3 to 8 percent. Figure 2-7 presents the U.S.
Department of Agriculture General Soil map for Seneca County.

Regional background elemental concentrations for soils from the Finger Lakes area of New
York State are not available. However, elemental concentrations for soils from the eastern
United States and in particular, New York State are available. Table 2-1 cites data on the
eastern United States from a United States Geological Survey (USGS) professional paper
(Shacklette and Boerngen, 1984) and data on the New York State soils from New York State
Department of Environmental Conservation (NYSDEC) report.

Page 2-6
June, 1995 K:ASENECAVRIFS\GENERIC\Section.2



MES020iC

[

L
=

Lower
Cretaceous

)

»per Devonian
P

(€ 2

Lower Silurian

3 (

A

Upper Ordovician

—

" Miadie
Ordovician

MESOZOIC INTRUSIVES
Kimberlite and alnoite dikes and diatremes.

CONNEAUT GROUP
600-1000 ft. (180-300 m.)
Germania Formation—shale, sandstone; Whitesville
Formatlon—shale, sandstone; Hinsdale Sandstone;
\r\:ellsvllla Formation—shale, sandstone; Cuba Sand-
stone.

CANADAWAY GROUP
800-1200 {1, (240-370 m.)
Machias Formatlon—shale, siltstone; Rushford Sand-
stone; Caneades, Canisteo, and Hume Shales; Can-
aseraga Sandstone; South Wales and Dunkirk Shales;
In Pennsylvanla: Towanda Formatlon—shale, sand-
stone.

JAVA GROUP
300-700 {t. {90-210 m.)
Wiscoy Formation—sandstons, shale; Hanover and
Ploe Creek Shales.

WEST FALLS GROUP
1100-1600 1t. (340430 m.)
Nunda Formatlon—sandstona, shale.
West Hill and Gardeau Formations—shale, siltstone;
Roricks Glen-Shale; upper Beers Hill Shale; Grimes
Siltstone.
lawar Beers Hill Shale: Duna Hill. Milloort, and
CLINTON GROUP
150-325 {t. {40-100-m.)
Decew Dolostone; Rochester Shale.
Irondequoit Limestone;” Wililamson Shale; Wolcott
Furnace Hematlte; Wolcott Limestone; Sodus Shale;
Bear Creeh Shale; Wallington Limestone; Furnace.
villa Hematite; Maplewood Shale; Kodak Sandstone.

Herkimer Sandstone; Kirkland Hematite; Witlowvale
Shale; Westmoreland Hematite; Sauquoil Formation
—sandstone, shale; Oneida Conglomerate.

MEDINA GROUP AND QUEENSTON FORMATION
0-900 ft. (0-270 m.)
Medina Group: Gtimbsy Formation-sandstone, shale,
Queenston Formatlon—shale, sillstone.

Undilferentiated Medina Group and Queenston
Formatien,

LORRAINE GROUP
700-900 ft. (210-270 m.)
Oswego Sandstone.

Pulashi and Whetstone Gulf Fermations—siltstone,
shale.

TRENTON GROUP
100-300 ft. (30-30 n.)

Utica Shate.

Bpmsous

PARSONS ENGINEERING SCIENCE, INC.

CLENTARQECT TME

[_.4
o
[a 9}
25
EZ
el
= e
%28
<;3
S g
Lr.lm‘"
Z'0
m
v

P

|w.cm

ENVIRONMENTAL ENGINEERING

FIGURE 2-5
BEDROCK STRATIGRAPHIC

JANUARY 1995

COLUMN

SOURCE:MODIFIED FROM-THE GROUND WATER RESOURCES
OF SENECA COUNTY, NEW YORK: MOZOLA, A.J.,
BULLETIN GW-26, ALBANY, NY, 1951

R:AGRAPHICS\SENECA\BEDSTRAT.CDR(CVM)



76°45°
— )
' =— =={ )
S P 4300
i /// | /// LEGEND
= // =z |
’ f’ 55" i
o —7,—2‘55 e i ZZ =~ DRUMLINS AND DRUMLINOID HILLS
— = = ’
= — \\ EES MONTEZUMA MARSH AREA
~ = | OUTWASH PLAINS AND GRAVEL HILLS
1 |
\ ey | ES  GLACIAL LAKE PLAIN
ke ;7 GLACIAL TILL PLAIN
) / APPALACHIAN PLATEAU
\ !
{ !
\ 2
A -
43°45" z <
i B SENECA a
| = bEPOr s
™ .
v @ o
. 4 ‘;‘\
! < N
1 ‘V’f‘ .
jco}
40
i L(_)Dl INTERLAKEN
{
|
35'—\
(o I 40 35
55’ 50" 76°45°
PARSONS
PARSONS ENGINEERING SCIENCE, INC.
CLENTARQECT TME
SENECA ARMY DEPOT
GENERIC INSTALLATION
RUFS WORK PLAN
CEA. DAVG NQ
ENVIRONMENTAL ENGINEERING , 726511-02001
FIGURE 2-6
PHYSIOGRAPHIC MAP OF
SOURCE:MODIFIED FROM-THE GROUND WATER RESOURCES SENECA COUNTY
OF SENECA COUNTY, NEW YORK: MOZOLA, A.J.,
BULLETIN GW-26, ALBANY, NY, 1951 SCALE 1" = 5 MILES l e JANUARY 1995

RAGRAPHICS\SENECAWPHYSIO.CDR(CVM)



t
N

i N s

SOHUYLER

SOURCE: U.S. DEPARTMENT OF ARGRICULTURE
SOIL CONSERVATION SERVCE
CORNELL UNIVERSITY AGRICULTURAL EXPERIMENT STATION

] 0 1 2 3 4

| I
SCALE IN MILES
1:190,080

SOIL ASSOCIATIONS

AREAS DOMINATED BY HIGH-LIME SOILS DEVELOPED IN GLACIAL TILL

. Ontario-Ovid association: Deep, well-drained to somewhat
poory drained soils that have a loam fo silty clay loam sutosoil

Honeove-Lima associction: Deep, well-drained and
moderately well drained soils that have a heawy silt loam
1o heavy loam subsoil

AREAS DOMINATED BY HGH-UME SOILS DEVELOPED IN GLACIAL
LAKE SEDIMENTS

Schohare-Cdessa association: Deep, well-drained to
somewhat poorly drained soils that have a silty clay loam
fo clay subsoit

Odessa-takemont association: Deep, dominantly somewhat
poorty dralined and poorly drained soils that have a silty clay
loam to silty clay subsoil

AREAS DOMINATED BY MEDIUM-LIME SOILS DEMVELOPED IN GLACIAL TILL

Conesus-Lansing association: Deep, moderately well drained
and well drained soils that have a heawvy silt loam to heavy
loam subsoil

Darien-Angola association: Deep and moderately deep,
somewhat poorly drained salls that have a silty clay

loam and clay loam subbsoil

AREAS DOMINATED BY MEDIUM-LIME SOILS DEVELOPED IN GLACIAL
LAKE SEDIMENTS
Dunkik-Collamer association: Deep well drained and

moderately well drained soils that have a silt loam to
silty clay loam subsail

Dunkik-Cczenovia association: Moderately deep and deep,
well drained and moderately well drained soils that have a
sitt loam fo siity clay loam subsoil that overlies limestone

Arport-Claverack association: Deep, dominantly well
drained and moderately well drained sails that are loamy
fine sand and fine sandy loam throughout or that have

a loamy fine sand subsoil over silty clay or clay

AREAS DOMINATED BY LOW-LIME SOILS DEVELOPED IN GLACIAL TILL

o Langford-Erie association: Deep, moderately well drained
B and somewhat poorly drained soils that have a channery
silt loam to channery loam fragipan

AREAS DOMINATED BY LOWLIME SOILS DEVELOPED IN ORGANIC MATERIAL

Muck-Peat-Fresh Water Marsh association: Deep to
shallow, very poorly drained organic soils

FEBRUARY 1971
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RI/FS WORK PLAN

B [ETEI)
ENVIRONMENTAL ENGINEERING I 72651 1-02001

FIGURE 2-7

GENERAL SOIL MAP
SENECA COUNTY, NEW YORK

SCAI 1" = 00' [ 2 JANUARY 1995

R: YSRAPHICS SENECACOLRSOIL CDRICVM)




TABLE 2 -1

BACKGROUND CONCENTRATIONS OF ELEMENTS IN SOILS OF THE

EASTERN UNITED STATES WITH SPECIFIC DATA FOR NEW YORK STATE

SENECA ARMY DEPOT
ELEMENT CONCENTRATION RANGE (mng/kg) GEOGRAPHIC LOCATION
Aluminum 7,000 - 100,000 Eastern U.S. (2)
1,000 - 25,000 Albany Area (1)
Arsenic <0.1-73 Eastern U.S. (2)
3-12 New York State (1)
<0.1-6.5 Albany Area (1)
Barium 10 - 1,500 Eastern U.S. (2)
15-600 New York State (1)
250 -350 Albany Area (1)
Beryllium 1-7 Eastern U.S. (2)
0-1.75 New York State (1)
0-0.9 Albany Area (1)
Cadmium Not Available Eastern U.S. (2)
0.0001-1.0 No Region Specified (1)
Calcium 100 - 280,000 Eastern U.S. (2)
130 - 35,000 New York State (1)
150 - 5,000 Albany Area (1)
2,900 - 6,500 Albany Area (1)
Chromium 1-1,000 Eastern U.S. (2)
1.5-40 New York State (1)
1.5-25 Albany Area (1)
Cobalt <03-70 Eastern U.S. (2)
2.5-60 New York State (1)
25-6 Albany Area (1)
Copper <1-700 Eastern U.S. (2)
<1-15 Albany Area (1)
Iron 100 - 100,000 Eastern U.S. (2)
17,000 - 25,000 Albany Area (1)
Lead >10-300 Eastern U.S. (2)
1-125 Albany Area (1)
Magnesium 50 - 50,000 Eastern U.S. (2)
2,500 - 6,000 New York State (1)
1,700 - 4,000 Albany Area (1)
Manganese >2-7,000 Eastern U.S. (2)
50 - 5,000 New York State (1)
400 - 600 Albany Area (1)
Mercury 0.01-34 Eastern U.S. (2)
0.042 - 0.066 Albany Area (1)
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TABLE2 -1

BACKGROUND CONCENTRATIONS OF ELEMENTS IN SOILS OF THE
EASTERN UNITED STATES WITH SPECIFIC DATA FORNEW YORK STATE

SENECA ARMY DEPOT
ELEMENT CONCENTRATION RANGE (mg/kg) GEOGRAPHIC LOCATION
Nickel <5-1700 Eastern U.S. (2)
19.5 (mean) New York State (1) (no
range available)
Potassium 50 - 37,000 Eastern U.S. (2)
475-1175 New York State (1)
Selenium >0.1-39 Eastern U.S. (2)
Not Available No New York State Data Given (1)
Sodium 500 - 50,000 Eastern U.S. (2)
Not Available No New York State Data Given (1)
Vanadium >7-300 Eastern U.S. (2)
Not Available No New York State Data Given (1)
Zinc >5-2,900 Eastern U.S. (2)
37-60 Albany Area (1)
(I

Nates:

1. (1) Source: McGovem, Carol E., Background Concentrations of 20 Elements in Soils with Special Regard for

New York State, Wildlife Resources Center, New York Department of Environmental Conservation, Delmar,
New York 12054, No Date.

2. (2) Source: Shacklette, H.T. and Boemgen, J.G., 1984, Element Concentrations in Soils and Other Surficial Materials
of the Conterminous United States, U.S.G.S. Prof Paper 1270, Washington.

3. The data are for areas where surficial materials are thought to be uncontaminated, undisturbed, or areas far from
poliution sources.
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2.3 REGIONAL HYDROGEOLOGICAL SETTING

Regionally, four distinct hydrologic units have been identified within Seneca County (Mozola
A.J., 1951). These include two distinct shale formations, a series of limestone units, and
unconsolidated beds of Pleistocene glacial drift. Overall, the groundwater in the county is
very hard, and therefore, the quality is minimally acceptable for use as potable water.
Figure 2-8 shows the distribution of known private wells near SEDA based on information
obtained from SEDA and the Town of Romulus. Approximately 95 percent of the wells in
the county are used for domestic or farm supply and the average daily withdrawal is
approximately 500 gallons, an average rate of 0.35 gallons per minute (gpm). The pumping
rates from these wells range from 0.5 to 150 gpm. About five percent of the wells in the
county are used for commercial, industrial, or municipal purposes. Seneca Falls and
Waterloo, the two largest communities in the county, are in the hydrogeologic region which
is most favorable for the development of a groundwater supply. However, because the
hardness of the groundwater is objectionable to the industrial and commercial establishments
operating within the villages, both villages utilize surface water (Cayuga Lake and Seneca
River, respectively) as their municipal supplies. The villages of Ovid and Interlaken, both of
which are without substantial industrial establishments, utilize groundwater as their public
water supplies. Ovid obtains its supply from two shallow gravel-packed wells located
approximately 1,000 feet from the center of the village. Ovid is located approximately 5 miles
south of SEDA. Interlaken has one well located 1-1/2 miles northeast of the center of the
village from which to obtain its public water supply. Two wells are used as a backup water
supply and are located approximately 1-1/2 miles southwest of the village. Interlaken is
located approximately 11 miles south of SEDA.

Regionally, the water table aquifer of the unconsolidated surficial glacial deposits of the
region would be expected to flow in a direction consistent with the ground surface elevations.
Geologic cross-sections from Seneca Lake and Cayuga Lake have been constructed by the
State of New York, (Mozola, 1951, and Crain, 1974). This information suggests that a
groundwater divide exists approximately half way between the two finger lakes. SEDA is
located on the western slope of this divide and therefore regional surficial groundwater flow
is expected to be westward toward Seneca Lake.

A substantial amount of information concerning the hydrogeology in the area has been
compiled by the State of New York, (Mozola, 1951). These reports have been reviewed in
order to better understand the hydrogeology of the area surrounding SEDA. The data
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SENECA GENERIC RI/FS WORKPLAN DRAFT-FINAL REPORT

indicates that within the area of SEDA a number of wells exist from which geologic and
hydrogeologic information has been obtained. This information includes: 1) the depth; 2)
the yield; and 3) the geological strata the wells were drilled through. Although the
information was compiled in the 1950s, these data are useful in providing an understanding

and characterization of the aquifers present within the area surrounding SEDA. A review
of this information suggests that three geologic units have been used to produce water for
both domestic and agricultural purposes. These units include: 1) a bedrock aquifer, which
in this area is predominantly shale; 2) an overburden aquifer, which includes Pleistocene
deposits (till); and 3) a deep aquifer present within beds of limestone the underlying shale.
The occurrence of water derived from limestone is considered to be unusual for this area and
is more commonplace to the north of this area. The limestone aquifer in this area is between
100 and 700 feet deep. As of 1957, twenty-five wells utilized water from the shale aquifer,
six wells tapped the overburden aquifer, and one used the deep limestone as a source of
water.

For the six wells that utilized groundwater extracted from the overburden, the average yield
was approximately 7.5 gpm. The average depth of these wells was thirty-six feet. The
geologic material which comprises this aquifer is generally Pleistocene till, with the exception
of one well located northeast of the site. This well penetrates an outwash sand and gravel
deposit. The yields from the five overburden wells ranged from 4 to 15 gpm. The well
located in the outwash sand and gravel deposit,‘ drilled to 60 feet, yielded only S gpm. A 20-
foot hand dug well, located southeasterly of the outwash well,yielded 10 gpm. The hydraulic
conductivity of the till/weathered shale aquifer at SEDA is approximately 6.6x 10 cm/s based
on slug tests performed at 22 wells located in the western portion of the Depot (i.e.,the Ash
Landfill and OB Grounds).

The geologic information reviewed indicates that the upper portions of the shale formation
would be expected to yield small, yet adequate, supplies of water, for domestic use. For mid-
Devonian shales such as those of Hamilton group, the average yields, (which are less than 15
gpm), are consistent with what would be expected for shales (LaSala, 1968). The deeper
portions of the bedrock, (at depths greater than 235 feet) have provided yields up to 150
gpm. At these depths the high well yields may be attributed to the effect of solutioning on
the Onondaga limestone, which is at the base of the Hamilton Group. Based on well yield
data, the degree of solutioning is affected by the type and thickness of overlying material
(Mozola, 1951). Solution effects on limestones (and on shales which contain gypsum) in the
Erie-Niagara have been reported by LaSala (1968). This source of water is considered to
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comprise a separate source of groundwater for the area. Very few wells in the region
adjacent to SEDA utilize the limestone as a source of water, which may be due to the drilling
depths required to intercept this water.

The geologic study of the area by Mozola (1951) determined three reasons for the lack of
hydrologic interconnection between the groundwater near the surface and the deeper
aquifers.  First, the shales in this region are relatively impermeable, i.e., absorbing,
transmitting, and yielding water very slowly. Joints and other openings in the shales are
generally very narrow or are filled with fine silt and clay. This impermeability tends to inhibit
downward seepage of water from the surficial deposits. Second, the slope of the bedrock and
the land surfaces toward the Finger Lakes favors rapid drainage of surface water. Third, the
overlying glacial drift is considered too thin to hold large quantities of water for gradual
recharge of the bedrock.

2.4 RESULTS OF PREVIOUS INVESTIGATIONS

Results of previous investigations for the site are described in the appropriate RI/FS Project
Scoping Plan that serves as a supplement to this Generic Installation RI/FS Work Plan.
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3.0 SCOPING OF THE RI/ES

The previous sections have presented the current database for the subject site. This section
will integrate and interpret the previously presented information yielding a conceptual
understanding or model which will define the current conditions at the site. Consistent with
this understanding will be the selection of likely potential receptors of pollutants from this
site and potential technologies which may be appropriate, should a remedial action be
necessary. Finally, Data Quality Objectives (DQO)s will be established which will define the
quality and quantity of the data necessary to make decisions regarding this site.

3.1 CONCEPTUAL SITE MODEL

The conceptual site model for the subject site combines both site conditions and expected
pollutant behavior into a cohesive understanding of the site. This will serve as the basis for
the deciding upon what activities willbe performed during the RI. The model was developed
by evaluating the following aspects:

1. Physical site characteristics: This considers the physical aspects of environmental
conditions and the effect these conditions may have on potential pollutant migration.

2. Environmental fate of constituents: This considers the expected behavior of residual
materials in the environment based upon the pollutants’ known chemical properties.

3.1.1 Physical Site Characterization

Physical site characterization of the subject site is discussed in the appropriate RI/FS Project
Scoping Plan that serves as a supplement to this Generic Installation RI/FS Work Plan.

3.1.2 Environmental Fate of Constituents - An Overview

This section presents a general discussion of contaminant fate and how these fate guidelines
will be used to evaluate the contaminants present at SEDA. This discussion will focus on a
variety of constituents including volatile organic compounds, semivolatile organic compounds,
pesticides/PCBs, herbicides, metals and explosives.
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The fate of a constituent refers to the length of time a constituent remains in its present
hazardous form. Organic constituents, including explosives, will degrade or decay over time,
generally into nonhazardous chemicals. Metal constituents will not degrade, but may be
converted into less hazardous or less mobile forms. Properties of both the hazardous
constituents and the media (soil, sediment, surface water, and groundwater) are necessary to
fully evaluate fate and transport. Examples of meaningful constituent-specific properties are
solubility, volatility, degradability, and adsorptivity. These properties are discussed below.
Representative indicators of these properties for selected organic compounds of concern at
SEDA are shown in Table 3-1. The organic compounds presented in Table 3-1 were those
compounds commonly found in investigations conducted to date at SEDA including Rls and
ESIs, and those compounds suspected to have been released to the environment based on
historical usage of the sites at SEDA. Media-specific properties for soils and sediment
include organic carbon content, moisture content, and mineralogy. Media-specific properties
for surface water and groundwater include organic content, charge balance, redox condition,
and pH.

Volatile constituents will enter the air in void spaces in the soil above the saturated zone.
These constituents may then leave the system through the ground surface. The tendency of
compound to volatilize is usually expressed in terms of a Henry’s Law constant K. Henry’s
Law holds in cases where the solute concentration is very low, which is applicable to most
constituents found at hazardous waste sites. Henry’s Law states that the concentration of a
constituent inthe vapor phase is directly proportional to the concentration of that constituent
in the aqueous phase. The proportionality factor is the Henry’s Law constant. Henry’s Law
constants for a number of the selected organic compounds of concern at SEDA are shown
in Table 3-1. Generally, for compounds with a Henry’s Law constant less than 5 x 10 atm-
m*/mol, volatilization from the soils will not be a major pathway (Dragun, 1988).

Compounds in soil usually are mobilized by entering the aqueous phase. The compounds may
enter meteoric water as runoff during rainfall events, or as it percolates through the soil
column to the groundwater. Hazardous constituents present in soils may also dissolve directly
into the groundwater during periods of high water tables. In some cases, the contaminants
enter the system directly into the water fraction via spills or leaks.

Important soil properties to consider include the fraction of organic carbon, the mineralogy,
and the porosity. Many organic compounds and some metals adsorb more strongly to the
organic fraction in the soil or sediment. Therefore, the larger the amount of organics in the
soil, the less mobile organic constituents will be.
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TABLE3-1

SUMMARY OF FATE AND TRANSPORT PARAMETERS FOR SELECTED ORGANIC COMPOUNDS OF CONCERN

SENECA ARMY DEFPOT
VAPOR HENRY'S LAW
SOLUBILITY PRESSURE CONSTANT Koc HALF - LIFE
|COMPOUND (mg/1) (mmHg) (atm-m?/mol) (mi/g) Kow (days) BCF
Volatlle Organic Compounds
Methylene Chloride 20000 438 2.03E-03 8.80E+00 2.00E+01 1-3 0.8
|Acetone infinite 288 2.06E-05 2.80E-01 5.75E-01 0.03
1,1,1-Trichloroethane 1500 123 1.44E-02 1.52E+02 3.16B+02 300 5.6-15
1,1,-Dichloroethane 5500 182 4.31E-03 3.00E+01 6.17E+01 29
1,1,2,2-Tetrachloroethane 2900 5 3.81E-04 1.18E+02 2.45B+02
1,2-Dichloroethens (total} 6300 5.3 6.60E-03 5.90E+01 1.23B+02 4.5
2-Hexanone 14000 11.6 2.82E-05 6
4-Methyl-2-Pent 17000 20 1.55E-04
Benzene 1750 95.2 5.59E-03 8.30E+01 1.32E+02 110 6.5
Carbon Disulfide 2940 366 1.32E-02 5.40E+01 1.00E+02 1.9
Chloroform 8200 208 2.87E-03 4.70E+01 9.33E+01 4.5-6
Chloromethane 6500 4310 4.40E-02 3.50E+01 9.50E-01
Ethylbenzene 152 7 6.43E-03 1.10E+03 1.41E+03 37 68-95
2-Butenone 353000 70.6 4.35E-05 9.40E-01 1.95E+00 0.09-1.86
1,2-Dichlorocthane 8520 80 9.78E-04 1.40E+01 3.02E+01 2-18 1.4-2
MTBE 43000
Trichloroethene 1100 75 9.10E-03 1.26E+02 2.40E+02 3-300 13.39
Vinyl chloride 2670 2300 8.19E-02 5.70E+01 2,40E+01
Stryene 300 4.5 2.05E-03
1,1-Dichloroethene 2250 500 3.40E-02 6.50E+01 5.30E+01
Tetrachloroethene 150 19 2.59E-02 3.64E+02 3.98E+02 1-13 49-66
Toluene 535 30 6.37E-03 3.00E+02 5.37E+02 3-39 2.6-27.1
Chlorobenzene 490 8.8 3.46E-03 3.33E+02 6.92E+02 10-33
Xylene (total) 0.3 9 6.91E-03 6.91E+02 1.45E+03 70
Semivolatile Organtc Compounds
Phenol 93000 0.341 4.54E-07 1.42E+01 2.88E+01 3-5 1.4-2
1,4-dichlorobenzene 79 1.18 2.89E-03 1.70E+03 3.98E+03 60-117
2-Methylphenol 25000 0.24 1.50E-06 2.74E+02 8.91E+01 1-3
4-Methylphenol 0.11 4.43E-07 2.67E+02 8.51E+01 1-3
2,4-Dimethylphenol 4200 0.0573 2.38E-06 2.22E+02 2.63E+02 1-3 9.5-150
Benzoic Acid 2700 2.48E+02 7.41E+01
Naphthalene 31.7 0.23 1.15E-03 1.30E+03 2.76E+03 1-110 44.95
2-Methylnaphthal 25.4 (.0083 5.80E-05 8.50E+03 1.30E+04 1-3
2-Chloronaphthalene 6.74 0.017 4.27E-04 4.16E+03 1.32E+04
2,6-Dinitrotoluene 1320 0.018 3.27E-06 9.20E+01 1.00E+02 4 4.6
4-Chloroaniline 3900 0.025 1.07E-05
Acenaphthylene 3.93 0.029 1.48E-03 2.50E+03 5.01E+03
|A phth 3.42 0.00155 9.20E-05 4.60E+03 1.00E+04
Dibenzofuran 4.16E+03 1.32E+04
2,4-Dinitrotoluene 240 0.0051 5.09E-06 4.50E+01 1.00E+02 5
Diethylphthalate 896 0.0035 1.14E-06 1.42E+02 3.16E+02 1-3 14-117
Carbazole
Fluorene 1.69 0.00071 6.42E-05 7.30E+03 1.58E+04 32-60
N-Nitrosodiphenylamine 113 1.40E-06 6.50E+02 1.35E+03 4 65-217
N-Nitroso-di-n-propylamine
Hexachlorobenzene 0.006 0.000019 6.81E-04 3.90E+03 1.70E+05
Pentachlorophenol 14 0.00011 2.75E-06 5.30E+04 1.00E+05 13-6300
Phenanthrene 1 0.00021 1.59E-04 1.40E+04 2.88E+04 1-200
Anthracene 0.045 0.000195 1.02E-03 1.40E+04 2.82E+04 200-460
Di-n-butylphthalate 13 0.00001 2.82E-07 1.70E+05 3.98E+05 1-3 89-1800
Fluoranthene 0.206 0.0177 6.46E-06 3.80E+04 7.94E+04 140-440

HAENG\SENECA\GENERIC\SECT \TBL3-1. WK3

Page 1 of 2



SUMMARY OF FATE AND TRANSPORT PARAMETERS FOR SELECTED ORGANIC COMPOUNDS OF CONCERN

TABLE3-1

SENECA ARMY DEPOT
VAPOR HENRY'S LAW
SOLUBILITY PRESSURE CONSTANT Koc HALF - LIFE
COMPOUND {mg/m) (mmHp) (atm-m*/mol) (nl/g) _Kow (days) BCF
Semlvolatile Organic Compounds
ene 0.132 2.50B-06 5.04B-06 3.80E+04 7.59E+04 9-1900

Butylbenzylphthalate 29 8.60E-06 1.20E-06 2.84E+04 5.89E+04 663
Benzo(a)anthracene 0.0057 1.50E-07 1.16E-06 1.38B+06 3.98E+05 240-680
Chrysene 0.0018 6.30E-09 1.05E-06 2.00E+05 4.07E+05 160-1900
Bis(2-Ethylhexyl)phthal 0.285 2.00B-07 3.61E-07 5.90E+03 9.50B+03 Neg. Deg.
Di-ni-octylphthalate 3 2.40E+06 1.58E+09
Benzo(b)fluoranthene 0.014 5.00E-07 1.19E-05 5.50E+05 1.15E+06 360-610
Benzo(k)fluoranthene 0.0043 5.10B-07 3.94E-05 5.50E+05 1.15E+06 910-1400
Benzo(a)pyrene 0.0012 0.000568 1.55E-06 5.50E+06 1.15E+06 220-530
Indeno(1,2,3-cd)pyrene 0.00053 1.00E-10 6.86E-08 1.60E+06 3.16E+06 600-730
Dibenz(ah)anthracene 0.0005 5.20E-11 7.33B-08 3.30E+06 6.31E+06 750-940
Benzo(g,h,i)perylene 0.0007 1.03E-10 5.34E-08 1.60E+06 3.24E+06 590-650
Pesticldes/PCBs
alpha-BHC
beta-BHC 0.24 2.80E-07 4.47E-07 3.80E+03 7.94E+03 Neg. Deg.
delta-BHC 314 1.70E-05 2.07E-07 6.60E+03 1.26E+04 Neg. Deg.

amma-BHC (Lindane) 7.8 0.00016 7.85E-06 1.08E+03 7.94E+03 Neg. Deg. 250

amma-Chlordane
Heptachlor 0.18 0.0003 8.19E-04 1.20E-04 2.51E+04 Neg. Deg. 3600-37000
Aldrin 0.18 6.00E-06 1.60E-05 9.60E+04 2.00E+05 Neg. Deg. 3890-12260
Endosulfan I 0.16 0.00001 3.35E-05 2.03E+03 3.55E+03
Heptachlor epoxide 0.35 0.0003 4.39E-04 2.20E+02 5.01E+02 Neg. Deg. 851-66000
Dieldrin 0.195 1.78E-07 4.58E-07 1.70E+03 3.16E+03 Neg. Deg. 3-10000
4,4'-DDE 0.04 6.50E-06 6.80E-05 4.40E+06 1.00E+07 Neg. Deg. 110000
Endrin 0.024 2.00E-07 4.17B-06 1.91E+04 2.18E+05 Neg. Deg. 1335-4%000
Endosulfan II 0.07 0.00001 7.65B-05 2.22E+03 4.17E+03
4,4'-DDD 0.16 2.00E-09 3.10E-05 2.40E+05 3.60E+05 Neg. Deg.
Endosulfan sulfate 0.16 2.33E+03 4.57B+03
4,4-DDT 0.005 5.50E-06 5.13E-04 2.43E+05 1.55E+06 Neg. Deg. 38642-110000
Endrin aldehyde
Endrin ketone
alpha-Chlordane 0.56 0.00001 9.63E-06 1.40E+05 2.09E+03 Neg. Deg. 400-38000
lAroclor-1242 0.24 0.00041 5.60E-04 1.29E+04
Aroclor-1248 0.054 0.00049 3.50E-03 5.62E+05 Neg. Deg.
Aroclor-1254 0.012 0.00008 2.70E-03 4.25E+04 1.07E+06 42 10EA4-10E6
Aroclor-1260 0.0027 0.000041 7.10E-03 1.30E+06 1.38E+07 Neg. Deg. 10E4-10E6
Herblcides
2,4-D 620 0.04 1.88E-04 1.96E+01 6.46E+02 208 31
2,4-DB

Dalapon 502000 0.12 6.43E-08 5.70E+00

Dicamba 4500 2.0E-05 1.30E-09 2.20E+00 3.00E+00

Dichloroprop
MCPA
MCPP

2,4,5-T 278 1.5E-07 8.68E-09 6.50E+02 65
2,4,5-TP (Silvex) 238 5.2E-06 1.31E-08 8.01E+01 4.00E+00 170
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TABLE3-1

SUMMARY OF FATE AND TRANSPORT PARAMETERS FOR SELECTED ORGANIC COMPOUNDS OF CONCERN

SENECA ARMY DEPOT
VAPOR HENRY'S LAW
SOLUBILITY PRESSURE CONSTANT Koe HALF - LIFE
COMPOUND {mp/T) (mmHp) (atm-m?/mol) (ml/g) Kow (days) BCF
Explosives
HMX 66 3.90E-09 5.08B+02 1.30E-01
RDX 50 4.10B-09 2.00E-05 5.38E+02 7.80E-01
1,3,5-Trinitrobenzene 35 2.20E-04 1.30E+00 5.20B+02
1,3-Dinitrobenzene 470 1.50E+02 4.17E+01
Tetryl
2,4,6-Trinitrotolu 130 0.0001 1.37B-06 5.34E+02 1.90E+00
4-amino-2,6-Dinitrotol
2-amino-4,6-Dinitrotol
2,6-Dinitrotoluene 182 0.018 3.27B-06 2.49E+02 1.00E+02 4 4.6
2,4-Dinitrotoluene 270 0.0051 5.09E-06 2.01E+02 1.00E+02 5
References: Notes;
1. IRP Toxicology Guids Koc = orgamic carbon partition coefficient
2. Basics of Pump-and-Treat Ground-Water Remedistion Technology (EPA, 1990). - Kow = octanol-wulet pmrtition coefficient
3. Handbook of Brvi Fate snd Bxp Data (Howard, 1989). BCP = bioconcentration factor
4. Soil Chemistry of H: Materials (Dragm, 1988) Neg. Deg. = Negligible Biodegradation
5. Hazardous Wasto Treatment, Storage, and Disposal Pacilities, Air Brmissions Models (EPA, 1989).
6. USATHAMA, 1985
7. Values for Koc not found were estimated by: logKoc = 0.544logKow + 1.377 (Dragun, 1988).
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One measure of the affinity of a compound for the organic fraction of the soil is the organic
-carbon partition coefficient, K. The K. is the ratio of the amount of the compound present
in the organic fraction to that present in the aqueous fraction. K, values are presented in
Table 3-1 for potential contaminants of concern at SEDA. The units used in Table 3-1 are
milliliters per gram (mL/g). Table 3-2 describes the relative relationship between K, and
mobility. As can be seen, compounds with a K, greater than 500 mL/g are generally
considered immobile (Dragun, 1988). As shown in Table 3-1, most of the PAHs and
pesticides have K values well greater than 500 mL/g, and can be considered immobile. The
explosives have K, values ranging from 45 to 500 mL/g, and therefore may be considered
mobile.

Soils with higher organic content will adsorb more organics than soils with more clays.
Generally, surface soils will have higher organic content than deeper soils, due to the
presence of live and dead plant matter at the surface.

K, values are generally determined by experiment, but are often estimated using
octanol-water partition coefficients (K,,). Octanol-water partition coefficients are determined
in the laboratory, and then converted to K, via empirical relationships. Like K, K, values
are also presented in Table 3-1. Since these values are a ratio of concentrations, they are
dimensionless.

Other compounds adsorb more strongly to the clay fraction of a soil or sediment. Under-
standing the type and amount of clays present is crucial to estimating the mobility of the
compounds. Most of the soils at SEDA are classified as clay loams. These soils generally
have low permeabilities and high water retention capabilities. Because of these properties,
contaminants tend to move slowly through these soils.

Transport refers to the movement of hazardous constituents at a site. There are three major
pathways through which hazardous contaminants may migrate and threaten human health and
the environment, and which must be evaluated for every site: air, groundwater, and surface
water. At SEDA, the major potential pathways of concern are surface water runoff, the
interaction of surface water with surficial soils, groundwater, and the air pathway, primarily
through the entrainment of particulates. A potential secondary pathway of concern is
ingestion of fish from any surface water body which may contain hazardous constituents.
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TABLE 3-2

RELATIVE RELATIONSHIPS BETWEEN K, AND MOBILITY

K, Mobility Class

> 2000 I - Immobile

500-2000 II - Low Mobility

150-500 III - Intermediate Mobility
50-150 IV - Mobile

<50 V - Very Mobile

K, - Organic carbon partition coefficient

Source: The Soil Chemistry of Hazardous Materials; James Dragun, Ph.D; The Hazardous
Materials Control Research Institute; 1988.
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This mobilization might take place on different scales i.e.,adsorption of the lead onto organic
matter or leaching of metal complexes into surface water during runoff of precipitation. Any
evaluation of transport must involve characteristics and data from the total site, and cannot
look solely at chemical data or general soil and surface water information. The transport
mechanisms must also be understood in terms of small to large-scale phenomena.

The discussion of the fate mechanisms is separated into several groups, organics (VOCs,
SVOCs, Pesticides/PCBs, herbicides and explosives) and heavy metals, as the mechanisms are
somewhat different for each class. For organic constituents such as explosives, fate is
evaluated in terms of degradation or conversion of the compounds. Compounds can
biodegrade, hydrolyze, photodegrade, or be converted into other organic compounds. Usually,
organic compounds are converted to less hazardous compounds, with carbon dioxide and
water being the major end products of aerobic degradation. Occasionally, more hazardous
constituents may result from degradation. However, the degradation products of the
explosives discussed in Section 3.1.3.6are not more hazardous than the parent compounds.
Photodegradation is only important when the organic compounds are present at the surface
and exposed to the sun. At SEDA, all of these mechanisms may contribute to the
degradation of organics.

Important factors of organics (used to assess the degradation) include the degradation rate
which is a measure of how rapidly a compound will biodegrade; solubility, which helps to
determine the availability of the compound to the bacteria and to hydrolysis reactions; and
toxicity, which is a measure of how toxic the compound is to the bacteria present in the soil.
Biodegradation is often assumed to be a first order mechanism, and degradation rates may
be expressed as first order rate constants or as half-lives. A half-life refers to the time it
would take for half of the mass of the organic constituent to degrade. Half-lives for some of
the selected organic compounds of concern at SEDA are shown in Table 3-1. The first order
degradation rate is often assumed to be independent of the mass of the constituent present
in order to facilitate modeling, but in reality, as the mass of a compound decreases, the
degradation rate will also decrease.

The major fate mechanisms for metals are complexation, adsorption, precipitation, oxidation
and reduction. Complexation and adsorption are very similar. Both involve the bonding of
the metal ion with other materials present in the media, such as organic matter or clay
minerals. In complexation, metals are bound up by larger molecules present in the aqueous
fraction of the system, while adsorption generally refers to the binding up of the metals in the
minerals or clays present in the soil or sediment. Metal complexes may still be mobile, while
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adsorbed metals are not. Precipitation involves the formation of a metal compound which
is insoluble. Examples of insoluble compounds are metal hydroxides and metal carbonates.

Another aspect of fate and transport is bioaccumulation, or bioconcentration. A range of
bioconcentration factors (BCFs) for some of the constituents is included in Table 3-1. While
some of these values indicate a large potential for bicaccumulation, the overall potential at
the site is low, since most of the chemicals of concern, both organics and inorganics are
present in forms which are not readily available to plants and animals. The organics are
primarily adsorbed in the organic matter in the soil (as evidenced by the high K. values), and
the inorganics are present primarily in insoluble forms. Therefore, there will be little plant
uptake of the hazardous constituents.

Another common mechanism for bioaccumulation is ingestion of fish which have accumulation
of hazardous chemicals. Fish may accumulate these chemicals by swimming in contaminated
water or by ingesting contaminated food.

3.1.3 Environmental Fate of Constituents at SEDA
3.13.1 Volatile Organic Compounds

Volatile organic compounds tend to have a low residence time in surface soil and surface
water environments. These chemicals can be persistent in groundwater. However, there is
evidence that non-chlorinated volatile organic compounds may degrade rapidly in the vadose
zone above groundwater plumes. (Gas Research Institute, Management of Manufactured Gas
Plant Sites, Volume III, Risk Assessment, May 1988, GRI-87/0260.3).

Major exposure routes of interest include the ingestion of groundwater and the inhalation of
the gases. The latter can be important in situations involving the excavation of pits or the
entrainment of soil gas into buildings.

There is little potential for these chemicals to accumulate in aquatic or terrestrial biota.
Because it is not the intent of this section to discuss the persistence of all volatile organic
compounds, only selected volatile organics that are commonly found or are suspected to have

been released to the environment at SEDA are discussed below.

This section addresses the contaminant persistence (fate and transport) and focuses on
volatile organic compounds, the primary constituents of concern at the SEDA. Volatile

Page 3-8
June, 1995 KASENECA\RIFS\GENERIC\Section.3



SENECA GENERIC RI/FS WORKPLAN DRAFT-FINAL REPORT

organic chlorinated (aliphatic) compounds associated with SEDA are TCE and the breakdown
products of TCE, including cis- and trans- 1,2-dichloroethene, (1,2-DCE) 1,1-dichloroethene
(1,1-DCE) and vinylchloride. Since vinylchloride is a gas at ambient temperatures, it is likely
that the much of the degradation of TCE ends upon the formation of vinyl chloride, since it
would be slowlyreleased into the atmosphere. Common aromatic volatile organic compounds
are benzene, toluene, ethylbenzene and xylenes (BTEX) which are associated with petroleum
hydrocarbons, including gasoline.

The chemical/physical properties of these chemical constituents and the media (soil, sediment,
surface water, and groundwater) which have been impacted are necessary to fully evaluate the
fate and transport.  Meaningful chemical-specific properties are solubility, volatility,
degradability, and adsorptivity. These properties are discussed below. Table 3-1 summarizes
the chemical specific properties of TCE and its breakdown products, and BTEX compounds.
Media specific properties include organic carbon content, porosity, moisture content, bulk
density, groundwater velocity, and dispersivity.

3.1.3.1.1 Alipbatic (chlorinated) Volatile Organics

Table 3-1 presents the information which will serve as a basis for predicting the likely
environmental fate of the chlorinated substances at SEDA. The most volatile of the
chlorinated compounds being examined at this site is vinyl chloride, with a vapor pressure of
2300 millimeters mercury (mm Hg) at 20°C. TCE has a vapor pressure of 59 mm Hg at 20°C.
Consequently, volatilization represents a significant environmental pathway, provided that
there is an ample amount of air space in the soil through which the vapor can migrate.
Volatile constituents enter the air through void spaces in the soil above the saturated zone
which may then leave the system through the ground surface.

An important chemical specific property which can be used to understand the potential for
chemical migration is Henry’s Law. At low concentrations and equilibrium, Henry’s Law
states that the concentration in the vapor phase is directly proportional to the concentration
in the aqueous phase. The Henry’s constant is the proportionality factor between the vapor
and liquid phase concentrations. Henry’s constants for selected organic compounds of
concern detected are presented in Table 3-1. Generally, for compounds with a Henry’s
constant less than 5 x 107 atm-m®/mole, volatilization is not expected to be a significant
environmental pathway (Dragun, 1988). TCE and its four breakdown products all have
Henry’s Constants greater than 5 x 10 atm-m®/mole which suggests that volatilization will be
a significant mechanism in the partitioning of these volatile chlorinated compounds.
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Compounds in soil are only mobile in the aqueous and air phases. Compounds enter the
groundwater as precipitation migrates through the soil and mixes with these materials,
eventually recharging to groundwater. The solubilities for these compounds range from 1,100
mg/l for TCE to 6,300 mg/l for trans 1,2 DCE which is sufficient to cause impacts to the
groundwater. A review of the melting points and boiling points indicate that vinyl chloride
is a gas at ambient temperatures, and TCE and the DCE isomers are liquids at room
temperature.

The affinity of a compound to sorb to the organic fraction of soil is estimated from the
organic carbon partition coefficient (K,). The K, is the ratio of the amount of the
compound present in the organic fraction to that present in the aqueous fraction, at
equilibrium. K, values are presented in Table 3-1 for TCE and its breakdown products. The
relationship between K, and mobility is presented in Table 3-2. Compounds with a K
between 500 mL/gand 2,000 ml/gare generally considered low mobility compounds and those
with a K, value greater than 2,000 ml/gare considered to be immobile (Dragun, 1988). TCE,
the DCE isomers and vinyl chloride all have K values less than 500 mL/g and are therefore
considered to be mobile. K, values are generally determined by experiment, but are often
estimated using octanol-water partition coefficients (K,,). Octanol-water partition coefficients
are determined in the laboratory and then converted to K, via empirical relationships.

Understanding the type of soils present is useful for estimating the mobility of compounds.
The site soils, clay loams, generally have low permeabilities and high water retention
capacities. Therefore dissolved materials tend to move much slower through clay soils than
sandy soils. Since adsorption of solutes on soils is controlled by the amount of organic carbon
in the soil, soils with a higher organic content will adsorb more organics than soils which are
low in carbon but rich in clay. Generally, surface soils, i.e. soils in the agricultural A horizon,
have a higher organic content than deeper soils, i.e. soils in the B and C horizon, due to the
presence of decomposing plant matter at the surface. In general, the larger the amount of
organic matter in the soil, the less mobile the compounds of concern will be.

Compounds degrade through a variety of mechanisms including biodegradation, hydrolysis,
photodecomposition, and are converted to other organic degradation products.
Biodegradation is considered to be the most likely transformation pathway for TCE, since the
reaction kinetics are the fastest of the mechanisms considered. Known biological breakdown
products of TCE include vinyl chloride and 1,2-DCE. The degradation rate, which is a
measure of how fast a compound degrades, is influenced by several factors including:
solubility, which determines the availability of the compound to the bacteria, temperature,
oxygen concentrations, moisture content, substrate concentrations and toxicity, which is a
measure of how toxic the compound is to the bacteria. For estimating simplicity,degradation
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has been assumed to be a first order reaction, which will allow degradation rates to be
expressed as first order rate constants or half lives. A half-life refers to the time it would take
for half of the mass of the organic constituent to degrade to either an intermediate compound
or to carbon dioxide and water. A detailed analysis of biodegradation would evaluate the
complete pathway. Half-lives for selected organic compounds that have a potential to be
detected at SEDA are shown in Table 3-1. The first order degradation rate isoften assumed
to be independent of the mass of the constituent present in order to facilitate modeling, but
in reality, as the mass of a compound decreases, the degradation rate will also decrease.

3.1.3.1.2 Fate of Chlorinated Aliphatic Volatile Compounds"

Following a release, source materials partition into the three (3) environmental media, i.e.
soil, water and air. Estimations of phase partitioning at the source can be used to understand
the expected fate of the released materials. The fate of the chlorinated chemicals found at
SEDA can be determined by Level I equilibrium partitioning calculations following
procedures developed by MacKay and Paterson, (1981).

The partitioning model is based on the concept of fugacity, a thermodynamic property of a
chemical. Fugacity is often considered as the tendency of a chemical to escape from one
phase into another. Using known chemical/physical properties of the chemicals of interest,
i.e. the Henry’s constant and the K, and the physical properties of the media which these
chemicals are released into, i.e. the soil porosity and the moisture content, it is possible to
calculate a fugacity value, described as the f term, for each media. Generally, the units of
fugacity, f, are expressed in units of pressure, i.e. atmospheres. The basic premise of the
approach described by Mackay is that, at equilibrium, the fugacity of the chemicals in each
media (subcompartment) are equal. Secondly, the concentration of each chemical in each
media is related to the fugacity by a proportionality constant, Z. The units of Z are in
moles/m*-atm. Since only three media are involved, it is possible to ratio the Z terms for each
media to the sum of all the Z values. This provides a percent partitioning ratio which is
indicative of the degree that each chemical will partition into each environmental phase. The
analysis has the advantage that it is independent of the actual mass of a chemical in the
media. The results represent the relative amounts of a chemical, at equilibrium, which would
be expected in a subcompartment. The subcompartments are the soil, water or air phase of
the compartment in question.

For this analysis two compartments were considered. One compartment, the unsaturated
(vadose) zone of soil, and the second compartment considered was saturated zone of soil.
The analysis was performed separately for each compartment.
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The Level I partitioning estimation technique, developed by Mackay, is considered to be a

“ batch type analysis. In other words, chemicals are not allowed to pass beyond a defined
control volume being considered. It does not account for various dynamic processes, such as
biodegradation, but is useful in estimating the fate of released chemicals within the source
area. The model does not account for separate phase liquids which may displace moisture
within the pore spaces. It is intended to provide an indication of the behavior of the
chlorinated organics in the soil under theoretical conditions.

The model involves three basic assumptions:

L. There is no chemical or biological degradation.

2. Chemicals are at equilibrium within the total environmental compartment and each
subcompartment.

3. Since equilibrium is assumed, there is no unbalanced net flux into or out of

subcompartments nor is there any release from the compartment as a whole, i.e.
volatilization or leaching.

The compartments chosen were the vadose zone and the saturated deep soil. The only air
volume considered was that air in the pores of the vadose zone. The atmospheric air above
the compartment was excluded.

Mackay’s equilibrium partitioning model was used to predict the partitioning of TCE, trans-
1,2-DCE, and vinyl chloride among soil-solids, soil-water, and soil-air. The porosity of the soil
at SEDA was estimated to be 37.3% (USAEHA Hazardous Waste Study No. 37-26-0479-85,
August 1984). Since the moisture content of the soils at SEDA vary during the year, two
scenarios were considered, a wet season (23.3 % moisture content in the vadose zone)
(USAEHA, 1984) and a dry season (9.4 % moisture content in the vadose zone) (Metcalf and
Eddy, October 1989). The vadose zone consists of the soil phase, the soil-water phase, and
the soil air phase. By definition, saturated soils contains no soil-air phase. A discussion of
the model results follows.

The fugacity calculation begins by establishing the control volume. The control volume for
the vadose zone compartment was established by considering one (1) square foot of soil
extending (1) foot into the unsaturated zone. The control volume for the saturated zone was
established by considering one (1) square foot of soil extending one (1) foot into the water
table.
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The amount of water in the upper, unsaturated control volume during the wet season is:

% Water=MC
where: MC = Moisture Content during the wet season, (0.233)

The amount of solids in the control volume during the wet season was estimated as:

%Solids=1-P
where: ® = Soil Porosity, (0.373)

The amount of air estimated in the control volume during the wet season was estimated as:

%Air=1-(%Solids+%Water)

From these estimates, the subcompartment volumes, expressed as percent of the total volume,
during the wet season was calculated as:

. Volume of Solids - 62.7%
° Volume of Water - 23.3% and
° Volume of Air - 14% .

During the dry season, the moisture content of the unsaturated zone was estimated to be
9.4%, the same analysis yielded subcompartment volumes of:

° Volume of Solids (V) - 62.7%
o Volume of Water (V,,) - 9.4% and
° Volume of Air (V,,) -27.9%

The soil pore spaces for the lower saturated soil compartment does not contain any air spaces
and therefore the volume of the water in this compartment is equal to the soil porosity, 0.373.
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The remainder of the soil volume is soil solids. The subcompartment volumes are defined as
follows:

° Volume of Solids (V) - 62.7%
° Volume of Water (V,,) -37.3%

Two chemical specific inputs are required:

H = Henry’s Law Constant (atm m*/mol) and
K, = organic carbon partition coefficient.

The media specific inputs are:

° Soil organic carbon content - 0.1%
. Bulk density of soil - 1.8 g/cm’
o Soil temperature - 20°C

The next step is to calculate the proportionality constant Z, for each phase, where:

C =7f

1 . 171

and

C, = the concentration in a given phase (mol/m®)
Z, = the proportionality constant for a given phase (mol/m’-atm)
f. = the fugacity of a given phase (atm).

The following equations can be used to calculate Z.
1) Z. = 1/RT
2) Zg, - 1/H
3) Zsoil = 10-8 (OC soil) Koc Psoil)/H
where:
R = universal gas constant = 8.2 x 10° m*-atm/mol-’K

T = Temperature (°K)
Henry’s Law Constant (atm-m’*/mol)

s
It

oc,; = soil organic carbon content (%)
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K, = organic carbon partition coefficient
P,,, = soil bulk density (g/m’)

Next, the fraction (F) in each phase is calculated by the following equations:

F = Vair Zair
“ Vair Zair + ng Zgw * Vsoil Zsoil
F = ng Zs’w
o Vair Zair + ng Zgw * Vsoil Zsoil
F .= Vsail Zsoil
il
* Vair Zair * ng Zgw * Vsail Zsail

For the two compartment calculations the air terms are ignored.

Table 3-3 contains the results of the partitioning model. In the vadose zone, TCE is expected
to partition in the soil-water phase from 27.5% to 54.5%, depending on the season. The
partitioning of TCE in the soil-air phase is from 12.4% to 30.9%. As expected, TCE
partitions more in the soil-water phase during the wet season than the dry season.
Conversely, during the dry season, when there is more vapor space in the soils there is more
TCE in the soil-air phase. The amount of TCE remaining in the soil ranges from 33.1% to
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TABLE 3 -3

SUMMARY OF FUGACITY CALCULATIONS

SENECA ARMY DEPOT
ASH LANDFILL
VADOSE ZONE — WET SEASON
1) Chemical Name Trichloroethene trans—1,2—dichloroethene Vinyl chloride
Assumptions:
2) % soil 62.7% 62.7% 62.7%
3) % water 23.3% 23.3% 23.3%
4)  %air 14.0% 14.0% 14.0%
5) oc=% organic carbon in soil 0.10 0.10 0.10
6) bulk density (g/m?) 1.80E+06 1.80E+06 1.80E+06
7y Koc 126 59 57
8) Henry’s Law Constant 9.10E-03 6.56E—03 8.19E-02
9) Temperature (°K) 293 293 293
Calculations:
Z(soil) 24.92 16.19 1.25
Z(water) 109.89 152.44 12.21
Z(air) 41.62 41.62 41.62
Estimated % of Total Mass Of Chemical in Each Compartment
Results:
F(soil) 33.2% 19.7% 8.3%
F(water) 54.4% 69.0% 30.1%
F(air) 12.4% 11.3% 61.6%
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TABLE 3 -3

SUMMARY OF FUGACITY CALCULATIONS

SENECA ARMY DEPOT

ASH LANDFILL
SATURATED WET SOIL — WET SEASON
1) Chemical Name Trichloroethene trans—1,2—dichloroethene Vinyl chloride
Assumptions:
2) % soil 62.7% 62.7% 62.7%
3) % water 37.3% 37.3% 37.3%
5) oc=% organic carbon in soil 0.10 0.10 0.10
6) bulk density (g/m?) 1.80E+06 1.80E+06 1.80E+06
7) Koc 126 59 57
8) Henry’s Law Constant 9.10E-03 6.56E—03 8.19E-02
9) Temperature (°K) 293 293 293
Calculations:
Z(soil) 24.92 16.19 1.25
Z(water) 109.89 152.44 12.21
Estimated % of Total Mass Of Chemical in Each Compartment
Results:
F(soil) 27.6% 15.1% 14.7%
F(water) 72.4% 84.9% 85.3%
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TABLE 3 -3

SUMMARY OF FUGACITY CALCULATIONS

SENECA ARMY DEPOT
ASH LANDFILL
VADOSE ZONE — DRY SEASON
1) Chemical Name Trichloroethene trans—1,2—dichloroethene Vinyl chloride
Assumptions:
2) % soil 62.7% 62.7% 62.7%
3) % water 9.4% 9.4% 9.4%
4) Pair 27.9% 27.9% 27.9%
5) oc=% organic carbon in soil 0.10 0.10 0.10
6) bulk density (g/m?) 1.80E+06 1.80E+06 1.80E+06
7) Koc 126 59 57
8) Henry’s Law Constant 9.10E-03 6.56E-03 8.19E-02
9) Temperature (°K) 293 293 293
Calculations:
Z(soil) 24.92 16.19 1.25
Z(water) 109.89 152.44 12.21
Z(air) 41.62 41.62 41.62
Estimated % of Total Mass Of Chemical in Each Compartment
Results:
F(soil) 41.6% 28.1% 5.8%
F(water) 27.5% 39.7% 8.5%
F(air) 30.9% 322% 85.7%
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TABLE 3 -3

SUMMARY OF FUGACITY CALCULATIONS

SENECA ARMY DEPOT

ASH LANDFILL
SATURATED DEEP SOIL — DRY SEASON
1) Chemical Name Trichloroethene trans—1,2—dichloroethene Vinyl chloride
Assumptions:
2) % soil 62.7% 62.7% 62.7%
3) % water 37.3% 37.3% 37.3%
5) oc=% organic carbon in soil 0.10 0.10 0.10
6) bulk density (g/m®) 1.80E+06 1.80E+06 1.80E+06
7) Koc 126 59 57
8) Henry’s Law Constant 9.10E~-03 6.56E—03 8.19E-02
9) Temperature (°K) 293 293 293
Calculations:
Z(soil) 24.92 16.19 1.25
Z(watcr) 109.89 152.44 12.21
Estimated % of Total Mass Of Chemical in Each Compartment
Results:
F(soil) 27.6% 15.1% 14.7%
F(water) 72.4% 84.9% 85.3%

Notes:

1) Henry’s Law Constants and K(oc) valucs are from Table A—1 of Basics of Pump and Treat Groundwater Remediation Technology (EPA March 1990).
2) The moisture content (wet season) was obtained from USAEHA Hazardous Waste Study No. 37-26—0479 -85 (1984).
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41.6%. In the saturated soil the partitioning percentage of TCE is 27.6% in the soil with the
remainder in the soil water phase (72.4%).

The partitioning model also considered trans-1,2-DCE, a TCE breakdown product, and vinyl
chloride, a breakdown product of DCE. It was determined that in unsaturated soils, a
significant amount (39.7% to 69.1%) of DCE will be present in the soil-water phase. In the
saturated soils as much as 84.9% of the DCE is expected to be in the soil-water phase.
Since vinyl chloride is a gas at room temperature a much greater percentage of vinyl chloride
was found in the soil-air phase, 85.7% during the wet season and 61.5% during the dry
season.

The results of these partitioning analyses indicate that chlorinated solvents found at SEDA
will be partitioned into the soil-water and the soil-airspace.

The previous analysis did not consider degradation of these chemicals. Figure 3-1 provides
a summary of the identified breakdown products resulting from the environmental
biodegradation of TCE. Dechlorination and methane production are carried out by anaerobic
microbes. Anaerobic conditions are likely to exist in the soils and therefore anaerobic
degradation is a likely degradation pathway. Research indicates that under methanogenic
conditions TCE is sequentially reduced by dechlorination to DCE isomers, then to vinyl
chloride, and eventually to ethene. At each step a chlorine is replaced by hydrogen, and
hydrogen chloride is produced. Of the three possible DCE isomers, the cis- and trans- 1,2-
dichloroethene isomers are much more prevalent than 1,1-dichloroethene. Both an energy
source and an electron, or an electron donor source appear to be necessary for this
transformation to take place. Compounds with a greater degree of halogenation are more
likely to undergo dehalogenation, suggesting that vinylchloride, with one remaining chlorine
is not as likely to degrade to ethene as TCE is to degrade to DCE.

The products of biodegradation at the site suggests that biodegradation mechanism is the
more rapid mechanism, since TCE was detected in 54% of the soil samples and 33% of the
groundwater samples and 1,2-DCE (total) was detected in 39% of the soil samples and 32 %
of the groundwater samples. 1,1-DCE, not a significant intermediate, was detected in only
6% of the soil samples and 2% of the groundwater samples. Vinyl chloride was detected in
6.4% of the soil samples and 7% of the groundwater samples. The high vaporization
potential of vinyl chloride may account for the low percentage of soil and water samples
found to contain vinyl chloride.
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An important item to note regarding degradation, is that TCE was not detected in the
downgradient wells along the site fenceline, while DCE was detected. This suggests that
biodegradation of TCE is occurring along the groundwater transport pathway and TCE is
transformed to DCE before groundwater migrates to the downgradient locations. Although
little or no vinyl chloride was found in the downgradient wells, a known breakdown product
of DCE, based upon the previous discussion of partitioning, it is likely that the vinyl chloride
is released as vapor.

TCE is relatively mobile and will partition in the water of the soil-groundwater system
especially in soils with a low organic content. As discussed earlier, volatilization may also be
a significant pathway for TCE near the surface or in the soil-air phase. Hydrolysis is not
expected to be significant in natural soils due to slow reaction mechanisms.

DCE and Vinyl chloride are also considered to be mobile in soil/groundwater systems and
volatilization is also considered to be significant near the surface. However, unlike TCE and
DCE, partitioning of vinyl chloride in the soil-air phase dominates the expected partitioning
pathways and most of the vinylchloride willlikely be volatilized from the surface of the soil.

3.1.3.1.3 Aromatic Volatile Organics

The following information on aromatic volatile organics was obtained from the document,
"Installation Restoration Program Toxicology Guide", Volume 1, October 1985, AD-A171095.

Benzene, toluene, ethylbenzene, and xylenes (BTEX) compounds may move through the
soil/groundwater system when present at low concentrations (dissolved in water and sorbed
on soil) or as a separate organic phase (resulting from a spill of significant quantities of the
chemical). In general, transport pathways of low soil concentrations can be assessed by
equilibrium partitioning. These calculations predict the partitioning of BTEX compounds
among soil particles, soil water and soil air. The portions of BTEX compounds associated
with the water and air phases of the soil are more mobile than the adsorbed portions.

Partitioning in the Environment

Benzene: The estimate for an unsaturated topsoil model indicate that most of the benzene
(88%) is expected to be sorbed to the soil. A much smaller (yet significant) amount (7%)
will be present in the soil water phase and can thus migrate by bulk transport (e.g., the
downward movement of infiltrating water), dispersion and diffusion. For the portion of

Page 3-22
June, 1995 KASENECA\RIFS\GENERIC\Section.3



SENECA GENERIC RI/FS WORKPLAN DRAFT-FINAL REPORT

benzene in the gaseous phase of the soil (5%), diffusion through the soil-air pores up to the
ground surface, and subsequent removal by wind, will be a significant loss pathway.

In saturated, deep soils (containing no soil air and negligible soil organic carbon), a much
higher fraction of the benzene (79%) is likely to be present in the soil water phase and
transported with flowing groundwater.

Toluene: The estimates for an unsaturated topsoil model indicate that nearly all of the
toluene (97%) is sorbed to the soil. A much smaller amount (2%) will be present in the soil
water phase and thus migrate by bulk transport (e.g.,the downward movement of infiltrating
water), dispersion and diffusion. For the portion of toluene in the gaseous phase of the soil
(1.6%), diffusion through the soil pore spaces up to the ground surface, and subsequent
removal by wind, will be significant loss pathway. there is no significant difference in the
partitioning calculated for 25°C and 10°C.

In saturated, deep soils (containing no soil air and negligible soil organic carbon), a much
higher fraction of the toluene (48%) is likely to be present in the soil water phase and
transported with flowing groundwater. -

Ethyl benzene: The estimates for an unsaturated topsoil model indicate that nearly all of the
ethyl benzene (98%) is sorbed to the soil. A much smaller amount (0.75%) is expected to
be present in the soil-water phase and can thus migrate by bulk transport (e.g.,the downward
movement of infiltrating water), dispersion and diffusion. For the portion of ethyl benzene
in the gaseous phase of the soil (0.7%), diffusion through the soil air pores up to the ground
surface, and subsequent removal by wind, will be a significant loss pathway.

In saturated, deep soils (containing no soil air and negligible soil organic carbon), a much
higher fraction of the ethyl benzene (26%) is likely to be present in the soil water phase and
transported with flowing groundwater.

Xylene: The estimates for an unsaturated topsoil model indicate that nearly all of the xylene
(98.8%) is expected to be sorbed to the soil. A much smaller amount (0.7%) is expected to
be present in the soil water phase and thus available to migrate by bulk transport (e.g.,the
downward movement of infiltrating water), dispersion and diffusion. For the portion of xylene
in the gaseous phase of the soil (0.5%), diffusion through the soil-air pores up to the ground
surface, and subsequent removal by wind, will be a significant loss pathway.
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In saturated, deep soils (containing no soil air and negligible soil organic carbon), a much
higher fraction of the xylene (26%) is likely to be present in the soil water phase and
transported with flowing groundwater.

Sorption of BTEX on Soils

The mobility of BTEX compounds in the soil/groundwater system (and their eventual
migration into aquifers) is strongly affected by the extent of their sorption on soil particles.
In general, sorption on soils is expected to:

- increase with increasing soil organic matter content;

- increase slightly with decreasing temperature;

- increase moderately with increasing salinity of the soil water; and

- decrease moderately with increasing dissolved organic matter content of the soil water.

Based upon octanol-water partition coefficients, for the BTEX compounds (135, 537, 1410,
and 1450, respectively) the soil sorption coefficients (K,)s are estimated to be 65, 259, 681,
and 691, respectively.

Volatilization of BTEX from Soils

Transport of BTEX vapors through the air-filled pores of unsaturated soils is an important
transport mechanism for near-surface soils. In general, important soil and environmental
properties influencing the rate of volatilization include soil porosity, temperature, convection
currents and barometric pressure changes; important physio-chemical properties include the
Henry’s law constant, the vapor-soil sorption coefficient, and, to a lesser extent, the vapor
phase diffusion coefficient.

There are no data from laboratory or field tests showing actual soil volatilization rates.
Sorption of the benzene vapors on the soil may slow the vapor phase transport.

The Henry’s law constant (H), which provides an indication of a chemical’s tendency to
volatilize from solution increases significantly with increasing temperature.  Moderate
increases in H are also observed with increasing salinity due to a decrease in solubility of
benzene, toluene and ethyl benzene.
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Transformation Processes of BTEX in Soil/Groundwater Systems

The persistence of BTEX compounds in soil/groundwater systems is not well documented.
In most cases, it should be assumed that the chemical will persist for months to years (or
more). Benzene, toluene and ethyl benzene that has been released into the air will eventually
undergo photochemical oxidation; tropospheric lifetime on the order of a few hours to a few
days have been estimated for benzene and 15 hours for toluene and ethyl benzene.

BTEX compounds under normal environmental conditions are not expected to undergo
hydrolysis. Further, benzene and toluene are not expected to be susceptible to oxidation or
reduction reactions in the soil/groundwater environment.

Available data on the biodegradability of benzene are somewhat contradictory. Certain pure
and mixed cultures can apparently degrade benzene under environmental conditions, but the
chemical must be considered fairly resistant to biodegradation. Available data indicate that
toluene and ethyl benzene are biodegradable in the soil/groundwater environment. No
information on the biodegradability of xylene in the soil/groundwater environment is available.
However, based upon data for other structurally similar chemicals (e.g., toluene, ethyl
benzene), it is expected that xylene would be biodegradable. In most soil/groundwater
systems aerobic degradation would be of minimal importance because of the low
concentration of microorganisms (at depth) and the low dissolved oxygen (anaerobic)
conditions. No data are available on the possibility of anaerobic biodegradation.

Primary Routes of Exposure From Soil/Groundwater Systems

The above discussion of fate pathways suggest that benzene is highly volatile, weakly adsorbed
by soil and has a limited potential for bioaccumulation. Additionally, toluene is highly volatile
from aqueous solutions, moderate]ly sorbed to soil and has a low potential for
bioaccumulation. Ethyl benzene and xylene are highly volatile from aqueous solutions, may
be moderately adsorbed by soil and have a moderate potential for bioaccumulation. BTEX
compounds may volatilize from soil surfaces, but that portion not subject to volatilization is
likely to be mobile in groundwater. These fate characteristics suggest several potential
exposure pathways.

Volatilization of BTEX compounds from a disposal site, particularly during drilling or
restoration activities, could result in inhalation exposures. The potential for groundwater
contamination is high, particularly in sand soils.

Page 3-25
June, 1995 KASENECA\RIFS\GENERIC\Section.3



SENECA GENERIC RI/FS WORKPLAN DRAFT-FINAL REPORT

These results of a USEPA Groundwater Supply Survey indicate that BTEX compounds have
- the potential for movement in soil/groundwater systems. The compounds may eventually
reach surface waters by this mechanism, suggesting several other exposure pathways:

o Surface waters may be used as drinking water supplies, resulting in direct ingestion
exposure;

o Aquatic organisms residing in these waters may be consumed, also resulting in
ingestion exposure through bioaccumulation;

U Recreational use of these waters may result in dermal exposure; and

o Domestic animals may consume or be dermally exposed to contaminated ground or

surface waters; the consumption of meats and poultry could then result in ingestion
exposures.

In general, exposures associated with surface water contamination can be expected to be
lower than exposures from drinking contaminated groundwater for two reasons. First, the
Henry’s law constants for BTEX compounds indicate that they will volatilize upon reaching
surface waters. Secondly, the bioconcentration factors for benzene and toluene are expected
to be low, suggesting limited bioaccumulation in aquatic organisms or domestic animals. For
ethyl benzene, the bioconcentration factor suggest moderate bioaccumulation in aquatic
organism and domestic animals. The bioaccumulation factor for xylene is not high enough
to suggest consumption of aquatic organisms or domestic animals as a significant source of
exposure compared to drinking water.

Although BTEX compounds are readily photooxidized in the atmosphere, its volatility
suggests that it may be found in air as well.

3.1.32 Semi-Volatile Organic Compounds

3.1.3.2.1 PAH Compounds

The following information was obtained from the document, "Management of Manufactured
Gas Plant Sites, Volume III, Risk Assessment,” GRI, May 1988, GRI-87/0260.3.

PAH compounds have a high affinity for organic matter and low water solubility. Water
solubility tends to decrease and affinity for organic material tends to increase with increasing
molecular weight. Therefore, naphthalene is much more soluble in water than is
benzo(a)pyrene. When present in soil or sediments, PAHs tend to remain bound to the soil
particles and dissolve only slowly into groundwater or the overlying water column. Because
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of the high affinity for organic matter, the physical fate of the chemicals is usually controlled
by the transport of particulates. Thus, soil, sediment and suspended particulate matter (in air)
represent important media for the transport of the chemicals.

Because of their high affinity for organic matter, PAH compounds are readily taken up
(bioaccumulated) by living organisms. However, organisms have the potential to metabolize
the chemicals and to excrete the polar metabolites. The ability to do this varies among
organisms. Fish appear to have well-developed systems for metabolizing the chemicals. The
metabolites are excreted. Shellfish (bi-valves) appear to be less able to metabolize the
compounds. As a result, while PAH compounds are seldom high in fish tissues, they can be
high in shellfish tissues.

Several factors can degrade PAH compounds in the environment. Biodegradation on soil
microorganisms is an important process affecting the concentrations of the chemicals in soils,
sediment and water. Volatilization may also occur. This mechanism is effective for the
lighter molecular weight compounds. However, the volatilization of higher molecular weight
PAH compounds occurs slowly.

3.1.3.22 Phenolic Compounds

These compounds are highly water soluble and, therefore, easily leach from soil environments
into the underlying groundwater. They are not persistent in surface water environments.
Phenolics are not as volatile as benzene, xylene or toluene, but can volatilize at a moderate
rate. Therefore, there may be some potential for exposure to gases. Non-chlorinated
phenolic compounds are not readily bioaccumulated by terrestrial or aquatic biota (GRI-
87/0260.3).

3.1.33 Pesticides and PCBs

It is not the intent of this section to discuss the persistence of all pesticides and PCBs,
therefore, only selected pesticides and PCBs that are commonly found or are suspected to
have been released to the environment at SEDA are discussed below.

Chlordane

The following information was obtained from "Handbook of Environmental Fate and

Exposure Data for Organic Chemicals, Vol. III, Pesticides (ed. Philip H. Howard, Lewis
Publishers, 1991).

Page 3-27
June, 1995 KASENECA\RIFS\GENER{C\Section.3



SENECA GENERIC RI/FS WORKPLAN DRAFT-FINAL REPORT

Chlordane has been released in the past into the environment primarily from its application
as an insecticide. Technical grade chlordane is a mixture of at least 50 compounds. If
released to soil, chlordane may persist for long periods of time. Under field conditions, the
mean degradation rate has been observed to range from 4.05-28.33 % /yrwith a2 mean half-life
of 3.3 years. Chlordane is expected to be generally immobile or only slightly mobile in soil
based on field tests, soil column leaching tests and estimated K, estimation; however, its
detection in various ground waters in NJ and elsewhere indicates that movement to ground
water can occur. Adsorption to sediment is expected to be a major fate process based on soil
adsorption data, estimated Koc values (24,600-15,500), and extensive sediment monitoring
data. The presence of chlordane in sediment core samples suggests that chlordane may be
very persistent in the adsorbed state in the aquatic environment.

If released to water, chlordane is not expected to undergo significant hydrolysis, oxidation or
direct photolysis. Sensitized photolysis in the water column may be possible, however. The
observation that 85% of the chlordane originally present in a sealed glass jar under sunlight
and artificial light in a river die-away test remained at the end of two weeks and persisted at
that level through week 8 of the experiment; this indicates that chlordane will be very
persistent in aquatic environments.

Although sufficient biodegradation data are not available, it has been suggested that
chlordane is very slowly biotransformed in the environment which is consistent with the long
persistence periods observed under field conditions. Bioconcentration is expected to be
important based on experimental BCF values which are generally above 3,200.

If released to the atmosphere, it will be expected to be predominantly in the vapor phase.
Chlordane will react in the vapor-phase with photochemically produced hydroxyl radicals at
an estimated half-life rate of 6.2 hr suggesting that this reaction is the dominant chemical
removal process. Soil volatility tests have found that chlordane can volatilize significantly
from soil surfaces on which it has been sprayed, particularly moist soil surfaces; however,
shallow incorporation into soil will greatly restrict volatile losses.

The detection of chlordane in remote atmospheres (Pacific and Atlantic Oceans; the Arctic)
indicates that long range transport occurs. It has been estimated that 96% of the airborne
reservoir of chlordane exists in the sorbed state which may explain why its long range
transport is possible without chemical transformation. The detection of chlordane in
rainwater and its observed dry deposition at various rural locations indicates that physical
removal via wet and dry deposition occurs in the environment.
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Lindane

The following information was obtained from "Handbook of Environmental Fate and
Exposure Data for Organic Chemicals, Vol. IlI, Pesticides (ed. Philip H. Howard, Lewis
Publishers, 1991).

Lindane is used as an insecticide on hardwood logs and lumber, seeds, vegetables and fruits,
woody ornamentals, hardwood forests, livestock and pets, and existing structures. When
released to water, lindane isnot expected to volatilize significantly. Lindane released to acidic
or neutral water is not expected to hydrolyze significantly, but in basic water, significant
hydrolysis may occur. At a pH of 9.3, the hydrolysis half-life of lindane in water was
measured to be about 4 days (95 hr.). Transport to the sediment should be slow and result
predominantly from diffusion rather than settling. Release of lindane to soil will most likely
result in volatilization and slow leaching of lindane to ground water. Lindane in the
atmosphere is likely to be subject to dry and wet deposition. The estimated half-life for the
reaction of vapor phase lindane with atmospheric hydroxyl radicals is 2.3 days. Lindane may
slowly biodegrade in aerobic media and will rapidly degrade under anaerobic conditions.
Lindane has been reported to photodegrade in water in spite of the lack of a photoreactive
center, but photolysis is not considered to be a major environmental fate process. Lindane
will bioconcentrate slightly in fish. Monitoring data indicate that lindane is a contaminant in
air, water, sediment, soil, fish and other aquatic organisms, wildlife, food, and humans.
Human exposure result primarily from food.

Endosulfan

The following information was obtained from "Handbook of Environmental Fate and
Exposure Data for Organic Chemicals, Vol. III, Pesticides (ed. Philip H. Howard, Lewis
Publishers, 1991).

Endosulfan is used as an insecticide against a variety of insects on a variety of crops.
Technical endosulfan is composed of «-endosulfan and S-endosulfan. Release of endosulfan
isomers to soil will most likely result in biodegradation and in hydrolysis, especially under
alkaline conditions. Endosulfan isomers on the soil surface may photolyze. Volatilization and
leaching are not expected to be significant due to the high estimated soil-sorption coefficients
of the isomers. When release to water, endosulfan isomers are expected to hydrolyze readily
under alkaline conditions, and more slowly at neutral and acidic pH values (« half-lives=35.4
and 150.6 days for pH 7 and 5.5, respectively; 8 half-lives=37.5and 187.3 days for pH 7 and
5.5, respectively). Volatilization and biodegradation are also expected to be significant.
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Endosulfan released to the atmosphere will react with photochemically generated hydroxyl
radicals with an estimated half-life of 1.23 hr. Bioconcentration of endosulfan is expected to
be significant. Isomers of endosulfan are contaminants in air, water, sediment, soil, fish and
other aquatic organisms, and food. Human exposure results primarily from food, and by
occupational exposure.

DDT

The following information was obtained from "The Installation Restoration Program
Toxicology Guide," Vol. III, Arthur D. Little, Inc. June 1987.

From 1946 to 1972, DDT was one of the most widely used agricultural insecticides in the
world. During this time, DDT played an important role in many phases of agriculture and in
the eradication of malaria, typhus and plague. As of January 1, 1973, all uses of DDT in the
United States were cancelled with the exception of emergency public health however, it is still
used extensively in some tropical countries.

DDT is expected to be highly immobile in the soil/groundwater environment when present
at low dissolved concentrations. Bulk quantities of DDT dissolved in an organic solvent could
be transported through the unsaturated zone as the result of a spill or improper disposal of
excess formulations. However, the extremely low solubility of DDT and its strong tendency
to sorb to soils results in a very slow transport rate in soils.

In general transport pathways can be assessed by using an equilibrium-partitioning models.
These calculations predict the partitioning of low soil concentrations of DDT among soil
particles, soil water, and soil air. Due to its strong tendency to sorb to soil, virtually all of the
DDT partitions to the soil particles of unsaturated top soil, with negligible amounts associated
with the soil water or air. Even in saturated deep soil, which is assumed to contain no soil
air and a smaller organic carbon fraction, almost all of the DDT is retained on the soil.

DDT is characterized by a strong tendency to sorb to organic carbon. Kadeg et. al. report
an arithmetic mean K, of 670,200 for 17 reported values; the corresponding geometric mean
was log K, = 5.48. As with all neutral organic chemicals, the extent of sorption is
proportional to the soil organic carbon content. In soils with little organic carbon (e.g.,clays)
the extent of sorption may also depend upon soil properties such as surface area, cation
exchange capacity and degree of hydration.

The apparent sorption of DDT to soils and sediments is lessened, and thus its mobility is
enhanced by the presence of dissolved organic matter in solution. Caron et. al. found the
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sorption of DDT to a natural freshwater sediment to be reduced by 75% in the presence of
6.95 mg/L of dissolved organic carbon (in the form of humic acid extracted from another
sediment). Using p,p’-DDT, Chiou et al. observed the apparent water solubility to be
significantly enhanced (roughly 2-5 times) in the presence of 100 mg/L of humic and fulvic
acids. (Sorption willdecrease with increasing water solubility). The partitioning of p,p’-DDT
between soil-derived humic acid and water was approximately 4 times greater than with soil
fulvic acids and 5-7 times greater than with aquatic (freshwater) humic and fulvic acids.
These findings indicated that the mobility of DDT in natural waters may be several times
greater than predicted (though probably still small) when the effect of dissolved organic
matter is present. In waters containing large concentrations of dissolved organic material,
such as swamps and bogs, this may be especially important.

The vapor pressure of DDT at 25°C has been given as 2.6 x 107° atm with estimates of its
Henry’s law constant at 25°C ranging from 2.8 x 10° to 2.0x 10 atm - m*mol. Volatilization
is expected to be an important loss process in aquatic environments with the half-life for
DDT on the order of several hours to several days. The presence of sediment particles,
which would adsorb DDT from solution, would significantly reduce volatilization losses.

In soils, volatilization is much slower. Jury et al. using soil of 1.25% organic carbon to which
DDT was applied uniformly to a depth of 1 cm at the rate of 1 kg/hectare, calculated
volatilization half-lives of 497 and 432 days when water evaporation rates were 0.0 and 5.0
mm/day, respectively. The corresponding figures when the same quantity of DDT was mixed
to a depth of 10 cm were 2300 and 2069 days.

Similar results were obtained by Lichtenstein et al. who studied the persistence of technical
DDT (84% p.,p’, 15% o,p’) in agricultural loam soil with crops over a 15 year period.
Calculated half-lives for both isomers fell between 4.0 and 4.7 years for DDT applied at 10
pounds/acre; somewhat longer half-lives were measured for applications of 100 pounds/acre.
These half-lives should be taken as upper limits of the volatilization rate since other processes
such as leaching and degradation contribute to the DDT loss.

In tropical soils, the loss of DDT has been found to be much more rapid. El Zorgani found
a half-life of less than three weeks for DDT applied at an initial concentration of 6.65 ppm
to the soil surface beneath a cotton crop in the Sudan. The loss of the o,p’ isomer was
several times greater than for the p,p’ isomer; and insignificant fraction of the loss could be
accounted for by conversion to p,p’-DDE. A half-life 110 days has been reported for DDT
in Kenya where it was found to sublime directly into the atmosphere without conversion to
DDE.
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The rate at which DDT degrades in the soil/groundwater environment is dependent on the
conditions under which it is present. The pH strongly affects the rate of aqueous hydrolysis.
Over the pH range typical of natural waters (pH 5-9), Wolfe et al. found the pseudo-first-
order rate constant (k) at 27°C could be expressed as:

k,, = 1.9x 10° + 9.9x 10% - [OH]

where k., is in s’ and [OH], the concentration of the hydroxide ion, is in moles/liter.
Hydrolysis half-lives of roughly 81 days, 8 years and 12 years at pH 9, 7, and 5, respectively,
result from the rate constant obtained from this equation. The hydrolysis product of p,p’-
DDT is p,p’-DDE.

A photolysis half-life of 5 days was measured for DDT when it was present in natural water
exposed to summer sunlight, although no photolysis was observed when the chemical was
present in pure water. Again, p,p’-DDE is a degradation product. Chen et al. observed a
similar half-life of 8 days for p,p’-DDT applied as a thin film (0.67 ug/cm?®) to glass plates and
exposed to light of environmentally important wavelengths (maximum intensity at 300 nm).
The degradation of DDT by ultraviolet light was found to be more effective when the DDT
was present in humus-free soil than in soil containing humus.

DDT has been found to undergo abiotic, reductive dehalogenation to DDD in the presence
of Fe(Il) porphyrin. It has been suggested that the Fe(Ill) porphyrin, which results from the
oxidation of the Fe(II) porphyrin in this process, is reconverted to the Fe(Il) porphyrin in the
presence of reduced organic material. Dehydrochlorination of DDT to DDE (removal of a
hydrogen and chlorine atom to form a double bond) has also been observed in model systems
containing reduced porphyrins and in the natural environment.

Gambrell et al. found the degradation of DDT to be little affected by pH but greatly affected
by redox conditions. Under strongly reducing conditions (Eh = 150 mV), over 90% of the
DDT was degraded within a few days. The authors note that this is an unusually rapid rate.

The half-life for the decomposition of DDT in aerobic soils has been reported to be in the
range of 10-14 years compared to half-lives of 28-33 days in moist soils incubated under
anaerobic conditions. DDE isthe major degradation product in aerobic soil,and it is believed
to be produced predominantly by chemical processes. Under anaerobic conditions DDD is
the major metabolite.

The bacterial and fungal cometabolism of DDT has been observed in the laboratory and has
been suggested to be potentially important in the field as well. In these reactions, bacteria
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which are not able to use DDT as their sole carbon source grow on mnon-chlorinated
" analogues of DDT, but degrade DDT in the process.

Information on the fate and transport parameters of DDT (i.e., solubility, vapor pressure,
Henry’s Law Constant, K, K,,, half-life and BCF) are provided in Table 3-1.

DDD
The following information was obtained from "The Installation Restoration Program
Toxicology Guide,"” Vol. III, Arthur D. Little, Inc. June 1987.

DDD, no longer manufactured commercially, is still found as an impurity in the pesticide
DDT and the miticide dicofol. It is also the major breakdown product of DDT under
anaerobic conditions. The p,p’isomer of DDD is the third largest component of the technical
DDT product after the two DDT isomers accounting for >4 % of the mixture. It is present
in somewhat lower concentrations in dicofol. In one study of several dicofol products, DDD
was present in amounts ranging from 0.1to 2.5% of the amount of dicofol.

Like DDT, DDD is expected to be highly immobile in the soil/groundwater environment
when present at low dissolved concentrations. Bulk quantities of DDD dissolved in an
organic solvent could be transported through the unsaturated zone as a result of a spill or the
improper disposal of excess formulations. However, the extremely low solubility of DDD and
its strong tendency to sorb to soil organic carbon results in a very slow transport rate in soils.

In general, transport pathways can be assessed by using an equilibrium partitioning models.
These calculations predict the partitioning of low soil concentrations of DDD among soil
particles, soil water, and soil air. Due to its strong sorption to soil, virtually all of the DDD
partitions to the soil particles of unsaturated top soil and negligible amounts to the soil air
or water. Even in saturated deep soil, which is assumed to contain no soil air, and a smaller
organic carbon fraction, almost all of the DDD is retained on the soil.

DDD, like DDT, is characterized by a strong tendency to sorb to soil organic carbon. While
only one measured K, value for DDD was found (log K, = 5.38) it is consistent with the
value obtained for DDT, as would be expected based on the similarity of their structures and
their octanol water partition coefficients (DDD log K., = 5.56). As with all neutral organic
chemicals, the extent of DDD sorption is proportional to the soil organic carbon content.
In soils with little organic carbon (e.g., clays) the extent of sorption may also depend upon
such soil properties as surface area, cation exchange capacity, and degree of hydration.
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The sorption of DDD to soils is lessened and thus its mobility is enhanced by the presence
of dissolved organic matter in solution. The apparent solubility of DDT was increased several
times in solutions containing humic and fulvic acids. Because the sorption behavior of DDD
is expected to be much like that of DDT, its mobility in natural waters may be several times
greater than predicted (though probably still small) if dissolved organic matter is present. In
waters containing large concentrations of dissolved organic matter, such as swamps and bogs,
this may be especially important.

The vapor pressures of the p,p’ and o,p’ - isomers of DDD at 30°C have been measured as
1.3x 10? and 2.5 x 10 atm, respectively. The Henry’s law constant estimated by use of the
average vapor pressure of the two isomers and an aqueous solubility of 20 ppb is 3.1x
10°-atm m*/mol. This value is almost identical to that for DDT and roughly an order of
magnitude less than that for DDE.

Experimental evidence indicates that DDT volatilization from water occurs at about one-third
the rate for DDT, which may seem at odds with the similar estimates for the Henry’s law
constants for these two compounds. Given the uncertainties involved in measuring both the
aqueous solubilities and the vapor pressures of these compounds, from which H is estimated,
the findings cannot be considered inconsistent. Using a factor of one-third for the difference
in the rate of volatilization of DDD and DDT, a volatilization half-life for DDD ranging from
a day to less than a month has been estimated.

Volatilization of DDD from soils can be expected to be much slower than from water because
of the strong tendency of DDD to sorb to soil. Using wet river bed quartz sand in 15 mm
deep petri dishes, Ware et at. measured volatilization losses of p,p’-DDD (present initially at
10 ppm) that corresponded to a volatilization half-life of roughly 170 days, slightly more than
twice that for p,p’-DDT under the same conditions. Because these experiments were
conducted with a relatively thin layer of soil with a small organic carbon fraction, the actual
volatilization rate of DDD in the field would be expected to be lower. If the relative
volatilization rates of DDD and DDT in the field were the same as those observed by Ware
et al., the volatilization half-life of DDD from soil could be assumed to be double the value
of one to several years for DDT.

Hydrolysis of DDD can be expected to be extremely slow under environmental conditions.
Over the pH range typical of natural waters (pH 5-9), Wolfe et al. found the pseudo-first-
order rate constant (k) at 27°C could be expressed as:

k, = 1.1x10" + 1.4x 103+ [OH]
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where kg, is in s’ and [OH'], the concentration of the hydroxide ion, in moles/liter.
Hydrolysis half-lives of roughly 1.6, 88, and 190 years at pH 9, 7, and 5, respectively,
correspond to the rate constant estimated from this equation. These estimates are consistent
with the observations of Eichelberger and Lichtenberg that no DDD, initially present in river
water at 20 ppb, degraded over an eight week period (within 2.5%).

No information was found on the photolysis of DDD in natural waters. Direct photolysis of
DDD (i.e.,in pure water) is believed to be slower than that for DDT which is estimated to
have a half-life of over 150 years. However, DDT in natural water has been estimated to
have a photolysis half-life of 5 days when exposed to sunlight in mid-June; DDD might be
expected to have a similar half-life based on the similar structure of the two chemicals.

Data on the biodegradation of DDD are limited. In aquatic systems, biotransformation is
believed to be slow, although a model ecosystem study has shown DDD to be more
biodegradable than either DDT or DDE. The ketone analogue of DDD (i.e., p,p’-
dichlorobenzophenone) has been suggested as the end product of the biodegradation of DDD
in the environment. DDD undergoes dehydrochlorination to 2,2-bis-(p-chlorophenyl)-1-
chloroethylene, reduction to 2,2-bis-(p-chlorophenyl)-1-chlorethane, dehydrochlorination to
2,2-bis-(p-chlorophenyl)-ethylene, reduction to 1,1-bis-(p-chlorophenyl)-ethane and eventual
oxidation to bis-(p-chlorophenyl)-acetic acid (DDA), the ultimate excretory product of higher
animals. DDD has also been observed to degrade in anaerobic sewage sludge.

The above discussion of fate pathways suggests that DDD is moderately volatile, very strongly
sorbed to soil, and has a high potential for bioaccumulation. Information on the fate and
transport parameters (i.e.,solubility, vapor pressure, Henry’s Law Constant, K, K, half-life
and BCF) are provided in Table 3-1.

DDE

The following information was obtained from "The Installation Restoration Program
Toxicology Guide," Vol. III, Arthur D. Little, Inc. June 1987.

The presence of DDE in the environment is primarily the result of the use of the insecticide
DDT and the miticide dicofol. DDE is the principal degradation product of DDT under
aerobic conditions, and it has been found to equal roughly 1-3% of the weight of dicofol in
the technical mixture. Like DDT, DDE exists as both an o,p’ and a p,p’ isomer, with the o,p’
and the p,p’ isomers of DDT degrading to the respective DDE isomer. Because technical
DDT consists of 65-80% p.,p’- DDT and 15-21% o,p’ - DDT, the p,p’ - DDE isomer might
be expected to predominate in the environment. In dicofol, however, the o,p’ isomer typically
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makes up 80-90% of the DDE present. The two isomers of DDE are considered individually
below where data are available.

Like DDT, DDE is expected to be highly immobile in the soil/groundwater environment when
present at low dissolved concentrations. Bulk quantities of DDE dissolved in an organic
solvent (e.g.,as a contaminant in dicofol) could be transported through the unsaturated zone
as a result of a spill or improper disposal of excess formulations. However, the extremely low
solubility of DDE and its strong tendency to sorb to soils would result in a very slow transport
rate in soils.

In general, transport pathways can be assessed by using an equilibrium partitioning model.
These calculations predict the partitioning of low soil concentrations of DDE among soil
particles, soil water and soil air. Due to its strong tendency to sorb to soil, virtually all of the
DDE partitions to the soil particles of unsaturated topsoil, with negligible amounts associated
with the soil water or air. Even in saturated deep soil, which is assumed to contain no soil
air and a smaller organic carbon fraction, almost all of the DDE is retained on the soil.

DDE is characterized by a strong tendency to sorb to organic matter in soils and in sediments.
Only one value, log K, = 5.17 was found in the literature for the soil organic carbon
partition coefficient. A log K, value of roughly 5 has been suggested based on log K,,
measurements of 5.69 for the p,p’ isomer and 5.78 for the o,p’ isomer. Using the geometric
mean of these K., values and a regression equation, a log K, value of 5.41 is estimated. As
with all neutral organic chemicals, the extent of sorption is proportional to the soil organic
carbon content. In soils with little organic carbon (e.g.,clays), the extent of sorption may also
depend upon soil properties such as surface area, cation exchange capacity, and degree of
hydration.

The apparent sorption of DDE to soils and sediments (like that of DDT), is lessened, and
thus its mobility is enhanced by the presence of dissolved organic matter. DDT
concentrations were found to be higher in aqueous solutions containing humic and fulvic
acids. Because the sorption behavior of DDE is expected to be much like that of DDT, its
mobility in natural waters may be several times greater than predicted (though probably still
small) if dissolved organic matter is present. In waters containing large concentrations of
dissolved organic matter such as swamps and bogs, this may be especially important.

The vapor pressure of p,p’-isomer of DDE at 20°C has been given as 8.7 x 10 atm and that
of the o,p’ isomer as 8.2x 10 atm. A somewhat lower value of roughly eight times the vapor
pressure of DDT has been suggested. Using the average vapor pressures for the two isomers
to estimate the Henry’s law constant, a value of 1.9 x 10 atm - m®/mol is obtained.
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This estimate is roughly an order of magnitude larger than the Henry’s law constant for DDT.
Because volatilization losses for DDT are expected to be important, the same is also true for
DDE. DDE has been found to volatilize from distilled and natural waters five times faster
than DDT. Since the volatilization half-life for DDT has been reported to range from several
hours to several days (see Section 57.2.1.3) proportionately shorter half-lives would be
expected for DDE.

In soils, volatilization of DDE is much slower. Using wet river bed, quartz sand in 15 mm
deep petri dishes, Ware et al. measured volatilization losses of p,p’-DDE (present initially at
10 ppm) that corresponded to a half-life of roughly 40 days. This value may be more
indicative of an upper limit of the volatilization rate because soils of higher organic matter
content would tend to sorb more of the DDE, and the rate of volatilization would be
expected to be lower from thicker layers of soil. In the same study and under the same
conditions, the o,p’ isomer of DDT took 50% longer to reach half its initial concentration;
p.p’-DDT took twice as long. This suggests that the volatilization of DDE in the field may
occur at a rate somewhat greater than that for DDT, which has been found to have a
volatilization half-life of one to several years. The observation that the volatilization rate of
DDE from soil is not several times the rate for DDT, given that it has an order of magnitude
larger Henry’s law constant, may be explained by its strong sorption to soil, which tends to
impede volatilization.

DDE is the hydrolysis product of DDT and is quite resistant to further hydrolysis. A
hydrolysis half-life of over 120 years at pH 5 and 27°C has been given. Thus, hydrolysis is not
expected to be an environmentally significant process.

Several studies have examined the aqueous photolysis of DDE. Zepp and Schlotzhauer found
that DDE in the aqueous phase of sediment suspensions exposed to ultraviolet light of
wavelength > 300 nm had a half-life of roughly 13 to 17 hours. Under the same conditions,
DDE equilibrated with sediment for 60 days (i.e., sorbed to the sediment) photodegraded
much more slowly. To reach 25% of its initial concentration, roughly seven half-lives were
needed instead of the expected two, and little further degradation occurred. The authors
suggested that over time, part of the DDE diffused into the sediment particles and became
unavailable for photolysis. Chen et al. found the thin film photodegradation rate of p,p’-DDE
to be about 90% of that for p,p’-DDT, and the half-life of DDE in aquatic systems at 40°N
latitude has been estimated to range from one day in summer to six days in winter. These
findings suggest that photolysis of DDE may be an important loss process, as it is for DDT.
However, for photolysis to occur, the chemical must be exposed to sunlight, which often is
not the case for a large fraction of the amount sorbed to soils or deep sediments.
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The biological degradation of DDE in aquatic environments is believed to occur very slowly
if at all. In modeling the fate of DDE in a quarry, Di Toro and Paquin considered
biodegradation to be insignificant compared to loss by photolysis and volatilization. The half-
life for biodegradation in sediments has also been found to be extremely slow. Using
radiolabeled p,p’-DDE mixed with river sediment, Lee and Ryan measured a half-life of 1100
days based on the evolution of CO,. In short, photolysis appears to be the only degradation
process that affects DDE significantly under environmental conditions.

Information on the fate and transport parameters (i.e.,solubility, vapor pressure, Henry’s Law
Constant, K, K,,, half-life and BCF) are provided in Table 3-1.

Aroclor® PCBs 1016, 1242, 1254, 1260

The following information was obtained from "The Installation Restoration Program
Toxicology Guide", Vol. II, Arthur D. Little, Inc., June 1987.

This section encompasses a general review of the environmental fate of polychlorinated
biphenyl (PCBs) mixtures marketed in the U.S. under the name Aroclor® (Aroclor® 1016,
1242, 1254, and 1260).

Aroclor® compounds are very inert, thermally and chemically stable compounds with dielectric
properties. They have been used in nominally closed systems as heat transfer liquids,
hydraulic fluids and lubricants, and in open-ended systems in which they came in direct
contact with the environment as plasticizers, surface coatings, inks, adhesives, pesticide
extenders and for microencapsulation of dyes for carbonless duplicating paper. In 1974, use
of PCBs in the United States was limited to closed systems, i.e.,approximately 70% of PCBs
produced were used in capacitors while the remaining 30% were utilized in transformers
(1457).

The environmental behavior of the Aroclor® mixtures is a direct function of their relative
composition with respect to the individual chlorinated biphenyl species. It is important to
remember that Aroclor® formulations are mixtures and the physical properties and chemical
behavior of mixtures cannot be precisely defined. The individual PCBs in a pure state are
generally solids at room temperature; however, due to melting point depression, Aroclor®
mixtures are oily to resinous liquids at ambient temperatures.

Individual PCBs vary widely in their physical and chemical properties according to the degree
of chlorination and position of the chlorines on the biphenyl structure. In general, as chlorine
content increases, adsorption increases while transport and transformation processes decrease.
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Except for Aroclor® 1016, the last two digits in the Aroclor® number identification denote
the approximate chlorine content by weight percent. The specific PCB distribution measured
in environmental samples may be distorted and may not correspond to the specific Aroclor®
mixture responsible for the contamination. For this reason, most of the fate and transport
discussion will focus on the chlorinated biphenyl species rather than the Aroclor® mixtures.

In general, transport pathways can be assessed by using an equilibrium partitioning model.
These calculations predict the partitioning of low soil concentrations of the PCB mixtures
among soil particles, soil water and soil air; portions associated with the water and air phases
of the soil have higher mobility than the adsorbed portion. Estimates for the unsaturated
topsoil model indicate that almost all (>99.99%) of the Aroclor® formulations are expected
to be associated with the stationary phase. Much less than 1% is expected to partition to the
soil-water phase; therefore, only a small portion would be available to migrate by bulk
transport (e.g.,the downward movement of infiltrating water), dispersion and diffusion. An
insignificant portion of the Aroclor® formulations is expected in the gaseous phase of the soil;
diffusion of vapors through the soil-air pores up to the ground surface is not expected to be
important. In saturated, deep soils (containing no soil air and negligible soil organic carbon),
sorption is still expected to be the most significant fate process. Overall, groundwater
underlying PCB-contaminated soils is not expected to be vulnerable to contamination.

Adsorption to soils and sediments is the major fate process affecting PCBs in the
environment. PCB sorption has been studied and reviewed in a number of reports. In
general, the rate of adsorption by soil materials was found to be rapid and conformed to the
Freundich adsorption equation; adsorption capacity was highly correlated with organic
content, surface area, and clay content of the soil materials; PCBs were reported to be unable
to penetrate into the inner surfaces of clay materials. Desorption of sorbed PCB is not
expected to be rapid.

Distribution coefficients for PCBs on suspended solids in Saginaw Bay have been reported
to range from 4 x 10° to 9 x 10°. In general, higher chlorinated isomers are more strongly
sorbed; however, preferential adsorption is also dependent on ring position of the substituted
chlorine; values for K, range from approximately 10° for dichlorobiphenyl to 10° for
octachlorobiphenyl.

Experimental studies on the mobility of Aroclor® 1242 and 1254 in soil materials indicate that
these PCBs were adsorbed strongly and remained immobile when leached with water or
aqueous leachate from a waste disposal site. However, they were found to be highly mobile
when leached with carbon tetrachloride. The mobilities of the PCBs were highly correlated
with their solubilities in the leaching solvent and the organic content of the soil material. It
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should be noted that even with carbon tetrachloride, a high percentage of the PCBs were
" retained on the soil while some moved with the solvent front.

Additional studies were performed using different solvents and varying amounts of water.
Relatively small amounts of water (9%) in methanol were shown to significantly reduce the
mobility of PCBs compared to the mobility in the pure solvent.

In summary, the available data indicate that sorption of PCBs, particularly the higher
chlorinated biphenyls onto soil materials, will be rapid and strong. In the absence of organic
solvents, leaching is not expected to be important, and PCBs are expected to be immobile in
the soil/groundwater system; PCBs will be much more mobile in the presence of organic
solvents. In the case of large spills of PCB/solvent mixtures, the soil and aqueous phases may
become saturated resulting in a separate oily phase which may be more mobile.

Transport of PCB vapors through the air-filled pores of unsaturated soils is not expected to
be a rapid transport pathway. Modeling results indicate that a very small fraction of PCB
loading will be present in the soil-air phase. On the other hand, volatilization (mostly from
aqueous systems) and atmospheric transport are thought to account for the widespread,
almost ubiquitous, distribution of PCBs in the environment. Several studies have shown that
vapor phase, transport can be a significant process for loss of PCBs from water bodies.
Adsorption to organic matter, however, has been shown to compete strongly with
volatilization. Adsorption onto suspended sediment has been presented as an explanation for
the lower rates of volatilization exhibited for natural water bodies compared to estimated
rates. Volatilization from soil was reported to be slow compared to volatilization from sand
or PCB solution.

Calculated half-lives for the volatilization of Aroclor® 1242, 1248, 1254, and 1260 from 1 mm
water column have been reported to range from 9.5 hours to 12.1 hours; other authors have
reported half-lives on the order of 3-4 hours for di- and tetrachlorobiphenyls. Volatilization
of Aroclor® 1260 from river water was reported to be only 67% after 12 weeks; after addition
of sediment, the loss dropped to 34% after 12 weeks. The Henry’s law constants and
volatilization half-lives do not vary widely with degree of chlorination of the PCBs.

The available data indicate that due to low water solubility, volatilization of water-borne PCBs
not sorbed to sediment or suspended solids may be significant; when sorbed to soils/sediments,
volatilization will be drastically reduced. However, since other fate and transport processes
in the soil environment are relatively slow, volatilization of PCBs sorbed on surface soils may
occur. Elevated airborne concentrations of PCBs have been measured near PCB disposal
area.
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PCBs have been reported to be strongly resistant to chemical degradation by oxidation or
hydrolysis. However, they have been shown to be susceptible to photolytic and biological
degradation. Baxter and Sutherland have shown that successive biochemical and
photochemical processes contribute to the degradation of PCBs in the environment,
Experimental results indicate that the highly chlorinated PCBs can be photolytically degraded,
resulting in the formation of lower chlorinated species and substituted products, as well as
potential formation of biphenylenes and chlorinated dibenzofurans; the presence of oxygen
retards the photolytic degradation of PCBs.

There is some doubt as to the applicability of these photolysis experiments to environmental
conditions, since they were generally carried out in organic solvents, often in the presence of
other additives. However, since the rate of photolytic dechlorination is greatest for the highly
chlorinated species (i.e.,those species that are most resistant to biodegradation), photolytic
degradation, although slow, may be a significant transformation process for these molecules.
Furthermore, since they are rapidly adsorbed to soils, these highly chlorinated PCBs may be
concentrated in the surface layers and their actual photolysis rates may be higher than
expected.

Microbial degradation has been reported to be an important transformation process for PCBs.
In general, the lower chlorinated PCBs were more easily degraded than the higher chlorinated
species. Position of chlorine substitution on the biphenyl molecule also affected the rate of
PCB degradation. Biodegradability of PCBs has been reported to be a function of the
number of carbon-hydrogen bonds available for hydroxylation by microbial oxidation; adjacent
unchlorinated carbons have been shown to facilitate metabolism through formation of arene
oxide intermediates. Both aerobic oxidative biodegradation and anaerobic dechlorination
have been identified as PCB transformation processes in Hudson River sediments.
Composting studies indicate that aerobic systems exhibited greater PCB reductions than
anaerobic systems (42 to 48% vs. 18 to 28 % reduction after two weeks).

The biodegradation of Aroclor® 1016, 1242, 1254, and 1260 is a function of their relative
content of the lower chlorinated biphenyls. Aroclor® 1016 and 1242 are largely comprised
of di-, tri- and tetra-chloro biphenyls, which have been shown to be biodegraded in microbial
cultures, aquatic systems, and soils at fairly rapid rates. Aroclor 1254 and 1260 are largely
comprised of higher chlorinated species and are expected to be resistant to biodegradation.
In fact, Liu reported that an increase of chlorination from monochlorobiphenyls to
predominantly trichlorobiphenyls (Aroclor® 1016 and 1242) and pentachlorobiphenyls
(Aroclor ® 1254) resulted in a corresponding decrease in degradation from 100% to 29% and
19%, respectively; similar results were reported by other authors. In an experiment with
reservoir sediment, Aroclor® 1254 was degraded approximately 50% in six weeks. Using an
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acclimated semi-continuous activated sludge experiment with 48-hour exposure, degradation
rates 0of 33%,26% and 19% were determined for Aroclor® 1016, 1242, and 1254, respectively.

A study of the fate of Aroclor® 1254 in soil and groundwater after an accidental spill showed
essentially no reduction in Aroclor® 1254 concentration due to biodegradation after two years.
On the other hand, other authors reported moderate biodegradation of Aroclor® 1254 in soils
(40% degraded in 112 days) and no degradation of Aroclor® 1260 (primarily hexa- and hepta-
chlorobiphenyls). The presence of the lower chlorinated biphenyls has been shown to actually
increase the rate of biodegradation of the higher PCBs through co-metabolism.

In summary, most studies have reported substantial PCB degradation in aqueous solutions;
biodegradation rates are greatest for the lower chlorinated species. While adsorption of PCBs
by soil and competition by native soil organisms may alter the degradation rate, several
authors have reported substantial PCB degradation in soil systems. Mixed cultures of PCB-
degrading microbes have been isolated from PCB-contaminated soils, suggesting that PCBs
will be degraded to some extent in the environment.

3.1.34 Herbicides

It is not the intent of this section to discuss the persistence of all herbicides, therefore, only
selected herbicide compounds such as those that are common or are suspected to have been
used at SEDA are discussed below. The information on herbicides below was obtained from
the "Handbook of Environmental Fate and Exposure Data for Organic Chemicals" (1991,
Philip H. Howard, Lewis Publishers, Inc.).

3.1.34.1 24D

2,4-D is released into the environment through its use in herbicide formulations and as a
hydrolysis product of 2,4-D esters or from spills. If released on land it will probably readily
biodegrade (typical half-lives <1day to several weeks). Its adsorption to soils will depend
on organic content and pH of soils (pKa of 2,4-D = 2.64-3.31),but it will not be expected
to appreciably adsorb to soils. Leaching to groundwater willlikely be a significant process in
coarse-grained sandy soils with low organic content or with very basic soils. If released to
water it will be lost primarily due to biodegradation (typical half-lives 10 to >50days). It will
be more persistent in oligotrophic waters and in waters where high concentrations are
released. Degradation willbe rapid in sediments (half-life < 1day). It willnot bioconcentrate

in aquatic organisms or appreciably adsorb to sediments, especially at basic pHs. If released
in air it will be subject to photooxidation (estimated half-life of 1 day) and rainout. Human
exposure will be primarily to those workers involved in the manufacture and used of 2,4-D,
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as well as those who work in and live near fields sprayed and treated with 2,4-D or its
mixtures. Exposure may also occur through ingestion of contaminated food products and
drinking water.

3.1.34.2 2.4.5-T

The amount of 2,4,5-Tused annually in the U.S. prior to 1983 was estimated in 1985 to be
approximately 204,000 pounds per year. Use of 2,4,5-T has been cancelled or severely
restricted in the U.S. however, since 1985. The USEPA may classify some or all applications
as Restricted Use Pesticides. Release of 2,4,5-T to the environment may have occurred
during its use as a herbicide and it can form in the environment as a hydrolysis product of its
herbicide esters. Other sources of release may have included losses during formulation,
packaging or disposal of 2,4,5-T,its esters and the acaracide, tetradifon. Since 2,4,5-T has a
pKa of 2.88 it will be found in the dissociated form in all environmental media. If released
in soil, 2,4,5-Tcan biodegrade and its mobility is expected to vary from highly mobile in sandy
soil to slightly mobile in muck (due to adsorption of humic acids and other organic matter).
Removal by biodegradation apparently limits the extent of leaching, however, and
groundwater contamination is likely only by rapid flow through large channels and deep soil
cracks. 2,4,5-Trichlorophenol and 2,4,5-trichloranisole are the primary microbial degradation
products of 2,4,5-T. Chemical hydrolysis in moist soils and volatilization from dry and moist
surfaces should not be significant. The persistence of 2,4,5-T in soil is reported to vary
between 14 to 300 days, but usually does not exceed one full growing season regardless of the
application rate. Degradation under anaerobic conditions in flooded soils is much slower
(half-life less than or equal to 48 weeks) than in field moist soils. The half-lives for 2,4,5-T
degradation in six soils ranged from 6.6to 31 days (average 42 days). The persistence 2,4,5-T
may be greater in soil which received large amounts of the herbicide. If released to water,
photochemical decomposition, volatilization and biodegradation of 2,4,5-T appear to be the
dominant removal mechanisms. The primary degradation product of 2,4,5-Tin water is 2,4,5-
trichlorophenol. The aquatic near surface half-life for direct photolysis has been calculated
to be 15 days during summer at latitude 40°. Humic substances can photosensitize 2,4,5-T
and humic induced photoreactions may dominate photodegradation processes when humic
substance concentrations exceed 15 mg/L of organic C/L. Primary photodegradation products
are 2,4,5-trichlorophenol and 2-hydroxy-4,5-dichlorophenoxyacetic acid. Adsorption of 2,4,5-T
to humic acids in suspended solids and sediments may be significant. Oxidation, chemical
hydrolysis, volatilization and bioaccumulation should not be significant. If released to
atmosphere, 2,4,5-T should exist as fine droplets and adsorbed on airborne particulates.
Based upon its vapor pressure, however, 2,4,5-T may be expected to exist primarily adsorbed
to the particulate phase. 2,4,5-Thas the potential to undergo (a) direct photolysis due to UV
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absorption at >290 nm, (b) a reaction with photochemically generated hydroxyl radicals
(estimated vapor phase half-life = 1.12 days) or (c) be physically removed by settling out or
washout in rainfall. The most probable route of exposure to 2,4,5-Twould be inhalation and
dermal exposure of workers involved in the manufacture, handling or application of 2,4,5-T,
related ester compounds or certain tetradifon formulations which contain 2,4,5-T. The
general public could potentially be exposed by inhalation of particulate matter or ingestion
of fruit, milk or drinking water contaminated with 2,4,5-T.

3.1.3.5 Heavy Metals and Cyanide

Metals and cyanides tend to be persistent and relatively insoluble. There may be some slow
rate of photolysis of the complex cyanides. The chemicals are expected to be closely bound
to particulate matter and bioavailability is expected to be limited (GRI, May 1987, GRI-
87/0260.3).

3.1.3.5.1 Heavy Metals

In general, metals tend to be persistent and relatively insoluble in the environment. For
example, volatilization of metals from soil is not considered a realistic mechanism for
contaminant migration and is not considered here. However, leaching and sorption will be
considered.

Leaching of heavy metals from soil is controlled by numerous factors. The most important
consideration for leaching of heavy metals is the chemical form (base metal or cation) present
in the soil. The leaching of metals from soils is substantial if the metal exists as a soluble salt.
Metallic salts have been identified as a component of such items as tracer ammunition, ignitor
compositions, incendiary ammunition, flares, colored smoke and primer explosive
compositions. In particular, barium nitrate, lead stearate, lead carbonate, and mercury
fulminate are potential heavy metal salts or complexes which are components of ammunition
that may have been tested or disposed of at SEDA. During the burning of these materials,
a portion of these salts oxidize to their metallic oxide forms. In general, metal oxides are
considered less likely to leach metallic ions than metallic salts. Upon contact with surface
water or precipitation, the heavy metals salts may be dissolved, increasing their mobility and
increasing the potential for leaching to the groundwater.

Heavy metals may also exist in the base metallic form as a component of the projectiles tested
or disposed of at SEDA. Bullets are composed mainly of lead, which may contain trace
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amounts of cadmium and selenium. Metals which exist in metallic form, i.e., as bullets or
projectiles, will tend to dissolve more slowly than the metallic salts.

Oxidation and reduction involves the change of the valence state of the metals and has a
large influence on the other fate mechanisms. A good example of the variation in
contamination fate due to oxidation and reduction changes is iron. Iron (Fe) normally exists
in one of two valence states, +2and +3 [Fe(Il) and Fe(Ill)]. Fe(Il) is far more soluble than
Fe(Ill) and therefore has a greater mobility.

Soil pH is often correlated with potential metal migration. If the soil pH is greater than 6.5,
most metals, especially those normally present as cations, are fairly immobile. At higher pH
values, metals form insoluble carbonate and hydroxide complexes. Metals would be most
mobile in highly acidic soils, i.e. those with a pH of less than 5.

An RI was performed at the Open Burning (OB) Grounds at SEDA in 1992 for which over
50 surface soil samples and over 300 subsurface soil samples were collected. The pH values
of the surface soil samples ranged from 5 to 8.4, and the subsurface soil samples had values
ranging from 7 to 9. The soil at the OB Grounds is lithologically similar to the soil at the
Munitions Washout Facility, therefore, metals in the soil at the Munitions Washout Facility
are expected to be primarily present in insoluble forms. A detailed evaluation of select metals
(barium, copper, lead and mercury) is given below.

Barium is a highly reactive metal that occurs naturally only in the combined state. Most
barium released to the environment from industrial sources is in forms that do not become
widely dispersed. Barium in soil may be taken up to a small extent either by vegetation, or
transported through soil with infiltration of precipitation. Barium is not very mobile in most
soil systems. The higher the level of organic matter, the greater the adsorption. The
presence of calcium carbonate will also limit mobility, since barium will form BaCO,, an
insoluble carbonate. In aquatic media, barium is likely to precipitate out of solution as an
insoluble salt, or adsorb to suspended particulate matter. Sedimentation of suspended solids
removes a large portion of the barium from surface waters. Barium in sediment is found
largely in the form of barium sulfate. Bioconcentration in freshwater aquatic organisms is
minimal.

Copper is considered to be among the more mobile of the heavy metals in surface
environments.  Seasonal fluctuations have been observed in surface water copper
concentrations, with higher levels in fall and winter, and lower levels in the spring and
summer. Copper is not expected to volatilize from water. Since copper is an essential
nutrient, it is strongly accumulated by all plants and animals, but is probably not biomagnified.
The degree of persistence of copper in soil depends on the soil characteristics and the forms
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of copper present. For example, in soil of low organic content, soluble copper compounds
may move into groundwater at a significant rate. On the other hand, the presence of organic
complexing agents may restrict movement in soil, and copper may be immobilized in the form
of various inorganic complexes. Copper is not expected to volatilize from soil. Several
processes determine the fate of copper in aquatic environments, these being: formation of
complexes, especially with humic substances; sorption to hydrous metal oxides, clays, and
organic materials; and bioaccumulation. Organic complexes of copper are more easily
adsorbed on clay and other surfaces than the free form. The aquatic fate of copper is highly
dependent on factors such as pH, oxidation-reduction potential, concentration of organic
matter, and the presence of other metals. With regard to the latter, it has been demonstrated
that co-precipitation of copper with hydrous oxides of iron effectively scavenges copper from
solution, although in most surface waters organic materials prevail over inorganic ions in
complexing copper.

Lead is extremely persistent in both water and soil. Environmental fate processes may
transform one lead compound to another; however, lead is generally present in the +2
oxidation state, and will form lead oxides. It is largely associated with suspended solids and
sediment in aquatic systems, and it occurs in relatively immobile forms in soil. Lead which
has been released to soil may become airborne as a result of fugitive dust generation.

Elemental mercury is insoluble in water and binds tightly to soil particles giving it a relatively
low mobility. Bacterial and fungal organisms in sediment are capable of methylating mercury.
Methyl mercury, which is soluble in water, is a mobile substance and can then be ingested or
absorbed. Until altered by biological processes, the primary transport method for mercury
is the erosion and transportation of soil and sediment. Mercury most likely exists at SEDA
in the elemental state as a result of the testing or demolition of munitions containing mercury
fuzes. Although a mercury salt, mercury fulminate, was used in the past as a priming
explosive, it has not been commonly used since 1925 (Dunstan and Bell, 1972), and its
environmental fate will not be considered at the site.

Zinc is stable in dry air, but upon exposure to moist air will form a white coating composed
of basic carbonate. Zinc loses electrons (oxidizes) in aqueous environments. In the
environment, zinc is found primarily in the +2 oxidation state. Elemental zinc is insoluble;
most zinc compounds show negligible solubility as well, with the exception of elements (other
than fluoride) from Group VII of the Periodic Table compounded with zinc (i.e.,ZnCl,, Znl,)
showing a general 4:1 compound to water solubility level. In contaminated waters, zinc often
complexes with a variety of organic and inorganic ligands. Therefore, the overall mobility of
zinc in an aqueous environment, or through moist-to-wet soil, may be accelerated by
compounding/complexing reactions.
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Zinc has a tendency to adsorb to soil, sediment and suspended solids in water. Adsorption
to sediments and suspended solids is the primary fate for zinc in aqueous environments, and
. will greatly limit the amount of solubilized zinc. Zinc is an essential element and, therefore,
is accumulated by all organisms. Zinc concentrations in air are relatively low except near
industrial sources. Volatilization is not an important process from soil or water.

3.1.3.5.2 anide

The cyanide ion (CN) is expected to be relatively mobile in the soil/groundwater system when
present at low dissolved concentrations. Bulk quantities of solutions containing the ion (e.g.,
from a spill or improper waste disposal) could be transported down through the unsaturated
zone. However, as described below, at low concentrations and under aerobic conditions,
cyanide is susceptible to biodegradation.

The cyanide ion acts as a weak base in solution, comparable in strength to ammonia. Its
conjugate acid, hydrocyanic acid (HCN), has a pK of 9.21 (25°C, zero ionic strength). This
means that below pH 9, most CN will be protonated, and in waters of environmental concern
(pH < 8), over 90% will exist as HCN.

Transport pathways for the cyanide ion cannot be assessed as they are for organic species by
using an equilibrium partitioning model. These models are based on the sorption and
volatilization of non-ionized, neutral organic chemicals, and thus are not applicable to
individual inorganic ions (or their parents salts).

Metallic cyanides such as AgCN, CuCN and Zn(CN), are used commercially for electroplating
their respective metal cation. Sodium and potassium cyanides are also used in plating
solutions to increase the solubility of transition metal cyanides. Ferrocyanides and iron blue
(a complex ferrocyanide salt) are added to road salts to prevent caking, and thereby enter
sewers and deposit on roadsides.

Sorption _on Soils

As an anion, the cyanide ion is expected to be only weakly retained by soils. Hydrogen
cyanide is not strongly partioned to suspended matter or sediments, due primarily to its high
solubility in water. Cyanide salts tend to be highly soluble as well, exceptions being AgCN
(pK - 15.66), Hg,(CN), (pK - 39.3) and Zn(CN), (pK,, - 5.9). Since neither silver, mercury
nor zinc is present in significant concentrations in the soil/groundwater environment, they will
not control cyanide solubility, and precipitation of the cyanide salts from groundwater can be
expected to be insignificant.
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In a study of the mobility of the cyanide ion in several soils (applied as KCN in deionized
water) it was found to be most easily leached from a soil having a high pH and high free
CaCO, concentration, although an acid soil had almost as poor retention. The ion was found
to be most strongly held by soils having a high concentration of Mn and hydrous oxides of Fe.
In general, CN, whose sorption behavior is similar to that of Cl, is very mobile in soils, with
enhanced mobility in soils of low pH, low concentration of free iron oxides, and containing
little kaolin, chlorite, and gibbsite-type clays (high positive charges).

Cyanide complexed as Fe(CN)(,"3 (which, as described below, can form in soil) was also found
to be very mobile in soil, with high pH and high free CaCO, enhancing its mobility.
Potassium cyanide added to landfill leachate was found to be less mobile than either Fe(CN),
3 or CN- in deionized water due to the precipitation of iron blue.

Sorption isotherm data for CN, like other mobile anions, are not available in the literature.
In any case, the sorption behavior will depend upon the composition of the soil.

Volatilization from Soils

The cyanide ion is non-volatile.

Transformation Processes in Soil/Groundwater Systems

The cyanide ion undergoes a number of transformation in water. Hydrolysis rate constants
for CN" using sodium cyanide, potassium ferri-cyanide, and cuprous cyanide in sterilized river
water at pH 7-8 were found to be 0.002/hr and 0.0033/hr at 10 and 23°C, respectively. These
quasi first-order rate constants correspond to half-lives of approximately 15 and 9 days at 10°C
and 23°C, respectively. Earlier studies have found HCN hydrolysis to be extremely slow
except under very acidic conditions, with a half-life of over a year under alkaline conditions,
at 33°C.

The cyanide ion forms complexes of varying stability with a number of metal ions, especially
those of zinc, cadmium, mercury, and the transition metals. Under environmental conditions,
the most important of these complexes are Fe(CNg* and FE(CN)¢* with overall equilibrium

constants of formation of 10 and 10

, Tespectively.

The formation of cyanide complexes removes free CN” from solution, thereby increasing the
dissociation of HCN to maintain the equilibrium between HCN and free CN and H*. It also
increases the mobility of the metal ion to which it is complexed, Zn** for example, by
preventing the sorptions of the metal to clays.
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Iron cyanide complexes are considered stable, but susceptible to photodecomposition by
sunlight, releasing free CN as they dissociate, but possibly reforming at night. The rate of
photodegradation has been found to be rapid.

Both hydrogen cyanide and metallocyanide complexes are susceptible to biodegradation by
almost all microorganisms. Cyanide has been found to be degraded in aerobic microbial
systems.

The rate of biodegradation is dependent upon environmental conditions such as temperature
and the concentrations of microorganisms and cyanide. Half-lives for cyanide biodegradation
in river water spiked with NaCN and acclimated microorganisms were found to range from
10 and 60 hours.

At high cyanide concentrations and under aerobic conditions, cyanide toxicity inhibits
microbial growth until the microorganisms become acclimated. Under anaerobic conditions,
biodegradation may hardly occur since anaerobics are very sensitive to high cyanide
concentrations. A limit of 2 mg/L of cyanide has been reported for effective anaerobic
degradation.

Primary Routes of Exposure from Soil/Groundwater Systems

The above discussion of fate pathways suggests that the mobility and potential exposure to
cyanide is somewhat dependent on the environmental conditions. The cyanide ion is
considered to be non-volatile, although HCN is highly volatile. Most forms of cyanide are
expected to be relatively mobile in soil/groundwater systems. Cyanide is expected to have a
low potential for bioaccumulation, as it can be metabolized. These fate characteristics suggest
several potential exposure pathways.

Volatilization of cyanide from a disposal site is not likely to represent an important exposure
pathway under most conditions. At lower pH values, the volatilization of HCN may represent
an important exposure pathway.

Drinking water contamination resulting from the migration of cyanide is likely to occur,
although it is susceptible to both chemical and biological degradation. Field data indicate that
cyanide is mobile in soil systems and groundwater contamination may result.

The movement of cyanide in groundwater may result in discharges to surface waters. As a
result, ingestion exposures may occur through the use of surface waters as drinking water
supplies, and dermal exposures may result from the recreational use of surface waters. The
bioaccumulation of cyanide by domestic animals or fish from surface waters is not expected
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to be an important exposure pathway as cyanide ha$ a low potential for bioaccumulation and
may be degraded in surface waters.

3.1.3.6 Explosives

Table 3-1 presents the information which will serve as a basis for understanding the likely
environmental fate of explosives at SEDA. The chemical class of the compounds identified
in Table 3-1 is considered to be semivolatile. This is based upon the high molecular weights
of these compounds and their low vapor pressures, typical of most semivolatile compounds.
The most volatile of the five explosives considered at this site is 2,6-dinitrotoluene (2,6 DNT),
with a vapor pressure of 0.018 millimeters mercury (mm Hg). Compared to benzene, a
volatile compound, which has a vapor pressure of 95.2mm Hg it is apparent that volatilization
of this compound is expected to be low, especially in soils which have a high clay content.
Soils with a high clay content generally have a high, i.e. >50%,ratio of water filled to air
filled porosity, therefore, there is a small amount of air space through which vapor can
migrate. Compounds such as RDX and HMX have extremely low vapor pressures and would
not volatilize through the soils. Consequently, volatilization of RDX and HMX are not
expected to represent a significant environmental pathway.

The potential for explosives to leach to the groundwater is a complicated consideration and
influenced by many factors such as solubility, cation exchange capacity (CEC), clay content
and percolétion rate. For this evaluation, solubility has been considered as the most
representative parameter for leaching potential. Of the six explosives considered, the most
soluble of the explosives are the di- and trinitrotoluenes. Their solubilities range from
approximately 130 mg/l to 270 mg/l. These are similar to the solubilities of organic
hydrocarbons such as toluene, (500 mg/l), or the xylenes, (150 mg/l). This range of solubilities
is considered to represent a moderate degree of leaching potential. Compounds which would
represent a high degree of leachibility, i.e., high solubility, would be methylene chloride,
(20,000 mg/1), benzene (1780 mg/l) and TCE, (1100 mg/l). The solubilities of HMX and
RDX are approximately four times less than that for the di- and trinitrotoluenes and
therefore represent a smaller potential for leaching.

A review of the melting points of these compounds indicates that explosives are solids at
room temperature and therefore would not migrate through soil as separate liquid phases.
Instead, as precipitation interacts with these solid residues a small portion would dissolve or
erode away. Complete leaching would require a long interaction period.

Field studies have confirmed the long-term potential for leaching of explosives into the
groundwater. An evaluation of the critical parameters affecting the migration of explosives
through soils indicated that at a former propellant manufacturing facility, 2,4-DNT leached

Page 3-50
June, 1995 K:\SENECA\RIFS\GENERIC\Section.3



SENECA GENERIC RI/FS WORKPLAN DRAFT-FINAL REPORT

from soil contaminated with smokeless powder for over 35 years after cessation of operations
(USATHAMA, 1985). At another facility, leaching of 2,4-DNT into groundwater from
former burning grounds has been documented to occur for as long as 10 years after
operations had been discontinued.

Another factor to examine is the tendency of explosives compounds to adsorb to the soil.
The compounds considered in this evaluation show K. values which range from approximately
100 to 500 mL/g. The SEDA site soils have been shown to possess a high percentage of
fines including clay, thereby increasing the sorption potential of these compounds to the soil.
As shown in Table 3-2, for the range of K exhibited by explosives, i.e.,100-500 mL/g, these
compounds would be considered intermediately mobile.

Environmental degradation of these parent organic compounds has been shown to occur by
various investigators. The information available on this subject is substantial and a detailed
discussion is beyond the scope of this document. However, a review of the available
information indicates that nitroaromatics and nitramines are susceptible to environmental
transformations. Since some of the byproducts of these transformations may be
environmentally persistent, there is a potential for concern.

Much of the available research has been conducted on the environmental transformation of
TNT. Figure 3-2 provides a summary of the identified breakdown products resuiting from
environmental degradation of TNT. Figure 3-3 presents breakdown products which have
been identified from the breakdown of 2,4-DNT. The environmental fate of RDX is less
defined than that of the other two compounds previously mentioned. Figure 3-4 provides an
overview of the expected degradation pathways and the byproducts produced as a result of
the environmental degradation of RDX. Clearly, the breakdown byproducts which have been
identified are diverse. Analytical methods have only recently been developed which are
capable of accurately detecting these compounds. The widespread application of these
analytical techniques are greatly limited by the availability of standards which are essential for
the analyses. Responding to the need for accurate analytical procedures and recognizing that
standards for every breakdown product are not available, USATHAMA has developed
Method 8330 (A copy of this method is included in Appendix C). This method is intended
for the analysis of explosive residues in water, soils and sediments.
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3.1.3.7 Fuel Oils

The following discussion of fuel oils was obtained from the "Installation Restoration Program
Toxicity Guide", Volume III, July, 1987.

Fuel oils have various uses for which they are specifically formulated. Fuel oil number 1 is
used almost exclusively for domestic heating. Fuel oil number 2 is used as a general purpose
domestic or commercial fuel in atomizing type burners. Number 4 oil is used in commercial
or industrial burner installations not equipped with preheating facilities. Numbers 5 and 6
are used in furnaces and boilers of utility power plants, ships, locomotives, metallurgical
operations and industrial power plants.

Diesel fuel is available in different grades. Number 1-D is used for engines in service
requiring frequent speed and load changes. Number 2-D is used for engines in industrial and
heavy mobile service while number 4-D is used in low and medium speed engines.

Composition

The discussion of fuel oil in this chapter largely focuses on diesel fuel. Limited information
on residual fuel oils, which are generally defined as the product remaining after the removal
of the appreciable quantities of the more volatile components is included but environmental
fate data are not specifically addressed. Residual fuel oils are expected to be extremely
complex in composition, with higher concentrations of the many high molecular weight
asphaltic compounds and impurities present in the original crude oils. Available data suggest
sulfur values ranging from 0.18 to 4.36% by weight; trace element data indicate that
concentrations of many elements vary by one or more orders of magnitude. The
environmental transport and transformation of the high molecular weight organics is expected
to be minimal and is not addressed in detail.

Diesel fuel is usually that fraction of petroleum that distill after kerosene in the 200°C to
400°C range. Several commercial grades of diesel fuels are obtained by blending various
feedstocks to achieve established specifications. Due to differences in feed stocks, refining
methods, and blending practices, the composition of diesel fuel samples is expected to be
highly variable. Sulfur content has been reported to vary by several orders of magnitude (O-
0.57% by weight): similar variations have been documented for a number of trace elements.

Diesel fuel is predominantly a mixture of C,, through C,, hydrocarbons. Composition by
chemical class has been reported to be approximately 64% aliphatic hydrocarbons (straight
chain alkanes and cycloalkanes), 1-2% olefinic hydrocarbons and 35% aromatic hydrocarbons,
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including alkylbenzenes and 2-3 ring aromatics. Petroleum distillates may contain many non-
hydrocarbon components in varying concentrations.

Fuel oils also contain a number of additives used as ignition improves, combustion catalysts,
antioxidants, flow improves, metal deactivators, detergents and emulsifiers. Many compounds

added to fuel oils are similar to those added to gasoline.

Environmental Fate and Exposure Pathways

A discussion of the environmental behavior of fuel oil is limited by the lack of data defining
its major components. The environmental behavior of hydrocarbons selected from the major
classes will be addressed; however, trace elements and the many diverse additives will not be
specifically addressed.

In general, soil/groundwater transport pathways for low concentration of pollutants in soil can
be assessed by using an equilibrium partioning model. For the purposes of assessing the
environmental transport of diesel fuel, a group of specific hydrocarbons was selected from the
dominant hydrocarbon classes, i.e., alkanes, cycloalkanes, and aromatics; there were no
available data to confirm the presence of the selected compounds in a typical diesel fuel
sample. The hydrocarbon portions associated with water and air phases of the soil are
expected to have higher mobility that the adsorbed portion.

Estimates for the unsaturated topsoil indicate that sorption is expected to be an important
process for all the dominant hydrocarbon categories. Partioning to the soil-vapor phase is
much less important than for other petroleum distillates since many of the lower molecular
weight aliphatic hydrocarbons (C,-Cs) characterized by high vapor pressure and low water
solubility are not expected to be major components of diesel fuel. The aromatics have slightly
higher water solubilities and transport with infiltrating water may be more important for these
compounds; volatilization, on the other hand, is not expected to be important. In saturated,
deep soils (containing no soil air and negligible soil organic carbon), a significant percent of
the aromatic hydrocarbons is predicted to be present in the soil-water phase and available for
transport with flowing ground water. Partitioning to the air and water phases is expected to
be even less important for the organic components of residual fuel oils compared to
components of diesel oil; sorption to soil particles is expected to be significant.

In interpreting these results, it must be remembered that this model is valid only for low soil
concentrations (below aqueous solubility) of the components. Large releases of diesel fuel
(spills, leading underground storage tanks) may exceed the sorptive capacity of the soil,
thereby filling the pore spaces of the soil with the fuel. In this situation, the hydrocarbon
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mixture would move as a bulk fluid and the equilibrium partitioning model would not be
applicable.

Transport and Transformation Processes

Transport and transformation of individual fuel oil constituents will depend on the
physicochemical ( and biological) properties of the constituents. Some constituents will
dissolve more quickly in the percolating ground waters, be sorbed less strongly on the soils
thus being transported more rapidly, and may be more or less susceptible to degradation by
chemical or biological action. Thus, the relative concentrations of the constituents of the fuel
will vary with time and distance form the site of contamination. This effect is called
"weathering". (This term is also used to describe the changes to oil following spills into
surface waters where film spreading and breakup, and differential volatilization dissolution
and degradation are all involved).

Transport processes have been shown to be more significant than transformation processes
in determining the initial fate of lower molecular weight petroleum hydrocarbons released
to soil/ground-water systems. However, due to the lower water solubilities and lower vapor
pressures of the higher molecular weight hydrocarbons environmental transformation
processes may be increasingly significant for hydrocarbons in the Cy-C,; range characteristic
of diesel fuel and in the > C,, range expected in residual fuel oils.

Under conditions of limited volatilization (low temperatures, subsurface release or
concentrated spill) other transport processes including downward migration into the soil,
sorption to soils, and transport to ground water may be important. It has been reported that
oil substances released in significant quantities to soils result in a separate organic phase
which moves downward through the unsaturated zone to the less permeable layer, the
soil/ground-water boundary, where they tend to accumulated and spread horizontally.

The organic layer floating on the ground water is carried in the general direction of ground
water flow. At the oil-water interface, some hydrocarbons are leached according to their
aqueous solubility. The pollution caused by the hydrocarbon phase is much less extensive
than pollution caused by hydrocarbons dissolved in ground water (100s-1000s of meters).
Furthermore, the pattern of migration of the hydrocarbon phase may be very different from
that of the ground water. Due to fluctuations in ground-water elevation over time, the
organic layer on top of the aquifer may be transported into several zones where the
components occur in the gaseous phase (able to diffuse in all directions, including upward),
liquid phase (adsorbed onto rock particles or sealed under water), or dissolved/emulsified in
water.
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Migration through soils may be retarded by sorption. Sorption is expected to be significant
for higher molecular weight aliphatics, particularly > C,,. Migration is expected to be fastest
through previously contaminated soils where the sorptive sites may be unavailable; on the
other hand, soil-water content increases sorption and slows migration of hydrocarbons. In
fissured rock, the migration of hydrocarbons is much less uniform than in porous soils.
Preferential spreading through crevices, sometimes changing the direction of flow, may occur.
Determination of the potential ground-water contamination in fissured rock is thus very
difficult.

The water-soluble portion of No. 2 fuel oil (a higher temperature distilling fraction than
diesel oil) was shown to be almost entirely aromatic (99%) even though the product itself was
48% aliphatic; the aliphatic fuel oil hydrocarbons have very low water solubility compared
with the aromatics. The largest percentage (40%) of the water-soluble fraction of fuel oil was
represented by C,, - aromatics. In deep, saturated soils with no soil air, the aromatics
represent the greatest threat of contamination to ground-water supplies. Solubility in aqueous
solution of polar, non-hydrocarbon components of some higher boiling petroleum fractions
such as diesel oil and other fuel oils has also been reported.

In summary, the physical distribution of fuel oil contamination affects its impact on, and
removal from, the soil environment. Lateral spreading along the surface increases the initial
contaminated area while facilitating evaporative removal or sorption of different
hydrocarbons. Subsurface release or vertical penetration mediated by gravitation and capillary
forces decreases evaporation, reduces the importance of some transformation pathways (see
below), and may lead to ground-water contamination.

Photooxidation has been reported to play a significant role in the chemical degradation of
petroleum hydrocarbons in the sunlit environment. Alkanes, benzenes, and mono-substituted
venzens have been shown to be relatively resistant to photolysis in aqueous systems; xylenes
photolyzed slowly while trisubstituted benzenes and naphthalenes photolyzed at rates
competitive with volatilization. Anthracene and other polycyclic aromatic hydrocarbons
(PAH) in the carbon range of diesel fuel are subject to photochemical oxidation;
benzo(a)pyrene is the most susceptible of the PAH compounds, suggesting that the residual
fuel oils may be even more affected by photodegradation than diesel oil. Penetration of oil
below the soil surface limits exposure to solar radiation while extensive lateral spreading of
oil over impermeable or rocky surfaces may promote substantial photooxidative degradation.
The oxygenated products of photooxidation are generally more water-soluble than the parent
hydrocarbons and are thus more likely to be leached from soil.
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Natural ecosystems have considerable exposure to petroleum hydrocarbons form natural
emissions, accidental contamination through oil spills and storage tank leaks, and deliberate
application to land in waste disposal activities such as land-farming; therefore, their
biodegradation of petroleum hydrocarbons, and several extensive reviews and reports are
available. An extensive and diverse group of petroleum hydrocarbon degrading bacteria and
fungi are widely distributed in the environment. Although the microbiota of most non-
contaminated soils include many naturally occurring hydrocarbon-degrading populations, the
addition of petroleum selectively enriches that sector able to adapt and utilize the new
substrate. Other environmental factors shown to have a major effect in biodegradability are
availability of oxygen and moderate temperatures.

The qualitative hydrocarbon content of petroleum mixtures largely determines their
degradability. In general, microorganisms exhibit decreasing ability to degrade aliphatic
hydrocarbons with increasing chain length; aromatics are generally more rapidly biodegraded
than alkanes. The composition of diesel oil suggests that some of the aromatic species will
be biodegradable; biodegradation of the high molecular weight aromatics expected to be
present in residual oils will be slower.

In summary, biodegradation of the petroleum hydrocarbons comprising diesel and fuel oils
may occur under conditions favorable for microbial activity and when fuel components are
freely available to the microorganisms. Degradation may be limited and/or slow in
environments with few degrading organisms, low pH, low temperature, and high salinity (e.g.,
arctic environments). It should be mentioned that even under optimum conditions, total and
complete biodegradation isnot expected to occur except possibly over an extremely long time
period.

Primary Routes of Exposure from Soil/Ground-water Systems

The above discussion of fate pathways suggests that pure fuel oils have low vapor pressure
but that their components vary in their volatility from water. The components are strongly
or very strongly sorbed to soil. The polycyclic aromatic hydrocarbons in fuel oils have a
moderate or high potential for bioaccumulation, while the longer-chain aliphatic compounds
have low potential for bioaccumulation. These fate characteristics suggest that the various
components may have somewhat different potential exposure pathways.

Volatilization of fuel oils from a disposal site or spill would not be expected to result in
significant inhalation exposures to workers or residents in the area. Gravity would tend to
carry bulk quantities of the oil down towards the water table leaving only a relatively small
fraction on the soil surface to volatize. Volatilization of the remaining oil would occur very
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slowly because of its low vapor pressure, especially for the heavier weight fuel oils, and
because of strong sorption to soil.

Groundwater contamination may result from large spills that reach the water table. There,
the more soluble components will dissolve in the ground-water or form emulsions with it.
The soluble fraction is mainly aromatic and lower molecular weight aliphatic compounds. In
one study using No. 2 fuel oil, 40% of the water soluble fraction was made up of aromatic
compounds composed of 11 carbon atoms and 25% each of compounds containing 10 and 12
carbon atoms. The hydrocarbons dissolved in the ground water may move hundreds to
thousands of meters. By comparison, the undissolved fraction, which floats on the surface of
the water table as a separate phase, would be expected to move only tens of meters, unless
cracks or fissures were present.

The movement of fuel oil components in ground water may contaminate drinking water
supplies, resulting in ingestion exposures. Ground-water discharges to surface water or the
movement of contaminated soil particles to surface water drinking water supplies may also
result in ingestion exposures and in dermal exposures from the recreational use of these
waters. The potential also exists for the uptake of polynuclear aromatic compounds in fuel
oil (e.g., naphthalene, methylnaphthalene and higher weight PAHs) by fish and domestic
animals, which may also result in human exposures. Exposures to high concentrations of fuel
oil components in drinking water and food are expected to be rare because tainting becomes
apparent at relatively low concentrations.

Volatilization of fuel oil hydrocarbons in soil is another potential source of human exposure.
Despite their relatively low vapor pressure, the more volatile components of fuel oil in soil
evaporate, saturating the air in the soil pores, and diffusing in all directions including upward
to the surface. The vapors may diffuse into basements of homes or other structures in the
area, resulting in inhalation exposures to the building’s occupants. Exposures may be more
intensive when the soil is contaminated from leaking underground storage tanks and pipes,
rather than from surface spills, because the more volatile components do not have an
opportunity to evaporate before penetrating the soil. Even then, this exposure pathway is
expected to be much less important for fuel oils than for more volatile petroleum products
like gasoline.

314 Data Summary and Conclusions

Groundwater and soil data summary and conclusions for the subject site are discussed in the
appropriate RI/FS Project Scoping Plan that serves as a supplement to this Generic Installation
RI/ES Work Plan.
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3.2 IDENTIFICATION OF POTENTIAL RECEPTORS AND EXPOSURE
SCENARIOS

As part of the overall conceptual site model for SEDA, this section presents a general
discussion of the source areas, release mechanisms, potential exposure pathways, and likely
human and environmental receptors that may be applicable to sites at SEDA. The current
understanding of potential receptors and exposure scenarios for sites at SEDA is based upon
the data gathered during previous investigations (RIs and ESIs) at SEDA. This information
willbe used to develop a conceptual understanding of the potential risksto human health and
ecological constituents due to the presence of contaminants at the sites. In addition, this
information will be used to assess whether sources of contamination, release mechanisms,
exposure routes,and receptor pathways developed based on the conceptual site model are
valid or if they may be eliminated from further consideration prior to conducting the risk
assessment.

This is intended to be a general discussion of potential receptors and exposure scenarios. Site
specific scenarios are presented in the appropriate RI/FS Scoping Plans.

3.2.1 Potential Source Areas and Release Mechanisms

Several types of primary source areas were identified at SEDA including but not limited to
the following:

1. Suspected or known disposal areas, including landfills and disposal pits which contain
suspected and known materials such as construction debris, IRFNA, radioactive
materials, paints and solvents, nicotine sulfate, and garbage.

Waste piles

Fire training and demonstration pads

Burning pits

Former and active deactivation furnaces

Former munitions washout building

Demolition area for ammunition

Discharge sites

Leachfields

Settling pond

USTs

el Al

| i
N o

Primary and secondary release mechanisms for these sources may include surface water
runoff, infiltration of precipitation, groundwater, wind, volatilization, and dispersion and
deposition of particulates.
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Site-specific potential source areas and release mechanisms are discussed in detail in the
appropriate RI/FS Project Scoping Plan that serves as a supplement to this Generic
Installation RI/FS Work Plan.

3.2.2 Potential Exposure Pathways and Receptors-Current Uses

A preliminary exposure pathway summary was developed for most of the AOCs. The
pathway summary combines both site conditions and expected behavior of the detected
chemicals in the environment into a preliminary understanding of the sites. The pathways
were developed by evaluating the physical aspects of environmental conditions and the effect
these conditions may have on the migration potential of the detected chemicals.

Potential exposure pathways from sources to receptors to be considered for sites at SEDA
include:

1. Dermal exposure to surface water and sediments due to surface water run-off and soil
erosion,
2. Inhalation of fugitive dust emissions and volatile organic emissions from soil and

surface water,

Incidental ingestion and dermal exposure to on-site soils,

Ingestion, dermal contact, and inhalation of volatiles from groundwater,

Ingestion of biota from an on-site surface water body,

Ingestion of food crops and livestock exposed to fugitive dusts and contaminated

irrigation water.

Generally, ingestion of groundwater and ingestion of food crops and livestock are not
significant current pathways since on-site groundwater is not a likely source of potable water.
However, at sites near SEDA boundaries, there may be significant pathways for off-site
receptors.

There are generally three primary receptor populations for potential releases of contaminants
from the sites under current uses:

1. Current site workers and hunters;
2. Terrestrial and aquatic biota on or near the sites; and
3. Off-site receptors.
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The potential for human exposure is directly affected by the accessibility to the sites with the
exception of fugitive dust. Currently human and vehicular access to SEDA is restricted by
a chain-link fence with a locking gate, which is part of SEDA’s general security provisions.

Terrestrial animals that frequent the sites at SEDA have the same potential for exposure as
the on-site workers. In addition, consumption of contaminated vegetation, biota (prey),
contaminated surface water, as well as burrowing in the contaminated soils also could
contribute to the contaminant uptake in these animals. Aquatic organisms may be considered
to be receptor populations for those sites which have stable surface water bodies on-site or
nearby. Amphibians and other seasonal animal populations may use vernal pools during
springtime. The potential exposure routes could be through ingestion of contaminated water
or sediment and biota growing in the contaminated water.

The off-site human receptor population includes residents living in the surrounding off-post
area, and individuals using the surface water for recreational purposes such as swimming,
wading, and fishing. Contaminated groundwater and surface water from SEDA could
potentially migrate to areas off-site of the SEDA boundary. Exposure to the off-site
population could occur through direct dermal contact with surface water, incidental ingestion
during swimming, and consumption of fish from contaminated surface water.

Potential Exposure Pathways and Receptors under current uses at particular sites are
discussed in the appropriate RI/FS Project Scoping Plan that serves as a supplement to this

Generic Installation RI/FS Work Plan.

3.2.3 Potential Exposure Pathways and Receptors - Future Uses

For future uses of sites at SEDA, on-site residents and construction workers would be added
to the above mentioned receptors. For the ingestion of soil, surface water, and sediment, the
most susceptible receptor would be children. Dermal contact with soil is a potential exposure
pathway for future residents. Ingestion of groundwater is a potential route of exposure to
all future on-site residents assuming on-site groundwater is used as their water supply.
Inhalation and dermal contact of fugitive dust is also a potential route of exposure for all on-
site future residents.

Potential Exposure Pathways and Receptors for future uses are discussed in the appropriate
RI/FS Project Scoping Plan that serves as a supplement to this Generic Installation RI/FS
Work Plan.
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The future residential scenario will not be considered for remedial activities as the intended
future use of SEDA is as a munitions storage depot, however it will be considered for the
Baseline Risk Assessment (BRA) calculations. Currently the Army has no plans to change
the use of this facility or to transfer the ownership. In early July 1995, the Base Realignment
and Closure Act (BRAC) Commission voted to recommend closure of SEDA. Until the
BRAC Commission recommendations are voted on by the Congress, the installation will
remain open. If Congress approves the recommendations, they will become public law on
October 1, 1995. If BRAC applies to SEDA, future use of the sites will be determined by
the Army. In accordance with BRAC regulations, the Army will perform any additional
investigations and remedial actions to assure that any change in intended land use is
protective of human health and the environment.

If the property is to change ownership, CERCLA, Section 120 (h)(1),(2) and (3), requires
that the prospective owner must be notified that hazardous substances were stored on the
parcel. This will include the quantity and type of the substances that were stored. The
content of the deed must also include a covenant warranting that all remedial actions
necessary to protect human health and the environment with respect to any such hazardous
substances remaining of the property have been taken before the date of the transfer. If a
property transfer is contemplated by the Army, this information, under penalty of the law,
must be supplied to the prospective owner. Should the actual future use of the parcel be
residential, then the Army will perform any additional remedial activities to ensure that
human health and the environment, under residential scenario, are protected.

The possibility of a residential scenario at SEDA is remote since the Army intends to
continue using this parcel for munitions destruction. Although the risk due to future
residential land use will be calculated in the BRA, the decision to perform a remedial action
will be based upon an intended (current) land use scenario for the subject site. At such time
that the property is intended to be transferred in accordance with CERCLA, the Army will
notify all appropriate regulatory agencies and will perform any additional investigations and
remedial actions to assure that the change in the intended land use is protective of human
health and the environment.

3.24 Exposure Pathways and Receptors at SEDA

This section presents exposure pathways from sources to receptors for four types of source
areas at SEDA. These exposure pathways are for (1) disposal areas, (2) burning pits and
pads, (3) deactivation furnaces, and (4) ordnance detonation, disposal, and burning areas.
These exposure scenarios were selected because they represent several of the sites at SEDA.
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3.24.1 Exposure Pathway and Receptors for Disposal Areas

The complete potential exposure pathway from sources to receptors for disposal areas are
shown schematically in Figure 3-5.

The primary source for the disposal areas includes the buried wastes and contaminated soils
within the landfills or disposal pits. The primary release mechanisms from the soils and
wastes that comprise the disposal areas may include surface water runoff and infiltration of
precipitation. Wind may also be a release mechanism, as dusts from impacted soil may be
reintroduced into the breathing zone, although this is dependent on amount of vegetation or
pavement at a site. Surface water, sediment, and groundwater may be secondary sources.
Groundwater interception may be a secondary release mechanism.

Ingestion and Dermal Exposure Due to Surface Water and Sediment

Surface water flow is controlled by the local topography of each site. Depending on the
direction of the topographic gradient, surface water flow willbe to low areas, drainage swales
and ditches and may eventually drain into local creeks, ponds, or streams, which may include
Reeder Creek, Indian Creek, Kendaia Creek, and the Duck Pond.

Human receptors of impacted surface water and sediment include current on-site workers, off-
site residents or recreators, or future residents who may incidentally ingest or come in contact
with the surface water and sediment. Dermal exposure to surface water and sediments and
inhalation exposure to potential volatile organic compounds released from surface water
represent exposure pathways for persons wading in on- or off-site portions of any surface
water body (i.e. stream or creek). Wading in a creek or stream is possible for persons fishing
in portions of a creek or stream and for children playing in the creek or stream. Ingestion
of edible fish caught in a surface water body could result in human exposure through
bioaccumulation and biomagnification of the contaminants in the surface and sediments.

The primary environmental receptors of any impacted surface and sediment are the biota of
the low-lying areas, drainage swales, and ponds. Organisms which feed on the biota may be
affected due to bioaccumulation of pollutants from the surface water and sediment.
Terrestrial- biota that drink from and come in contact with impacted surface waters may be
affected.

Soil Ingestion and Dermal Contact

Incidental ingestion of waste material and soil is a potential exposure pathway for on-site
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workers, future residents and terrestrial biota. Dermal contact with the waste material and
soil is a potential pathway for on-site workers and terrestrial biota.

Groundwater Ingestion, Inhalation, and Dermal Contact

Ingestion of, inhalation of, and dermal contact with groundwater are not potential exposure
pathways for on-site workers or terrestrial biota under current uses. The groundwater
beneath the sites at SEDA is not used currently as a drinking water source and connection
to other potable groundwater aquifers has not been demonstrated. It is not anticipated that
there would be direct exposure to the groundwater from the site to on-site workers or
terrestrial biota.

Ingestion of, dermal contact, and inhalation of volatiles from groundwater may be a potential
route of exposure to all future on-site residents assuming on-site groundwater is used as their
water supply.

Ingestion of, dermal contact with, and inhalation of volatiles from groundwater may be
potential routes of exposure for off-site residents. Residential communities surrounding the
depot use potable water wells for drinking water supplies and irrigation, which however
unlikely, could be a possible route of exposure to any contaminants released as a result of the
activities on SEDA. These potential potable well water supplies are more than likely bedrock
wells rather than overburden wells. If so, this would further reduce the potential impacts of
future contamination from the SEDA.

Dust Inhalation and Dermal Contact

Inhalation and dermal contact with impacted dust is a potential exposure pathway for on-site
workers, future residents and terrestrial biota depending on the amount of vegetation and/or
pavement covering the surface of the site. Fugutive dusts would not be expected to be
transported beyond the SEDA boundary.

Surficial soil and dust could become airborne due to vehicular traffic or wind erosion.
Persons at or near the site could inhale particulates which have been contaminated with on-
site material.

3.24.2 Exposure Pathway and Receptors for Burning Pits and Pads

The complete potential exposure pathway from sources to receptors for burning pits and pads
are shown schematically in Figure 3-6.
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The primary source areas for the burning pits and pads may include the pad on which burning
took place, fire training pit, and areas near the pit or pad which may have been impacted by
the activities at the site. These areas may include drum storage areas and other burning or
training sites. Soil, surface water, and sediment are secondary sources as well as pathways of
exposure. If infiltration of precipitation occurs, then groundwater would also become a
pathway.

Primary release mechanisms from the pads or pits are direct deposition of chemicals used
during fire training exercises, volatilization, dispersion and deposition of particulates from
fires, and surface water runoff and erosion. Secondary release mechanisms are surface water
runoff and erosion, infiltration, wind, and volatilization.

Ingestion and Dermal Exposure to Surface Water Runoff and Sediment

Human receptors of impacted surface water and sediment include current on-site workers, off-
site residents or recreators, or future residents who may incidentially ingest or come in contact
with the surface water and sediment. Dermal exposure to surface water and sediments and
inhalation exposure to potential volatile organic compounds released from surface water
represent exposure pathways for persons wading in on or off-site portions of any surface
water body (i.e. stream or creek). Wading in a creek or stream is possible for persons fishing
in portions of a creek or stream and for children playing in the creek or stream. Ingestion
of edible fish caught in a surface water body could result in human exposure through
bioaccumulation and biomagnification of the contaminants in the surface and sediments.

The primary environmental receptors of any impacted surface and sediment are the biota of
the low-lying areas, drainage swales, and ponds. Organisms which feed on the biota may be
affected due to bioaccumulation of pollutants from the surface water and sediment.
Terrestrial biota that drink from and come in contact with impacted surface waters may be
affected.

Soil Ingestion and Dermal Contact

Incidental ingestion of waste material and soil is a potential exposure pathway for on-site
workers, future residents, and terrestrial biota. Dermal contact with the waste material and
soil is a potential pathway for on-site workers and terrestrial biota.

Groundwater Ingestion, Inhalation, and Dermal Contact

Ingestion of, inhalation of, and dermal contact with groundwater are not potential exposure
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pathways for on-site workers or terrestrial biota under current uses. The groundwater
beneath the sites at SEDA is not used currently as a drinking water source and connection
to other potable groundwater aquifers has not been demonstrated. It is not anticipated that
there would be direct exposure to the groundwater from the site to on-site workers or
terrestrial biota.

Ingestion of, dermal contact, and inhalation of volatiles from groundwater may be a potential
route of exposure to all future on-site residents assuming on-site groundwater is used as their
water supply.

Ingestion of, dermal contact with, and inhalation of volatiles from groundwater may be
potential routes of exposure for off-site residents. Residential communities surrounding the
depot use potable water wells for drinking water supplies and irrigation, which however
unlikely, could be a possible route of exposure to any contaminants released as a result of the
activities on SEDA. These potential potable well water supplies are more than likely bedrock
wells rather than overburden wells. If so, this would further reduce the potential impacts of
future contamination from the SEDA.

Inhalation of and Dermal Contact with Dust and/or Volatile Emissions

Impacted dust and/or volatile organic compounds may be released from the burning pits and
the surrounding area due to wind erosion, vehicle traffic,or periodic burn events. Fugitive
dusts would not be expected to be transported beyond the SEDA boundary. As with fugitive
dusts, volatile compounds would not be expected to migrate off-site in significant
concentrations. Therefore,the dust and /or volatile emissions could be inhaled by or come
in contact with future on-site residents, SEDA workers, and terrestrial biota.

3.243 Exposure Pathway and Receptors for Deactivation Furnaces

The complete potential exposure pathway from sources to receptors for deactivation furnaces
are shown schematically in Figure 3-7.

The primary source for the deactivation furnaces includes the deactivation furnace stacks.
The primary release mechanism includes particulate emissions from the stacks and the
deposition of particulates in the surrounding surface soil. The interior of Building S-311A
may be a second primary source. A secondary source may be the surface soil where
particulate emissions from the stacks have been deposited. Secondary release mechanisms
from the surface soil are runoff and erosion to surface water and sediment,infiltrion to
groundwater and fugitive dust emission.
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Ingestion and Dermal Exposure to Surface Water Runoff and Sediment

Human receptors of impacted surface water and sediment include current on-site workers, off-
site residents or recreators, or future residents who may incidentially ingest or come in contact
with the surface water and sediment. Dermal exposure to surface water and sediments and
inhalation exposure to potential volatile organic compounds released from surface water
represent exposure pathways for persons wading in on- or off-site portions of any surface
water body (i.e. stream or creek). Wading in a creek or stream is possible for persons fishing
in portions of a creek or stream and for children playing in the creek or stream. Ingestion
of edible fish caught in a surface water body could resuit in human exposure through
bioaccumulation and biomagnification of the contaminants in the surface and sediments.

The primary environmental receptors of any impacted surface and sediment are the biota of
the low-lying areas, drainage swales, and ponds. Organisms which feed on the biota may be
affected due to bioaccumulation of pollutants from the surface water and sediment.
Terrestrial biota that drink from and come in contact with impacted surface waters may be
affected.

Soil Ingestion and Dermal Contact

Incidental ingestion of waste material and soil is a potential exposure pathway for on-site
workers, future residents, and terrestrial biota. Dermal contact with the waste material and
soil is a potential pathway for on-site workers and terrestrial biota.

Groundwater Ingestion, Inhalation, and Dermal Contact

Ingestion of, inhalation of, and dermal contact with groundwater are not potential exposure
pathways for on-site workers or terrestrial biota under current uses. The groundwater
beneath the sites at SEDA is not used currently as a drinking water source and connection
to other potable groundwater aquifers has not been demonstrated. It is not anticipated that
there would be direct exposure to the groundwater from the site to on-site workers or
terrestrial biota.

Ingestion of dermal contact, and inhalation of volatiles from groundwater may be a potential
route of exposure to all future on-site residents assuming on-site groundwater is used as their
water supply.

Ingestion of, dermal contact with, and inhalation of volatiles from groundwater may be
potential routes of exposure for off-site residents. Residential communities surrounding the
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depot use potable water wells for drinking water supplies and irrigation, which however
unlikely, could be a possible route of exposure to any contaminants released as a result of the
activities on SEDA. These potential potable well water supplies are more than likely bedrock
wells rather than overburden wells. If so, this would further reduce the potential impacts of
future contamination from the SEDA.

Inhalation of and Dermal Contact with Dust and/or Volatile Emissions

Impacted dust may be released from the areas due to wind erosion, vehicular traffic through
the area , or disturbance of the soil during site use. Inhalation of dust will be considered for
SEDA workers and visitors, and terrestrial biota under current scenarios. The strict contrls
on access to the facilities limit potenitial exposure of other people to fugitive dust emissions.
Fugitive dusts would not be expected to be transported in significant quantities beyond the
SEDA boundary.

3244 Exposure Pathway and Receptors for Open Detonation Grounds, Powder
Burning Pits, and Ordnance Disposal Areas

The complete potential exposure pathway from sources to receptors for open detonation
grounds, powder burning pits, and ordnance disposal areas are shown schematically in Figure
3-8.

The primary source areas for the open detonation grounds, burning pit, or other ordnance
disposal area may include the ordnance, which is detonated within the area used for open
detonation operations, burning, or disposal. The soils comprising the detonation mound, berm
or pads may also be a primary source. The primary release mechanisms at the sites are
dispersion of dust and/or volatiles into the air, infiltration and percolation through the soils,
runoff and erosion of the suspected source areas. Depending on the site, secondary sources
are the soils, groundwater, and surface water and sediments. Secondary release mechanisms
are infiltration and percolation of the secondary source soils, surface water runoff and erosion
of secondary source soils, and groundwater. Interception with nearby creeks could also
become a secondary release mechanism.

Ingestion and Dermal Exposure to Surface Water Runoff and Sediment

Surface water runoff may flow to low areas, wetlands and drainage swales which may be
located on-site. In some cases, the drainage swales may discharge to creeks such as Reeder
Creek and Kendaia Creek. Surface soils eroded from the sites may be deposited as sediment
within the on-site drainage swales and any wetlands which may be located on the site.
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Human receptors of impacted surface water and sediment include on-site workers or future
residents who may incidentally ingest or come in contact with the surface water and sediment.
Dermal exposure to surface water and sediments and inhalation exposure to potential volatile
organic compounds released from surface water represent exposure pathways for persons
wading in on- or off-site portions of any surface water body (i.e. Reeder Creek at the Open
Detonation Grounds). Wading in a creek or stream is possible for persons fishing in portions
of a creek or stream and for children playing in the creek or stream. Ingestion of edible fish
caught in a surface water body could result in human exposure through bioaccumulation and
biomagnification of the contaminants in the surface and sediments.

The primary environmental receptors of any impacted surface water and sediment are the
aquatic biota of the on-site wetlands and drainage swales. For the Open Detonation
Grounds, aquatic biota of Reeder Creek are also receptors. Organism which feed on the
biota may be affected due to bioaccumulation of pollutants from the surface water and
sediments. Terrestrial biota that drink from impacted surface waters and come in contact with
surface water and sediment may be affected.

Soil Ingestion and Dermal Contact

Incidental ingestion of waste material and soil is a potential exposure pathway for on-site
workers, future residents, and terrestrial biota. Dermal contact with the waste material and
soil is a potential pathway for on-site workers and terrestrial biota.

Groundwater Ingestion, Inhalation, and Dermal Contact

Ingestion of, inhalation of, and dermal contact with groundwater are not potential exposure
pathways for on-site workers or terrestrial biota. The groundwater beneath the site is not
used currently as a drinking water source and connection to other potable groundwater
aquifers has not been demonstrated. It isnot anticipated that there would be direct exposure
to the groundwater from the site to on-site workers or terrestrial biota.

Ingestion of dermal contact, and inhalation of volatiles from groundwater may be a potential
route of exposure to all future on-site residents assuming on-site groundwater isused as their
water supply.

At the Open Detonation Grounds, groundwater beneath the site flows generally toward
Reeder Creek and may be recharging the creek. The potential groundwater contribution to
the surface water could result in the exposures identified for surface water and sediments
above.
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Ingestion of, dermal contact with, and inhalation of volatiles from groundwater may be
potential routes of exposure for off-site residents. Residential communities surrounding the
depot use potable water wells for drinking water supplies and irrigation, which however
unlikely, could be a possible route of exposure to any contaminants released as a result of the
activities on SEDA. These potential potable well water supplies are more than likely bedrock
wells rather than overburden wells. If so, this would further reduce the potential impacts of
future contamination from the SEDA.

Inhalation of and Dermal Contact with Dust and/or Volatile Emissions

Impacted dust and/or volatile organic compounds may be released from the areas and the
surrounding area due to wind erosion , vehicular traffic,or periodic burn events. Fugitive
dusts would not be expected to be transported beyond the SEDA boundary. As with fugitive
dusts, volatile compounds would not be expected 'to migrate off-site in significant
concentrations. Therefore,the dust and /or volatile emissions could be inhaled by or come
in contact with future on-site residents, SEDA workers, and terrestrial biota.

3.3 SCOPING OF POTENTIAL REMEDIAL ACTION TECHNOLOGIES

In order to scope potential remedial action technologies, remedial action objectives must be
established. In general, the objectives of a remedial action are to comply with all ARARs and
reduce the overall environmental and human health site risk to an acceptable level. Remedial
response objectives for each media of concern are part of Table 3-4, Remedial Action
Objectives, General Response Action, Technology Types and Examples of Process Options.
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Table 3-4

REMEDIAL ACTION OBJECTIVES, GENERAL RESPONSE ACTIONS,
TECHNOLOGY TYPES AND EXAMPLES OF PROCESS OPTIONS

REMEDIAL ACTION OBJECTIVES
OBJECTIVES (FOR ALL REMEDIAL

ACTION OBJECTIVES)

GENERAL RESPONSE ACTIONS

REMEDIAL TECHNOLOGY
TYPES (FOR GENERAL
RESPONSE ACTIONS)

PROCESS OPTIONS

Soil

For Human Health:

Prevent ingestion/direct
contact with soils having
contaminants both
carcinogenic and non-
carcinogenic in excess of
clean-up goals.

Prevent direct contact and
handling of soils having

unexploded ordnances.

For Environmental Protection:

Prevent migration of
contaminants into
groundwater.

Prevent exposure via
inadvertant uptake of
contaminants by terrestrial
biota.

No___Action/Institutional

Actions:

No Action
Access/use restrictions

Containment Actions:

Excavation, Treatment

Actions:

Excavation, Treatment,
Disposal, In-situ treatment,
Excavation, Disposal

No Action
Fences
Deed restrictions

Capping

_ Vertical barriers
Horizontal barriers
Surface controls

Sediment barriers,
Dust control

Removal:
Excavation

Treatment:
Solidification
Stabilization
Physical
Chemical
Biological
In-situ
Thermal

Disposal:
On-site or off-site

None

Clay caps, Membranes,
Slurry wall, Sheetpiling,
Liners, Diversion, Collection,
Grading, Curtain barriers

Encapsulation, Pozzolanic
Solidification, Soil Washing,
Solvent Extraction,
Composting, Soil Slurry Bio-
Reactor, Bioreclamation

Soil Flushing, Incineration,
Pyrolysis
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Table 3-4 (Continued}
REMEDIAL ACTION OBIECTIVES, GENERAL RESPONSE ACTIONS,
TECHNOLOGY TYPES AND EXAMPLES OF PROCESS OPTIONS

REMEDIAL ACTION OBJECTIVES
OBJECTIVES (FOR ALL REMEDIAL
ACTION OBIJECTIVES)

REMEDIAL TECHNOLOGY
TYPES (FOR GENERAL

GENERAL RESPONSE ACTIONS RESPONSE ACTIONS)

PROCESS OPTIONS

Groundwater

Eor Human Health:

Restore groundwater to
acceptable levels according to
NYSGWS for class GA
waters, or a potable water
supply.

Prevent ingestion of, and
dermal contact with water
having carcinogen(s} or any
contaminant in excess of
NYSGWS for class GA
waters.

Preventinhalation of volatized
contaminants.

For Environmental Protection:

Restore groundwater aquifer
to acceptable concentrations
contaminants

No___ Action/Institutional

Controls:

No Action

Use/Access Restrictions
Monitoring

Alternate Residential Water
Supply

Containment:

Removal, Treatment:

Collection, Treatment,
Discharge, In-situ
Groundwater Treatment,
Individual Home Treatment

No Action

Fences, Deed Restrictions
Groundwater Classification
Change

Capping, Vertical barriers,
Horizontal barriers, Hydraulic
containment

Removal:
Groundwater Pumping
Diversion, Collection,
Drainages
Treatment:
Physical
Chemical
In-situ
Disposal:
Discharge to Surface
Water, Discharge to
Upgradient Groundwater

None

Clay Cap, Membranes, Slurry
Walls, Sheet Pilings,
Liners, Groundwater
Recirculation Systems

Wells, Subsurface Drains or
Leachate Collection Drains

lon Exchange, Evap/Dewater,
Act. Carbon, Oxidation/
Reduction, Precipitation,
Chemical Oxidation,
Bioremediation
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Table 3-4 {Continued)

REMEDIAL ACTION OBJECTIVES, GENERAL RESPONSE ACTIONS,
TECHNOLOGY TYPES AND EXAMPLES OF PROCESS OPTIONS

REMEDIAL ACTION OBJECTIVES
OBJECTIVES (FOR ALL REMEDIAL

ACTION OBJECTIVES)

GENERAL RESPONSE ACTIONS

REMEDIAL TECHNOLOGY
TYPES (FOR GENERAL
RESPONSE ACTIONS)

PROCESS OPTIONS

Sediment

For Human Health:

Eliminate exposure pathways
which would yield a total
excess cancer risk > 10 to
107,

For Environmental Protection:

Prevent the release of
contaminants in sediments
that would result in surface
water concentrations in
excess of ambient water
quality standards.

Reduce concentrations of
pollutants below NYSDEC
sediment criteria levels.

No Action/Institutional

Actions:
No Action
Assess restrictions to

monitoring

Excavation Actions:

Excavation

Excavation/Treatment

Actions:

Removal/Disposal
Removal/Treatment/Disposal

No Action/Institutional

Options:

Fences

Deed restrictions
Groundwater Classification
Change

Removal Technologies:

Excavation

Containment Technologies:
Capping

Vertical barriers

Horizontal barriers
Sediment control barriers

Treatment Technologies:

Solidification,
Fixation, Stabilization
Dewatering

Physical treatment
Chemical treatment
Biological treatment
In-situ treatment
Thermal treatment

None

Sediment excavation

Removal with Clay Cap,
Muitilayer, Asphalt, Slurry
wall, Sheet Piling, Liners,
Grout Injection, Coffer Dams,
Curtain Barriers, Capping
Barriers

Sorption, Pozzolanic agents,
Encapsulation

Sedimentation, Dewatering
and Drying beds, Water/Solids
Leaching ({with subsequent
treatment), Neutralization,
Oxidation, Electrochemical,
Reduction, Landfarming,
Surface Bioreclamation,
Incineration, Pyrolysis, Soil
Washing, Solvent Extraction
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Table 3-4 (Continued)

REMEDIAL ACTION OBJECTIVES, GENERAL RESPONSE ACTIONS,
TECHNOLOGY TYPES AND EXAMPLES OF PROCESS OPTIONS

REMEDIAL ACTION OBJECTIVES
OBJECTIVES (FOR ALL REMEDIAL

ACTION OBJECTIVES)

GENERAL RESPONSE ACTIONS

REMEDIAL TECHNOLOGY
TYPES (FOR GENERAL
RESPONSE ACTIONS)

PROCESS OPTIONS

Surface Water

For Human Health

Prevent ingestion of, and
dermal contact with surface
water having carcinogens or
any ambient water quality
standards for New York
contaminants in excess of
surface water standards.

Preventinhalation of volatized
contaminants.

For Environmental Protection

NYSDEC Classification for
Class C and D Surface
Waters.

No Action/Institutional

Actions:
No Action

Access restrictions
Monitoring

Collection/Treatment:

Surface Water Run-Off
Interception, Treatment

No_Action/Institutional

Options:

Fences
Deed restrictions

Collection:
Surface controls
Treatment:
Physical
Chemical

In-situ

Disposal:

Discharge to Surface
Water

None

Grading, Diversion, and
Collection

Precipitation, Air Stripping
Coag/Flocc, Filtration,

lon Exchange, Bioreclamation,
Chemical Oxidation
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Human health objectives would likely be concerned with preventing direct contact or
ingestion of soil and surface water impacted with contaminants, either carcinogenic or non-
carcinogenic. For groundwater these objectives may include NYSDWS for Class GA waters,
which maintains that the groundwater on the site should be useable as a potable water supply.
ARARs and TBCs for surface water and soils will have to be achieved.

General response actions specific to each media are part of Table 3-4. Categories of remedial

actions include:

1. No action/institutional action,
2. Containment,
3. Excavation or collection, treatment, and disposal.

Treatment technologies include: physical, chemical, or biological treatment processes. The
last column of Table 3-4 describes general process options that may be applicable for the
containment, treatment, excavation, and disposal of contaminated media (soil, groundwater,
sediment and surface water). Detailed descriptions of the technologies for remediation of
both soil/sediment (source control) and groundwater (migration control) are provided later

in this section.

3.3.1 Identification of Technologies

General remedial action technologies and processes have been identified for consideration
as possible remedial options at SEDA. The list of technologies and processes presented
below were taken from several sources:

o Standard engineering handbooks;

° Vendors information;

o Best engineering estimates; and

o EPA references:
-"Handbook on In Situ Treatment of Hazardous Waste - Contaminated Soils" (EPA
1990y,

-"Handbook on Remediation of Contaminated Sediments” (EPA 1991);
-"The Superfund Innovative Technology Evaluation Program" (EPA 1992); and
-"Vendor Information System for Innovative Treatment Technologies” (EPA 1993).
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This section describes the remedial action technologies that may be applied to soil/sediment
and to groundwater. Remedial action technologies, arranged according to categories for
general response actions for remediation of soil/sediment (source control), are shown on
Table 3-5. Groundwater remedial technologies are arranged in a similar fashion on Table 3-6.

3.3.2 Selected Remedial Technologies for Soil/Sediment (Source Control

The following remedial technologies process can be considered as soil/sediment (source
control) alternatives:

- no action;

- capping in-place;

- excavation/hauling/landfilling;

- low temperature thermal desorption;

- soil vapor extraction;

- solidification/stabilization;

- soil/sediment washing;

- in-situ detoxification and solidification;
- resource reclamation;

- implementation of institutional controls;
- composting;

- excavation/incineration,

- RCRA subtitle D landfill; and

- off-site treatment and disposal

33.21 No Action

No action may be applicable if it can be demonstrated that no appreciable contamination or
risk due to contamination exists at the subject site. Such a program would require that the
area remain secured by fences and regular military patrols. A modified no action program
could include regular monitoring of the existing wells at the boundaries of the subject site.
Samples from existing wells would be collected and analyzed on a routine basis. Statistically
significant changes in concentration of any contaminant of concern would then require
additional action.
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TABLE 3-5
TECHNOLOGY FOR SOIL/SEDIMENT (SOURCE CONTROL)

SOIL/
SEDIMENT
GENERAL REMEDIAL PROCESS DESCRIPTION
RESPONSE TECHNOLOGY
ACTION
No Action None Not applicable No Action.
Institutional Access Control Fencing, Security Access to site restricted by security force at access points. Perimeter
controls patrolied daily.
Wall and posting Access o site is restricted by construction of a permanent, low-
maintenance wall. Warning signs posted.
Deed restrictions Deed for property modified to restrict future sales and land use, or
U.S. Government holds deed into perpetuity.
Monitoring Soil Monitoring Periodic sampling soils. Monitors changes in extent of soil/sediment
affected by constituents.
Alternative Water City water line or bottle Extend city supply line to area or provide trucked in water.
Supply water
Containment Horizontal barriers Soil cap Consolidate all wastes into a landfill as required to meet existing grade.
Place two to five feet of clean fill on entire landfill, grade and seed.
Clay cap Add one to two foot clay layer beneath soil cap.
Asphalt cap Highway-grade base and asphalt pavement over entire site.
Containment Vertical barriers Sheet pile Steel barrier wall driven into soil in sections using a drop-hammer or
(cont) vibrating hammer.
Vertical barriers Slurry wall Trench around affected area and fill trench with cement/bentonite or
soil/bentonite slurry.
Grout Curtain Pressure injection of grout in a regular pattern of drill holes.
Vibrating beam Drive steel beam into ground and inject slurry as beam is withdrawn.
In Situ Solidification Pozzolan-portland cement Pozzolan mixed with soil/sediment using auger type mechanism.
Treatment
Pozzolan-lime/flyash Pozzolan mixed with soil/sediment using auger type mechanism.
Vitrification Additives mixed into soil, electrodes placed in-ground and energy
applied to electrodes. Soil/sediment and additives form molten glass
that cools to a stable non-crystalline solid.
Extraction Soil flushing Constituents are extracted using surfactants, solvent (polar or non-
polar) or hotwater.
Biological Biodegradation Cultivate microbes to degrade constituents by controlling moisture

content, oxygen, pH, nutrients and temperature. Groundwater or air is
recycled through the contaminated soil mass.
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TABLE 3-5
TECHNOLOGY FOR SOIL/SEDIMENT (SOURCE CONTROL)
(Cont.)

SOIL/
SEDIMENT
GENERAL REMEDIAL PROCESS DESCRIPTION
RESPONSE TECHNOLOGY
ACTION
In Siw Soil Vapor extraction | Vacuum extraction Apply negative pressure to vadose zone well system and treat soil
Treatment vapor off-gas (via carbon filter, biofilter, catalytic incinerator or
(Con’t) thermal oxidizer.
Radiowave volatilization Apply radio frequency to soil, extract soil vapor and treat.
Removal Excavation Earthmoving/Excavation Wheeled, bulk scraper, removes surficial or subsurficial soil into
slorage compartment.
Ex Situ Biological Aerobic Microbes cultivated to degrade constituents under aerobic conditions.
Treatment Includes composting, land farming and slurry reactors.
Anaerobic Microbes cultivated to degrade constituents under anaerobic
conditions, typically an in-vessel process.
Physical- Pozzolan-portland cement Pozzolan mixed with soil/sediment using auger type mechanism.
Solidification
Pozzolan-lime/flyash Pozzolan mixed with soil/sediment using auger type mechanism.
Physical- - Micro-encapsulation High density polyethylene is mixed with soil/sediment to form plastic

Solidification (con’t)

frit.

Physical-Separation

Washing (wet separation)

Mix soil/sediment with water and wet-classify soil particles by size and
density. Includes dry screening (grizzly, vibratory, trammel), attrition
scrub, hydrocyclones, flotation, water treatment/recycle.

Low temperature thermal
desorption

Heat soil in an incinerator-like unit to drive off the volatile organics

Magnetic classification

Soils subjected to magnetic field to remove ferrous metals.

Oxidation-thermal

High temperature

Includes: electric reactor, fluid bed incinerator, molten salt, multi-

processes hearth incinerator, rotary kiln incinerator, plasma arc incinerator and
catalytic incinerator.
Oxidation-other Supercritical Soil mixed with water and excess air under supercritical pressure and
temperature.
Chemical Oxidizing agent such as hydrogen peroxide or potassium permanganate

solution mixed into soil.

Microwave plasma

Microwave frequency electromagnetic radiation applied to soil.
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TECHNOLOGY FOR SOIL/SEDIMENT (SOURCE CONTROL)

(Cont.)

SOIL/

SEDIMENT

GENERAL REMEDIAL PROCESS DESCRIPTION

RESPONSE TECHNOLOGY

ACTION

Ex Situ Chemical-extraction Supercritical extraction Constituents extracted in countercurrent process using carbon dioxide,

Treatment propane or other highly volatile solvent under supercritical

(cont) temperature and pressure conditions. Solvent is separated from
extracted constituents (flashed or distilled) and recycled.

Aqueous solvent Constituents extracted using aqueous solvent such as acid, base, salt or
surfactant solutions. Extracted soil is rinsed. Solvent and rinsewater
treated and recycled.

Chemical-extraction Amine Extraction Constituents extracted using secondary or tertiary amines, usually

(cont) triethyl amine (TEA). TEA is completely soluble in water below 20°C.
Seperation of TEA from solids are achieved by gravity and
centrifuging. TEA is seperated from water by neating causing the
TEA to be insoluble. TEA is recycled by distillation, leaving the
extracted organics, usually an oily sludge. The sludge is then
incinerated.

Disposal Solids Handling Backfill on-site Reuse of treated soil as backfill in excavated areas.

Subtitle D landfill

Disposal of soil that has been treated to remove toxicity hazard. Local
or regional landfill, that accepts industrial solid waste (off-site or
constructed on-site)

RCRA Landfill

Disposal of soil, treated to remove toxicity hazard, in a RCRA
hazardous waste landfill (off-site).
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TABLE 36
TECHNOLOGY FOR GROUNDWATER REMEDIATION (MIGRATION CONTROL)

GROUNDWATER

GENERAL

RESPONSE REMEDIAL PROCESS DESCRIPTION
ACTION TECHNOLOGY

No-Action None Not applicable No Action.

Institutional controls

Access Control

Fencing, Security

Access to site restricted by security force at access points.
Perimeter patrolled daily.

Wall and posting

Access to site is restricted by construction of a permanent,
low-maintenance wall. Warning signs posted.

Deed restrictions

Deed for property modified to restrict future sales and land
use, or U.S. Government holds deed into perpetuity.

Monitoring

Groundwater monitoring

Periodic sampling of groundwater to monitor changes in the
extent of migration of potentially hazardous constituents.

Alternative Water
Supply

City water line or bottle
water

Extend city supply line to area or provide trucked in water.

Containment Horizontal barriers Soil cap Place two to five feet of clean fill on affected areas of the site,
grade and seed.
Clay cap Add one to two foot clay layer beneath soil cap.
Asphalt cap Highway-grade base and asphalt pavement over affected areas
of site.
Contzinment Vertical barriers Sheet pile Steel barrier wall driven into soil in sections using a drop-
" (cont) (cont) hammer or vibrating hammer.
Slurry wall Trench around affected area and fill trench with
cement/bentonite or soil/bentonite slurry.
Grout Curtain Pressure injection of grout in a regular pattern of drill holes.
Vibrating beam Drive steel beam into ground and inject slurry as beam is
withdrawn.
Diversion Vertical Barriers Slurry wall Trench around affected area and fill trench with
cement/bentonite or soil/bentonite slurry.
Grout Curtain Pressure injection of grout in a regular pattern of drill holes.
Vibrating beam Drive steel beam into ground and inject slurry as beam is
withdrawn.
Interceptor trench A trench is dug downgradient of the groundwater plume to
divert the groundwater.
Collection Interceptor trench A trench is dug downgradient of the groundwater plume to

collect the groundwater.

Collector wells

Several wells are set up to capture the groundwater.

GENERIC
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TECHNOLOGY FOR GROUNDWATER REMEDIATION (MIGRATION CONTROL)

(Cont.)

GROUNDWATER
GENERAL
RESPONSE REMEDIAL PROCESS DESCRIPTION
ACTION TECHNOLOGY
In Situ Treatment Biological Aerobic Cultivate microbes in aquifer to degrade constituents by
controlling pH, and supplying oxygen and nutrients.
Anaerobic Cultivate microbes in aquifer to degrade constituents by
controlling pH, and supplying oxygen and nutrients.
Air sparging Treatment combines in situ air stripping with aerobic
biodegradation
On Site Treatment Biological Acrobic biodegradation Cultivate aerobic microbes to degrade constituents by
(Activated sludge) controlling oxygen, pH, nutrients and temperature.
Anaerobic biodegradation Cultivate methanogenic microbes to degrade constituents by
controlling oxygen, pH, nutrients and temperature.
Landfarming/spray Promotes aerobic biodegradation by mixing the groundwater
irrigation with soil, and controlling moisture, nutrients, and pH.
Physical/chemical Reverse osmosis Membrane separation is used to remove organic and inorganic
contaminants.
. Ultraviolet Oxidation Organics are treated with a combination of UV light and an
oxidizing agent (ozone or peroxide)
On Site Treatment Physical/chemical Reduction Heavy metals are treated by inducing electrochemical reactions
(cont) (cont)
Neutralization Metal hydroxide formed form dissolved species and settled-out
of solution.
Hydrolysis Water and caustic are used to destroy organic contaminants.

Wet air oxidation

Heat and pressure are used to degrade waste.

Supercritical water
oxidation

Organics are oxidized in a reactor using supercritical water as
the oxidizing medium.

lon exchange

Aqueous solvent or rinsewater exposed to cationic and/or
anionic resin bed where constituents are exchanged (captured
on resin surface) with other species. Resin is regenerated.

Air stripping

Organics are removed by transfer to the air phase.

Steam stripping

Organics are removed by transfer to steam phase.

Distillation

Groundwater is heated, and the organics are driven off and
collected.
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TECHNOLOGY FOR GROUNDWATER REMEDIATION (MIGRATION CONTROL)

(Cont.)

GROUNDWATER
GENERAL
RESPONSE REMEDIAL PROCESS DESCRIPTION
ACTION TECHNOLOGY
On Site Treatment Physical/chemical Precipitation/coagulation/ Various reagents are used to induce settling of particulates in
(cont) (cont) flocculation the groundwater.
Sedimentation/clarification/ Separates water from metal hydroxide solids.
gravity thickening
Hardness Removal Removes calcium and other minerals from groundwater.
Filtration Particulates are removed from the groundwater.
Carbon adsorption - liquid Solution exposed to activated carbon bed for removal of
phase dissolved organic constituents. Carbon thermally regenerated
with off-gas treatment.
Carbon adsorption - vapor Off-gas from air stripping unit is passed through carbon to
phase remove organics from the air stream.
Mechanical aeration Acrators are used to transfer oxygento the g