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ACRONYMS USED IN THIS REPORT 

COC constituent of concern
CSI Comprehensive Site Investigation
IEPA Illinois Environmental Protection Agency
GRO groundwater remediation objective
NFR no further remediation
PNAs polynuclear aromatic hydrocarbons
RAP Remedial Action Plan
RBCA Risked Based Corrective Action (ASTM  E1739-95)
REC recognized environmental condition
ROR Remediation Objectives Report
SRO soil remediation objective
SRP Site Remediation Program (35 IAC 740)
SVOCs semi-volatile organic compounds
TACO Tiered Approach to Corrective Action Objectives (35 IAC 742)
TAL target analyte list (inorganics)
TCL target compound list
VOCs volatile organic compounds
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1.0  INTRODUCTION

1.1  Purpose

This Remediation Objectives Report/Remedial Action Plan was prepared to address remediation of
defined soil impacts at Pritzker Park, the northwest corner of State and Van Buren Streets in
Chicago, Illinois (the Site).  This report was prepared by Versar Inc. (Versar) for the Chicago
Department of Environment (Remediation Applicant) in accordance with requirements outlined in
the Illinois Environmental Protection Agency (IEPA) Site Remediation Program (SRP, Reference
1) and the IEPA Tiered Approach to Corrective Action Objectives (TACO, Reference 2).  

The Site is owned by the City of Chicago, currently used as a small public park.  A redeveloped
municipal park is the intended future use of the Site.  The Site was initially entered into the SRP in
2005.  Chicago Department of Environment is seeking a draft Comprehensive “No Further
Remediation” (NFR) letter for residential property from IEPA upon acceptance of the remedial
action plan; and a final Comprehensive NFR letter for residential property at completion of this
project.  

1.2  Summary

Soil remediation objectives (SROs) will be determined for the Site in accordance with procedures
outlined in TACO. Characterization activities were previously conducted to investigate soil and
groundwater conditions at the Site, as well as lateral and vertical extent of constituents of concern
(COCs), and are documented in the Comprehensive Site Investigation Report, prepared by
Kowalenko & Bilotti Inc. (Reference 3).  Results of the CSI are summarized in Tables following this
narrative and Section 2.5.

 
The following remedial actions are proposed and discussed in detail in Sections 3 and 4 of this

Report:  

1. Remove impacted soil from select parts of the Site;

2. Place excavated soil into Soil Management Zone areas. Dispose of balance of impacted soil.

3. Backfill excavated areas with a combination of two feet of imported “clean” soil, 60-mil thick

geotextile, CA-7 stone (or 210 PGB), and/or porous concrete; or nine inches to one foot of

aggregate/poured concrete.
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4. Implement site-specific migration to Class II groundwater Tier 2 SRO for benzo(a)anthracene.

5. Implement institutional controls using new engineered barriers and invoking Chicago

groundwater ordinance prohibiting installation and use of on-site potable water wells.
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2.0  BACKGROUND INFORMATION

2.1 Site Description

The Site is a 0.90-acre undeveloped public park with common addresses of 310-356 South State
Street and 12-22 West Van Buren Street, located at the northwest corner of State and Van Buren
Streets, Chicago, Cook County, Illinois.   Figure 1 shows the Site located in Section 16, Township
39 North, Range 14 East on the United States Geological Survey (USGS) Chicago Loop Quadrangle
topographic map.  The legal description of the Site is: 

THE SOUTH HALF OF LOT 10 IN G.W. SHOW’S SUBDIVISION OF BLOCK 139 IN SCHOOL SECTION
ADDITION TO CHICAGO.  

ALSO
LOTS 4 TO 14, BOTH INCLUSIVE, IN THE RESUBDIVISION OF PART OF BLOCK 139 IN SCHOOL SECTION
ADDITION TO CHICAGO, BY SUPERIOR COURT, IN PARTITION OF LOTS 4, 9, 15, 16, 21, 22 AND THE
NORTH HALF OF LOT 10 AND LOT 3 (EXCEPT THE NORTH 38 FEET THEREOF) IN SCHOOL SECTION
ADDITION TO CHICAGO.

ALSO
LOTS 9, 10, 11, BOTH INCLUSIVE AND A STRIP OF LAND, IF ANY, BETWEEN THE WEST LINE OF LOT 9
AND THE EAST LINE OF PLYMOUTH STREET, AS RELOCATED, IN ASSESSOR’S SUBDIVISION OF LOTS
2, 5, 8, 11, 14, 17, 20 AND 23, IN BLOCK 139 IN SCHOOL SECTION ADDITION TO CHICAGO.

ALSO
THE STRIP OF LAND LYING EAST OF THE EAST LINE EXTENDED SOUTH, OF A 10 FEET ALLEY LYING
EAST AND ADJOINING LOTS 3 TO 8, BOTH INCLUSIVE, IN SAID ASSESSOR’S SUBDIVISION AND WEST OF
SAID LOTS 4 TO 14, BOTH INCLUSIVE, IN THE RESUBDIVISION OF PART OF BLOCK 139 IN SCHOOL
SECTION ADDITION TO CHICAGO, ALL IN SECTION 16, TOWNSHIP 39 NORTH, RANGE 14 EAST OF THE
THIRD PRINCIPAL MERIDIAN, IN COOK COUNTY, ILLINOIS.  

CONTAINING A TOTAL OF 39,253.6 SQ. FT.

2.2 Previous Environmental Assessments

A Phase I Environmental Site Assessment Report (Phase I) was completed by Kowalenko and Bilotti
in March 2005 (Reference 3), to determine if recognized environmental conditions existed on-Site.
The following recognized environmental condition (REC) was documented in the Phase I:

C Fill materials (consisting of building and demolition debris mixed in with native soil) originating
from razed historic structures on the subject property (Rialto Theater, retail stores) underlie the
Site at varying depths to a maximum thickness of 12 feet.
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A Comprehensive Site Investigation (CSI) was completed by Kowalenko and Bilotti in October 2005
(Reference 4).  The CSI included the advancement of ten soil borings at the Site with construction
of monitoring wells within five soil borings (Figure 2).  The maximum depth of soil borings was 20
feet.  Soil and groundwater samples were collected and submitted for quantitative analysis.  Samples
were collected from shallow soils and subsurface soils to characterize potential impacts from fill
material and suspected historic structures. An additional groundwater investigation included
installation and groundwater sampling of five permanent monitoring wells.  The CSI Report was
accepted by the IEPA SRP in a letter dated  December 7, 2005.

2.3 Site Geology and Hydrogeology

Soil borings were conducted in 2005 to investigate subsurface conditions at the Site (Figure 2).  Fill
materials consisting of brick, wood, gravel, and sand were encountered across the Site to a maximum
thickness of 10 feet.  Fill materials are underlain silty clay to at least 20 feet, the maximum depth
investigated.  

Groundwater classification at the Site is Class II, as described in Section 2.4.  Based results of
ASTM D 5084 analysis on a native soil sample obtained from monitoring well B-10, the shallow
water-bearing unit has an estimated hydraulic conductivity of 7.35x10-7 centimeters per second
(cm/sec).  Groundwater flow direction was generally east-northeast with a calculated hydraulic
gradient of 0.002 ft/ft.

2.4 Groundwater Classification

Groundwater classification at the Site is Class II based on depth of groundwater and encountered
silty clay lithology.  Groundwater was encountered approximately ten feet below grade in a silty
clay aquifer that extended to at least 20 feet in depth.  In accordance with 35 IAC 620.220,
groundwater at the Site should be designated as Class II since the criteria of Class I (35 IAC
620.210), Class III (35 IAC 620.230), and Class IV (35 IAC 620.240) have not been satisfied.
Specifically:

1) Potable water in the area is obtained from Lake Michigan and the site is not within a minimum
setback zone.  Wells in the region are completed within Silurian bedrock at least 100 feet
below the base of the Site-specific unconsolidated zone aquifer;

2) No potable water wells are present within 0.5-mile of the Site (Appendix B);
3) Site is not located within the minimum setback zone of any well;
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4) Sand and gravel are not present at a thickness greater than five feet;
5) Groundwater is present in unconsolidated material, therefore sandstone or fractured carbonate

are not present within the local aquifer; and
6) The shallow aquifer is not capable of a sustained groundwater yield exceeding 150 gallons per

day from a 12-inch borehole and saturated thickness of 15 feet or less.

Estimated hydraulic conductivity of 7.35 x 10-7 cm/sec yields approximately 0.73 gallons per day
from a 12-inch diameter well.  Therefore, Site groundwater classification is Class II.

2.5  Constituents of Concern

2.5.1 Soil

COCs are organic compounds or metals present in concentrations above residential/background Tier
1 soil remediation objectives (SROs).  In surficial soil (0-3 feet in depth), only arsenic was identified
as a COC across the entire site (Figure 3).  Arsenic soil impacts exceeding the 13 mg/kg ingestion
SRO are summarized as follows:

Arsenic COC Summary
COC SRO Sample Identification and Depth (feet)

B-1 B-2 B-3 B-4 B-5 B-6 B-7 B-8 B-8 B-9 B-10
0 - 3 0 - 3 0 - 3 0 - 3 0 - 3 0 - 3 0 - 3 0 - 3 3 - 6 0 - 3 0 - 3

Arsenic    13 29 29 21 30 26 25 34 27 17 27 22

Benzo(a)anthracene, dibenzo(a,h)anthracene, and indeno(1,2,3-c,d)pyrene were identified in shallow
soil obtained from soil boring B-10 (Figure 4).

COCs identified in subsurface soils (below three feet in depth) were benzo(a)anthracene,
benzo(a)pyrene, benzo(b)fluoranthene, dibenzo(a,h)anthracene, indeno(1,2,3-c,d)pyrene, and arsenic
(Figures 4 and 3A respectively).   PNA distribution is best described as follows:
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PNA  COC  SUMMARY

PNA COC             Tier 1 SROs
Sample Identification, Date, and Depth (feet)

B-1 B-2 B-5 B-6 B-7 B-8 B-10

Migration to Backgrd Soil 03/03/05 03/03/0503/03/05 03/03/05 03/03/0503/03/05 03/03/05

Analyte Class II GW Chicago Metro 3 - 6 6 - 9 3 - 6 6 - 9 3 - 6 3 - 6 0 - 3
Benzo(a)anthracene 8 1.1 9.9 1.5 1.6 3.1 8 1.7 2.6

Benzo(a)pyrene 82 1.3 5.2 1.5 1.7 1.6 7.7 0.72 1.3
Benzo(b)fluoranthene 25 1.5 6.6 1.4 1.5 1.6 7 0.79 1.5

Dibenzo(a,h)anthracene 7.6 0.20 0.8 0.15 0.15 0.29 0.62 0.16 0.23
Indeno(1,2,3-cd)pyrene 69 0.86 3.7 0.76 0.84 1.4 3.8 0.81 1.2

2.5.2 Groundwater

As noted in Section 2.2, permanent wells with filter packs were installed as a part of the CSI
investigation.  Initial sampling of groundwater from all wells revealed iron and lead as COCs.  Re-
sampling performed on permanent wells MW-3 and MW-4 (eliminating suspended particulate)
indicates lead is not a COC in groundwater.  The iron Class II GRO of 5 mg/L was exceeded in
groundwater obtained for monitoring wells MW-1, MW-3, MW-4, and MW-5. 
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3.0  DETERMINATION OF REMEDIATION OBJECTIVES

3.1  Exposure Pathway Exclusion Requirements

TACO allows the Remediation Applicant the option of demonstrating that an actual or potential
impact to a receptor or potential receptor for a COC can be excluded from consideration from one
or more exposure pathways.  If the Remediation Applicant demonstrates that applicable requirements
for excluding an exposure route are met, then the exposure route is excluded and no remediation
objective(s) need be developed for that exposure pathway. 

Requirements outlined in Sections 742.300 and 742.305 of TACO must be met to exclude one or
more exposure pathways.  Concentrations and extent of Site COCs have been delineated as required
by Section 742.300.   Requirements of Section 742.305 of TACO include the following:

a) The sum of all organic compounds shall not exceed the attenuation capacity of the soil,
defined by the Site-specific organic carbon content in subsurface soil.

b) Concentrations of COCs shall not exceed soil saturation limits.  
c) Soil containing COCs shall not exhibit characteristics of reactivity for hazardous waste.
d) Soil containing COCs shall not exhibit a pH less than or equal to 2.0 or greater than or

equal to 12.5.
e) Soil containing COCs shall not exhibit characteristics of toxicity for hazardous waste.
f) If COCs include polychlorinated biphenyls (PCBs), total PCB concentration shall not

exceed 50 parts per million (ppm).

Pursuant to 35 IAC 742.310, the inhalation exposure route may be excluded from consideration if:

1. Requirements outlined in Sections 742.300 and 742.305 of TACO are met;
2. An engineered barrier is in place that (a)  provides ten feet of vertical separation between the

COCs and the land surface or any man-made pathways or (b) there is an engineered barrier in
place; and

3. An institutional control is in place that requires safety precautions for construction workers
where remediation objectives are exceeded.
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Pursuant to 35 IAC 742.315, the soil ingestion exposure route may be excluded from consideration
if:

1. Requirements outlined in Sections 742.300 and 742.305 of TACO are met;
2. An institutional control is in place that (a) provides three feet of vertical separation between

the COCs and the land surface or any man-made pathways or (b) there is an engineered barrier
in place; 

3. An institutional control is in place that requires safety precautions for construction workers
where remediation objectives are exceeded.

Pursuant to 35 IAC 742.320, the groundwater ingestion exposure route can be excluded from
consideration if:

1. Requirements outlined in Sections 742.300 and 742.305 of TACO are met
2. Free product has been removed to the maximum extent possible;
3. The source of the release is not located within the minimum or designated maximum setback

zone or within a regulated recharge area of a potable water supply well;
4. A local ordinance effectively prohibits the installation of potable water supply wells for any

area within 2500 feet of the source of the release;
5. As demonstrated using TACO RBCA Equation R26, concentration of any COC in groundwater

within the minimum or designated maximum setback zone of an existing potable water supply
well will meet the applicable Tier 1 GRO; and

6. As demonstrated using TACO RBCA Equation R26, the concentration of any COC in
groundwater discharging into a surface water will meet the applicable surface water quality
standard under Title 35 Illinois Administrative Code Part 302.

3.2  Exposure Pathway Evaluation - Minimum Requirements

The following conditions of Section 742.305 of TACO have been met:

1. The sum of all organic compounds does not exceed the attenuation capacity of the soil, defined
by the Site-specific level of 2% organic carbon content in subsurface soil.  Fractional organic
carbon content (foc) was determined for a silty clay soil sample collected on the north portion
of the Site.  The sample was collected from an area not suspected to have been impacted.  The
sample, collected from boring B-3, 9-12', exhibited an ash content of 3.45% (from American
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Society for Testing and Materials Standard D2974-00).  Based upon 35 IAC 742, Appendix C,
Table F, ash content was adjusted to total organic carbon content by using a conversion factor
of 0.58, yielding a 2% organic carbon content value for subsurface soil.    

2. Concentrations of COCs do not exceed soil saturation limits;  
3. Soil containing COCs does not exhibit characteristics of reactivity or toxicity for hazardous

waste;
4. Analysis indicates pH of Site soil is 8.1 and meets requirements of this subpart (see CSI,

Reference 3); and
5. PCBs were not detected above laboratory reporting limits.

3.3  Soil Ingestion and Inhalation Exposure Pathway Evaluation

To exclude the inhalation pathway, COCs must not exceed Tier 1 inhalation SROs within ten feet of
land surface or within ten feet of any man-made migration pathways (e.g., utility conduit).  The ten
foot requirement can be modified by IEPA if an adequate engineered barrier is used.  To exclude the
soil ingestion pathway (at a minimum), COCs must not exceed the Tier 1 ingestion SROs within three
feet of land surface.  The three foot requirement can be modified by IEPA if an adequate engineered
barrier is used.

3.3.1 Inhalation Exposure Pathway Exclusion

No COCs were identified at concentrations exceeding Tier 1 inhalation residential property SROs.
Therefore, in accordance with 35 IAC 742, the residential property inhalation pathway is excluded
from further consideration.

3.3.2  Soil Ingestion Exposure Pathway Evaluation

Arsenic exceeding the Tier 1 residential soil ingestion SRO was identified in surficial soils across the
entire site (Figure 3).  Arsenic exceeded the Tier 1 SRO in the deeper soil sample collected from soil
boring B-8 (Figure 3A).  

Several polynuclear aromatic hydrocarbons (PNAs) were identified at concentrations exceeding Tier
1 residential soil ingestion SROs.  Deeper soil samples (below 3 feet in depth) collected from borings
B-1, B-2, B-5, B-6, B-7, and B-8 (Figure 4) contained benzo(a)anthracene, benzo(a)pyrene, benzo(b)
fluoranthene, dibenzo(a,h) anthracene, and indeno(1,2,3-c,d)pyrene exceeding Tier 1 SROs/
background concentrations (35 IAC 742, Appendix A, Table H).
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Benzo(a)anthracene, dibenzo(a,h)anthracene, and indeno(1,2,3-c,d)pyrene were identified in shallow
soil in Boring B-10 (Tables 1 and 2).  

Suggested remedial action to exclude this exposure pathway is a combination of excavation/disposal
of shallow soils coupled with emplacement of proposed engineering barriers, as summarized in
Section 4.0.

3.4 Groundwater Ingestion Pathway Evaluation

Requirements outlined in Sections 742.300 and 742.305 of TACO must be met to exclude one or
more exposure pathways.  Concentrations and extent of Site COCs have been delineated as required
by Section 742.300 and conditions of 742.305 have been met.  Groundwater sampling results
(obtained from documentation within the 2005 CSI) are summarized in tables following the report
narrative.  Exclusion of the groundwater ingestion pathway from further evaluation is possible, since
the following conditions of Section 742.320 of TACO have been met:

1. No free product was observed during investigation activities (soil borings).
2. Potable water obtained from Lake Michigan is supplied to the Site and surrounding areas by

the City of Chicago Department of Water Management.  Therefore, the minimum setback zone
requirement for potable water supply well is not applicable.

3. An IEPA-approved groundwater ordinance prohibits use of groundwater for potable purposes
within the City of Chicago. (Reference 5). 

4. Iron concentrations exceeded Class II GROs.  Modeling of this COC indicates potential iron
groundwater migration of approximately 92 feet (R-26, Appendix B) is confined to the Site and
municipally-owned rights of way (as mapped on Figure 6). Source of non-toxic iron is
unknown and may be prevalent throughout this heavily developed Chicago Loop area.

3.5   Soil Component of Groundwater Ingestion Exposure Pathway Evaluation

Benzo(a)anthracene exceeded the Tier 1 SRO for the soil component of Class II groundwater
ingestion (Figure 5).  Soil sample analytical data and Tier 1 SROs for the soil component of the Class
II groundwater ingestion exposure route are summarized in tables following the report narrative.
Benzo(a)anthracene was modeled using Soil Screening Level (SSL) Equation S17.  The developed
benzo(a)anthracene Tier 2 SRO of 103 mg/kg exceeded the greatest concentration detected at the
Site.  Therefore, the soil component of Class II groundwater ingestion exposure route is excluded
from further consideration. 
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4.0  REMEDIAL ACTION PLAN

4.1 Proposed Remedial Action

Impacted Site soils were delineated in the CSI.  The Remediation Applicant proposes to address soil
impacts at the Site using a combination of excavation, off-site soil disposal, engineered barriers,
institutional controls, and use of a site-specific Tier 2 SRO for benzo(a)anthracene.

The soil ingestion exposure route can be addressed by traditional soil remediation activities such as
excavation and removal of impacted materials and/or use of engineered barriers.  Under 35 IAC 742,
acceptable engineered barriers include: (1) caps or walls constructed of compacted clay, asphalt,
concrete or other material approved by IEPA; (2) permanent structures, such as buildings or
highways; and (3) soil, sand, gravel or other geologic materials that cover contaminated media, meet
Tier 1 SROs for residential properties, and are a minimum of three feet.  

Arsenic impacts shall be addressed through excavation of impacted soil and placement of “clean”
backfill material.  Excavation, sampling, and backfill placement details are discussed in detail below.
Deeper PNA-impacted soil across the remainder of the Site will remain in situ, covered by engineered
barriers with corresponding institutional controls.

4.2 Excavation

Versar proposes to excavate impacted fill materials to a depth sufficient to allow emplacement of
IEPA-accepted engineered barriers as shown on Figures 7 and 8.  The excavation shall extend to
various depths of up to 24 inches below final grade.  Since the entire site is being developed and
capped with engineered barriers, no additional sampling should be required.  However, if required
by IEPA, Versar shall collect confirmation soil samples from a gridded excavation floor and analyze
the samples for PNAs and arsenic. Remedial excavation activity in addition to the above will not be
conducted beneath proposed engineered barriers (Figures 6 and 7).

Each excavation shall be backfilled with imported “clean” soil or native quarry stone.  Imported soils
proposed for use at the Site shall be quantitatively analyzed for constituents listed in 35 IAC 740,
Appendix A.  Specifically, imported soil shall be analyzed for volatile organic compounds, semi-
volatile organic compounds, pesticides, PCBs, and Target Analyte List inorganic constituents.
Identification of any analyte in the proposed backfill soil at a concentration exceeding the most
stringent Tier 1 SRO shall preclude use of the soil as an engineered barrier at the Site.  Imported
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stone shall be native stone imported from a quarry of origin.  Use of virgin quarry stone does not
require quantitative analyses and a letter indicating origin of the stone (if used) shall be provided to
IEPA.   
4.3 Off-Site Disposal

Arsenic-impacted fill materials excavated from site will be transported by licensed haulers under
manifest (or equivalent) to a facility permitted to accept such waste.     

4.4 Engineered Barriers

4.4.1  Regulatory Requirements/Engineered Barrier 

Per 35 IAC 742.1105, Engineered Barrier Requirements:

2) For the soil ingestion exposure route, the following engineered barriers are recognized if
they prevent completion of the exposure pathway:

A) Caps or walls constructed of compacted clay, asphalt, concrete, or other material
approved by the Agency;

B) Permanent structures such as buildings and highways; and

C) Soil, sand, gravel, or other geologic materials that:

i) Cover the contaminated media;

ii) Meet the soil remediation objectives under Subpart E for                   
           residential property for contaminants of concern; and

iii) Are a minimum of three feet in depth.

     d) Unless otherwise prohibited under Section 742.1100, any other type of engineered barrier
may be proposed if it will be as effective as the options listed in subsection A) of this
Section.

       4.4.2   Proposed Engineered Barrier

 Pursuant to d) above, engineered barriers shall be placed as shown on Figures 7 and 8.  The
engineered barrier beneath sod and vegetation will consist of a 60-mil thickness nonwoven
geotextile and two foot of aggregate stone/soil mixture (Appendix C).  The geotextile mat
(composed of non-degrading polypropylene fiber) will be emplaced over final excavation grade,
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followed by at least one foot of aggregate (CA-7 and Vulcan 210 PGB, closer to a CA-6) and
appropriate surfacing material (porous concrete or vegetation topsoil), with at least one foot of
additional topsoil to ensure the proposed barrier prevents completion of the soil ingestion exposure
route (Figure 8).  

The chosen geotextile fabric has a grab tensile strength of 160 pounds, and is not penetrable with
a spade or similar digging tool.  A sample is included in Appendix C.  The geotextile mat must be
exposed and physically cut to break through to the underlying soil (after penetrating at least one foot
of aggregate or equivalent).  Water flow rate for the geotextile is 110 gallons/minute/square foot;
allowing for reasonable drainage through the material while providing a physical barrier to ingestion
of soil.  The proposed barrier would allow for reasonable drainage with a tensile strength designed
to turn a simple shovel should a non-authorized person attempt to penetrate the barrier and encounter
PNA/arsenic impacted soil (probably only penetrable with a backhoe).  Based on the above data, the
proposed engineered barrier will be as effective as options listed in Section 4.4.1, and preclude
ingestion of contaminants in covered soil.   

4.5  Soil Management Zone

Impacted surficial soils excavated will be placed beneath planned above-ground areas as shown in
the topographic depiction in Figure  9.  Cut and fill areas are as shown.  Emplacement of soils within
this soil management zone will decrease the mass of soil transported and disposed off-site.   Soils
within the SMZ will then be covered by barriers as shown in Figure 8 and discussed in Section 4.4.

4.6   Institutional Controls

Groundwater use is prohibited by City ordinance.  As a result, no water wells can be installed at
the Site.  Maintained engineered barriers are a condition of this remedial action.  Future
construction work shall be accompanied by a health and safety plan addressing site COCs.

4.7   Reporting

A Remedial Action Completion Report will be issued to IEPA upon conclusion of remedial
activity.  The report will include a summary of field activity, a tabular summary of analytical data
(if required), and a discussion of results.  The City of Chicago requests a Draft Comprehensive No
Further Remediation (NFR) letter upon review of this report, and will seek a final Comprehensive
NFR letter upon completion and documentation of remediation activities.
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Appendix A

Tier 2 Evaluation - 
Soil Component of Class II Groundwater Ingestion



Benzo(a)anthracene Soil



Versar INC. Tier 2 Evaluation
Soil Component of Class II Groundwater Ingestion

Parameter
Target Soil Leachate 

Concentration
Soil-Water Partition 

Coefficient
Water-Filled Soil 

Porosity Air-Filled Soil Porosity Henry's Law Constant
Dry Soil Bulk 

Density

Units mg/L cm3/g or L/kg Lwater/Lsoil Lair/Lsoil unitless kg/L or g/cm3

Source
Equation S18 in 

Appendix C, Table A

Equation S19 in 
Appendix C, Table A or 

Appendix C, Table J

SSL or Equation S20 
in Appendix C, Table 

A
SSL or Equation S21 in 
Appendix C, Table A Appendix C, Table E

SSL or Field 
Measurement (See 
Appendix C, Table 

F)

Value(s)

Groundwater Standard, 
Health Advisory 
concentration, or 
Calculated Value

Chemical and pH-
Specific (see Appendix 

C, Table I) or Calculated 
Value

Surface Soil (top 1 
meter) = 0.15, 

Subsurface Soil 
(below 1 meter) = 
0.30, or Gravel = 

0.20, Sand = 0.18, 
Silt = 0.16, Clay = 
0.17, or Calculated 

Value

Surface Soil (top 1 
meter) = 0.28, 

Subsurface Soil (below 
1 meter) = 0.13, or 

Gravel = 0.05, Sand = 
0.14, Silt = 0.24, Clay = 

0.19, or Calculated 
Value Chemical-Specific

1.5, or Gravel = 
2.0, Sand = 1.8, 

Silt = 1.6, Clay = 
1.7, or Site-

Specific

COC SRO Cw Kd θw θa H' ρb

Benzo(a)anthracene 103.4826002 0.013 7960 0.3 0.13 0.000137 1.5

Parameter
Target Soil Leachate 

Concentration Dilution Factor

Groundwater 
Remediation 

Remediation Objective

Units mg/L unitless mg/L

Source
Equation S18 in 

Appendix C, Table A
Equation S22 in 

Appendix C, Table A

Appendix B, Table E, 35 
IAC 620.Subpart F, or 

Equation S23 in 
Appendix C, Table A

Value(s)

Groundwater 
Standard, Health 

Advisory 
concentration, or 
Calculated Value 20 or Calculated Value

Chemical-Specific or 
Calculated

COC Cw DF GWobj (Class I)

Benzo(a)anthracene 0.013 20 0.00065

Parameter
Soil-Water Partition 

Coefficient
Organic Carbon Partition 

Coefficient
Organic Carbon Content 

of Soil

Units cm3/g or L/kg cm3/g or L/kg g/g

Source

Equation S19 in 
Appendix C, Table A 
or Appendix C, Table 

J
Appendix C, Table E or 

Appendix C, Table I

SSL or Field 
Measurement (See 

Appendix C, Table F)

Value(s)

Chemical and pH-
Specific (see 

Appendix C, Table I) 
or Calculated Value Chemical-Specific

Surface Soil = 0.006, 
Subsurface soil = 0.002, 

or Site-Specific

COC Kd Koc foc

Benzo(a)anthracene 7960 398000 0.02
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Versar INC. Tier 2 Evaluation
Soil Component of Class II Groundwater Ingestion

Parameter Dilution Factor
Aquifer Hydraulic 

Conductivity Hydraulic Gradient Mixing Zone Depth Infiltration Rate
Source Length Parallel 
to Groundwater Flow

Units unitless m/yr m/m m m/yr m

Source
Equation S22 in 

Appendix C, Table A
Field Measurement (See 
Appendix C, Table F)

Field Measurement (See 
Appendix C, Table F)

SSL or Equation S25 
in Appendix C, Table 

A SSL Field Measurement

Value(s)
20 or Calculated 

Value Site-Specific Site-Specific
2 m or Calculated 

Value 0.3 Site-Specific

COC DF K (m/yr) i d I L
Benzo(a)anthracene 1.000803541 0.2317896 0.0036 5.28668996 0.3 18.3

Parameter Mixing Zone Depth
Source Length Parallel to 

Groundwater Flow Aquifer Thickness Infiltration Rate
Aquifer Hydraulic 

Conductivity Hydraulic Gradient

Units m m m m/yr m/yr m/m

Source

SSL or Equation S25 
in Appendix C, Table 

A Field Measurement Field Measurement SSL 
Field Measurement (See 
Appendix C, Table F)

Field Measurement 
(See Appendix C, 

Table F)

Value(s)
2 m or Calculated 

Value Site-Specific Site-Specific 0.3 Site-Specific Site-Specific

COC d L da I K i
Benzo(a)anthracene 5.28668996 18.3 3.35 0.3 0.2317896 0.0036

Parameter
Aquifer Hydraulic 

Conductivity
Aquifer Hydraulic 

Conductivity

Units m/yr m/yr

Source

Field Measurement 
(See Appendix C, 

Table F)
Field Measurement (See 
Appendix C, Table F)

Value(s) Site-Specific Site-Specific

All K (cm/s) K (m/yr)
7.35E-07 0.2317896
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Appendix B

Water Well Survey
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Appendix C

Engineered Barrier 

Material Specifications



Material Property Data Sheet

CONTECH C-60NW Nonwoven Geotextile

CONTECH® C-60NW is a polypropylene, staple fiber, needle punched nonwoven.  The
fibers are needled to form a stable network that retain dimensional stability relative to each
other.  The geotextile is resistant to ultraviolet degradation and to biological and chemical
environments normally found in soils.  CONTECH C-60NW meets the requirements for a
Class 2 Subsurface Drainage, Separation and Stabilization geotextile per AASHTO M288-96.
CONTECH C-60NW conforms to the property values listed below which have been derived
from quality control testing.

MINIMUM AVERAGE ROLL VALUES2

PROPERTY TEST METHOD English Metric
Mechanical
Grab Tensile Strength
Grab Elongation
Puncture Strength
Mullen Burst
Trapezoidal Tear

ASTM D4632
ASTM D4632
ASTM D4833
ASTM D3786
ASTM D4533

160 lbs.
50 %

85 lbs.
280 psi
60 lbs.

712 N
50 %
378 N

1931 kPa
267 N

Hydraulic
Apparent Opening Size (AOS)
Permittivity
Water Flow Rate

ASTM D4751
ASTM D4491
ASTM D4491

80 US Std Sieve
1.30 sec-1

110 gpm/ft2

0.180 mm
1.30 sec-1

4482 l/pm/m2

Endurance
UV Resistance
(% retained after 500 hours)

ASTM D4355 70% 70%

NOTES:
1 The property values listed above are effective 3/01/04 and are subject to change without notice.
2 Values shown are in weaker principal direction.  Minimum average rolls values are calculated as the typical

minus two standard deviations.  Statistically, it yields a 97.5% degree of confidence that any samples taken
from quality assurance testing will exceed the value reported.
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Properties of CONTECH® Nonwoven Geotextiles
 PROPERTY TEST UNITS ROLL C-31NW C-35NW C-38NW C-40NW C-45NW C-46NW C-50NW C-60NW C-65NW C-70NW C-80NW C-100NW C-120NW C-160NW
  METHOD  VALUE   (See note 3)   (See note 3)

 
Grab Tensile Strength    ASTM D4632 lbs. MARV 80 90 90 115 120 101 135 150 180 180 205 250 300 380
Grab Elongation ASTM D4632 % MARV 60 50 50 50 50 50 50 50 50 50 50 50 50 50
Puncture Strength ASTM D4833 lbs. MARV 40 55 55 65 65 60 80 85 100 100 110 150 175 235
Mullen Burst ASTM D3786 psi MARV 145 175 180 210 225 200 270 280 330 330 350 460 580 740
Trapezoidal Tear ASTM D4533 lbs. MARV 30 35 35 45 50 45 55 60 75 75 80 100 115 140
Apparent Opening ASTM D4751 US Sieve MARV 100 70 n/a 70 70 n/a 80 80 80 80 80 100 100 100
Size (AOS)  (mm)  (0.212) (0.212)  (0.212) (0.212)  (0.212) (0.212) (0.212) (0.212) (0.180) (0.150) (0.150) (0.150)
Permittivity, ψ ASTM D4491 sec-1 MARV 1.4 2.0 n/a 1.7 1.5 n/a 1.4 1.4 1.4 1.4 1.2 1.0 0.8 0.7
Water Flow Rate ASTM D4491 gpm/ft2 MARV 150 110 n/a 140 120 n/a 110 110 100 100 90 75 65 50
Mass ASTM D4533 oz/yd2 Nominal 3.0 3.5 3.5 4.1 4.4 4.1 5.2 5.6 6.6 6.8 7.3 9.2 11.5 16.0
Thickness, τ ASTM D5199 mils MARV 30 40 30 50 45 35 55 60 80 70 70 100 105 145
UV Resistance ASTM D4355 % Retained MARV 70 70 70 70 70 70 70 70 70 70 70 70 70 70
  Xenon Arc @ 500 hrs.
Melting Point ASTM D276 degrees F. MARV n/a n/a 300 n/a n/a 300 n/a n/a n/a n/a n/a n/a n/a n/a
Aslphalt Retention Task Force 25 gal.sy MARV n/a n/a 0.2 n/a n/a 0.2 n/a n/a n/a n/a n/a n/a n/a n/a
  Method 8
Roll Width Measured feet Nominal 12.5/15.0 12.5/15.0 12.5 12.5/15.0 12.5/15.0 12.5 12.5/15.0 12.5/15.0 15.0 12.5/15.0 15.0 15.0 15.0 15.0
Roll Length Measured feet Nominal 360 360 360 360 360 360 360 300 300 300 300 300 300 300
Roll Area Calculated sy Nominal 500/600 500/600 500 500/600 500/600 500 500/600 417/500 500 417/500 500 500 500 500

  Notes: 1. Values are reported for the weaker principle direction.
 2. “MARV” indicates minimum average roll values, which is calculated as the mean minus two standard deviations, yielding a 97.5% confidence level.
 3. C-38NW and C-46NW are for use in asphalt pavement overlay applications. Due to the relevancy of mass per unit area in paving applications, as acceptance/rejection criteria, the mass units are for C-38NW and 
 C-46NW are reported as MARV.

This data sheet� our CONTECH Regional office can advise if any values listed herein have changed since 
this data sheet was issued.
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Appendix D

Physical/Chemical Properties - COCs























APPENDIX E
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