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LRM Consulting, Inc. - 1534 Plaza Lane, #145 -  Burlingame, CA 94010 

 
APPENDIX A 

 
TASK 4 – REVIEW OF GROUNDWATER FATE AND TRANSPORT MODELING 

AND RISK ASSESSMENT CONDUCTED IN THE REMEDIAL 
INVESTIGATION/RISK ASSESSMENT REPORT (RI/RA) 

 
LRM Consulting, Inc. (LRM), under contract with Schnabel Engineering (Schnabel), 
performed a review of documents, data, information, data analyses, and risk assessment 
performed by Dupont and submitted to the Delaware Department of Natural Resources and 
Environmental Control (DNREC) for the DuPont Hay Road Site (Site), located in 
Wilmington, Delaware. LRM’s review focused on the assumptions made and data analyses 
conducted in support of the Risk Assessment (RA) and the results of the RA presented by 
DuPont in the Final RI/RA Report (DuPont/URS Diamond, May 2004) submitted to the 
DNREC.  Additionally, LRM’s review included an evaluation to determine if the RA was 
appropriate and consistent with the Remediation Standards Guidance Under the Delaware 
Hazardous Substance Cleanup Act (HSCA) (DNREC, December 1999). 
 
A brief description of the various components of the Risk Assessment (Sections 4.2 through 
4.4), followed by LRM’s comments is presented in the following sections: 
 

4.1. Presentation of Reports Reviewed 
 

4.2. Data Used for Risk Assessment and Associated Fate and Transport Modeling 
 

4.3 Human Health Risk Assessment 
4.3-1 Exposure Pathways 
4.3-2 Exposure Point Concentrations 
4.3-3 Risk Characterization 
 

4.4 Ecological Risk Assessment 
4.4-1 Exposure Pathways 
4.4-2 Exposure Point Concentrations/Risk Characterization 

 
LRM’s conclusions that identify the key shortcomings in the assumptions, calculations, and 
the results of the RA are presented in Section 4.5.  A list of references is presented in Section 
4.6. 

 
4.1 PRESENTATION OF REPORTS REVIEWED 
 
LRM reviewed various reports as part of Task 4 related to the approach, assumptions, and 
results of the RA conducted for the site, including the chemical fate and transport modeling 
performed in support of the RA.  Specifically, the following reports were reviewed: 
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1) Cherry Island Staging Area, Potential Historic Release Assessment dated November 2001, 
Revised September 2002, and 2nd Revision 8 December 2003 (DuPont, 2003). 

2) Final Remedial Investigation/Risk Assessment Report, Cherry Island Iron Rich Staging 
Area/Hay Street Sludge Drying Site (DE-024) (DuPont/URS Diamond, May 2004). 

 
To gain an understanding of the relevant data collected at the site, which served as the 
foundation to the chemical fate and transport modeling and the RA, the following reports 
were also reviewed: 
 
1) Report of Geotechnical Investigation, Cherry Island Landfill Closure, Edge Moor Plant 

(DuPont, November 1992). 
2) Proposal for Remedial Action and Transmittal of Pre-Design Investigation Results, 

DuPont Cherry Island Landfill, Edge Moor, Delaware (DuPont, June 2000). 
3) 2002 Annual Hydrogeologic Report, Cherry Island Landfill, DuPont Edge Moor Plant 

(DuPont/URS Diamond, January 2003). 
 
4.2 DATA USED FOR RISK ASSESSMENT AND FOR ASSOCIATED FATE AND 

TRANSPORT MODELING 
 
A brief description of the Site data (i.e., data used for the risk characterization) by DuPont is 
presented in Section 4.2-1.  Key shortcomings associated with the site characterization data 
are presented in Section 4.2-2. 
 
4.2-1 Data Presented 
 
The Final Remedial Investigation/Risk Assessment report (RI/RA), includes the approach and 
results of site characterization activities performed at the site. The RI/RA includes 
characterization data for the iron rich material (IRM) pile, the dredged material located 
adjacent to the IRM pile, groundwater at locations upgradient and downgradient of the IRM 
pile (within the dredged material, the river bank deposits located underneath the dredged 
material, and the Potomac Formation [i.e., the first aquifer zone]), storm water from an outfall 
(D-002) downstream of the IRM pile, and upstream and downstream surface water samples 
from the Shellpot Creek and the Delaware River, respectively.   
 
Table 1 presents the locations and number of samples (along with the analytes tested) for each 
media at the site. 
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TABLE 1:  ANALYTES TESTED BY MEDIA FOR THE DUPONT IRON RICH SITE (Page 1 of 2) 
 

IRM Dredged Material Soil Analyte Type IRM Source Based COCs 
IRM Analytes Tested Number 

of Sample 
Locations 

Dredged Material Analytes Tested 
Number of 

Sample 
Locations 

Metals Antimony, Arsenic, Barium, Beryllium, 
Cadmium, Chromium, Lead, 

Manganese, Mercury, Nickel, Selenium, 
Silver, Thallium, Vanadium, Zinc 

Aluminum, Antimony, Arsenic, Barium, 
Beryllium, Cadmium, Calcium, Chromium, 

Cobalt, Copper, Iron, Lead, Magnesium, 
Manganese, Mercury, Nickel, Potassium, 
Silver, Sodium, Thallium, Vanadium, and 

Zinc 

2 Antimony, Arsenic, Barium, 
Beryllium, Cadmium, Chromium, 

Lead, Manganese, Mercury, Nickel, 
Selenium, Silver, Thallium, 

Vanadium, Zinc 

3 

SVOCs SVOCs - Hexachlorobenzene, 
Hexachlorobutadeine, and 

Pentachlorobenzene 

SVOCs (Including Hexachlorobenzene and 
Hexachlorobutadiene)  

Does not Include Pentachlorobenzene 

2  Includes Hexachlorobenzene and 
Hexachlorobutadiene (Does Not 

Include Pentachlorobenzene) 

3 

PCBs(Dioxin and 
Non Dioxin Like 

PCBs) 

PCBs PCBs 7 PCBs 3 

Chlorinated 
Dioxins/Furans 

Chlorinated Dioxins/Furans Chlorinated Dioxins/Furans 7 Not Conducted 3 

VOCs Not Listed VOCs 2 VOCs 3 

TCLP Metals Not Listed Volatile, Pesticides, Herbicides, and Semi 
Volatiles are Non Detect (Partial of Priority 

Pollutant List) - 2 EPA Samples, ( 1 Sample 2 
Tests(Test 1 23 Metals TCLP Metals - Iron - 
348 mg/L, Manganese - 252 mg/L, Test 2 - 

Barium - 2.06 mg/L, Hexavalent Chromium - 
Non Detect) 

3 Not Conducted  NA 

SPLP – Metals Not Listed 23 Metals (1 Sample 2 Tests SPLP Metals - 
Iron - 0.18 mg/L, Manganese - 16.3 mg/L, 
Test 2 - Iron Not Conducted, Barium -0.77 

mg/L, Mercury - 0.00038 mg) 

1 Not Conducted  NA 

Pesticides  Not Listed Pesticides 2 Pesticides 3 
Note: 
Reference for this table and contents:  2004 DuPont/URS Diamond RI/RA Report 
COCs = Chemicals of Concern      SPLP = Synthetic Precipitation Leaching Procedure 
EPA = Environmental Protection Agency     SVOCs = Semi Volatile Organic Compounds 
IRM = Iron Rich Material       TCLP = Toxicity Characteristic Leaching Procedure 
NA = Not Analyzed       TDS = Total Dissolved Solids 
mg/L = Milligrams Per Liter      TOC = Total Organic Carbon 
PAH = Polynuclear Aromatic Hydrocarbons     VOCs = Volatile Organic Compounds 
PCBs = Poly Chlorinated Biphenyls  
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TABLE 1:  ANALYTES TESTED BY MEDIA FOR THE DUPONT IRON RICH SITE (Page 2 of 2) 
Dredged Material Groundwater Storm Water Surface Water/Sediments Analyte Type IRM Source Based COCs 

Dredged Material 
Groundwater 

Analytes Tested 
Number 

of Sample 
Locations 

Not Included Storm Water 
Analytes 
Tested 

Number 
of Sample 
Locations 

Surface 
Water/Sediments 
Anlalytes Tested 

Number of 
Sample 

Locations 

Metals Antimony, Arsenic, Barium, 
Beryllium, Cadmium, Chromium, 

Lead, Manganese, Mercury, Nickel, 
Selenium, Silver, Thallium, 

Vanadium, Zinc 

Arsenic, Beryllium, 
Cadmium,Chromium, 
Copper, Iron, Lead, 
Manganese, Nickel, 

Selenium, Vanadium, 
Zinc, and Chloride 

4 Antimony, 
Mercury, 
Thallium 

Dissolved and 
Total Arsenic, 
Copper, Lead, 
Nickel, Silver, 
and Zinc. Total 

Sodium 

1 Dissolved and 
Total Arsenic, 

Cadmium, 
Chromium, 

Copper, Iron, Lead 
and Selenium 

Chlorides, TDS, 
TOC – Surface 

Water Only 

2 (Upstream 
and 

Downstream) 

SVOCs SVOCs - Hexachlorobenzene, 
Hexachlorobutadeine, and 

Pentachlorobenzene 

Not Conducted NA  NA  Total and 
Dissolved 

PAHs 

1  Not Conducted  NA 

PCBs(Dioxin and Non 
Dioxin Like PCBs) 

PCBs Not Conducted NA  NA  Totals 1 Sediments Only 2 (Upstream 
and 

Downstream) 
Chlorinated 

Dioxins/Furans 
Chlorinated Dioxins/Furans Not Conducted NA  NA  Totals 1 Sediments Only 2 (Upstream 

and 
Downstream) 

VOCs Not Listed Not Conducted NA  NA   Not 
Conducted 

 NA  Not Conducted  NA  

TCLP Metals Not Listed Not Conducted NA  NA   Not 
Conducted 

 NA  Not Conducted  NA 

SPLP – Metals Not Listed Not Conducted NA  NA   Not 
Conducted 

 NA  Not Conducted  NA 

Pesticides  Not Listed Not Conducted NA  NA   Not 
Conducted 

 NA  Not Conducted  NA 

Note: 
Reference for this table and contents:  2004 DuPont/URS Diamond RI/RA Report 
COCs = Chemicals of Concern      SPLP = Synthetic Precipitation Leaching Procedure 
EPA = Environmental Protection Agency     SVOCs = Semi Volatile Organic Compounds 
IRM = Iron Rich Material       TCLP = Toxicity Characteristic Leaching Procedure 
NA = Not Analyzed       TDS = Total Dissolved Solids 
mg/L = Milligrams Per Liter      TOC = Total Organic Carbon 
PAH = Polynuclear Aromatic Hydrocarbons     VOCs = Volatile Organic Compounds 
PCBs = Poly Chlorinated Biphenyls  
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2-2 Data Adequacy Assessment 
 
An assessment of the data adequacy for each media tested at the Site is described in this 
section.  Where applicable, key shortcomings associated with these data are presented.  
Related evaluation included assessment of the adequacy of the number of samples collected 
for soil, groundwater, and surface water at critical locations, and the adequacy of analytes 
tested in samples collected from the various media. 
 
4.2-2.1 IRM Sampling 
 
Currently, the IRM pile contains approximately 420,000 cubic yards of IRM.  DuPont 
stockpiled IRM at the Site between 1997 through 2001.  In 2001 prior to the consolidation of 
the IRM pile, the areal extent of the pile covered approximately 22.9 acres.  The current 
extent of the IRM pile approximates 15.9 acres, following the 2001 consolidation of the IRM 
and surface application of a polymer coat.  Comments on the sampling frequency and the 
adequacy of the laboratory analysis conducted on the samples are presented below. 
 
Sampling Frequency 
 
For the 420,000 cubic yards of IRM stockpiled onsite, a total of 7 samples were collected 
from the IRM at the Edge Moor Plant.  To date, no insitu analytical data has been collected 
from the IRM pile.  Given the volume of IRM material, the 7 samples is insufficient to 
adequately characterize this volume of stockpiled material.  Moreover, the RI/RA does not 
provide a rationale to support the adequacy of the sampling frequency.  It is recommended 
that a quantitative rationale for data adequacy be prepared and documented and samples be 
collected in a manner consistent with that rationale.  Examples of such a rationale include the 
US Environmental Protection Agency’s (USEPA’s) Data Quality Objectives (DQO) process 
(USEPA, 1994).   
 
Adequacy of Laboratory Analyses 
 
As discussed previously in Schnabel’s review of Task 1 (Technical Information Review), 
several constituents of concern (COCs) are identified for the IRM based on USEPA’s 
groundwater risk assessment, which was used to form the K-178 listing.  The IRM samples 
were tested for all the listed COCs, except pentachlorobenzene.  A rationale for exclusion of 
pentachlorobenzene from the analyte list should be provided; alternatively, this analyte should 
be analyzed in laboratory analyses of relevant samples.   
 
Additionally, The RI/RA does not refer to soil physical characteristic data for the IRM (e.g., 
permeability, grain size distribution, etc.).  Site-specific estimates of these parameters are 
critical for estimation of the vertical groundwater recharge from the IRM pile to underlying 
shallow groundwater and estimates of IRM deposition (carried by wind) to downwind 
locations (i.e., Shellpot Creek, Delaware River, and potential downwind human receptors) 
(see Section 4.4-2 for additional comments). 
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4.2-2.2 Dredged Material 
 
A total of twelve samples were apparently collected from the dredged material; the sampling 
locations were outside the current extent of the IRM pile, but below the historical footprint of 
the IRM pile prior to its consolidation.  The collected samples were subject to field screening 
(metals using X-Ray Fluorescence spectroscopy and Volatile Organic Compounds [VOCs] 
using a field Gas Chromatograph); however, only 3 of these samples were shipped to the 
laboratory for analyses.  Comments on the sampling frequency and the laboratory analyses are 
presented below. 
 
Sampling Frequency 
 
The number of samples collected for laboratory analyses (i.e., three) is considered insufficient 
considering the large area (~22.9 acres in 2001 prior to the polymer coat application) covered 
by the IRM pile.  All of these sample locations were outside the footprint of the current 15.9 
acre IRM pile and the samples were collected from within the top 2 to 12 inches of the dredge 
material.  Importantly, no specific rationale was provided to support the adequacy of the 
sampling frequency of the dredged material, the maximum depth of sampling, and the absence 
of sampling from areas underneath the existing footprint of the IRM pile. Therefore, it is 
recommended that additional sampling be conducted and/or a quantitative evaluation of data 
adequacy be provided to justify the sampling performed to date.   
 
Adequacy of Laboratory Analyses 
 
As discussed above only 3 samples from the dredged material were subjected to laboratory 
analyses.  
 
Selected PCBs, dioxins/furans were detected in the collected IRM samples; however, the 
dredged material was not tested for these analytes.  In the RI/RA, no specific rationale was 
provided for exclusion of these analytes from the list of chosen analytes for the dredged 
material samples.   
 
In addition, the presence of IRM-related SVOCs (e.g., hexachlorobenzene and 
hexachlorubatadiene) in the dredged material samples (collected 2 to 12 inches below ground 
surface [bgs]), which are typically not associated with regional dredged material (DM), 
suggests the migration of COCs from the IRM to the underlying dredged material.  DM 
Samples below this depth are necessary to determine the depth of impacts to the dredged 
material underneath the IRM pile.  
 
As with the IRM, it appears that data reflecting the physical properties of dredged material 
underlying the IRM pile (e.g., permeability, grain size distribution, etc.) at and around the 
immediate vicinity of the IRM pile were not presented in the RI/RA report; estimates of these 
parameters are critical for the estimation of the vertical recharge from the IRM pile through 
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the dredged material to shallow groundwater and the subsequent transport through the 
dredged material to the Delaware River and the Shellpot Creek.  It is recommended that such 
data be collected in support of fate and transport analyses and estimation of exposure point 
concentrations.   
 
4.2-2.3 Groundwater 
 
In the vicinity of the IRM pile, shallow groundwater within the dredged material (typically 20 
feet below ground surface [bgs]), intermediate groundwater within the river bank deposits 
(typically 50 feet bgs), and deep groundwater within the First Aquifer Zone (typically 90 feet 
bgs) are monitored periodically at one nested well cluster upgradient of the IRM pile and at 
two nested well clusters downgradient of the IRM pile (one cluster is located upgradient of 
the Shellpot Creek and the other cluster is located upgradient of the Delaware River). 
 
Adequacy of Monitored Locations 
 
At and around the vicinity of the IRM pile, only three well clusters are monitored at the 
locations discussed above.  Importantly, no monitoring wells or other groundwater data exist 
for locations underneath the historic or the current footprint of the IRM pile.  Additionally, 
groundwater is not being monitored at the sediment control basin constructed downstream of 
the IRM pile and upstream of the storm water outfall D-002, located in the southeastern 
portion of the Site.  This sediment control basin was constructed to prevent storm water runoff 
carrying sediment transport from the IRM into the outfall.  The construction of the sediment 
basin has resulted in the diversion of stormwater runoff from the IRM pile into this basin.  
Because the Site receives substantial precipitation (~45 inches) year-round, significant storm 
water appears to collect within this sediment basin, which necessarily contributes to 
significant vertical infiltration of IRM-impacted water and recharge of shallow groundwater 
(see Figure 1).  At a minimum, a monitoring well to monitor quality of shallow groundwater 
(within the dredged material) should be considered at this critical location. 
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IRM Pile

Recharge Area Upstream of 
Outfall D-002

FIGURE 1:  POTENTIAL GROUNDWATER RECHARGE AREA UPSTREAM OF 
OUTFALL D-002 AND DOWNSTREAM OF THE IRM PILE (SOUTHEASTERN 

CORNER OF SITE) 
 
Adequacy of Laboratory Analyses 
 
As discussed above, groundwater samples are collected from 3 wells screened within the 
dredged material (the shallow groundwater zone) and the underlying zones (intermediate and 
deep).   The groundwater samples are analyzed for metals included in the USEPA COC list 
for IRM.  However, hexachlorobenzene, hexachlorobutadiene, and pentachlorobenzene also 
included in the COC list are not being tested.  Also, selected PCBs, dioxins/furans, which 
were also detected in the IRM samples, have not been analyzed for in the groundwater 
samples.  These analyses should be performed or a sound rationale for their exclusion should 
be provided. 
 
Further, hydraulic conductivity data for the shallow groundwater zone within the vicinity of 
and underneath the IRM pile do not appear to have been used and/or available.  Apparently, 
the only such data available are from slug tests, aquifer pump tests, and laboratory tests in 
wells/soil borings, all of which are located several hundred feet to the west of the IRM pile.  



 
________________________________________________________________________ 

9 

Given the wide range in estimated permeabilities (4.30E-07 cm/sec to 4.6E-02 cm/sec, see 
Attachment Table 1) in these tests, additional hydrogeologic evaluation is necessary at and 
around the IRM pile area. 
 
4.2-2.4 Storm Water 
 
DuPont collects storm water samples on a quarterly basis from outfall D-002, located 
downstream of the IRM pile. 
 
Sampling Location/Frequency 
 
Based on the existing topography of the Site, which results in storm water runoff from the 
IRM pile toward the outfall, the location of the storm water sampling is considered 
appropriate. 
 
Adequacy of Laboratory Analyses 
 
The collected samples are tested for total/dissolved (i.e., fitered/unfiltered) metals and SVOCs 
and total (i.e., unfiltered) PCBs and chlorinated dioxins/furans.  The laboratory analyses 
performed is considered adequate. 
 
4.2-2.5 Surface Water/Sediments 
 
Surface water and sediment samples are collected on a semi-annual basis from two locations, 
200 feet to the west of the Hay Road Bridge (to the northwest of the IRM pile) and at the 
confluence of the Shellpot Creek and the Delaware River; these locations are upstream and 
downstream of the Site. 
 
Sampling Location/Frequency 
 
The sample locations are considered adequate and have been approved by DNREC. 
 
Adequacy of Laboratory Analyses 
 
The surface water samples are tested for total and dissolved metals and the sediment samples 
are tested for PCBs and chlorinated dioxins and furans.  SVOCs (e.g., hexachlorobenzene, 
hexachlorobutadiene, etc.), which have been detected in the IRM and the dredged material, 
were excluded from the analyte list.  A rationale for exclusion of these compounds from the 
analyte list should be provided; otherwise these compounds should be included in the 
laboratory analyses. 
 
4.3 HUMAN HEALTH RISK ASSESSMENT 
 
For direct exposure to potential commercial/industrial receptors, a human Health Risk 
Assessment (HHRA) was conducted using maximum concentrations of COCs in the IRM and 
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the dredged material.  The risk assessment was conducted consistent with DNREC’s 
Remediation Standard Guidance Document Under the Delaware Hazardous Substance 
Cleanup Act, dated December 1999 (DRNEC, 1999).  Based on existing and intended land 
use at the Site, the risk assessment was conducted to estimate total cumulative risk of 
exposure to COCs from affected media (IRM and dredged material) for onsite industrial 
workers and was conducted in accordance with the DNREC guidance. 
 
A brief description of the exposure pathways considered complete in the HHRA, estimation 
of related exposure point concentrations, and the estimated risk for restricted land use (i.e, 
industrial use) is presented in the subsections below.  Also presented are comments related to 
each of these components of the HHRA. 
 

4.3-1 Exposure Pathways 
 
Direct exposure (through ingestion and dermal contact) to COCs present in the IRM and the 
dredged material for industrial workers conducting maintenance at the IRM staging area was 
considered to be the only complete exposure pathway in the HHRA.  LRM concurs with this 
assessment for onsite workers, provided appropriate health safety measures are in place to 
minimize onsite maintenance worker exposure to COCs.   
 
However, exposure to COCs from windblown deposition of particulates from the IRM pile to 
potential downwind offsite receptors has not been considered in the RA.  This is a potentially 
critical exposure scenario which may result in exposure to COCs for nearby residential or 
other sensitive receptors.  Accordingly, this exposure scenario should be quantitatively 
evaluated.  Exposure by inhalation of COCs in windblown particulates from the IRM pile for 
onsite DuPont maintenance workers was considered minimal.  This is considered appropriate 
because of the current presence of an interim polymer coat and the planned LLDPE cap, 
which should reduce the potential for COCs to become airborne from the IRM pile.  Further, 
as discussed by DuPont, exposure may be addressed by appropriate occupational health 
practices (e.g., dust monitoring and control). 
 
Ingestion of COC-affected groundwater contained in the dredged material was considered 
incomplete in the HHRA because site groundwater is not anticipated for drinking water use.  
However, the HHRA does estimate the cumulative risk due to ingestion of COC affected 
groundwater currently contained in the dredged material.  Estimating the cumulative risk via 
this exposure pathway is inconsistent with the designation of this exposure pathway as 
incomplete, and its inclusion in the HHRA should be reconsidered or otherwise justified for 
consistency. 
 

4.3-2 Exposure Point Concentrations 
 
Exposure point concentrations are defined as the concentrations at the point of potential 
contact with contaminated media by potential receptors.  The HHRA made use of the 
maximum COC concentrations in IRM and the dredged material as exposure point 
concentrations for direct exposure scenarios.   This is consistent with the DNREC guidance.  
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However, as discussed in Section 4.2-2,1, the IRM was not tested for pentachlorobenzene 
(listed as a COC in the IRM by the USEPA).  Also several analytes listed as potential COCs 
by the USEPA for the IRM (potential source of COCs to the underlying dredged materials) 
were excluded from testing of the dredged material.  Unless a rationale is provided for 
exclusion of these chemicals from the list of analytes, additional characterization and 
estimation of exposure point concentrations for these COCs (if detected above laboratory 
reporting limits) may be required. 
 

4.3-3 Risk Characterization 
 
The HHRA provided cumulative risk estimates for direct exposure to COCs in impacted 
media (IRM, dredged material, and groundwater) using Method I – Modified Uniform Risk 
Based Standard (URS) Approach of the DNREC guidance (Section 5.1).   
 
In the IRM and dredged material, multiple analytes were detected at concentrations exceeding 
the URS, but at concentrations less than one-order-of-magnitude above the URS.  The 
cumulative carcinogenic risks of exposure to COCs for each media were calculated by 
estimating the risk for each analyte and by adding together (cumulative risk) the risk and the 
hazard for all the analytes.  The non carcinogenic hazard was also calculated in a similar 
manner (i.e., by calculating the hazard for each individual analyte and by adding together the 
hazard for all analytes).  This approach is consistent with the DNREC guidance document.  
The cumulative carcinogenic risks are 2.0E-05 and 1.96E-06 for exposure to IRM and 
dredged material respectively; both estimates are within the target acceptable risk range of 
1.0E-06 to 1.0E-04. 
 
Because 2,3,7,8-TCDD was not reported above laboratory reporting limits, carcinogenic risk 
from direct exposure of dioxin and dioxin like compounds in the IRM was not included in the 
calculated direct exposure cumulative carcinogenic risk.  Average total TEQ levels in terms of 
2,3,7,8-TCDD is 1,016 parts per trillion (ppt), which exceeds the DNREC’s 2,3,7,8-TCDD 
threshold of 40 pppt.  DNREC currently does not have a TEQ action level for dioxin and 
dioxin like compounds and may follow Region III EPA guidance (fax correspondence from 
DNREC, dated 13 December 2006).  In a 1998 document (Office of Solid Waste and 
Emergency Response (OSWER) Directive 9200.4-26), USEPA recommends a TEQ action 
level of 5,000 to 20,000 ppt for dioxin and dioxin like compounds.  The average TEQ value 
(1,016 ppt using the 2005 WHO TEFs) in IRM is below the current commercial/industrial 
threshold.  Provided DNREC establishes a TEQ action level consistent with current USEPA 
standard and the new dioxin and dioxin like compounds analytical data to be collected from 
IRM (see data gap discussion elsewhere) is less than the UESPA commercial/industrial 
threshold, human health risk from direct exposure to these compounds contained in the IRM 
is not anticipated to be significant (see Attachment 1). 
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4.4 ECOLOGICAL RISK ASSESSMENT 
 
Evaluation of the ecological risk assessment (ERA) for the Site was based on assessing the 
potential for ecological exposure at offsite locations.  Specifically, the estimation of 
cumulative ecological hazards corresponding to exposure to COCs by offsite receptors (e.g., 
fish in surface water bodies, human consumption of impacted fish, and human recreational 
contact) were evaluated. 
 
4.4.1 Exposure Pathways 
 
Onsite Ecological Risks 
The ERA did not evaluate onsite ecological risk through direct exposure of COC-impacted 
IRM to existing wildlife in the area.  The rationale provided by DuPont to exclude this 
exposure pathway was that the IRM does not support vegetation (i.e., source for food) or a 
habitat for wildlife.  However, during a site reconnaissance visit conducted by staff from 
LRM Schnabel, Dupont, and DNREC in July 2006, substantial vegetative growth was noted 
on the IRM. This vegetation serves as a source of food for wildlife (see Figure 2).  
Correspondingly, avian species and terrestrial wildlife, including a red fox, were observed 
foraging on the IRM pile. Accordingly, the ERA should include a quantitative evaluation of 
direct exposure pathways to appropriate ecological receptors, including exposure via relevant 
food chains.  This analysis should necessarily include a formal habitat study and, if 
applicable, include an assessment of potential exposure to endangered and/or special-status 
species relevant to the region. 
 



 
________________________________________________________________________ 

13 

Observed Red 
Fox 

 
 

FIGURE 2:  EVIDENCE OF VEGETATION ON THE IRM PILE  
 

 
OffSite Ecological Risk 
 
The Site is located adjacent to the Delaware River and one of its tributaries Shellpot Creek 
(herein referred to as Surface Water Bodies).  Due to the proximity of the Delaware River 
(within 300 feet from the edge of the IRM pile) and Shellpot Creek (within 200 feet from the 
edge of the IRM pile), potential ecological risks to surface water bodies from COCs contained 
within the IRM and the shallow groundwater were evaluated in the ERA. 
 
Based on the Delaware River Basin Commission (DRBC) Regulations (DRBC, 2005), this 
portion of the Delaware River (and the Shellpot Creek) is located within Zone 5 and is not 
designated for drinking water purposes. Accordingly, the following potential exposure 
pathways were considered complete in the ERA for offsite receptors in the Surface Water 
Bodies. 
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1. Deposition of sediments from the IRM pile through wind blown dispersion and/or 
through surface water runoff and exposure to COCs contained within these sediments 
through consumption by existing aquatic organisms in the surface water bodies. 

2. Deposition of sediments from the IRM pile through wind blown dispersion and/or 
through surface water runoff, accumulation of COCs contained in the sediments in fish 
tissue, and potential human exposure to COCs through consumption of the fish. 

3. Discharge of potentially affected shallow groundwater to the adjacent surface water 
bodies, and exposure to COCs through direct contact by existing aquatic organisms 
(e.g., fish species) in the surface water bodies. 

4. Discharge of potentially affected shallow groundwater to the adjacent surface water 
bodies, accumulation of COCs in the fish tissue and potential human exposure through 
the consumption of the fish. 

5. Discharge of potentially affected shallow groundwater to the adjacent surface water 
bodies, and potential human exposure to transported COCs through recreational 
contact. 

 
The exposure pathways considered in the ERA for offsite ecological receptors are considered 
adequate. 
 
4.4-2 Exposure Point Concentration/Risk Characterization 
 
4.4-2.1 Exposure Pathways 1 and 2 (Windblown and Storm Water Related Transport) 
 
As discussed above, 5 exposure pathways were considered complete by DuPont for offsite 
ecological receptors.  The ERA considered exposure pathways 1 and 2 (identified above) 
were complete when the IRM pile remained uncovered (from 1997 to 2001).  Under this 
exposure pathway, it was assumed that COCs contained within the IRM would be transported 
to the Delaware River and the Shellpot Creek by wind deposition during dry weather and/or 
storm water runoff during wet weather.  Following its consolidation and application of 
polymer coat in Year 2001, the ERA considered this pathway incomplete.  This assumption is 
not entirely accurate because of the observed erosion from the IRM pile observed during the 
recent Site visit.  
 
A brief outline of the approach used in the ERA is presented below: 
 
1. Non-dioxin-like PCB compounds, dioxin-like PCB compounds, and dioxins/furans in the 

IRM were identified as COCs.   
2. For dioxins and furans, results from individual congeners were converted to 2,3,7,8-

TCDD equivalent using the 1997 (World Health Organization-Toxicity Equivalent Factor 
(WHO-TEF) and the results were summed to derive the total toxic equivalent quotient 
(TEQ) for each sample. 

3. Average concentrations of the three identified COCs were estimated using data collected 
from the IRM samples. 

4. Annual sediment loads from windblown deposition and storm water runoff were estimated 
using (Industrial Source Complex Short Term) ISCST3 (Air Dispersion Model) and 
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Washington Metropolitan Urban Runoff Manual and total annual load was calculated by 
summing the individual sediment loads from windblown deposition and storm water 
runoff. 

5. For years 1997 through 2001, average annual mass loads of the COCs in the transported 
sediment were estimated by multiplying the sediment load (calculated under Step 4) with 
the average concentration of the COCs (calculated in Step 3). 

6. The maximum value of the average annual load (year 2000) of each COC was divided by 
the harmonic mean flow of the measured gaging stations (7.9E+12 liters per year) to 
estimate the predicted in stream concentration of each COC. 

7. The predicted in-stream concentration of each COC was then compared with the more 
stringent of the water quality criteria, which would be protective of both the aquatic 
organisms and of human consumption of impacted fish. 

 
In addition to the approach described above, the ERA also calculated the carcinogenic risk to 
human receptor (via fish consumption) as follows: 
 
1. The average annual mass loads for each COC (for years 1997 through 2001) were 

summed to estimate the total mass load over the five year period for each COC. 
2. The calculated total mass load for each COC was divided by the dry mass of sediment 

impacted by the COC to estimate the COC sediment concentration. 
3. The estimated sediment concentration was used to estimate COC concentrations in fish, 

the life time average daily dose for human receptors consuming the fish for each COC, the 
carcinogenic risk for each COC, and the overall carcinogenic risk (estimated by adding 
the carcinogenic risk for each COC). 

4. The overall carcinogenic risks were estimated for 4 scenarios (i.e., 1 kilometer [km] 
deposition radius and 9 mile per hour [mph] wind, 1 km deposition radius and 15 mph 
wind, 3 km deposition radius and 9 mph wind, and 3 km deposition radius and 15 mph 
wind) and they ranged from 2.0E-07 to 1.8E-06 using WHO 1998 TEFs (and 2.27 x 10-7 
to 2.04 x 10-6 using 2005 WHO TEFs) (see Attachment 1). 

 
Comments on the ERA for these exposure pathways are as follow: 
 
1. The ERA did not provide an explanation on the rationale behind the exclusion of the 

remainder of the COCs (e.g., hexachlorobenzene, hexachlorobutadiene, etc.) listed by the 
USEPA for IRM. 

2. Consistent with the initial date of this assessment, DuPont used the 1998 WHO-TEFs for 
dioxins.  More recently in 2005, WHO has proposed new TEFs for dioxins and these 
values should be considered for the RA or rationale should be provided by DuPont for 
continued use of the 1998 TEFs (see above). 

3. Use of average concentration of COC is inconsistent with the approach used in the 
estimation of human health risk, where the maximum COC concentrations were used in 
the risk calculations. 

4. Backup data from the ISCST3 modeling conducted by DuPont is not available to LRM; 
therefore the basis of the IRM particle size distribution used in this modeling could not be 
reviewed.  If geotechnical data exists to corroborate the assumptions made by DuPont, it 
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should be included in the RA.  The particle size distribution of the IRM is critical to the 
estimation of emission rates and the subsequent dispersion based transport and downwind 
deposition of COC impacted IRM sediments. 

5. The basis for the selection of other soil physical properties (i.e., permeability) necessary 
for the estimation of storm water runoff (containing IRM) should be presented in the 
ERA. 

6. In the calculation of risks to human receptors consuming the impacted fish, the ERA 
assumed that COC mass was carried to the Delaware River and the Shellpot Creek only 
over a 5-year period (between 1997 and 2001, when a polymer coat was applied to the 
IRM pile); this assumption is inaccurate because of the observed erosion from the IRM 
pile during LRM’s recent site visit.  Therefore, COC mass transport and discharge to the 
sediments is likely ongoing (since 2001) and the carcinogenic risk to human receptors is 
potentially higher than those calculated in the ERA. 

7. DNREC staff (presented in a 2001 internal presentation) calculated excess carcinogenic 
risk to be on the order of 1.1 x 10-3 to 2.1 x 10-5 from existing analytical data of fish tissue 
samples collected from Shellpot Creek (at Hay Road).  Unless high background dioxin 
levels are established in the site vicinity, a reassessment of DuPont’s approach (and 
modeling) conducted to estimate the exposure point concentrations and subsequent excess 
carcinogenic risk is necessary to accurately estimate the carcinogenic risk for this 
exposure scenario (see Attachment 1). 

 
4.4-2.2 Exposure Pathways 3, 4, and 5 (Discharge from IRM Pile and From Existing 

COC-Impacted Groundwater Contained in the Dredged Material) 
 
As discussed above, exposure pathways (3, 4, and 5) were also considered complete in the 
ERA for offsite ecological receptors.  These pathways focused on transport of COCs from the 
IRM pile to underlying shallow groundwater followed by transport to the Delaware 
River/Shellpot Creek.  Also considered in this assessment was the transport of COCs already 
present in shallow groundwater within the dredged material to the Delaware River/Shellpot 
Creek. 
 
Potential Ecological Hazards from COCs Contained in the IRM Pile 
 
A brief outline of the approach used in the ERA to estimate ecological hazards from the IRM 
pile (i.e., contribution from the IRM pile) for the No-Cap scenario is presented below: 
 
1. Each analyte identified by the USEPA as a COC for the IRM was identified as a potential 

COC for these exposure pathways. 
2. The most stringent threshold (i.e., from USEPA, DNREC, and DRBC values) were 

identified as the Water Quality Criteria for each COC for the two receptors of concern 
(aquatic and human receptors). 

3. The process of leaching from the IRM pile to the Delaware River and the Shellpot Creek 
was simulated as a two step process:  a vertical step through the IRM and the vadose zone 
(using the model Hydrologic Evaluation Leaching Procedure [HELP]) and a horizontal 
step through groundwater in the saturated zone (using the model Analytical Transport 
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[AT]-123D).  An attenuation factor (AF1) was estimated as a ratio of leachate COC 
concentration in the IRM pile to the concentration in groundwater at the point of discharge 
(i.e., adjacent to the Delaware River or the Shellpot Creek). 

4. Additionally, an attenuation factor of AF2 was estimated to account for dilution in the 
surface water.  In evaluating aquatic species, AF2 was set at 10 and in evaluating human 
receptors, AF2 was estimated to be the ratio of surface water flow to groundwater flow. 

5. The Water Quality Criteria for each analyte was then multiplied by the appropriate 
attenuation factors (AF1 and AF2) to estimate the closure screening level (CSLL) leachate 
concentration for each COC in the IRM. 

6. The estimated CSLL for each COC was then compared with their respective maximum 
reported concentrations. 

 
While the general approach used in estimating potential ecological hazards is appropriate, the 
application of attenuation factor, AF2, used to account for dilution in surface water is 
considered highly unorthodox and inconsistent with standard ERA practices for estimation of 
discharge point concentrations for groundwater discharge to surface water exposure pathways. 
For such exposure scenarios, estimated concentrations in groundwater for each COC at the 
point of groundwater discharge to surface water are directly (i.e, without dilution) compared 
to applicable water quality criteria.  Use of arbitrary dilution factors without appropriate 
references and/or justification is considered inappropriate.  The AF2 should either be 
conservatively removed from the calculation and/or otherwise justified based on precedence 
of its use and/or regulatory approval for ERAs   
 
Additionally, in the estimation of the attenuation factor, AF1, several parameters play a 
critical role.  Among these factors are the vertical permeability of the IRM pile, hydraulic 
conductivity of the shallow groundwater zone (contained in the dredged materials), the 
organic carbon coefficient (foc) of the aquifer sediments, and the organic carbon coefficients 
(Kocs) of selected chemicals.  While data may not exist for the vertical permeability of the 
IRM and foc of the shallow aquifer zone at and around the vicinity of the IRM pile and the 
variation of these parameter values may have some impact on the calculated AF1 values, wide 
range of data (4.3E-07 cm/sec to 4.6E-02 cm/sec) has been reported for the hydraulic 
conductivity of the shallow aquifer zone (i.e., data collected from borings located several 
hundred feet to the west of the IRM pile).  AF1 is highly sensitive to values of hydraulic 
conductivity of the shallow groundwater zone.  Estimated values of AF1 (following a time 
period of 1,000 years into the future) using an average value of the reported hydraulic 
conductivities (4.8E-03 cm/sec1) for two of the COCs, iron and manganese, and 
corresponding values of CSLL (without the dilution factor AF2) are presented below for 
comparison with the estimated values in the ERA (see Table 3).  The recalculated values of 
CSLL are several orders of magnitude lower than those calculated in the RI/RA (DuPont 
calculated values were >1E+06 mg/L).  More importantly, the recalculated values of CSLL for 
both iron and manganese are lower than the maximum reported toxicity characteristic 
leaching procedure (TCLP) concentrations of these chemicals (348 mg/L for iron and 252 
mg/L for manganese).  Under these conditions, an ecological threat above permitted levels 
would exist to both aquatic and human receptors in the Delaware River.  It should, however, 
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be noted that for the lower end of the reported range of hydraulic conductivities, the values of 
CSLL are significantly higher (>1E+6 mg/L) and approach the values calculated by DuPont.  
 
While it is acknowledged that installation of a LLDPE cap over the IRM pile (as proposed in 
the RI/RA) will reduce vertical recharge of COC impacted leachate to shallow groundwater, 
thereby reducing the extent of COC impacts in shallow groundwater, and minimizing the 
subsequent COC impacted discharge to the Delaware River (and the Shellpot Creek), it is 
important to note that the performance of such a cap system has not been evaluated over a 
period of 1,000 years and beyond.  Based on Schnabel’s assessment of the available data on 
linear low density polyethylene (LLDPE) caps (see Task 2), the satisfactory performance of 
the LLDPE cap over such a large time period is considered highly unlikely.  Therefore, it is 
important that values of the attenuation factor (AF1) and the closure screening levels (CSLL) 
be properly estimated by collecting site-specific hydrogeologic (e.g., hydraulic conductivity) 
and other soil physical and chemical data (e.g., foc) for the IRM and the underlying dredged 
material to confirm the presence or the absence of future ecological threats. 

 
TABLE 3:  ESTIMATED ATTENUATION FACTORS AND CSLL  

IN MILLIGRAMS PER LITER (1,000 YEAR SIMULATION) 
Chemical Environ 

Calculated 
CSLL(mg/L) 

Recalculated 
AF1 

Recalculated 
CSLL, HHC 

(mg/L) 

Recalculated 
CSLL, AC 

(mg/L) 
Iron >1E+6 31.9 9.6 31.9 

Manganese >1E+6 128.9 12.9 NA 
 
NA = Not Available 
HHC = Human Health Criteria 
AC = Aquatic Criteria 
 
Note: 
1) To calculate average value of hydraulic conductivity from reported values (estimated using 
field data [i.e., radial hydraulic conductivity] and laboratory data [i.e., vertical permeability]), 
if values reported were those of vertical permeability, these values were multiplied by 10 
(consistent with the approach used by ENVIRON in the ERA). 
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Graphs depicting the attenuation in iron concentration relative to distance from the edge of the 
IRM pile to the Delaware River (assuming a uniform source concentration of 348 mg/L, after 
1,000 years) for two values of hydraulic conductivity (4.8E-03 and 1.7E-05 cm/sec) are 
presented in Figure 3. 
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FIGURE 3:  SIMULATION OF IRON CONCENTRATIONS (MILLIGRAMS PER LITER) FROM 

EDGE OF IRM PILE TO DELWARE RIVER IN FEET 
 

Specific comments regarding the risk calculations conducted for these exposure pathways are 
as follows: 

 
1. In the RI/RA, a value of 1.7E-05 cm/sec was used as the hydraulic conductivity of the 

shallow groundwater zone within the dredged material.  A wider range of values  
(4.3E-06 cm/sec to 4.6E-02 cm/sec) is reported in soil borings/wells to the west of the 
IRM pile.  DuPont should collect additional data underneath or in the immediate vicinity 
of the IRM pile. 

2. Attenuation factors (AF2) used to simulate the dilution of groundwater in the surface 
water is inconsistent with the approach typically recommended by agencies. 

3. Solubility limit of hexachlorobenze is reported as 6.2 milligrams per liter (mg/L) in the 
RI/RA; however, value reported in references (e.g., USEPA, 1990) is much lower and is 
equal to 6.2 micrograms per liter (ug/L). 

4. The basis for the selection of other geotechnical properties (i.e., permeability of IRM, 
porosity and foc of dredged material) necessary for the estimation of the closure screening 
levels is not presented. 

5. While conducting the modeling for transport of manganese in shallow groundwater using 
a uniform source concentration, a uniform manganese concentration of 25.7 mg/L (from a 
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synthetic precipitation leaching procedure [SPLP]) was used in the RI/RA; however a 
higher value of 252 mg/L has been reported in a TCLP test conducted on an IRM sample 
(DPE-SO-01, Sample Date: 09/07/99).  Use of the lower SPLP value is inconsistent with 
the use of TCLP for iron, which was used to conduct the modeling for iron transport. 

 
Potential Ecological Hazards from COCs Contained in Shallow Groundwater 
 
A brief outline of the approach used in the ERA to evaluate ecological hazards from the 
COCs already present in the dredged material is presented below: 
 
1. Average concentration of iron and manganese in wells screened within the dredged 

material adjacent to the Delaware River (MW-35) and to the Shellpot Creek (MW-33) 
were estimated using reported historical analytical data in these wells. 

2. Daily mass loading of iron and manganese to the Delaware River and the Shellpot Creek 
were calculated by multiplying the groundwater flow rate into these surface water bodies 
by the their estimated average concentrations (calculated in Step 1). 

3. The estimated daily iron and manganese mass loads were then divided by an attenuation 
factor that simulates mixing in the Delaware River and the Shellpot Creek (i.e., AF2 
described above) to estimate the resultant in-stream concentrations. 

4. The estimated in-stream concentrations was then compared with the most stringent water 
quality for each COC (i.e., protective of human consumption of fish). 

 
Specific comments related to these exposure pathways are as follow: 
 
1. No explanation is provided on the rationale behind the exclusion of the remainder of the 

COCs (e.g., hexachlorobenzene, hexachlorobutadiene, etc.) listed by the USEPA. 
2. Use of average concentration of COC is inconsistent with the approach used in the 

estimation of human health risk, where the maximum COC concentrations were used in 
the risk calculations. 

3. A value of 4.8E-03 feet per day (~1.7E-06 cm/sec) was used as the hydraulic conductivity 
of the shallow groundwater zone within the dredged material for this assessment.  This 
value is inconsistent with the use of 1.7E-5 cm/sec for the dredged material for the 
calculation of impact from the COC contained in the IRM.  Importantly, use of these low 
values of hydraulic conductivity in the ERA ignores the presence of high permeability 
sand lenses within the dredged material. 

4. The basis for the selection of other soil physical properties (i.e., porosity) necessary for 
the estimation of COC transport should be presented in the ERA. 

 
4.5 CONCLUSIONS 
 
Based on the review of the RI/RA and other associated reports, several potentially significant 
shortcomings exist in the approach to the RA for the subject Site.  These include: 
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1. Inadequate site characterization (sampling and laboratory analysis) of the IRM, the 
dredged material underneath the IRM, and the shallow groundwater contained in the 
dredged material underneath the IRM. 

2. Inadequate soil physical (e.g., permeability, grain size distribution, etc.) characterization 
of IRM and dredged material underneath and around the immediate vicinity of the IRM 
pile. 

3. Inadequate hydrogeologic (e.g., hydraulic conductivity) characterization of shallow 
groundwater zone contained in the dredged material underlying the IRM pile. 

4. Inappropriate exclusion of wind-blown deposition pathway for transport of COC-
contained IRM for exposure by potential downwind human receptors in the baseline 
HHRA. 

5. Inappropriate exclusion of direct exposure pathways to COC impacted IRM for potential 
onsite wildlife in the ERA. 

6. Inconsistent approach toward the selection of COCs for inclusion in the various risk 
assessment components. 

7. Inconsistent approach to estimation of exposure point concentration for the HHRA and the 
ERA (i.e., usage of maximum COC concentration for HHRA and average COC 
concentration for ERA). 

8. Exclusion of the potential for presence of high permeability sand lenses within the 
dredged material by assuming low values of hydraulic conductivity (1.7E-05 and 1.7E-06 
cm/sec) in estimating transport of COCs from the IRM pile to the Delaware River and 
Shellpot Creek. 

9. Improper use of apparent arbitrary attenuation factors to simulate mixing of COC-
impacted groundwater in Delaware River and Shellpot Creek, thereby, inaccurately 
increasing closure screening levels for leachate in the IRM that would be protective of 
aquatic organisms and human receptors (who consume the aquatic organisms) in the 
surface water bodies. 
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ATTACHMENT TABLE 1:  ESTIMATES OF VERTICAL PERMEABILITY/HYDRAULIC CONDUCTIVITY 
Document Date  Sample Location Value (cm/sec) Analysis Method Hydraulic Conductivity 

for Calcs (cm/sec) 

Attachment "G" Proposal for Remedial Action and Transmittal of 
Pre-Design Investigation Results 

feb-may 00 MW-33R 3.63E-05 Slug Test 3.63E-05 

Attachment "G" Proposal for Remedial Action and Transmittal of 
Pre-Design Investigation Results 

feb-may 00 MW-41A 1.34E-05 Slug Test 1.34E-05 

Attachment "G" Proposal for Remedial Action and Transmittal of 
Pre-Design Investigation Results 

feb-may 00 MW-45A 3.20E-03 Slug Test 3.20E-03 

Attachment "G" Proposal for Remedial Action and Transmittal of 
Pre-Design Investigation Results 

feb-may 00 MW-RAW-1 4.60E-02 Slug Test 4.60E-02 

Attachment "G" Proposal for Remedial Action and Transmittal of 
Pre-Design Investigation Results 

feb-may 00 MW-RAW-2 1.30E-02 Slug Test 1.30E-02 

Attachment "G" Proposal for Remedial Action and Transmittal of 
Pre-Design Investigation Results 

feb-may 00 MW-RAW-3 1.00E-02 Slug Test 1.00E-02 

Attachment "G" Proposal for Remedial Action and Transmittal of 
Pre-Design Investigation Results 

feb-may 00 MW-RAW-4 3.20E-03 Slug Test 3.20E-03 

Attachment "G" Proposal for Remedial Action and Transmittal of 
Pre-Design Investigation Results 

feb-may 00 PZ-11 2.58E-05 Slug Test 2.58E-05 

Attachment "G" Proposal for Remedial Action and Transmittal of 
Pre-Design Investigation Results 

feb-may 00 PZ-12 1.2E-07/8.15E-04 Shelby Tube/Lab Test and Slug Test 4.08E-03 

Attachment "G" Proposal for Remedial Action and Transmittal of 
Pre-Design Investigation Results 

feb-may 00 PZ-13 1.20E-05 Slug Test 1.20E-05 

Attachment "G" Proposal for Remedial Action and Transmittal of 
Pre-Design Investigation Results 

feb-may 00 PZ-14 1.10E-05 Shelby Tube/Lab Test 1.10E-04 

Attachment "G" Proposal for Remedial Action and Transmittal of 
Pre-Design Investigation Results 

feb-may 00 PZ-15 1.70E-06 Shelby Tube/Lab Test 1.70E-05 

Attachment "G" Proposal for Remedial Action and Transmittal of 
Pre-Design Investigation Results 

feb-may 00 T-11 1.09E-05/7.4E-07 Shelby Tube/Lab Test 5.82E-05 

Attachment "G" Proposal for Remedial Action and Transmittal of 
Pre-Design Investigation Results 

feb-may 00 T-14 7.60E-07 Shelby Tube/Lab Test 7.60E-06 

Attachment "G" Proposal for Remedial Action and Transmittal of 
Pre-Design Investigation Results 

feb-may 00 T-23 4.30E-07 Shelby Tube/Lab Test 4.30E-06 

Attachment "G" Proposal for Remedial Action and Transmittal of 
Pre-Design Investigation Results 

feb-may 00 T-26 1.80E-04 Shelby Tube/Lab Test 1.80E-03 

Attachment "G" Proposal for Remedial Action and Transmittal of 
Pre-Design Investigation Results 

feb-may 00 T-8 4.70E-07 Shelby Tube/Lab Test 4.70E-06 

  Average in cm/sec 4.80E-03 

Note: In order to estimate radial hydraulic conductivity from Shelby Tube Measurements, the vertical hydraulic conductivity 
measurements were multiplied by 10. 















Compound WHO 1998 TEF WHO 2005 TEF*

chlorinated dibenzo-p-dioxins
1,2,3,7,8-PeCDD 1 1
1,2,3,4,7,8-HxCDD 0.1 0.1
1,2,3,6,7,8-HxCDD 0.1 0.1
1,2,3,7,8,9-HxCDD 0.1 0.1
1,2,3,4,6,7,8-HpCDD 0.01 0.01
OCDD 0.0001 0.0003

chlorinated dibenzofurans
2,3,7,8-TCDF 0.1 0.1
1,2,3,7,8-PeCDF 0.05 0.03
2,3,4,7,8-PeCDF 0.5 0.3
1,2,3,4,7,8-HxCDF 0.1 0.1
1,2,3,6,7,8-HxCDF 0.1 0.1
1,2,3,7,8,9-HxCDF 0.1 0.1
2,3,4,6,7,8-HxCDF 0.1 0.1
1,2,3,4,6,7,8-HpCDF 0.01 0.01
1,2,3,4,7,8,9-HpCDF 0.01 0.01
OCDF 0.0001 0.0003

non-ortho substituted PCBs
PCB 77 0.0001 0.0001
PCB 81 0.0001 0.0003
PCB 126 0.1 0.1
PCB 169 0.01 0.03

mono-ortho substituted PCBs
105 0.0001 0.00003
114 0.0005 0.00003
118 0.0001 0.00003
123 0.0001 0.00003
156 0.0005 0.00003
157 0.0005 0.00003
167 0.00001 0.00003
189 0.0001 0.00003

* Numbers in bold indicate a change in TEF value

Reference - Van den Berg et al :
The 2005 World Health Organization Re-evaluation of Human and
Mammalian Toxic Equivalency Factors for Dioxins and Dioxin-like Compounds

ToxSci Advance Access, 7 July 2006





TABLE 1

RECALCULATED TEQs For Dioxin/Furans Using WHO-2005 TEFs

Analyte I.D. WHO TEF (Environ) WHO-2005 TEF

OCDD 0.0001 0.0003 300 0.03 0.09 780 0.078 0.234 472 0.0472 0.1416 560 0.056 0.168 1065.9 0.10659 0.31977 1000 0.1 0.3
1,2,3,7,8-PeCDF 0.0500 0.0300 755.81 37.7905 22.6743 517.5 25.875 15.525 268 13.4 8.04 264 13.2 7.92 640.9 32.045 19.227 750 37.5 22.5
OCDF 0.0001 0.0003 686046.51 68.604651 205.813953 570000 57 171 418000 41.8 125.4 92400 9.24 27.72 2197727 219.77273 659.3182 1,000,000 100 300
Other Congeners

Cumulative Difference Betw WHO-2005 TEF and WHO-TEF (Environ) 122.15 103.81 78.33 13.31 426.94 185.20
Total TEQ for All Congeners for Each Sample 1569.6 1691.8 741.4 845.2 619.8 698.1 353.3 366.6 931.6 1358.5 1475.7 1660.9

Analyte I.D. WHO TEF (Environ) WHO-2005 TEF

OCDD 0.0001 0.0003 1190 0.119 0.357 483 0.0483 0.1449 1260 0.126 0.378 298 0.0298 0.0894 189 0.0189 0.0567
1,2,3,7,8-PeCDF 0.0500 0.0300 683 34.15 20.49 125 6.25 3.75 2370 118.5 71.1 223 11.15 6.69 169 8.45 5.07
OCDF 0.0001 0.0003 1,200,000 120 360 141,000 14.1 42.3 1,240,000 124 372 485,000 48.5 145.5 162,000 16.2 48.6
Other Congeners

Cumulative Difference Betw WHO-2005 TEF and WHO-TEF (Environ) 226.58 25.80 200.85 92.60 29.06
Total TEQ for All Congeners for Each Sample 1014.5 1241.1 313.1 338.9 3330.2 3531.1 472.6 565.2 357.4 386.5

Average TEQ (ppt) Average TEQ (ppb)
WHO TEF (Environ) 1016.3 1.016
WHO-2005 TEF 1153.1 1.153

Previously Calculated TEQ (from WHO TEF[Environ]) for Individual Congers and Total

Revised Calculated TEQ (from WHO TEF-2005) for Individual Congers and Total

Note:
SEE 2nd Revision 2003 ENVIRON REPORT " CHERRY ISLAND STAGING AREA - POTENTIAL 
HISTORIC RELEASE ASSESSMENT", APPENDIX A, ATTACHED HEREIN
(Page 1 and 2 - Dioxin/Furan' Page 3: Dioxin Like PCBs)
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Average TEQ from All Eleven Samples

EI Iron Rich

No Change Between WHO-TEF (Environ) and 
WHO-2005 TEF

WHO-
2005 TEQ 

EI Iron 
Rich 
(pg/g)

Environ 
Calculated 
TEQ

WHO-
2005 TEQ 

Environ 
Calculated 
TEQ

EMI-8 
(pg/g)



SEE LRM COMMENT (SHADED IN GREEN) Table 1b 

Iron Rich Analysis Compared to DNREC Uniform Risk-based Remediation Standards (from URS- Diamond Group RI/RA Report)

Analyte Avg Max Min Std. Dev

Semi-Volatile Organic 
Compounds:

    Hexachlorobenzene 25.70 54.96 12.37 18.29 4 mg/kg

Dioxins Compounds:
2,3,7,8-TCDD                           
[CAS #1746-01-6] < 0.86 < 0.93 < 0.58 < 0.37 < 0.41 0.63 0.93 0.37 0.11 40 ppt
1,2,3,7,8,9-HxCDD                  
[CAS #19408-74-3] << 4.70 < 4.78 3.46 < 1.17 << 23.64 7.55 23.64 1.17 4.07 1,000 ppt

PCBp Totals Isomers: (none)
Total monoCB << 0.00 << 0.00 << 0.00 << 0.00 << 0.00 0.00 0.00 0.00 0.00
Total diCB << 0.00 << 0.00 << 0.00 << 0.00 << 0.00 0.00 0.00 0.00 0.00
Total triCB 0.12 << 0.00 << 0.00 << 0.00 << 0.00 0.02 0.12 0.00 0.05
Total tetraCB 1.18 0.64 0.31 0.20 0.49 0.56 1.18 0.20 0.38
Total pentaCB << 0.00 0.28 << 0.00 << 0.00 0.35 0.13 0.35 0.00 0.17
Total hexaCB 0.12 2.14 << 0.00 0.30 6.36 1.78 6.36 0.00 2.70
Total heptaCB 1.37 1.95 << 0.00 1.79 8.52 2.73 8.52 0.00 3.33
Total octaCB 8.09 1.01 4.94 0.25 0.92 3.04 8.09 0.25 3.4
Total nonaCB 19.51 6.10 15.20 2.70 3.98 9.50 19.51 2.70 7.4
Total decaCB 344 900 343 763 1,606.82 791.40 1606.82 343.00 519
Total PCB 375 912 363 768 1627 809 1627 363 278 1,000 ppb (ug/kg)

% Solid In Iron Rich Filter Press Sample: 43% 40% 34% 44% 44%

*All Concentrations, RLs, and MDLs are corrected for percent solids, i.e. reported on a "dry weight basis".

DNREC Human 
Health, Soil 
Remediation 
Standards:

Statistics

ppm (mg/kg) In Sample

ppb (ng/g) In Sample

Concentration, In Sample

ppt (pg/g) In Sample

EM-IR-S01 EM-IR-S03 EM-IR-S05 EM-IR-S06 EM-IR-S07

54.9613.31 32.46

Values underlined in this Table was corrected on 4/19/04 to reflex the "dry wt. 
basis".

ppb (ng/g) In Sample

ppm (mg/kg) In Sample

ppt (pg/g)  In Sample

12.37 15.43
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SEE LRM COMMENT (SHADED IN GREEN) Table 1b 

Iron Rich Analysis Compared to DNREC Uniform Risk-based Remediation Standards (from URS- Diamond Group RI/RA Report)

Analyte Avg Max Min Std. Dev

DNREC Human 
Health, Soil 
Remediation 
Standards:

StatisticsConcentration, In Sample

EM-IR-S01 EM-IR-S03 EM-IR-S05 EM-IR-S06 EM-IR-S07

Exceeds DNREC's URS for Protection of Human Health, Non-Critical Water
 Resource Area, Restricted Use, Surface Soil (mg/kg), 12/99.

LRM Comment - This is the 2,3,7,8-TCDD concentrations and not Total TEQ (for all congeners) in terms of 2,3,7,8-TCDD
Total Average TEQ Exceeds Direct Exposure DNREC Threshold

Table Prepared by M. Brill 1/2/03 Page 3 of 3



Class of 
Compound

Total IRM 
Loading for 
Year 2000

Environ 
Estimate COPC 

Conc in Iron 
Rich, g/kg IR

New Estimate 
Based on WHO-

2005 TEFs, 
g/kg IR

Environ Estimated 
Year 2000 Predicted 
Mass Loading, mg

New Estimated Year 
2000 Predicted Mass 

Loading Based on 
WHO-2005 TEFs, 

mg

Environ 
Estimated In 

Stream 
Concentration 

(ng/L)

New Estimate In 
Stream 

Concentration , 
WHO 2005 TEFs 

(ng/L)

DRBC Water 
Quality 

Standard 
(ng/L)

Dioxins/Furans 22,662 1.02E-06 0.00000115 2.30E+01 26.0613 2.90E-06 3.28E-06 1.40E-05

Dioxin Like PCBs1 22,662 1.60E-11 Not Calculated 3.30E-04 Not Calculated 4.20E-11 Not Calculated Not Available
Non Dioxin Like 
PCBs2 22,662 8.09E-04 Not Calculated 18,333 Not Calculated 2.30E-03 Not Calculated 4.40E-02

Notes:
1) Effect on Total TEQ for Dioxin Like PCBs Due to Change in WHO TEFs is Insignificant
2) No Effect on Non Dioxin Like PCBs Due to Change in WHO-TEFs

Previously Calculated In Stream Concenrrations (from WHO TEF[Environ]) 

Revised Calculated In Stream Concentrations (from WHO TEF-2005) 

IR = Iron Rich
g/kg = grams per kilogram
mg = milligrams
ng/L = nanograms per liter

TABLE 2A
Recalculated Comparison of Estimated Dioxin/Furan Concentration for Comparison with DNREC Threshold



Class of Compound
Min Max Min Max

Dioxins/Furans 2.00E-07 1.80E-06 2.26E-07 2.04E-06

Dioxin Like PCBs1 1.80E-16 1.60E-15 Not Calculated Not Calculated

Non Dioxin Like PCBs2 3.90E-10 3.30E-09 Not Calculated Not Calculated

Total Environ Estimate 2.00E-07 1.80E-06
Total New Estimated Based on WHO-2005 TEQs 2.27E-07 2.04E-06

Notes:
1) Effect on Total TEQ for Dioxin Like PCBs Due to Change in WHO TEFs is Insignificant
2) No Effect on Non Dioxin Like PCBs Due to Change in WHO-TEFs

Previously Calculated Risk Range (from WHO TEF[Environ]) 

Revised Calculated Risk Range (from WHO TEF-2005) 

Risk Range Risk Range

TABLE 2B
Recalculated Ecological Risk - Pathway for Human Consumption of Impacted Fish 






















