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HHRA, Delaware City Refinery, Delaware City, Delaware

Executive Summary

URS Corporation (URS), on behalf of Motiva Enterprises LLC, has prepared a site-wide Human

Health Risk Assessment (HHRA) for the Delaware City Refinery (DCR) located in Delaware

City, Delaware. Three primary areas potentially affected by Facility-related operations were

quantitatively evaluated for human health impacts. These areas include:

1. Thirty-six (36) solid waste management units)/areas of concem (SWMUs/AOCs) located

within the DCR ("Facility");

2. The Cooling 'Water Channels (CWCs), engineered structures that are hydraulically

connected to the Delaware River. These channels include the Cooling Water Influent

Channel (CWIC) and the Cooling Water Effluent Channel (CWEC); and

3. Dragon Run and the non-developed land in the southern portion of the Facility. This

non-developed land located to the south of the operating areas of the Facility historically

has been used for agricultural purposes. In 2006, 285 acres of this land along Dragon

Run was set aside by the Facility as the Conservation Easement Agreement area, and was

recorded by Motiva as a natural wildlife area to remain as such in perpetuity.

The remaining portions of the Facility were not evaluated for risks to human health because no

opportunity for exposure to operations-related constituents exists. These areas are:

Land, surface water and groundwater west, northwest and southwest of the Facility. The

area to the west is upgradient and the areas to the northwest and southwest are cross-

gradient from SWMUs and AOCs and therefore no potential exists for SWMU or AOC-

related soil or groundwater constituents to reach potential receptors. Immediate

neighbors to the west consist of active and closed industrial facilities. Farther west and to

the northwest and southwest are additional large tracts of undeveloped Facility property

or property leased by the Facility for agricultural purposes; and

o

a Land and groundwater to the north of the Facility fence line. Although a portion of the

groundwater in the north refinery operating areas moves to the north, the groundwater in

the northern portion of the Facility nearest the northem property line shows either no

impact or concentrations below regulatory criteria of SWMU-related constituents. l¿nd
use to the immediate north of the Facility fence line and south of Red l-ion Creek consists

of Facility-owned undeveloped land, land leased by the Facility for agriculture, and

industrial and commercial facilities, including the Metachem Superfund site. Land use to

uns vlll



HHRA, Delaware City Refinery, Delaware City, Delaware

the north is unlikely to change in the foreseeable future. Therefore, human exposure to

SWMU-related constituents in soil or groundwater to the north of the Facility property

line is not a realistic possibility.

The objectives of the HHRA were to evaluate whether surface soil, surface water, sediment, or

groundwater concentrations of Facility-related constituents from STWMUs pose a risk to human

health under site-specific exposure conditions and to support decisions concerning the need for

further evaluation or action based upon cuffent and reasonably anticipated future land use.

Given the land use assumptions and hydrogeology described above, the following potential

receptors were identified for each area evaluated:

. Industrial workcr and construction worker (within the Facility operoting areas);

. Recreational swimmers (adult and child) and recreational anglers (adult and child) using

Dragon Run, and construction workers in the non-developed land surrounding Dragon

Run;and

D^---^^¿i^-^^1 ^---:-^^---^,^^ /^)--t¿ ^-.l ^L:ll\ ^^Ã -^^-^^¿:^-^1 ^--1^-^ /^Å--1¡ ^.^l ^L:ll\ --^:.^^I IagL:lgALlUIlAn SwlllilIrgr¡t \AUUrt AlrU çilru,' illlu l('uttiilLrulrilr ilrrðrçrù \aL¡url auu uuuLr,, uùtuË

the Delaware River, as conservatively assessed using information from the CV/Cs.

This risk assessment was performed to fulfill, in part, the requirements of the Delaware

Department of Natural Resources and Environmental Control's (DNREC) remediation standards

and completed in accordance with DNREC's Remediøtion Standørds Guidance under the

Delaware Hazardous Substance Cleanup Acr (DNREC 1999). In addition, technical guidance

related to risk assessment from the United States Environmental Protection Agency (USEPA)

was applied, as appropriate.

Approach

The technical approach for the HHRA consisted of the following steps: data analysis and

identification of constituents of potential concern (COPCs), exposure assessment, risk

charactenzation, and uncertainty analysis. The exposure assessment and risk charactenzation

sections of the HHRA evaluated potential exposure pathways and risk to receptors exposed to

surface soil, surface water, sediment, and groundwater. Groundwater in the Columbia Formation

aquifer, potentially impacted by operations-related activities, is not known to be used, nor is it
expected to be used, as drinking water in the vicinity of the Facility. Therefore, the Columbia

Formation aquifer drinking water pathway is incomplete and not evaluated. The Potomac

Formation B-Horizon does provide potable water to a small number of residences downgradient

T'RS 1X
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of the Facility, but operations-related constituents have not impacted the Potomac Formation B-

Horizon groundwater (URS 2010).

Results - Facility SWMUs

Results of the risk evaluation for receptors at the Facility were as follows:

o I construction worker scenario was considered in the HHRA to account for the

possibility of future construction at the Facility. However, potential exposure of a

construction worker to Facility-related constituents in Facility soils or groundwater

underlying the Facility was not quantitatively assessed for risk because it is assumed that

proper personal protective equipment (PPE) and industrial safety controls, which are

routine and standard for refinery operations, maintenance and construction work, will
preclude exposure of these workers. Standard PPE, including hard hats, steel toed shoes,

earplugs, leather gloves, safety glasses, NOMEX@, and a hydrogen sulfide meter, is

upgraded in the event of HAZMAT operations to accommodate specific conditions as

appropriate.

a Although concentrations of arsenic, naphthalene, and benzo(a)pyrene exceeded

conservative human health screening criteria in some SWMUs, no unacceptable cancer or

non-carcittogenic risks are posed to industúal workers exposed to Facility soils.

Results - Dragon Run and Surrounding Non-Developed Land

The results of the screening and risk evaluations for potential receptors in Dragon Run and

surrounding non-developed land based on relevant exposure pathways are summarized below:

Groundwater is present at depths of approximately 15 feet below ground surface (ft bgs)

or greater, beyond the depth construction workers typically encounter. Therefore,

exposure to groundwater is an incomplete pathway and no risks are posed to a

hypothetical future construction worker; and

There are no constituents in Dragon Run surface water or sediment with concentrations

exceeding conservative screening values. Therefore, there are no unacceptable risks

posed to recreational anglers or recreational swimmers potentially exposed to these

media.

o

a

These results indicate that there are no COPCs in Dragon Run and there are no complete

pathways in the surrounding non-developed land. Therefore, no unacceptable risks are posed to

T'RS x



HHRA, Delaware City Refinery, Delaware City, Delaware

construction workers, recreational swimmers, and recreational anglers under the conservative

assumptions built into this HHRA.

Results - Cooline'Water Channels

Previous investigations have found that groundwater flow appears to be limited along the eastern

boundary of the Facility. However, a connection potentially exists for minor groundwater

contribution to the CWCs. Since the CWCs are connected to the Delaware River, recent

constituent concentrations in groundwater from monitoring wells at the Facility near the CWIC

and CWEC were compareci to conservative human heaith screening vaiues to assess the potendai

for impacts to Delaware River receptors. Additionally, available surface water and sediment

data collected to support the Baseline Ecological Risk Assessment (URS, 2009) from the CWEC

were evaluated. Although concentrations of some constituents exceeded these conservative

.^-oo-i-n ¡ti¡atio -^ r.ioLo f¡nm nnorqfinno-rp.fqfprl nnncfifrrcnfs qre nncprl t¡ rcotcqtinnqlùwrwr¡¡rrõ vrrrvrrot rrv ¡¡o¡\u

swimmers and anglers utilizing the Delaware River, based on the weight of evidence. It is noted

that the application of data from the cooling water channels and from adjacent groundwater wells

represents a highly conservative evaluation of potential human health impacts in the Delaware

River given the attenuation that occurs as groundwater migrates, significant mixing that occurs

between groundwater and channel water, and additional mixing that occurs between channel

water and Delaware River water.

Conclusion

The results of the HHRA performed for the Facility indicate that current constituent

concentrations in operations-related groundwater and surface soils are protective of human

health, and in most arsas, human exposure pathways are incomplete. As demonstrated in the

Phase II RFI Groundwater Report (URS 2010), site-wide COPC trend analyses indicate that site

plumes are generally stable or decreasing in concentration, where a trend is observed, which will

further decrease the currently insignificant risks over time.

T'RS X1



HHRA, Delaware City Refinery, Delaware City, Delaware

1 1.0 lntroduction

URS Corporation (URS), on behalf of Motiva Enterprises LLC, has prepared a site-wide Human

Health Risk Assessment (HHRA) for the Delaware City Refinery (DCR) located in Delaware

City, Delaware (Figure 1). Three primary areas potentially affected by Facility-related

operations were quantitatively evaluated for human health impacts. These areas include:

1. Thirty-six (36) solid waste management units)/areas of concern (SWMUs/AOCs) located

within the DCR ("the Facility");

2. The Cooling Water Channels (CWCs), engineered structures that are hydraulically

connected to the Delaware River. These channels include the Cooling Water Influent

Channel (CWIC) and the Cooling'Water Effluent Channel (CWEC); and

3. Dragon Run and the non-developed land in the southern portion of the Facility. This

non-developed land located to the south of the operating areas of the Facility historically

has been used for agricultural purposes. In 2006, 285 acres of this land along Dragon

Run was set aside by the Facility as the Conservation Easement Agreement area, and was

recorded by Motiva as a natural wildlife area to remain as such in perpetuity.

Large portions of property located to the north, west, and southrwest of the operating areas are

contained within Facility property boundaries, but have not been associated with industrial

processes or operations. These areas have not been identified as SWMUs and no data collection

has occurred in these portions of the site. Additionally, these areas are up- or side-gradient to the

Facility and, as such, are not under the influence of Facility-related groundwater. Therefore,

these areas 'r¡/ere not assessed for human health risks. A map of the site depicting each of these

areas is presented as Figure 2, and are summarized as follows:

Land, surface water and groundwater west, northwest and southwest of the Facility. The

area to the west is upgradient and the areas to the northwest and southwest are cross-

gradient from SIVMUs and AOCs and therefore no potential exists for SWMU or AOC-

related soil or groundwater constituents to reach potential receptors. Immediate

neighbors to the west consist of active and closed industrial facilities. Farther west and to

the northwest and southwest are additional large tracts of undeveloped Facility property

or property leased by the Facility for agricultural purposes.

o

a Land and groundwater to the north of the Facility fence line. Although a portion of the

groundwater in the north refinery operating areas moves to the north, the groundwater in

T'RS 1-1



HHRA, Delaware City Refinery, Delaware City, Delaware

the northern portion of the Facility nearest the northern property line shows either no

impact or concentrations below regulatory criteria of SWMU-related constituents. Land

use to the immediate north of the Facility fence line and south of Red Lion Creek consists

of Facility-owned undeveloped land, land leased by the Facility for agriculture, and

industrial and commercial facilities, including the Metachem Superfund site. Land use to

the north is unlikely to change in the foreseeable future. Therefore, human exposure to

SWMU-related constituents in soil or groundwater to the north of the Facility property

line is not a realistic possibility.

This risk assessment was performed to fulfill, in part, the requirements of the Delaware

Department of Natural Resources and Environmental Control's (DNREC) remediation standards

and completed in accordance with DNREC's Remediation Standards Guidance under the

Delaware Hazardol!"s Su"bstance Cleanup Aø (DNF-EC 1999),

I I ED^^t,^-^..--t|.I Er¡l,f\gruurrlr

The Facility includes a 5,050-acre tract of land approximately one mile northwest of Delaware

City, Delaware (Figure L). The main operating areas (areas within the property, which are

actively in use and include the SWMUs) occupy approximately 1,000 of the 5,050 acres of the

Facility property ancl historically proclucecl mainly gasoline ancl heating oil, Several existing ancl

former industrial and light industrial facilities are located north and west of the operating areas,

including the Metachem Superfund site and the Occidental Chemical Corporation facility to the

north, and AKZO, Formosa Plastics, and INEOS Films facilities to the west. To the south and

west is Facility-owned property that is either undeveloped or is leased for agriculture.

Additionally, a Conservation Easement and Dragon Run are located to the south. The Delaware

River lies to the east of the Facility (Figure 2).

Environmental investigations and remediation activities have been ongoing at the Facility since

1983. Since 1988, this work has been performed under the modified Resource Conservation and

Recovery Act (RCRA) Corrective Action Permit No. DED 00 202 9738, which was issued by

the United States Environmental Protection Agency (USEPA) to Texaco R.efining and

Marketing, Inc., the owner at that time. Corrective Action Permit DED 00 202 9738 expired in

December 1998, and was superseded by Conective Action Permit HW09413, which was issued

on September 30, 2003 by DNREC. Prior to that time, DNREC had been authorized by the

USEPA to be fhe lead agency overseeing the wor{<. Previous submissions to USEPA and

DNREC include the Background Information Survey Report (Dames & Moore 1991a), the

Identffication of the Potential for an Occurring or Past Release Study (IPOPRS) Report (Dames

I'RS l-2



HHRA, Delaware City Refinery, Delaware City, Delaware

,l & Moore 1991b), and the VeriJication of Release Study (VRS) Report (Dames & Moore 1995).

The final Phase I RCRA Facility Investigation Report (URS 2005a) was approved in DNREC's

letter dated May 19, 2005.

The recently-completed Phase II RFI Groundwater Report (URS 2010) addressed data gaps

identified during the Phase I RFI and completed assessment of groundwater conditions.

Groundwater data collected during the Phase II RFI Groundwater Report was used in the HHRA.

URS has prepared this site-wide HHRA to assess potential areas of exposure to Facility-related

constituents and associated risks. Media evaluated included Facility soils and groundwater,

sediment and surface water in Dragon Run, and surface water in the Delaware River. The

Delaware River is in direct contact with the CWIC and CWEC, therefore evaluations of the

influent and effluent channels provide a conservative assessment of risk to potential Delaware

River receptors.

1.2 Objectives and Approach

The objectives of the HHRA are as follows:

To evaluate whether concentrations of operations-related constituents in surface soil,

surface water, sediment, or groundwater pose potentially unacceptable risks to human

health under site-specific exposure conditions; and

a To support decisions concerning the need for further evaluation or action based upon

current and reasonably anticipated future land use.

Pathways that are incomplete (i.e., no potential for exposure of a receptor to an operations-

related constituent) do not contribute to human health risks and thus were not considered in the

risk assessment.

The technical approach for the HHRA consisted of the following steps: data analysis and

identification of constituents of potential concem (COPCs)1, exposure assessment, risk

chaructenzation, and uncertainty analysis. The risk charactenzatian step includes an assessment

of the uncertainty associated with each stage of the HHRA process.

The lists of COPCs for each area of human health investigation (e.9., SWMUs, C\üCs, etc.) were

developed based on knowledge of Facility operalions and practices, as well as the results of

1 Operations-related chemicals with concentrations exceeding conservative, screening-level health based
benchma¡ks.

,

a
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HHRA, Delaware City Refinery, Delaware City, Delaware

recent and historical sampling events. Analytical parameter suites have been amended over time;

therefore, the quantity of historical soil data may differ for each analyte. Most samples were

analyzed for a wide range of volatile organic compounds (VOCs) and semi-volatile organic

compounds (SVOCs).

As documented in the Interim Report, Dissolved Phase Plume Delineation - Phase 11 (URS

2008), not all of the constituents originate from the Facility. Chlorinated volatile organic

compounds are from up-gradient, offsite sources, and thus are not quantitatively evaluated

funher in this risk assessmenr.

The HHRA uses reasonable maximum exposure (RME) concentrations of COPCs to derive

exposurcs and risks to potontially exposed human populations for exposure pathways dotermined

to be complete, as identified in the human health conceptual site model (CSM) described in

detail in Section 2.

Specific goals of the risk assessment include the following:

Charactenze potential human exposure pathways ;

ll^-rif-, -^+^-+l^.ll-, ^^*-l^+^ -^¡l-..,^-,^ L^¿..,^^- fia\Dfl^:- ^,,J:^:^l ^^:l ^-¡r\¡s¡rlrly PULsrILrGruJ vVrrrPrçtç s^PuòUrç P4Lr¡w4Jù LrçLw99ll \-\-fl \-ù l¡l ùulrrvralr ,)ul 4llu

shallow groundwater and receptors;

Determine whether COPCs exceed their respective human health screening-levels

considered to be protective of receptors;

a Determine if concentrations of COPCs in surficial soils or in operations-related

groundwater potentially pose a risk to receptors; and

o Identify uncertainties and/or data gaps in the assessment of risk.

The SWMUs are industrial in nature; Dragon Run and the surrounding non-developed land, and

the CWCs potentially include recreational, agricultural, and other non-industrial uses. Therefore,

the risk assessment approach was modified as appropriate for each area. Area-specific

approaches are described below.

1.2,1 SWMUS

The risk assessment approach for SWMUs and AOCs initially included a review of the

operational history of each SWMU and AOC. SWMUs and AOCs that were previously

evaluated, received a No Further Action, or were otherwise remediated such that potential

a

a
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,)
exposure pathways were eliminated (e.g., by capping) were not included in this HHRA. Data

collected for the remaining SWMUs were evaluated, potential exposure was assessed, toxicity
data were reviewed, and risk was charactenzed for each SV/MU.

The CSM for the SWMUs describes the linkages between human receptors and operations-

related chemicals in surficial soils (0-2 feet below ground surface [ft bgs]), where available.

When surficial soil data were not available, subsurface soil data (2-15 ft bgs) were used to assess

potential risks to receptors.

1.2.2 Dragon Run and Surrounding Non-Developed Land

COPCs in groundwater underlying the non-developed land north of Dragon Run were identified

for evaluation of the groundwater-to-surface water pathway. The potential for southward

migrating groundwater to adversely affect human receptors that may use Dragon Run for
recreational purposes was additionally assessed by evaluating surface water and sediment data

collected from Dragon Run. The human health CSM developed for this area describes the

linkages between human receptors and operations-related chemicals in shallow (Columbia

aquifer) groundwater.

) 1.2.3 Cooling Water Channels

The HHRA for the CWCs includes a characterization of the physical features of the Facility and

analytical results from surface water, sediment, and recent groundwater sampling events to

provide supporting data for evaluating risk. Although human exposure is highly unlikely to
occur in the channels due to security restrictions, the CWCs are conservatively evaluated as

surrogats systems for the Delaware River given that: 1) they are connected to the River, and 2)

humans may use the River near the Facility for fishing and, although unlikely, swimming. The

CSM describes the linkages between human receptors in the CWCs and chemical stressors

related to operations in groundwater.

As part of the evaluation of potential risks to human health receptors in the Delaware River,

analytical surface water and sediment data from the C\ryEC were conservatively used as

surrogate data for the River. Additionally, recent groundwater data collected from monitoring

wells within 1,000 ft of the influent and effluent channels were used to conservatively assess

potential risk from the groundwater-to-surface water pathway. This is an extremely conservative

approach'because'the use'of groundwater.coneentrations does not.take into.aeoount'attenuation

as chemicals migrate in groundwater, or mixing of groundwater as it enters the waterbody.

Further, use of groundwater concentrations to evaluate potential human health risks in the CWCs
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is inherently conservative, because the channels are engineered structures that are parts of the

Facility's water management system, and typically passes through hundreds of millions of
gallons of water per day during operations.

1.3 ReportOrganization

The risk evaluation is designed to: 1) charactenze the Facility from an exposure/risk perspective

andZ) conservatively estimate threats to potentially exposed human receptors.

The human health risk evaluation for the Facility includes a characterization of the physical

features of the areas of investigation and analytical results from soil, groundwater, surface water,

and sediment sampling events to provide supporting data for evaluating human health risk.

A human health conceptual site model (CSM) for the Facility is presented in Section 2,

Conceptual Site Model. The CSM describes the media of concern, current and potential future

recepiors, anci poientiai exposure pathways. lise of the cÍaia ancÍ icientiticaiion of ihe CüPüs are

discussed in Section 3,Data Analysis. Determination of potentially complete pathways under

curreni anci íuíurc iancl use condiiions is tiescribed in Seciion 4, Exposure Assessmeni..

Aci<iitionaiiy, Section 4 presenis exposure assumptions ior estimating chemicai intake anci
l^^^-iL^^ ¿L^ ^^^^^-r,^^¿:^^ i^---^ --^^l :- LL^ lTf ln 
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the sources of toxicity factors used in the HHRA. Section 6, Risk Charactenzation presents the

risk calculation methodology, results, and discussion, and discusses the key factors and

assumptions that contributed to uncertainty in the risk assessment. Conclusions resulting from

this assessment are presented in Section 7, Summary and Conclusions.
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2,0 Conceptual Site Model

The CSM identifies potential sources of constituents, types of constituents, affected media,

current and potential future receptors, and potential exposure pathways. The CSM is used as the

foundation on which assessments of exposure and risk are based.

Current and probable future land use plays a significant role in the development of the CSM.

The Facility is an indusrial site and is assumed to remain industrial in perpetuity. Although the

refinery is not currently operating, PBF Energy Company, the current owner, has indicated that

the Facility will be operational as a refinery again in 2011. Much of the property not used for

operations (i.e. portions located to the north, northwest, west, and southwest of the process areas)

is undeveloped (Figure 2). No historic Facility industrial operations are associated with these

areas and therefore, no SWMUs have been identified on them. Additionally, the area to the west

is upgradient and the areas to the northwest and southwest are cross-gradient from SWMUs and

AOCs and therefore no potential exists for SWMU or AOC-related soil or groundwater

constituents to reach potential receptors. Immediate neighbors to the west and north consist of

active and closed industrial facilities. Farther west and to the northwest and southwest are

additional large tracts of Facility-owned property that are either undeveloped or are leased for

agricultural pur?os es.

Although a portion of the groundwater in the northern Facility operating areas migrates to the

north, the groundwater nearest the property line in these areas shows either no impact or

concentrations below regulatory levels of operations-related constituents. Land use to the

immediate north of the Facility property line and south of Red Lion Creek consists of industrial

and commercial facilities, including the Metachem Superfund site and Occidental Chemical

Corporation. Land use to the north is unlikely to change in the foreseeable future. Therefore,

human exposure to constituents related to operations in soil or groundwater to the north of the

Facility property line is not a realistic possibility.

Consequently, these undeveloped portions of Facility property and adjacent industrial or

commercial facilities are not evaluated further for risks to human health.

Congress designated the Occupational Safety and Health Administration (OSHA) as the lead

agency to regulate work health issues. Potential conflict between regulatory agencies was

addressed by the U.S. Supreme Court in.its,decision .in,Gøde v. National,Solid Waste Mgmt.

Ass'n (90-1676),505 U,S. 88 (1992), where the Court states, "OSH Act precludes any state

regulation of an occupational safety or health issue..." DNREC (2007a) also acknowledges that

OSHA regulates worker exposure to chemicals in industrial settings. Additionally, in a letter
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dated November 20, 2003, USEPA Region III informed Motiva Enterprises LLC, that for

potential occupational exposures to vapor intrusion, OSHA has the primary regulatory role

(USEPA 2003). In response to that letter, Motiva performed an indoor air screening in the

basement of the administration building and control lab using a Rae Systems' UltraRae

photoionization detector configured for benzene. No benzene vapors were detected at a

detection limit of 0.1 parts per million (ppm). When compared to OSHA's 1.0 ppm permissible

exposure limit (8-hour time weighted average), 5.0 ppm short-term exposure limit (l5-minute

exposure), anci 0.5 ppm action limit, it is evident that benzene vapors do not pose a risk to indoor

workers. Consequently, potential vapor intrusion risks to industrial workers at the Facility are

governed by OSHA, as agreed in the 1990 Memorandum of Understanding between the U.S.

Department of Labor OSHA and the USEPA. Thus, the potential vapor intrusion pathway is not

evaluated furthsr in this risk aseeesment.

The industrial nature of the site suggests that the most likely receptors at the Facility would be

industrial workers and, perhaps, construction workers. For this HHRA, it is assumed that if
construction workers are present at the Facility, personal protective equipment (PPE) typical for
routine operations and maintenance would be used and institutional controls such as regular

hazard assessments would be in place to protect these workers from exoosure to operations-

related constituents in surficial and sub-surface soils and therefore, no quantitative evaluation of
risk for construction workers was undertaken. It is unlikely that trespassers would gain access to

the site due to the extensive security measures in place, including site perimeter fencing, guard

houses, Transportation Worker Identification Credential (TWIC) requirements, and Facility

security procedures. Assuming continued industrial use, industrial workers during normal day-

to-day operations at the Facility may be exposed to constituents in surficial soils in SWMU

areas. Therefore, the surface soil direct contact pathway was quantitatively evaluated for an

industrial worker.

Currently, the non-developed portion of the southern Facility property is used for non-residential

(agricultural) purposes. Because future use of the site is likely to remain as a refinery, land use

in,the southern portion of ,the Facility is assumed to remain non-residential. Dragon Run, whioh

is also within the southern portion of the Facility, is potentially used as a recreational swimming

and fishing area. To the east of the Facility is the Delaware River, which exchanges water with

both the CWIC and CWEC. These cooling water channels potentially receive groundwater from

the Facility. Facility groundwâfer could potenrially be impacted by dissolved phase constituents.

The CWIC and CWEC are essential to facility operations, providing cooling water supply and

discharge. The Delaware River supplies water to and receives water from the CWIC and
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CWEC, respectively. The River could potentially be used for swimming but is more popular for

the recreational fishery it provides for anglers. Although no physical barriers are located in the

CWIC or CWEC, it is unlikely that trespassers would enter these channels from the Delaware

River due to post-September 11,2001 security measures in place and availability of more

desirable sites for fishing (or swimming). The U.S. Coast Guard conducts regular patrols of the

Delaware River and associated maritime facilities and vessels. These water- and land-based

security measures would make access to the channels unlikely and brief.

2.1 Facility Soils

The 1,000 acres comprising operating areas is primarily covered by buildings, industrial

structures (e.g., tanks), roadways, and parking areas. Some of the Facility roads are gravel-lined

and have been eroded or degraded, exposing underlying soils. Additionally, there are numerous

small unpaved areas where human exposure to surficial soils is possible.

According to the New Castle County Soil Survey produced by the United States Department of
Agriculture, two soil types are present within the boundaries of the operating areas. These soil

types include the Matapeake-Sassafras association and tidal marshes.

According to the Soil Survey, the tidal marshes covered a strip of land approximately 3,000 feet

wide adjacent to the Delaware River. Presently, the tidal marshes have been almost completely

covered by fill material. The majority of the fill material consists of fine grained sediment

dredged from the Delaware River, which is placed in diked dredged material storage areas

(DMSAs). The remaining soils, located west of the DMSAs, consist of the Matapeake- Sassafras

association. The following are descriptions of the two soil types:

Matapeake-Sassafras Association - this soil association occupies an area that extends

from the city of New Castle to the north of the complex, through the central portion of
New Castle County, and continues to the Maryland state line in the southwestern portion

of the county. The soils are typically described as being nearly level, but they range from

being nearly level to steep. This association covers approximately 77 percent of New

Castle County.

a

The association is made up of approximately 68 percent Matapeake soils and 17 percent

Sassafras soils, with minor soil types making up the remaining 15 percent. Matapeake

and Sassafras soils are both described as being well drained. Matapeake soils consist of a

silt loam surface layer with a silty clay loam subsoil. Sassafras soils have a sandy loam

surface layer with a sandy loam and sandy subsoil.
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Among the minor soil types in the association are the well drained Woodstown, the

poorly drained Fallsington, and the poorly drained Johnston soils. Johnston soils are

susceptible to flooding.

Tidal Marshes - this soil type consists of areas that are flooded regularly by tidal waters.

The soil material has not been examined in detail, but it ranges from sand to clay, and in

some areas is peaty. It is more or less salty, and in some areas reportedly contains a

relatively large amcunt cf sulfur compcunCs anC is therefore unsuitable fcr agricultural

use. Areas of trdal marsh that extend rnland appear to be less atTected by salt than areas

closer to the Delaware River. As discussed previously, much of the tidal marsh at the

complex has been covered with fill material. Areas of tidal marsh, however, do exist on

Facility propertv, such as along the banks of the eWIe .

2.2 GroundwaterM¡grationPathways

Groundwater on the west side of the Facility generally flows to the east before intersecting a

north/south trending paleochannel. The geometry of the paleochannel, and its higher

transmissivity as compared to surrounding areas, dominates local groundwater flow (URS 2010).
fì-^o cr^rr-rlrrrafpr êñfaro fho nolo^¡ho--ol fho 
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northerly or a southerly direction, depending on where it enters the channel. The majority of the

Columbia Formation groundwater flowing beneath the eastern portion of the Facility flows to the

south with a smaller component flowing to the north. The divide between northerly and

southerly groundwater flow within the paleochannel appears to occur beneath the northern

portion of the Bulk Storage Tank Farm. Results of the groundwater investigations performed as

part of the Phase II RFI indicate that the impact to groundwater from Facility operations is

contained within the Facility property (URS 2010). Additionally, concentrations are largely

stable or declining, which indicates that the plumes are not migrating off-site (URS 2010).

The closest surface waterbodies that could potentially receive groundwater underlying the

operations aÍea. are Dragon Run approximately 3,600 feet to the south of the operations area and

the'Delaware River to the'northeast. Since a portion of the southerly flowing groundwatermay

potentially discharge to Dragon Run, Dragon Run was retained for evaluation of potential

groundwater impacts.

Red Lion Creek, north of the Facility, was not retained for evaluation of potential groundwater

impacts, given that this is an incomplete pathway. The majority of Columbia Formation

groundwater flowing beneath the eastern portion of the Facility flows to the south; only a small

component flows to the north. COPC concentrations in site plumes are largely stable or

o
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declining and wells along the northern property boundary are either not impacted (i.e., no

detected concentrations) or contain COPCs below regulatory limits (URS 2010). Further,

groundwater flowing northward would have to travel beneath the Metachem Superfund site and

Occidental Chemical before approaching Red Lion Creek. Therefore, there is no potential for

groundwater discharge of Facility-related constituents to surface water features to the north.

Overall, groundwater flow in the water table aquifer appears to be limited along the eastern

boundary of the Facility (east of the paleochannel) by the presence of the lower permeability

Cretaceous sediments, Quaternary silts and clays, and the apparent absence of the more

permeable Columbia Formation sediments. Furthermore, the Guard Basins create a local zone of
perched water, resulting in radial flow away from these features. This, in turn, further inhibits

eastward groundwater flow in this area. Migration of groundwater from the operations area of
the Facility to locations east of the paleochannel and to the Delaware River is likely limited.

However, a connection potentially exists between the CWIC and the CWEC to the Delaware

River. An evaluation of potential impacts from the Facility groundwater on the CWCs, as

conservative suffogates for the River, is incorporated into this HHRA report.

Given the land use assumptions and hydrogeology described above, the following receptors were

identified for each area evaluated:

. Industrial worker and construction worker (within the Facility operating areas);

. Recreational swimmers (adult and child) and recreational anglers (adult and child) using

Dragon Run, and construction workers in the non-developed land surrounding Dragon

Run; and

. Recreational swimmers (adult and child) and recreational anglers (adult and child) using

the Delaware River, as conservatively assessed using information from the CWCs.

Construction workers represent potential future receptors at the Facility. Industrial workers

represent cuf,rent and likely future receptors in the operating areas of the Facility- The

recreational angler and recreational swimmer represent both current and future exposure

scenarios. The receptors selected for risk evaluation are considered those with the highest

potential degree of exposure.

A description of the surface \ilater features of concern and assoeiated receptors are provided in

the following sections. The CSMs developed for the non-developed area and the CWCs describe

the linkages between chemical stressors in groundwater and soil potentially impacted by Facility
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operations and the receptors selected for evaluation. The human health CSM is presented in

Figure 3.

2.3 Su¡'face Water Features

2.3,1 Gooling Water lnfluent Channel

The CWIC is a l0-acre man-made tidal channel that receives water from Delaware River.

Through large pumps and controls located at the on-site wastewater treatment plant, the river
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equipment. During normal operating conditions, approximately 400 million gallons per day of
water are withdrawn from the influent channel. The potential for direct human exposure to

CWIC surface water is very low, due to TV/IC and U.S. Coast Guard security rrìeasurcs.

However, the CWIC is in communication with the Delaware River, and recreational users of the

River may potentially be exposed to operations-related constituents via the CWIC. Theretbre,

the CWIC was conservativeiy assesseci f'or human heaith as a suffogate system tbr the River,

where angling and swimming by humans may occur.

2.3.2 Cooling Water Effluent Channel

The CWEC consisis of approximateiy i2 acres oi man-macie riciai channei rhai receives ihe

cooling water from the Guard Basins and is connected to Delaware River. During normal

operating conditions, approximately 400 million gallons per day of non-contact cooling water are

returned to the Delaware River via the effluent channel. The CWEC is included in the

evaluation of human health risk given the connection between the Channel and the Delaware

River, which may be used by anglers and/or swimmers.

2.3.3 Dragon Run

The mainstem of Dragon Run is 7.7 miles long and flows east from north of Lums Pond to the

Delaware River (DNREC 1998). A tidegate located at the mouth of Dragon Run allows

discharge to the River only during low tides; therefore, there is no tidal influence in Dragon Run

(DNREC '2006). Lower Dragon 'Run is classified as 'Category 5' 'for dissolved oxygen,

pathogens (Enterococczs), nitrogen, and phosphorus, indicating that this portion does not support

aquatic life use (DNREC 2008). However, Dragon Run supports fishing for rainbow smelt

(Osmerus mordax), sunfish (Centrarchidae), and yellow perch (Perca flavescens) (Hook and

Bullet 2009),and,is,used,recreationally'for canoeing'(Delaware lrlatwe Society 2008).
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t 2.4 Human Receptors

The following subsections identify the receptors considered in the evaluation of potential human

health risks for the Facility, Dragon Run and surrounding non-developed land, and CWCs.

These include industrial workers at the Facility, construction workers in the agricultural fields or

at the Facility, and recreational receptors that may swim or fish in Dragon Run or the Delaware

River (evaluated via the CWCs as surrogates). Groundwater in the Columbia Formation,

potentially impacted by Facility operations, is not known to be used, nor is it expected to be

used, as drinking water in the vicinity of the Facility. This drinking water pathway is thus

incomplete and is not evaluated in the assessments of human health risk. The Potomac

Formation B-horizon does supply potable water to several residents along Cox Neck Road, south

of the Facility property, but the Potomac Formation B-horizon is not impacted by operations-

related constituents (URS, 2010). Potable water for use at the refinery does not come from

onsite groundwater withdrawal wells.

2.4.1 lndustrialWorker

As a result of the continued industrial use of the Facility, outdoor industrial workers were

considered appropriate cunent and future receptors to be evaluated. The industrial worker is

potentially exposed to COPCs in surface soil (0-2 ft bgs). Potentially complete exposure

pathways for the industrial worker include incidental ingestion of soil, dermal exposure to soil,

inhalation of fugitive dust, and inhalation of ambient vapors. An indoor industrial worker was

not evaluated given that vapor intrusion of operations-related constituents into buildings is

addressed under OSHA regulations, as discussed ín Section 2.0.

2.4.2 ConstructionWorker

Although the future use of the Facility is expected to remain as it is currently, construction

activities may occur. Therefore, a construction worker scenario is considered in the risk

assessment. However, potential exposure of a construction worker to Facility constituents on the

Facility is not quantitatively assessed for risk because it is assumed that proper PPE and
:industrial safety controls will preclude exposure of'these workers. lnthe undeveloped land inthe
southern portion of the Facility, the water table is beyond the depth at which construction

workers may incur exposure to groundwater2. Additionall/, no impacts of operations-related

constituents to subsurface soils in the undeveloped area south of the Facility have been identified

2 Recent depth-to-water measurements were generally > 15 feet below ground surface (ft bgs) at all wells in the
undeveloped land in the southern portion of the Facility.
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or are suspected. Consequently, exposure pathways for a future construction worker are

incomplete.

2.4,3 Recreational Swimmer

Both adult and child recreational swimmers may be potentially exposed to operations-related

constituents in Dragon Run surface water. Additionally, although unlikely, recreational users

could swim in the Delaware River in the vicinity of the CWCs and could be exposed via mixed

water potentially contributed from the CWCs. The recreational swimmer scenario was

conservatively evaluated in this risk evaluation to assess possible human health risks from

exposure to surface water while wading or swimming. Potentially complete exposure pathways

to a recreational swimmer include dermal exposure to surface water and sediment, incidental

ingcstion of surfacc watcr, and inhalation of volatilc vapors cmanating from thc surfacc watcr.

2.4.4 RecreationalAngler

Anglers fishing in Dragon Run or the Delaware River (assessed by using data from the CWCs)

could be potentiallv exposed to operations-related constitue.nts through the. ingestion of fish that

have been exposed to impacted surface water via the groundwater-to-surface water migration

pathway. Aciditionally, a recreationai angier coulti fall into the water and briefly be exposeci to

potentially impacted surface water. This exposure assumption is conservatively assessed through

the evaluation of a recreational swimmer in both surface water features.
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3.0 Data Analysis

3.1 Data Summary

Descriptions of the data used for evaluation of risk in this HHRA are provided in the sections

below.

3.1.1 SWMU Data

Surficial soil (0-2 ft bgs) is the medium of concern for potential exposure to receptors (i.e.,

industrial workers) at the Facility. Although investigations of site soils have been ongoing since

the 1990s, many of the soil samples collected have been from deeper strata (up to approximately

15 ft bgs). For some SWMUs, all or most of the available soil data were from these deeper

samples and, therefore, it was assumed that those data are representative of surface conditions in

those areas. These deeper soil data were consequently used to evaluate risks to industrial

workers when surficial data were not available. Soil depths for each sample are provided in

Appendix A.

Thirty-six (36) SWMUs/AOCs have been identified during the remedial investigation. Soil

samples in these areas were collected as part of the VRS (Dames & Moore 1995), Phase I RCRA

Facility Investigation (URS 2005a) and Phase II RCRA Facility Investigation (URS 2010). Over

the course of these investigations, 26 SWMUs/AOCs were either screened from further

evaluation due to the absence of significant site constituents or have otherwise been addressed;

these 26 SWMUs/AOCs are not addressed in this HHRA. In a letter dated November 20, 2008,

DNREC indicated that no further action is required for the former Naphthalene Rail Car Area at

this time. Given that no further action is required at this time, this area was not evaluated under

this HHRA. The remaining SWMUs, listed in Table L, are quantitatively evaluated in this

HHRA. Figure 4 presents the locations of these SWMUs.

Parameter suites have been amended over time; therefore, the quantity of available historical soil

data may differ for each analyte. Most samples were analyzed for a wide range of volatile

organic compounds (VOCs) and semi-volatile organic compounds (SVOCs). Data for the

following list of constituents, including 24 inorganics, 33 VOCs, and 49 SVOCs, were

quantitatively assessed for potential impacts to human health in this HHRA. The list of analytes

is different from SWMU to SWMU and varies temporally over historic sampling events.
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Table 1 provides a summary of the number of samples from each phase of the remedial

investigation that were assessed for each of the 10 SWMUs screened in this HHRA. The total

number of soil samples for each SWMU is as follows:

. SWMU 13 (Old Drum Storage Area): 9 samples;

. SWMU 14 (Unit F; Areas A through G, including the lVood Pile Area [Area A]): 63

samples (40 in the Woodpile Area, Area A and23 in Areas B through G);

. SWMU 15 (Tank Bottom Weathering Areas): 144 samples;

. SWMU 18 (Fire Training Area): 20 samples;

. SWMU 20a &.20a.1 (Waste Water Treatment Plant): 15 samples;

. SWMU 26 (Tetraethyl Lead Laydown Area): 9 samrrles;

. SWMU 31 (Area of Stained Soil Near the Former Slurry Oil Dumpster): 33 samples;

. SWMU 32 (Stained Soil Within Oiiy Sewer Back-up Aieas): 20 saürpies;

. S\ilMU 33 (Piers I,2, and 3): 33 sarnples; and

. S\ilMU 34 (Former Naphthalene Unit Tank Farm): 7 samples

Sampling locations for each of the 10 SWMUs are depicted in Figures 5 through L4. Tables 2

through 11 provide SWMU-specific data summaries. The entire soil dataset is provided in

Appendix A.

3.1.2 Data from the Non-Developed Land in the Southern Portion of the Facility

Groundwater monitoring was performed quarterly for a subset of wells for two years in support

of the Phase II RFI Groundwater (URS 2010) and is performed annually on selected

representative wells on a voluntary basis, in addition to other permit-related groundwater

monitoring. The most recent quarter of validated groundwater data, collected in February 2010,

was used in this risk assessment, when available. If a well was not sampled during the February

2010 sampling event, the latest complete dataset from that well was used. The use of the most

rec€nt round of groundwater data is appropriate based on an evaluafíon of the plurne-wide

concentration trends, which appear to be generally stable or declining. Although concentrations

of constituents in individual wells may vary, the concentrations in the overall groundwater plume
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have remained relatively stable during the monitoring period. Therefore, conclusions drawn

from groundwater data as applied to this risk assessment are expected to remain valid as long as

there are no changes in observed concentration trends. Groundwater data used in the risk

assessment, including sample collection dates, are provided in Appendix A.

The depth to groundwater was reviewed for the following 19 wells located in the non-developed

land in the southern portion of the Facility during the February 2010 sampling event: D27,D29,

D3OR, D39, D4OA, D42A, D428, D48A, D488, D51A, D518, D52A, D528, D53A, D538,

D54, PW-E1074, PW-E1078, and PW-El07C. Depth-to-water measurements were >15 ft bgs

in all but two wells, D53A (14.56 ft bgs) and D53B (14.65 ft bgs). Otherwise, depth-to-water

ranged from 19.52 ft bgs at Well D42A to 45.81 ft bgs at Well D404. Groundwater at these

depths is beyond the depth at which construction workers (the identified receptor) may incur

exposure to groundwater. Groundwater monitoring well locations are presented in Figure 15.

3.1.3 Dragon Run Data

The most recent round of surface water samples collected from Dragon Run (January 28,2010)

were used to assess the potential migration of COPCs from the Facility to this water feature.

Five locations were sampled from approximately one foot below the water surface and from one

foot above the channel bottom. These l0 samples were analyzed for benzene, ethylbenzene,

toluene, m,p-xylenes, o-xylene, total xylenes, MTBE, and tert-amyl methyl ether (TAME) via

USEPA Method 82608 per the surface water analytical sampling program described in the Work

PIøn Continued Delineation af Southern E)ctent of Groundwater Impacrs (URS 2005b)

previously approved by DNREC in a letter dated April 28,2005. The rationale for inclusion of
these constituents is that they are related to Facility operations and are the compounds most

likely to impact surface water via shallow groundwater migration. The constituents, however,

are not unique to Facility operations and other sources of these constituents may exist. The

surface water data used to assess risk from surface water exposure are presented in Appendix A
and are summarized in Table L2. Surface water sampling locations are shown in Figure 15.

'Surficial sediment samples were colleeted from l0ilocations .in Dragon Run in Mareh 2006.

Sediment samples were analyzed for operations-related constituents, including benzene, toluene,

ethylbenzene, total xylenes, MTBE, and TAME per the DNREC-approved April 28, 2005 work

plan (URS 2005b). Sediment data used for screening are presented in Appendix A and are

summarized in Table 13. Sediment sampling locations are presented in Figure 1.5.
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3.1.4 Cooling Water Ghannels Data

The CWIC and CWEC collectively were evaluated as a conservative surrogate system for the

Delaware River, based on the assumption that each cooling water channel is potentially affected

by groundwater discharge. Under historic and likoly future oporations, water is typically drawn

into the CWIC from the Delaware River as part of the once-through non-contact cooling water

process. Water is then returned to the Delaware River via the CWEC.

Recent grouncÍwater ciata coiiecteci in the vicinity of the CWEC (from welis i3RA, i3RB, 30D,

30S, D18, D35, D36, D60, and 34) were used to evaluate potential risk associated with the

effluent channel to Delaware River receptors. Additionally, three surface water and sediment

samples collected from the CV/EC in October 2003 were evaluated. For surface water, the total

and dissolved fractions of 10 metals, total cyanide, 11 VOCs, and 29 SVOCs were evaluated for

this HHRA. ln sedimentsamples, ll VOCs, lE SVOCs,eight metals (.total fraction), andtotal

cyanide were evaluated (Tables 1.6 and 17), The evaluations of groundwater data adjacent to the

CWEC are considered conservative approaches for assessing human health given the potential

for attenuation and significant mixing of groundwater that may infiltrate the effluent channel,

Due to the absence of analytical surface water data for the CWIC. groundwater data from the

monitoring wells located closest to the CWIC were used as suriogates for surface water samples

to conservatively assess potential impacts by comparing groundwater data to surface water

standards. Monitoring wells Fl through W,DI2,24b-MW-15, and D33 were considered as

representative of the local groundwater plume in the vicinity of the CWIC.

As discussed in Section 3.1.2, groundwater monitoring was performed quarterly for a subset of
wells for two years in support of the Phase II RFI Groundwater (URS 2010), and is performed

annually on selected representative wells on a voluntary basis, in addition to other permit-related

groundwater monitoring. The concentrations of constituents detected in wells near the CIVIC

and CWEC are conservatively indicative of future groundwater values to assess the CWC

surface water features. For several wells, data were available from the February 2010 sampling

event. 'Flolvever, for monitoring well D12 near the CWIC,and 13R4, 13Rts, 30D, 34, and D35

near the CWEC, August and September 2009 data were used because these were the most recent

and most complete dataset. Additionally, August 2008 data were used for monitoring wells F1

through F6 near the CWIC. Sampling in November 2009 provided the most recent data for Well

30s.
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During these sampling events, seven metals (antimony, cadmium, chromium, iron, lead, nickel,

and selenium) were analyzed in the dissolved and total fractions in the CWIC. Total and

dissolved iron was analyzed in the CWEC wells. Twenty-three (23) VOCs were also evaluated.

The concentrations of constituents detected in the evaluated wells are presented in Appendix A.

It should be noted that not all constituents were analyzed in samples from every CWC well

during each sampling event. Summaries of the data for both areas (CWIC and CWEC) are

shown in Tables 14 and 15.

Groundwater discharge to the CIVIC and CWEC is considered a highly conservative surrogate

for evaluating potential human exposures in the nearby Delaware River. Because the flow in
Delaware River is relatively constant, the volume of the River is orders of magnitude greater

than that in the channels, and under normal operating conditions, several hundred million gallons

of water are withdrawn from the intake channel, potential risks associated with the River are

presumably very low. Direct contact with surface water in the channels is precluded by Facility

security measures and regular U.S Coast Guard patrol, as discussed in Section 2. Figure 1.6

presents a map of monitoring well, surface water, and sediment locations used to assess risk for

the CWCs.

3.2 ldentification of COPCs

3.2.1 Screening Benchmarks

Maximum concentrations of detected constituents in soil samples were compared to Delaware

Uniform Risk-Based Remediation Standards (DURBRSs; DNREC 1999) to establish a list of
COPCs for each SWMU. Evaluating constituent concentrations against the DURBRSs is

intended to be a generic, conservative approach to the protection of human health, and as such,

does not take into consideration site-specific elements that may reduce the potential for actual

impacts to human health.

For the COPC screening of Dragon Run, maximum surface water concentrations were compared

to availabile DNREC'(2004) Surface"WaterQuality Standards'folÏIuman T{ealth based sn fish

ingestion. DNREC (2004) standards based on fish and water ingestion criteria were used

secondarily because the waterbody is not listed as Public Water Supply Sources by DNREC

(2004) and to account for the most likely human use of Dragon Run (angling or swimming). If
Surface Water Quality Standards were not available, concentrations were conservatively

compared to groundwater DURBRSs. The groundwater DURBRSs reflect a combination of
standards, including USEPA maximum contaminant levels, health advisory limits, other
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miscellaneous guidelines and values derived to reflect a carcinogenic risk of I in 1,000,000 (1 x

10-6) and a non-carcinogenic hazard index of 0.1. DNREC (1999) acknowledges the

conservatism incorporated into the DURBRSs. Maximum sediment concentrations collected in

Dragon Run were conservatively compared to both the DURBRSs for restricted use of surface

soil in a critical water resource area and in a non-critical water resource area.

For the COPC screening of the CV/IC and CWEC, maximum shallow groundwater

eoncentrations and surface water concentrations (for the CWEC) were compared to available
ñrrñr^ /^^^r\ ñ ô 7., õ¡ ¡ I 
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account for the most likely human use of the Delaware River in this area (i.e., fishing). Similar

to Dragon Run, DNREC (2004) standards based on fish and water ingestion criteria were used

secondarily because the waterbody is not listed as Public Vy'ater Supply Sources in DNREC

(2004,\. If Surface Water Qrrality .Standards were not availahle, coneentrations were

conservatively compared to groundwater DURBRSs. Comparisons of groundwater

concentrations to surface water benchmarks represent a highly conservative assessment of

potential risk because neither attenuation as the COPCs migrate in groundwater, nor mixing in

the receiving surface water fþature, aÍe considered. Consequently, an inciiviciual groundwater

well exceedance of a human health surface water benchmark does not imply that adverse effects

wiii occur since the benchmarks are appiicabie to the surface water meciium, are highiy

conservative, and are purposefully set at low levels to minimize the risk of failing to identify a

COPC. Sediment concentrations collected in the CWEC were compared to DURBRSs for

restricted use of surface soil in a critical water resource area and in a non-critical water resource

afea.

3.2.2 Facility SWMUs

The results of the screening indicate that maximum concentrations of arsenic exceeded these

conservative benchmarks at seven SWMUs: SWMUs 13, 14 (Unit F Area A [the "wood pile"]

and Unit F Areas B through G), 15, 20a,26,33, and 34. A comprehensive background study

completed in August 2005 (URS 2005c) indicated background arsenic levels ranged from 0.98

mg/kg to 8.91 mg/kg. The majority of arsenic detections associated with Facility SWMUs fell

within the background range and are below the default background concentration in soil

established by DNREC in 2007 (DNREC, 2007b)

The maximum concentrations of iron, benzo(a)pyrene, and naphthalene exceeded respective

DURBRSs in SWMU 14, Unit F Area A. Unit F Area A of SWMU 14 was evaluated separately

from the other Areas to assess the need for maintaining the soil cap currently in place there.
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hon is a naturally-occurring element found in the Columbia Formation and is not considered an

operations-related compound (see Section 6.3 for a more detailed discussion). Therefore,

arsenic is identified as the COPC for SWMUs 13, 15, 20a,26,33, and 34 (Tabte 18). COPCs

for SWMU 14 (Unit F Area A) include arsenic, benzo(a)pyrene, and naphthalene (Table L8).

3.2.3 Dragon Run and Surrounding Non-Developed Land

Groundwater

The considerable depth to shallow groundwater in the non-developed land north of Dragon Run

(approximately 15 feet bgs and deeper) in all likelihood precludes human exposure to this

medium. Therefore, the direct contact exposure pathway for a future construction worker in this

area is incomplete. Thus, further evaluation of direct human exposures and risks to shallow

groundwater in the non-developed land in the southern portion of the Facility is not warranted.

Surface Water

The results of the screening process are presented in Table 12. No constituents were detected

above respective groundwater DURBRSs. Based on the results of the screening, no risks are

posed to human receptors potentially exposed to surface water in Dragon Run.

Sediment

No compounds in Dragon Run sediment had a maximum concentration that exceeded either

DURBRS (i.e., for a critical water resource area or a non-critical water resource area) for

residential soil (Table L3). Therefore, exposure to Dragon Run sediment is not considered to

pose a human health risk.

3,2.4 Cooling Water Ghannels

CWIC

COPCs for possible human health exposure to surface water via the groundwater-to-surface

water pathway in the CV/IC are presented in Table 14. To maintain conservatism for this

evaluation, operations-related COPCs in groundwater from the CV/IC were assumed to have the

potential to impact surface water.

Dissolved and total iron, benzene, MTBE, and naphthalene were detected in wells near the

CWIC at concentrations above their respective screening values. The maximum concentrations

of these compounds were 20,900 micrograms per liær {pg/L), 2I,2æ ytglL, 504 pg/L,80 ¡rg/L,

and 54.4 ¡rg/L (Table l4), respectively. All maximum concentrations were detected at Well F7

(Figure 16). It should be noted that benzene was either not detected at a detection limit of 1
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pglL (7 wells) or detected at avety low concentration (0.59 ¡tglL,1 well) in I of the 10 wells in

the vicinity of the CWIC. MTBE groundwater concentrations exceeded the screening value in

three of the 10 wells near the CWIC. Groundwater concentrations of naphthalene exceeded the

screening value in two of four wells.

CVTEC

A conservative assessment of groundwater collected in the vicinity of the CWEC was also used

ir.r evaiuate potential risk. COPCs for possible human health exposure to surface water in the

CWEC are presented in Table 15.

For the CWEC, maximum concentrations of benzene (1,890 pglL) and MTBE (37,700 þg/L)
were detected above the screening value in Well D18 (Tabte 15), Benzene was generally

detected at low concentrations in groundwater near the CWEC; only one well prodrreed a

benzene concentration in excess of the screening value. MTBE groundwater concentrations near

the CWEC exceeded the screening value in only two of the nine wells in this area. Maximum

concentrations of total iron (38,700 pElL) in Well 34 also exceeded its screening value.

Tn firrthpr errññ^r* fhic er¡olrrofinn fnr the laWEô crrrÊq¡p \rrâfar on¡l oarlimonf ¡lofa ¡nllanforl Êrnmr sv, uqr¡ev

the. CÌWEC in 2003 were also e.valuatecl. COPCs for possible, human health exposure. to surface

water and sediment are presented in Tables 16 and l7 and summarized in Table L8.

No constituents in surface water were detected above the surface water benchmark. In sediment,

arsenic was detected above the DURBRS for restricted use of surface soil in a critical water

resource area and non-critical water resource area. The detections exceeded the DURBRS at all

three sediment locations with a maximum detection of 25 mg/kg. It should be noted that human

exposure to sediment for recreational receptors is highly unlikely in the Delaware River in the

vicinity of the Facility.

3.3 Exposure Point Concentrations

The exposure point concentration (EPC) is the concentration of a constituent in a medium (e.g.,

surface soil) that is expected to be contacted by an individual and is assumed to be universally

presont throughout the Facility. For this HHRA, the 95 percent upper confidence limit (UCt45) of

the mean COPC concentration was utilized in the receptor-specific exposure models to develop

conservative estimates of exposure and risk and to account for uncertainty associated with

deriving a reasonable upper bound exposure concentration based on the available soil data.
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The UC[os is typically used as an appropriate RME estimate of concentrations likely to be

contacted over time, and is the recommended exposure point concentration in human health risk

assessments, except in cases where the UCI-os is higher than the maximum concentration

(USEPA 1989,1992a).

The USEPA's PToUCL (Version 4.00.04) software was used to calculate the UC[os. Since the

calculation of the UClos is dependent on the underlying distribution of sample data, this software

tests for normality, lognormality, and a gamma distribution of the dataset (Singh and Singh

2009). Calculation of a reliable estimate of the UC[os with this software requires sample data

from five samples or more; for constituents with less than five data points, the maximum

concentration is used as the exposure point concentration. For this HHRA, UCt+s concentrations

could not be calculated for arsenic in SWMU 26 due to the limited quantity of data for arsenic.

UCt¿s concentrations were calculated for the remaining constituents.

The UCL based upon Kaplan-Meier estimates using the Student's t-distribution cutoff value

(95Vo KM (t) UCL; Singh and Singh 2009) was used to calculate the UCLqs for the arsenic data

in SWMUs 13,20a,33, 14 (Areas B-G), and 34 and the benzo(a)pyrene and naphthalene data in

SWMU 14 (Unit F Area A). For arsenic data in SWMUs 14 (Unit F Area A) and 15, the UCL

based upon Kaplan-Meier estimates using the bias-corrected accelerated bootstrap method were

used (957o KM [BCA] UCL; Singh and Singh 2009). \ühen the software provided two

'potential' values to use, the larger UC[os was conservatively chosen as the EPC, except when

the larger value was equal to the maximum concentration. This was the case for benzo(a)pyrene

data from SIVMU 14 (Unit F Area A) and arsenic data from SWMU 34 because the number of
detected values in these datasets was small (two detections in 37 samples for benzo(a)pyrene and

three detections in six samples for arsenic).
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4.0 ExposureAssessment

An cxposurc pathwoy is thc coursc a chcmical takcs from its sourcc to thc cxposcd rcccptor. In

ordcr for an exposurc pathway to bc complste, it must contain a source, a transport medium (e.g.,

soil, air), a point of contact (receptor), and an exposure route (e.g., ingestion, dermal, or

inhalation). If any of these elements is missing, an exposure pathway is deemed incomplete and

can be excluded from the quantitative evaluation of risk (USEPA 1989).

At the Facility SWMUs, the HHRA identified two potentially exposed receptors: future

construction workers and current and future industrial workers. Owing to the industrial nature of
thc sitc, futurc construction work at thc Facility will be governed by institutional controls and

health and safety measures, including the use of proper PPE. Therefore, the exposure pathway is

incomplete and no quantitative evaluation of risk to construction workers was performed. Soil

concentrations of ihree operafions-reiateci consiiiuents (arsenic, benzoia]pyrene, anci

naphthalene) exceeded conservative screening values. Therefore, the exposure pathway for

current and future industrial worters is potentially complete and these constituents were carded

forward in the risk assessment process. Exposure was assesseti by calcuiating intake (or dose)
,,-;-^ f Tel..lD^ ^^.,^+:^-^ ^-,1 -^-^-^+^+Â Ã^,J^^^-:L^l .l- O^^+.1^- / I L^l^.-,trùrué LrùLr ^ çYL¡(ILTWIò 4u\r Par<rlltçLglÞ, (lù LllròVltlJçLl Ill rJçtvLlvll't. Ir Uçl\r\ry,

The HHRA for Dragon Run and the surrounding non-developed land identified two general

receptor populations that may come in contact with operations-related constituents: current and

future recreational anglers and current and future recreational swimmers. Since surface water

and sediment concentrations of constituents did not exceed conservative screening values, the

pathway is incomplete and no further quantitative evaluation of risks to recreational swimmers or

recreational anglers was necessary.

For the Delaware River evaluation, recreational swimmers and recreational anglers represent

potential receptors exposed to Delaware River surface water potentially impacted by

groundwater discharged to the cooling water channels. It is conservatively assumed that

groundwater underlying the Facility may discharge to the CWCs and these channels are in

communication with the Delaware River. Four constituents related to operations (arsenic,

benzene, MTBE, and naphthalene) were identified as COPCs for the CV/Cs. Therefore, this

pathway is potentially complete. Potential risks associated with the Delaware River, as

evaluated using data from the CWCs, were evaluated qualitatively.
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rJ 4.1 Facility SWMU Exposure Assessment

4.1.1 lntakeGalculations

Chemical exposure/intake is expressed as the amount of the agent at the exchange boundaries of
an organism (e.g., skin, lungs, and intestinal trac$ that is available for systemic absorption. If
the exposure occurs over time, the total exposure can be divided by the time of interest to obtain

an average exposure rate (e.g., mg/kg-day). The general equation, as defined by USEPA (1989),

for estimating a time-weighted average intake is as follows:

Intake (mg/kg - duy) - c x IR x EFx ED

BÌVxAT

where:

Ç = Chemical concentration at the exposure point (mg/kg);

lf, = Intake rate (mg/day);

EF = Exposure frequency (days/year);

ED = Exposure duration (years);

Brü = Body weight of exposed individual (kg); and

AT = Averaging time (period over which exposure is averaged, usually
measured in days).

The equation presented above, with alterations to include exposure-route specific parameters,

was used herein to estimate average daily chemical intakes (or doses) for each exposure route for

industrial workers. The equations and parameter values used to estimate non-carcinogenic

hazards and carcinogenic risks to these receptors are presented in Tables L9 through 42.

4.1.2 General Exposure Parameters

While some of the exposure parameters used to estimate intake are exposure route-specific,

others are general parameters that remain constant for each exposure route (e.9., oral, dermal)

and are present in each intake calculation. These general exposure parameters are discussed

below while route-specific exposure parameters are discussed in Section 4.1.3.

Constituent concentration, exposure frequency (EF), exposure duration (ED), averaging time

(AT), and body weight (BW) are general parameters that are included in the intake calculations

for each exposure route.
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Exposure Frequency

The exposure frequency (EF) describes the number of times per year an event is likely to occur.

Variables such as weather, vacations, and institutional controls are considered when dete,rmining

reasonable and realistic exposure frequencies.

For the outdoor industrial worker scenario, an EF of 225 days was used. This frequency is

provided by USEPA (2002) for outdoor industrial workers.

trxpasure uuraüofr

The exposure duration (ED) parameter in the intake equation represents the number of years over

which an event is likely to occur, Factors affecting this parameter include variables such as age

of the receptor and population mobility.

An ED value of 25 years was applied to the outdoor industrial worker scenarios, per USEPA
/i^^^\ --. -1--i^,-^ ¡^-. ----^^l-. -il-,.L1 ^7 ^--,- ^---,---\¿rN ¿ ) recornmcnuauons lor assesslllg lloll-fesrucnuar exposufes.
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the number of hours spent in the potentially afÏ'ected area and to calculate an hourly inhalation

rate. Industrial workers were assumed to work a typical (8-hour) day at the Facility. Therefore,

an ET of 8 hours was assumed for this receptor.

Averaging Time

The averaging time (AT) parameter is the period over which exposure is averaged. For non-

carcinogenic effects, ATn was used in calculating an average daily exposure, and is calculated as

the product of the receptor-specific exposure duration and the 365 days of the year (USEPA

2002). The ATn value for an industrial worker was set to 9,125 days (365 days x 25 years).

Exposures to carcinogens were averaged over a lifetime. The carcinogenic averaging time (AT")

is the product of a 365-day year and a70-year lifetime, or 25,550 days, per USEPA (2002).

Body Weight

The body weight used for the industrial worker was 70kg, in accordance with USEPA(2002)

regulations for adult body mass.

4.1.3 Route-Specific Exposure Parameters

Intakes due to contact with COPCs vary, depending largely on the physicochemical properties of
the COPC and the pathway by which the COPC enters the body. Ingestion, dermal contact, and

I'RS 4-3



)

HHRA, Delaware City Refinery, Delaware City, Delaware

inhalation exposure-specific parameters take these differences into account and are addressed in

this section.

lncidental lngestion of Soil

During the course of the activities they are involved in, receptors may incidentally consume

small amounts of soil. The soil ingestion rate for an industrial worker is the USEPA (2002)

default soil ingestion rate for nonresidential (outdoor worker) exposures of 100 mg/day.

Dermal Exposure to Soil

The following route-specific parameters were included in the general intake equation to estimate

dermal uptake of COPCs from soil for the industrial worker: skin surface area available for

exposure, skin soil adherence factor, and dermal absorption factor.

Skin Surface Area Available for Exoosure

The amount of skin available for exposure (SA) is strongly dependent on the age of the receptor

and the nature of activity or work they are doing. The most recent dermal exposure guidance

from the USEPA (2004) recommends applying an exposed surface area of 3,300 cm' for adults

in a commercial or industrial setting. This value assumes that the head, hands, and forearms are

exposed. This value was utilized for outdoor industrial workers in this HHRA.

Soil-to-Skin Adherence Factor

The soil-to-skin adherence factor (AF) is influenced by soil types and varies considerably across

different parts of the body (USEPA 2004). A value of 0.2 mglcm2 was used in the dermal

exposure assessment for the industrial worker based on two studies of utility workers dermally

exposed to soil.

Dermal Absomtion Fraction

The dermal absorption fraction (ABS) is used to estimate an absorbed dose that reflects the

absorption of a chemical across the skin and into the blood stream. The absorbed dose is

typically a fraction of the amount of the chemical that actually contacts the skin. Chemical-

specific ABS values used to estimate dermal exposures to COPCs are as follows:

. Arsenic: 0.03 (USEPA2004); and

. Benzo(a)pyrene andnaphthalene: 0.13 (USEPA 1995, 2004).
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lnhalation Exposure

Due to the nature of their work, industrial workers at the Facility may be exposed to soil particles

that become airborne during work-related activities involving disturbance of soils. An inhalation

rafe of 0.83 m3/hr (?.O m3/day) was applierf to the worker exposure scenario to estimate potential

inhalation risks. This value is the default inhalation rate used by USEPA (2002) for non-

residential outdoor workers.

^ 
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of respirable dust particles (PMro, or particles less than 10 microns in aerodynamic diameter) are

retained when inhaled, the majority of which is probably swallowed after inhalation. Therefore,

a retention factor (RF) of 0.75 was included in the HHRA to evaluate fugitive dust inhalation

exposure.

4.1.4 Exposure to Fugitive Dust in Ambient Air

Based on the available data, a mathematical model was required for the inhalation pathway for

workers to convert the chemical concentration in soil to a corresponding concentration in

ambient air. This was accomplished by calculating a soil-to-air particulate emission factor

\r l.)r ,r. r llç r Ll vurlvúltù uurlt ulrrl(llt\Irù rrr Lultùrttuulil"J lll st,rl tt) ç\_llt?çltLrd,tl\rtlù tJU ttuùt Pallu(ylt,ù rlr

the air (PMro) as a result of fugitive dust emissions from bare surfaces of fine-grained soils.

Particulate emissions from soil-impacted sites are due to wind erosion, and therefore depend on

the erodibility of the soils USEPA (2002) recommends that the fugitive dust inhalation pathway be

focused on semivolatile compounds and metals (volatile compounds are not anticipated to adhere to

air-bome soil particles and are addressed separately). Also in this guidance document, the USEPA

provides the methodology required to calculate the PEF. Chemical-specific concentrations in soil

are multiplied by the inverse of the PEF to derive chemical-specific concentrations of soil dust in

the ambient air (Cr), as follows:

Ca= Cs x (l/PEF)

where:

C, = Concentration in soil (mglkg); and

PEF = Particulate emission factor (-'/t g).

Inhalation exposures to dust-entrained chemicals for the industrial receptor were estimated using

a methodology originally developed by the USEPA for commerciaUindustrial land uses (USEPA

1991, 1996, and2002).

The equation used to derive the PEF for the industrial worker scenarios is as follows:
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I
PEF (m3/kg¡ = q¡çr 36ffi

0.036x (t x v)x (U,ru, )3 x F(x)

where:

Q/C = Dispersion factor for wind erosion (g/m2-s per kg/m3);

V = Fraction ofvegetative cover (unitless);

Un' = Mean annual wind speed (m/s);

Ur = Equivalent threshold value of windspeed at7 m (m/s); and

F(x) = Function dependent on U./U¡ (unitless).

Site-specific values for mean annual wind speed (Ur) and fraction of vegetative cover (V) were

used to derive the PEF. An average wind speed (9.0 miles/fiour;4.00 m/s) was based on average

wind speed data from the Wilmington, DE National Oceanic and Atmospheric Administration

(NOAA 2010). In addition, SWMU-specific vegetative cover values (V) ranging from zero to

100 percent were applied based on the predicted proportions of vegetation and paved surface

assuming continued industrial use. Default parameter values provided in USEPA (2002) were

utilized for the equivalent threshold value of wind speed at 7 meters (Ut) and F(x).

The resulting PEFs calculated for each SWMU for the industrial worker ranged from 6.96 x 108

m3lkg to 1.76 x 1018 m3lkg (Tables 21,24,27,30,33,36,39,and42).
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5.0 ToxicityAssessment

Toxicity assessment involves the evaluation of available toxicity information to be used in the

risk assessment process. Toxicity values derived from dose-response relationships can be used

to estimate the potential for the occuffence of adverse effects in individuals exposed to various

constituent levels. In accordance with recent USEPA guidance, toxicity values specific to the

oral and inhalation pathways were obtained from the sources listed hierarchically below and

provided in the DNREC Remediation Standards regulations:

Integrated Risk Information System (IRIS) on-line database;

Provisional peer-reviewed toxicity values (PPRTV) obtained from the USEPA's Office

of Research and DevelopmentÆ.{ational Center for Environmental AssessmenlSuperfund

Health Risk Technical Support Center;

Health Effects Assessment Summary Tables (HEAST); and

Other peer-reviewed sources of toxicity data.
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Facility-associated constituents are presented in Table 43.

5.1 Non-CarcinogenicToxicityValues

Adverse effects can be caused by acute exposure, which is a single or short-term exposure to a

toxic substance or by chronic exposure to lower levels on a continuous or repeated basis over an

extended period. "Acceptable" acute or chronic levels of exposure to non-carcinogens are

considered levels without any anticipated adverse effects. Such exposure levels are commonly

expressed as reference doses (RfDs). An acceptable exposure level is calculated to provide an

adequate margin of safety.

RfDs have been developed by the USEPA for chronic (e.g., lifetime) exposure to constituents

based on the most sensitive non-carcinogenic effects. Chronic RfDs, which have been derived

for a number of chemicals, are used to evaluate exposures lasting 7 to 70 years (USEPA 1989)

for exposure scenarios such as the groundskeeper. Subchronic RfDs, if available, are used to

evaluate exposures of shorter duration (two weeks to seven years). Only chronic RfDs were used

in this HHRA. Oral and inhalation RfDs used in the HHRA were extracted from appropriate

sources as listed in the DNREC Remediation Standards regulations.

a

a

a

a
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rl
5.2 Garcinogenic Toxicity Values

Carcinogenic risk refers to the probability of developing cancer as a result of exposure to known

or suspected carcinogens. A cancer slope factor (CSF) is a plausible upper-bound estimate of the

probability of an individual developing cancer as a result of a lifetime of exposure to a particular

level of a potential carcinogen. Cancer slope factors were used to determine the oral and

inhalation excess cancer risks associated with COPCs at the Site. Oral and inhalation CSFs used

in the HHRA were extracted from appropriate sources as listed in the DNREC Remediation

Standards regulations.

5.3 Adjustment for Dermal Absorption

Toxicity criteria have not been developed by the USEPA specifically for dermal absorption;

instead, oral toxicity criteria are adjusted to assess the dermal exposure pathway. In order to

have a meaningful comparison between the dermal absorption dose estimates, which represent

internal (or absorbed) doses, and oral toxicity criteria, which typically represent potential (or

administered) doses, toxicity criteria are modified to represent absorbed doses.

Oral toxicity values used to evaluate dermal absorption were adjusted for use in risk assessment

using the recommended criteria as found in the USEPA's most recent dermal exposure

assessment guidance (USEPA 2004). Following the guidance document, toxicity values were

adjusted for gastrointestinal absorption only if chemical-specific gastrointestinal absorption

values are less than 50 percent. Based on the COPCs identified, no dermal absorption

adjustment was necessary.
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6.0 Risk Gharacterization

The objective of the risk charactenzation is to determine potential risk to recaptors based on the

concentrations of operations-related constituents in groundwater, surface soil, surface water, and

sediment and receptor exposures to these constituents. The following sections discuss the

potential risks posed to receptors in the Facility SWMUs, Dragon Run and the surrounding non-

developed land, and the CWCs (as surrogates for the Delaware River).

6.1 Facility SWMUs

The potential for non-cancer health effects was evaluated by comparing the Facility-specific

exposure level (the average daily intake of a COPC calculated using the general intake equation

with appropriate adjustments depending on the route of exposure) with the RfD. This ratio of
+^ +^-,i^)+., /.1-+^1-^/DfT\\:- ^^Il^l +l ^ l^^-^-l ^,.^+j^-+ /tf^\ D^- ^,,-1..^¿l..- ¿L^ -^.^v^yuùurv LU Lw^rvrLJ \urlAvrr\lult rù u4uvu Lrrv llcl¿rllllr t{uuLrçlL \rrv,r. r'\,,l çv4lud,Llrlë LrIç uuu-

carcinogenic risks for multiple constituents, the HQs are summed to produce ahazard index (HI).

If the Site-specific exposure level exceeds the effects-based threshold (i.e., the HI exceeds a

value greater than 1.0), there may be concern for potential non-carcinogenic effects.

The product of the lifetime daily intake and the CSF was used to estimate the upper bound
-:^1- C^- ^^-^:-^^^-: ^ /^- -^a^-+2^11-- ^^-^i^ ^^^-:^\ ^^-^¿i¿-,^-¿^ rlal.^ T\IrTT)lf/-iç^\,çùù r-4lruçl rlùr\ lrJl u4ruuruëçurç \ur Putçr¡uinrJ uanurlluë{tru9,, uuuùLrtuçrlt¡r, -tllti -Ll\I\_D\-

endorses a target risk level of 1 x 10-5 for exposure to multiple carcinogens. This target risk

level represents a 1 in 100,000 chance of developing cancer over a lifetime.

The calculated non-carcinogenic and carcinogenic risks from all COPCs for the industrial worker

for each SWMU are provided in Table 44.

The HQs associated with ingestion of Facility soils, dermal exposure to Facility soils, and

inhalation of fugitive dust for the industrial worker scenario were all below the acceptable

cumulative bazard threshold of 1.0 (Table 44). Summing the risks across exposure pathways

yielded a HI of 0.2 or less for all SWMUs evaluated (Tabte 44). All calculated excess cancer

risks were less than or equal to 8 x 10-6, which is below the target risk level. The calculated non-

cancer and cancers hazards and risks are acceptable under the DNREC remediation standards.

6.2 Dragon Run and Surrounding Non-Developed Land

Human receptors evaluated in Dragon Run and the surrounding non-developed land included

hypothetical construction workers, adult and child recreational anglers, and adult and child

recreational swimmers. Exposure of hypothetical construction workers to groundwater is

precluded by tþe substantial depth to groundwater in this area (generally I 15 ft bgs) (Section
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2.4.2); thcrcforc, thcrc arc no risks to construction workcrs from Facility-associatcd

groundwater.

Maximum concentrations of constituents in Dragon Run surface water and sediment did not

exceed conservative screening values derived to protect human health, indicating that no risk is

posed to recreational swimmers and anglers that may be exposed directly (e.g., dermally) or

indirectly (e.g., fish ingestion) to Dragon Run (Sections 2.4.3 and2.4.4).

6.3 Cooling Water Channels

Human receptors evaluated for the CWCs included adult and child recreational swimmers and

recreational anglers utilizing the Delaware River. As discussed previously, data for the CWCs

were used to conservatively evaluate the potential threats to recreational users of the River. A
weight of evidence approach is used to evaluate risk from surface water and sediment in the

CWCs. As discussed in Section3.L4, recent groundwater data were conservatively evaluated

for both CWCs along with historic surface water and sediment data from the CIVEC.

6.3.1 Cooling Water lnfluent Channel

Iron: Concentrations of dissolved iron in wells near the CWIC exceeded the groundwater

DURBRS of 300 pg/L. This DURBRS was derived from the list of USEPA Secondary

Maximum Contaminant Levels (SMCL). DNREC (1999) recognizes that constituents regulated

using USEPA-promulgated, non-mandatory water quality standards are not considered risks to

human health (USEPA 1992b), but were included in the list of DURBRSs for completeness and

because they can be used as indicators of water quality. The DNREC (1999) acknowledges that

the SMCL may not be appropriate for a given site, and suggests the use of a site-specific

approach in these cases.

In the Columbia Formation, Woodruff (1970), writing for the Delaware Geological Survey,

found that iron is "moderately high," with average concentrations of dissolved iron equal to 110

pg/L. While maximum concentrations in CWC wells are greater than these values by one to two

'orders 'of magnitude,'Marine arr-d"Rasmussen (1955)'found'that'the"distribution'of iron'in
Delaware aquifers is sporadic and ranges widely. Marine and Rasmussen (1955) report that
o'Excessive iron in water from the Pleistocene sediments is one of the most serious water-quality

problems in Delaware," and Woodruff (1970) calls the "pattern of iron occuffence in Delaware's

ground wat€rs, particularþ rin ,the 'Columbia Fonnation," ,4 '(,pnzzïrng ihydrologic 'problem."
These studies indicate that although iron concentrations exceed the highly conseryative

DURBRS, this constituent is a naturally-occurring element found in the Columbia Formation and
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concentrations found in the atea are not derived from operations-related operations. Because

iron is dissolved from the soil and sediment in this area of Delaware and groundwater

concentrations are usually greater than surface water concentrations (Rasmussen et al. 1957), the

exceedance of the DURBRS for iron does not indicate that adult and child recreational swimmers

that may use the Delaware River will be adversely affected. Furthermore, iron does not

bioaccumulate in fish tissue, and therefore does not present a risk to recreational anglers.

Ranzona. Trr¡n nf the 1fl ornrrnrlurqfcr cqtnnlcc qnqlwze¡7 fnr" henzcne hcrl nnnnenfrcfinnc

exceeding the screening value of 14 ¡tgll,. These samples were collected from Well F7 and Well

24b-MW15. Well F7 is one of the furthest up-gradient of those evaluated. Non detections in the

wells immediately downgradient of F7 (F2, F3, and F4) indicate that benzene from this location

is not migrating towards the CWIC. Weil D33 is located adjacent to the CVVIC and is likely
ñ^of rañrêaanfqti¡¡a n'Ê thc crn¡rnrl¡¡¡afar nnfenfiollr¡ rlic¡horcina fn fho nhonnel Elanzana oqmnlprl

from this well was detected at a laboratory-estimated ("J"-qualified) concentration of 0.59 pg/L,

which is below the human health screening.value. Seven of the 10 wells evaluated had benzene

concentrations < 1 ttgtL. Therefore, concentrations of benzene in groundwater near the CWIC

are highly unlikely to pose a threat to receptors due to the low concentrations near the channel.

Additionally, if groundwater were to discharge to the channel, benzene concentrations would be

subject to considerable mixing in the CWIC.

Naphthalene: Naphthalene was detected in groundwater samples at concentrations exceeding

the screening value in two of four well samples. The constituent was not detected (at 4 pg/I-) in

a sample collected from Well D12, which is located in close proximity to Well F7, where the

maximum concentration was detected (5a.a yg/L), suggesting that groundwater impacts are

localized. Additionally, naphthalene was detected at the estimated concentration of 1.45 ¡tg/l,in
a sample from Well D33, which is below the screening benchmark of 20 ¡tglL. Since Well D33

is located adjacent to the CWIC, it is likely most representative of the groundwater that could

discharge to the channel. The low detection in this well adjacent to the CWIC, in addition to the

localized nature of the contamination and the mixing capacity of the channel, indicates that

naphthalene concentrations in groundwater are unlikely to pose a risk to receptors.

MTBE: MTBE was detected in groundwater samples at concentrations exceeding the screening

value of 20 ugtL at four out of 10 locations. The exceedences occurred at wells F2,F3, F4, and

F7, which are located in close proximity to each other. MTBE was not detected at Well D33,

which is located adjacent to the CWIC, and is likely most representative of the groundwater that

could discharge to the channel, The non-detection of MTBE in the well adjacent to the CWIC,

in addition to the apparent localized nature of the contamination and the mixing capacity of the
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channel, indicates that MTBE concentrations in groundwater are unlikely to pose a risk to
receptors.

6.3,2 Cooling Water Effluent Channel

Arsenic: Arsenic was detected in sediment collected from the CWEC at concentrations above

DURBRSs (2.9 mglkg for a critical water resource area and 3.8 mg/kg for a non-critical water

resource arca) at the three locations sampled in 2003. Arsenic however, was not detected in co-

located surface water samples; reporting limits were also less than the screening value. This

indicates that arsenic is not migrating from sediment to surface water. Considering that it is
unlikely for a receptor to come in contact with sediments in the CWEC or the Delaware River

outside the Facility because of security measures and that the receptor is more likely to come in
contact with surface water, it can be concluded that arsenic concentrations in sediment are

unlikely to pose a risk to receptors in the Delaware River.

fron: Groundwater concentrations of total iron exceeded the groundwater DURBRS of 300 ug/L

at two out of three locations sampled. As discussed in the weight of evidence for iron in the

CWIC, this DURBRS may not be an appropriate screening value because it was derived from the

list of USEPA SMCLs and was intended to be an indicator of water quality, not necessarily risk.

Furthermore, studies by Woodruff (1970) and Marine and Rasmussen (1955), indicate that iron

is a naturally-occuring element found in the Columbia Formation and concentrations found in the

area are not derived from operations-related operations. Because iron is dissolved from the soil

and sediment in this area of Delaware and groundwater concentrations are usually greater than

surface water concentrations (Rasmussen et al. 1957), the exceedance of the DURBRS for iron

does not indicate that adult and child recreational swimmers that may use the Delaware River

will be adversely affected. Furthermore, iron does not bioaccumulate in fish tissue, and therefore

does not present a risk to recreational anglers.

Benzene: Benzene exceeded the screening value in one of nine groundwater samples. This

exceedance occurred at Well D18. Benzene was detected at low, laboratory-estimated ("J"-
'qualified) oonoenfiations at the,four wells' (D35,'D6gr .p36,.,sy¡6 34),,located immediately

downgradient of Well D18. The low detections at Wells D60 and D36, which are located

adjacent to the CWEC, are likely most representative of the groundwater potentially discharging

to the channel. Furthermore, benzene was not detected in the surface water or sediment samples

'collected in ,the 'CitùlEC. Therefore, concentrations'of öenzene,in ,and.near,the ,CWEC are highly

unlikely to pose a threat to receptors due to the low groundwater concentrations near the channel

and the lack of detections in surface water and sediment in the channel.

)

\
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MTBE: MTBE was detected at concentrations above the screening value at two out of six

groundwater locations. The two locations with exceedances (30D and D18) are located furthest

from the CWEC. Wells D60 and D36, which are located adjacent to the C'WEC, are likely most

representative of the groundwater potentially discharging to the channel. MTBE was only

detected at low, laboratory-estimated ("J"-qualified) concentrations at these two wells and these

concentrations did not exceed the screening benchmark. The low detections in these wells

adjacent to the CWEC, in addition to the localized nature of the contamination and the mixing

capacity of the channei, incÍicates that MTBE concentrations in groundwater are uniikely to pose

a risk to receptors.

6.4 Uncertainty

Assulrptiuns antl uther fauturs tliat itr{lueltce the findings uf the lisk asscssuten[ arc addrcsscd

below as a discussion of uncertainties in each phase of the evaluation.

6.4.1 Absence of DURBS Screening Values

Delaware Ilniform Risk-Based Remerliation Standarrls for surface water, groundwater, ancl soil

matrices were available for the majority of the constituents analyzed in the risk evaluation.

However, no appropriate DURBRS for groundwater and surface water samples were available

f'or the fbllowing detected constituents from C\ilC wells and surtäce water samples collected in

Dragon Run: methylcyclohexane, TAME, and tert-butyl alcohol. Additionally, DURBRSs for

the protection of human health were not available for the following constituents detected in

Facility soils, CWEC sediments, and Dragon Run sediments: cyclohexane, methylcyclohexane,

benzo(g,h,i)perylene, total cresols, 7,12-dimethylbenz(a)anthracene, tert-butyl alcohol, and

acenaphthylene. Given that a lack of DURBRS for these chemicals contributes uncertainty to

the risk assessment, alternative national and state health-related benchmarks were reviewed.

For constituents with inadequate toxicology data to support development of a screening

benchmark, structurally similar compounds with available toxicity values are used as a standard-

of-practice to permit evaluation.

Based on the toxicity data review, altemative benchmarks from the USEPA, the Pennsylvania

Department of Environmental Protection (PADEP), and the Texas Commission on

Environmental Quality (TCEQ) were selected for the compounds described above. The

maximum detected concentration from all areas evaluated for human health risk was then

compared to the alternative benchmarks for these compounds to assess the potential for impacts

to human health, as follows:
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Groundwater and Surface Water

Constituent
Maximum

Concentration

0tgL)

Location of
Maximum

Concentration

Benchmark

$etL)

Methylcyclohexane

TAME
TBA

t4
33.9

3.230

CWIC, GW
CWIC, GW

CWEC, GW

13,000'

2,9002

6,6002
TUSEPA Tapwâter Regional Screening Level (RSL) for cyclohexane, May 2010
zTexas Co¡nmission on Environmental Quality (TCEQ) Groundwater Risk-Based Exposure Limit (RBEL) (based on primary MCL, when available), March 2010

Soil and Sediment

Constituent
Maximum

Concenhation
(mglkg)

Location of
Maximum

Concentration

Benchmark
(mg/ke)

Cyclohexane

Methylcyclohexane

Benzo(g,h,i)perylene

Total Cresols

7,1 2 -Dimethylbenz(a)anthracene

TBA
Acenaohthvlene

1.89

3.42

r.03
0.919

0.36

0.0407

1.02

SMWU 14, WPA
SMWU 14, WPA
SMWU 14, WPA
SMWU 14, WPA

SMWU 31

SMWU 20a

SMTVU 32

29,000'

29,00a2

170,0003

3,1004

6,2001

8,700s

33,0006
lUSEPA RSL for iDdusrrial soils, May 2010
2USEPA va¡ue for cyclohexane usetl as srmogare, May 20 I 0
'Pennsyìvaniâ Departmcnt of Environmental Protcction Act 2 Non-Residential Direct Contact value for surhcial soìls, October 2010
{USEpA nSL lor p-cresol tor indusr¡ial soils. May 2010

'TCEQ Tier I Commercial/[ndustrial Soil Protective Concentration Level (PCL) (30-acre souce area), March 2010
óUSEPA RSL for acenaphtbene for indust¡ial soils, May 2010

Results of the screening indicated that maximum concentrations of detected compounds lacking

DURBRS did not exceed the respective alternative benchmarks. Consequently, these

constituents do not pose a risk to human health. No screening values are available for calcium,

magnesium, potassium, and sodium. Although these constituents were detected, they are not

considered to pose a human health risk because they are essential nutrients.

6.4.2 Reporting Limits Exceeding Screening Benchmarks

The minimum reporting limits for tetraethyl lead in samples collected from SWMUs 15, 26, and

33 exceeded the soil screening benchmark. Additionally, the reporting limits for the two historic

samples of mercrrry collected in SWMU 33 were,not available and therefore it,is,not possible to

determine if the reporting limit would exceed the respective screening value. In samples

collected in the CWCs the following constituents had a minimum reporting limit that exceeded

the screening value:

a Groundwater - ethylene dibromide and methyl isobutyl ketone
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Surface Water ethylene dibromide, 4,6-dinitro-2-methylphenol, 7,12-

dimethylbenz(a)anthracene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,

bcnzo(k)fluoranthcnc, bis(2-cthylhcxyl)phthalatc, chryscnc, dibcnz(a,h)anthraccne, and

indeno( 1,2,3-cd)pyrene

Sediment - ethylene dibromide, nitrobenzene, 4,6-dinitro-2-methylphenol, and 7,12-

dimethylbenz(a)anthracene

Theso constituents wero not identified as COPCs, an ossumption that may undorestimate risk.

6.4.3 Gonceptual Site Model

The uncertainties associated with the CSM are due to the nature of what exposurc scenarios

actuallv occur as opposed to what may occur. For the CWIC and CWEC, the extent of mixine

with the l)elaware River surface waters is unknown, but is expected to be considerable.

Nonetheless, the channeis were assessed ibr human heaith as highiy conservative surrogate

systems for the Delaware River. In terms of potential human exposure to operations-related

constituent concentrations in the Delaware River, the levels of mixing and volatilization within

the channels would greatly decrease the potential effects from Facility groundwater on the

Deiaware R.iver.

6.4.4 Soil Sampling Representat¡veness

For most SWMUs, a limited number of surface soil samples were availabie, and samples

collected from subsurface strata (generally 2 to 16 ft bgs, but up to 35 ft bgs for SIVMU 34) were

included in the dataset with the assumption that constituent concentrations at these depths are

representative of the entire soil column, including surface soil. Historic soil samples collected

prior to 1999 were not included in the evaluation if sufficient spatial coverage could be achieved

with more recent data. In the absence of surface soil samples for comparison, it is uncertain if
this assumption overestimates or underestimates risk.

6.4.5 ExposurePoint,Goncentrations

In the derivation of EPCs, the inclusion of the reporting limits (RLs) as a proxy concentration for

chemicals below the RL (e.g., non-detects) could overestimate risks for chemicals with a low

frequency of detection. Alternatively, it could underestimate risks by lowering the mean for a
constituent. Likewise, the use of a UCI¿s as the EFC for highly skewed data sets could also

underestimate risks. Only four samples were analyzed for arsenic in SWMU 26 and therefore,

reliable statistics could not be calculated. The maximum concentration of arsenic detected in

o
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samples from SWMU 26 was used in the models to calculate exposure and risk. This

assumption overestimates risk.

For the arsenic dataset from SWMU 34 and the benzo(a)pyrene data from SWMU l4-Unit F
Area A, two 'potential' UClos values were provided by the software. Usually the higher, more

conservative value would be selected as the EPC. However, for these two datasets, the higher

value was equal to the maximum value. Therefore, the alternative UCLos calculated by PToUCL

was selected as a more realistic representative concentration. The selection of the alternative

UCtos as the RME concentration for SWMU 14 Unit F Area A may result in an underestimation

of risk,

Arsenic datasets for SWMUs 13,20a &.20a.1, and34 had nine or fewer data points. Although

PToUCL calculated UCLss values from these data, the software warns, "It is recommended to

have 10-15 or more distinct observations for accurate and meaningful results." It is unknown

how the use of the calculated UCL¿s based on fewer than 10 data points biases the estimates of
risk.

6.4.6 ExposureAssessment

Samples collected from beneath the asphalt, gravel, or buildings at the Site were conservatively

included in the surface soil data set for risk assessment for all SWMUs. For SWMU 14, Unit F,

Area A (the "wood pile"), soil samples collected from areas subsequently topped with a soil and

vegetative cap were included in the dataset to evaluate the need for future maintenance of the

cap. The highly conservative process of including soil samples from beneath buildings and other

forms of cover for the other SWMUs overestimates risk because exposure to these soils is not

likely.

Values assumed for exposure parameters (e.g., ingestion rate and exposure frequency) used in

calculations of intakes were based primarily on agency (e.9., USEPA) guidance. These

assumptions might result in underestimating or overestimating the intakes calculated for specific

receptors, depending on the accuracy of the assumptions relative to actual site conditions and

land uses. For the industrial worker, an ED of 25 years and an EF of 225 dayslyear was used.

These values are considered highly conservative, and are likely to result in overestimation of
risks. Conservative values were applied to maintain a conservative assessment of exposure and

risk.

Bioavailability of some COPCs to target tissues may be reduced due to their binding capacities

and the presence of other naturally occurring compounds. Carcinogenic PAHs, for example, are
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often present in association with high molecular weight constituents that hinder their uptake

(LaGoy and Quirk 1994).

6.4.7 Toxicity Factors

Uncertainty is inherent in the toxicity values utilized in evaluating the carcinogenic and

noncarcinogenic risks. Such uncertainty is chemical-specific and is incorporated into the toxicity

value during its development to ensure that the risk assessment provides a protective evaluation

of potential toxicity. For example, an uncertainty factor may be applied for interspecies and

intrahuman variability, for extrapolation from subchronic to chronic exposures, or for

epidemiological data limitations. Application of uncertainty factors to the RfD is expected to

overestimate risks.

The absence of toxicit5r values for scms of the COPCs may tend to underestimate risks and

hazards. For example, an RfD was not available for benzo(a)pyrene and a CSF was not available

for naphthalene. Toxicity information is not available for dermal exposure; hence, assumptions

are made in order to calculate dermal-adjusted RfDs and CSFs, where appropriate. These

assumptions may overestimate or underestimate risk.

A ¿ A Þicl¿ an¡{ lAatay¡l Eclirnalianv.ï.v r rr9lr 9¡ rv r ¡gÉgr v Eg¡rr ¡ ¡g¡¡vr I

Although the methods used to calculate carcinogenic and systemic risk at the Facility comply

with federal and state standards, there are uncertainties associated with the quantitative risk

estimates discussed above. These uncertainties are introduced because of: (1) the need to

extrapolate below the dose range of experimental tests; (2) the variability of the receptor

population (e.g., smoker vs. non-smoker, genetic predisposition); (3) assumed dose-response

relationship between animals and humans; (4) differences in exposure routes; (5) conservative

assumptions; and (6) ignoring background risks. These recognized uncertainties are raised to

point out the limitations of this type of study. The assumptions used to estimate exposure in this

HHRA were consistently conservative in nature and biased toward protecting human health.

In addition to chemical concentration, route, and duration of exposure, many other factors may

influence the likelihood of developing cancer. These include differences in individual nutrition,

health status, age, sex, and inherited characteristics, which may affect susceptibility (Versar

1991). Uncertainty is also compounded with regard to assumptions about scenario settings and

availability of con{arninated soil for contact.

The hazards and risks derived based on the data analysis, exposure assessment, and toxicity

assessment steps of ttre rist assessment are inherently uncertain given the uncertainties within
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each step of the HI"IRA process. The uncertainty in the risk chancteization may be

compounded from the uncertainties at these prior stages. The reliance on conservative inputs for

various exposure parameters are anticipated to result in overestimations of risks from Facility-

related chemical stressors. Summing HQ values to derive an HI is a conservative approach given

that different chemicals often exert their effects on distinct target organs (USEPA 1989).

l

._J
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7.0 Summary and Conclusions

Under the provisions of DNREC Remediation Guidance, a HHRA was conducted for three

general areas associated with the Facility: Facility SWMUs, the CWCs, and Dragon Run and the

surrounding non-developed land. The objectives of the HHRA were to determine whether

surface soil, surface water, sediment, or groundwater concentrations of Facility-related

constituents pose potentially unacceptable risks to human health under site-specific exposure

conditions, and to support decisions concerning the need for furt-her evaluation or action based

upon current and reasonably andcipated fuure land use.

Based on the assumed continued land use as an industrial facility, outdoor industrial workers and

eonstruction workers were identified as potentia-l reeeptor popula,tions in the Faeility SWMLIs.

Recreational swimmers (adult and child), recreational anglers (adult and child), and construction

workers were identified in Dragon Run and the sunounding non-developed land. Receptors
......1....¡...1 l-.... ¡1,.. ñ..1........... D:,,.... :....1...1...1 ............¡1......1 .,...:....-...-.., /...1..1t .....1 ..1.:l.l\ .....1çvdlu4lçu tr.Jr utç l.çtclwailç I\rv9l tltLlu(¡çLI tçr-tç4ttu¡td,l ùwlIlIllIçIù \4uutL drru çlll¡uit 4ll(t

recreational anglers (adult and child); data for the CWCs were conservatively used to evaluate

potential threats to recreational users of the River. Human exposures in the channels themselves

are highly unlikely due to security measures established for these features.

7.1 Data Evaluat¡on Process

In accordance with DNREC (1999) and USEPA (1989, 1991, 1992a, 1992b, 1995,2002,2004)

risk assessment guidance, a tiered approach was used to evaluate the potential for human health

risk at the Facility. This section describes the three step process used to evaluate, qualitatively

and quantitatively, the analytical data collected from Facility soil, groundwater, sediment, and

surface water for risks to human health. The data were subjected to the following evaluations:

Step 1) Identification of COPCs via comparison of maximum concentrations to media-

appropriate screening benchmarks:

surface soil and sediment data: comparison to soil DURBS;

groundwater data: comparison to groundwater DURBS; and

surface water data: comparison to groundwater DURBS or DNREC Water

Quality Criteria for Protection of Human Health.

a

a

a

Step 2) Estimation of exposure to COPCs:
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surface soil: USEPA intake equations and parameters were used to calculate

exposure to soil COPCs;

sediment: qualitative evaluation of whether exposure is realistic;

groundwater: For direct contact, depth to groundwater was evaluated to

determine if potential exposure exists; and

surface water: No COPCs identified, therefore this step was not necessary

Step 3). Charactenzation of risk:

surface soil: estimated doses of COPCs were compared to TRVs to calculate

HQs and excess cancer risk. HQs greater than 1.0 or excess cancer risks

greater than 1 x 10-s indicate there may be concern for potential non-

carcinogenic or cancer effects, respectively;

a

a

a

sediment: No COPCs were identified for Dragon Run sediment data and no

realistic exposure is likely for CWEC sediment. Therefore, this step was not

necessary;

groundwater: a weight-of-evidence approach was qualitatively used to
characterize risk. Seven lines of evidence were used, where appropriate:

o The number of detected concentrations;

o The number of concentrations exceeding the benchmark;

o 'Whether the constituent was detected in the wells closest to the

CWCs (i.e., Wells D33, D60, and D36);

o Whether the detected concentration in Well D33, Well D60, or

Well D36 (or reporting limit for a non-detect) exceeded the

benchmark;

o Magnitude of exceedances;

o The appropriateness of the screening benchmark for human health

risk assessment; and
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o Site-specific geology and hydrogeology information.

Surface water: No COPCs identified, therefore this step was not necessary

The evaluation for each srea of investigation (i.c., SWMUs, CWCs, Dragon Run and ths

surrounding undeveloped land) started with Step I and continued to Steps 2 and 3 only if COPCs

were identified. No further action is recommended for areas where the risk chaructenzation step

resulted in no unacceptable risks. If unacceptable risks were determined to be present, then

aclcliti onal in vesti gafi on or correcti ve measures are recommencled.

7.2 SWMUs 18,31, and 32

Media Assessed: surface soil, groundwater

Potential Receptors : outdoor industrial workers, construction workers.

Data Screening Results: No soil COPCs were identified in any of these SWMUs. Therefore,

the risk evaluation for soil was completed at Step 1.

Exposure Summary: There is no complete exposure pathway to potential receptors from
^-^--^J--.^.^-- L^^^.-^^ i¿ -l- ^-^.---- ^J .1^^. nnn ¿,,--:^^l r-,- ,^^--L:--^ -*----t f, ---^)^t^,^. -^--
Bruurruwarçr ut,çau¡iç lr" ls assurrlsLl Lrral rr.D tyPrç¿lI lul ruuLllrç ulJgrauults ailu lll¿llrll9il¿lltug

would be used and institutional controls such as regular hazard assessments would be in place to

protect these receptors. Therefore, the evaluation of risk from groundwater was completed at

Step 2.

Recommendation: There are no unacceptable risks; no further action recommended for
SWMUs 18,31, and32.

7.3 SWMUs 13, 14 (Unit F, Areas B-G), 15,20A & 20A.1 ,26,33,34

Media Assessed: surface soil, groundwater.

Potential Receptors: outdoor industrial workers, construction workers.

Data Screening Results: Arsenic was identified as a soil COPC in each of these SWMUs

Exposure Summary: There is no complete exposure pathway to potential receptors from

groundwater because it is assumed that PPE typical for routine operations and maintenance

would be used and institutional controls such as regular bazard assessments would be in place to

protect these receptors. Therefore, the evaluation of risk from groundwater was completed at

Step 2. Evaluation of risk from surface soil was completed at Step 3 (follows).
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Risk Summary (arsenic in soil):

SWMU 13: HQ = 0.01; cancer risk = 2x 10-6.

SWMU 14 (Unit F, Areas B - G): HQ = 0.01; cancer risk = 2 x10-6

SWMU 15: HQ = 0.01; cancer risk = 2 x 10-6

SWMU 20A 8.20A.I: HQ = 0.02; cancer risk = 3 x 10-6

SWMU 26: HQ = 0.05; cancer risk = 7 x 10-6

SWMU 33: HQ = 0.05; cancer risk = 8 x 10-6

SWMU 34: HQ = 0.01; cancer risk = 2 x 10'6

Recommendation: There are no unacceptable risks; no further action recommended for
SWMUs 13,14 (Unit F, Areas B - G), 15,204 &.20A.I,26,33,34.

7.4 SMWU 14 (Unit F, Area A, Woodpile Area)

Media Assessed: surface soil, groundwater.

Potential Receptors : outdoor industrial workers, construction workers.

Data ScreenÍng Results: Arsenic, benzo(a)pyrene, and naphthalene were identified as soil

COPCs.

Exposure Summary: There is no complete exposure pathway to potential receptors from

groundwater because it is assumed that PPE typical for routine operations and maintenance

would be used and institutional controls such as regular hazard assessments would be in place to

protect these receptors. Therefore, the evaluation of risk from groundwater was completed at

Step 2. Evaluation of risk from surface soil was completed at Step 3 (follows).

Risk Summary (soil COPCs): HI= 0.2;cancer risk = 5 x 10-6

Recommendation: There are no unacceptable risks; no further action recommended for
SWMUs 14 (Unit F, Area A, Woodpile Area). (Note: this evaluation assumed no protective soil
cover,was,present).
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7.5 Dragon Run and the Non-Developed Land in the Southern Portion of the
Facility

Media Assessed: surface water and sediment (Dragon Run); groundwater (non-developed lanel

in southern portion),

Potential Receptors: recreational swimmers and anglers (Dragon Run); construction workers

(non-developed land in southern portion).

Dat¿ Screening Resulls: No surface water or sediment COPCs were iclcntified for Dragun Run

Therefore, the risk evaluation for these media was completed at Step 1.

Exposure Summary: Depth to groundwater is greater than what is expected for direct contact

f'or construction workers. 'lheret'ore, there is no complete exposure pathway and the risk

evaluation for groundwater in the non-developed land in thc southcrn portion of thc Facility was

.-.r.^...1^+^.1 ^+ C+-'- ôvurrrPrvLvu aL ÐLvy L.

Recommendation: There are no unacceptable risks; no further action recommended for Dragon

Run and the non-developed land in the southern portion of the Facility.

7.Êi ew¡e

Media Assessed: groundwater (as a conservative surrogate for surface water)

Potential Receptors: recreational swimmers and anglers (using the Delaware River).

Data Screening Results: Dissolved and total iron, benzene, MTBE, and naphthalene were

identified as COPCs in groundwater.

Exposure Summary: It was conservatively assumed that groundwater may discharge to the

CWIC, which is in communication with the Delaware River. Therefore, exposure may occur.

Evaluation of risk was completed at Step 3 (follows).

Risk Summary: The weight-of-evidence suggests that iron is a naturally-occurring element

found in the Columbia Formation and concentrations found in the aÍea aÍe not derived from

operations-related operations. Concentrations of benzene in groundwater for seven of ten wells

are below surface water screening values, and the well adjacent to the channel is below the

surface water screening value. Concentrations of naphthalene above screening values appear

localized to two wells approximately 1,000 feet from the channel, and the well adjacent to the

channel is below screening values. Concentrations of MTBE in groundwater aÍe below surface
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water screening values in six of ten wells, concentrations of MTBE above surface water

screening values occur in closely grouped wells approximately 700 feet from the channel, and

MTBE was not detected in the well adjacent to the channel. For organic constituents, the

comparatively low detected concentrations in groundwater monitoring wells within 1,000 feet of
the CWIC, the concentrations below surface water screening values in the well adjacent to the

channel, the mixing effects of comparatively minor potential groundwater discharge with the

orders-of-magnitude larger volume of CWIC water, and the normal operational condition of
withdrawal of 400 million gallons per day from the CWIC, all combine to mitigate potential risk

in surface water.

Recommendation: There are no unacceptable risks; no further action recommended for CWIC

7.7 CWEC

Media Assessed: groundwater (as a conservative surrogate for surface water), surface water, and

sediment.

Potential Receptors: recreational swimmers and anglers (using the Delaware River)

Data Screeníng Results: Total iron, benzene, and MTBE were identified as COPCs in

groundwater; arsenic was identified as a COPC in sediment. No surface water COPCs were

identified and therefore the risk evaluation for surface water in the CWEC was completed at Step

1.

Exposure Summary: Although limited surface water data did not indicate the presence of
COPCs, for the purposes of this assessment it was conservatively assumed that groundwater

may discharge to the CWEC, which is in communication with the Delaware River. Therefore,

exposure to potentially impacted surface water or sediment may occur. Evaluation of risk was

completed in Step 3 (follows).

Risk Summary: The weight-of-evidence suggests arsenic is not migrating from sediment to

surface water and a receptor is unlikely to come in contact with sediment. Iron is a naturally-

occurring element found in the Columbia Formation and concentrations found in the area are not

derived from operations-related operations. Benzene concentrations in groundwater were below

the surface water screening value in eight of nine groundwater samples and were below surface

water screening standards in the wells closest to the channel; benzene was not detected in surface

water or sediment. MTBE concentrations in groundwater were below the surface water
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screening value in four of six wells; the two wells with groundwater concentrations above

surface water screening values are approximately 800 feet from the channel; concentrations of
MTBE in groundwater in the wells located closest to the channel did not exceed surface water

screening values. The comparatively low detected concentrations in groundwater monitoring

wells in the vicinity of the CWEC, the concentrations below surface water screening values in

the wells closest to the channel, the mixing effects of comparatively minor potential groundwater

discharge with the orders-of-magnitude larger volume of CWEC water, and the normal

operationai conciition oi <üscharge oi 4û0 miiiion gaiions per ciay through the CWEC, aii

combine to mitigate potential risk in surface water.

Recommendation: There are no unacceptable risks; no further action recommended for CWEC

7.8 Gonclusion

The results of the human health risk assessment performed for the Facility indicate that, based on

the current operations'related constituent concentrations in the groundwater and Facility surface

soils, there are no unacceptable human health risks to potential on-site or offsite receptors. As

demonstrated in the Phase II RFI Groundwater Report (URS 2010), site-wide COPC trend

nnalwqec inrlieøfe thet cite nlrrrneq ere oenercllr¡ stqhle nt rlccreecino in cnn¡-enfrcfinn rrihera e

trencl is ohservecl, which will further clecrease cuffently insignificant risks over time.
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SOIL SAMPLE SUMMARY
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

9

40

23

144

15

9

20

33

20

33

7

37

1

12

87

15

10

3

27

14

19

7

4

2

5

22

2

2

4

2

2

14

4

1

6

35

3

3

2

4

4

Old Drum Storage Area

Unit F: Area A. Woodpile Area

Unit F: Areas B throuqh G

Tank Bottom Weathering Areas

Fire Training Area

Waste Water Treatment Plant

Tetraethyl Lead Laydown Area

Area of Stained Soil Near the Former Slurry Oil Dumpster

Stained Soil Within Oily Sewer Back-up Areas

Piers 1, 2, and 3

Former Naphthalene Unit Tank Farm

13

14

14

15

18

20a&2Oa.1

26

31

32

33

34

"f



TABL'
SOIL DATASt .-:ENING

OLD DRUM STORAGE AREA - SWMU 13
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

NOTES:

" Delaware Uniform Risk-Based Remediation Standard (DURBRSXDNREC 1999); Non-critical water resource area, restricted use
b Chromium screening value is for Chromium lll
c A constituent is considered an uncertainty if it is detected and a screening value is not available or ¡f the minimum reporting limit exceeds the available screening value.

- not applicable
NA - Screening value not available
N = No; Y=Yes

Uncertaintf

ALUMINUM 4 19 127 200,000 N

N

N

N

N
N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

f,laximum
Excôêds

9creening
Value

Y
N

N

N

N

N

N

N

N

N

N

N

I}URBRS IoT
Protsct¡on of

lluman
Health*

82
4

14,000
NA
100

31 0000
1,000
610

4,100
1,000
1,000

0.07
520
200

5,000
5,000
5,000
1,000
5,000
5,000
5,000
5,000

8.8
0.05
0.05
29

0.05
0.05
0.05

0.013
0.05
0.05

1

0.0008
0.234

0.0008
0-0008
0.0008
0.0008
0.0008
0-0008
0.0008
0.0008
0.001

üaxi¡num
tþlgct¡,on

4.9
62.1

1.2
40
8.7
0.6
110
0.85

0.00123
0.0122

0.0034
0.0045

Number ol
[þteclions

0

7

I
0
7
8
8
2
I
J

0

0

0

0
0
'|

1

0

0
0

2

2

4
8
8
4
B

8
I
I
I
I
I

6

5

b

6

6

6
1

2

6
6

6

ônelylo

ANTIMONY
ARSENIC
BARIUM
BISMUTH
CADMIUM
CHROMIUM, TOTAL
LEAD
MERCURY
NICKEL
SELENIUM
SILVER

1,2-DIBROMOETHANE (ETHYLENE DIBROMIDE)
1,4-DIOXANE (P-DTOXANE)

BENZENE
CARBON DISULFIDE
ETHYLBENZENE
METHYL EÏHYL KEÏONE (2-BUTANONE)
METHYL TERT-BUTYL ETHER
ORTHO-XYLENE
STYRENE
TOLUENE
TOTAL XYLENES

üetalg{mg
7429-90-5
7440-36-0
7440-38-2
7440-39-3
7440-69-9
7440-43-9
7440-47-3
7439-92-1
7439-97-6
7440-02-0
7782-49-2
7440-22-4

1 06-93-4
1 23-91 -1

71-43-2
75-1 5-0
100-41-4
78-93-3

1634-04-4
95-47-6
100-42-5
1 08-88-3

1 330-20-7



TABLF
SOIL DATA SL. ENING

uNtT F, AREAA (WOOD ptLE AREA) - SWMU 14
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Uncertaintyc

7429-90-5 37 37 35500 9.54 200000
N

N

N

N

N

Y
N
N

N
N

N

Y
N

N

N

Y
N

N

Y
N

N
ZINC 7440-66-6 37 35 357 9.54 61 000 N

MO-3-CHLOROPROP 96-1 2-8 37 0 0.00435 4 N

N

N

N

N

N

N

N

Y
N

N

N

N

llaximum
Exceeds

Scræning Value

Y
N

N

N

N

N
N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

DURBBS foT
Protect¡on ot

Human

Health"'b

82
4

1 4000
410
100

NA
31 0000

1 2000
8200

61 000
1 000
NA

41 00
610

41 00
NA

1 000
1 000
NA
220

1 400

0.07
5000
5000
200
720
290

5000
NA

5000
5000
5000
5000

ilinimum
Repofling

Limlt

9.54
0.954
1.91

0.954
0.954
9.54

0.954
0.954
1.91

9.54
0-954
9.54

0.954
0.0962
0.954
95.4
1.91

0.954
191

1.91

9.54

0.00174
0.0435
0.0435

0.00174
0.00174
o-00174
0.00435
0.0087
0.00174
0.00't74
0.0087
0.0435

ilaximum
fþtsction

31 .2

180
1.69
1.54

1 9300
463
816
485

891 00
140

2830
1170
2.07
575
922
26.7

1 460

644

0.503
19.3

1.08
1.89
49.7
3.88
6.98

Numborof

0
26
37

I
1

37
37
37
36
37
37
37
37
11

37
33
4
0

I
0

36

0

0

17
'11

0

0
7

2
10

5
1

0

Numberol
Samples

37
37
37
37
37
37
37
J/

J/

37
37
37
37
37
ót
37
37
37
37
ôt

37
J/

37
37
37
37
37
37
37
37
37
37

GASNumber

7440-36-0
7440-38-2
7440-39-3
7440-41-7
7440-43-9
7440-70-2
7440-47-3
7440-48-4
7440-50-8
7439-89-6
7439-92-1
7439-95-4
7439-96-5
7439-97-6
7440,02-0
7440-09-7
7782-49-2
7440-22-4
7440-23-5
7440-28-0
7440-62-2

1 06-93-4
591 -78-6
67-64-1
71-43-2
75-25-2
74-83-9
75-1 5-0
110-82-7
100-41-4
98-82-8
79-20-9
78-93-3

ANTIMONY
ARSENIC
BARIUM
BERYLLIUM
CADMIUM
CALCIUM
CHROMIUM, TOTAL
COBALT
COPPER
IRON
LEAD
N/AGNESIUM
N4ANGANESE

IVIERCURY

NICKEL
POTASSIUM
SELENIUM
SILVER
SODIUM
THALLIUM
VANADIUM

l,2.DIBROMOETHANE (EÏHYLENE DIBROMIDE)
2-HEXANONE
ACETONE
BENZENE
BROMOFORM
BROMOMETHANE
CARBON DISULFIDE
CYCLOHEXANE
ETHYLBENZENE
ISOPROPYLBENZENE (CUIUENE)

METHYL ACETATE
METHYL ETHYL KETONE (2.BUTANONE)
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uNtT F, AREA A (WOOD ptLE AREA) - SWMU 14
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Uncerta¡ntyo

N

N

Y
N

N
AL XYLENES 1 330-20-7 37 10 0.00435 5000 N N

4-DIMETHYLPHENOL 1 05-67-9 37 1 4.9 0.323 41 00
N

N

N

N

N

N
N

N

N

N

N

N

N

N

N

N

N

Y
N

N

N

N

N

Y
N

N

N

N

N

N

Marimum
Erceeds

$cræning Value

N

N

N

N

N

N

N

N

Y
N

N

N

N

N

DUBBB$ for
Prolection oJ

Human

llealth''b

5000
1 000
NA

5000
5000

410
410
200

41 00
5000

12
NA
NA
2

NA
1 600
5000
NA

5000
7.8
0.78
7.8
NA
78

5000
410
NA
7BO

NA
0.8
820

5000
5000
5000
41 00

ilinimum
ffeporting

L¡mit

0.0435
0.00174
0.0087
0.00174
0.00174

0.807
0.323
0.323
0.323
0.323
0.807
0.323
0.807
0.807
0.323
0_807

0.323
0.323
0.323
0.323
0.323
0.323
0.323
0.323
0.323
0.323
0.323
0.323
0-323
0.323
0.323
0.323
0.323
0.323
0.323

llaximum

0.00662
3.42

4

2820
2.74

87.6

46.5
1.22

0.996
1.07
1.03

1.82

42.7
0.919

Number of
Dêtoct¡ons

0

1

2

0
10

0

0

0

12
1

0

0

0

0
0

0
3

0

1

1

2
1

3

0

0
2
0

6

1

0

0

0

0

0
0

Number ol
$amples

J/

37
37
37
37

37

37
37
37
37
37
37
37
JI

37
37
J/

ôt
37
37
37
37
37
37
37
37
37
ót
J/

37
37
37
37
37
37

CAS llumber

1 08-1 0-1

1634-04-4
108-87-2
100-42-5
1 08-88-3

51-28-5
121-14-2
606-20-2
91-57-6
95-48-7
88-74-4
BB-75-5
99-09-2

534-52-1
101-55-3
1 00-02-7
B3-32-9
208-96-8
120-12-7
56-55-3
50-32-B

205-99-2
191-24-2
207-08-9
85-68-7
117-81-7
86-74-8

2't B-01 -9

131 9-77-3
53-70-3
132-64-9
84-66-2

1 31-1 1-3
84-74-2
117-84-0

Analyle

METHyL TSOBUTYL KETONE (4-METHyL-2-pENTANONE
METHYL TERT-BUTYL ETH ER
METHYLCYCLOHEXANE
STYRENE
TOLUENE

2,4-DINIÏROPHENOL
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
2-METHYLNAPHTHALENE
2-METHYLPHENOL (O-CRESOL)
2-NITROANILINE
2-NITROPHENOL
3-NITROANILINE
4,6-DIN ITRO-2-METHYLPHENOL
4-BROMOPHENYL PHENYL ETHER
4-NITROPHENOL
ACENAPHÏHENE
ACENAPHTHYLENE
ANTHRACENE
BENZO(A)ANTHRACENE
BENZO(A)PYRENE
BENZO(B)FLUORANTHENE
BENZO(G,H,I)PERYLENE
BENZO(K)FLUORANTHENE
BENZYL BUTYL PHTHALATE
BIS(2-ETHYLHEXYL) PHTHALATE
CARBAZOLE
CHRYSENE
CRËSOLS, TOTAL
DIBENZ(A,H)ANTHRACENE
DIBENZOFURAN
DIEÏHYL PHTHALATE
DIMETHYL PHTHALATE
DI.N-BUÏYL PHTHALATE
DI.N.OCTYLPHÏHALATE
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TABLF
SO¡L DATASIT="4ENING

uNtT F, AREA A (WOOD ptLE AREA) - SWMU 14
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

NOTES:

" Delaware Uniform Risk-Based Remed¡at¡on Standard (DURBRSXDNREC 1999); Non-critical water resource area, restricted use
b Chromium screening value is for Chromium lll
c A const¡tuent is considered an uncertainty if it ¡s detected and a screening value is not available or if the minimum report¡ng limit exceeds the available screening value

- Not applicable
NA - Screening value not available
N = No; Y=Yes

-,

N

N

N

N

N

N

N

N
N

N

N

N

N
N

V

N

N

5000
5000

8
5000
41 00
100
0.8

1200
5000
5000
NA

5000

0.323
0.323
0.323
0.323
0.323
0.323
0.323
0.323
0.323
0.323
0.807
0.323WIøMwbþft&i&

1.29
146

1 7300

505

122
ÊS$d#ffiiffi¡¡Ë¡w¡

95.3

0

3
3
0
0
18

0
0
I
0
0
8

¡Ë*ES*WN#j#À:ì

23

37
37

37
37
37
37
37
37
37
37
37
37

37

gB@l
W'W

206-44-O
86-73-7

1 93-39-5
78-59-1
91-20-3
98-95-3
621-64-7
86-30-6
85-01-8
108-95-2
100-01-6
1 29-00-0

DRY

TNDENO(1,2,3-C,D)PYRENE

FLUORANTHENE
FLUORENE

ISOPHORONE

N-NITROSODIPHENYLAMINE

NAPHTHALENE
NITROBENZENE
N-N ITROSODI-N-PROPYLAM I NE

PHENANTHRENE
PHENOL
P-NITROANILINE
PYRENE
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TABLF
SOIL DATA SL -ENING

UNIT F, AREAS B THROUGH G - SWMU 14
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N
N

N

N

N

Maximum
Exceods

Screening
Value

Y
N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

DUFBES foT
Protact¡on ol

Human

Hea|theb

82
4

14.000
100

31 0000
4.100
1,000
610

4,100
1,000
1.000
1.400

0.07
520
200

5,000
5.000
5.000
5.000
5,000
5.000
5.000

4,100
410
410

5,000
2

5.000
1.600

NA
1,000
5,000

7.8
o.78
7.8

Minimum
Roporl¡ng

Limil

7.75
0.5
2

0.5
1.03
0.3
0.4
0.05
1.03
0.5

1

6.46

0.00197
0.197

0.00197
0.00494
0.00197
0.0494

0.00197
0.00197
0.00197
0.00296

0.324
0.33

0.324
0.324
0.81

0.33
0.66

0.324
0.66

o.324
0.324
o.324
0.324

llax¡mum
Deles$on

7.47
125
J.J

544
0.4
287

0.141
389.7
2.47
1.31

214

0.004
0.0038

0.581

0.551

0.757

l{umber of
fþtgcl¡ong

0
17
16
10

15
2

16
2
16
5

3
5

0

0

0

0

0

0

0

0

2
5

0

0

0
0

0

0

0

0
0
2
2
2

16
22
16
16
15
6

16
I
16
15
16
5

10

10

10

10
't0
'10

4
10

10

10

17

16

17
11

6
16

17

17
16

17
't6
't6

Analyte

mo/l(q)
ANÏIMONY
ARSENIC
BARIUM
CADMIUM
CHROMIUM, TOTAL
CYANIDE
LEAD
MERCURY
NICKEL
SELENIU¡,4
SILVER
VANADIUM

1 .2-DIBROMOETHANE (ETHYLENE DIBROMIDE)
1 .4-DIOXANE (P-DIOXANE)

BENZENE
CARBON DISULFIDE
ETHYLBENZENE
METHYL ETHYL KETONE (2-BUTANONE)
ORTHO.XYLENE
STYRENE
TOLUENE
TOTAL XYLENES

2,4-DIMETHYLPHENOL
2,4-DINITROPHENOL
2,4.DINITROTOLUENE
2-METHYLPHENOL (O-CRESOL)
4,6-DINITRO-2-METHYLPHENOL
4-METHYLPHENOL (P-CRESOL)

4-NITROPHENOL
7. 1 2-DIMETHYLBENZ(A)ANTHRACENE
ANILINE (PHENYLAMINE, AMINOBENZENE)
ANTHRACENE
BENZO(A)ANTHRACENE
BENZO(AJPYRENE
BENZO(B)FLUORANÏHENE

cAs

norEånlc8
7440-36-0
7440-38-2
7440-39-3
7440-43-9
7440-47-3

57-12-5
7439,92-1
7439-97-6
7440-02-0
7782-49-2
7440-22-4
7440-62-2

1 06-93-4
1 23-91 -1

71-43-2
75-1 5-0
100-41 ,4

78-93-3
95-47-6

1 00-42-5
1 08-88-3
1330-20-7

1 05-67-9
51-28-5
121-14-2
95-48-7

534-52-1
1 06-44-5
100-02-7
57-97-6
62-53-3
120-12-7
56-55-3
50-32-8

205-99-2
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])L TABLI"'i
sorL DATAsu,¿tNrxc

UNIT F, AREAS B THROUGH G . SWilU 14
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

NOTES:

" Delaware Uniform Risk-Based Remediation Standard (DURBRSXDNREC 1999); Non-critical water resource area, restricted use
b Chromium screening value is for Chromium lll
cA constituent is considered an uncertainty if it is detected and a screening value is not available or if the minimum reporting limit exceeds the available screening value.

- not applicable
N = No; Y=Yes

N

N
N

N

N
N
N
N

N
N
N
N
N

N

N

N
N
N

N

N

N

N

N

N

N

78
5.000
410
780
NA
0.8

5.000
5.000
5.000
4,100
5,000

I
4.100
100

5.000
s.000
s,000
200

0.324

0.324
0.324
0.324

0.324
0.324
0.324
0.324
o.324
o.324
0.324
0.324
0.324
0.324
0.324
0.324
0.324
0.33

0.821

0.215

2.74

3.44

0.843

0.422

0.985

'l

0
5
3
0
0
0
0
6
0
5
0
0
0
2
0
5
0

16
17
16
16
10

17
17
't6

17
16
16
16
17
17
17
16
16
16

INDENO(1 .2.3-C.D)PYRENE

BIS{2-ETHYLHEXYL) PHTHALATE

DIBENZ(A, H)ANTHRACENE

BENZO(KFLUORANTHENE

CRESOLS, TOTAL

BENZYL BUTYL PHTHALATE

CHRYSENE

DIETHYL PHTHALATE
DIMETHYL PHTHALATE
DI-N-BUTYL PHTHALATE
DI-N-OCTYLPHTHALATE
FLUORANTHENE

NAPHTHALENE
NITROBENZENE
PHENANTHRENE
PHENOL
PYRENE
PYRIDINE

85-01-8

207-08-9
85-68-7
117-81-7
218-01-9

53-70-3
84-66-2
131-1 1-3

84-74-2
117-84-0
206-44-0
193-39-5
91-20-3
98-95-3

108-95-2
129-00-0
1 1 0-86-1
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TABLE N

SOIL DATA S( :NING
TANK BOTTOM WEATHERING AREAS. SWMU 15

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

Uncertainlf

N

N

N

N

N

N

N

N

Y
N

N

N

N

N

49 49 2,084 2 61 ,000 N N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

llâximum
Excede

$creonlng
Value

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

DUFBRStoÍ
Protectþo ot

Human
Heallh¡'b

82
4

14,000
410
'100

31 0000
'12,000

4,100
1,000
0.02
610

4,100
1,000
1,000

1.400

4,100
29

0.07
63

84
520

5.000
200

5,000
4,100
940

5,000
5,000
5,000
1,000
5,000
110

5,000
5,000
5,000

lllnimum
Repoílng

Llmlt

7.72
0.5
2

0.3
0.5
1.29

0.3

0.2
0.11

0.017
2

0.5
1

2

0.001
0.01

0.001
0.001

0.001
0.001

0.1

0.001
0.001
0.001
0.001

0.001
0.002
0.001
0.001
0.001
0.001
0.001
0-01

0.01

llaxlmum
Deúsctlon

16.8

520
5.72

4
111

26.0
0.9

523

0.05
't24

1.3
1.87

287

0.00252

0.251
0.00158
0.00578

0.0018
0.14
o.2

0.0174

0.12

0.0091
0.0098

l{umber of
Ddßctlons

66
55
36
31

55
46
3

55
0

1

55
16
11

49

1

0
0
0
0
0

20
3
1

0
1

I
I
4
0

5
0
13

3

0

Numþsol
$amples

126
75
55
49
55

55
49
39
55
19

39
55
55
55
49

't26

33
126
126
126
126
33
't26

126
126
126
't26

93
126
93
93
126
126
33
33

Analyte

ANTIMONY
ARSENIC
BARIUM
BERYLLIUM
CADMIUM
CHROMIUM, TOTAL
COBALT
CYANIDE
LEAD
L ÏETRAEÏHYL
MERCURY
NICKEL

NIUM
SILVER
VANADIUId

1 -1 -1 -TRICHLOROETHANE
1, 1,2,2-TETRACHLOROETHANE
1,2-DIBROMOETHANE (ETHYLENE DIBROMIDE)
1,2-DICHLOROETHANE
1,2-DICHLOROPROPANE
1,4-DIOXANE (P-DTOXANE)

ACETONE
BENZENE
CARBON DISULFIDE
CHLOROBENZENE
CHLOROFORM
ETHYLBENZENE
META & PARA-XYLENES
METHYL ETHYL KETONE (2-BUTANONE)
METHYL TERT-BUryL ETHER
ORTHO.XYLENE
TETRACHLOROETHENE
TOLUENE
TOTAL XYLENES
VINYL ACETATE

7M0-36-0
7440-38-2
7440-39-3
7440-41-7
7440-43-9
7440-47-3
7440-48-4

57-12-5
7439-92-1
78-00-2

7439-97-6
7440-02-0
7782-49-2
7440-22-4
7440-62-2

7 t -55-6
79-34-5

1 06-93-4
107-06-2
78-87-5

1 23-91 -1

67-64-1
71-43-2
75-1 5-0

1 08-90-7
67-66-3
100-41-4

08-38-3/1 06-42

78-93-3
1 634-04-4
95-47-6
127-18-4
1 08-88-3

1330-20-7
1 08-05-4
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TABLF "
SOIL DATA SL :NING

TANK BOTTOM WEATHERING AREAS - SWMU 15
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

NOTES:

" Delaware Uniform Risk-Based Remediation Standard (DURBRSXDNREC 1999); Non-critical water resource area, restricted use
bChromium screening value is for Chromium lll
c A constituent is considered an uncerta¡nty ¡f ¡t ¡s detected and a screening value is not availab¡e or ¡f the minimum reporting limit exceeds the available screening value.
-- not appl¡cable

NA - Screenlng value not available
N = No: Y=Yes

Uncertaint¡f

1 0 0.0531 100

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

Ha¡imum
Excsde

Soeening
Value

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

DUFBFS tor
Pþtecllon sl

tluman
llêêlth¡¡

410
410

4,100
5,000
5,000

2

5,000
1,600

NA

NA
1,000

5,000
7.4

0.78
7.8
78

5,000
410
780
NA
0.8

5,000
5,000
5,000
4,100
5,000
5,000

B

4,1 00
100

5,000
5,000
5,000
200

lllnimum
Beporting

Llmit

0..1328

0.1328
0.33

0.0531

0.33
0.1 328
0.0531

0.1 328
0.1593

0.33
0.1328
0.0531
0.0531
0.0531
0.0531

0.0531

0.0531
0.0531

0.0531
0.339

0.0531
0.0531
0.0531
0.0531
0.0531
0.0531

0.33
0.0531
0.0531
0.0531
0.0531
0.0531
0.0531
0.1328

llaxlmum
Deleclion

7.87

0.331

0.579
0.28

0.391
0.681

0.0925

1.2

0.45

'1.15

0.229
2.7

0.356
1.03

0.644
0.t18
2.55

1.8

0.597
0.75

Numbsr of
Dotect¡ong

0

0

1

0

0

0

0
1

0
0

0
o
ó

4

3
1

0
14

2
0

0
ö

2
22

1

3
1

1

J

0
5
2
5

0

Numbsof
$ampleg

126
126
1B

125
3.1

93
39
126
126
18

125
126
126
126
126
126
126
126
126
87
126
126
126
126
126
126
18
126
126
't26

126
125
't26

125

Analyts

2,4.DINITROPHENOL
2,4-DINITROTOLUENE
2-METHYLNAPHTHALENE
2-METHYLPHENOL (O-CRESOL)

3-METHYLPHENOL
4,6- D I N ITRO-2-METHYLPHENOL
4-METHYLPHENOL (P-CRESOL)
4-NITROPHENOL

ACENAPHTHYLENE
PHENYLAMINE, AMINOBENZENE)

ANTHRACENE

BENZO(AIPYRENE
FLUORANTHENE

BENZO(KIFLUORANTHENE
BENZYL BUTYL PHTHALATE
BIS(2.ETHYLHEXYL) PHTHALATE
CHRYSENE

D IBENZ(A,H)ANTH RACEN E

DIETHYL PHTHALATE
DIMETHYL PHTHALATE
DI-N-BUTYL PHÏHALATE
DI-N-OCTYLPHTHALATE
FLUORANTHENE
FLUORENE

1,2,3-C,D)PYRENE
NAPHTHALENE
NITROBENZENE
PHENANTHRENE
PHENOL
PYRENE
PYRIDINE

ANILINE

BENZO(B

INDENO

51-28-5
121-14-2
91 -57-6
95-48-7

1 08-39-4
534-52-1

1 06-44-5
100-02-7
57-97-6

208-96-8
62-53-3
120-12-7
56-55-3
50-32-8

205-99-2
207-08-9
85-68-7
117-81-7
218-01-9

53-70-3
84-66-2
131-1 1-3
84-74-2
117-84-0
206-44-0
86-73-7

1 93-39-5
91 -20-3
98-95-3
85-01 -8

1 08-95-2
1 29-00-0
1 1 0-86-1
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TABLF -
SOIL DATA S( ,NING

FIRE TRAINING AREA - SWMU 18

DELAWARE CITY REF¡NERY
DELAWARE CITY, DELAWARE

Uncana¡nttl

95-63-6 1 o 0.14 0.01

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

1 -9 0 0.323 100 N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

DUREß$fO'
ProtectJon of

tfurnn
Heetthr

0.07
5,000
520

5.000
5,000
200
720
290

5,000
5,000
5,000

NA

5,000
5,000
5,000
5,000
5,000
5,000
1,000
2,000
2,000
5,000
2,000
5,000
2,000
5.000
5,000
5.000

410
410

5.000
2

1,600
NA

1.000
5,000

7.8
0.78
7.8
78

5,000
410
7AO

NA

ll¡n¡m$r¡
ßôporting

Limh

0.00162
0.01

0.1 62
0.007
0.007

0.00162
0.007
0.007

0.00406
0.01

0.01

0.5
0.1

0.00162
0.01

0.0141
0.007
0.007

0.00162
0.01

0.01

0.00162

0.01

0.00162
0.01

0.00162
0.00244

0.1

0.807
0.323
0.323
0.807
0.807
0.323
1.62

0.323
0.323
0.323
0.323
0.323
0.323
0.323
0.323
0.323

llarlmum

0.187

0.1 16

0.0607

0.0097

0.067
0.031

0.1488
0.0215

o.0423
0.215
0.1 53

0.4849
0.17

0.0431
0.275

Nr¡mber of
Delostbos

0

1

0

0

4
2
0

0

1

0

0

0

3
1

2

3

0

2

1

1

2

1

0

0

5
'I

0

0

0

0

0

0

0

0

0

0

0
0
0

0

0

0

18

J

18

5

5

20

5

5
20
J

J

3
20
3
2

20
F

20
3

3

17

3

20
3

20
18

o

15

15

15

15
15
'15

15

15

15

15

15

15

15

15

1

1

,1,2-DIBRCMOETHANE (ETHYLENE DIBROMIDE)
1,3,5-TRIMETHYLBENZENE (MESITYLENE)

1,4-DIOXANE (P-DIOXANE)

2.HEXANONE
ACETONE
BENZEN-
BROMOFORM
BROMOMETHANE
CARBON DISULFIDE
DIBROMOMETHANE
DICHLOROD IFLUOROMETHAN E

ETHANOL
ETHYL METHACRYLATE
ETHYLBENZENE
ISOPROPYLBENZENE (CUMENE)

META & PARA-XYLENES
METHYL ETHYL KETONE (2-BUTANONE)
METHYL ISOBUTYL KETON E (4-METHYL.2.PENTANONE)

METHYL TERT-BUTYL ETHER
N.BUTYLBENZENE
N.PROPYLBËNZENE
ORTHO.XYLENE
SEC.BUTYLBENZENE
STYRENE
T-BUTYLBENZENE
TOLUENE
ÏOTAL XYLENES
VINYL ACETATE

2,4-DINITROPHENOL
2,4.DINITROTOLUENE
2.METHYLPHENOL (O-CRESOL)
4,6.D IN ITRO-2.M ETHYLPHENOL
4-NITROPHENOL
7, 1 2-DIM=THYLBENZ(A)ANTH RACENE
ANILINE PHENYLAMINE, AMINOBENZENE)
ANTHRACENE
BENZO(A)ANTHRACENE
BENZO(A)PYRENE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZYL 3UTYL PHTHALATE
BIS(2-ETHYLHEXYL) PHTHALATE
CHRYSENE
CRESOLS, TOTAL

cÄs

1 06-93-4
1 08-67-8
1 23-91 -1

591 -78-6

67-64-1
71-43-2
75-25-2
74-83-9
75-1 5-0
74-95-3
75-71-8
64-17-5
97-63-2

100-41 -4

98-82-8
c8-38-3/1 06-42.

78-93-3
1 08-1 0-1

1634-04-4
1 04-5 1 -8
1 03-65-1

95-47-6
1 35-98-8
100-42-5
98-06-6

1 08-88-3
'1330-20-7

1 08-05-4

51 -28-5
121-14-2
95-48-7
534-52-1
100-02-7
57-97-6
62-53-3
120-12-7
56-55-3
50-32-8
205-99-2
207-08-9
85-68-7
117-81-7
218-01-9
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TABLF -
SOIL DATAS( .NING

FIRE TRAINING ARÞ(. SWMU 18
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

NOTES:

" Delaware Uniform Risk-Based Remediation Standard (DURBRSXDNREC 1999);Non-critical water resource area, restricted use
b A constituent is considered an uncerta¡nty if it ¡s detected and a screening value is not available or if the minlmum report¡ng limit exceeds the available screening value.

- not applicable
NA - Screening value not available
N = No; Y=Yes

r)

N

N

N

N

N

N

N

N

N

N

N

N

N

N

5.000

5.000

5.000

5,000

4.100

0.8

5.000

4.100
5.000

I

100

5.000

200

0.323

0.323

0.323
0.323
0.323

0.323
0.323
0.323
0.323
0.323

0.323
0.323
0.646

6.43

0
0

0

0

0

0

2

0

0

0

15
15
15
1

15
15
15
1

15
,l

15
1

15

193-39-5 IINDENO(1,2,3-C,D)PYRENE

131-11-3 IDIMETHYLPHTHALATE

53-70-3 IDIBENZ(A,H)ANTHRACENE
84-66-2 IDIETHYLPHTHALATE

84.74-2 IDI-N-BUryLPHTHALATE
117-84-O IDI-N-OGTYLPHTHALATE
206-44-0 IFLUORANTHENE

91-20-3 INAPHTHALENE
98-95-3 INITROBENZENE
85-01-8 IPHENANTHRENI
108-95-2 IPHENOL
129-OO-O IPYRENE
'r 

1 0-86-1 IPYR|D|NE
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TABLF'
SOIL DATA St :NING

WASTEWATER TREATMENT PLANT - SWMU 20a AND 20a.1
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Uncertaintf

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

Y
N

1330-20-7 AL XYLENES N

0.0534 100
N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

llaxlmum
Exceedo

Screenlng
Value

N

Y
N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

DUBBñSlor
Prolecllon ol

Human
HeatthÚ

82
4

14.000
100

31 0000
4,100
1.000

610
4.100
1,000
1.000

0.07
520
200

5,000
5,000
5.000
1,000
5,000
5,000

NA
NA

5,000

410
410
200

4,100
5.000

12
5,000

NA
2

NA
5,000
1.600
NA

5,000
NA

Uin¡mum
Roportlng

Um¡t

8-8

0.5
1-98

0.5
0.988

0.3
0.2

0.05
O.9BB

0.5
0.988

0.00188
0.188

0.00188
0.0047

0.00188
0.047

0.00188
0.00188
0.00188
0.00188

0.047
0.00188

0. 1 335
0.1335
0.335
0.335

0.0534
0.838
0.33

0.838
0.1 335
0.335

0.0534
0.1335
0.1 602
0.335
0.335

5.86
6.36
677
7.42
461

246
0.017
62.8
2.86
1.78

0.0527
0.00644
0.142

0.0502
0.0302
0.0145

o.0407
0.012

Numþer of
ÞetBçtlo¡s

2

7

I
8

I
0
I
'I

I
2

0

0

10

6

7

I
7
5

0

0

6

6

0
0

0
0

0
0

0
0
0

0

0

0

0

0

0

6

I
I
I
I
'1

I
I
I
I
I

13

13

13

13

13

13

10

10

13

10

10

13

2

I
5

5
o

5
2
5
1

5

J

3
3

5
5

Anatyle

ANÏIMONY
ARSENIC
BARIUM
CADMIUM
CHROMIUM, TOTAL
CYANIDE
LEAD

MERCURY
NICKEL
SELENIUM
SILVER

1,2-DIBROMOETHANE (EÏHYLENE DIBROMIDE)
1,4-DIOXANE (P-DIOXANE)

BENZENE
CARBON DISULFIDE
ETHYLBENZENE
MEÏHYL EÏHYL KETONE (2-BUTANONE)

METHYL TERT-BUryL ETHER
ORTHO-XYLENE
STYRENE
TERT.AMYL METHYL ETHER
TERT-BUryL ALCOHOL
ÏOLUENE

2,4-DINITROPHENOL
2,4-DINITROTOLUENE
2,6.DINITROTOLUENE
2-METHYLNAPHTHALENE
2-METHYLPHENOL (O-CRESOL)
2-NITROANILINE
3.METHYLPHENOL
3-NITROANILINE
4,6-D IN ITRO-2-MËTHYLPH ENOL
4-BROMOPHENYL PHENYL ETHER
4.METHYLPHENOL (P-CRESOL)

4-NITROPHENOL
7. 1 2-D IMETHYLBENZ(A)ANÏH RACENE
ACENAPHTHENE
ACENAPHTHYLENE

cAs

7440-36-0
7440-38-2
7440-39-3
7440-43-9
7440-47-3

57-12-5
7439-92-1
7439-97-6
7440-02-0
7782-49-2
7440-22-4

1 06-93-4
.123-91-1

71-43-2
75-1 5-0
100-41-4
7B-93-3

1 634-04-4
95-47-6

1 00-42-5
994-05-8
75-65-0

1 08-88-3

51 -28-5
121-14-2
606-20-2
91-57-6
95-48-7
88-74-4

1 08-39-4
99-09-2
534-52-'l
101-55-3
1 06-44-5
100-02-7
57-97-6
83-32-9

208-96-B

Page I of 2



TABLE ^
SOIL DATA S( :NING

WASTEWATER TREATMENT PLANT - SWMU 20a AND 20a.1
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

NOTES:

" Delaware Uniform Risk-Based Remediat¡on Standard (DURBRS)(DNREC 1999); Non-critical water resource area, restricted use
b Chromium screening value is for Chromium lll
cA constituent is considered an uncertainty if it is detected and a screening value ¡s not available or if the minimum reporting lim¡t exceeds the ava¡lable screening value.
-- not applicable
NA - Screening value not available
N = No; Y=Yes

Uncef¡a¡ntf

N

N

N

N

N

Y
N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

Max¡mum
Exceeds

Screenlng
Value

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

DURERS tor
Protectlon ol

Þluman

HealthtÞ
1,000
5,000

7.8

0.78
7.8
NA
7A

5.000
410
NA
780
0.8

820
5,000
5.000
s,000
4.100
5,000
5,000

8
5.000
4,100
100

0.8
1,200
5,000
5,000

NA
5,000
200

llinimum
Reportlng

Lim¡t

0.1335
0.0534
0.0534
0.0534
0.0534
0.335

0.0534
0.0534
0.0534
0.335

0.0534
0.0534
0.335

0.0534
0.0534
0.0534
0.0534
0.0534
0.335

0.0534
0.335

0.0534
0.0534
0.335
0.335

0.0534
0.0534
0.838

0.0534
0.1 335

llaxlmum
Þst6c1¡on

0.21
o.276
0.161

0.181
0.092
0.133

0.1522

0.31

5.75

0.741
0.044
0.0752

0.12

0.709
0.382

0.801

ilumber of
Iletoc'tions

0
1

3
1

1

1

0

1

0
2

0
0

0

0

3

0

3

I

1

0
'I

0

0

0

2
I

0
J

0

Numberol
Sarnples

3
8
8
I
8
5
B

8

I
5
o

I
5

8

Õ

8
o

I
5
Õ

5

I
I
5
5
I
J

5
I
o

Analyte

ANILINE (PHENYLAMINE, AMINOBENZENE)
ANTHRACENE
BENZO(A)ANTHRACENE
BENZO(A)PYRENE
BENZO(B)FLUORANTHENE
BENZO(G,H,r)PERYLENE
BENZO(K)FLUORANTHENE
BENZYL BUTYL PHTHALATE
BIS(2-ETHYLHEXYL) PHTHALATE
CARBAZOLE
CHRYSENE
DIBENZ(A,H)ANTH RACEN E

DIBENZOFURAN
DIETHYL PHTHALATE
DIMETHYL PHTHALATE
DI.N-BUTYL PHTHALATE
DI-N-OCryLPHTHALATE
FLUORANTHENE
FLUORENE
TNDENO(1,2,3-C,D) PYRENE
ISOPHORONE
NAPHTHALENE
NITROBENZENE
N-NITROSODI-N-PROPYLAMINE
N-N ITROSODIPHENYLAMINE
PHENANTHRENE
PHENOL
P.NITROANILINE
PYRENE
PYRIDINE

cAs

62-53-3
120-12-7
56-55-3
50-32-B

205-99-2
191-24-2
207-08-9
85-68-7
117-81-7

86-74-B
218-01-9
53-70-3

1 32-64-9
84-66-2
131-1 1-3
B4-74-2
't17-84-O

206-44-0
86-73-7

1 93-39-5
78-59-1

91-20-3
98-95-3
621-64-7
86-30-6
85-01-8

1 08-95-2
1 00-01 -6

129-00-0
1 1 0-86-1
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TABL'-
SOIL DATASS-JENING

TEL EQU¡PMENT LAYDOWN AREA. SWMU 26
DELAWARE C¡TY REFINERY

DELAWARE CITY, DELAWARE

NOTES:

" Delaware Uniform Risk-Based Remediation Standard (DURBRSXDNREC 1999); Non-critical water resource area, restricted use
b Chromium screening value is for Chromium lll
cA constituent is considered an uncertainty if it is detected and a screening value is not available or if the minimum reporting limit exceeds the available screening value.
-- not applicable
NA - Screening value not available
N = No; Y=Yes

I

N

N

N

N

N

N

Y
N

N

N

N
WEW.W!,Tþ+E
W:WY;!}WW#,

N

N

N

N

N

N

Y
N

N

N

N

N

N

N

N

: .#w,
N

N

N

N

1,000

82
4

14,000
100

3't 0,000

o.02
610

4,100
1,000
1,000M

!¡Ê¡iËi¡¡ryi¡E;:¡¡ËråEÊÃ¡g¡&

200
5,000
5,000
5,000
5,000
5,000

I
1.3

26.5
0.7
1.3

0.4
0.0502

0
5.3
0.7

0.0008

1.3

0.0008
0.0016
0.0008
0.0008

0.01

12.9
50.5
1.8

51.7
74.2

0.5
21.9
0.9
1.7

0.004
0.003

0.039
0.018

0
4
4
2
4
I
0

2
4
2
1

0

3
1

0

2
2

4
4
4
4
4
I
4
4
4
4
4

6
6
4
4
6
2

ANTIMONY
ARSENIC
BARIUM
CADMIUM
CHROMIUM, TOTAL
LEAD
LEAD, TETRAETHYL
MERCURY
NICKEL
SELENIUM
SILVER

E

ETHYLBENZENE
META & PARA-XYLENES
ORTHO-XYLENE
TOLUENE
TOTAL XYLENES

7440-36-0
7440-38-2
7440-39-3
7440-43-9
7440-47-3
7439-92-1

78-00-2
7439-97-6
7440-O2-O

7782-49-2

71-43-2

7440-22-4

100-41-4
1 08-38-3/1 06-42-3

95-47-6
108-88-3

1 330-20-7



TABLF C

SOIL DATA Sr :NING
FORMER SLURRY OIL DUMPSTER - SWMU 31

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

Uncertaint¡f

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

30 0 0.0603 100 N

N

N

N

N

N

N

N

Y
N

N

N

N

N

N

N

llaximum
Erceods

Sffêening
Value

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

DURBR$ for
Pro¡ection of

Human
lleallh!'b

82
4

14,000
100

310,000
4,100
1,000
610

4,100
1,000
1,000
1,400

0.07
520
200

5,000
5.000
5,000
1.000
5,000
5,000
5.000
5,000

410
410

s,000
5,000

2
5.000
1,600

NA
1.000
5,000

7.8
0.78
7.8
7B

5,000

ilinimum
Reporting

Limit

1.45
2

0.5
1.4

0.3
o.2

0.05
2

0.5
1

7.54

0.0009
0.0885
0.0009
0.0009
0.0009
0.0009
0.0009
0.0009
0.0009
0.0009
0.0018

0.1507
0.1507
0.0603

0.3s
0.1507
0.0603
0.1 507

0.1

0.1 507
0.0603
0.0603
0.0603
0.0603
0.0603
0.0603

2-1

44.3
0.69
14.1

25.7

10.3
0.7
0.6

27.1

0.0028

0.0296

0.1 314

0.0652
0.0797

0.36

0.996
0.334
0.245

0-1037

Number of
Dslac{ions

2
4
4
4
0
4
0
4
2
1

1

0
0

2

0
3

0
0
1

0

6
4

0

0
0
0

0

0

0
2

0
ó

3
2
1

0
0

Numbsr ol
Samples

4
4
4
4
1

4
o

4
4
4
1

30
30
30
30
30
30
13
28
30
30
30

30
28
28
2

28
1

28
30
30
30
30
30
30
30
30

Analyte

ANTIMONY
ARSENIC
BARIUM
CADMIUM
CHROMIUM, TOTAL
CYANIDE
LEAD
MERCURY
NICKEL
SELENIUM
SILVER
VANADIUM

ETHYLENE DIBROMIDE)
1,4-DIOXANE (P.DIOXANE)

BENZENE
CARBON DISULFIDE
ETHYLBENZENE
METHYL ETHYL KETONE
METHYL TERT-BUryL ETHER
ORTHO-XYLENE
STYRENE
TOLUENE
TOTAL XYLENES

2,4-DINITROPHENOL
I,4-DINITROTOLUENE

2-METHYLPHENOL (O-CRESOL)
3-MEÏHYLPHENOL
4,6-DINITRO.2.METHYLPHENOL

4.NITROPHENOL
7, 1 2.DIMETHYLBENZ(A)ANTHRACENE

ANTHRACENE

BENZO(A)PYRENE
B NE

BENZYL BUTYL PHTHALATE

1

4-MEÏHYLPHENOL

ANILINE

BENZO(A

BENZO(K

7440-36-0
7440-38-2
7440-35-3
7440-43-9
7440-47-3

57-12-5
7439-92-1
7439-97-6
7440-02-0
7782-49-2
7440-22-4
7440-62-2

VOCg(nrd.
1 06-93-4
1 23-91 -1

71-43-2
75-1 5-0
100-4t -4
78-93-3

1634-04-4
95-47-6

1 00-42-5
1 08-88-3

1 330-20-7

1 05-67-9
51-28-5
121-14-2
95-48-7

1 08-39-4
534-52-1
1 06-44-5
100-02-7
57-97-6
62-53-3
120-12-7
56-55-3
50-32-8

205-99-2
207-08-9
85-68-7
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TABLF A

SOIL DATASi ENING
FORMER SLURRY OIL DùM.PSTER. SWMU 31

DELAWARE C¡TY REFINERY
DELAWARE CITY, DELAWARE

NOTEST

" Delaware Uniform Risk-Based Remediation Standard (DURBRSXDNREC 1999); Non-critical water resource area, restricted use
bChrom¡um screening value is for Chromium lll
c A constituent is considered an uncerta¡nty if it is detected and a screening value is not available or if the minimum reporting limit exceeds the available screening value.

- not applicable
NA - Screening value not available
N = No; Y=Yes

t\
)

N

N

N

N
N
N
N

N
N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

5.000

5.000

410
780
NA
0.8

5,000
5,000
4,100

8
4,100

100

5,000
5,000
5,000
200

0.0603
0.0603

0342
0.0603

0.0603
0.0603
0.0603

0.0603
0.0603
0.0603
0.0603

0.0603

0.0603

0.0603
0.0603
0.1507

0.,1iì53

0.547

0.217

0.1031

1.1288

1 .1 915

0.721'l

2
3
0

0

0
0
3
0

1

0
1

0

1

0
1

0

28
30
27
30
30
30
30
30
28
2A

28
28
2A

28
28
28

DIBENZ(4, H)ANTHRACENE

INDENO(1.2.3-C.D)PYRENE

BIS(2-ETHYLHEXYL) PHTHALATE
CHRYSENE
CRESOLS, TOTAL

DIETHYL PHTHALATE
DIMETHYL PHTHALATE
DI.N.BUTYL PHTHALATE
DI-N-OCTYLPHTHALATE
FLUORANTHENE

NAPHTHALENE
NITROBENZENE
PHENANTHRENE
PHENOL
PYRENE
PYHIDINE

'117-81-7

21 8-0 t -9

53-70-3
84-66-2

193-39-5

131 -1 1 -3
84-74-2

1 17-84-0
206-44-0

91-20-3
98-95-3
85-01-8

1 08-95-2
1 29-00-0
1 1 0-86-1
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TAh". - 9
SOIL DATA SCREENING

OIL SEWER BACKUP AREA- SWMU 32
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Uncertaintf

VOCs lmo/koì
N

N

N

N

N

N

N

N

N

N

N

N

N

N

Itax¡mum
Exceeds

Screening
Value

N

N

N

N

N

DURBRS for
Protect¡on of

Human

Health¡'b

82
4

14,000
410
100

310,000
12,000
4,.100

1,000
610

4,1 0o
1,000
1,000
1,400

61 .000

0.07
520

5,000
200

5,000
5,000
5,000
5,000
1,000
5,000
5,000
5,000
5,000
5,000

4,100
410
410
2oo

4,100
5,000

12

5,000
NA
2

NA

ll¡n¡mum
Report¡ng

Limit

8.71

0.5
2

0.3
0.5
< ÀÈ

2
0.3
0.2

0.014
2

0.5
1

2
2

0.0009
0.0859
0.0009
0.0009
0.0009
0.0009
0.0017
0.0009
0.0009
0.0009
0.0009
0.0009

o.oo27g
0.0009

0.0569
o.1421
o.1421
0.341

0.33
0.0569
0.854
0.33

0.854
0.1421
0.341

Maximum
Detect¡on

2.1

28.6
0.5
2.2
ót
3.7
0.4
21

6.97

0.5
0.8
102
24

0.320

0.00093
0.356
2.57

0.094

3.815

0.083
0.026

132

Number of
Detect¡ons

U

2

b
4
2
b
Ã
.l

ô

0
q

1

1

6
b

0

0
q

0

1

7
I

2

0
J

0

t)

6

0

0

0
0
0
J

0
0
0

0

0
0

Number of
Samples

J

6

þ

5
b

þ

6
5

b

5
b

6
b

b

19

19

5
'19

19

19

1

19

I
15

19
lo

18
Â

6
t

19

14

19

5

14

4
14

1

14

Analyte

ANTIMONY
ARSENIC
BARIUM
BERYLLIUM
CADMIUM
CHROMIUM, TOTAL
COBALT
CYANIDE
LEAD
MERCURY
NICKEL
SELENIUM
SILVÊR
VANADIUM
ztNc

l,2.DIBROMOETHANE (ETHYLENE DIBROMIDÊ)
1 .4-DToXANE (P-DTOXANE)

ACETONE
BENZENE
CARBON DISULFIDE
ETHYLBENZENE
META & PARA-XYLENES
METHYL ETHYL KETONE (2-BUTANONE)

METHYL TERT-BUTYL ETHER
ORTHO-XYLENE
STYRENE
TOLUENE
TOTAL XYLENES
VINYL ACETATE

2,4-DIMETHYLPHENOL
2,4-DINITROPHENOL
2,4.DINITROTOLUENE
2,6-DINITROTOLUENE
2-METHYLNAPHTHALËNE
2-METHYLPHENOL (O-CRESOL)

2-NITROANILiNE
3-METHYLPHENOL
3-NITROANILINE
4,6-DINITRO-2:METHYLPHENOL
4.BROMOPHENYL PHENYL ETHER

cAs

7440-36-0
7440-38-2
7440-39-3
7440-41-7
7440-49-9
7440-47-g
7440-48-4

57-12-5
74gg-92-1
7439i-97-6
7440-02-0
7782-49-2
7440-22-4
7440-62-2
7440-66-6

1 06-93-4
1 23-91 -1

67-64-1
71-43-2
75-1 5-0
100-41-4

1 08-38-3/1 06-42-3
78-93-3

1694-04-4
95-47-6
100-42-5
1 08-88-3
1330-20-7
1 o8-05-4

1 05-67-9
51-28-5
121-14-2
606-20-2
91 -57-6

95-48-7
88-74-4

1 08-39-4
99-09-2
534-52-1
101-55-3
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TAu-.:9
SOIL DATA SCREENING

OIL SEWER BACKUP AREA- SWMU 32
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

NOTES:

" Delaware Uniform Risk-Based Remediation Standard (DURBRSXDNREC 1999); Non-cr¡tical water resource area, restr¡cted use
bChrom¡um screening value ¡s for Chromium lll
oA constituent is considered an uncertainty if it is detected and a screen¡ng value is not available or ¡f the m¡nimum reporting lim¡t exceeds the available screening value.

- not applicable

NA - Screening value not available
N = No; Y=Yes

Uncertaint¡l

llaximum
Exceeds

Screenlng
Value

DUFBRS fof
Proteet¡on of

Human
Healtht'b

5,000
1,600
NA

5,000
NA

1,000
5,000

7.8
0.78
7.8
NA
78

5,000
410
NA
780
0.8
820

5,000
5,000
5,000
4,100
5,000
5,000

8
5,000
4,100
100
0.8

1,200
5,000
5,000

NA
5,000
200

ll¡nlmum
Report¡ng

L¡m¡t

0.0569
o.1421
0.1 706
0.0569

0.33
0.1421
0.0569
0.0569
0.0569
0.0569
0.341

0.0569
0.0569
0.0569
0.341

0.0569
0.0569
0.341

0.0569
0.0569
0.0569
0.0569
0.0569

0.33
0.0569
0.341
0.33

0.0569.
0.341
0.341

0.33
0.0569
0.854

0.0569
0.1421

llaximum
tÞtect¡on

0.0399
1.02

5-J I

0.1 683
0.2456

0.17
0.461

0.8073

0.2263

o'...u0

2.08

0.3559
7.34

27.1

23-9

5.62

Number of
Detect¡ons

Numberof
Samples

5

5

5
15

18

5

19

19

19

19

14

19

19

l9
14

19

19

14
'19

19

19

19

19
19

19

14

19

19

14

14

19
Ã

14

19

18

Analyte

N- N rT ROSOD r -Ñ-p ROpYLRrr¡r N e
N-NITROSODIPHENYLAMINE
PHENANTHRENE
PHENOL
P-NITROANILiNE
PYRENE
PYRIDINE

4-METHYLPHENOL (P-CRESOL)

4-NITROPHENOL
7,1 2-DTMETHYLBENZ(A)ANTHRACENE
ACENAPHTHENE
ACENAPHTHYLENE
ANtLTNE (PHENYLAMtNE, AMTNOBENZENE)
ANTHRACENE
BENZO(A)ANTHRACENE
BENZO(A)PYRENE
BENZO(B)FLUORANTHENE
BENZO(G,H.I)PERYLENE
BENZO(K)FLUORANTHENE
BENZYL BUTYL PHTHALATE
BIS(2-ETHYLH EXYL) PHTHALATE
CARBAZOLE
CHRYSENE
DIBENZ(A,H)ANTH RACENE
DIBENZOFURAN
DIETHYL PHTHALATE
DIMETHYL PHTHALATE
DI.N-BUTYL PHTHALATE
DI-N-OCTYLPHTHALATE
FLUORANTHENE
FLUORENE
TNDENO(1,2,3-C,D)PYRENE
ISOPHORONE
NAPHTHALENE
NITROBENZENE

cAs

131-,l1-3
84-74-2

117-84-O

206-44-O

86-79-7
1 93-39-5

1 06-44-5
100-02-7
57-97-6
83-32-9
208-96-8
oà-ss-C
120-12-7
56-55-3
50-32-8

205-99-2
191-24-2
207-08-9
85-68-7
117-81-7
86-74-8

218-01-9
53-70-3

1 32-64-9
84-66-2

78-59-1
91-20-3
98-95-3
621-64-7
86-30-6
85-01-8

1 08-95-2
1oo-01-6
1 29-00-0
1 1 0-86-1
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TABLF -1
SOIL DATA S .ENING

PTERS 1, 2, AND 3 - SWMU 33
DELAWARE C¡TY REFINERY

DELAWARE CITY, DELAWARE

Uncsrta¡nly

1 a2
Y
N

N

0.3 28.7 4
40.8 14000 N

N

N

N

Y
Y
N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

0.00271 1610 5000

22 0 0.34 41 00
N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

DURBRS Tor

Proteqtlon ol
Human tþalthr

100

31 0000
1 000
0.02
610

41 00
1 000
1 000
1 400

0.07
520
200

s000
5000
5000
5000
1 000
5000
5000
5000

410
410

5000
2

5000
1 600
NA

1 000
5000
7.8

0.78
7.4
78

5000
410
780

llaxlmum
Datecllon

2.3
18.5

1.1.6

55.8

65.3

1.59
0.0092

530
3.2

0.36
ao
148

7.58

1.53
0.964
0.56

0.558
0.461

2.1

0.87

lllnllnum
RÐrtlnS

Ulntt."

0.4
0.5
0.1

0.35
Not Available

1.1

0.7
0.4
9.9

0.00181
0.16

0.001
0.002
0.001

0.001

0.002
0.00181

0.001

0.00181
0.001

0.851
0.34
0.34

0.851
0.35

0.851
0.34
0.89
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34

2
20
2
'1

2
2

0

0
2

0
0
19

0

0
I

12
4
3
6

10

0

10

0
0
0
0

0
0
0
0

5
3
1

'I

1

0
4
3

21

2
2
2
¿

J

2

2
2

2
19

22
33
22
33
12
22
22
33
22
33

22
22
22
22
3

22
22
22
22
22
22
22
22
22
22
22

Analy!q

ARSENIC
BARIUM
CADMIUM
cHROt,4t UM, TOTAL
LEAD

LEAD, TETRAETHYL
MERCURY
NICKEL
SELENIUM
SILVER

VANADIUM

1,2-DIBROMOETHANE (ETHYLENE DIBROMIDE)
1,4-DIOXANE (P-DIOXANE)
BENZENE
CARBON DISULFIDE
ETHYLBENZENE
IMEÏA & PARA-XYLENES
IVIETHYL ETHYL KETONE (2-BUTANONE)
IVIETHYL TERT.BUTYL EÏHER
ORTHO-XYLENE
STYRENE
TOLUENE

2,4-DINITROPHENOL
2,4-DINITROTOLUENE
2-METHYLPHENOL (O-CRESOL)

4,6- D I N ITRO.2.METHYLPH ENOL
4.METHYLPHENOL (P-CRESOL)

4-NITROPHENOL
7, 1 2-DIMETHYLBENZ(A)ANTH RACÊNE
ANILIN E (PHENYLAMINE, AMINOBENZENE)
ANÏHFIACENE
BENZO(A)ANTHRACENE
BENZO(A)PYRENE
BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZYL BUTYL PHTHALATE
BIS(2-ETHYLH EXYL) PHTHALATE
CHRYSENE

7440-38-2
7440-39-3
7440-43-9
7440-47-3
7439-92-1
78-00-2

7439-97-6
7440-02-0
7782-49-2
7440-22-4
7440-62-2

1 06-93-4
1 23-91 -1

71-43-2
75-1 5-0
100-41-4

1 0B-38-3/1 06-42-3
78-93-3

1634-04-4
95-47-6
100-42-5
1 08-88-3

51-28-5
121-14-2
95-48-7

534-52-1
1 06-44-5
100-02-7
57-97-6
62-53-3
120-12-7
56-55-3
50-32-8

205-99-2
207-08-9
85-68-7
117-81-7
218-01 -9
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TABLE TO

SO¡L DATAST :NNG
P¡ERS 1,2, ANDY.SWMU 33
DELAWARE CITY REF¡NERY

DELAWARE CITY, DELAWARE

NOTES:

" Delaware Uniform Risk-Based Remediation Standard (DURBRSXDNREC 1999); Non-critical water resouÍce area, restr¡cted use
-- not applicable
NA - Screening value not available
N = No; Y=Yes

)

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

0.8
NA

5000
5000
5000
41 00
5000
I

41 00
100

5000
5000
5000
200

4.2

2.67
0.199
1.63

7.53

2.48

0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34
0.34

0.681

0

0

0
0
2
0
5
1

4
0
7
0

4
0

19

22
22
22
22
22
22
22
22
22
22
22
22
22

INDENO(1.2.3-C.D)PYRENE

DIBENZ(A,H)ANTH RACENE
CRESOLS, TOTAL

DIETHYL PHTHALATE
DIMETHYL PHTHALATE
DI-N-BUTYL PHTHALATE
DI-N-OCTYLPHTHALATE
FLUORANTHENE

NAPHÏHALENE
NITROBENZENE
PHENANTHRENE
PHENOL
PYRENE
PYRIDINE

53-70-3
84-66-2

131-1 1-3

84-74-2
1 17-84-0
206-44-0
193-39-5
91 -20-3
98-95-3
85-01-8

1 08-95-2
1 29-00-0
1 1 0-86-1
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TABLE TT

SOIL DATA Sr ENING
NAPTHALENE TANK FARM - SWMU 34

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

Uncert¿¡nty

N

N

N

N

N

N
N

N

N

N

N

N

N

N

N

N

N

N

N

N
1 330-20-7 AL XYLENES o 0.00283 0.00389 5000 N N

6 0 0.349
N

N

N

N
N

N

N

N

N

N

N

N

N

N
N

N
N

llaximum
Exceeds

$øeening
Value

Y
N

N

N

N

N

N

N

N

DURBHSfoT
Protectlon of

lluman Fþaltå"

4
1 4000

100
31 0000

1 000
610

41 00
1 000
1 000

0.07
520
200

5000
5000
5000
1 000
5000
5000
5000

410
410

5000
2

1 600
NA

1 000
5000
7.8

0.78
7.8
78

5000
410
780
NA
0.8

llaximum
Detection

4.45
46.4

0.701
54.4
6.68

9.2
3.37

1.15

0.242

llinimum
Beporilng

Umit

10.7
1.07
2.15
1.07
1.07
1.07

0.107
1.07
2.15
1.07

0.00189
0.189

0.00189
0.00472
0.00189
0.0472
0.00189
0.00189
0.00189
0.00189

0.874
0.349
0.349
0.874
0.874
0.349
t./3

0.349
0-349
0.349
0.349
0.349
0.349
0.349
0.349
0.349
0.349

Numbsr of

2
6

2

6

6

0

6
1

0

0

0

0

0
0
4

0

0

0
0

0

0

0
0
0

0

0

0
0

0

0

0

0
1

0

0
0

Number ol
sq1See

6
6

6
6

6
6

6

6

6

6
6

6
6
6
6

6
6
6
6

6

6
6

6

6
6

6
6
6
6
6
6
6

6

6

6
6

ANTIMONY
ARSENIC
BARIUM
CADMIUM
CHROMIUM, TOTAL
LEAD
MERCURY
NICKEL
SELENIUM
SILVER

1,2-DIBROMOETHANE (ETHYLENE DIBROMIDE)

BENZENE
CARBON DISULFIDE
ETHYLBENZENE
METHYL ETHYL KETONE (2-BUTANONE)
MEÏHYL TERT-BUTYL ETHER
ORTHO.XYLENE
STYRENE
TOLUENE

2,4-DINITROPHENOL
2,4-DINITROTOLUENE
2-METHYLPHENOL (O-CRESOL)

ENOL
4-NITROPHENOL

ILINE H

ANTHRACENE
BENZO(A)ANTHRACENE

BENZO(B)FLUORANTHENE
BENZO(K)FLUORANTHENE
BENZYL BUTYL PHTHALATE

ET PHTHALATE
CHRYSENE
CRESOLS, TOTAL
DTBENZ(A, H)ANTH RACENE

1,4-D|OXANE (P-D|OXANE

uetals (mo
7440-36-0
7440-38-2
7440-39-3
7440-43-9
7440-47-3
7439-92-1
7439-97-6
7440-02-0
7782-49-2
7440-22-4

1 06-93-4
1 23-91 -1

71-43-2
75-1 5-0
100-41-4
78-93-3

1634-04-4
95-47-6
100-42-5
1 08-88-3

51-28-5
121-14-2
95-48-7

534-52-1
100-02-7
57-97-6
62-53-3
120-12-7
56-55-3
50-32-8
205-99-2
207-08-9
B5-68-7
117-81-7
218-01-9

53-70-3
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TABLE TT

SOIL DATA Sr. ENING
NAPTHALENE TANK H(NU . SWMU 34

DELAWARE CITY REF¡NERY
DELAWARE CITY, DELAWARE

NOTES:

" Delaware Uniform Risk-Based Remediation Standard (DURBRSXDNREC 1999); Non-critical water resource area, restricted use

- not applicable
NA - Screening value not available
N = No; Y=Yes

j

N

N

N

N

N

N

N

N
N

N
N
N

5000
5000
5000
41 00
s000

8
41 00
100

5000
5000
s000
200

0.349
0.349
0.349
0.349
0.349
0.349
0.349
0.349
0.349
0.349
0.349

o.7

0
0
0
0
0
0
0
0
0
0
0
0

b
b
b
6
6
6
6
7
b
6
6
6

INDENO(1,2,3-C,D)PYRENE

PHENOL

DIETHYL PHTHALATE
DIMETHYL PHTHALATE
DI-N-BUTYL PHTHALATE
DI-N-OCTYLPHTHALATE
FLUORANTHENE

NAPHTHALENE
NITROBENZENE
PHENANTHRENE

PYRENE
PYRIDINE

84-66-2
131-1 1-3
84-74-2
117-84-0
206-44-O
193-39-5
91 -20-3
98-95-3
85-01-8

1 08-95-2
1 29-00-0
1 1 0-86-1
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TABLE ìã"

SURFACE WATER DATA SCREEN¡NG - DRAGON RUN
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

4
ó

3

14

1 1000

20

NS

75000
1200
1200

10000

1

2

2

8

2
2

2

4

1

2

2

I
2
2
2

4

sw-18b

SW-l8a

sw-18b

0.40

4.24

0.27

0.25

0.62

0.26

40
0
50

0
20

0
0
0

4
0
5

0
2

0
0
o

'10

'10

10

10

10

10

10
'10

71432
100/.14

1634044

994058
'108883

179601231

95476
1330207Dimethvlbenzenê (Total Xvlenes)

Etl'vlbêuene
Bemene

MeIhvl tert-butvl ether

tert-Amyl Methyl Ether

Toluene
m.D-Xvlenes

o-Xvlene l'1.2-D¡methvlbenzene)

Notes:
Units are in micrograms per liter (ug/L).

NS= No screening value available

Screening Value Sources:

The document does not defin¡tively report v$hether the starìdards are for "total" or "dissolved," therefore the standards were used for both fractlorìs.
2. DNREC (2004) Water Quality Criteria for Protection ot Human Health (Fish and Water lngestion). F¡sh and Water lngestion criteria were used secondarily

because the waterbodies are not listed as Public Water Supply Sources in DNREC (2004).

4. Groundwater DURBRS for individual isomers conservatively used (DNREC 1999).
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TABLE 1I

SEDIMENT DATASCREENING - DRAGON RUN
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Notes:
'1. Surface Soil, Restricted Use Crilical Water Resource Area Delaware Un¡form R¡sk-Based Remedht¡on Standard (DURBRS) (DNREC 1999)

2. Surfacê Soil, Reslricted Use Non-Critical Water Rèsource Area DURBRS (DNREC 1 999)

3. A constiluent ¡s considered an uncertainty if it ¡s detected and a screening value ¡s nol available or ¡f the minimum report¡ng limit exceeds the ava¡lable scræn¡ng value.

NS= No screen¡ng value avai¡able

N

N

N

N

N

N

N

N

N

N

N

N

200.000
5.000,000
1.000_000

NS
5,000,000

500

70,000
2.000

NS
1 00,000
420.000

2.0
2.0
2.O

2.0
2.0
5.0

2.O

2.O

5.0

2.0
2.O

2.0

sD-o18

sD-020
sD-020

3.78

5.49
8.86

2.21

5.49
8.86

0

0

30
0

l0
10

0

0

3

0

1

1

10

10

10

10

10

10

71432
100414

1634044
994058

1 08883
1330207

MTBE

Benzene
Ethylbenzene

TAME

Toluene



TABLE
GROUNDWATER DATA SCREENING - COOLING WATER INFLUENT CHANNEL

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

t,rcfft¡¡n¡l

N

N

N

N

N

N

N

N

Y

N

N

N

N

N

N

I

I

ExcaaarE
ScßcÛ{ûg

Vdr¡c?

N

i
N

N

N

N

N

N

N

N

N

N

v
N

N

i
N

N

N

N

Y
N

N

Y
N

N

¡

Scrßn¡n0
Vâluô

9o{¡rcc

1

3
3

3
I

4

3

1

1

1

1

1

1

Scrstir¡g
Vdr¡a

'10

100
NS

10000
1 IO00

190
14

JI

380000
300

42llll

1l

12

N

1

17

ÞÍmum
Dotocüodr

LlÛl¡l

10

15

40
10

3
'I

2
10

100

20tJ

2
4

1

5

200

10

7

1

xmimum
recüo$

Um¡l

2
15

3
I
2

3
1

1

2
2

20
4t)
2
4

1

5
200

10

1

,1

1

Loc.l¡oÌt ot
Uâdm¡n

Coftc.ntr$on

t7

n
F7
ts/
t7

t/
tt

t7
.7

ca

.7

.2

F4

lla¡¡müm
Dotæbd

Colrcôoù¿üoJr

5U4

JJ- I

3.46
13-4
23-1

14

54-4

20900

.7

7!

212

1

ilhi{nullr
Ihócnôd

Cotlcürùdon

0_59

3.46
13.4

14

33.9
.3

4

20900

10.7

212

DcÞclion
f¡c$¡olcy

(96)

0
0
0

12.5
12_5

50
50
0
0
0

50
75
0
o

50
fJ

o

16.7
16,.t

0

5

lûmberd
Esþcüor$

0
0
0

0
o

1

1

1

1

0
0
0
1

0
0
1

1

1

1

0
TJ

2
2
1

t
1

0

2
2
'10

2
?
2

I

2
2
2
2
2
2
4
2
2
4
4
10

a

2
6
6

6
2
6
6
6

C^ålù¡ilûor

'l 06934

67641
71432
75252
74839
/515U

1 1lJ42 /
1330207
100414
98828

179601231
79209
78933

108101
't08872

91 203
95476
100425
994058
/5ti50

16'341144

toaaa3

74/.0360
7440'439

74i]9896
743992'l
7440020

7440439
/44ll4/3
/439496
/4:19921
/44|.lU2fJ

7742492

CåSll.slÉq

1 06-33-4

67-64-1
7'l-43-2

74-83-9
75-1 5-0

1 1lJ-42- /
1330-20-7

100-41-4

98-82-8
179601-23-1

79-20-9
78-93-3
108-10-1

108-47-2
91-20-3
9547-6
100-42-5
994-05-8
75-65-0

1 ti:J4-04-4
I {Ja-aa-3

t440-36-0
/4/-0-43-9
7440-47-3

7439-89-6
7439-92-1
7440-02-0

/44(l-4i1-9
7MO47-3
7439-89-6
7439-92-1
7440-02-0
7782-49-2

CoÍâliÌrorl

1,2-D¡bromoethane (Ethylene D¡brom¡de)

2-Hexanone
Acetone

enzene

Bromomêthane
Carbon D¡sulf¡de

yclohexane

D¡methylbenzene (Total Xylenes)l
hthylbenzene
lsoproÞvlbenzene (Oumene)

m.0-Xylenes
[/ethyl Acetate
Methvl Ethvl Kelone (z-Butanone)
Methvl lsôbutvl Ke-lone l4-Melhvl-2-Pênlânônê

lVelhvlcyclohexane
ìphthalene

c-Xvlene ( 1.2-D¡methvlbenzene)
tvrene

tert-Amvlmethvlether
lert-Buwl Alcohol
tert-Butvl lvlethvl Ëther
Toluene

Antimony
uadmrum
L;hromrum, lotal
lron
Lead
Nickel

Cadmium
ihromium. Total

lron
Lead
Nickel

Selenium
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-l)TABLÊ\-,,
GROUNDWATER DATA SCREENING . COOLING WATER INFLUENT CHANNEL

DELAWARE CITY REFINERY
DELAIIYARE CITY, DELAWARE

NA

NA
NA

NA
NA
NA
NA

NA
NA
NA

N

N

N

N

N

N

N

N

N

NS

NS

NS

NS
NS
NS

NS
NS
NS

NS

21-7
24.7
10-a

0.1

5

2'1.7

28.7
1

F7

F7

o't2

D12

308
4tìti

1 280
5.4
224
ß.7

3.ztt

308
&.2

1280
5.4

22.4

46.7

3.26

100

100
0

5()

50
'100

50

0
100

1

2
0

1

1

1

0
1

I

2
2

2
'I

2
2
1

7727379

ALK

7M
74A5'l
7482e

'14797558

14808798

1 05052
7440440

7+8/,-O

1 05-05-2

ALK

7+85-'l
74-a2-A

1 4808-79-8

744044{

ArkaInfty, totat (as (;aC(à) (mS/L)

Sulrale (as SO4) (mg/L)

lmo/L)sulÌlde.
to¡at uarDon (m(vl-ì

-.thane {uc/L)

(As Cl) lmc/Lì

Ethene (u€l/L)

Nitrooen. Nitrate lAs Nl lmo/L)
Nitrogen, Ammonia (As N) (mq/L)

ug/L - m¡crograms per liter.

mg/L - milligrams per liter.
NA - Not appl¡€ble
1 ) Total xylenês concentrat¡on was calculated as the sum of m,pxytenes plus o-Xfene (1 ,2-D¡methylbenzene) where appl¡cable
2) A constituent ¡s consideted an uncerta¡nty f it ¡s detected and a screening value is not availablê or if the m¡n¡mum reporting limit exceeds the available screen¡ng va¡ue.
Screen¡ng Value Sources:

The document does not defin¡t¡vely report whether the standards are for 'total" or "d¡ssolved," therefore the standards were used for both fract¡ons.
2. DNREC (2004) Water Quality Criteria for Pmtection of Human Health (F¡sh and Water lngestion). Fish ard Watèr lngestion criteria were used secondadly

bæuse lhe waterbodies are not listed as Rrblic Water Supply Sources ¡n DNREC (2004).

4. Groundwater DURBRS for ind¡v¡dual ¡somers consêryat¡vely ßed (DNREC 1999).
5. Groundwater DURBRS for chromium(l¡l) used (DNREC 1999).
NS - no screen¡ng vaiue ¡s available
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TABLT,

GROUNDWATER DATA SCREENING - COOuNG WATER EFFLUENT CHANNEL
DELAWARE CITY REFINERY

DELAWARË CIw' DELAWARE

ug,/L - m¡crograms per l¡ter.

mg/L - m¡ll¡grams per liter.

NA - Not applicable
1) Total xyienes concentralion was calculaled as lhe sum of m,p-Xylenes plus o-Xylene (1,2-Dimethyibenzene) where appl¡cable
2) A const¡tuent is cons¡dered an uncertainty if il is detected and a screening value ¡s not available or ¡f the min¡mum report¡ng ¡¡m¡t exceeds the available screen¡ng value.
Scræning Value Sources:

The documenl does not definitively report whether lhe standards are for "tolal" or "d¡ssolved," therefore the standards were used for both fract¡ons.
2. DNREC (2004) Water Quality Criteria for Protection of Human Heatth (F¡sh and Water lngest¡on). F¡sh and Water lngest¡on crjteria were used secondar¡ly

because the waterbodies are not l¡sted æ Publ¡c Water Supply Sources ¡n DNREC (2004).

4. Groundwater DURBRS for ¡nd¡vidual ¡somers conservat¡vely used (DNREC 1999).
NS - no screen¡ng value ¡s ava¡lable

Y

N

N

N

N

N

N

N

N

N

N

N

N

N

Y

N

N

N

N

Y

Y

N

N

7439-89-6 u 300 Y N

5 100 24'l 1770 NA

NA

NA

NA

NA
NA

NA

NA

ßxcroda
Scoertng

V.kF?

N

N

N

Y

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

Y

N

N

N

N

N

N

N

N

N

Scrr€n¡nc
Vduc

Sorrca

1

1

3

1

4

3

3
1

Scr06tún¡
Vak¡e

0.05

150

61

14

b¡

10
'100

NS

1 0000

1 1000

66
1200

610

190

14

NS

20

1200

100

NS

NS

20

75000

300

NS

NS

NS
NS

NS

NS
NS

fadlnum
De¡tccdolr

Umlt

2

15

t5

2

3

2

1

1

2

2

20

40

2

250

2

1

250

50

2

1

200

21.7

28.7

10.8

lßnlmum
OoÞcßdr

L¡mit

2
IJ

15

2

I
2

,1

,1

2
2

20

40

2

4

2

1

5

4

2

1

200

21.7

28.7

10.8

5

l"occFon sf
lLÛnrm

Concddon

D18

34

u

u

30D

D18

D'18

D35

D35

13RA

30D

ItrxlÍnlD
Oqúcld

Co{¡crlcd¡oû

'1890

3.01

oa2

2.26

0.75

18.3

3230

37700

4.21

3.51

3.88

lffítomm
Þfro¡¡d

Concmrdim

o.23

t.óJ
0.33

0.99

0.34

472
14.8

o.27

90

21.6

0.208
172

3.O7

0

0

0

100

0
0
0
0

80

80

0

80

0

0

0

0

0
ao

0

22

22

67

0
0

67

100
100

0

100

lû{¡úsd
Dc¡salk¡n*

0

0
0

I
0

0

0

0

4
4
0

4
0

0

0
0

0

4
0

2

2

6

4

0
0

2

5
o

lfr¡möorof

5
o

5
5

5
5

5

5

5

I

5
a

I
o

5

3

CAS Numþor

106-93-4

591-74-6

67-64-1

71-43-2
75-25-2
74-83-9

75-1 5-0

110-82-7
'1 330-20-7

100-41-4

98-82-8
'179601 -23-1

79-20-S

78-93-3

108-10-1

10s-47-2

91-20-3

s5-47-6

10042-5
994-05-8

75-65-0

1634-04-4
'1 08-88-3

7439-89-6

74-84-0

74-45-1

74-82-8
7727-37-9

14808-79-8

1 05-05-2
7440-44-0

'1,2-Dibromoethane (Elhylene D¡brom¡de)

2-Hexanone

Acetone

Benzene

Bromoform

Bromomethane

Carbon Disulfide

0yclohexane

Dimethylbenzene (Total Xylenes)'

Ethylbenzene

lsopropylbenzene (Cumene)

n,p-Xylenes

Methvl Acelale
Methvl Ethvl Ketone (2-Butanone)

Methvl lsobutyl Ketone (4-Methvl-2-Pentanone'

Methylcyclohexane
\,laphthalene

)-Xvlene l1 .2-Dimethvlbenzenel

Stvrene

:ert-AmvlmethVlether

rert-Butyl Alcohol

:ert-Butyl Methvl Ether

foluene

ron

:thane luo/L)

=thene 
(uo/L)

Vethane (uq/L)

!itrooen lmo/L)
iuliate (as SO¿) (mq/L)

Sulfide. Total (mo/L)

fotal Carbon lmo/L)



N

q

') z z z z z z z z z z 2 z z z z z z z z

7z z z z z z z z z z z z z z z z z z z z z z z z z

o o o o o ó o o o o ó o

oooo
N

ió
@

o
æ

ooo
ó
o@

o oo
ooo oo ooN

ooN o
oooo

Io
oo È

m
d

ó o
@

Nq
o

N
oo
o

o
ct

No
c;

o!
N

@

ci
oo
$

ooooo o{
o
N

o o
N

oN e
o*

N
ft

I
Lil

B
U)

o

T
N

o N o o N o o N

6 N 6 6 N N o o N

o o o o o o o o o o o o o o o o o o o o oo o a o o

o o o o o o o o o o o o o o o o o o o o o o o o o o

o o o o o o o o O o o o o o o o o o o o o o

o
@

N
N

o
N

oo

m
m

ñ

N

N

6
ot.

oo

oo
óo

N
oN
ooo

oo
oo

@
N

oo

o
@
@
@o

o
N
,¡5

æ
N

6

N
$

N

N
o
o

Nn{o6

o
ç
@
o

N
No
oo

o
oo
N
@

N
N

o
N

o
on
@o

N
oo
oo
N

N

o
N

N
æ
@
6
@

o
N

o

o

N

$

o
ó
N

o

@oN

o
o
N

o
o
oo

N
eo

oa
o
o
N

@o
o

o
o
4
o
E
N
I
g

ô
@

o
d
õ
co
5
oo
Ê
ô

oq
oE
c
d

l

N

o
õ
EE
Go

o

c
L!
ñ
.a

oço
o
E
?o
"¡
oq
ooc

õ
Coc

c
o
E

o
d
õc
Ëo
c
o
Eô

õ
É
og
o
ç
o

o
o
õE
q
o

oco
=x
d
E

o
oo
v
Ë
d
6'
N
o

oc
E
o
6
N
Eo

i

i

i

i

i

i
io:c
io
!c

ù!c
!ìô
*5I_
ì€)lo
J:N

):ol,m

õçoÉoo
z

ocoNcoo
c
U

o
E

_g

X

op
EIso
q
o
c
U

o
õ
E
G
E
o
N
coô
5
m

oc
e
d
E
c

o
o
à
3

oq
oog
E
c(!

d
Nc
o€ô

o

Ë
L

oE(!
.9o
:t

oË
E
i^

o
tro:
I
ö
+.

oc
o
Ncoî

ocoE
oc
L

oc
oc
d
fo

d

oÞ
E¡
.øo
cI
d
C)

oao
NcoIo
z

co
!

e

¿5

$

oc
oañ
E
c
ñ
õ
N
c
o3
t
o
E
i5
N
ñ

oc
'e

o
dõEço
E
o
i5

o
d
6ç
co
ã
fo
c
ô

oc
oE
q
d
o

=I

oc
o
c
É
d
Ê
oc
L

J
ul
=z
!o
Þ-z
t¡¡3
J
lt
G
t¡t
Eul ._.

3EË
ø=><
=bieðgõ

58Êi
a0 ' eñ
É9"'E

=säHe=
HäÊ
F
ô
E
t¡¡F

=t¡¡(J

L
Efo

I

)



oc
Ð
ll
()
nr{I
m¡
o
-tÞ

Es8
ÞËfi>Sz
Ëfiã;
!.!a, b

-1;8 ñ
H*Pd
,¿ããilm -t

!
nrttrr
L
mz
-{
C)
I

=z
mr

o!rf fD Iu tzzc.2

trfsFEfl?#zii-?.ÊqgãË3äãääiaË

ËPågågËiëËËF
3i#qååFsF'ä

Ëååä8äååå å

F¡agÉ*gäåaH.distrel
äËäãF3gäå
ËË*ãcËiä1
E.ãåëËiäi

CfrEãååå
mo{=ã !ãôo(ra5ã5

€gëÉåiã
Ð oà I d 9

1Ë€â ä;
! - É -r 5u o o --3ã igg
x6 f!gÉ
=-6õ=rËl rão

ÉÊ åáËE; =s9o@ DÈi.
åä E*å
*å ããg
=3 9äe
ìjo ocoa ô r.q 5õe õHsEø" õ;do= -iaeõ õssdr* o 

=â
* + ää,Ê
öo Eõ5q,ã ö d g
õq ó x

f,É -e äôo ã9Ø j

É6 Þ<o 
=.o-*

ãå ":
ñ= õ

ãq ËfT é
ßä 6

âE ã'e 
Ê

"[iï- zzzzz2zzzzzzzzzzzz-ßff_

¡g

zzzzz2zzzzzzzzzzzz_ffi-

-h$ NN6NNNqo)N

o
Nooo

@ooooo
q{ooN

o
o

oeoooo
Nooo

o
a
@o
o

ooooo
q{

o
N

U)
ã
mT

Ø
ã
rnT
N

A)
ã
m1
N

at)

É
lïT
N

U)
ã
mT
N

Ø
ã
mT
NnH

NooN
@oo@

q NoNÀoq

qqq üqNoûqooooN

oooNo
N

qooooooNooN

oooooooooooooo

ooooooo@oo@ao

o6ooooo

!
o
@
@
N

q
!

N
o

!

o
oo
o

{
.Lo
o
@
N

{
Ào
o
@

{
{
o

{Ào
@
@{
o

!{o
N
A
N

c
N
N

{À
o
oo
o

!
o
o
o

!
o
Åo
@

{
Èo
{
o

!
o
@
@
N

{Ào
@
@{
o

{{
@
N
à
@
Nffin

6
L
I
4
3o5

tr
6
Ø

eI
3o
ãc

o-

E
c
aã
o
o

ø
?oo
c
Þo
3-
3

õ'
9.

8.
Ø
o

õ
g.
To
Ðo

ã
Ð

E
Þ:
tr
3

ã
E
l¿
3o

ã
É
coo
3

3

-o
o

=oõc
?

6',ø

ôô
z
õ'
o

E
õ
9.

I
õo
õ

o
ø
9.
oè
gl
o
Ë'
3

g
ø
9.

I
oJ
o
E.
E
3

I
6'
9.
oa
6-ñã

-o
o;
o¡

-
Þ_

o
=ô
3
E'
3

io
!¿
g'.

o

t

N

{



TABLE 17
SEDIMENT DATA SCREENING . COOLING WATER EFFLUENT CHANNEL

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

of OilREC Sr¡rfaco

Soll DURBãd
nepoltklg

Unll
ãoport¡nS

Llmla
Mßct6d

Coûlc€ntreüon
Oñcred llaxknum

Concantra$on
Surf¡co S{úl

ouR6nsz
Scrßoîlng

v¿hF?
UBcortalnty

N

N

N
Y

Y
N

N

N
N
N

N
Y

N
Y

¡

N
N
N

N

N
N

N

N

N

N

N

N

N

N
N

\
7440-22-4

4.

N
N

N
N

N
N
N

N
N
N

N

N
N
N

N
N
N

N
N
N

N
N

N
N

N
N

N

N
N

Y

N

N

N

N
N
N

N

520000
5000000
200000

5000000
5000000

67
5000000

1 00000
5000000
5000000
5000000

41 00000
41 0000
41 0000

5000000
2000

5000000
1600000

620
5000000

7AO

78000
5000000

tat)
5000000
4 1 00000

7800
5000000
5000000

3.8
100

310000
4loo
'I OOO

610
4100
1 000

6t0
1 9000

500
10000
70000

10
420000

40
41 0000
24000

1 00000

7300
730
730

.r 
8000
37

1 800
6000

5000000
ftìll

78000
5000000

7AO

3700000
7300
7800

5000000
'1700000

2.9
38

31 0000
200

1 000
10

650
2f;

SDEF-2

SDEF-2
sDH--l
SDEF-2

sDtF-2
SDEF-2
SDEF-3

'180

25
2.43

70

*
0.303
u

110

8.49
144
28

22
0.1 53
2.

250
1200
250
250
250
250
490
110
25fl
250
250

1 100
570
1t0
110
570
110
570
230
110
110
110
'n0
110
110
230
110
110
110

1.35
067
o.67

o.37
0.67

o.212
0.67

110
540
110
110
110
110
220
75

110
110

750
370
75
75
370
75
370
150
75
75
75

75
75
160
75
75
75

0.85
o.42

0.42

0.25
o.42

o.42
0.85

1

o.l

0

0
o
0
0
0
0
0
0
0

0
0

0
0
0
0
0
0
0
t,

U

0
100
0
0
0

100
100

100

100

100
0

ltullüer oÍ
Sampho

NumDor ol
Dclocüoris

ArÞtylo cÂs

0

0

0
0
0
0
0
0
0

0
0

0
0

0
0

0
0

0
0

0
o
0

3

0

U

J

J

J

J

J

ó
J

J

J

J

'123-91-1

78-S3-3
71-43-2
75-1 5-O

106-93-4

98-95-3
95-47-6

1 08-88-3

105-67-9
51-28-5
121-14-2
95-44-7

534-52- t

'loo-o2-7

1 1 9-93-7

50-32-8
207-OA-9

85-68-7
53-70-3
131-1 1-3
't17-84-0

1 93-39-5
85-01 -8
129-00-0

1440-34-2
7440-43-9
7440-47-3

57-12-5
7439-92-1
7439-97-6

7782-49-2

1,4-Dioxane
2-Butanone
Benzene
Carbon Disulf¡de
Ethylbenzene
EthVlene D¡bromide
m&DXvlene
Nilrobenzene
0-xylene

tvrene
ïoluene

2,4-DimethylÞhenol
2,4-DinitroÞhenol
2,4-Din¡trotoluene
2-Methylphenol
4.6-Dinitro-2-methvlDhenol
4-Methvlohenol
4-Nrtrophenol
7'.1 2-U¡methvlbenz(a)anthracene
Anlhracene
Benzo(alpyrene

enzo{k)tluoranthene
Butvl benzvl ohthalate

Drmetnu ohthalate
¡-n-octvl ohthâlete

lndenol1.2.3-cdlovrene
Phenanthrene

lrene

Total Arsenic
I otal Oadm¡um
Total Chrom¡um'
fotal Cvanidea
¡ otal Lead
fotal Mercurv
fotal Nickel
I otal selen¡um

Notes:
NS= No screening value available
NA - Not appl¡cable
1 . Surface Soil, Resf¡cted Use Crit¡cal Water ResoLrce Area Delaware Un¡form Risk-Based Remed¡atjon Standard (DURBRS) (DNREC 1999)
2. Surface Soil, Restricted Use Non-Crit¡cal Waler Resource Area DURBRS (DNREC 1999)
3. Screen¡ng value for chrom¡um (lll) was used as a surrogate.
4. Screening value for free cyan¡de was used as a s.lrrogate.



TABLE .,
SUMMARY OF COPCs

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

Nots:
Groundwaler and surface water values shown in ug/L; so¡l and sediment values shown in møkg.

CWIC = cool¡ng water ¡ntake channel; CWEC = cool¡ng water effluent channel; SWMU = sol¡d wæte managemenl unit

MTBE = methyl tert-bulyl ether

a- Non-crit¡cal water resource area, restricted use Delaware Un¡form R¡sk-Based Remediat¡on Standard (DURBRS) (DNREC 1999) .

b.GroundwaterDURBRS(DNREC1999). DNRECprov¡destwoDURBRSSforsomeconstituents. Thehighervalueswereused¡nthisr¡skevalualiongiventhatthe

standards are for'Total'or "d¡ssolved," therefore the standards were used for both fract¡ons.

d. Cr¡tical water resource area, restr¡cted USeDURBRS (DNREC 1 999)

Lqcstlorrl lledium Chemlcal cAs
llaxlmum
I¡etected

Concentralloû

Location of
lla¡imum
OeteclÊd

Concêntrat¡on

Number of
0eteclþns

l{umber
of

SampÞe

DêtêcÎ¡on
Frequency

(%)

llumber ol
Excçcdanoes Value

Screenlng
Vah¡e

Source

'13 o

a
a
a

e

No COPCs

a
e

No COPCs
a
a

No COPCs

b
b
c
b
b

b
c
b

No COPCs

3.8
61 000
o.78
41 00

4
3.8

3.8
3.8

3.8
3.8

300
300
14
20
20

300
14.O

20

2.9

5
1

2
a

7
12

4
2

JO

1

1

1

2
4
2
2
1

2

J

70
100

5.4
49
7A
88

JO

100

95
aa

50

30
50
75
100
100
bt

100

JI

J/

ót
37
23
75

I
4

21

b

2

2
'10

10
4
e

I
o

.J

26
.5t

2
18

18
66

7
4

20
2

1

3
5
3
3
I
b

J

TP1 1

TP1 1

TP3B
TP168
FSSB

s15-tj849

S2OA1-SB7 &
S2OA1-SB9

268-3

S33.S88
S34-SB1 K

F7

F7
F7
F7
F7
34

D18
D18

SDEF.2

31 .2

89100
0.996
1 7300
7.47
16.8

6.36
12.9

28.7
4.5

20900
21200
504
80

54.4
38700

1 890
37770

25

7MO-38-2
7439-89-6

50-32-8
91 -20-3

7440-38-2
7MO-3A-2

7440-38-2
7440-38-2

7MO-34-2
7440-38-2

7439-89-6
7439-89-6
71-43-2

1634-04-4
91 -20-3

74:ì9-89-6
71-43-2

1634-04-4

7440-38-2

Arsenic
ron

Benzola)DVrene
NaDhthalene
Arsenic
Arsenic

Arsenic
\rsen¡c

Arsenic
Arsenic

lron ldiss.)
lron (total)

Benzene
MTBE
NaÞhthalene
lron ltotal)
Benzene
IMTBE

Arsenic

SWMU 14, Unit F, Area A, Woodpile Area
SWMU 14, Unit F, Area A. WoodDile Area
SWMU 14, Unit F, Area A. WoodDile Area
SWMU 14, Unit F, Area A, Woodp¡le Area

SWMU 14. Unit F. Areas B throuoh G

SWMU 15
SWMU 18

SWMU 20a & 20a.1
SWMU 26
SWMU 31

SWMU 32
SWMU 33
SWMU 34

Draoon Run
;ool¡na lvater lntslê Channel ând Coolino I

CWIC
cwrc
cwrc
cwrc
cwtc
CWEC
CWEC
CWEC

CWEC
loolino Wata¡ Effhnnt Channel . Sedimenl

CWEC
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TABLE 19
RISKS AND HAZARDS FROM INGESTION OF SOIL BY AN INDUSTRIAL WORKER, SWMU 13

DELAWARE CITY REFINERY
DELAWARE C¡TY, DELAWARE

Hazard lndex = 0.01 Total Cancer Rlsk = 2E-06

lntake (mg/kg-day) =

Parameter Un¡t Value Source

Cs.lngR.EF-ED.CF
BW"AT

lngR - lngestion rate for soil = mg/day 100 USEPA 2OO2

Cs - ConcenÍation in soil = see below

EF - Exposurefr€Qu€nc|= days/year 225 USEPA 2OO2

ED - Exposureduration = years 25 USEPA 2OO2

CF - Conversion factor = kg/mg 1.00E-06
BW - Body weight = kg 70 USEPA 2OO2

ATn - Averaging time - noncarcinogenic = days 9125 USEPA 2OO2

- Averaging time - carcinogenic = days 25550 USEPA 2002AT

3. 3 0.01 1
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TABLE 20
RISKS AND HAZARDS FROM DERMAL EXPOSURE TO SOIL BY AN INDUSTRIAL WORKER. SWMU 13

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

Hazard lndex = 0.002 Total Cancer Risk = 3E-07

1 - Values are chemical-specific; arsen¡c ABS = 0.03 (USEPA 2004).

lntake (mg/kg-day) =

Parameter Source

CS.SA.AH.ABS-EF.ED.CF
BW*AT

Unit Value
Cs - Concentration in soil = see below

SA - Surface area available for 3300 USEPA 2OO4l€=
AF - Adherence factor = 0.2 USEPA 2OO4

ABS. fraction = see Note 1 USEPA 2004

EF 225
ED 25

USEPA 2OO4

USEPA 2OO4

frequency =
duration =

daysAÏ
A

CF - Conversion factor =
BW-

1.00E-06

25550

70

91 25

USEPA 2OO4

USEPA 2OO4

USEPA 2OO4time
time -

rc --
lC=
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TABLE 21

RISKS AND HAZARDS FROM INHALAT¡ON OF FUGITIVE DUST BY AN INDUSTRIAL WORKER. SWMU 13
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

threshold value of wi atTm= m/sec 11.32 USEPA 2OO2

Hazard Index = 0.0000005 Total Cancer Rlsk = 8E-1 1

lntake (mg/kg-day) = Ca-lnhR-EF.ED.ET.RF
BW-AT

Parameter Unit Value Source
Ca - Concentration in air =

lnhR - lnhalation rate =
EF- USEPA 2OO2

see below

225
0.83

Calculated

USEPA 2OO2

ED- duration = 25 USEPA 2OO2

lcRP 19680.75RF - Retention factor =

time =ET.

BW-
AT

70

25550
91 25

USEPA 2OO2

USEPA 2OO2

USEPA 2OO2time

time -

Ca - Concentration in ãir (mg/m3) = Cs . IiPEF see below Calculated
Cs - Concentration in soil = see below

PEF - Particulate Emission Factor = 1.1 1E+09 Calculated

57.21Q/C per
PEF (ms/kg) =

ion factor =
V - Fraction of COVêI. = 0.40

- Mean annual m/sec 4.00

function = 1.94E-01 USEPA 2002

o/c per

A-d constant = 14.0111 USEPA 2002
B-d constant = 19.6154 2002
c- constant = 225.3397 USEPA 2002

- affected area of site acres 6.1 1

3.74E+00 I¡lTflI¡I
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TABLE 22
RISKS AND HAZARDS FROM ¡NGESTION OF SOIL BY AN INDUSTRIAL WORKER

swMU 14, uNtT F, AREA A (WOODP|LE AREA)
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Hazard lndex = 0.1 Total Cancer Risk = 4E-06

NA = Not Available

lntake (mg/kg-day) =

Parameter Source

Cs*lngR*EF*ED'CF
BW-AT

Unit Value
Cs - Concentration in soll = mg/kg see below

lngR - lngestion rate for soil = mg/day 100 USEPA 2OO2

USEPA 2OO2EF - Exposurefreeuencv= days/year 225
ED - Exposureduration = years 25 USEPA 2OO2

CF - Conversion factor = ks/ms 1.00E-06

BW - Body weight = kg 70 USEPA 2OO2

USEPA 2OO2AT. - Averaginq time - noncarcinooenic = days 9125

AT" - Averaging time - carcinogenic = days 25550 USEPA 2OO2

Metals
Arsenic 4.66E+00 4.10E-06 3.00E-04 0.01 1.47E-06 1.50E+00 2E-06

SVOCs
Næhthalene 2.15E+03 1.89E-03 2.00E.02 0.09 6.76E-04 NA
Benzo(a)pyrene 8.57E-01 7.55E--07 NA 2.708-07 7.308+00 2E-06

J
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TABLE 23
RISKS AND HAZARDS FROM DERMAL EXPOSURE TO SOIL BY AN INDUSTRIAL WORKER

swMU 14, UN|T F, AREA A (WOODP|LE AREA)
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Haza¡d lndex = 0.08 Total Cancer Rlsk = 6E-07

1 - Values are chemical-specific. Arsenic ABS = 0.03 (USEPA 2004); naphthalene ABS = 0.'l 3 (USEPA 1 995); benzo(a)pyrene ABS = 0.1 3 (USEPA 2004).

NA = Not Available

lntake (mg/kg-day) =

Parameter Source

Cs-SA-AH.ABS.EF.ED-CF
BW-AT

Unit Value
Cs - Concentration in soil = mq/kg see below

SA - Surface area available for exposurê = cm'lday æOO

AF - Adherence factor = mg/cmz 0.2

USEPA 2OO4

USEPA 2OO4

ABS - Absorption fraction = see Note 1 USEPA 1995,2004
EF - Exposurefreeuencv= days/year 225 USEPA 2OO4

USEPA 2OO4ED duration = 25

1.00E-06CF - Conversion factor =
BW - Body weight = kg 70 USEPA 2OO4

AT" - Averaqinq time - noncarcinoqenic = days 9125 USEPA 2OO4

AT" - Averaging time - carcinogenic = days 25550 USEPA 2OO4

Meta¡s
Arsen¡c 4.66E+00 8.1 3E-07 3.00E-04 0.003 2.90E-07 1.50E+00 4E-07

SVOCs
Naphthalene 2.158+03 1.62E-03 2.00E-02 0.08 5.80E-04 NA
Benzo(a)pyrene 8.57E-01 6.48E-07 NA 2.318-07 7.30E-01 2E-07
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TABLE 24
RISKS AND HAZARDS FROM INHALATION OF FUGITIVE DUST BY AN INDUSTRIAL WORKER

swMU 14, UN¡T F, AREA A (WOODPILE AREA)
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

threshold value of atTm= m/sec '11.32 USEPA 2OO2

Hazard lndex = 0.0001 Total Cancer Risk = 1 E-10
NA = Not Available

lntake (mg/kg-day) =

SourceParameter
Ca - Concentration in air =

Ca"lnhR-EF.ED.ET-RF
BW-AT

Unit Value

lnhR - lnhalation rate = /hr
see below
0.83

Calculated

2002
EF- re 225 USEPA 2OO2

USEPA 2OO2

ET.
ED 25

B

duration =
time -

RF - Retention factor = 0.75 1 968

BW- 70 USEPA 2OO2

A
ti

time - 91 25
25550

USEPA 2OO2

U 2002

Ca - Concentration in air Cs. 1/PEF see below Calculated
Cs - Concentration in soil = see below

PEF - Particulate Emission Factor = 8.87E+08 Calculated

PEF m3

67.55
COVêÍ =V - Fraction of 0.11

- Mean annual m/sec 4.00

- UmiUt function = 1 2002

Q/C (g/mz per kgims) = A.(exp((lnA,it"-B)'?/C)

14.01 11constant = USEPA 2OO2A

c-di
constant =
constant -

19.61 54
225.3397

USEPA 2OO2

USEPA 2OO2

- affected area of site acres 2.2

Metals
Arsenic 4.66E+00 5.268-09 2.30E-10 3.00E-04 0.000001 8.648-12 1.50E+01 1E-10
SVOCs
Naphthalene 2.428-06 1.06E-072.1 5E+03 8.60E-04 0.0001 3.99E-09 NA
Eenzo(a)pyrene 8.57E-01 9.67E-10 4.24E-11 NA 1.59E-12 3.1 0E+00 5E-t2
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TABLE 25

RISKS AND HAZARDS FROM INGESTION OF SOIL BY AN INDUSTRIAL WORKER
swMU 14, UN|T F, AREAS B THROUGH G

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

Hazard Index = 0.01 Total Cancer Risk = 2E-06

) Notes:

NA = Not Available

lntake (mg/kg-day) =

Parameter SourceUnit Value

Cs-lngR-EF.ED-CF
BW-AT

Cs - Concentration in soil = mgikg see below
lngR - lngestion rate for soil = mg/day 100 USEPA 2OO2

EF - Exposure frequency = days/year 225 USEPA 2OO2

ED - Exposure duration = years 25 USEPA 2OO2

CF - Conversion factor = kg/mg 1.00E-06
BW - Body weight = kg 70 USEPA 2OO2

AT
A time -

time -
91 25

25550

USEPA 2OO2

USEPA 2OO2

Metals
Arsenic 3.86E+00 3.40E-06 3.00E-04 0.01 1.21 E-06 1.50E+00 2E-06
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TABLE 26
RISKS AND HAZARDS FROM DERMAL EXPOSURE TO SOIL BY AN INDUSTRIAL WORKER

swMU 14, uNtT F, AREAS B THROUGH G
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Hazard lndex = 0.002 Total Cancer Rlsk = 4E-07

Notes:

1 - Values are chemical-specific. Arsenic ABS = 0.03 (USEPA 2004); naphthalene ABS = 0.13 (USEPA 1995); benzo(a)pyrene ABS = 0.13 (USEPA 2004).

NA = Not Available

lntake (mg/kg-day) =

Pafameter Source

Cs-SA-AH-ABS-EF-ED-CF
BW*AT

Unit Value

USEPA 2OO4

Cs - Concentration in soil = see below

3300SA - Surface area available for
AF - Adherence factor = mg/cm" 0.2 USEPA 2OO4

ABS - Absorption fraction = see Note 1 USEPA 1995,2004
EF - Exposurefrequency= days/year 225 USEPA 2OO4

ED - Exposure duration = years 25 USEPA 2OO4

CF - Conversion factor = kg/mg 1.00E-06
BW - Body weight = kq 70 USEPA 2OO4

ATn - Averaging time - noncarcinogenic = days 9125 USEPA 2OO4

AT" - Averaging time - carcinogenic = days 25550 USEPA 2OO4

Metels
Arsenic 3.86E+00 6.738-07 3.00E-04 0.002 2.408-07 1.50E+00 4E-07
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TABLE 27
RISKS AND HAZARDS FROM INHALATION OF FUGITIVE DUST BY AN INDUSTRIAL WORKER

SWMU 14, UNIT F, AREAS B THROUGH G
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

threshold value of wi atTm= m/sec 11.32 USEPA 2OO2

Hazard Index = 0.000001 Total Cancer Risk = 1 E- 1 0Noles:
NA = Not Available

lntake (mg/kg-day) =

Source

Ca.lnhR*EF.ED*ET.RF
BW-AT

Parameter Unlt Value
Ca - Concentration in air = mg/mo see below Calculated

lnhR - lnhalation rate = mo/hr 0.83 USEPA 2OO2

EF - Exposure frequency = days/year 225 USEPA 2OO2

USEPA 2OO225
IET-

ED- duration =
time =

factor = 0.75 RP 1968
BW. 70 USEPA 2OO2

91 25 USEPA 2OO2

USEPA 2OO225550
A

AT
time - noncarci

time - carci
lC=
rc=

Ca - Concentration in air Cs. 1/PEF see below Calculated
Cs - Concentration in see

PEF - Particulate Emission Factor =

PEF

7.08E+08 Calculated

factor =
COV€Í =V - Fraction of 0.1 1

53.91 Calculated

- Mean annual m/sec 4.00

F

constant = 14.01 1 1 USEPA 2OO2

1.94E-01 USEPA 2002

A-di
Q/C (g/m2 per kg/m3) =

B- constant = 19.61 54 USEPA 2OO2

c- constant = 225.3397 2002
affected area of site acres 8.94

Mêtals
Arsenic 3.86E+00 5.46E-09 2.39E-10 8.97E-120.000001 1.50E+01 1E-10
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TABLE 28

RISKS AND HAZARDS FROM INGESTION OF SOIL BY AN INDUSTRIAL WORKER - SWMU 15
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Hazatll Index = 0.01 Total Cancer Risk = 2E-06

lntake (mg/kg-day) =

Parameter Source

Cs*lngR*EF.ED*CF
BW-AT

Un¡t Value
Cs - Concentration in soil = mq/kq see below

USEPA 2OO2lngR - lnqestion rate for so¡l = mq/day 100

EF - Exposure frequency = days/year 225 USEPA 2OO2

CF - Conversion factor = kq/mq 1.00E-06

USEPA 2OO2ration =ED - Exoosure du vears 25

BW - Body weisht = ks 70 USEPA 2OO2

ATn - Averaging time - noncarcinogenic = days 9125 USEPA 2OO2

Aï" - Averaging time - carcinogenic = days 25550 USEPA 2OO2
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TABLE 29

RISKS AND HAZARDS FROM DERMAL EXPOSURE TO SOIL BY AN INDUSTRIAL WORKER. SWMU 15
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Hazard lndex = 0.002 Total Cancer Risk = 3E-07

1 - Values are chemical-specific; arsenic ABS = 0.03 (USEPA 2004).
I
)

I

lntake (mg/kg-day) =

Parameter Source

CS-SA'AH-ABS-EF-ED-CF
BW-AT

Unit Value
see below

USEPA 2OO4cm'lday gg00
Cs - Concentration in soil =

SA - Surface area available for
AF - Adherence factor = mg/cm' 0.2 USEPA 2OO4

ABS - Absorption fraction = see Note 1 USEPA 2004
EF - Exposure frequency = days/year 225 USEPA 2OO4

ED - Exposureduration = years 25 USEPA 2OO4

USEPA 2OO4

CF - Conversion factor =
'1.00E-06

BW - Body weight = ks 70
Aïn - Averaging time - noncarcinogenic = days 9125 USEPA 2OO4

AT" - Averaging time - carcinogenic = days 25550 USEPA 2OO4

3.00E-04
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TABLE 30

RISKS AND HAZARDS FROM INHALATION OF FUGITIVE DUST BY AN INDUSTRIAL WORKER. SWMU 15
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

- Mean annual m/sec 4.00

Hazard lndex = 0.000001 Total Cancer Risk = 1 E-10

lntake (mg/kg-day) = Ca*lnhR*EF*ED*ET.RF
BW-AT

Parameter Unit Value Source
Ca - Concentration in air = mg/m" see below Calculated

lnhR - lnhalation rate = m'/hr 0.83 USEPA 2OO2

EF - Exposurefrequency= days/year 225 USEPA 2OO2

ED - Exposure duration = years 25 USEPA 2OO2

ET - Exposure time = hrlday I Sitespecific
RF - Retention factor = 0.75 tcRP 1968

BW - Body weight = kg 70 USEPA 2OO2

Aïn - Averaging time - noncarcinogenic = days 9125 USEPA 2OO2

AT" - Averaging time - carcinogenic = days 25550 USEPA 2002

Ca - Concentration in air (mg/m3) = Cs . 1/PEF see bdow Calculated
Cs - Concentration in soil = mg/kg see below

PEF - Particulate Emission Factor = mIt<g 7.57E+08 Calculated

pEF (mVkg) = (o/c).3600(0.036.( 1 -v).(u*/ut)3.F(x)
per

0

Q/C - Dispersion factor =
V - Fraction of COVêÍ =

64.78 Calculated

ut- threshold value of atTm= m/sec 11.32 USE 2002
U function = 1.94E-01 USEPA 2002

Q/C (g/m'?per kg/m3)

A- ion constant = 14.01 fi USEPA2002
B- ion constant = 19.6154 USEPA 2002
c- ion constant = 225.3397 PA 2002

- affected area of site acres 2.83

0 0.000001
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TABLE 31

RISKS AND HAZARDS FROM INGESTION OF SOIL BY AN INDUSTRIAL WORKER - SWMU 20a AND 20a.1
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Hazard Index = 0.01 Total Cancer Risk = 2E-06

lntake (mg/kg-day) =

Pafameter Unit Value Source

Cs.lngR*EF*ED*CF
BW-AT

Cs - Concentration in soil = mg/kg see below
lngR - lnqestion rate for soil = mq/day 100 USEPA 2OO2

EF - Exposure frequency = days/year 225 USEPA 2OO2

ED - Exposureduration = years 25 USEPA 2OO2

CF - Conversion factor = kg/mg 1.00E-06
BW - Body weiqht = kq 70 USEPA 2OO2

ATn - Averaging time - noncarcinogenic - days 9125 USEPA 2OO2

- Averaging time - carcinogenic = days 25550 USEPA 2002

1.50E+00
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TABLE 32
RISKS AND HAZARDS FROM DERMAL EXPOSURE TO SOIL BY AN INDUSTR¡AL WORKER - SWMU 20a

AND 20a.1
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Hazard lndex = 0.003 Total Cance¡ Risk = 5E-07
NOTE:
'| - Values are chemical-specific; arsenic ABS = 0.03 (USEPA 2004).

factor =AF-

lntake (mg/kg-day) =

0.2

Unit SourceParameter
Cs - Concentration in

SA - Surface area available for

Value

3300

see below

USEPA 2OO4

USEPA 2OO4

Cs.SA-AH.ABS.EF-ED-CF
BW-AT

ABS - Absorption f raction =
ure 225

see Note 1 USEPA 2004

ED - Exposureduration = years 25

USEPA 2OO4

USEPA 2OO4

EF-

CF - Conversion factor = kgimg 1.00E-06
BW - Body weight = kg 70 USEPA 2OO4

ATn - Averaging time - noncarcinogenic = days 9125 USEPA 2OO4

AT" - Averaging time - carcinogenic = days 25550 USEPA 2OO4

5 8. -04 0.003 3.12E-07



TABLE 33
RISKS AND HAZARDS FROM INHALATION OF FUGITIVE DUST BY AN INDUSTRIAL WORKER. SWMU

20a AND 20a.1
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

lntake (mg/kg-day) = Ca-lnhR-EF-ED-ET.RF
BW-AT

Parameter Unit Value Source
Ca - Concentration in air = see below Calculated

lnhR - lnhalation rate = m"/hr 
***

0.83 USEPA 2OO2

EF-
ÈD

Expo.sure. frequençy_= . *.d-ays/yea¡_. ???
- Exposure duration = years 25

USEPA 2OO2

USEPA 2OO2

- ET Lxposure timg.=",-, . . htldgy*---. B _* **"*9"",.l1sp.ecif ic ,_ ..,_ _"_

RF - Retention factor = 0.75 ICRP 1968

2002
ATn - Averaging time - noncarcinogenic = days 9125 USEPA 2002

AJç -.åvera,qif-S",!ime - carcinogenic = days 25550 USEPA 2002

Ca - Concentration in air (mg/m3) = Cs . 1/PEF see below Calculated

Cs - Concentration in soil = see below

PEF - Particulate Emission Factor = mt/kg 6.968+08 Calculated

pEF (m3/kg) = (o/c).3600/(0.036.(1 -v).(
Q/C - Dispersion fãctôi = glm2 per kgimt 47.64

un/ur)3.F(x)

V - Fraction of vegetative"cove.r._= 
"""

U, - Mean annual windspeed =
U, - Equivalent thresholdvalue oì windspeed 

?_f 7 y =
F(x) - Um/Ut-dependent f unction =

Q/C (g/m2 per kg/m3) = A.(exp((tnA.¡,"-B)?C)

.^ A - dispersion cons_tant = . _*
B - dispersion constant
C - dispersion constant =

m/sec

mtsèò" 11.32

1.e4E:öî

Calculated

b¡te-è'pecìt¡c'

Site-specifiq
USEPA 2OO2

USEPA 2OO2

0.20
4.00

14.011 r USEPA 2002

19.6154 USEPA 2002"225.99s7 
USrpn'äooz

Asire - affected area of site (acres) = acres 20.27 Site-specific 
.

Hazard lndex = 0.000001 Total Cancer Risk = 2E-10

lnhalatlon
Cancór Slopo

Factor
1(mg{(gday} Canôsr Flsk

3.15 -10 0.000001 1.18E-11 2E-10ËHL
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TABLE 34

RISKS AND HAZARDS FROM INGESTION OF SO¡L BY AN INDUSTRIAL WORKER. SWMU 26
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Hazard lndex = 0.04 Tolal Cancer Rlsk = 6E-06

lntake (mg/kg-day) =

Parameter Source

Cs.lnoR*EF*ED*CF
BW-AT

Unlt Value
Cs - Concentration in soil = mg/kg see below

lngR - lngestion rate for soil = mg/day 100 USEPA 2OO2

EF - Exposure frequency = days/year 225 USEPA 2OO2

ED - Exposure duration = years 25 USEPA 2OO2

CF - Gonversion factor = kg/mg 1.00E-06
BW - Body weight = kg 70 USEPA 2OO2

ATn - Averaging time - noncarcinogenic - days 9125 USEPA 2OO2

AT" - Averaging time - carcinogenic = days 25550 USEPA 2OO2

Metals
Arsenic 1.29E+01 1.14E-05 3.00E-04 0.04 4.06E-06 1.50E+00 6E-06
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TABLE 35
RISKS AND HAZARDS FROM DERMAL EXPOSURE TO SOIL BY AN INDUSTRIAL WORKER. SWMU 26

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

Hazard Index = 0.007 Total Cancer Rlsk = 1E-06

1 - Values are chemical-specific; arsenic ABS = 0.03 (USEPA 2004).

lntake (mg/kg-day) =

Parameter SourceUnit Value

Cs-SA.AH.ABS.EF.ED.CI-
BW*AT

Cs - Concentration in soil = mg/kg see below
SA - Surface area available for USEPA 2OO4cm'lday 3300

AF - Adherence factor = mg/cm' 0.2 USEPA 2OO4

ABS- Absorption fraction = see Note 1 USEPA 2004

EF - ExposurefreÇuenct= days/year 225 USEPA 2OO4

ED. duration = USEPA 2OO425

CF - Conversion factor = kg/mg 1.00E-06

BW - Body weiqht = kq 70 USEPA 2OO4

ATn - Averaging time - noncarcinogenic = days 9125 USEPA 2OO4

AT. - Averaqinq time - carcinooenic = days 25550 USEPA 2OO4

Metals
Arsenic 1.29E+01 2.25E-06 3.00E-04 0.007 8.03E-07 1.50E+00 1 E-06

J



TABLE 36
nrdxs AND HAZARDs FRoM TNHALATToN oF FUcrrvE DUsr By AN TNDUsTRTAL woRKER - swMU 26

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

lntake (mg/kg-day) =

Source

Ca-lnhR-EF.ED.ET.RF
BW-AT

Parameter Unit Value

USEPA 2OO2

Ca - Concentration in air = mg/m' see below Calculated

ED - Exposureduration = years 25

USEPA 2OO2

USEPA 2OO2

lnhR - lnhalation rate = mo/hr 0.83
EF - Exoosurefrêouêrìcv= davs/vear 225

ET - Exposure time = hr/day I Sitespecific
RF - Retention factor = 0.75 lcRP 1968

BW - Body weisht = ks 70 USEPA 2OO2

ATn - Averaging time - noncarcinogenic - days 9125 USEPA 2OO2

AT" - Averaging time - carcinogenic = days 25550 USEPA 2OO2

Ca - Concentration in air (mg/m3) = Cs - 1/PEF see below Calculated
Cs - Concentration in soil = mg/kg see below

PEF - Particulate Emission Factor = m3/kg 1 .76E+18 Calculated

PEF (m9kg) = (o/c).3600(0.036.( 1 -v).(u,,/ut)3.F(x)

Q/C - Dispersion factor = g/m' per kg/m" 150.26 Calculated
V - Fraction of vegetative cover = 1.00 Site-specific

iite-specific
threshold value of USEPA 2OO2

Q/C

atTm= m/sec 11.32

A - dispersion constant =
'r4.0111 USEPA 2002

B - dispersion constant = 19.6154 USEPA 2002
C - dispersion constant = 225.3397 USEPA 2002

A"¡" - affected area of s¡te (acres¡ = acres 0.03 Site-specific

9

U - Mean annual m/sec 4.00

function = 1.94E-01 P42002

Hazard Index = 1.07E-15 Total Cancer Risk = 2E-19
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TABLE 37
RISKS AND HAZARDS FROM INGESTION OF SOIL BY AN INDUSTRIAL WORKER - SWMU 33

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

Haza¡d lndex = 0.04 Total Cancer Risk = 7E-06

)

lntake (mg/kg-day) =

Parameter

Cs-lngR.EF-ED.CF
BW-AT

Unit Value Source
Cs - Concentration in soil = mg/kg see below

- lngestion rate for soil = mg/day 100 USEPA 2OO2

EF - Exposure frequency = days/year 225 USEPA 2OO2

ED - Exposure duration = years 25 USEPA 2OO2

CF - Conversion factor = kg/mg 1.00E-06
BW - Body weight = kq 70 USEPA 2OO2

ATn - Averaging time - noncarcinogenic = days 9125 USEPA 2OO2

AT" - Averaging time - carcinogenic = days 25550 USEPA 2002

tc -06 1.50
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TABLE 38

RISKS AND HAZARDS FROM DERMAL EXPOSURE TO SOIL BY AN INDUSTRIAL WORKER. SWMU 33
DELAWARE C¡TY REFINERY

DELAWARE CITY, DELAWARE

Hazard lndex = 0.01 Total Cancer Risk = 1E-06

1 - Values are chemical-specific; arsenic ABS = 0.03 (USEPA 2004).)

lntake (mg/kg-day) =

Paramêter Source

Cs-SA-AH-ABS-EF-ED-C F
BW*AT

Unlt Value
- Concentration in soil = see below

3300

0.2

USEPA 2OO4

USEPA 2OO4

see Note 1

225
USEPA 2OO4

USEPA 2OO4

AF - Adherence factor =

SA - Surface area available for Ulê =

ABS. fraction =
EF

duration = USEPA 2OO4ED 25

USEPA 2OO4

AT

AT

CF - Conversion factor =
BW.

time -

time -

1.00E-06

25550

70

91 25
USEPA 2OO4

USEPA 2OO4

1 +01 2.48E-06

._)
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TABLE 39

RISKS AND HAZARDS FROM INHALATION OF FUGITIVE DUST BY AN INDUSTRIAL WORKER. SWMU 33
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

lntake (mg/kg-day) = Ca.lnhR*EF*ED*ET*RF
BW*AT

Parameter Unit Value Source
Ca - Concentration in air = mgimu see bdow Calculated

lnhR - lnhalation rate = m"/hr 0.83 USEPA 2OO2

EF - Exposurefrequency= days/year 225 USEPA 2OO2

ED - Exposure duration = years 25 USEPA 2OO2

ET - Exposure time = hr/day I Sitespecific
RF - Retention factor = 0.75 tcRP 1968

BW- weight = kg 70 USEPA 2OO2

ATn - Averaging time - noncarcinogenic - days 9125 USEPA 2OO2

AT" - Averaging time - days 25550 USEPA 2002

Ca - Concentration in air (mg/m3) = Cs . 1/PEF see betow Calculated
Cs - Concentration in soil =

PEF - Particulate Emission Factor =

see below

3.12E+09 Calculated

pEF (m3/kg) = (o/c).3600(0.0s6.(1-v).(u*/ut)3.F(x)
Q/C - Dispersion factor = glm'per kg/m" 106.67 Calculated

=Ao/c
A - dispersion constant = 14.011't USEPA 2002
B - dispersion constant = 19.6154 USEPA 2002

constant = 225.3397 USEPA 2002
A"¡" - affected areaof s¡te (acres) = acres 0.17 Site-specific

1rqL

V - Fraction of
Mean annual

value of

cover -- 0.60
m/sec 4.00

atTm= m/sec 11.32 USEPA 2OO2

P42002

Hazard Index = 0.000001 Total Cancer Rlsk = 1 E-10

-U function =

Tab 37, 38, 39_SWMU 33_worker soil.xls\lW inh - fug dust_egs
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TABLE 40

RISKS AND HAZARDS FROM INGESTION OF SOIL BY AN INDUSTRIAL WORKER - SWMU 34
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Hazard Index = 0.01 Total Cancer Risk = 2E-06

)

lntake (mg/kg-day) =

Parameter Unit Value Source

Cs-lngR.EF.ED.CF
BW-AT

Cs - Concentration in soil = mg/kg see below

lngR - lnqestion rate for soil = mo/day 100 USEPA 2OO2

EF - Exposure frequency = days/year 225 USEPA 2OO2

ED - Exposure duration - years 25 USEPA 2OO2

CF - Conversion factor = kg/mg 1.00E-06
BW - Bodyweight = kg 70 USEPA 2OO2

ATn - Averaging time - noncarcinogenic = days 9125 USEPA 2OO2

AT. - Averaqinq time - carcinooenic = days 25550 USEPA 2002

0.01 1.02E-06

)
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TABLE 4I

RISKS AND HAZARDS FROM DERMAL EXPOSURE TO SOIL BY AN INDUSTRIAL WORKER. SWMU 34
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Hazard Index = 0.002 Total Cancer Rlsk = 3E-07

1 - Values are chemical-specific; arsenic ABS = 0.03 (USEPA 2004).)

lntake (mg/kg-day) =

Parameter Source

Cs.SA-AH-ABS-EF.ED-CF
BW-AT

Unlt Value

USEPA 2OO40.2
see Note 1

Cs - Concentration in soil =
SA - Sudace area available for

AF - Adherence factor =
ABS. fraction =

USEPA 2OO4

USEPA 2OO4

see below

3300

re duration =

EF ure

ED

225
25

USEPA 2OO4

USEPA 2OO4

CF - Conversion factor = 1.00E-06

AT
AT

BW.
time -

time -

70

25550
91 25

USEPA 2OO4

USEPA 2OO4

USEPA 2OO4rc=
lc=

0.002 2.01

)
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TABLE 42
RISKS AND HAZARDS FROM INHALATION OF FUGITIVE DUST BV AN INDUSTRIAL WORKER. SWMU 34

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

lntake (mg/kg-day) = Ca.lnhR.EF.ED.ET.RF
BW*AT

Parameter Unit Value Source
Ca - Concentration in air = mg/m" see below Calculated

lnhR - lnhalation rate = mo/hr 0.83 USEPA 2OO2

EF - Exposure frequency = days/year 225 USEPA 2OO2

ED - Exposure duration = years 25 USEPA 2OO2

Eï - Exposure time = hr/day I Site-specif ic

RF - Retention factor = 0.75 lcRP 1968

BW - Body weisht = ks 70 USEPA 2OO2

ATn - Averaging time - noncarcinogenic = days 9125 USEPA 2OO2

AT" - Averaging time - carcinogenic = days 25550 USEPA 2002

Ca - Concentration in air (mg/m3) = Cs * I/PEF see below Calculated
Cs - Concentration in soil = mg/kq see below

PEF - Parliculate Emission Factor = ms/kg 8.48E+17 Calculated

pEF (m3/kg) = (o/c).9600/(0.036-(1-v)-(un/ut)3-F(x)

QiC - Dispersion factor - g/m'per kg/m" 72.56 Calculated
V - Fraction of vegetative cover = 1.00 Site-specific

ìitespecific
threshold value of USEPA 2OO2

=AQ/C

atTm= m/sec 11.32

A - dispersion constant = 14.0111 USEPA 2002
B constant =
C - dispersion constant =

19.6154 USEPA 2002

225.3397 USEPA 2002
A.¡n - affected area of site (acres Site-specif icr= acres '1,44

U - Mean annual m/sec 4.00

USEPA 2OO2

Hazard lndex = 6E-16 Total Cancer Risk = 9E-20

function =
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TABLE 43
SUMMARY OF TOXICITY VALUES

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

)

Oral Toxicity Values

Dermal Toxicity Values

Inhalation Toxicity Values

/Vofes.'
CSF = Cancer Slope Factor
RfD = Reference Dose
NA = Not Available

Sources.'
lRlS - lntegrated Risk lnformation System
NCEA - Nat¡onal Center for Env¡ronmental Assessment Provisional Value

METALS
Arsenic 7440382 IRIS 'I .50E+00 IRIS3.00E-04
SVOCs
Naphthalene 91 203 2.008-02 IRIS

50328 NA
NA

250Ë+ö'ö*.. IRIS

METALS

Arsenic 7440382 3.00E-04 IRIS 1.50E+00 IRIS
SVOCs

Naphthalene 91 203 2.00E-02 IRIS NA
Benzo(a)pyrene 50328 NA 7.30E-01 IRIS

METALS
Arsenic 7440382 3.00E-04 IRIS 1.50E+01 IRIS
SVOCs

Naphthalene 91 203 8.60E-04 IRIS NA
Benzo(a)pyrene 50328 NA 3.1 0E+00 NCEA



TABLF
I-IAZARD AND RISK SUMMARY FOR INDIJ. .{IAL WORKERS AT THE FACILITY

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

swMu 13

SWÃllU 14 - Unit F, Arca A,
Woodpile Area

SWMU 14 - Unit F, Areas B
thtough G

swMU 15

SWMU 20a & 20a.1

SWMU 26

swMU 33

swiltu 34

Total liErard ¡rd R¡sk

Cancer R¡sk

2E-06

2E{n

HO

0.01

o.ol

lnttabllon ol Fuo¡llw Ousl
Cancer R¡sk

3E-07

HO

0.0000005

Derml Erooeure lo Soll

Cancer Risk

3E-07

HQ

0.002

hcEenlal bnoction of Sofi
Cancèr R¡sk

2E-06

HQ

0.01

Chemical

Arsenic

Toþl l¡a¡¿rd a¡ld RlEk

Cancer R¡sk

3E-06

2E-06

sç{6

HQ

0.02

0.2

o.2

l'lt¡latþn ot Fugilw Ou3t

Cancer R¡sk

1 E-10

5E-12

HQ

0.000001

0.0001

D$mal ErposurotoSoü

Cancer Risk

4E-07

2E-O7

HO

0.003

0..1

blcEent¡l hgo$bn of Sot

Cancer Risk

2E-06

2E-06

HQ

0.01

0.1

Chemical

Arsenic

Benzo(a)pyrene

Naphthalene

Tot¡lftazåfdand RbI

Cancer Risk

2E-06

2E{¡6

HQ

0.01

0.01

bheffion of Fug[h,sDusrt

Cancer R¡sk

1 E-l00.000001

Dgr¡ña¡Þçoturgto SoU

Cancer B¡sk

4E-07

HQ

0.002

ãlcfdontal kùgasdon ot So$

Cancer R¡sk

2E-06

HQ

0.01

Chemical

Arsenic

Total ¡tazatd aftd RlEk

Cancer Risk

2E-06

2E {rô

HO

0.01

o.ol

Cancer Risk

1 E-10

HO

0.000001

Dønal Ergoswcro Soll

Cancer R¡sk

3E-07

HO

0.002

hcldoûtal lroosüon ol Sìoll

Cancer R¡sk

2E-06

HO

0.01

Chem¡cal

Arsen¡c

Totãl lt¡zard a$d Rld(
Cancer Risk

3E-06

3Eû6

HO

o.o2

o.oÍ¿

hhahuon ot Fuonlw Ousl
Cancer R¡sk

2E-10

HO

0.000001

Dorña¡ ErDosr¡râ to SoH

Cancer Risk

5E-07

HQ

0.003

hctotsntâl hoåsmn ol Soil
Cancer Risk

2E-06

HQ

0.01

Chem¡cal

Arsenic

Total llrzard ard R¡s¡

Cancer Risk

7E-06

7E{C

HO

0.05

0J5

lnhåhlþn ol Füq¡tlvo Dusl
Cancer Risk

2E-1 9

HQ

1 .07E-15

Dennal EroosurG lo 80ü

Cancêr R¡sk

1 E-06

HO

0.007

hc&fltal hoosl¡on of Soll

Cancer Risk

6E-06

HO

0.04

Ch.emical

Arsen¡c

Totãl lh:ârd ar¡ú Bl$k

Cancer Risk

8E-06

6E"06

HO

0.05

0!5

lnhôHlon ol Fuolt¡rs Dr6t
Cancer R¡sk

1 E-10

HO

0.000001

Pomral Eroosurs to Soü

Cancer Risk

1E-06

HO

0.01

hcHer¡Îal hlEo$tlon ol Sdl
Cancer Risk

7E-O6

HQ

0.04

Chem¡cal

Arsenic

TotalHâzerdÀnd RbI
Cancer R¡sk

2E-06

2E {t6

HO

0.01

0.01

lnhâhbn ol Fuotr¡þ Ðr¡61

Cancer R¡sk

9E-20

HO

5.58E-1 6

tlafinal E¡Dosuro to soll
Cancèr R¡sk

3E-07

HQ

0_002

Cancêr R¡sk

2E-06

HQ

0.01

Chemical

Arsenic
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FIGURE 3

HUMAN HEALTH CONCEPTUAL SITE MODEL
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE
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= lncomplete Exposure Pathway Southern Lands = non-developed lands in the southern portion of the Facility
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APPENDIX AF3

SURFACE WATER DATA. COOLING WATER EFFLUENT CHANNEL
DELAWARE CITY REFINERY

DELAWARE CITY. DELAWARE
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APPENDIX A.4
SEDIMENT DATA- COOLING WATER EFFLUENTCHANNEL

DELAWARE CITY REFINERY
DELAWAFE CITY. DELAWARE

ilW
Hr#

1 .1 .1 -Trichloroethane 71-55-6 U 150 U 250 U 110
1 ,2-Dichlorobenzene 95-50-1 U 81 U 110 U 75
1.2-Dichloroethane 107-06-2 U 150 U 250 U 110
1 .2-Dichloroorooane 78-87-5 U 150 U 250 U 110
1 .3-Dichlorobenzene 541-73-1 U 81 U 110 U 75
1 .4-Dichlorobenzene 106-46-7 U 81 U 110 U 75
1.4-Dioxane 1 23-91 -1 U 150 U 250 U 110
2-Butanone 78-93-3 U 750 U 1200 U 540
2-Chlorophenol 95-57-8 rU 160 U 230 U 't50

3enzene 71-43-2 U 150 U 250 U 110
]arbon Disulfide 75-15-0 U 150 U 250 U 110
lhlorobenzene 108-90-7 U 150 U 250 U 110
lhloroform 67-66-3 U 150 u 250 U 110
ithvlbenzene 100-41-4 U 150 U 250 U 110

=thvlene Dibromide 106-93-4 U 150 U 250 U 110
n&p-Xvlene 1330-20-7 U 300 U 490 U 220
!itrobenzene 98-95-3 U 81 U 110 U 75
)-Xylene 95-47-6 U 150 U 250 U 110
ityrene 100-42-5 rU 150 U 250 U 110
fetrachloroethene 127-18-4 U 150 U 250 U 110
foluene 108-88-3 U 150 U 250 U 110

2,4,5-TrichloroDhenol 95-95-4 U 160 U 230 U 150
2,4,6-Trichlorophenol 88-06-2 U 160 U 230 U 150
2,4-urmetnvlphenol 105-67-9 U 810 U 't100 U 750
2,4-Dinitrophenol 51-28-5 U 410 U 570 U 370
2.4-Dinitrotoluene 121-14-2 U 81 U 110 U 75
2-Methvlphenol 95-48-7 U 81 U 110 U 75
4.6-Dinitro-2-methvlphenol 534-52-1 U 410 U 570 U 370
4-Methylphenol 106-44-5 U 81 U 110 U 75
4-Nitrophenol 100-02-7 U 4'to U 570 U 370
7, 1 2-Dim ethylbenz(a)anthracene 1 1 9-93-7 U 160 U 230 U 150
qnthracene 120-'t2-7 U 81 U 110 U 75
3enzo(a)pyrene 50-32-8 U 81 U 110 U 75
3enzo(k)fluoranthene 207-08-9 U 81 U 1't0 U 75
3utvl benzvl phthalate 85-68-7 :Ui81 U 110 U 75
)ibenz(a.h)anthracene 53-70-3 U 81 U 110 U 75
Dimethyl phthalate 131 -1 1-3 U 81 U 1t0 U 75
Di-n-octyl phthalate 117-84-0 110 J 160 180 J 230 120 J 220
ndeno(1,2,3-cd)pvrene 193-39-5 U 81 U 110 U 75
Phenanthrene 85-01-8 U 81 U 110 U 75
Pvrene 129-00-0 U 81 U 110 U 75

Total Arsenic
Total Cadmium
Total Chromium

Totarcyanid;r
Total Lead
Total lvtercury
Total Nickel
Total Seienirim

7440-38-2
7440-8-9
7440-47-3

7439-92-1
743$97€
7MO-02-O
7782-49-2

8.49
2.43
28

n
ol53-

26

i 1.35

i 0.67--1 c,6?
U-l-r6

i 0.67

-1 o1s3
i o.oz

u-l 135
U--l os7

25
't.44

70

54
0.303

22

!

q
U

0.85
o.42
0.42
0.37
oA2
0.112
0.42
0.85
oA2

2't i i1.02
r.za 

_l-----f 
osr

3o--f--i os1

-

;u:0.25n--1--l c-51

-T 
u-1 t21P

34--:-----fo51

-l-ul 
1o2---__l- u-l os1

Iotal Organic Carbon (%) 2.45 4.70 i I 0.04 2.50 i i 0.03

Notes:
ug/kg - micrograms per kilogram.

mg/kg - milligrams per kilogram.

J = Reported result is betw€en the method detection limit and the reporting limit. Value is estimated
U = Analyte not dotected above the method detection limit
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TABLE A.8
SOIL DATA. PHASE I RI

OLD DRUM STORAGE AREA. SWMU 13
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Notes:
mg/kg - milligrams per kilogram
U - not detected above method detection limit.
B - Result is potentially biased high due to blank contamination.
Blank cells indicate constituent not analyzed.



TABLE A.9
SOIL DATA. PHASE II RI

OLD DRUM STORAGE AREA. SWMU 13
OELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Notes:
mg/kg - milligrams per kilogram

U - Compound was not detected above the method detection limit (MDL).

UJ - Non-detect result (reporting limit) is estimated due to a minor quality control anomaly.

J - Compound was detected above the MDL but below the reporting limit. Result is estimated.
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TABLE A.11
SOIL DATA. PHASE I RI

UNITF. SWMU 14
DELAWARE C]rY REFINERY

DELAWARE CITY. DELAWARE

.-Y-:9-o-...

2"9
{i.T'-i.i3-
)tg..i"

42.d
o.4i

.---9f-9-...

.._1,?1-.-
......7..-3----

-_9,?l*-...

9p-,9.......

""".r.s"e:i"-
o.2a

-o-;99..-.....

.1,99 " .

ea,.s-. .

1.28
ts.g 

**

?q,6-."8-

0.03

..-..Y:-6.P.....-.".-l
1.10*di.6-*-

I.T' U

i.a**-
3e.d***

6,2 U
iio - -

36.b 
'

.-d-:P...-.. V
5.5
Biiz**'--

.Lga
51.6

2iti:i
o.08

9,-8.8-*.-
.28t1--- - -

i'.iiir'--
o.i4--*

. o.QQ. 
.......1.l

15.1

1.4
bsc.
0.3

-lb-.r
0.4

U

93.9 "- --,-o.7 u

55.4"0.,i7-

{ickel
Setenium 

" "' 59.7 !?9,-q-,
1.01

53.4
o.z-

75.96
o.ti"**l

83.9
os6..--u

25.9*itd8'-". 
uo.42

lilver or79 --
168.1

1.31

66.e
1.rl8
,:i;i4

0.98 0.8 e
tr.d*..-

1.37 U

ai5* - 1.4 U--irA" --/enedilrm cc./

'|.l Trichloroethane 0.0009 u
b.bdis- Lt1e.-D- j"c-hlor9-elt'el9

!.,?.Diqhl9r9PI9-P-?.119

1,"1.Dp-Yrg- --
2 Butanone
iliie;e -"-..-"
c;i;;bdiia;..-

0.0@9 u
o..o-0"09__.-ii

0,.q97q"-.. ..
0.0009 u
0.0352
o.oi# -
o.booe 

- 
U

,A_.aS-o-r---"1
0.0009 u

c_hl9{-9"kl]-z-9n9

0hloroform
E$v,!qe.na9ne . --..........

-ELhylg-n,e- {ipt9n idg. ..
m&p Xylene

,q,019,19...... -y
0.0013Xylene

Styrene 0.0009 u-'d.iidoe- 
u-boooe - i)

-o.oia - -*..

Me(h.yl.lejl:p*yt9!tEl
fetrachloroethene
i;i;;;-..-

,?.?ighler-9ku-r.ete-
.3 Dichlorobenzene

.YP-dL-o-...--u-_?
p,9999,-.. !lD
0.5836 UD1.1.-Qi9ll-ot-o"Fi:?:'9-.---

2 Chloroohenol 0:5q99,." --rlD
0.5836 UD
o.5ir6 --iib

l;6ir" Oii"r.+'5ri --uo
0.5836 UD

_o,sii*6"-" uD

.1.19..9......-q-Q
0.5836 UD

.!.:1--s."e-..-.-LlP
1.7508 UD
i,iBit*." riD

?,u-4.......,P
0.8696 D

ii-,iitis.g*". 119
0.7704 D

d.dsaii "iiii
0.5846*-00
ii.iisCai--uD

Bgn-teLb)fl g-o-f-?.nJh9r-r€-.. . . .. .--
89n"4-o"(l9l[19rq']thenR... . . .
B-i.s.eejlJlll-e}J!)p-11!h9f 

i.!-e-............

Butvl-ppnal p-f$alale......... ... ..

th"ry9ene. . .
Oi n butyl phthalate

0.7295 D
0.5836 UD
o.bsaiii.'iiDDi n octyl Phthalate

PiQe_l?(a,h)anthracene

Piglt'yl phthlt3jg_
Dimeltryl phlhalate ..
Fluoranthene
thoenott,z,s"iolbyr;ne ""-:"-
Naphthalen6
Nitrob€nzene
Pnenantnrene
Phenol 

" "

Ptile "*
Pvridine

0.5836 UD-d:6gib---uD

d.a.F6,'. "ui4.3654 D

9_,999-6.- u-"D

57.225 D

0..989-6,,," Uo
6.8282 D

d,iriC-e...."U9
3.3207 D
1.459 UD

Notes:
mg/kg - milligrams per kilogram.
U - Not detected above method detection limit.
B - Result is potentialty biased hoh due to blank contamination.
UD - Non d€tect and sample was analfzed at a dilution
D - Sample was analyzed at a dilution
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TABLE A-17
SOIL DATA - PHASE II RI

TANK BOTTOM WEATHERING AREAS. SWMU 15
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE
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1 ,2-Dichloroethane

91.7 93.7 91.3 92.790.6 85.6 93.1 90.8 9.6

Notes:
møkg - mill¡grams per k¡logram.

U - not detecled above method detect¡on limit.

B - Result is potentially biased h¡gh due to blank contam¡nation.

J - detected below lhe method detection limit.

Concentration is estimated.

R - Value rejected, not inc¡uded in screening.

UJ - Non-detect result (report¡ng l¡mit) is eslimated
due to a minor qual¡ty control anomaly.

Blank cells ind¡æte const¡tuent not analyzed.
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TABLE A-17
SOIL DATA - PHASE II RI

TANK BOTTOM WEATHERING AREAS - SWMU 15
DELAWARE CITY REFINEBY

DELAWARE CITY. DELAWARE
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89.2 83.5 81.892.9 90.9 92.4 9394.5 90.1 90 92.8

Noles:
mg/kg - mil¡igrams per kilogram.

U - not detected above method detect¡on lim¡t.

B - Result is potentially biased h¡gh due to blank contam¡nat¡on

J - detected below lhe method deteclion l¡mit.
Concentration is est¡mated.

R - Value rejecled, not included in screening.
UJ - Non-detect result (reporting Iimit) is estimated

due to a minor quality control anomaly.

Blank cells ¡nd¡catê constiluent not analyzed.
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TABLE A-17
SOIL DATA - PHASE II RI

TANK BOTTOM WEATHERING AREAS. SWMU 15

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

sosd
rfft€û0ì¡

SGÞz
llttt gt

sGrùr6
tlñc¡tt

so{Þ2
1lflû'b?

6()+e
nngúl flfrg0r

s(}r
1lfrffr

1þ2 so-+r
't1fistrt

1.03
0.41
ri.4r

U

U

.U

0.412
0.412

2
2

0.377
o.377

0.377

U

U
U

o.ö+¿ 
-

0.377
0.377

U

U

U

ri.äos
0.365

U

0.365 U

0.365 U

0.913 U

0.913
0.365
0.36s u

0.379 U

0.379 U

ö.e40
o.s4si
0.379
i.ö -

ô.s7e

0.379 U

I

U

0.949 U

0.379 U
U0.37ö

o.þ4s U
3790.

0.379
0.379 U
0.379 U

U

U

0.379

.U

0.379 U

U

0.379 U
U0.379

o.ezs
0.379

o.azg
0.379
0.379
o.s7g

0.379
o:379
o,5zg

0.356
o.gso
0.356 -
0.891.,_

0.356
o.sso

0.356 U

0.356 U

0.356 U

0.356 U

0.356 U

0.356
o.gsd
o.ssd-"-

0.356
'o.sËio

o:356

0.356
0.356 U

0.891
o.Böi

U

U

il U

U

U

ir
U

û
U

U

U

U

0.356 U
U

q.3q6
0.356

r.7g
0.356

0.358 U

o.ssti u
0.897 U

0.358
0.358

0.358'ö.ssa

0.3s8 U
0.s56 u

0.358

0.358 U

0.358 U

U

U
U

0.718

o.897 U

oìssa
0.358

0.897
U0.897

o.ssb

0.358

UJ
0.358
0.358

U

U

U

U.U

U

1.8

0.358

0.358
ó.3s9

0.389

0.389 U

0.389 U

0.389 U

0.s69 u
o.gsri u
0.3s9* u

0.778 U

o.às0
0.3s9

U

.stà-

U

U0.389
0.389 U

0.972 U

0.389 U

0.3{i9 U

0.972 U

0.389 U

0.389 U
U

0.389 U
.972

âao U0
U

0.389

0.389

1.95
0.380
0.389
0.389
0.389

0.393 U

0.393 U

o.ãeC 
-"*ù

0.982 U

o.ãss u
0.393
0.982'-
0.393 U

0.393 U

o.sgä"u
0.393 U

0.982
0.s82

0.393
o.iþä

0.393
o.ä93
0.393

393
.97
s9s

U
U

U

U

U
ù

0.393
o.3bs

0.393
0.393
o.sss

.U

0.393

U

0.393

0.393

0.393

0.393

0.357 U

0.357 U

q.ss-i*.¡-t

0.892
0.892

1.79 U

0.357
1ss7
ó.gsz

0.357
o.e5z
0.357

0.357
0.357
0.357
o.gs7
o.3sz 

'

0.357 U

0.357
o.i14

U

U
U

.U

U

0.357

U

U

U
U

U

U

U

U

''- 
u

0.357

0.892
0.357
o.isz

2.07

0.412 U

0.412
0.412 -
0.412
oÀt2 "

o'.4ià
o.qlà

0.412 U

0.412
o.4ir"

0.412
0.412" il

i2
tî

UJ

1.03

lz
12
rà
t2

0.4
ö.4
0.4

U

U
U

U

U.U

o.412

0.4

U

o.4

0.4-o.A

U-'.-u

0.34¿.*.

0.344
0.86

o.sqa
0.s44

0.344 U

o.u4 u
o.g+,i- ^i.r

o.s4+ u
0.86 U

0.86 - u
ó.s¿¿ ' u
¡.72" " u
0.344 ü
o.u4 u
o.344

o.344

o.344

o.u4 u
o.344
os44
o.ö4ä
ö.s++
o.6aö

U
ú

U

U
U

ù

0.344
o.u+
o.344

U

U

U

U

U
U

U

U

U

U

U

o.u4

0.36 U

0.36 U

o,so. 
'ú

0.901 u
0.36 U

0.36 U

0.36 U

0.901 u

1.91 u
0.36 u
0.36 U
0.36
o.do
0.36
0.36
0.36 U

0.36 U

0.36 U

0.36 U

0.36
o.a6
0.36
o.sd

U

U

U
U

U

U

0.901

0.36

0.

0.369
0.369
0.qqe
0.924
0.369
0.369
o.s2ì
0.369

0.369

0.924 U

U

--u
U

U

U

U.U

U

U

U

U
U

U

0.369

0.369
0.369
0.364)
o.so9
o.soi)

0.369
o.s6g
o.g6g

1.85
0.369
0.369
0.369

0.354 .U
0.354 U

0.354'ö.ss4 -

0.354
i3l

ö.ss¿
o.ss+

b.35+-ú

0.354
0.s54
ö.3s4
0.354 U

U

U

U

U

U

0.354

0.354

U

0.354
öþËä
0.354

0.354

U

U

U

U
U

ù
U

U

0.354

0.354

0-:354

0.885
0.354

0.891 U

0.356 U

0.891

0.356
0.891
0.891
o.ss6
t.ts'"

0.356

0.356
0.356
0.356
0.356
o.sso '

0.s56

0.356 U

0.356

o.ásii u

o.714

U

U
U

U

U

U

U

U
U

U

U

0.356

0.356
0.356

U

U

U

U
U

U

ú

U

U

0.

0.377 U

0.377"""'ü

0.377

0.377 UJ
0.a71

0.377

0.377
0.377
0.377

0.377
0.377
o.:s77
0.377

0.377 U
ostf u
0.377 'U

0.377
o.sii"
o.sii

oi.þqq
0.51t'î.Bs --

0.377'0.377

0.888
o.sss
ö35s
o.ösg'-
o.ss5
0.355 U

0.888
0.s55""
1.78 U

0.355

0.355 tJ

0.355 UJ
0.355 U

0.355 
--U

0.355

0.888

U

0.355
0.355

U

U

U

0.355

il

U

U
U

U

U

U

U

0.355
0.355
0.355

0.355
o.ssb

0.355
0.355

0.361

0.361

0.361
o.griì
0.361
0.903
0.903
o.siìI
r.ril 

-'
o.sdr

0.361
0.361 U
0.361
0.146
ó.g6r

0.361
o.seì
o.s6ì
0.361

0.s61
0.36î
o.sói
0.36i
o.i2s

il
il
U

U
il

U

U

B

0.361

U

U

U

U

U

U

U

0.361

0.361

0.903
0.361

U

U

0.371

0.371

.0:9-28 -..
0.371
o.s7r
o.ö28-'
o.s7r'-
ö.szì

0.371 U

0.371 U

0.743

U

U

U

U

U

U

U

U

U

U

U
U

U
ù
U

.37 1

1.86

0.928

0.371
ô.371
0.371

0.371
o.szi
0-371

0.371
0.371

ne

,h)anthracene

1 ,3-D¡chlorobenzene
1 ,4-Dichlorobenzene

phthalate

U

U

U0 395
0.731

U

U

U

0.365 U

0.36s
0.365

0.365
ö.s13

0.365
r.ós '"
0.365 U
0.365 U

0.365
o.ses'
o.so5
0.365
'õ.s05"-

o.s6s '

0.s65
0.365

U

U

0.365 U

0.365
0.365

0.356 U

89U
356 U

0.356 U

o.ss6 ú

0.89 U

356 U

0.356 U
o.gsò u

0.356 U

0.356
0.356 UJ

0.356 U

o.ss6 u
356 U

0.356
0.356
ô.ssb

o.ìtd u

ù
U

ssö
.78
s5ö
356

U

U

U
0.356

1

0.
0.

0.356

356

0.89

356

0.356
0.356
o.eg

ó.gso

0.00214
o.zt4-'

U

0.00214 u
U

U

U

0.0023
0.00231

U

U

U

U

U

0.00239

0.00239
0.00239

U

0.00228 u'ö.22s'* u

U

0.057 u

0.00228 u
0.00228 u

0.0057 u
U

U

U

U

0.0635

0.00254 u
o.oozs¿ u

0.0069s".. !:r
0.00254 u

o.oo241 u
U
lt
il
U

U

U

0.00241
0.00241
o.z{t-'
o.o6ói

o.oö241
0.00601 u
o.oóã¿r u
o.oo241
o.ooe4l

U

U

0.00239
0.00239

ù
U

0.00233
0.00233

0.00233

U

ù
U

ù
U

U

U

0.233

0.00233 u

0.00233 u

U

0.00233

0.00233
0.00583

U

U

U

U

0.00214 u

U.U

ù

U

U

U
U

U

o.oo254

0.002s4 uJ
U

o.oo254
ö.00254
o.oos6i

0.00254 u
0.00254 uJ

U
U

U0.00262

0.00262
0.0,02q2

o:002q.?

0.00262
0.262

o.oos6'.

U

U

U

U
""ú

ù

0.00262

o.oo65s. ù
0.00262 u
0.00262 u

U 0.00214 u

0.00273
0.00273

U

U

U

U

0.00273 u

0.00409 u
14J

0.00273 u
0.00273. u
0.00273 u
0.00273 u
6.¿1{ ù
0.0681 U

0.00233

U

o.oo228

o.oo228

U
U

U
U

U
U

U
U

U
ú
U

o.oözzC
o.oosà8

o.oo223

U

il
0.223

0.oo2z3
o.oo223

U

U
ú

U

0.00223 uJ
U

o.oo2íe u
0.00218 uJ

0.218 U
o.ris45 

- 
u

o.oo2ia u

0.00218 u

0.00218 u

0.002-18 u
0.00218 u
o.ooziö'î
o.oo3á7 u

8U
8'U

0.00239 u

.ooii

.oszt

0.00209 u
0.00209 u

0.00209 u

0.00209 u
U

o.oo522 u
0.00209 u
0.00209 u

.00209

0.00209 u
ö.oo2o9 u

0.00232 u

U

ü

U

U

0

0.00232

0.00232 u

0.00232

0.00232
0.00579 u
0.00232

U
U

U

0.00221 u"o.2Ti "'u
0.0553

0.00332

0.00221

o.oo22'l
0.00221

U.U

U

U

--u
U

0.00221 u

U

ù
0.0021
0.0021
0.0021
0.0021

0.0021

0.0021

ú
U

U

U

o
1

b

^
b

U

U

U

U

il

0.00216 u
U

0.00216 u 0.00241 u
IU

o.oo241 0.00215

0.0021

0.0021

0.0021

U

0.0537
0.00215 u

5
U

0.00215 u
U

q..u
5U
5U

0.215

0.00537
0.00215
0.00215 u

,1 ,1 -Trichloroethane
,2-Óibromoethane (EDB)

,2-Dichloroethane

ether

0.00216 u
0.00216 u
0.00216 u

0.00539 u
0.00216 u
0.00216 u
o.oo2i6 u
0.00324 u

0.216 U

0.0539 U

0.00231

0.00231

85.3 92.4 91.1 83.883.2 91.4 78.588.3 91.9 92.2

Noles:
mg/kg - mill¡grams per k¡logram.

U - not deteclêd above method delection limit.

B - Result is potentially biased high due lo blank contamination.
J - detected below the method detection limit.

Concentrat¡on ¡s estimated.
R - Value relected, nol included in screening.
UJ - Non-detect result (report¡ng limit) is estimated

due to a minor quality control anomaly.

Blank cells ind¡cate constiluent not analyzed.
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TABLE 4.17
SOIL DATA - PHASE II FI

TANK BOTTOM WEATHERING AREAS - SWMU 15

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

ÊGS8
11ru?/07

s(}l¡t-r8
tltlJ.ug,

&8lr

sGsâ
11NÎ¡çr' t1Nilgl

SGl¡t-tE
11nSKn

t¡ù{t"2
11¡Crnn

8G't+lo
1'üt?tor11/f3tgt

So-l/t-tc 8û,ô8
11n3¡û

8+1¡t-l8
11t13/û?

t¿l-16 í

so-{Þ2
1Îfl3¡St
s2fr

sG+t
1ln3tû?11fl3r0f

sûs8

1.05 3.35 5.7416 5.27 1.08

0.ã6é-u
o.äos 

-""Ú

o.gzl Ù

0.368
0.368

0.389 U

0.389
o.szï'
0.389
0.389
0.360

U

U

U

U

U

0.389
0.389
0.389 

-
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0.389

U

U

0.352
0.352

0.352" U

0.882
0.882 U

0.352
0.352

0.352
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0.352 U

o.üfz u
0.88ä u
0.352 U

0.352
1.77'

U
ú

U

ú

U

U

U

U0.352
0.35à
0.352

0.352
ö.ss2
0.352

0.352
0.352
o.Cs2
o3d2
0.3ò2
0.352

0.u4 u
0.34t' 

'u

0.86- Ú

0.u4 u
o.u4 u

0.344

0.344
0.344
0344
ôþ4

0.u4
o.u4'
o.saq
0.344

0.344 U

ö.344 ú
o.u4 u

0.344
0344'
ö.e6
o.ão

0.u4

0.86
õ.s¿4

U

t2

U

U

0.344
0.344
0.s44
o.u4

0.354 U

0.3s4 U

0.885 U

o.gà¿ u

0.354 U

0.354 U

0.354" U
0.354 Ù

0.354 U

0.354 U

0.354 U

0.354 U

0.354
0.354 U
0.354 U

0.354
o.ss4"

0.354

0.354
ö.5s4

0.354
0.354

U

ù
UJ..--ii

U
U

1.78
0.s54

0.354
ö.3b4

0.354
o.sàs

0.354
0.354
0.354

0.882
0.352
o.às2
o.òiä'o.ss2'

0.352
ô.352
0.352
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t.i¡-'
0.352

0.352 U

0.s52 
- 

u
0.352
0.352
o.ás2
0.352

0.352 U

0.352

0.352 U

ó.iòä- u

U

U

U

U

U

U

U

0.352

0.352

U

oi.a52

0.352

0.352
o.ssã

U

U

0.352
0.706

o.Bs2
o.ssZ

0.368 U

0.921 U

o.iö'Èi u

o.so8 u
0.368
0.368-'
0.368

0.368
0.3ô6'--'
o.s6e

0.368
ö.368
0.368

'0.s68-

0.368

U

U

U

0.368
0.36s
0.368

U
U

U

U

U
U

1.8s

738

0.368
o.özr

U
U

U

0.55e-
ö.706

0.339

0.339
0.849

0.339
ö.sda
0.339
0.i39-
ö.sss

^ 
ââô

U

U

U

U

U
U

U

U
U

U
U

U

U

U
il
U

U

Un

U

U

U
U
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0.33S

0":339

0 339
0.849
0.339

0.339
0.339
0.339
o.339

0.u4
0.689

0.881
0.s52

ô.s52 u
o.ssf'ü
ö.ssz u
o.ãs2 ù

0.352 U

0.352 U

0.7öo u

U
U

U

U

0.352
o.ss2

U
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o.ssz
0.881

ü
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0.352
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U

U

U

U

U

U

0.881
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U
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0.352

0.352
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o.3s¿
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0.352
o.Csz
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0.3s2
0.e52
o.ss2

0.359
0.359
o,qss_

0.899
össs
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0.s59
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0.359
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0.s50
0.0723 J
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0.359

"ô.ssþ
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0.359
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0.359

0.359
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U
J

U
J
j

0.1 38

0.3s9
0.359

0.359
o.ssg

0.1 l8
o.sdö
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J
J

J

U

U
il

U

U

U

U

¡
U

U

U
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U
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0.3q9
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0.8eq
0.358

0.358

i.zé -u

0.358 U

0.358
0.358 U

U
U
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U

U

U

U

U

U

U
U

U

U

U

0.358

B

ócÕ

ö
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0.3s8
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0.357 U

o.ss7 u
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0.894
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o.ss7-'
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ö.ag+
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U
U
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U
U
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U

U
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U

U

U
U
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0.357
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o.377
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0.377 U

0.377
o.sti '

o.sti
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0.377
0.377
0.i77"'
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o.sll

o.377

o.377
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U

U
U

U

U
U

0.377
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U

U

U
U

U

U

U

U
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U

U

U
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U

UJ
U

U

U
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0.377
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0.345 U

0.345 U
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0.345 U
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0.345 U

o.s4s u

0.345 U
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0.345 U

0.345 U
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U
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U

ù
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0.363
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o.0oB
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o.gol u
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U
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U
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U

U
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U
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U
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0.363
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0.363
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U

U
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U
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U
U'U

'-u

0.389 U

il

0.389
0.380
0.389
0.389
o.sàþ

o.os0ö
o.séö

0.389

0.389

U

U

1.95
o.ã6e
0.389
0.380'-

U

U

0.00203 u
0.00203
0.00203

0.0538 U

0.00215 u
0.215

0.00215 u
0Loqzl,q''-u
0.00215 u

0.00238 u

0.00238 u

0.0596 U

0.00238
0.238

U
IJ

ú

0.0021 6
oälri
o.ob+r

0.00216 u
o¡ozlo u
0.00216 u

U

0.0509

0.00204 u
o.oozo+ u
0.00204 u 0.00239 u

0.00239
0.00239

0.00239 u"o.esé- u
0.0551 u

U

0.00598
U

U

U0.00221

U

0.00221
0.00221
o.äi""
o.oriìÒ

U

U

U

ó0236
0.00236 u
0.00236 u

ö.05s-

0.00236 u
0.00236 u

U
U

U

ú
U
U

0.00223

0.00223
0.00223

U

0.00556 u
0.00223

''u

U

0.00204 u
0.00204 u

U

0.00541

0:00219
U

U

U

0.00238 u

U

0.00238
o.ö0238

U 0.00359
U

U

U

U

0.002
0.00214
0.00214
o.00214

0.00214
o.ooàt+

U

U

U
ù

0.0535

U

o.oo2o4 u
U

U
J

0.00578

0.00203

0.00203 u
0.00203 u

U

U

0.218 U

U

0.0056

75J

0.00218 u
0.00218 u

0.00218 u

0.00218 u
0.00218 u

16U
U

0.00228

0.0021
o.o02i
o.ööä1

U

ù
6

0.2

0.00216 u
16U

0.00216

0.057 u
0021

6U
o '"u

6U

0.00541-..u
0.00216 u

0.00239 u U
U

U

U

0.00207

0.00208
0.00208

U

U
0.00208

U

U

U

U

U

U

U

U

0.00208
0.00208 u

U

U

U
il

U

U

U

U

U

0.0024 u
U

o.0024
o.0024

0.0024
o.0024

o.oo24
o.oo24
0.0024
o.oo24
o.zà 

-"

b.ose"*
o.öoz4

U
U

ù
U

0.0021

0.00212 u

0.00212 u
o.oo212 u

0.05s9 u

0.0031 I

0.00212 u

o.oo212

0.00212
oitz

U

0.00236 u

0.00215

0.00215
0.00215

0.00538
0.00215

U

U

U

b
0.0021 6

6U

U
U

U

U

U

0.0021
0.0021
Ò.ooär
o.oôäi

0.00252
0.0021 u

0.0021
o.zt

00210. U

U

U
0.0525 U

0.0021
o.oo525 U

o.oo21 U
o¡suii¡oe

m
tert-Butyl ether.

,1 1 -Trichloroethane

,2-Dichloroethane

0.00238 u

U

7U
7

0.00217 u
0.00325

7

0.00217
0.00542*
0.00217

7

U

U

U

0.00217 u

0.0542

0.00217 u
0.00217

0.00217 u
o.ööàìz u
o.zìz """ù

0.00193

0.00193
o.oöìge

0.001

0.00193 u

0.00193 u
0.00193 u
o.lss'- u
o.o¿az'- u

0.00482" u
0.00193 u

U
U

92.3 94.2 88.895.1 94.885.4 91.1 91.5Solids

Notes:
mg/kg - milligrams per kilogram.

U - not detected above method detection limit.

B - Result is potent¡ally b¡ased h¡gh due to blank contamination.
J - detected below the method deteclion lim¡t.

Concentration is estimated.

R - Value rejected, nol included in screening.

UJ - Non-detect result (report¡ng l¡mìt) is estimated
due to a m¡nor qual¡ty control anomaly.

Blank cells ind¡cate constituent not analyzed.
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TABLE 4.17
SOIL DATA - PHASE II RI

TANK BOTTOM WEATHERING ABEAS - SWMU 15
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

sof+10
1låt¡0r

so+a
't1r26tc¡

s(xt2
1nnâñ?

sùl+16
11r?G107

s{}&â
11126/0?

st5'gEr¡&
stÊs

11¡3ûr0?
&8 fr

sr+õB¡lt
SGl¡t-l8
1tnün

t¿t-15 ü

so.o-2
f$ïv

a1sgB3&
80+a
*1tnþ'î
Èa fr

sllsE{ts
sûl¡L16
11tdttt

t{-18 tr

51+AElÞ
sGlrl-rô
11,rt{n

1¡t-16 fi

51ã8il'S.
s(xr-2

1'rzd{rt
&2n

EE
lufrtgî

SGG2
frnft?

U

U

0.346..
0.346
o:346
0.866
0.ä46 

-

il
U

U

U

U

U
U

U
ù

U

.vb
0.391

U

ù

0.391 U

0.39i
0.391

ú
U

U

U

0.391

0.9-e1..

0.391

0.977

0.391
0.3äi

0.391
0.391

...0:391
0.391

0.391
0.5e1

0.362
0.362
0.905 u

0.362

0.905
0.905
0.362
1.81

0.362
0.362
0.362
o.so2
0.362
0.362 

'

0.36r"-
0.362 U

0.362 U

0.362 U

0.362 U
O.áiiã' u

0.362 U

U

U
U

ù
U

U
'U

U
U

ù
0.362

U

362

U

U

U

.U
U

U

U

0.362

0.362

0-:36-2

0.362
or36à
0.905

0.362
0.362
0.362

0.362 U

0.362 U

o.soz u
0.907-.. u
0.362 U
0.362 U

0.907
0.007

0.362
ö.3òz-

0.362
0.362'-o.see"'

0.362
0.36ä
0.s62
ö.â62

0.362

U
U

U

U.JO¿

LJ. JbZ

U

0.362

0.362

il

Uiza

U,Û

U

U

ÜJ

U

U

0.362
0.3iì2

''u

0.907
0.362

1.82
0.462

0.356
0 356. _
0.356

0.356
0.356
0.89

0.356
o.Cso

0.356 U

o.gs6 u
ô.ss6- u

0.3s6
ö.3s¿t
0.356

0.356 U

o.ss6
0.s56

0.356 U

0.356
o.ss6'
0.7'l

U

ó.80
o.eÒ

0.356
1.78

ó.sso
o.z¿s

U

U

U

0.356

U

U

U

ù

0.369 U

0.369
0.369

0.369

0.369
0.369
ääos'

0.369
o.s6ö
o.sdit
0.s69-

0.369 U

0.369
0.739 U

U
U

U

0.923
o.öog

0.369

0.369
0.369
0.369

0.369

U
U

U

U

U

U

U

U
U

U
U

UJ

.369

U

o-3ô9
0.923

1.85
ö.36þ
0.369

0.923
0.369
0.369

0 369

0.9?-g

0.358 U

0.358
0.358 U

0.358 U

0.358 U

0.358
0.358
ó.ssö'
o.ssd
0.35e
o.ssð
o.àäa
o.ss..a

0.35¿ì
o.ssri
o.s5s*
0.s58
ô.7i s

1.8

U

U

U

U

0.358
0.358

0.358
0.358

U

U

U

UJ
U

U

896

.U

0.358
0.3s8
0.896
0.358
0.358
0.896
ö.ssð

U

ù

0.361 U

0.361
0.903

.8r u

0.361 U

0.361

o.soí u
ô.ror J

0.361 
'

ò.soi 
-

U

U
U

U
U

U

U

U

0.361

0.903
0.361

361

361

U

0.361
0.361
0.3ò1 il

0.

0.361

0.361

0.361
0.361

0.361
o.iàe

0.368
ö.sot
0.368
0.919
ó.sr g

o.so6
r.a4-

0.368

0.368
ô.gos

0.368
0.368
0.368

U

U

U

U

U

U

U

U

U
U

U

U
U
U

0.368

,JOð

U
0.368

0.368

U

U

U.
U

UJ
U

U
U

UJ
U
U

0.368

0.368

0.368
0.919
0.368

0.368
0.368

0.39 
.

p.3q..

0.875
0.35
0.35
o.e7l
o.ss
0.35
o.i5 

-

d:3-l
o.bzs
o.ez5 u
0.35
i./3

0.35

U

U

U

U

U
U

U

U

U

0,9-9...

U
U

0.35
o.àä

U0_35

Uö.es
.350

0.35 U

0.35'õ:45

0.35 U

0.35
0.35

0.35 ü
0.35 il
0.3s
0.35
0.35 U

U

0.892
0.356
0.356
o.ae2
0.356 

-

ò.Cs6 u
ô.sso u

0.356
o.3sò
0.1 83

0.356
0.356 U

0.714 U

U

U

ù

U

U

0.356

U

U

.356 U

U

0.3-q-6

0_356

U.U
.U

U

0.3s6

0.356
o.gsè
ô.s50
0.356

0.892
ó.892
o.àso
i.7þ

0.356

d.356
ö.s56
o.sso
0.356

0.341 ..

0.344
o.ui

0.344 U
o.g¿à"' u

1.72 U

0.344 U

0.344

o.344

0.344
o.sqq
ö.689

U

U

U

U

U

.U

U

o.u4
os44
o.u4
o.u4
o.Cq+"

ö.544
0.s44

U

U
U

U
U

U

0.86

0.344
o.u4
o.riö

d.g¿+
0.944

0.86'o.u+

0.344

0.344
0.344
o.5;A4

o.ss6
o.ãso
0.891

o.sà6
0.356
o.asl
0.356

1.79
0.356
0.356
0.356
0.356

0.356 U

0.356
0.356
0.3b6
0.s5"6

o.gs6'
0.s56
ô.gso-

0.356

U

ü
"ü

U
ù

U
il

U

U

U
U

U

U
U

U

U

U

U

U

U

U

0.356
0.3òô
0.356
0.891

0.s56
0.356
o.i5ô
0.55e

0.346
0.866' 
0.866

1.74
0.346
0.346

0.346
0.346-o.s+o

ô.346

0.346 U

o.s+o u
o.s¿d ''ù

0.346 U

ü
U

0.346

U

0.346

iJ

o.ö46
ö.s4è

U

U

0.353 U

0.353
0:353
0.884
o.ssã
0.353
o.aea
0.353 U

o.ssg ü
0.353

o.rl84
0.884
0.353 U

0.353
0.353
0.s53"-

0.3s3 u

0.353 UJ

0.353 U

ö.353

0.353 u
0.3s3
0.353

0.708

U

U

U.U

U

U

U

0.353
o.ö53

U

U

U
ü

U

0.353

o.782

U

0.391 U
o.sgi ' u

U

U
U

U
U

0.391
0.391

0.391
0.391
o.à91

-0.382
0.382
0.382
ogs-+
0.382
0.382
o.gs+-''
0.382
0.382
0.382
0.382
0.954 U

0.382 U

0.382
0.382
0.382
0.582

0.382
o.Cs2'
o.àae'-

0.382
o.ss2

0.382

0

0.382

U

U
U

U
U
U

U
il
U

U

U

ù
U

U

.382
0.382

U

ú

0.954
o.saz
'1.91

0.382

0.899 U

0.36
0.36
o.5tí-
0.36

ö.öög

1.8
0.36 U

0.36 U

0.36
0.36

0.36
0.ö6
o.l¿

ù

U
U

0.36
U.Jb

U

U

U

U-..u

il
U

U

0.36
0.3ô
o:'46
0.36
0.36
o.so

U

U

0.36
0.36

0.389

-9,eas--'_
0.973

0.389

1.95
0.389
0.389

0.389

0.551
o.3sg 

- 
u

0.389
0.389 U
o.sgg ü¡
0.389 U

i.sed '"u

0.389
0.389

U

U

U

U
il

0.389
0.389

0.973

U

o.sag

0.389
o.s8g

U

U

U
U

U

U

U'ú

U

0.389

0.389

0.398 U

0.398 U

o.sgg u
0.995 U

o.sda u
o.egti'0.995

0.398
o.s0s
o.þs5'b.sö8 -

i.eit
ö.àga
o.ss8
0.398 U

o.se8 u

0.398 U

0.398
0.398

0.398
0.39s
o.sgð
o.àÒö"

U

U
U

U
U

U
U

il

0.398

U

U

il

U

0.398
0.398
0.398

,3-Dichlorobenzene

ne

phthalate
phthalate

ne

,2,3-cd)pyrene

'1 ,2-Dichlorobenzene

1 ,4-Dichlorobenzene

il

U

0.00235
0.00235

U
U

0.00218

0.00218 u

il
il
il

0.001 98
98
98

0:001
0.001

U
U

U

U

0.1 98
ci.o+gs

0.00198
0.00198 U

U

U

U

0.00629

0.00251

0_00251 u
o.zsî"-" u

0,9p2q l-.
0.00251

0.00251 u
0.00251
õ.0öZtii

0.00214 u

0.00214 u

0.00214

iJ

0.00214 u

0.00214 u
0.00214 u

0.0536

o.oo5-q_0,

U

U

U

0.00202

0.00202

U

0.202 u
0.0505

0.00202 u

0.00303 u

0.00202 l)
00202 u

0.00202 u

00232

0581
J
U

0.
0.

U

U

U

U

U

0.00232 u

00349 U

J
ü
U

7

0.00218 u
o.riö2ïa"'u

U

o.oö2ì b
U

o.oo232
o.o0232

0.00232
o.2Cz-'
0.058

0.00232

0.00232 u

0:0Q58 -
0.00232
o.oo232
o.bci18t
0.o0263

U
U

U

0.00231 u
o.ã5r " ù

U

U0.00231

0.00231 u
0.00231""",u

0.00231 u

0.0576 U

0.0057*6 
" 
u

0.00231 u

J

U

U

U

0.00205
o.ooeö5

U'U

U

U

0.00205
13

0.00205 u

0 00205 u
.00205 u

0.00205
0.205

U
Uo.oo2141U

0.00251 u

U
U

U

U
ù
U

0.00232

U

U

U

U

0.00251 u
0.002s1 U

0.00251 U

o.zsl U

0.00251
0.00251

00251
0.00251
o.oo2sr

U

U

U

U

0.0023
o.ooäs-

U

U

0.0023
0.0023

0.0023
0.0023

U

U

.00235 U

0.00235
0.00235

U

U

U

U

U
U
U

oo202

o.oo202

0.002 J

3
U

U

U0.00213

0.0032 u
0.00213

0.00213 u

00213 U

0.00213 u
o.zr i- u
o.össs' u

0.00213 u
o.öòàr s u

0.00232
U

0.0024
o.0024

0.247
0.0617

0.0024
0.0024

7

U

U

U
U

J

U

U
U

U

7

7.

o.oo241 u
U

0.00247

U

0.00232 u
J.U

o:0023_?

0.00232

0.00232
0.00232

U

U

U

U

U

U

U

(EDB)

nzene
disulfide

,1 ,1

ether

,2-Dichloroethane
,2-D, ichloropropane
,4-Dioxane

U

0.0024

0.0024 u

0.0024

0.0024

0.0024 u

0.0024 u
oo24 u

0.0024 u
o.u --u

o.osgg 
- 

u

0.0021 8

0.0021

0.0021

0.00318 U

0.00212 u

U

U

U

2U
2U
2U

0.00212
0.212

ó.0s31

o.oo212 u

0.00212 u
0.00212 u
0.00212 u 0.00223 u

0.00223
o.oio22s
0.00223
0.00223 u
o.fh*"u

U

U

U

U

o.oo223 u

0.00223 u

0.002-23 u
0.00223 u

0.00198 u

0.00198

0.00
o.0o

98U

9290.8 91.3 88.589.5 94 90.7 94.3Solids 92.9 83.8 86.3

Notes:
mg/kg - m¡lligrams per kilogram.

U - not detecled above melhod detection limit.

B - Resull is potenlially biased high due to blank contamination.

J - detecled below lhe method detect¡on l¡mit.

Concentration ¡s estimated.
Fì - Value rejected, not ¡ncluded in screening.
UJ - Non-del€ct result (reporting l¡mit) is estimated

due to a minor quality conlrol anomaly.

Blank cells indicate constituent not analyzed.
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TABLE ì

SOIL DATA - r/RS
FIRE TRAINING AREA. SWMU 18

DELAWARE CITY REFINERY
DELAWARE C¡TY, DELAWARE

1883
18B3S4S49SO

{Þ2 fr

0.01

0.0024 J
0.01

0.01

0.01
0.01

0.01
0.01

0.01

0.01
0.01
0.01
0.01

0.01

0.01
0.01

1

0.01
0.1

0.01

0.04 B

0.01

0.01
0.01
0.01

0.01
0.05
0.01

0.01
0.01

0.01
0.01

0.01

0.01
0.01

f8B2
18823¡1647S0

24rt

0.01 U

0.01 U

0.01 U

0.0'l U

0.01 U

0.01 U

0.01 U

0.14
0.01 U

0.01 U

0.01 U

0.0't U

0.01 U

o.187
0.01 U

0.01 U

1 U

0.01 U

0.1 U

0.01 U

0.1'16 B

0.01 U

0.01 U

0.01 U

0.01 U

0.01 U

0.05 U

0.01 U

0.01 U

0.01 U

0.01 U

0.01 U

0.01 U

0.01 U

0.01

1881

18813¡1647$0
G2 fr

0.01 U

0.0019 J
0.01 U

0.01 U

0.01 U

0.01 U

0.01 U

0.01 U

0.01 U

0.01 U

0.01 U

0.01 U

0.01 U

0.01 U

0.0'l U

0.01 U

1 U

0.01 U

0.1 U

0.01 U

0.088 JB
0.01 U

0.01 U

0.01 U

0.01 U

0.01 U

0.05 U

0.01 U

0.01 U

0.01 U

0.01 U

0.01 U

0.01 U

0.01 U

0.01 U

Location lD

$ample lD
Sample Depth

Analyte

1, 1, 1,2-TETRACHLOROETHANE
1 1,1-TRICHLOROETHANE
1,1,2,2-T ET RACH LOROETHAN E
1, 1,2-TRICHLOROETHANE
1,1-DICHLOROETHANE
1,1-DICHLOROETHENE
1,2,3-TRICHLOROPROPANE
1,2,4-TRI METHYLBENZEN E

1,2-DI BROMO-3-CHLOROPROPANE
ETHYLENE DIBROMIDE
1,2-DICHLOROBENZENE
1,2-DICHLOROETHANE
1,2-DICHLOROPROPANE
1,3,5-TRIMETHYLBENZEN E (MESITYLENE)
1,3-DICHLOROBENZENE
1,4-DICHLOROBENZENE
1,4-DIOXANE
2-CHLOROTOLUENE
2-HEXANONE
4-CHLOROTOLUENE
ACETONE
BENZENE
BROMOCHLOROMETHANE
BROMODICHLOROMETHANE
BROMOFORM
BROMOMETHANE
CARBON DISULFIDE
CARBON TETRACHLORIDE
CHLOROBENZENE
CHLOROETHANE
CHLOROFORM
CHLOROMETHANE
CIS-l,2.DICHLOROETHYLENE
CIS-1,3-DICHLOROPROPENE
DIBROMOCHLOROMETHANE

cAs

UOCa(ms1t(!
630-20-6
71-55-6
79-34-5
79-00-5
75-34-3
75-35-4
96-18-4
95-63-6
96-12-8
106-93-4
95-50-1
107-06-2
78-87-5
108-67-8
541-73-1
106-46-7
123-91-1
95-49-8

591-78-6
106-43-4
67-64-1
71-43-2
74-97-5
75-27-4
75-25-2
74-83-9
75-15-0
56-23-5
108-90-7
75-00-3
67-66-3
74-87-3
156-59-2

10061-01-5
124-48-1
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TABLE ì

SO¡L DATA. VRS
F¡RE TRAIN¡NG AREA. SWMU 18

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

1883
1883f¡¡1049SO

$2 ft
0.01
0.01
0.5
0.1

0.01

0.01

0.1

0.1

0.05
0.053 B

0.01
0.01
0.01
0.01

0.01

0.01

0.004 J
0.01
0.01
0.01

0.01

0.2
0.1

75-01-4 NYL CHLORIDE 0.0'l U 0.01 U 0.01

PHCGRO 2.93 54 0.5
23

18B.2

18823¡1647S0
24lt
0.01 U

0_01 U

0.5 U

0.1 U

0.038
0.031

0.1 U

0.1 U

0.05 U

0.065 B

0.215
0.153
0.17
0.01 U

0.01 U

0.01 U

0.013
0.275
0.01 U

0.01 U

0.01 U

0.2 U

0.1 U

1780

f8B1
188134647S0

ù,2út
0.01 U

0.01 U

0.5 U

0.1 U

0.01 U

0.01 U

0.1 U

0.1 U

0.05 U

0.039 B
0.01 U

0.01 U

0.01 U

0.01 U

0.01 U

0.0'1 U

0.002 J
0.01 U

0.01 U

0.01 U

0.01 U

0.2 U

0.1 U

10

Locaüon lD
$ample lD

$emple Depth

Analyt6

DIBROMOMETHANE
DICHLORODI FLUOROMETHANE
ETHANOL
ETHYL METHACRYLATE
ETHYLBENZENE
TSoPRoPYLBENZENE (CUMENE)
2-BUTANONE
METHYL ISOBUTYL KETONE (4-METHYL-2-PENTANONE)
METHYL TERT-BUryL ETHER
METHYLENE CHLORIDE
N-BUTYLBENZENE
N-PROPYLBENZENE
SEC-BUTYLBENZENE
SWRENE
T-BUryLBENZENE
TETRACHLOROETHENE
TOLUENE
TOTAL XYLENES
TRANS-1,2-DICHLOROETH ENE
TRANS-1,3-DICHLOROPROPENE
TRICHLOROETHENE
rRICH LOROFLUOROMETHAN E
VINYL ACETATE

TPH DRO (DTESEL RANGE)

74-95-3
75-71-8
64-17-5
97-63-2
100-41-4
98-82-8
78-93-3

1 08-1 0-1

1634-04-4
75-09-2
104-51-8
1 03-6s-1
135-98-8
100-42-5
98-06-6
't27-18-4

1 08-88-3
1330-20-7
1 56-60-5

10061-02-6
79-01-6
75-69-4
108-05-4

PHCDRO

Notes:
mgikg - milligrams per kilogram.
U - not detected above method detection limit.
B - Result is potentially biased high due to blank contamination.
J - detected below the method detection limit. Concentration is estimated.
JB - Result is potent¡ally biased high due to blank contamination; result is estimated.
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o
TABLE 4.19

SOIL DATA. PHASE I R¡

FIRE TRAINING AREA. SWMU 18
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Notes:
mg/kg - micrograms per kilogram.
U - not detected above method detection limit.
J - estimated concentration. Compound was detected below the method detection limit.

1.1.1 Trichloroethane 0.007 u 0.0083 u
1,1,2 Trichloroethane 0.007 u 0.0083 u
1,1,2,2 Tetrachloroethane 0.007 u 0.0083 u
1,1 Dichloroethane 0.007 u 0.0083 u
1,1 Dichloroethene 0.007 u 0.0083 u
1,2 Dichloroethane 0.007 u 0.0083 u
1,2 Dichloropropane 0.007 u 0.0083 u
2 Butanone 0.007 u 0.0215
2 Hexanone 0.007 U 0.0083 u
4 Methvl2 pentanone 0.007 u 0.0083 u
Acetone 0.007 u 0.0308
Benzene 0.0607 0.0029 J
Bromodichloromethane 0.007 u 0.0083 u
Bromoform 0.007 u 0.0083 u
Bromomethane 0.007 u 0.0083 u
Carbon Disulfide 0.007 u 0.0097
Carbon Tetrachloride 0.007 U 0.0083 u
Chlorobenzene 0.007 U 0.0083 u
Chlorodibromomethane 0.007 u 0.0083 u
Chloroethane 0.007 u 0.0083 u
Chloroform 0.007 u 0.0083 u
Chloromethane 0.007 u 0.0083 u
cis 1,2 Dichloroethene 0.007 u 0.0083 u
cis 1.3 Dichloropropene 0.007 u 0.0083 u
Ethvlbenzene 0.067 0.0564
m&p Xvlene 0.0703 0.1488
o Xylene 0.4849 0.1438
Methylene Chloride 0.007 u o.o127
Styrene 0.007 U 0.0083 u
Methyl tert-butvl ether 0.0423 0.0132
Tetrachloroethene 0.007 u 0.0083 u
ïoluene 0.0122 0.0431
trans 1,2 Dichloroethene 0.007 u 0.0083 u
trans 1,3 Dichloropropene 0.007 u 0.0083 u
ïrichloroethene 0.007 u 0.0083 u
VinvlChloride 0.007 u 0.0083 u



TABLE A.2O
SOIL DATA - PHASE II RI

FIRE TRAINING AREA. SWMU 18
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Analyt6

sr&sBls'
s(}0.2

sr&sB1{Þ
SOt¡þf6

sl&,s81(}'
s&&8

sl&saÈ
S(}û2

sl&sts$
Sùf¡û-16

sl&sa€-
SO{t{

SlFSE¡.
sssz

sr6-547-
SOl¡þ16

sl&sB7-
SOr¡t 6

sl&sB&
sôlG.0

stsstse
stl'zo

sl&sE&
3(}6.0

slgsEtÞ
ssl.o

s1&38!!
s(}'!8.0

1oÊfivu7 t{¡*xxtr ltxltvg¡ rtx¡tvoz t8t3{v07 l{}¡ror{}7 10/Í10/07 r0ßûo7 10t30,gt 1çv2SìIÍXt IG¡¡S'O7 lAr¡tctg¡ 1gff¡gfut 1o/ãuüt
&2fr 1+16 tt ¿¡.8 ft s'2fi 1.¡þ16fr +6 ft Þ2tr t¡t 16 fÌ ¡ba tt t6 ft 2tt 6tt l.rln 't5tt ôfr

,2-Dichlorobenzene
,3-Dichlorobenzene
,4-Dichlorobenzene

Trichlorophenol_.
Trichlorophenol*

0.323 0.33
0.33

0.33
0.82-5

0.33

9,924."-
0.324
0.324
0811 -
0.324
0.324
0.811

0.328 U 0.333 U

0.333 U

0.331

.U 0.331 U 0.328 U

0.33ì--l' 0.32801323. U

0.323 U

0.807 u

0.323 U

0.807 u

0.332
0.332
0.332
0.832

0 832.
0.832
0.332
1.67

o.327'o.sàz

o.327
0.818

0.329
0.329
0.329
0.824
0.329
0.329
oi.sz+

0 323
0.323
0.80,9

0.323.
0.323
0.808

0.323 U

o.szà u
0.807 u
0.323

0.33
0.82s

0.332 U U.Jó

U

U

U

U

0.329
0.329
0.329

U

U

U

U

U

U

U

U

U

ú
U

U

U

U

U

U

U

U

U

U

0.32-5

0:325
0.812

0.3r5-
o.812

0.812
0.325

0.325-

0.325
0.325
0.325

U

U

U

U

U

U

U

U

U

."u
U

U

U

0.325
0.325
0.813
0.325
0.325
0.813

0.331

0.331

0.827
ö.s3r

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

ú

U

U

U

U

U

U

0:82:4

0.329
ó szg
0.824

o.827

U.Jó I

0.328 U

0.82 U'ò.sea u
0.328 U

o.sz Ù

0.333 . U

0.832 U

0.333 U

0333 'Û

0.832 U

ô.sss u
0.333 - U

0.333 U

0.325 U

0r328
0.Q2-1 -
0.328
0.328 U 0.327 U

0.q21 o.81 U

0.332 U

0.832 U

0r325.-

0.325

0.325
o.32b

0.328 U

U
_,0.3?.p_

0.325
U 0.325

0.329
o.szìt
0.329_

0.824
0.824 U

0.329 U

1.69

0.32_9.

0.329
0.329
0.329

0.323
0.32.3

0.323 
.

0.323
0.3?,3

p 8-07

0.807
0.323
1.62

0.323
0.807

0.323
0.323

0.328
0.328
0.328
0.82

U I
0.323 0.328_.

0.328-.
0.328
0.328

.p.327.
o.327

o.327

0.332
0.332 U

0.332 U

0.332 U 0.33

0.324 U 0.329 UU

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

0.323
0.323
0.323

_o.8oz"
0.807
0.323
1.62

0.324 U

0.811 U

0.811 U

0.324 U

1.63
0.924
0.324
0.324

0.33 -
0.33

0.324 U 0.329
0.329 0.325

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

0.331
o.sst0.329

0.8?!
0.824
0.329
1.65

o.cre
0.329

o gz9

0.66 U

U.JZC

0.813
0.813
0.325 U

1.63
0"j925

0.325
0.325

0:325
0.325

U

o:82
0r328
1.64

0.832 U

0.33à U

0.821
0.328
1.65

0.32é

0.658

0.81
0.327 U

0.323
0.808

ú
U

0.808- U

U

U

0.323
1.62

o.à23
o{à3
0.323
0r32-3

0.329
0.323
0.323
0 3?3
0.323
0 323
0.323

U

U

U

ù
U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

0.3-25 U
o.a12 u 0.832 U o.827 0.821 0.81

U

U

U

0.825
o.ezs
o.st

U

U

U

U

U

U

U

U

U

U

U

ú
ù

U

U

U

U

0.j328

0.328
0.328
0.328
0.328

0.331
U

U

1

8_

I
U

U

U

0.827 U

0.331 Ù

U I .bo U

U

U

U

U

U

U

1 2-Dimethylbenz(a)anthracene

racene
Be nzo(a)anthracene

U

U

U

1.65

0.323 0.332
0.323 U

0.323 U

0. 323
0.

.às
0.33 U

0.33 U

0.329 U

0.329 U

o.szs 'ú
0.329 U

0.329 U

0.329
0.329

U

0.32s U

0.325 U

u.ó¿5 0.328

0.332
0.332
0.332
0.332

0.325
o,3zs
0.325
0.325
o.Czs
0.325
0.325

U

U

U

U

U

ü
U

U

U

U

U

U

U

U

U

ù
U

U

U

ù
U

U

0.328
o.see"
0.328,

0.3,2-8

0.328
o.seó
0.328

--Q-,33-
0.33

0r328
0.328

0339."
0.333
0.333
0.333

0.331
o.cci

0.331
0.331
0.3-3_1

0.331
o.seì
0.331
o.Càr
0.331

0.329
0.329'
0.329
0.329
0.329

0.5àó-.

0.329
o.ãzs
0.3?9
0.66

ô.9âs
U 0.323

u-3¿3

U

0.323
0.323
0.323

U 0.323
0.323
o:3?.3 

.

0.323
o.szi-"

1.63 U 1 62,

.p.s3_9_
U.JJó
0.333
0 333

o.327
0.328 o.327
0.328
0.328

o.327
o.327

U

U

ü
U

U

U

U

U

U

U

U

U

U

U

U

U

Benzo(b)fluoranthene

racene

phthalate
phthalate.

1,2,3-cd)pyrene

0.332
o.ogz

0.324
0.324
0.324
0.324
0.324
0:324
0.324
o.324
0.324

0.331
0.331
0.331

U

U

U

U

U

U

U
U

U

U

0.329
U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

323

þ9¡zyl phthalate 0. ó¿ó U
U 0.332

0.33
U 0.33 U

o.327
o.327

0.33 U U

U
0.329 ó.s25
0.329
o.329
0.329
0.329

0323 U

0.323 U

v.oó¿
0.332

U.JóZ

0.332

U 0.33 U

U

0.328
ô.see
0.328

0.325
"9.99-"3
0.333
ö.ses
0.333
0.3c3
0.333

ó.szs JJó

0.325 U

0.325 U

o.327
o.327

0.323 0.332 0.33
0.33 U

U o.327 n Ito

0.33 U

U.óJ U 0.324
o.324
o.sdt

0.325 0.328 
-

U 0.325 U 0.328 U

U

U

U

U

U

0:327 U

0.327 U

0.329 U

0.32e ü
o.327
o3à7
o.327

U

U

U

ö szg ..u
0.323 U
'0.àãã ''u
o.szg 

' 
u

o.sãs u
0.3-2-3. U

0.323 U

0.323 U

0.323 U

¡trobenzene
0.323. U

0.323 U

0.323
0.646

0.33 U 0.324
0.323 0.332 0.33 0.32A

0.332 U U.JJ
0.332
0.332

0.33 U

0.332 U

o.ss2 ú
0.33 U o.324
0.33 U

0.332 0.33
0.661U 0.666 U U

0.323
0.323

0.323
0.323

U

U

U,Ú

U

U

U

0.9æ
0.325
0.87
0.325 U

U 0.328 U
--0 

32-q.,
0.328
0.3280.328

0 3?8
o:32_8_

0.328
o.äee

U

6.43 0.331 o.e-eq - "
0.331 U 0.328 o.327
0.331
0.331
0.331

o.327
U

-9 
32.-q_

0.328
o.oäri

U

ù
U

U

0.329 U

o.gze u U

0 32-9
n ?to

0.329

U

U

U

U

0.325 U

oses*_u
0.325 U

0.651 U

0.325
0.325 U

o.ãzs u
0.651 U

033q.,. -u
0.333 U

oss3' ú
0.333 U

0.323 .
U.J¿J

U

U

ù
U

U

U'ù

U

U

U

o.3 
-27

0.655

U

U

U

U

U
U

0.324
0.324
0.65

0.328
0.656

0.323 U 0.323
0.647 U 0.646

0.00172
o.oo+zs
0.00172

U

U

U

U

U

U

1 ,1-TÍichloroethane 0.00191 u
,2-Dibromoethane .(FDB)"".. .

0.00191
0.00206 u
ö.ööàóo ú
o.00206 u
o.oozoö u

0.00202 u
U

U

U

U

U

U

U

U

U

U

0.00179
0.00179
o.ool zg
0.00179

0.1 79
0.0448

0.00179
0.00448

0.188
0.0471

o..go1s8.-
o.oo471

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

UU

U

U

U

U

U

U

U

U

U

0.00188

0.00202 u
0.00191
0.00191 0.00179 u

0.00179 u
0.

0j00228
0.00228
0.00228

0.001-62

0.09"'!92

0.001 q?
0.1 62

0:00-188

0.00188
0.00188

0.00203 92
U 0.00203 u 0.00192 u

91 u 0.00203 u 0.00192 u

0.00162 0.00202 u 0.00179 u 0.00172 u
o.oo2o2 u 0.001 79 U 0.001 0.001 88 U

,2-Dichloroethane

,4-Dioxane

U

U

U

U

o.oo202 0.001 79 0.00172 u 88
0.00202 u 0.00179 u 0.00172 u 0.00188

o.202 0.179 0]72 U

0.0017,9

0.00447

0.001

0.001

0.00191
0.00191

0.191 0.206 u
ö.ösì 5 ù

0.00202
0.202'"

0.0506
o.ooàoà

o.oozoe
0.00304
oßòtoà-

0.0019'1 u 0.00203 u 0.00192
0_191 U 0.203 u 0.192 U o.r ge

.osoe U 0.048 U

0.179 U o.228
0.0448 0.0571 U 0.0406 u o.oo727 J 0.0447 U 0.0429U

U

U
U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

disulfide

0.00498 J
0.00191 u

0.00191
0.00191 u

78 U

0.00478 u
o-oor sì 'u0.00179

0.00179

0.001 79
0.-0-01-79.

0.00179

0.00179

0

0.00206 u

0.00191 u
o.ôoìsr u

0.00515
0.00206 0.00202
0.00206 u 0.00202

191

0.00286 u 0.00309 u

0100191 U 0.00203 U 0.001 92 U 0.00188 0.001 79
0.00508 u 0.0048 u 0.00469 u 0.00448

.ooäbs 0.001 92 88
U 0.001 91 U 0.00203 U o.oo'r92 U 0.00188 0.00179

0.00191 u 0.00203 u 0.00192 u 0.00188 u
0.00269 u 0.00287 0.00305

0_00179 u 0.00228 u 0.00162 0.00202 u 0.00179 00172

o.oozáa u
o.öos7i' u

U

0.001 62 o.oo202
0.00406 U

U .00228 U 0.001 62 0.00202 0.001 79
U 0.001 62 o.oo202 0.001 79 0.001 72 0.001 88

0.00188

0.

0.00281 u o.oo244 0.00304 u 0.00268 0.00257
79U 0.09172

U 0.00172
o.oo172

0.00282 u
0.00188 u
0.001 88

tert-Butyl ether 91 0.00206 u
o.oo202
o.00202

0.001
0.001
0.001

0.001

or90.J

0.001

79U
79U
79 l)
zgù

0.00162
o.oor oä
ó.oot oz

0.001 91 u 0.00203 u 0.00192 u 0.00188 u 0.00179 0.00228
88
8-.9-.

88

0.00191 u
o.oo191 u

0.00203 u 0.00192 u 0.00228 u
U

0.00202 u
0.00206 u
ó.0óãoo u

0.00203 u
o.oo202 u 0.00179 0.001 0.00203 u 0.00192 u

U 0.00202 u 0.001 U U 0.001
79 U 0.001 72 U 0.001

88
8"90.00228 u 0.00162

o.oo228 0.001 o¿ U 0.oo202 0.001 79U 720.00191 0.00206 u 0.00202 uU

92 87% 89.7 o/o 84.9 85

Notês:

mg/kg - micrograms per kilogram.
U - not detected above method detection limit.
J - estimated concentration. Compound was detected below the method detection limit.
UJ - Non-detect result (reporting lirnit) is estimated

due to a minor qual¡ty control anomaly.



TABLE A.21
SOIL DATA. VRS

WASTEWATER TREATMENT PLANÎ - SWMU 20a20a.1
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Notes:
mg/kg - mill¡grams per kilogram.
U - not detected above method detection limit.
B - Result is potenlially biased high due to blank contamination.
J - detecled below the method detection limit. Concentralion ¡s est¡mated.
R - Value reiected, not included in screen¡ng
UL - Non-detect result (reporling lim¡t) is est¡mated and potentially biased low due to a minor quality control anomaly
Blank cells ¡ndicate constituent not analyzed.

7440-38-2

7439-97-6
7440-02-0
7742-49"2
7440-22-4

7440-39-3
7440-43.9
7440-47-3

57-12-5 ANIDE

BAHIUM
M

LÈAò

LVER

I\¡ERCURY
NICKEL

f ........ ........-0-. 
05-.

7.2

L

0.3
4.9

U

UL
U

2.1

0.5

32
0.82

14

2
21

0,5
6.3

ei,z

0.05
3.3
0.5

1

10

U

U

UL

ù 2U
10

6.1

35
0.56

U

2.3
0.05
3.9
0.5

1 06-93-4

7A-47-5
.t 23-91-1
71-43-2

108-88-3

75-1
1 08-90-7
67-66"3

'1oo-4-1 -4

78:-99:3
'100-42-5
-127-'18-4 LOROETHENE

DISULFIDE
E

E

TOLUENE

DE
0101

0.01
o,ol
0.01

'|

0,o.1

...0J
-o-,91
0.01

U

o.ol

.o..oo2?

o:o1? 
.

0.015

0.05
0.01

U

U

U

U
tt
U

U

J
U

U

U

0.01

oqi
0.01

0.01

. .:l
Q,91
0.05
0.01

0.01

0.01

0.1

o.0:!
0.0J

o.9J
0.01

f

U

U

U
il

ù

U

U

U

U
U

U

U

U.. .0.01
0.01 U

U.,9,01
0.01 U

U

õ.ôì U

U0.05
o.oi U

0.01

0.01

U

U

0. U

0.01 U

U0.01
0.01 U

o.01

ep-50-1

541-73-'l
.106:46:7

95-95-4
88-06-2
I UC-þ/-Y
5'1-28-5
121-14-2
95-57-8

9Q:18:7
'108-39-4

106-44-5
100-o2-7
57-97-6
62-53-3
1?9'1?:7
56-55-3
50-32-8
205-99-2
207-08-9
85-68-7
117-81-7
218-01 -9

5à-to-3
84-66-2
131-11-3
84-74-2
1 7-84-0

206-44-O
1 93-39-5
91-20.3
98-95-3
85-01 -8

'108-95-2

29-00.o
1 10-86-1

1

ENOL
eñol (põnesol)

EXYL) PHTHALATE

DI.N-BUTYL PHTHALATE
DI-N-OCTYLPHTHALATE

,'t2-D

FACENE

PYRÈNË

¡TROPHENOL
ITROTOLUENE

ENOL

LINE

ENE

PHENOL

BUryL PHTHALATE

LOROBENZENE

IND

FIACENE
PHTHALATE

PHTHALATE

(o-cRESOL)

NITROBENZENE
PHENANTHREÑÈ

< 0.33
. O.gC

U.JJ U

0.66
0.33

U

9.r33
0.33

0.382.

o.ää

0.33
0.33
o.33 U

0.33 U

o.33 U

U
U

0.33 U
0.33 U

0.66 U
U

0.66 U

0.33 U

0.263 J
U

81 J
0.33 U

0.33 U
0.33 U

J
U

U
B

ú

U

0.263

.o-:66
0133

_0.33
o.251
0.33

0.348

U

U

U

0.33
0,39
0.33
0.q9
0.33
0.33
0.33

. o:33
0.33 U

9'-93 U

5.75 B

< 0.33 U

0.3-3

0.33
0.66

9.q3
U

0.33

U

U

U

U
il

ù
U

U

0.33
0.33
0,3-9........

9.33
0.33
o:66
0.33

9,-q3
0.33
0.66 U

0.33
0.33

--.u
U

U0.33
0.33 U

0.33 U

R

U

U

U

U

U

0.66
0.33
0.33



TABLE A-22
SOIL DATA- PHASE I RI

WASTEWATER TREATMENT PLANT - SWMU 2Oa2Oa.1

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

Notes:
mS/kS - milligrams per kilogram.
U - not detected above the method detection lim¡t.
B - Result is potentially biased high due to blank contamination.
UJ - Non-detect result (reporting limit) is estimated due to a minor qual¡ty control anomaly
UL - Non-detect result (reporting limit) is estimated and potentially biased low due to a
minor quality control anomaly.
Blank cells indicate const¡tuent not analyzed.

Barium

m
Lead
Mercury

139.1

17q _".
9.017 .

62,9-,-- " -
0.7

B

0.9
U

B

-5.-,5
123.3
4.3

,3 Dichlorobenzene*

,4 Dichlorobenzene

4,5-.Trichlorophenol-,"
4,d--Trichloiophenol--"--" ::::

1 2 Dimethylbenz[a]anthracene

ethylhexyl)phthalate
Butyl benzyl phthalate

Di n buty-l phth*alate

D

uoranlhene

,2,3 c*d)pyrene 
.

¡ octyl phthalate

MethylphenolDinitro 2

iline

Dinitrotoluene

Chlorophe-nol
Methylpheno*l ._. _*"

phthalate_* 
.....

ph!þalate.-

Nitro-phenol .

M-ethylphenol-

" 
0.09qf*_*

0.'!3-_9_5*""

0.13-3,-5."
0.0534
0.05c4

0.0534 U

0:.13"3_5_."..,. U.J

0.1602 U

o.rCs5 'Ú

0:9--5,3_-4_"""' ..
0.0534

.U
U

U

v
U

U

U

U

U

U

UJ

U

U

U

UJ

ll
*u.
UJ
ù
U

ú

0.0534 U

0.1335

0.0534

0.0534

0.1522

U

U

0.0534

0.1335

0.0534
0.0534

0.05Q4 -

U

ú"
U

-lJ
U

U

U

0-0534
0.0534

0:053_4.

0.0534

0.0534
0.0534

o.o77

9 ósþa
0.0534
0.053f'_
0.0?_9_4.*_

0.053-4
0.0534

0.0534
0.0534



TABLE /
SOIL DATA - P¡....JE II RI

WASTEWATER TREATMENT PLANT - SWMU 2Oa2Oa.1
DELAWARE CITY REF¡NERY

DELAWARE CITY, DELAWARE

sã)Al-9BS
so'2-3
luinn7
2-3 tt

s20 l-sB$
sG.s'2
1U2ln7
(}2ft

5.25
6.36
146 L
5.36
461

2sB
0.108 u
51.7
2.86
1.74

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.923 U

0.739 U

0.923 U

0.369 U

0.369 U

0.369 U

0.923 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

s20A1.SB&
so-2€
la21w
2-3 fr

92041-S88-
so-0-2
ta21Kt7
lJ-zlt

10.8 U

4.95
42.9 L

0.926
29.6
24.7
0.106 u
.15.9

2.15 U

1.08 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.899 U

o.72 U

0.899 U

0.36 U

0.36 U

0.36 U

0.899 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

sæAl-SB7-
SO"2-3

1?frnn7
2-3 ft

s20A1-SB7-
so-&2

12J'I¿'INI
(Þ2 fi

5.86
6.36
124 L
7.42
367
286

0.115 U

38.2
2.8

'l .78

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.94 U

0.752 U

0.94 U

0.376 U

0.376 U

0.376 U

0.94 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

s20Af-sBe
go-213

12fr¿tn7
2-3tt

s2041-SBÞ
$o-ù2
1ui¿lto7
0-2 fr

2.4
29.5 L
0.548
17.1

9.s3
0.105 u
7.19
2.03 U

1.02 U

0.343 U

0.343 U

0.343 U

0.343 U

0.343 U

0.343 U

0.343 U

0.343 U

0.8s8 u
0.687 U

0.858 U

0.343 U

0.343 U

0.343 U

0.858 U

0.343 U

0.343 U

o.21
o.276
0.161

0.161
0.092
0.133
0.343 U

0.343 U

0.343 U

s20A1-SB+
so-2-3
la21toT
2-3 fi

saoAl-sF5-
so$2
vfrnn7
o-2tt

9.88 U

2.02
677 L

0.632
18.2
9.06
0102 u
9.58
1.98 U

0.988 U

0.33s u
0.335 U

0.33s u
0.335 U

0.335 U

0.335 U

0.335 U

0.335 U

0.838 U

0.671 U

0.838 U

0.335 U

0.335 U

0.335 U

0.838 U

0.335 U

0.33s u
0.335 U

0.0392
0.335 U

0.335 U

0.335 U

0.335 U

0.335 U

0.33s u
0.33s u

Antlmony
Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Nickel
Selenium
Silver

1,2,4-Trichlorobenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
2,4-Dinitrotoluene
2,6-Dinitrotoluene
2-Chloronaphthalene
2-Methylnaphthalene
2-Nitroaniline
3,3-Dichlorobenzidine
3-Nitroaniline
4-Bromophenvl phenvl ether
4-Chloroaniline
4-Chlorophenyl phenvl ether
4-Nitroaniline
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(bXluoranthene
Benzo (g,h,i) perylene
Benzo(k)fluoranthene
Bis(2-chloroethoxv)methane
Bis(2-chloroethyl)ether
Bis(2-chloroisopropyl)ether
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TABLE /
SOIL DATA- Ph^SE II RI

WASTEWATER TREATMENT PLANT - SWMU 2Oa2Oa.1
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

szftÂl-sÞ
sG2.8
lunnT
2€lt

0.671 U 0.687 U 0.752 U o.72 U 0.739 U

1 1-Trichloroethane 0.001 o.oo207 u 0.00192 u 0.0019 u o.oo22 u 0.00218 u 0.00213 u 0.00206 u o.oo222 u 0.00195 u
0.00188 u 0.00207 u 0.00192 u 0.0019 u o.oo22 u 0.00218 u 0.00213 u 0.00206 u o.oo222 u 0.00195 u

0.00195 u
0.00195 u
0.195 U

o.o147
o.oo172
0.00488 u
0.00195 u
0.00195 u
0.00195 u
o.oo122

82041-SB$
so+2
1U2ltO7
G2 fr
0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

0.369 U

o.oo222 u
o.oo222 u
0.222 U

0.0554 U

0.00218
0.00198
o.oo222 u
o.oo222 u
0.00222 u
0.00332 u

s20A1-SB&
so-2-3

12ti¿1to7

2€ft

0.00206 u
0.00206 u
0.206 u

0.0149
0.00202

0.000987
0.00206 u
0.00148
0.00206 u
0.00154

s20At€88-
so4-2

12n1tOT
a-2fi.
0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.36 U

0.00213 u
0.00213 u
0.213 U

0.0238
0.0013
0.00644
0.00213 u
0.00203
0.00213 u
0.00179

s2041-SB7-
8O.2a3

1?Í21ß7
2€fi

0.00218 u
0.00218 u
0.218 U

0.0206
0.00233
0.00546 u
0.00218 u
0.00218 u
0.00805
0.00223

s2041*SB7-
so-ù'2
12Í21tW
0-2 fr
0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

0.12
0.376 U

0.376 U

0.376 U

0.376 U

0.376 U

o.oo22 u
o.oo22 u
0.22 U

0.0176
0.031s
0.00219
o.oo22 u
o.oo22 u
0.00208
0.00791

s20At-sEt-
80-2€
12úâßn
2-3 ft

0.0019 u
0.0019 u
0.19 U

0.0502
0.00171

0.00239
0.0019 u
0.0019 u

0.00725
0.00834

$ãlA1€B&
so-0-2
luinta7
o^2 ft
0.343 U

0.343 U

0.343 U

0.31
0.343 U

0.343 U

0.343 U

0.343 U

0.343 U

0.343 U

0.741

0.044
0.343 U

0.343 U

0.343 U

0.343 U

o.0752
0.343 U

0.343 U

0.343 U

0.343 U

0.343 U

0.709
0.801

0.00192 u
0.00192 u
0.192 U

0.042 K
0.0527 K
0.0033s K
0.00192 u
0.149 K

0142 J
0.0908 K

sã¡Af-s8e
so-2-3

12tu1Nt
2-3 ft

o.oo207 u
o.oo207 u
0.207 u

0.0439
0.0131

0.00517 u
o.oo207 u
0.00997
0.0481
0.0194

sa0Al-s&t-
so-s,2
nÍ21|tî
G2 fr
0.335 U

0.335 U

0.335 U

0.33s u
0.335 U

0.335 U

0.335 U

0.335 U

0.335 U

0.335 U

0.0905
0.335 U

0.335 U

0.335 U

0.335 U

0.335 U

0.335 U

0.335 U

0.33s u
0.33s u
0.335 U

0.335 U

o.112
0.0875

0.00188 u
0.00188 u
0.188 U

0.0316
0.0101

o.oo47 u
0.00188 u
0.00188 u
0.0148

0.00532

Bis(2-ethyl hexyl)phthalate
Butvl benzvl phthalate

Carbazole
Chrysene
Dibenz(a, h)anthracene
Dibenzofuran
Diethvl phthalate

Dimethyl phthalate

Di-n-butyl phthalate

Di-n-octvl ohthalate
Fluoranthene
Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
lndeno(1,2,3-cd)pvrene
soohorone
Naphthalene
Nitrobenzene
N-Nitrosodi-n-propvlam¡ne
N-Nitrosodiphenvlamine
Phenanthrene
Pvrene

1,2-Dichloroethane
1,2-Dichloropropane
1,4-Dioxane
2-Butanone
Benzene
Carbon disulfide
Chlorobenzene
Chloroform
Ethylbenzene
m,p-Xylene
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TABLE /
SOIL DATA- Ph^SE II RI

WASTEWATER TREATMENT PLANT - SWMU 2Oa2Oa.1

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

s20A1-Sq$
so'2€.

1?!21tOV

2€ ft ri

o.oo777 J

0.00195 u
0.00195 u
0.00195 u
0.0125
0.00195 u
0.00195 u

97.5 88.s 94.9 91.3 86.8 7 1.8 90.2 89.7 91.3

s2041€Be
so.{Þ2
l?fr¿ltoT
(t.2ft

0.ñ222 Ui
o.oo222 u
o.oo222 u
o.oo222 u
0.0554 U

o.oo222 u
o.oo244

920A1€88-
so-2€

1A21Kr7
2-3 ft
0.0187 UJ

0.00206 u
0.00206 u
0.00206 u
0.01s1
0.00206 u
0.00206 u

sæA'r-sE8-
go-o.2

1A21Kn
0.2Å
0.0049 uJ
0.00213 u
0.00213 u
0.00213 u
0.0532 U

0.00213 u
0.00213 u

s20Â1-sB7-
so'2-3
t?tztn7
2€fi

0.00218 uJ
0.00218 u
0.00218 u
0.00218 u
0.0546 U

0.002't8 u
0.00218 u

szflAl€87-
so-0-2

1U21N7
$2ft
o.oo22 u"
0.00218
o.oo22 u
o.oo22 u
0.0551 U

0.0022 u
0.01''t1

92041€B&
80-2-3

1?J'.i¿|tOT

2-9fi
0.0302 J

0.00231
0.0019 u
0.0019 u
0.0357
0.0019 u
0.0019 u

se0Àt€Bs
so-{Þ2
tanß7
0-2 ft
0.0144 J

0.0145 K

0.00192 u
0.00192 u
0.0184 K

0.00192 u
0.0052s K

s2oÂlSBg-
so-2€
nnln7
2-3 fr
0.0213 J

0.00525
0.00207 u
o.oo207 u
o.Mo7
o.oo207 u
0.00428

sãrAr-$gl
so+,2
l?t2uo7
&2ft

o.oo741 J
0.00139
0.00188 u
0.00188 u
0.0229
0.00188 u
0.00146

Methyl tert-Butyl ether
o-Xylene
Styrene
Tert-Amyl Methyl Ether
Tert-Butyl alcohol
Tetrachloroethene
Toluene

Notes:
møkS - milligrams per kilogram.
U - not detected above the method detection limit.
K - Result is estimated and potentially biased high due to a minor quality control anomaly.
L - Result is estimated and potentially biased low due to a minor quality control anomaly.
UJ - Non-detect result (reporling limit) is estimated due to a minor quality control anomaly
J - detected below the method detection limit. Concentration is estimated.
Blank cells indicate constituent not analyzed.
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TABLE.
SO¡L DATAYRS

TEL EOU¡PMENT LAYDOWN AREA- SWMU 26
DELAWARE CITY REF¡NERY

DELAWARE CITY, DELAWARE

Notes:
mdkg - milligrams per kilogram.
U - not detected above method detection limit.
J - detected below the method detection limit. Concentration is estimated

16

0.01

0.004 J
0.039
0.015

16

0.003 J

0.031
0.018

BENZENE

LEAD

ETHYLBENZENE
TOLUENE
TOTAL XYLENES

7439-92-1

71-43-2
100-41-4
108-88-3

1330-20-7



TABLE,
sorL DATA- phrse ¡n¡

TEL EQUTPMENT LAYDOW¡! AREA - SWMU 26
DELAWARE CITY REFINERY

DELAWARE C¡TY, DELAWARE

Notes:
mdkS - milligrams per kilogram.
U - not detected above method detection limit.
B - Result is potentially biased high due to blank contamination.
R - Value rejected, not included in screening
K - Result is estimated and potentially biased high due to a minor quality control anomaly.
UL - Non-detect result (reporting limit) is estimated and potentially biased low due to a minor quality control anomaly
J - detected below the method detection limit. Concentration is estimated.

j

8UL
0.5 B

9.6 B

0.7 u
3.6
4K

0.01 u
4.1 K
0.7 u
1.3 U

so.2 u

0.0008 R

0.0008 R

0.0008 R

0.0016 R

0.0008 R

8.4 UL
2.1

9.6 B

0.7 u
4.5
2.3 K
0.01 u
3.3 K
0.7 u
1.4 U

53.2 U

0.0009 R

0.0015
0.0009 R

0.003
0.0009 R

10.3 UL
12.9

44.8
1.5

48.8
74.2 K
0.3
21.9 K

0.9 J
0.s8 K
63.3 U

0.001 u
0.001 u
0.001 u
0.002 u
0.001 u

9.6 UL
1'1.3

50.5
1.8

51.7
71.6 K
0.5
21.6 K
0.8 K
1.7 K
60.2 U

0.0011 u
0.00'11 u
0.0011 u
0.0021 u
0.0011 u

Antimony

l\4ercury
Nickel
Selenium
Silver

Lead

Benzene
Ethvlbenzene
foluene
m&p Xvlene
c Xylene

Arsenic
Barium
Cadmium
Chromium
Lead



_)TABLE r*l
SOIL DATA. PHASE II R¡

TEL EQUIPMENT LAYDOWN AREA. SWMU 26
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Notes:
mS/kS - milligrams per kilogram

4.134.81

88.4rcent Solids

Þ?^:w
ffi:J*Ää;**fu*ffifuffi

WUtsle - la&\1 ..%).Mffi #i4;: ;;:"; &.¿.;. ; 
" 
;*. M

ffiF*g:;#1ffiÈi**i$
ffi¿ffiffi#-d-d:}tÐffi,M

w'''-"#..;l1.j%;W



TABLEAV
SOIL DATA- VRS

FORMEB SLURRY OIL DUMPSTER - SWMU 31
DELAWARE C]TY REFINERY

DELAWARE C¡TY, DELAWARE

Notes:
mg/kg - m¡ll¡grams per kilogEm.
U - not detected above method detection l¡m¡t.

B - Result is potentially biased high due to blank contam¡nalion.
J - detected belowthe mehod detection l¡m¡t. ConcentEtion ¡s estimated.
UL - Nondetect ræult (reporl¡ng l¡m¡t) ¡s estimatêd and potentially b¡æd low due to a m¡nor qual¡ty control anomaiy.
Blank cells ¡ndicatê const¡tuent not ilal}rzed.

)

a

4

'I

1

o1

1

Uo.o1

U0.05
U0.01

Uo.o1

0.002

o.33 U

o.33 U

0.33 U

0.33 U

0.33 U

o33

o.

o.996
o-31

Jo.245
Uo.33

0.33 U

0.33 U

0.502
0.66 U

o-1

U0.33

UL1

UL2
20

0.69
7.1

4.6
UL0.o5

4.1

0.69

U0.01

@
< 0.01 u

Uo01
TJo01

I
Jo.oo2
U0.05
Uo.01

U0.ol
0.002
o1 tJ

Uo-01

Uo-ol
o_ot4
o.olaM

< 0.33 U

U0.33
U0.33
U0.33
U0.33

0.33
o33

Jo-334
Uo.66

0.43
Jo.2(ß
Uo.33
U0.33
U0.33
U0.33

o.547
U0.66
tJo :t¡t
Uo.3¡l
Bo.217
U0.33

tJ5

UL5

10 UL
UL2

23
0.55
5.9
4¿

4.3

:LUORANTHENE

I,4-DICHLOHOBENZENE
I,3-DICHLOROBENZENE

=IHYLENE DIBROMIDE
I -2-DI(,;HLOROETHANE

,4-DIMETHYLPHENOL

DITJINZÍ A.H}AN I HRA(;ENE

ARBON DISIII FIDF

,4-DINITROPHENOL

;HROMITIM TOTAL

ìHLOROBENZENE

.(;HLOROPHENOL

I.2-DI(.;HLOHOPROPANE

-METHYLPHENOL

JHLOROFORM

;HRYSENE

;ADMIUM

3ENZO(A)PYRENE
3ENZO{B)FLUORANTHENE

JELTNIUM

RIUM

qRSENIC

![IH(;UHY

3EMO(A)ANTHRACENE

EÁD

NI(;KhL

t.4-utoxANE

CN I IM(JNY

3ENZENE

-THYLBENZENE

¿-I'U I ANONE
J I YHENh
I EI HAUHLOHOE I HhNE
TOLUENE
rOTAL XYLENESM
I,2.DICHLOROBENZENE

CNIUNE
{NTHRACENE

7.Iz-DIME I HYLI'ENZIA)AN I HHA(jENE

DIbI HYL PH I HALA¡ I
DIMh I FIYL PH I HALA I E

UtsN-t'U I YL }'H I HALA I E
DI-N-OCTYLPHTHALATE

107-{ß-2

744D-û2-O

1 fxl-4t -4

/€(}:tq,
7¿.L(t?,'.-2

744lJ.43-9

743997-6

77424!12
744Þ2:¿-4

ffi
71-55-6
f oo-93-¿

7A-47-5
r23-91-1
7143-2
75-1 4F{)

7&93-3
ItxH2-5
12t-1e-4
108-88-3
1330.2G.7

ffi
9$5G1
g1-73-1

1 0a-3Ít-4
57-97-6
tiz-53-3
120-12-7
5G55-3
5G32-8
20çgg2

21 A-01 -9
53-7O-3

a4-æ-2
I 3l-l 1-3
u-74-2
117-8r''4
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TABLE A.28
SOIL DATA. PHASE I RI

FORMER SLURRY OIL DUMPSTER. SWMU 31

DELAWARE CITY FEFINEHY
DELAWARE CITY, DELAWARE

)

Antimonv 8.6 UL 9.04 UL

Arsenic 2.1 1.35 B

Barium 44.3 26.15 J

Cadmium B0.6 B0.57

Chromium 14.1 12.34 L

Cvanide 0.3 U

Lead 25.7 K 6.58 J

lvlercury 0.02 U 0.013 U

Nickel 10.3 K 8.26
Selenium o.7 B 0.72 UJ

Silver 0.6 B 1.51 U

Vanadium

1.1.1 Trichloroethane
E

0.0009 uJ

27.10

1,2 Dichloroethane 0.0009 uJ
1.2 Dichloroprooane 0.0009 uJ
1.4 Dioxane 0.0885 R

2 Butanone 0.0009 uJ
Benzene 0.0028 J
Carbon Disulfide 0.0009 uJ
Chlorobenzene 0.0009 uJ
Chloroform 0.0009 uJ
Ethvlbenzene 0.0296 J

Ethylene dibromide 0.0009 uJ
Methvl tert-butvl Ether 0.0009 uJ
m&o Xvlene o.o797 J

o Xylene 0.1314 J

Stvrene 0.0009 uJ
Tetrachloroethene 0.0021 J
Toluene

1,2 Dichlorobenzene

0.019't J

0.0603 u
1,3 Dichlorobenzene 0.0603 u
1.4 Dichlorobenzene 0.0603 u
2 Chlorophenol 0.0603 u
2-Methvlnaohthalene 3.993 K
2 Methvlohenol 0.0603 u
2,4 Dimethvlphenol 0.0603 u
2.4 Dinitrophenol 0.1507 U

2,4 Dinitrotoluene 0.1507 U

2,4,5 Trichlorophenol 0.0603 u
2.4.6 Trichloroohenol 0.0603 u
4 Nitrophenol 0.1507 U

4.6 Dinitro 2 Methvlohenol 0.1507 U

4 Methylphenol 0.0603 u
7. 1 2 Dimethvlbenzlalanthracene 0.1809 U

Aniline 0.1507 U

Anthracene 0.167 K
J
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TABLE 4.28
SOIL DATA. PHASE IRI

FORMER SLURRY OIL DUMPSTER. SWMU 31

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

Notes:
mg/kg - milligrams per kilogram.

U - not detected above method detection lirnit.

B - Result is potentially biased high due to blank contamination.

K - Result is estimated and potentially biased high due to a minor quality control anomaly.

J - detected below the method detection limit. Concentration is estimated.

UJ - Non-detect result (reporting limit) is estimated due to a minor quality control anomaly

R - Value rejected, not included in screening

UL - Non-detect result (reporting limit) is estimated and potentially biased low due to a

minor quality control anomaly.

L - Result is estimated and potentially biased low due to a minor quality control anomaly.

Blank cells indicate constituent not analyzed.

Benzola)anthracene 0.1049 K

Benzo(a)pyrene 0.1574 K

Benzo(b)f luoranthene 0.1037 K

Benzo(k)fluoranthene 0.0603 u
Bis(2 ethvlhexvl)phthalate 0.4353 B

Butvl benzvl Dhthalate 0.0603 u
Chrysene 0.f435 K

Di n butvl phthalatê 0.119 B

Di n octyl phthalate 0.0603 u
Dibenz(a,h)anthracene 0.0603 u
Diethvl ohthalate 0.0603 u
Dimethvl phthalate 0.0603 u
Fluoranthene 0.1031 K

lndenol1.2.3 cd)ovrene 0.0603 u
Naphthalene 1.1288 K

Nitrobenzene 0.0603 u
Phenanthrene 't.'t915 K

Phenol 0.0603 u
Pvrene 0.7211 K

Pvridine 0.1507 U
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TABLE 4.29
SOIL DATA. PHASE II RI

FORMER SLURRY OIL DUMPSTER. SWMU 31

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

Analytee

s:11-sB&so
G2

11/06107

$2 fr

s3t-s88-
so.&l0
11/0ClO7

&10ft

S31-SEE
so-l4-16
t1¡06/07
1/t-t6 ft

s¡tl-sBg-
so-{Þ2

11/{þ/07
o-2 Ê

s3r-sFg.
so-8-10
111ælo7
&10ft

ls31€81&I so-oz
I rrrcoloz
I o¿tt

s3t-s59-
so-l+10
r1186/07
1&t6ft

¡ sill-sBlr-
I so-çz
I rrrcorozI ozn

so-&l0
1l/æff
&10fr

1t¡0aß7
a-2

so-&lû
t1/08fr7
&10ft

, 1 2-Dimethylbenz(a)anthracene

Dimethyl phthalate
Di-n-butyl phthalate
Di-n-octyl phthalate

racene

ne

Trich lorophenol

1,2-Dich orobenzene

Trichlorophenol

initro-2-methylphenol

Be nzo(a)anthracene

- ethyl h e-xy I ) 
ph t ha I ate

racenenthDiben a,z( h)a
phthalate

lndeno( 1,2,3-cd)pyrene

henanthrene
enol

,4-Dinitrotoluene
itrophenol

henol

ethylphenol

Nitrophenol

iline

Butyl benzylphthalate
hrysene

-Methylphenol
-Chlorophenoi

1 ,3-Dichlorobenzene
1 ,4-Dichlorobenzene

Benzo(a)pyrene
Benzo(b)fluoranthene

Fluoranthene

0.347 U

o.347
o.347
0.347
o.sql'
0.347
0.347
o.347

U

U

U

U

ù
ú
U

U

U

U

U

U

U

U

U

U

0.347

U

U

U

U

U

U

U

U

U

U

U

U

0.347
0.347
0.869
o.347
0.347
0.869
o.347
0341
o.347
0.347
0.869
0.869
o.347
1.74

0.347
o,siz
0.347
0.347
0.347

0.347
0.g,47

0.347
o.347
0.s47
0341
0.347
0.696

U

U

U

U

U

U

U

0.354 U

0.3s4
0.354
0.885
0.35¿ 

-

o.äs¿ 
-

0.885
0.354
o.s5+
0.354
0.354
0.885
0.885 

-

0.35¿'-
1.77

0.354
o.is,í '

o.s's4
0.354
0.354
0.3¡it -

U

U

U

U

U

U

U

ù
ù
U

U

U

U

U

U

U

U

U

U

ú
ú
U

U

0.354 U

0.354 U

0.354 U-ò.ss+" 
u

0.354 U

0.354 U

0.354 U"'ò.ss¿ 
ü

b.às+ u
0.354 U

0.709 u

0.354 ,U

0.354
0.354
0.354

0.353 U

o.ssà' u'
0.353 U

0.882 U

0.353'"- Ú

0.353 U

0.882 U

0.353 U

- 0.882
0.353
1.77

0.353
0.353
o-àsg
0.353
0.353
0.353-õssC-

0.353
0.353
o.ã5ã 

-'

0.353
0.353
0.353
o.ãss
0.353
0.353
0.353

U

U

U

U

U

U

U

U

ú
U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

ú
U

U

U

0.353

0.353
ò.sss
0.353
0.707

0.353
0.353
0.882

0.359 U

ì.ssb' u
0.359 U

0.897 U

0.359 U

o.ssg u
0.897 U

0.359 U

o.sse Ù

0.355 U* 
o.Css u
0.889 U

0.355 U'o.sss - 
u

o.sss u
0.355 U

0.889 U

U

U

U

ù
U

U

U

U

U

U

U U

0.359 U

0.359 U

0.359 U

o-gse 
- u'

0.359 U

0.359
0.359
0.897
0,897
0.359

1.8

0.359
0.359
0.359
0.359
0.359

U

U

U

U

ù
U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

0.355
ò.sss
0.355
0.355
0.355

0.889
0.355
1.78

0.355
0.355
0.355
0.355
0.355

0.359
0.359
0.719

U

ù
U

U

0.355
o.sss'
0.355
0.889

U

U

U

U

U.
U

U

U

U

U

0.359
0.359
0.359
0.359
o.ssg 

-

0.359
0.359
0.359

0.355
0.355
0.355-0.355

o.áss-
0.355
0.355
0.355
0.355
0.355
0.712

0.358 U

0.895 U

0.358 U

.bssa _u
0.358 U

0.3s8 u
0.895 U'o.ass - 

Ù

0.358 U

1.8 U

0.358 U

.._o-¡se u
0.358 U

0.358 U

0.358 U

0.358""""Ú
o.3b{i"'""Ü
0.358 U

0.358 U

oCsa ú
0.358 U

0.358 U

0.358 U

ossa Ú

0.358 U

0.358 U

0.358 U"o.ssa-- 
Ú

0.358 U

0.358 U

0.717 U

0.356 U

0.356 U

0.892 U

0.892 U

i.sso" u
1.79 U

0.356 U'0.356 " 
U

0.356 U

0.356 U

0.356 U

Qsso ù_-

0.356 U

0.356 U

0.356 U' ö.eso u- ò.csö u
0.356 U

0.356 U

0.356 U

ö.sso 
'u

0.356 U

0.356 U
- o.sso ü"
0.s56* u
0.356 U

0.714 U

0.358 U

U

U

U

ù

U

ü
U

U

U

U

U

U

U

0.358
0.358
0.895
ö.äse

0.356
o.s5o
0.356
0.892
0.3s6
0.356
0.892
0.356
ri.sso- 

-

0:35-4, U

0.354 U

0.354 U

0.886 U

0.354 U

0.354 U

0.886 U

0.354 U

o.$+ Ù

0.354
1.78

0.354

_o ss4
0.354
0.354
0.354

0.354
o.ss+
0.354
0.709

U

U

U

U

U

U

U

U

ú
ü
U

U

U

U

U

U

U

U

U

U

U

U

U

0.354
o.ásä
0.354
0.354
o.g5+

0.354
0.354
0.354

0.354
0.354
0.354'o.ss¿

0.354
0.354
0.886
o.Bà6

U

U

U

U

0.374
0.936
o.374'0.a74

i.sz+
0.374
0.936
0.936
o.ázq
1.88

o.374'o.si4
'o.si4'

o.374
0.974

U

U

U

U

ú
ú"
U

U

U

U.
U

U

U

ù
U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

0.964

0.385
0.385
0.964

0.374 U

0.374
0.374
0.936'o.974

0.385
o.äös
0.385
0.964
0.385
o.äaä
0.964
0.385
o.ge5

o.374
0.974
o.374
o.374
oi.,szq'"'

0.385 U

0.385 U

0.385 U

o.ä"as 
" 

u"
öC"Ë¡s"-'ü
0.38'5 U

0.385 U

ö:àdö-* ú

o.374
o.si4
o.374
0.75

0.385
0.385
0.385
ci.ses
a"àris
0.385
0.385

U

U

U-'u

0.385
1.93

0.385
o.ees

0.385
0.385
0.385
0.772

o.374
o.374
o.974
o.,siq
o.ä7+
0.374
o.374

U

U

U
"U

U

U

U

0.35
0.876
0.35
0.35 _

0.35
0.35

0.876
0'876.
0.35
1.76
0.35

-.9.35
0.35
0.35
0.35

U

U

U

U

U

U

ù
U

U

U

U

U

U

ú

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

ú
U

U

U

U

U

U

0.35

0.35
0.35
0.35
0.35
o.eà
0.35
0.35
b.ss

0.35
0.35

0.876
0.35

0.35
o.ss
0.35
0.35
o.i5

0.35
0.35

0.701

U
U

U

U

U

U

U

U

U

U

U

U

ú
U

U.U

U

U

U

o:35
0.35
0.35
0.876
0.876
o.ss
1.76
0.35
o.gs__

0.35
0.35
0.35

0.35 U

0.35 U

0.35 U

o.ss u
0.35 U

o.gs u
0.35 U

. 
O,-s-g,-- .u
0.35 U

0.35 U

0.702 u

U

U

U

U

U

U

0.35
òöä
0.35
0.876
ó.sö

0.35
0.35
0.35-0.äi;

0.35
0.876
0.35

0.35

0.37
o.ct -

0.37
0.925
0 97-* 

'.

0.37 U

0.37 U

o.37 U

03ì u

0.37
0.37
0.37
o.si"
ò.s7 

-'

o.37
0.37
0.3t --

o.à7'
0.37
o.74

U

U

U

U

U

U

U

U

ú
U

U

U

U

U

U

U'ù

U

U

U

UJ

U

U

U

U

U

U

U

U

U

U

U

0.37

0.37
0.37
0.37

0.37
0.925
o.37
0.37
o.Cz-
0.37
0.925
o.ges
0.37
1.85
0.37
0.37

0.369
0.369
0.923
o.sos
o.gog 

-"

0.923
0.369
o.sog
0.369
0.369
0.923
0.923
ô.gós

1.85
0.369

0.369 UJ

U

U

U

U

0.369 U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

0.369
0.369
0.369
ô.sog

U

U

U

o.sog

0.369
0.369
0.369
0-369
0.369
0.369
0.739

0.369
0.369
0.369
0.369-b.ãos

0.369
0.369
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TABLE A.29
SOIL DATA. PHASE II RI

FORMER SLURRY OIL DUMPSTER. SWMU 31

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

1¡l-16
11/08r!7
1rþ16 tt

sc!,0-2
t1n2JO7
&2ft

so-&l0
71fi2n7
8-f0 ü

SO-1/þ16
finas7
l¡ts16 ft

so-&2
11|',,2Ja7

&2fr

so-el0
finuvr
e10n

SO-1¡t-l6
11navî
1,,þ16 ft

so.l*2t
rfnusî
ls21ñ

so-5-7
unuaT

5.7 ft

so-l3-15
xnaw
1&15fr

so'l9-21
finua7
1$.21 ft

so-&7
finua7
. 5.7ft

imethylphenol
initrophenol
initrotoluene

, 1 2-Dimethylbenz(a)anthracene

nzo(a)anlhracene
nzo(a)pyrene

I ndeno(1,2,3-cd)pyrene

2-Dichlorobenzene

racene

nzene
rene

ate

itro-2-methylpheDin oln

ol

iline

uoranthene
k)fluoranthen

late

hthalene

Fluoranthene

henol
Methylphenol

Butyl benzyl phthalate
Chrysene
Dibenz(a,h)anthracene

Dimethyl phthalate
Di-n-butyl phthalate
Di-n-octyl phthalate

1 ,3-Dichlorobenzene
1 ,4-Dichlorobenzene
2, 4, 5 -Trich I orop h-e nol.."

2,4,6-Trichlorophenol

0.352
0.352
0.352''0.ãsà

o.C5â

0.352
0.352
o.àsz

U

U

U

U

U

0.352

U

U

U

U

U

U

U

U

882
882

0
O

U

U

U

U

UJ

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

0.352
0.352
0.882
o.ssz
0.352
0.882
0.352
o.isz
0.352
0.352

0.352
1.77

0.352
o.sää

0.352
0.352
0.352
0.352
0.352
0.352
0.352
o.äsz 

-

0.352
0.352
0.706

0.364
0.364
0.364
0.911
0.36¿
b.s6¿
0.911
0.364
0.364
0.364
0.364
0.911

0.91.1

0.364
1.83

0.364
0.364
0.364
0.364
0.364

U

U

U

U

U

U

U

U

U

U

U

U

ù
U

U

U

U

U

U

U

U

U

U

U

UJ

U

U

U

U

U

U

U

ü
U

U

U

0.364

0.364
0.364
0.729

0.364
0.364
0.364
õ.eo+

0.364
0.364
0.364
o.gb¿

0.364
0.364
0.364
0.364

0.355 U

0.355
0.355
0.888
0.355
o.sss."
0.888
0.355
o.s5s

U

U

U

U

U

U

U

U.U

U

U

U

U

U

U

U

U

U

U

0.355
0.355
0.888
0.88ö'
o.sss 

'

1.78
0.355
0.355
ó.ãss'"
0.355
0.355
0.355

U

U

U

U

U

U

U

ù¡
U

U

U

U

U

U

U

U

0.355
ci.äss
0.355
0.355
0.711

0.355
0.355
0.355
0.355
0.355
0.355
0.355
0.355
0.355
0.355

0.355 U

o.sss"" Ù

0.355 U

0.889 U

0.355 U

1.78 U

0.355 U

0.355 U

0.355 U

0.355 U

0.355 U

0.355 U

0.355 U

0.355 U

0.355 U

o.gss Ú

0.355 U

0.712 U

U

ú
U

U

U

0.355

0.355

U

U

U

ù¡

0.355
0.889
0.355
ò.Css
0.355
0.355
0.889
o.aag

U

U

U^U

0.355
0.355
0.355
ò.ä'bd
o.sss
0.355
0.355

U

i
U

U

0.355

0.357
0.357
0.894
o-.es¿
0.357
1.79

0.357
o.Csz
o.cs/
0.357
0.357

0.357 U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

UJ

U

U

U

U

U

U

U

U

U

U

U

0.357

0.357

0.357

0.357
0.357
0.716

0.357
0.357
0.894
o.Csi
0.357
0.894
0.357

0.357
0.357
0.357
'0.357

0.357
0.357
0.357
o.ääz
o.ssz
0.357
0.357

0.349
0.349
0.873
0.3¿ö
o.äg"
0.873
0.349

_o.s+9
0.349
0.349
0.873-0 

87-_3_

0.349
1.75

0.349

0.349
0.349
0.349
0.349
0.349
0.349
0.349
0.3_49

0.349
0.349
0.699

U'U

U

U

U..U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

UJ
U

U

U

0.349

-U

U

U

U

U

U

U

U

0.349

0.349
0.349
0.349
0.349

0.349
ó.ã¿s
0.349
0.349

U

¡
U

U

0.345 U

0.345 U

0.863 U

0.345 U

0.345 U

o.s+s 
- - 

u
0.345 U

0.863 U

0.863 U

o.C+s Ú

1.73 U

0.345 U

0.345 
-"U

o.b+l ù
0.345 U

0.345 U

o.ä¿s u
0.345 U

0.345 U

0.345 U

U

U

U

ù

U

i
U

U

U

U

U

U

0.345

0.345
0.345
0.691

0.345
o.ö+s
0.345
0.345
0.345'

0.345
0.345
0.863

0.345
o.s+s
0.345
0.345

UJ

û
U

U

0.346
0.346 

'

0.346
0.866
o.si6 

- -'

0.346 U

0.346 U

0.866 U

o.Béö" u

0.346
0.346
0.346
0.346
0.
0.

0.
0.

0.346
1.74

0.346
.3460

U

U

U

UJ

U

U

U

U

U

U

U

U

U

U

U

U

U

ù
U

U

ù

U

U

U

U

U

U

U

0.346

0.346
0.346
0.346
o.s¿6
0.346
0.346
0.346
b.s+o
o.s4o
0.346
0.693

..u
U

U

U

346
346
346
à+o 

-'

0.346
0.866
0.346

0.343 U

0.343 U

0.859 U

0.859 U

0.343 U

1.72 U

0.343 U

0.343 U

0.343 U

0.688 U

U

U

U

U

U

U

U

U

U

0.343 U

0.343 U

0.343 U

0.343 U

.262 J0

.3430 U

.3430 U

.3430 U

.3430 UJ

.3430 U

.3430 U

.3430 U

.343 U0

.3430 U

3430 U

3430 U

3430. U

0.343
o.s4C
0.343
0.8s9
o.ä¿ä
0.343
0.859
0.343
0.343

9.97-6_
0.376
0.376
0.942'ä.szo

0.376 U

0.942 U

0.376 U

o.gz6 
'- 

u

0.376 U

0.376
0.376
0.376
0.376

U

U

U

U

U

U

U

U

ù
U

U

U

U

U

U

U

U

U

U

U

ù
U

U

U

UJ
U

U

U

0.376
o.àzo
0.376
0.376
0.376

0.376
0.376
o.754

U

U

U

0.376
0.376
0.376
0.376
0.376
0.376
0.376

0.376
0.376
0.942
o.tiqz
0.376
1.89

0.376

0..,349 .

0.348
0.348
0.87
0.348 U

0.348 U

0.87 U

0.348 U

0.348 
"Ü

0.348' U

0.348 U

0.87 U

o.bz ù

0.348 U

0.348
0.348
0.348
o.g+s"'
0.348 U

0.348 U

0.348 U

o.ä¿a u
o.s+8" u
0.348 U

0.348 U

0.348 U

o.ä+a 
"- 

ú
0.348 U

0.697 U

U

U

U

U

0.348
1.74

0.348"o.s¿b

0.348
0.348
0.348

U

U

U

ú
U

U

U

U

U

U

UJ

0.362 U'õ.soà -u
0.362 U

0.906 u

0.362 U

0.362 U

0.362 U

0.36ä 
'U

0.362
0.362
0.362
0.362-ò.goâ

0.362
0.362
o.boz
o.àoz
0.362
0.362

U

U

U

U

U

U-ú

U

U

U

UJ

U

U

U

U

0.362
0.362 U

0.906 U

0.362 U

0.362 U

0.362 U

0.362 U

.9060 U

.9060 U

.3620 U

821 U

.3620 U

.3620 U

0.362
0.362
0.362
o.725

0.342 U

0.342 U

0.342 U

0.686 U

0.342 U

o.342 U

0.856 U

.3420 U

.3420 U

.8560 U

.3420 U

0 .342 U

.3420 U

.3420 U

.850 6 U

.850 6 U

.3420 U

72 U

.342 U

.342 U

0 342 U

0 342 U

0 342 U

0 342 U

3420 U

3420. U

3420. U

3420. UJ

3420. U

3420. U

0.342 U

o.342 U

0.342 U

0.342 U

0.342 U

o.342 U
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TABLE 4.29
SOIL DATA. PHASE II RI

FORMER SLURRY OIL DUMPSTER. SWMU 31

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

so-s'2
l1/06ltl7

ù2 ft &10

sû'&10
r1/06rþ7

1+16fi

SGl¡þ16
t110õ/07

T

so-&10
r1/08f07
&10ft

so-&r0
1110€/07

&10fr

so-l4-rt
fil06,la7
14.10 ft

so-r¡.2
1'lrî6/07

0.2 ft

0.0023
0.0023
0.0023
0.0023

0.23
.0575
.0023
00575

U

U

U

U

v
U

U

U

ù
0.0023
0.0023

0.00133
0.0023
o.ciöäs
0.0023
0.0652

U

U

J
U

U

U

0.0023

0

0

0.

0.00211
0.00à11 

*'

0.00211
0.00211
" 

ö.zr t
0.0528

0.00211
0.00528
0.00211
0.00211
0.00211
0.00317
o.ooâr r 

-

o.ooär r

0.0021'l
0.00101

U

U

U

U

U

U

U

U

U

ù
U

U

ù
U

U

J

, 1", 1"{richlorogllp11e
,2-Dibromoethane (EDB)

,2-Dichloroethane
,2-Dichloropropane

e

1,4-Dioxane
1

Chlorobenzene

2-Butanone
Benzene
Carbon disulfide

m,p-Xylene

Chloroform
Ethylbenzene

etrachloroethene
oluene

0.00231 u
0.00231
0.00231
0.00231
o.ãei
o.òsz7'

0.00231
0.00577
0.00231
0.00231 u
0.00231 u
0.00346 u
ä.0òzsr u
0.00231 u
0.00231 u
0.00231 u

U

U

U

U

U

U

U

U

0.00212 u
ö.0öäïä" u
o.oo212 lJ

0.00212 u

0.053 u
0.00212 u
0.0053 u

0.00212 u
0.00212 u
o.oo318 u
o.ooziz' Ù

o.oozlz Ù
0.00212 u
0.00212 u

0.212 U

o.oo212 u

0.00201 u
0.00201 u
0.00201 u
0.00201 u
0.201 u

0.00201 u

0.0502 u
0.00201 u
0.00502 u

0.00201 u
0.00201 u
0.00301 u
ò.oozòr u
0.00201 u
0.00201 u
0.00201 u

0.00211 u
0.00211
0.00211
0.00211

0.00211
0.00211
0.00317

0.211""
o.ri'szà""-

0.00211
0.00528
o.bòzìì 

'

0.00211
o.òoãì l-
0.00211
0.00211

U

U

U

ù
ù
U

U

U

U

U

U

U

ù
U

U

0.00239
ö.ooâse
0.00239
0.00239

0.239
0.0598

0.00239
0.00598
0.00239 u
0.00239
0.00239
0.00359
0.00239
0.00239
0.00239
0.00239

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

0.00198 u
0.00198
0.00198
0.00198
o.rse'-

0.0494
0.00198
0.00494
0.00198
o.oö1es
0.00198
0.00297
o]ôor sa
0.00198
0.00198
0.00198

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

ù
ù
U

U

0.0956 U

o.os5ò-""u
0.0956 U

0.0956 U

e.56 Ù

2.35 U

0.0956 U

0.239 U

0.0956 U

0.0956
0.0956
0.'143
o.òsso
0.o"es-¿;

0.0956
0.0956

0.00214 u
0.00214 u
0.00214 u
0.00214 u

0.0536
0.00214
0.00536
ri.oozt4
o.ooäì+""
0.oo214
0.00321
O.OtO214"

0.00214
0.oo214
0.00214

U

U

U

U

.U

U

U

U

U

U

U

U

0.214

o.00221
o.00221
o.oo221
o.oo221

o.221
o.ossä"-

0.00221
0.00553
0.00221 u
o.00221
0.00221
0.00332
o.oo221
o.00221
0.00129
0.00221

U

U

U

U

U

U

U

U

U

U

U

U

U

J
U

0.00216 U

ú
U

U

ù
ü
U

U

ù

0.00216
0.002't6
0.00216

0.216
0.0541
0.00216
0.00541
0.00216
o.ööä-i6
0.00216
0.00325
0.002i 6
o.ooâl o*
0.00216
0.00216

U

U

U

U

U

U

U

0.00226
o.ooääb
0.00226
0.00226

0.0565
o.00226
0.00565
o.ooizs
0.00226 u
0.00226 u
0.00339 u
0.00226 u
0.00226 u
0.00226 u
0.00226 u

U

U

U

U

U

U

U

U

U0.226

0.0022 u

0.oo22 u
0.0022 u
0.0022 u

0.0022 U

0.0022 U

o.oo22 U

0.22 U

0.055 U

0.0022 U

0.0055 U

o.oo22 U

0.0022 U

o.oo22 U

0.0033 U

.oo22 U0

88.5 % 89.3 0kPercent Solids 92.3 o/o ao/t/o 91.9 92. 88.8 o/o 86.4 0k 93.2 % 93.5 7o

Notes:

mg/kg - milligrams per kilogram.
U - not detected above method detection limit.
J - detected below the method detection limit.

Concentration is estimated.
UJ - Non-detect result (reporting limit) is

estimated due to a minor quality control
anomaly.

Page 76 of 89



TABLE 4.29
SOIL DATA. PHASE ¡I RI

FORMER SLURRY OIL DUMPSTER. SWMU 31

DELAWARE CITY REFINERY
DELAWARE CITY, DELAWARE

Ànaly{ee
so-&2

11112JO7

Ggfi

so-&10
11n2/$t
e10ü

so-1+16
finuo7
1¡f-16 ft

so-(þ2
fin?JoT
G2fr

so,&T
finuoi/,
&10fr

so-t¡þ16
fñaw
1¡þ1õ ft

so-f3-15
11112tO7

13-lõ ñ 1$21R

so-l9¿1
finuül

so-s?
finua7

5.7ft

0.00222
0.00222
o.oo222

0.00222 u

0.222

0.00222 u
0.00222 u
0.00333 u
o.ò02.2_àj
0.00222 u
0.00222 u
0.00222 u

0.0555
o.00222
0.00555
o.oo222

U

U

U

U

U

U

U

U

0.00213
0.00213
0.00213

0.21c--
0.0532
0.00213
0.00532

0.0021
0.0021

0.0031
0.0021

0.00213

0.00213

0.00213 u
0.00213 u
0.00213 u

U

U

U

U

ú
U

U

U

U

U

U

U

U

3
3
9
3

0.0022
ö.oozz 

"'

0.0022
o.0022

0.22
0.0551
o.0022

0.00551
o.0022
0.0022
o.oo22
0.0033
o.oozz

U

U

U

U

U

U

U

U

ù
U

U

U

U

U

U

U

0.0022
o.oo22
o.0022

0.00218
o.ooârd
0.00218
0.00218

0.0544
0.00218
0.00544
0.00218
o.ooz'T e
0.00218
0.00326
0.00218
0.00218
0.00218
0.00218

U

U

U

U

U

U

U

U

U

U

U

U

U

ü
U

U

0.218

0.00233
0.00233
0.00233
0.00233

0.233"'
0.0583

0.00233
0.00583
0.00233 u
0.00233
0.00233
0.0035

0.00233
0.00233 u
0.00233 u
0.00233 u

U

U

U

U

U

U

U

U

U

U

U

U

0.0024
O.O,O24

o.oo24
o.0024
o.àq-

0.0601
o.0024

0.00601
ô.obz¿
0.0024
o.0024

0.00361
o o-o-z_1""

o.0024
0.oo24
o.0024

U

ù
U

U

U

U

U

U

U

ù
U

U

U

U

U

U

1,2-Dibromoethane (EDB)
1 ,2-Dichloroethane
1 ,2-Dichloropropane

none

ene

ne1,1 ,1-Trichloroetha

m,p-Xylene

Benzene
disulfide

lorobenzene
loroform

Ethylbenzene

etrachloroethene
oluene

1,4-Dioxane

0.00209 u
0.00209
0.00209

-0 
go20-,e

0.0522 U

0.00209 u
o.oo522 u
o.oozciö 

" 
u

0.00209
0.00209
0.00313
0.00209
0.00209
0.00209

0.000929

U

U

U

U

U

U

J

U

U

U

U0.209

0.0022'o.oo2d

o.0022
o.oo22

0.0551 U

0.0022 u
0.00551 u
0.0022
0.0ôää"
0.0022
0.0033
o.örîzz
0.0022
o.0022
0.0022

U

U

U

U

U

U

U

U

U

ù
U

U

U0.22

0.00216 u
ó.òozlo u
0.00216 u
0.00216 u
0.216 U

0.054 ¡
0.00216 u
0.0054 u
0.00216 u
o.ciöàr o 

'u

0.00216 u
0.00324 u
0.00216 u
0.00216 u
0.00216 u
0.00216 u

0.00216
0.00216
0.002't6
0.00216
0.2i6

0.0541
0.00216
0.00541

U

U

U

U

U

U

U

U

U

ù
U

U

U

ú
U

U

0.00216
o.ööäró-
0.00216
0.00324
ö.oozr o
0.002ì 6
0.00216
0.00216

0.00215
0.00215
0.00215
0.00215

0.2'!5
0.0538

0.00215
0.00538
0.00215
0.00215
0.00215
0.00323
0.00215
0.00215
0.00215
0.00215

U

U

U

U

U

U

U

U

U

U

U

U

U

ù
U

U

0.00214 u
0.00ä14'-'Ú
0.00214 u
0.00214 u
o.2¡¡ - u
0.05c6 u
0.00214 u
0.00536 u
0.0021¿- u
o.oo21¿ 

" 
u

0.00214 u
o.oo322 u
o.oö214 U

0.002"ì¡ 
"u

0.00214 u
0.00214 u

0.00211 u
0.00211 u
0.00211 u

0.0526 U

0.00211 u
0.00526 u
0:00211
0.00211
0.00211
0.003'16
0.00211
o.öôzr i
0.00211
0.00211

0.00211 u

0.211 U

U

ú
U

U

U

U

U

U

94.7 % 94.8 "/" 87.5 o/" 94.4 T" 91.1 "/"Percent Solids 92.5 % 90.8 o/o 92.6 % 92.5 0k 93 o/" 93.3 0k 95 7o

Notes:

mg/kg - milligrams per kilogram.
U - not detected above method detection limit
J - detected below the method detection limit.

Concentration is estimated.
UJ - Non-detect result (reporting limit) is

estimated due to a minor quality control
anomaly.
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TABLE A
SOIL DATA - ,.¡S

OIL SEWER BACKUP AREA - SWMU 32
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Anah/b SaÍtpþ 1úN7sß
s2E1g4qilSO

tf/añggt
æ823¡1646€O

4-6 tr

1tÄns¡û
&t9lXÌ¡10¿õSO

241Ì.

1orât1g9f
02B¡l3affiO

t-2 ft
Ssq¡ùo

UL 10 R

U

13

0.5
2.2
37
2.9
0.3 U

21

0.05 u
't.4

0.5
1 U

102
14

0.01 0.0032 J J
0.o1 U

0.01 U

0.01 U

0.01 u
1 U

0.0s9 B

0.01 u
0.05 u
0.01 u
0.01 u
0.01 u
0.1 U

0.01 u
0.01 U

0.01 u
0.01 u
0.1 U

0.33 U

0.33 U

0.33 U

0.33 U

2.'l J
?5

0.49
0.s6
6.3 L
a7
0.3 UL
6.5
0.0s u
3.9
0.5 UL

1 U

13 L
24

0_01 U

0.01 U

0.01 U

0.01 U

1 U

0.05 JB
0.01

0.05 u
0.01 U

0.01 U

0.0087 J
0.1 U

0.01 U

0.01 U

0.083
0.026

0.1 U

0.33 U

0.33 U

0.33 U

0.33 U

IJJ

20
0.36
0.5 U

5.5 L

2 U

0.3 UL
3.4

0.05 U

2.4
0.5 UL

1 U

8.8 L
7.6

0.01 U

0.01 U

0.01 U

0.01 U
'I U

0.041 JB
0.01 U

0.05 U

0.01 U

0.01 U

0.0029 J

0.1 U

0.01 U

0.01 U

0.05
0.021

0.1 U

0.33 U

0.33 U

0.33 U

0.33 U

0.5 U
't4

0.3 U

0.5 U

4.8
2.1

0.3 U

2.2 J
0.0s u

2 U

0.5 U

1 U

4.8
6.2

0.01 U

0.01 U

0.01 U

0.01 U

1 U

0.108 B

0.01 U

0.05
0.01 U

0.01 U

0.01 U

0.1 U

0.01 u
0.01 u
0.01 U

0_01 U

0_1 U

0.33
0.33 U

0.33 U

0.33

ARSENIC
BARIUM

BERYLLIUM
CADMIUM
CHROMIUM, TOTAL
COBALT

YANIDE
LEAD

MERCURY
NIÇKEL

ELENIUM
SILVER
VANADIUM
ztNc

1, 1,2,2-TETRACHLOBOETHANE
ETHYLENE DIBROMIDE
1,2-DICHLOROETHANE

E

4-DIOXANE

ACETONE
tsENZENE

CARBON DISULFIDE
CHLOROBENZENE
CHLOROFORM
ETHYLBENZENE
2.BUTANONE
STYRENE
TETRACHLOROETH ENE

TOLUENE
rOTAL XYLENES
VINYL ACETATE

l,2.DICHLOROBENZENE
1,3-DICHLOBOBENZENE

4-DICHLOROBENZENE
2,4,5 TRICHLOROPHENOL

cA$

lldolr (|!!s
7440-36-0
7440-34-2
7440-39-3
7440-41-7
7440-43-9
7440-47-3
744048-4

57-12-5
7439-92-1
7439-97-6
7440-Qz-Q

778249-2
7440-22-4
7440-62-2
7440-66-6

v9çr 0qall
71-55-6
79-g-5

1 06-93-4
107-06-2
7A-87-5

1 23-91 - l

67-64-1
71-43-2
75-1 5-0

1 08-90-7
67-66-3
'100-41 -4

78-93-3
10042-s
127-184
1 08-88-3

1 330-20-7
1 08-05-4

95-50-1

54'l-73-1
'106-46-7

95-95-4
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TABLE 
'SOIL DATA - -.rS

OIL SEWER BACKUP AREA - SWMU 32
DELAWARE CITY REFINERY

DELAWARE C|TY, DELAWARE

Notes:
mg/kg - milligrams per kilogram.
U - not detected above method detection l¡mit.
B - Resutt is potentially biased high due to blank contamination.
J - detected below the method detection limit. Concentration is estimated.
R - Value rejected, not included in screening.
UL - Non-detect result (reporting limit) is est¡mated and potentially biased low due to a minor quality control anomaly.
L - Result ¡s est¡mated and potentially biased low due to a minor quality control anomaly.
JB - Result ¡s potentially b¡ased high due to blank contamination; result is estimated.
UJ - Non-detect resutt (reporting limit) is estimated due to a minor qual¡ty control anomaly.
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TABLE A-31
SO¡L DATA. PHASE I RI

OIL SEWER BACKUP AREA. SWMU 32
DELAWARE C¡TY REFINERY

DELAWARE CITY, DELAWARE

I URS Samplo lDl
I Sampre Depth ln feetl
I s"motoDanl

swMu 3rB-8
2"{ fr
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TABLE 4.31
SOIL DATA. PHASE IRI

OIL SEWER BACKUP AREA. SWMU 32
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

Notes:
mg/kg - milligrams per kilogram.

U - not detected above method detection limit.
J - detected below the method detection limit. Concentration is estimated.
B - const¡tuent detected below contract required detection limit, but above
Blank cells indicate constituent not analyzed.

Anthracene 3.3
Benzo(a)anthracene 0.1683
Benzo(a)ovrene 0.2456
Benzo(b)fluoranthene o.17
Benzo(k)fluoranthene 0.0569 U
Bis(2 ethvlhexvl)ohthalate 0.8073
Butvl benzyl phthalate 0.0569 U

Chrvsene 0.2263
Di n butvl ohthalate 0.0569 U

Di n octvl phthalate 0.0569 U

Dibenz(a.h)anthracene 0.0569 U
Diethvl phthalate 0.0569 U

Dimethvl phthalate 0.0569 U

Fluorene 7.3
Fluoranthene 0.3559
Indeno(1,2.3 cd)DVrene 0.0569 U

Naohthalene 27.1

Nitrobenzene 0.0569 u
Phenanthrene 23.9
Phenol 0.0569 U

Pyrene 5.6 J

vridine 0.1421 U
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TABLE 4.32
SOIL DATA - PHASE I¡ RI

OIL SEWER BACKUP AREA - SWMU 32
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE
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TABLE A.32
SOIL DATA. PHASE II RI

OIL SEWER BACKUP AREA. SWMU 32
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

0.0023 u 0.00216 u 0.00217 u 0.00219 u 0.oo22 u 0.00186 u 0.0021 u 0.00217 u 0.00228 u1 ,1 ,1 -Trichloroethane 0.0021 u 0.00258 u 0.00223 u 0.00253 u 0.00206 u
1.2-Dibromoethane (EDB) 0.0021 u 0.00258 u 0.0023 u 0.00216 u o.oo217 u 0.00223 u 0.00253 u 0.00206 u 0.00219 u 0.0022 u 0.00186 u 0.0021 u 0.00217 u 0.00228 u
1 ,2-Dichloroethane 0.00258 u 0.0023 u 0.00216 u 0.00217 u 0.00223 u 0.00253 u 0.00206 u 0.00219 u 0.0022 u 0.00186 u 0.0021 u 0.00217 u 0.00228 U0.0021 u

o.oo22 u 0.00186 u 0.0021 u 0.00217 u 0.00228 u1,2-DichloroproÞane 0.0021 u 0.00258 u 0.0023 u 0.00216 u 0.00217 u 0.00223 u 0.00253 u 0.00206 u 0.00219 u
0.22 U 0.186 U o.21 U 0.2't7 u 0.228 U1,4-Dioxane o.21 U 0.258 U 0.23 U 0.216 U 0.217 U 0.223 U 0.253 U 0.206 u 0.219 U

2-Butanone 0.00688 J 0.0645 U 0.0575 U 0.0539 U 0.0542 U 0.0557 U 0.0514 U 0.0547 U 0.0549 U 0.0464 U 0.0524 U 0.0543 U 0.0571 U0.0632 U

0.0021 u 0.00258 u 0.00216 u 0.00217 u 0.00253 u 0.00206 u 0.00219 u 0.0022 u 0.00186 u 0.0021 u 0.00217 u 0.00228 uBenzene 0.0023 u 0.00223 u
0.00464 u 0.00524 u 0.00543 u 0.00571 uCarbon disulfide 0.00524 u 0.00645 u 0.00575 u 0.00539 u 0.00542 u 0.00557 u 0.00632 u 0.00514 u 0.00093 J 0.00549 I

0.00217 u 0.00228 uChlorobenzene 0.0021 u 0.002s8 u 0.0023 u 0.00216 u o.oo217 u 0.00223 u 0.00253 u 0.00206 u 0.00219 u o.oo22 u 0.00186 u 0.0021 u
0.0021 u 0.00258 u 0.0023 u 0.00216 u 0.00217 u 0.00219 u 0.00186 u 0.0021 u 0.00217 u 0.00103 JChloroform 0.00223 u 0.00253 u 0.00206 u 0.0022 u

0.00322 0.002s8 u 0.0023 u 0.00216 u 0.00253 u 0.0029 0.00219 u 0.0022 u 0.00186 u 0.00109 J 0.00217 u 0.00209 JEthylbenzene 0.00217 u
0.0013 J 0.00326 u 0.00469m,p-Xvlene 0.012 0.00387 u 0.00345 u 0.00324 u 0.00325 u

0.00223 u
0.00334 u 0.00379 u 0.01 1 0.00328 u 0.0033 t 0.00279 u

Methvl tert-Butvl ether
0.0032 0.00258 u 0.0023 u 0.00216 u 0.00217 u 0.002s3 u 0.00219 u 0.0022 u 0.00186 u 0.0021 u o.oo217 u 0.00228 uo-Xylene 0.00223 u o.oo257

Stvrene 0.0021 u 0.00258 u 0.0023 u 0.00216 u 0.00223 u 0.002s3 u 0.00206 u 0.00219 u o.oo22 u 0.00186 u 0.0021 u o.oo217 u 0.00228 u0.00217 u
0.00228 uTetrachloroethene 0.0021 u 0.00258 u 0.0023 u 0.00216 u 0.00217 u 0.00223 u 0.00253 u 0.00206 u 0.00219 u o.oo22 t 0.00186 u 0.0021 u 0.00217 u

g*M
W

88.4

0.00186 u 0.0021 u
MW

94.6

ïoluene 0.01 17

94.4

0.00258 u

85.7

0.0023 uæ
90.4

0.00216 u

-

@W
94.2

0.00217 u

-

W
85.8

0.00223 u
GTR
tis¡¡È&ñ¿üwi&Ë8

92.4

0.00253 u
ffi

88.1

o.oo752M
93.2

0.00219 uM
82.5

o.oo22 u 0.00217 u

@

84.6

0.00502
æFÑ!6WË@ü@Ð¡aÈc

92.8

Kål':d";ffi,$Ì{.åT¡-il;i:iË "ll,l','.ì G ffiiilt':ÏÑl åir'r't.';"ìs'Tr j }i.i; -:ì $'f,:I",}.
, ffiJìr)¡i.ffi $ffåSf, i-t$ ;ï*'i.Ì:$l:lif i'r$i i,.fi:ì, ãf*fä"ìf WfXffrW SW.iSã;æf fTËi'åii$ irj,"f-lä":fË Eäi-l"i..i'.f ,Sf'"ï'¡ r "if'\.-l$.$,¡SrÌit,r',,ffi

Notes:
mg/kg - milligrams per kilogram.
U - not detected above method detection limit.
R - Value rejected, not included in screening.
J - detected below the method detection limit. Concentration is estimated

Page 83 ol 89



TABLE A-33
SOIL DATA. PHASE IRI

PIERS 1, 2, AND 3 - SWMU 33
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

1.3

o.4

o.4

4.8

0.02
L
ü

,1,1 Trichloroethane

,2 Dichloroethane

,2 Dichloropropane

etrachloroethene

Chlorobenzene
Diöulfide

tert-butyl ether

dibromide
xy!èñé - .. 

-

Dioxane

U
U

U

U

U

U

U

U
R
U

0.002
o.ooz
0.002
0.16 "

0.002
õ.ooä"
0.002
öìboz'
0.002
0.002
0.002
0.003
o.oo2
0.öö2
0.002
0.002
0.002

U

U

U

R
B

0.055
o.ö5s-

"9..q_q5 -
0.055
0.055

i-
c.Õ

0.36
0.05t
0.055 

'

.- 0.055 _- u
0.055 u
0.055' 

..'-u
0.055 "u
0.11

U
7.9

ö.oss' '----u

0.055 u

U

U

B'i

U

U

U

0.057
0.057
0.057
5.t
o.e0
0.057
q,.qÞ7.-

0.057
0.057
0.õlî
ó.0s7
0.057
0.057
0.057-
0.057
0.057
0.057......

0.001

b.oor
ci.riôl

,2 Dichlorobenzene
Dichlorobenzene

lorophenol

racene

Trich
Trich

tne

Chlorophenol

- 0.35.._
0.35

0.35 U

0.35
0.35--
0.80
ri.às
0.89
'I .1

0.s9-

0.35

U
U

U

0.35

0.89
0.35
0.

0.35
0.17

0.43

0.,13 U

0.43 U
1.1 U

4.45 u

0.43 U
2.1 ---B

0.43

U

û

'' u
43
4c"

0.43
o.43 

".

1.1

-- b.4t

0.43
0.43

o.41
i *---

o.41 U

o.41 U

0.41 U

o.+1" - u

0.4ì
1.1'

0.41

U
o.41*t *--

U

U

U

U

U

0.41
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TABLE A€3
SOIL DATA. PTIASE I RI

PIERS 1, 2, AND 3 - SWMU 33
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

o.Ír5 UButyl benzyl phthalate o.43 U o.41 U
0.35 U o.43 U

n 0.35 U 4.2 B
o.41 U

B0.84
0.35 U 0.43 U 0.41 Un

racene 0.43 U 0.41 U
o.¿13 U o.41 U

0.1J5 U 0.41 U0.43 U
0.35 U 0.43 U 0.41 U

lndeno(1,2,3 cd)pyrene 0.35 U 0.43 U 0.41 U
o.43 UNaphthalene

Nitrobenzênê 0.43 U
0.56
d.4î'- -- ù

Phenanthrene 0.43 U 0.41
Phenol 0.35 U 0.43 U o.41 U

o.35 U 0.41
o.69 U 1 U

@

Wwigs0.001 u
0.13 U3.80*"-0.2ö ..' 0.002 u

0.002 u
0.13 U

U.U54 U

0.054 u
0.001 U

ù0.001
n&p Xvlene o.oo3 U o.27 U o.oo1 J o.o03 J o.ool o.oo1 U
I ÃVrene

3.2t)- -- ö.3,f*

U.J.'.UJ
--UJ

öTJöT'**-UI0.002 U U. IiJ U
o.11 U

Uo_054 U-UU I U U.UUZ UJ U.UU I U.UU I U o.05

0.05 u

Notes:
mg/kg - milligrams per kilogram.

U - not dotected above method detection limit.

B - Rssult is potentially biased high due to blank contamination.

J - detected below the method detection lirnit. Concêntration is estimated.
R - Valuê rejected, not ¡ncluded in screen¡ng.

UL - Non-detect result (reporting limit) is est¡mated and potentially biased low due to a minor qualily control anomaly.

L - Result is estimated and potentially biased low due to a minor qual¡ty controlanomaly.
UJ - Non-detect result (reporting limit) is estimated due to a minor quality contrdl anomaly.
K - Result is est¡matèd and potentially biased high due to a minor quality control anomaly.
Blank cells indlcate constituent not analyzed,
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TABLE 4.34
SOIL DATA - PHASE II RI

PIERS 1,2, AND 3. SWMU 33
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWABE

933€AS
so42

s¡3.s49
sôá4

s3Ír-sÞ
3Ò-Às

s:B-s49.
sô*10

s3+84?-
so-û.?

Éü¡¡ÞaF¡.
SG4-õ

:È33-AÐt
Ês7-9

sitrt-sË&
so+2

s3¡ÞEB&
so.ar 3.t

E3¡þSBl¡'.
so+2

ttñtor(r¡ r Ir¡t(r¡{Ír t lÆt{Iüa t ur¡g¡o'¡
Atstytêû

o.t ñ 5-â ñ À0 tt $10ñ Þ1ft ¡l.õ a 7-9 tt f¡.z n ¡¡.ã tt &9fi o.4 ft

\rsenic
l¡ne¿ìirm

1.29
'10.'1

7.16
24

10.7
22.2

14.2
43.5

U'1.03

19.1

14.1

s4.i
14.1

42.1

24.7
53.3

20.4
33.4

9.62
302 .t

1o:5
21 1

U

U

U

U

U

U

U

0 4]9.
1.05 U

U

0.418
0.4ì8
1.05

1 2-Dimethylbenz(a)anlhracene

benzyl phthalate

itro-2-methylphenol

1 ,4-Dichlorobenzene
Tr¡chlorophenol

phthalate-.

phthalate

0.34 U

0.34 U

o.34 U

o.u u
0,34 U

U

U

0.34 U

0. U

0.85'l U

o.34
U

0.34 U

0.34
0.34
0.34
0.34
0.34 U

0.34 U

0.34 U

0.34 U

0.34 U

0.u U

U

U

U

U

U

U

U

0.34

U

U

0.34
ö.sa

9,34
0.851
0.34
0.34

0.851

0.34

0.39
0.39
0.30

o.sä
0.39
ö.sg

0.977
0.39
0.39
0.39
0.òö

0.ezz-.
0.977
0.39
1.96 . U

0.39 U

0.39
0.39

U0.39
U0.39
J1740.

U0.39
U0.39
U
il0.39

0.

U390.
il390.

U0.39
U0.39
U0.39
U
il0.39

U

0.43 U

0.43 U

1.0-8

0.4q 
,

0.43
0.43 U

0.43 U

1.08 U
'1.08 u

2.19 U

1,19
0.eqf
0.56 

.

9,55Q.
q 461
0.43 U

0.199

^ ;^
7.59
2 48-

0.86-1

U

U

U

U

U

U

U

U

U

U

U
il

U

J

U

U.J

0.43
o.s7
0.43
0.43
0,4ã
0.43
0.49
2.67

i.oe
0.43
0.43

0.434 U

0.434 U

0.434 - U

1.09 U

0.4u u
1.28
0434 U

0.49

o.434 U

0.434 U

.09 U

o.434 U

o.4u U

o.4u U

o.4u U

.09 U

09
0.434
2.

o.276
o.201
o.4u
oAu il

o.434 U

o.4u U

0.4u
0.

o.4u U

o.434
oAu
oAu
o.4u U

5850.

0.434 U

0.4u U

0.353
o.à5à
0.353
0.882
0.353

0.353 U

0.882
0.88d
o.äsâ
1.77

0.0709

0.353 U

0.353 U

0.353 U

0.353 U

0.107 J
0.353 U

o;3sC u
0.353 U

0.353 U

0.353 U

ó.olez .J

0.353 U

0.353 U

0.353 U

0.301 J

-U

U

U

U

U

U

U

U706

0.882
0.353
0.353
0.353

0 35q
0.291

1.05
1.05

o¿Jg
2.1

0.41d
0.418
0.418

0.4r8
0.418
0.418
0.418
o.4Tb

18U
0.418 U

o.4r'e u
0.4'18 U

0.837 U

U

U
il

0.418
o.¿ìe

0.418

U

o.4 ìs

U

U

ú
U

U

U

U

U

U

o.4

o.¿i 8
oì1ö
0.418
o.¿18

ö.¿zo u
0.426 U

1.07 U

0.426
o.426
1.07

o.426
0.426
o.426
0.426
1:o7
1.O7

o.426
2.14
0.426

U

U

il

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

o.426
o.426
o.42à
o.426
o.426
0.!26
0.426
0.425
o.426
0.853

o.42i
o.42i
o.421

0.421 U

0.421 U

0.421. t)
0.444 u

U

U

o.421

U

U

o.421

o.421

U0.421
0.42i
0.421
0.421
o.qz't U

o.421
-ü

U

2.'t1
o.4à1

o.421
o.42ì
o.421
0.4r1
o.421
0.4ài

o.41

?,0q
Q'41
0.41

0.41

0.41

o.4i
0.41

o.aï'
0.41 

-.
0.41

0.4'1 
^. .

o.41

U
il

U

U

U

0.4

U

U

U

U

U

U

U

U

UJ

U

U

o.41

0.41

o.4'l
ò.azr

0.42
0.42

U

:l
U

U

U

1.05

U

o.42 tt

U

o.42 U

o.42 U

.05 U

o.42
o.42
o.42
'1.05

'1.05

o.42
2. U

o.42 il

o.42 U

o.42 U

o.42

Uo.42
Uo.42
U

U

U

U

0.42

o.42
o.42

9.3e9.
0.399
0.399

0.999
o,àò9

...0.39-9
0.399
0,399
0,999
0.999
0.39e

2
0 99e
0.399
o.à9s
0.399
0.399

0 399
0.399
ö.gss
0.399
0.399
0 3€9
0.399
0:399
0.399
0.399

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

U

0.399

0.399
0.399
0.399

0.999
0.399
0.399

tert-Butyl ether

Percent Solids

disulfide

tc

o.oo449 J

0.002'15

J
U

0.01.04

0.0191

0.215
0.0539

U

U0.

0.

1

.U

0.77
0.309

0.

o.124
0.

o't57
11

0.00204
0.00204

0.124 U

0.124 U

0.00204
0.00204

0.12o.oo24

0.0024
o.24 U

U

U

0.01

U
il

U

U

ù
U

U

I
U

J

U

U

U

U

U

U

U

U

U

U 0.00't

il

U

U

U

U

J

U

J
ü

U

0.001

12

0.001 81

o.12
0.18i-

81

sl
8'1

0.12
0l,?
0.12

3.01

o12
0.301

0.12
o.12

0.00'18'1

0.0021 I

0.'181

o.o142

o.12
0.12
o.12
o.12

0.00235 u
0.00235 u
0.00235 u
0.00235 u

0.235
0.0589

o.00224
0.00246
0.00235
0.00-235

0.00235
0.00161 -
0.00171
0.00235 u
0.00235 u
0.00235 u

U

U

J

J

U

U

U

J
J

U

0.235
0.0589
0.00äö5
0.00589
0.00235
0.00235
0.00235
0.00353
0.00235
0.00235
o.o0235
0.0023s
0.00235

./.

U

U
il

U

U

U

U

U

U

U

U

U

U

U

U

U

o.oo252
0.00252 u
0.00252 u
0.252 U

0.0629 U

0.00175 J

0.00654
0.00252 u
o.oöäsâ u
0.00187 J
0.00377 u
0.00252 u
0.00252 u

0025ä u
0.00252 u
o.ooiì7 J

80.3 %

0.

026
0.0649
o.oò26
0.00649
0.0026
0.0026
0.0026
0.00389 u
0.0026 u
0.0026 u
0.0026
0.0026 u
0.0026

U

U

U
il
il

U

U

U

U

76.9

U

0.00207
0.00207

U

U

o.00207

Notes:

mg/kg - milligrams per kilogram.
U - not detected above method

detect¡on lim¡t.

J - detected below the method
detection limit. Concentration is

estimated.
UJ - Non-detect result (reporting limit)

is eslimaled due to a minor qual¡ty
control anomaly.
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TABLE 4.34
SOIL DATA. PHASE II RI

PIERS 1,2, AND 3 - SWMU 33
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWABE

sG&2 so+2 so+2

U

U

U

2.

U

o.eze
oaãg

0.82-8

0,8-?9

0.828

0.828

U

U

2.O7

0. 828

rell.g- ..... ....

U

0.436
o.¿36
o.ezg U

0.828

9 828..
0.828
'I

U

U

U

U

U

U

U

U

il
il
U

2

U

U

U-U

0 3qz-

o.357
0.357

U

U

U

U

U

U

ü

U

U

ù
U

U

0,3-57

0.357
0.357

U

0.357

U

1.79

U

0,357
0.894
0.357
0,357
0,357
0,357
0.894
0.894

0,357
0.357

0.442 U

0.442 U
'1.1 

1

0.442. U

o.442
o.442
o.442

0.442
o.442
o.q¿z

U

U

U

U

U

U

U

il

o.442
1.1 1

0.442
o.442
0.367

s1i'

U

o.442

'1.1 
1

o t4!
2.22
0.165
o.442

'1.08

1.08
0.43
2.16
0.43
o.¿3
0.43
0.43
043
0.43

0.43
o:4à
1.08

U

U

U

U

U

UJ

U

U

U

0.43
0.43
1.08
0.43
0.43
0.43
o.cs

1.63
0.43

1.07 .
0.429
o.429

o.429
a lii
o.429
o.429
0429 U

0.429 U

U

U

o.429

o.429

1.O7

o.429
o.429 il

1.O7

U

U

U

U

0.429
0.429

o.0462

o.444

U

U

U

U

U

12

o.448
o.444 U

0.448 U

o.448 U

UJ

2.25

o.444 U

o.448 U

U

o.448 U

Uo 448
o.448 U

0.448 U

o.448
0 448
0.448 U

o.:M8
0.448

tert-Butyl ether

disulfide

1,1

1,2-Dibromoethane (EDB)

,2-D¡chloroethane

0.00263
o.oo263
o.00263
o.ööses
0.00263
0.00263
o.ooäéö
0.00263
o.óöä63

U

U

U

U

U

v
U

U

U

0.00263 u
0_00263 u
0.00263 u
0,263 U

0,0658 U

0.00263 u
0.00658 lJ

0. 0028
0.007
0.0028

U

U

U

U

U

U

U

U

U

U
il
il

0.0028 u

0.0028 u

0.0028
0.00,28

0.0042
0.0028
o.oo-28

0:002,8-

0.0028

0,0028 u
0.0028 u

o.2a
0.07

.9

0.'179
0.179
o.lzs

0.1 79
o.447
o.179
0.1 79
o.179
o.zôe
o.i7e
0.179
o.ì79
o.ìte
o.179

U

U

U

U

o.oo221

U

ü
U

U

.U
U

U

U

U

U

U

0.00221
o.00221

0:0-02?l
o.221

0.0553
o.oo221
0.00553
o.oo221
0.oo221
0.oo221
o.ooãeâ

0.00221
o.00221

o.oo221 u

U

U

U

0.0705

0.00282 ti

0.00282 u

o.ooàô2
o.oòzez

0.00423 u
0.00282 u
0.0012s J
0.00282 u
0.00282 u U

0.236
0.236 U

530
1610
0.236 U

'148

5.89 U

Lssi
o.seó u

0.236 U

0.236
7.58

0.0025

o.ooãs

0.0025 u
0.0025 u
0.0025 u
0,0025 u
o.oözs u

0.00131 J

0.00419

0.0025 u
0.0025 u

U

U

U

U

J
J
U

U

0.0092
0.00251
o.oozsl

115

129
0.00251 u
o.o272 J

0.00251 u
0.00251 LJ

0.0103 J

Solids 76.3 % 80.1 % 82.7 "/" 89.8 74.2 ./" 77 ./. 75.3 ./.

Notes:
mg/kg - milligrams per kilogram.
U - not detected above method

detection limit.

J - delected below lhe method
detection limit. Concentration is

estimated.
UJ - Non-detect result (reporting limit)

is est¡mated due to a minor quality

control anomaly.
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TABLE A.35
SOIL DATA - PHASE II RI

NAPTHALENE TANK FARM - SWMU 34
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

An¡lyteE

S3¡t-sBlc.
so€3-35

s3¡r-sEl E-
9O-32*3¡t

s3¡t-sslK-
sG31-33

sit¡t-sBlcÞ
sû'32-34

s34-SE1Gþ
sG3&3:l

s3d-sBlz-so
31€3

S3/¡-SB1J-
so31-3iI

1 r/{¡1107 11ß1tÍt7 10fit1lt¡7 1Oß1r1¡7 121ît4tüI 1?Æ,¡fr? 72n8fr7
33-35 fr 32-34ñ 3t-33 fr 32-34 tr 30{2n 3t-3¡l ñ 3ta?¡l fr

Antimony
Arsenic
Barium'
càom¡ùm
Chromium
Lead
Mercury
Nickel
Selenium
Silver

UI
1 U

J
U

t.
J
U

U

U

19.8
1.1

3.47
3.31

0.107
3.38
2.19--
1.1

11.2 U- 1jä' U

ze.z "" 
¿

1.12 U

3.93 J

4.73 J

o.ìos u
3.64
2.23 U

1.12 U

11 U

4.45
46.4

0.701
21.6
6.6S

1.1
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.-0.108
7.55

.- ?,17
1.09

J

.U

U

U

U

U

U

U

U

U

0.357
o:957
0,9,-5.-7

0.893
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0.357 U
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TABLE 4.35
SOIL DATA - PHASE II RI

NAPTHALENE TANK FARM . SWMU 34
DELAWARE CITY REFINERY

DELAWARE CITY, DELAWARE

1.1. l-Trichloroethane 0.00189 u0.00199 u 0.00239 u 0.00208 u 0.00249 u 0.00209 u 0.0020s u
1.2-Dibromoethane (EDB) 0.00199 u 0.00189 u 0.00239 u 0.00208 u 0.00249 u 0.00209 u 0.00205 u
1 ,2-Dichloroethane 0.00199 u 0.00189 u 0.00239 u 0.00208 u 0.00249 u 0.00209 u 0.00205 u
1 ,2-Dichloropropane 0.00199 u 0.00189 u 0.00239 u 0.00208 u 0.00249 u 0.00209 u 0.00205 u
1,4-Dioxane 0.199 UJ 0.189 UJ 0.239 U 0.208 u 0.249 U 0.209 u 0.205 u
2-Butanone 0.0t fi J o.o472 U 0.0206 J 0.333 J 1.15 0.0523 U 0.776 J
Benzene 0.00199 u 0.00189 u 0.00239 u 0.00208 u 0.00249 u 0.00209 u 0.00205 u
Carbon disulfide 0.00498 u 0.00472 u 0.00597 u 0.00519 u 0.00622 u 0.00523 u 0.00514 u
Chlorobenzene 0.00199 u 0.00189 u 0.00239 u 0.00208 u 0.00249 u 0.00209 u 0.00205 u
Chloroform 0.00199 u 0.00189 u 0.00239 u 0.00208 u 0.00249 u 0.00209 u 0.00205 u
Elhylbênzene 0.00199 u 0.00189 u 0.00239 u 0.00208 u 0.00249 u 0.00209 u 0.00205 u
m,p-Xvlene 0.00299 u 0.00283 u 0.00358 u 0.00312 u 0.00389 0.00228 J 0.00308 u
Mlethvl tert-Butvl ether 0.00199 u 0.00189 u 0.00239 u 0.00208 u 0.00249 u 0.00209 u 0.00205 u
3-Xylene 0.00199 u 0.00189 u 0.00239 u 0.00208 u 0.00249 u 0.00209 u 0.00205 u
SWrene 0.00199 u 0.00189 u 0.00239 u 0.00208 u 0.00249 u 0.00209 u 0.00205 u

0.00199 u 0.00189 u 0.00239 u 0.00208 u 0.00249 u 0.00209 u 0.00205 u

Percent Solids

0.00t99 u
ME*#æWWÂSMËS¿&

91 o/o

0.00t89 u
ffiffi@È¡üñ@ø

88.6 o/o

0.00239 uw
87.3 o/o

0.00208 u

&w8w&8
90.3 o/o

0.00249 u

88.6 o/o

0.00209 uw
92.6 o/o

0.00205 u
;@æ
sÈ¡åi&s@s

89.8 o/o

lKål.,"l.i.iiiiå$
ffi,.:ìåt"j:git{.

:iFl¡.ì -f;-:+'!

i@l1:^¡",- €1 ss ilf: Ii{, i$ #ñ,ïr {r ;i*¡, ìi'x:;.ã;ìi}ll$W.t$:iH.:ìS.{t

Notea:
mg/kg - m¡lligrams per k¡logram.
U - not d€tected above method detection lim¡t.

J - delected below the method detection limit. Concentration ¡s est¡mated.
UJ - Non-detect rêsult (reporting limit) is estimated due to a minor quality control anomâly.
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