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RE Final RAAP-047 RFI Report for Army Review (UNCLASSIFIED).txt
From: Druck, Dennis E Mr CIV USA MEDCOM CHPPM [dennis.druck@us.army.mil]
Sent: Thursday, September 10, 2009 8:09 AM
To: McKenna, Jim J Mr CIV USA AMC
Cc: Druck, Dennis E Mr CIV USA MEDCOM CHPPM
Subject: RE: Final RAAP-047 RFI Report for Army Review (UNCLASSIFIED)

Classification:  UNCLASSIFIED
Caveats: FOUO

Jim,  I reviewed the risk assessment with the addition of the GW samples and 
it looked OK to me.  Dennis

-----Original Message-----
From: McKenna, Jim J Mr CIV USA AMC [mailto:jim.mckenna@us.army.mil]
Sent: Wednesday, September 09, 2009 2:27 PM
To: Druck, Dennis E Mr CIV USA MEDCOM CHPPM
Subject: FW: Final RAAP-047 RFI Report for Army Review (UNCLASSIFIED)

Classification: UNCLASSIFIED
Caveats: FOUO

Classification: UNCLASSIFIED
Caveats: FOUO

Classification: UNCLASSIFIED
Caveats: FOUO

Hi Dennis,

Can you review the attached before we resubmit to the EPA and DEQ?
Since your last review we had to respond to regulatory comments by collecting 
groundwater samples for metals and adding to the risk assessment.  Trying to 
avoid resubmitting something that we think may be final but needs corrections.

Thanks,
Jim

-----Original Message-----
From: Wisbeck, Diane [mailto:Diane.Wisbeck@arcadis-us.com]
Sent: Wednesday, September 09, 2009 1:04 PM
To: McKenna, Jim J Mr CIV USA AMC
Subject: Final RAAP-047 RFI Report for Army Review

Jim,

Attached for your review is the Final RFI Report for RAAP-047.
Revisions to the document are highlighted in red-line strike out to facilitate 
your review.  The Draft RFI Report was revised to address EPA comments and 
include the additional groundwater samples that were collected in July.  
Lastly, the HHRA was revised to incorporate the assessment of the groundwater.  
Also attached are revised figures, tables, and the Response to Comment 
document.

Please forward to those you feel appropriate to review this document.
As we discussed, the Army has reviewed this report twice before.
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RE Final RAAP-047 RFI Report for Army Review (UNCLASSIFIED).txt
Warmest Regards,

Diane D. Wisbeck | Certified Project Manager | mailto:diane.wisbeck@arcadis-
us.com
<blockedmailto:diane.wisbeck@arcadis-us.com> 

ARCADIS U.S., Inc. | 1114 Benfield Blvd, Suite A | Millersville, MD,
21108 O. 410.987.0032 | T. 410.923.7834 | M. 443.909.9059 | F.
410.987.4392 www.arcadis-us.com <blockedhttp://www.arcadis-us.com/>  

ARCADIS, Imagine the result 

Please consider the environment before printing this email.

________________________________

NOTICE: This e-mail and any files transmitted with it are the property of 
ARCADIS U.S., Inc. and its affiliates. All rights, including without 
limitation copyright, are reserved. The proprietary information contained in 
this e-mail message, and any files transmitted with it, is intended for the 
use of the recipient(s) named above. If the reader of this e-mail is not the 
intended recipient, you are hereby notified that you have received this e-mail 
in error and that any review, distribution or copying of this e-mail or any 
files transmitted with it is strictly prohibited. If you have received this e-
mail in error, please notify the sender immediately and delete the original 
message and any files transmitted. The unauthorized use of this e-mail or any 
files transmitted with it is prohibited and disclaimed by ARCADIS U.S., Inc.
and its affiliates. Nothing herein is intended to constitute the offering or 
performance of services where otherwise restricted by law.

Classification: UNCLASSIFIED
Caveats: FOUO

Classification: UNCLASSIFIED
Caveats: FOUO

Classification: UNCLASSIFIED
Caveats: FOUO

Classification:  UNCLASSIFIED
Caveats: FOUO
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RAAP-47 RFI Comments
From: Geiger.William@epamail.epa.gov
Sent: Monday, June 15, 2009 1:34 PM
To: McKenna, Jim J Mr CIV USA AMC
Cc: Wisbeck, Diane; jim spencer; Parks, Jeffrey N; jeremy.flint@atk.com; 
jerome.redder@atk.com; jlcutler@deq.virginia.gov; Mendoza, Richard R 
Mr CIV USA IMCOM; Timothy.Leahy@shawgrp.com; Llewellyn, Tim; 
Tina_Devine@URSCorp.com; Meyer, Tom NAB02
Subject: RAAP-47 RFI Comments

The conclusions should include references to the ASD; the fact that additional 
downgradient investigations served to provide evidence that the source of the 
TCE was in fact HWMU 5, and that there is no downgradient evidence of TCE 
migrating from any potential upgradient source.

Also, more discussion of the downgradient investigation should be included in 
the body of the report.  This would include supporting GW data collected along 
the transects designed to intercept preferential migration pathways due to 
local geologic controls (karst fracturing,
etc.)

EPA/VDEQ concur that no further action is required for these sites, but this 
is based more on a “screening for TCE” perspective rather than a complete RFI 
characterization.  Note that GW risk was not carried forward for metals, for 
example.

William A. Geiger
Office of Remediation (3LC20)
USEPA Region III
1650 Arch Street
Philadelphia, PA 19103
(215)814-3413
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DEPARTMENT OF THE ARMY 
US ARMY CENTER FOR HEALTH PROMOTION AND PREVENTIVE MEDICINE
 

5158 BLACKHAWK ROAD
 
ABERDEEN PROVING GROUND MD 21010-5403
 

- 8 !//;Y 2009MCHB-TS-REH 

MEMORANDUM FOR Office of Environmental Quality, Radford Army Ammunition Plant
 
(SJMRF-OP-EQ/Mr. Jim McKenna), P.O. Box 2, Radford, VA 24143-0002
 

SUBJECT: Document Titled: "Draft RCRA Facility Investigation Report for RAAP-047,
 
Radford Army Ammunition Plant, Virginia, April 2009"
 

1. The US Army Center for Health Promotion and Preventive Medicine reviewed the subject 
document on behalf of the Office of The Surgeon General pursuant to Army Regulation 200-1 
(Environmental Protection and Enhancement). We appreciate the opportunity to review this 
report and concur with the recommendation of clean closure with no further action as being 
protective of human health and the environment. 

2. Our previous comments have been addressed and we only have two additional minor 
comments. There is a discrepancy for the depth of the surface soil samples for buildings 1034 
and 1549. In section 2, the depth is given as 0.5 to 1.5 feet whereas in section 3, the depth is 0 to 
1.5 feet. Also, Tables 5-14, 5-15, and 5-16 show the Hazard Indices (HIs) exceeding unity for 
the hypothetical child resident. In addition to the footnote, these tables should either present the 
individual HIs when segregated by critical effect/target organ or reference the appropriate tables 
in Appendix E. 

3. The document was reviewed by Mr. Dennis Druck, Environmental Health Risk Assessment 
Program. He can be reached at DSN 584-2953, commercial (410) 436-2953 or electronic mail 
"dennis.druck@us.army.mil". 

FOR THE COMMANDER: 

JEFFREY S. KIRKPATRICK 
Director, Health Risk Management 

CF:
 
HQDA (DASG-PPM-NC)
 
IMCOM-NE (IMNE-PWD-E)
 
USACE (CEHNC-CX-ES)
 
USAEC (IMAE-CD/Mr. Rich Mendoza)
 

Readiness thru Health 











FINAL 

 

RCRA Facility Investigation Report 
RAAP-047       

Buildings 1549, 1041 and 1034 

Radford Army Ammunition Plant 

September 2009 

 
 



 

 

RCRA Facility Investigation 
Report RAAP-047 
 
Buildings 1549, 1041 and 1034 
 
Radford Army Ammunition Plant 

 

 

  
Christopher Sharpe 
Senior Scientist 
 

 

  
Diane Wisbeck 
Assistant Project Manager 
 
 
 
 
  
Tim Llewellyn 
Project Manager 

Prepared for: 

Radford Army Ammunition Plant 
 

Prepared by: 

ARCADIS 
1114 Benfield Blvd 
Suite A 
Millersville 
Maryland 21108 
Tel 410-987.0032 
Fax 410.987.4392 
 

Our Ref.: 

GP08RAAP.0047 
 

Date: 

September 2009   
 
 
This document is intended only for the use 
of the individual or entity for which it was 
prepared and may contain information that 
is privileged, confidential and exempt from 
disclosure under applicable law. Any 
dissemination, distribution or copying of 
this document is strictly prohibited. 



 

 
 
Table of Contents 
 

 

i

Executive Summary 1 

1.0  Introduction 1 

1.1  Purpose and Objectives 1 

1.2  Site Location and Description 1 

1.3  Building History 2 

1.4  Conceptual Site Model 3 

2.0  Investigation Activities 4 

2.1  Scope of Work 4 

2.2  Field Methods 7 

2.2.1  Direct Push Borings 7 

2.2.2  Soil Gas Sampling 7 

2.2.3  Grab Groundwater Sampling and Vertical Aquifer Profiling 8 

2.3  QA/QC 9 

3.0  Investigation Results 10 

3.1  Building 1034 10 

3.1.1  Soil Gas 11 

3.1.2  Soil 11 

3.1.3  Groundwater 12 

3.2  Building 1041 12 

3.2.1  Soil Gas 13 

3.2.2  Soil 13 

3.2.3  Groundwater 14 

3.3  Building 1549 15 

3.3.1  Soil Gas 15 

3.3.2  Soil 16 

3.3.3  Groundwater 16 

3.4  Summary of Results 17 

4.0  Fate and Transport of Compounds Detected at RAAP-047 19 



 

 
 
Table of Contents 
 

 

ii

5.0  Risk Assessment 21 

5.1  Constituent Characterization 21 

5.1.1  Data Evaluation 21 

5.1.2  Selection of Constituents of Potential Concern 22 

5.1.3  Building 1034 23 

5.1.3.1  Soil Gas 24 

5.1.3.2  Soil 24 

5.1.4  Building 1041 24 

5.1.4.1  Soil Gas 24 

5.1.4.2  Soil 25 

5.1.5  Building 1549 25 

5.1.5.1  Soil Gas 25 

5.1.5.2  Soil 25 

5.1.6  Groundwater 25 

5.1.7  Physical and Chemical Properties 26 

5.2  Exposure Assessment 26 

5.2.1  Exposure Point Concentration 28 

5.2.2  Exposure Assumptions 29 

5.2.2.1  Site Worker 29 

5.2.2.2  Hypothetical Future Construction Worker 30 

5.2.2.3  Hypothetical Future Adult and Child Resident 31 

5.3  Toxicity Assessment 32 

5.3.1  Non-carcinogenic Effects 33 

5.3.2  Carcinogenic Effects 34 

5.3.3  Dermal Toxicity Values and Dermal Absorption 35 

5.4  Risk Characterization 36 

5.4.1  Hazard Quotient for Noncancer Hazard 36 

5.4.2  Excess Lifetime Cancer Risk 37 



 

 
 
Table of Contents 
 

 

iii

5.4.2.1  Building 1034 38 

5.4.2.2  Building 1041 40 

5.4.2.3  Building 1549 42 

5.5  Uncertainty Analysis 45 

5.6  Risk Assessment Summary 46 

6.0  Recommendations 47 

7.0  References 48 

 

Tables 

 

Table 2-1 Summary of Completed Borings 

Table 3-1 Summary of Laboratory Analytical Results for Detected Compounds in Soil 
Gas at Building 1034 

Table 3-2 Summary of Laboratory Analytical Results for Detected Compounds in Soil at 
Building 1034 

Table 3-3 Summary of Laboratory Analytical Results for Detected Compounds in Soil 
Gas at Building 1041 

Table 3-4 Summary of Laboratory Analytical Results for Detected Compounds in Soil at 
Building 1041 

Table 3-5 Summary of Laboratory Analytical Results for Detected Compounds in 
Groundwater at Building 1041 

Table 3-6 Summary of Laboratory Analytical Results for Detected Compounds in Soil 
Gas at Building 1549 

Table 3-7 Summary of Laboratory Analytical Results for Detected Compounds in Soil at 
Building 1549 

Table 3-8 Summary of Laboratory Analytical Results for Detected Compounds in 
Groundwater at Building 1549 

Table 5-1 Selection of Constituents of Potential Concern for Soil Gas 

Table 5-2 Selection of Constituents of Potential Concern for Soil 

Table 5-3 Selection of Constituents of Potential Concern for Groundwater 

Table 5-4 Physical and Chemical Properties 

Table 5-5 Soil Gas Exposure Point Concentrations 

Table 5-6   Soil Exposure Point Concentrations 

Table 5-7 Groundwater Exposure Point Concentrations 



 

 
 
Table of Contents 
 

 

iv

Table 5-8 Receptor-Specific Exposure Parameters 

Table 5-9 Risk and Hazard Equations for Exposure to Soil 

Table 5-10 Risk and Hazard Equations for Exposure to Groundwater 

Table 5-11 Calculation of the Particulate Emission Factor for Soil Exposure 

Table 5-12  Dermal Absorption Parameters 

Table 5-13  Noncarcinogenic Toxicity Values for Oral and Dermal Exposure 

Table 5-14  Noncarcinogenic Toxicity Values for Inhalation Exposure 

Table 5-15  Carcinogenic Toxicity Values for Oral and Dermal Exposure 

Table 5-16  Carcinogenic Toxicity Values for Inhalation Exposure 

Table 5-17  Summary of Calculated Risks and Hazards, Building 1034 

Table 5-18  Summary of Calculated Risks and Hazards, Building 1041 

Table 5-19  Summary of Calculated Risks and Hazards, Building 1549 
 

Figures 

1 Site Location 
2 Site Layout 
3 Conceptual Model 
4 Geologic Cross Section 
5 Investigation Locations at Buildings 1034 and 1041 
6 Investigation Locations at Building 1549 
7 Soil Gas Sampling Results, Buildings 1034 and 1041 
8 Soil Gas Sampling Results, Buildings 1549 
9 Soil Sampling Results, Buildings 1034 and 1041 
10 Soil Sampling Results, Buildings 1549 
11 Groundwater Sampling Results, Buildings 1034 and 1041 
12 Groundwater Sampling Results, Buildings 1549 

 

Appendices 

A Historical Documentation of Potential Solvent Use 
B Soil Boring Logs 
C Sampling Logs (Soil gas and Groundwater) 
D Laboratory Data and Validation Reports 
E Risk Assessment Calculation Tables 
F Analytical Results



 

 
 
Table of Contents 
 

 

 

List of Acronyms and Abbreviations 

AEC Army Environmental Command 

ARCADIS ARCADIS U.S., Inc. 

ASD Alternate Source Demonstration 

bgs below ground surface 

COPCs  Constituents of Potential Concern 

CSM conceptual site model 

CSF cancer slope factor 

DAF dilution attenuation factor 

ELCR excess lifetime cancer risk 

EPC exposure point concentration 

FID  Flame- ionization 

HEAST Health Effects Assessment Summary Tables 

HI Hazard Index 

HQ Hazard Quotient 

HHRA Human Health Risk Assessment 

HWMU Hazard Waste Management Unit 

IRP Installation Restoration Program 

MCLs Maximum Contaminant Levels 

MMA Main Manufacturing Area 

MQAP Master Quaility Assurance Plan 

NOAEL no observed adverse effect level 

NRU New River Unit 

PBC Performance Based Contract 

PCB polychlorinated biphenyl 

PCE tetrachloroethene 

PID Photo-ionization detector  

QA/QC Quality assurance/quality control 



 

 
 
Table of Contents 
 

 

i

List of Acronyms and Abbreviations Continued 

QAPA Quality Assurance Plan Addendum 

RCRA Resource Conservation and Recovery Act 

RFAAP Radford Army Ammunition Plant 

RfD reference dose 

RFI RCRA Facility Investigation 

RSL Regional Screening Level 

SOPs standard operating procedures 

SSL Soil Screening Levels  

SWMU Solid Waste Management Unit 

SVOCs semivolatile organic compounds 

TCE trichloroethylene  

UCL Upper Confidence Limit 

USEPA U.S. Environmental Protection Agency 

UTL Upper Tolerance Level 

VDEQ Virginia Department of Environmental Quality 

VOC  volatile organic compound



  

Buildings 1034,1041 and 1549  
Radford Army Ammunition Plant  

RAAP-047 RFI Report  

ES-1

Executive Summary 

ARCADIS U.S, Inc. (ARCADIS) has been retained by the United States Army 
Environmental Command to perform Installation Restoration Program activities at 
Radford Army Ammunition Plant (RFAAP), located in Radford Virginia.  This document 
is the Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) 
Report for RAAP-047, which includes Buildings 1034, 1041, and 1549. The RFI was 
initiated as a result of groundwater investigations completed at Hazardous Waste 
Management Unit (HWMU) 5, a closed surface impoundment located north of the three 
buildings.   Investigations at HWMU-5 identified persistent, low-level concentrations of 
trichloroethene (TCE) in shallow overburden groundwater northeast of the HWMU.  
The Draft Alternate Source Demonstration (ASD) for Trichloroethene (Draper Aden, 
2007) identified Buildings 1034, 1041 and 1549 as potential alternate sources of the 
TCE based on their upgradient locations and documented historical solvent use.  The 
purpose of this investigation was to evaluate potential effects to soil, soil gas or 
groundwater associated with potential historical solvent use in Buildings 1034, 1041, 
and 1549 and to assess the environmental conditions of these sites comprehensively.   

The RFI was completed in three phases of field work completed between May 2008 
and July 2009. During Phase 1 soil, soil gas and grab groundwater samples were 
collected around the perimeter of each building, targeting potential release pathways, 
such as doorways, as describe in Work Plan Addendum 25 (ARCADIS, 2008c).  
Additionally, subslab soil gas samples were collected beneath each building.  Soil and 
groundwater samples were collected during Phase 2 to delineate constituents detected 
in samples collected during Phase 1.   Phase 2 also included vertical-aquifer profile 
borings on a transect downgradient of Building 1041.  Groundwater samples collected 
during Phase 1 and 2 were grab samples from temporary points.  Groundwater 
samples were turbid resulting in unrepresentative levels of metals in the groundwater.  
During Phase 3 additional temporary well points were installed near Buildings 1041 
and 1549 and filtered and unfiltered groundwater samples were collected and analyzed 
for metals to evaluate the concentrations of metals in the dissolved phase. 

During the first phase of investigation, TCE was detected in one soil-gas sample 
collected at Building 1041 (sample 1041-3).   This detection was delineated with six soil 
samples, and with groundwater samples collected at a downgradient transect of 
Vertical Aquifer Profiling borings.  No site-related volatile organic compounds (VOCs) 
were detected in either soil or groundwater samples at concentrations greater than the 
industrial Regional Screening Levels (RSLs).  During Phase 1, Aroclor 1254 was 
detected in one soil sample, collected on the south side of Building 1041, at a level 
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greater than the protection of groundwater screening level.  However no Aroclors were 
detected in the delineation samples, indicating a limited area of extent.   

No potential ongoing sources were indentified and the hypothesis that one or more of 
the buildings is (or was formerly) a source of chlorinated VOCs to groundwater is not 
supported by the data.  It was concluded using data gathered during this investigation 
and additional downgradient investigations that the source of the TCE in groundwater 
was HWMU 5, and that there is no evidence of TCE migrating from any potential 
upgradient source, specifically the buildings investigated under this RFI. 

A risk assessment was conducted to evaluate current and future exposure to 
groundwater, soil and soil gas under current/future industrial and hypothetical future 
residential land-use scenarios.   While groundwater is not currently used as a potable 
water source and it not expected to be used for this purpose in the future, the risk 
assessment conservatively included this exposure pathway.  Results of the risk 
analysis for groundwater indicated elevated risks and hazards due primarily to the 
arsenic concentration detected in one groundwater sample.  However, because this 
sample was visibly turbid even after filtering and the other filtered samples analyzed 
were non-detect for arsenic, it is believed that this elevation in concentration is due to 
local geology and is not representative of dissolved phase conditions at the site.  With 
the exception of potential risks associated with one groundwater sample, potential risks 
and hazards for industrial and residential exposures were within USEPA’s generally 
acceptable risk range.  Therefore, clean closure with no further action is recommended 
for Buildings 1034, 1041 and 1549.   
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1.0 Introduction 

ARCADIS U.S, Inc. (ARCADIS) has prepared this Radford Army Ammunition Plant 
(RFAAP) RFI Report on behalf of the United States Army Environmental Command 
(AEC) to perform Installation Restoration Program (IRP) activities at RFAAP, located in 
Radford Virginia. This work was conducted under a Performance Based Contract 
(PBC) encompassing the New River Unit (NRU), two Solid Waste Management Units 
(SWMUs), and one Hazardous Waste Management Unit (HWMU) currently under 
RCRA Part II Permit.  

This RFI was conducted for the area identified as RAAP-047, which includes Buildings 
1034, 1041, and 1549 as locations where historical chlorinated solvent use has 
occurred (Figure 1).  This work was done in accordance with applicable sections of the 
Master Work Plan (URS, 2003), Standard Operating Procedures (SOPs) and 
Addendum 25 to the Master Work Plan (ARCADIS, 2008c). 

1.1 Purpose and Objectives 

The purpose of this investigation was to evaluate potential effects to soil, soil gas and 
groundwater associated with potential historical solvent use in Buildings 1034, 1041, 
and 1549, and to assess the environmental conditions of these sites comprehensively.  
The RFI was initiated as a result of groundwater investigations completed at HWMU-5, 
a closed surface impoundment located north of the three buildings (Figure 2).  
Investigations at HWMU-5 identified persistent, low-level concentrations of 
trichloroethene (TCE) in shallow overburden groundwater northeast of the HWMU.  
The Draft Alternate Source Demonstration for Trichloroethene (Draper Aden, 2007) 
identified Buildings 1034, 1041 and 1549 as potential alternate sources of the TCE, 
based on their upgradient locations and documented historical solvent use.  The 
primary objective of the RAAP-047 RFI was to determine whether or not one or more of 
the subject buildings was a potential source of TCE or other constituents.  The 
secondary objective was to complete comprehensive RFIs at each of the buildings. 

1.2 Site Location and Description 

The RFAAP is located in the New River Valley in southwest Virginia.  The installation is 
composed of two discrete properties, the NRU and the Main Manufacturing Area 
(MMA), which are located about 6 miles apart.  RAAP-047 is located in the MMA, an 
active ammunition production facility that straddles the Pulaski County and 
Montgomery County line, approximately 5 miles west of Blacksburg, Virginia.  The New 
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River flows through the MMA, dividing the installation into two parts: the Horseshoe 
Area, and the South Bank Area (Figure 1).  RAAP-047 is located within the South 
Bank Area, within an active industrial portion of the plant.    

This RFI evaluated three buildings, as follows: 

• Building 1034.  A 10,000 ft2 former nitrocellulose laboratory, now an electrical and 
refrigeration shop.   

• Building 1041.  A 1,200 ft2 former degreasing shop, now a scale maintenance and 
cleaning shop.    

• Building 1549.   A 2,400 ft2 area maintenance shop.   

The building locations are shown in Figure 2.  Each building is constructed of cinder-
blocks with typical slab-on-grade construction.  Building 1034 is constructed on sloping 
ground and has a newer, two story addition at the north end. The newer portion is set 
into the hill such that the upper level is on grade with the older (southern) portion of the 
building.  The remaining buildings are single story.   

1.3 Building History 

Each of the buildings was originally constructed in the 1940s, during general 
construction of the MMA.  The buildings are believed to have been in continuous use 
through present day.  The three buildings included in RAAP-047 were identified in the 
Draft ASD as potential sources of TCE based on historical solvent use.  Although there 
was no documented use of TCE at these buildings, the basis for their selection was as 
follows:   

• Building 1034.  Records indicated that DuPont Cleaning Solvent # 49, which 
contains tetrachloroethene (PCE), was used in electric motor cleaning at the 
building. 

• Building 1041.  The building formerly contained a solvent dip tank, and may have 
drained via a terracotta pipe to an underground storage tank.    

• Building 1549.   Employee interviews suggested that in the past, spent solvents 
had been disposed of in floor drains.    
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The documentation provided by the US Army (Draper Aden, 2007) in support of the 
building selections is included in Appendix A of this report.  

1.4 Conceptual Site Model 

The three buildings of RAAP-047 are located on north sloping ground within the South 
Bank Area of the MMA (Figure 1).  The nearest perennial surface water feature is 
Stroubles Creek, located approximately 2000 feet to the west, which flows north to the 
New River.  At its closest point to RAAP-47, the New River is approximately 3100 feet 
to the north of Building 1549. 

The area encompassed by RAAP-047 is underlain by unconsolidated materials that 
range in depth from approximately 20 to 50 feet below ground surface (bgs).  The 
geologic setting is conceptually illustrated on Figure 3.   The unconsolidated materials 
consist of alluvial terrace deposits overlying residuum.  The alluvial terrace deposits 
consist predominantly of clay and silt, with sporadic basal deposits of river jack 
(rounded cobbles embedded in a fine-grained matrix).   The residuum consists of the 
insoluble weathering products of the underlying dolomite, predominantly interbedded   
silt, fine sand, and clay.  At Buildings 1041 and 1034, the residuum has been 
characterized as saprolite, exhibiting a distinct bedrock fabric, yet decomposed to stiff 
clay and silt.  Beneath the unconsolidated materials lies competent dolomite of the 
Elbrook Formation.   

The water table ranges between 14 feet bgs, near Building 1549, and 17 feet bgs, in 
the vicinity of Building 1041.  Three borings completed around the perimeter of Building 
1034 did not encounter permeable saturated zones at depths of 22 to 36 feet.  The 
apparent discontinuity of the water table between Buildings 1041 and 1034 is attributed 
to relief in the bedrock surface, in particular, an apparent zone of shallow rock 
occurring beneath building 1034 (Figure 4).  There was no evidence of groundwater in 
this rock to the depth investigated. Groundwater flow in the area flows generally toward 
the northeast, as determined by the HWMU-5 groundwater monitoring program 
(Draper Allen, 2008).  Local discontinuities and variation from the overall trend are 
expected to result from relief in the bedrock surface which physically separates zones 
of saturation in the unconsolidated materials.    
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2.0 Investigation Activities 

Investigational activities were conducted in accordance with the requirements of 
Virginia Department of Environmental Quality (VDEQ) and United States 
Environmental Protection Agency (USEPA).  This section presents a description of the 
RFI activities conducted in May and July of 2008. 

2.1 Scope of Work 

The RFI was conducted in three phases of field work completed between May 2008 
and July 2009:   

• Phase 1 was a multimedia screening evaluation.  Soil, soil gas and grab 
groundwater samples were collected around the perimeter of each building using a 
direct-push drilling rig.  Sample locations targeted potential release pathways, such 
as doorways, as described in Work Plan Addendum 25 (ARCADIS, 2008c).  
Additionally, subslab soil gas samples were collected beneath each building.   

• Phase 2 was completed to further characterize constituents detected in the 
subsurface at Building 1041.  Vertical-aquifer profile (VAP) borings were completed 
on a transect downgradient of the building.  Additional soil and groundwater 
samples were collected to delineate constituents detected in samples collected 
during Phase 1.  

• Phase 3 was completed to supplement groundwater data collected at buildings 
1041 and 1549.  Additional temporary well points were installed and filtered and 
unfiltered groundwater samples were collected and analyzed for metals to evaluate 
concentrations of metals in the dissolved phase.  

After Phase 1 was complete, data collected to that point was used to update the 
conceptual site model (CSM) and refocus any additional work on meeting the project 
objectives in conjunction with the project Stakeholders (i.e., USEPA, VDEQ, AEC, 
USACE, and RFAAP). The sampling completed in Phase 2 was targeted to evaluate 
specific, generally low level, detections in Phase 1 samples, as follows: 

• The soil-gas detection of TCE at a Phase 1 location at building 1041 (sample 
1041-3) was evaluated with VOC samples from soil at six bounding locations, and 
with groundwater samples collected at a downgradient transect of VAP borings. 



 5     
 

RAAP-047 RFI Report 

Buildings 1034,1041 and 1549  
Radford Army Ammunition Plant  

 

• A polychlorinated biphenyl (PCB) detection in surface soil from a boring at building 
1041 (1041-4) was evaluated with three soil samples collected by hand-auger.  

• A PCB detection in groundwater from a boring at building 1041 (1041-1) was 
evaluated by collecting a second groundwater sample at the same location. 

Sample locations are shown on Figure 5 and 6.  Table 2-1 presents the total depth of 
the boring, soil gas samples depth, soil sample depth, groundwater sample depth, and 
a description of the location for each boring.  Soil boring logs and soil gas sampling 
logs are included in Appendices B and C, respectively.  Soil and groundwater samples 
were submitted to Empirical Laboratories to be analyzed for VOCs, semivolatile 
organic compounds (SVOCs), explosives, PCBs, and inorganics. Soil gas samples 
were submitted to Air Toxics to be analyzed for VOCs.  

Building 1034 
Ten soil and eight soil gas samples were collected at Building 1034 during Phase 1 
(Figure 5).  Two soil samples were collected from each of five borings completed 
around the building perimeter.  Surface soil samples were collected from 0.5 to 1.5 feet 
bgs at each location.  At most locations the surface was asphalt-covered, thus the 0.5 
to 1.5 sample interval was selected to target native soil as opposed to material relating 
to the asphalt and roadbed. Subsurface soil samples were collected at depths between 
4 and 8 feet, with final depths selected based on field screening with a Photo-ionization 
detector (PID).  Soil gas samples were collected at eight locations, including six 
perimeter borings and two sub-slab locations inside the north end of the building.  
Perimeter borings were advanced to various depths.  Borings 1034-6 and 1034-8 were 
advanced to refusal at 22 feet bgs and boring 1034-1 was advanced to 36 feet; 
however, no water was encountered.  Thus groundwater samples were not collected. 
 
Building 1041 
Eight soil, five soil gas, and four groundwater samples were collected at Building 1041 
during Phase 1 (Figure 5).  Soil samples were collected at four perimeter borings.  Soil 
gas samples were collected at each of the four perimeter boring locations and at one 
subslab location inside the building.   Groundwater samples were collected at each of 
the four perimeter boring locations at depths ranging from 17 to 28 feet bgs.   
 
During Phase 2 an additional eight groundwater samples were collected.  These 
included seven samples from a transect of five VAP borings located north (and down-
gradient) of the building. Location 1041-1 was re-sampled to confirm that the trace 
detection of PCB was the result of high turbidity in the sample collected during Phase 1 
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and therefore not present in the aqueous phase.  An additional nine soil samples were 
collected in Phase 2, including three surface soil samples to delineate PCBs detected 
in the shallow soil sample at boring 1041-4.   Six Phase 2 soil samples were collected 
at depths between 6 and 8 feet bgs from six borings advanced in the vicinity of boring 
1041-3, on the east side of the building.  No soil gas samples were collected during 
Phase 2.  
 
During Phase 3, two supplemental groundwater samples were collected from points 
adjacent to previous sample locations 1041-1 and 1041-3.  Borings were advanced to 
a depth comparable to the previous sample interval or where the soil was soft 
indicating a water bearing zone.  Temporary PVC 5-foot well screens were installed to 
optimize water recovery.  Location 1041-20 (collected adjacent to 1041-1) was 
advanced to a depth of 30 ft bgs.  Location 1041-21 (adjacent to 1031-3) was 
advanced to 26 ft bgs.  Both filtered and unfiltered groundwater samples were collected 
from both locations and analyzed for metals.  
 
Building 1549 
One groundwater, eight soil and seven soil gas samples were collected at Building 
1549 during Phase 1 (Figure 6).  Two soils samples were collected from each of four 
borings completed around the building perimeter.  Surface soil samples were collected 
below asphalt and roadbed material from 0.5 to 1.5 feet bgs at each location.  
Subsurface soil samples were collected at depths between 5 and 8 feet bgs.  Soil gas 
samples were collected at seven locations, including four perimeter borings, two 
downgradient borings, and one subslab location inside the building.  To observe the 
lithology, boring 1579-3(2) was advanced to refusal at 49.5 feet bgs.  In an attempt to 
collect groundwater samples, two borings located adjacent to the building were 
advanced to 27 and 32 feet bgs; however groundwater was not encountered.  One 
groundwater sample was successfully collected from 25 to 30 feet bgs at boring 1549-
8, which is located downgradient of the building.   
 
During Phase 3, two supplemental groundwater samples were collected from adjacent 
to previous sample locations 1549-8 and 1549-9.  Borings were advanced to a depth 
comparable to the previous sample interval or where the soil was soft indicating a 
water baring zone.  Temporary PVC 10-foot well screens were installed to optimize 
water recovery.  Location 1549-9 (adjacent to 1549-7) was advanced to 29 ft bgs.  
Location 1549-10 (adjacent to 1549-8) was advanced to a depth of 30 ft bgs.  Filtered 
and unfiltered groundwater samples were collected from both locations and analyzed 
for metals. 
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2.2 Field Methods 

Field tasks were completed in accordance with the RFAAP Master Work Plan and 
Work Plan Addendum 25.  USEPA’s Triad Approach (2004), phased interactive 
approach, was developed for the site characterization which encompassed source 
identification.  This technique was used for the evaluation of transport pathways and 
delineation of contamination.  The dynamic investigation approach streamlines the site 
characterization process by providing multiple points at which the CSM can be updated 
as each phase of the investigation is completed.  This provides the opportunity to 
obtain regulatory acceptance of the CSM as it develops, rather than waiting for 
submission of the RFI.   The investigation was structured with a sequence of major 
components divided by decision points.  At each decision point, data collected to that 
point was used to update the CSM and refocus any additional work on meeting the 
project objectives in conjunction with the project Stakeholders.  The tasks are 
described in more detail below. 

2.2.1 Direct Push Borings 

During Phase 1, continuous soil samples were collected using Geoprobe™ and 
Macrocore direct push sampling equipment.  The second phase of work used the same 
model Geoprobe rig, but the completed soil sampling used a combination of Geoprobe 
sample tools including Macrocores, dual-tube samplers, and stop-pin discrete interval 
samplers.  By all sampling methods, undisturbed soil samples for lithologic 
characterization and laboratory analyses were obtained in dedicated, disposable 
Lexan™ liners.  Soil samples were field screened for the presence of VOCs using a 
PID.  During the second phase of work, the PID screening was supplemented with a 
flame-ionization detector (FID), because of its higher sensitivity to chlorinated VOCs.  

Borings were completed by backfilling using bentonite chips.  Soil cuttings, 
decontamination water, sample liners, and other disposable sampling equipment were 
contained in drums for off-site treatment and disposal.  

2.2.2 Soil Gas Sampling 

In borings advanced outside the footprint of the buildings soil gas samples were 
collected at depths of four to five feet bgs.  Samples were collected across a six-inch 
interval of unsaturated formation.  Sample were collected using dedicated Teflon 
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tubing, a laboratory calibrated flow-controller, and 1 liter volume Summa™ canisters.  
Ambient air in the sample tubing was purged prior to collecting the soil gas samples.  

Indoor subslab soil gas samples were collected immediately beneath the concrete 
building slabs.  Holes were drilled with a hammer drill and sealed with malleable clay.  
Samples were collected as above, however, using 6-liter Summa™ canisters.  

2.2.3 Grab Groundwater Sampling and Vertical Aquifer Profiling 

Grab groundwater samples were obtained from the direct push borings by two 
methods: 

• Hydropunch™ sampling devices.  By this method, a sealed sampler is advanced 
across the target interval through undisturbed soil.  By pulling back the tools, the 
sampling device opens exposing a three or four foot stainless screen well screen.  
After allowing time for groundwater to enter the sampling device and equilibrate, 
sampling may be conducted using a peristaltic or inertial pump. 

• Temporary well points.  For sampling locations at the top of the water table (e.g., 
where vertical isolation of the sample interval is not required), samples could be 
collected by removing the Geoprobe tools and installing a temporary, dedicated 1-
inch diameter PVC 5-foot or 10-foot well screen.  Temporary well points were used 
particularly at locations where aquifer yield was low, and significant time was 
required for water to enter the well and equilibrate.  Samples were collected via a 
peristaltic or inertial pump. 

Selection of groundwater sample intervals was made by the field geologist, biased to 
intercept zones of higher permeability.  For vertical aquifer profile borings, interval 
selection was also biased to collect representative samples of all discrete 
hydrostratigraphic intervals encountered.  

Temporary well points and Hydropunch samplers were purged prior to sampling.  
Where feasible, the groundwater pH, temperature, conductivity and turbidity were 
measured using a field meter prior to sampling.  All purge water generated via 
sampling was contained in drums for offsite treatment and disposal.  
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2.3 QA/QC 

Quality assurance/quality control (QA/QC) samples were collected and analyzed at the 
frequency prescribed by the Master Quality Assurance Plan (MQAP) and the Quality 
Assurance Plan Addendum (QAPA).  All samples were analyzed by Empirical 
Laboratories, LLC located in Nashville, TN. Field QC samples included field duplicates, 
field blanks, and trip blanks.  Data was validated in accordance with the QAPA.  Based 
on the data review, only results for benzaldehyde were qualified as rejected due to low 
spike recoveries. A few data points were qualified as non-detect due to associated 
blank contamination, and some values were qualified as estimated due to minor QC 
deficiencies.  With the exception of the rejected benzaldehyde data, all other data were 
determined to be usable for the intended purpose as qualified during the data 
validation.  Benzaldehyde is a notorious poor-performer and its poor recovery does not 
indicate significant technical deficiencies with analytical procedures used in this study.  
In addition, there is no record of its use during operations, so it is not a chemical of 
interest at this site.  Additional details on the data review are presented in the validation 
reports.  The applicable data flags have been appended to the project database and 
are presented on the summary tables provided with this report.  The laboratory 
analytical reports and associated data validation reports are provided as Appendix D. 
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3.0 Investigation Results 

This section presents the field observations and results of laboratory analysis of soil 
gas, soil and groundwater samples collected during Phase 1 and 2 of the RFI.   
Laboratory analytical results were compared to the following health-based screening 
levels.  

• Soil gas analytical results were compared to both the residential and the industrial 
air Regional Screening Levels (RSLs) (USEPA, 2008a).  Following USEPA (2002) 
guidance, air RSLs were adjusted by a factor of 10 to account for attenuation from 
shallow soil gas and subslab soil gas to indoor air.   

• Soil analytical results were compared to the adjusted industrial soil RSLs, Soil to 
Groundwater Soil Screening Levels adjusted to dilution attenuation factor of 20 
(SSL-DAF 20) (USEPA, 2008a), and to the 95 percent Upper Tolerance Levels 
(95% UTLs) established for naturally occurring metals in soil beneath the facility 
(IT, 2001).   

• Groundwater analytical results were compared to tap water RSLs (USEPA, 
2008a), USEPA federal Maximum Contaminant Levels (MCLs) (USEPA, 2007), 
and the background concentrations established in Appendix F to Attachment 3 in 
the Final Hazardous Waste Post Closure Care Permit for HWMUs 5, 7, 10, and 16 
(October 2002).  The background concentrations established for HWMU-5 were 
considered appropriate as this area is immediately downgradient of RAAP-047 and 
groundwater evaluated in this RFI was collected from the same water-bearing 
zone.   

This section presents the results of the field observations and laboratory analysis of 
samples collected during Phase 1, 2, and 3 of the RFI.   

3.1 Building 1034 

Eight locations in and around Building 1034 (Figure 5) were sampled during Phase I.  
Soil gas and soil samples were collected and submitted for analysis.  Although 
Hydropunch™ was advanced, groundwater was not encountered.  Thus, groundwater 
samples were not collected.  Complete laboratory analytical results are included in 
Appendix F. 
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3.1.1 Soil Gas 

Soil gas samples were collected at eight locations at Building 1034, including two 
subslab gas locations collected beneath the basement area of the building.  Table 3-1 
presents the screening levels and the results for those analytes that were detected in 
at least one of the soil gas samples.  Analytes detected at concentrations greater than 
the industrial air RSLs are shown on Figure 7.   

Seven constituents were detected at concentrations greater than either the residential 
or industrial air RSLs.  1,2,4-Trimethylbenzene was detected in one sample at a 
concentration greater than the residential air RSL (7.3 ug/m3); however the detected 
level was less than the industrial air RSL (31 ug/m3).  1,3-Butadiene was detected in 
six samples at concentrations greater than the industrial air RSL (4.1 ug/m3).  Benzene 
was detected in five soil gas samples at concentrations greater than the residential air 
RSL (3.1 ug/m3); however only one detected concentration was greater than the 
industrial air RSL (16 ug/m3).  Bromomethane was detected in one sample at a 
concentration greater than the residential air RSL (5.2 ug/m3); however the detected 
level was less than the industrial air RSL (22 ug/m3).  Carbon tetrachloride was 
detected in one sample at an estimated concentration greater than the industrial air 
RSL (8.2 ug/m3).  Chloroform was detected in six soil gas samples at concentrations 
greater than the industrial air RSL (53 ug/m3).  Low levels of chloroform have been 
observed in groundwater samples at concentrations less than the MCL at RFAAP and 
result from a disinfection byproduct associated with the public drinking water released 
to the subsurface by leaking water treatment and firewater system lines.  Chloroform 
present in soil gas samples is associated with the potable water supply lines traversing 
the site area, and is not site-related.  PCE was detected in one sample at an estimated 
concentration greater than the residential air RSL (4.8 ug/m3); however the detected 
level was less than the industrial air RSL (21 ug/m3).  TCE was detected in four 
samples at concentrations greater than the residential air RSL (12 ug/m3); however the 
detected levels were less than the industrial air RSL (61 ug/m3). 

3.1.2 Soil 

At borings advanced around the perimeter of Building 1034, two shallow soil samples 
(0 to 1.5 feet bgs) and five deep (greater than 4 feet bgs) were collected.   Table 3-2 
presents the screening levels and the analytical results for constituents that were 
detected in at least one sample.  Constituents detected at concentrations greater than 
industrial soil RSLs are presented on Figure 9 and discussed below.  Potential risks 
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associated with both current industrial and future hypothetical residential use were 
evaluated in the Human Health Risk Assessment (HHRA) (section 5.0).  

With the exception of chloroform, VOCs, explosives, and PCBs were not detected at 
concentrations above their industrial soil screening levels.  Chloroform was detected in 
soil samples 1034SB001, 1034SB004, and 1034SB008 at concentrations greater than 
the soil to groundwater SSL-DAF20.  Chloroform present in soil samples is associated 
with leaking potable water supply lines traversing the site and is not site-related.  Five 
polycyclic aromatic hydrocarbons (PAHs) were detected in the shallow and deep soil 
samples collected at location 1034SB008 at concentrations greater than the industrial 
soil RSLs.  The concentrations of three PAHs (benzo(a)anthracene, 
benzo(b)fluoranthene, dibenzo(ah)anthracene) were also greater than their soil to 
groundwater SSLs-DAF20.  The area where 1034SB008 was located is asphalt 
covered and the presence of PAHs is attributed to the asphalt and roadbed materials.  
Other SVOCs, including dibenzofuran, fluoranthene, naphthalene, and pyrene, were 
detected in soil samples collected at this location; however the concentrations were 
less than their industrial soil RSLs.  Arsenic and cobalt were the only metals detected 
at concentrations greater than the industrial soil RSL (1.6 mg/kg and 30 mg/kg, 
respectively); however, concentrations were less than the background 95% UTL (15.8 
mg/kg and 72.3 mg/kg), and therefore, are not site-related.   

3.1.3 Groundwater 

Groundwater sampling was attempted at three locations (1034-1; 1034-6; and 1034-8) 
around the perimeter of Building 1034 using a Hydropunch™ sampling device.  
Borings 1034-6 and 1034-8 were advanced to refusal at 22 ft bgs and the 
Hydropunch™ screen interval was set at 18 to 22 ft bgs.  At boring 1034-1 a 
Hydropunch™ screen was set in an interval of soft, wet material 32 to 36 feet bgs and 
allowed to sit for one hour.  No groundwater was encountered at any of these 
locations.  Thus groundwater samples were not collected. 

3.2 Building 1041   

Eighteen locations in and around Building 1041 were sampled during Phase 1 and 2 
(Figure 5).   During Phase 1, soil, soil gas and groundwater were collected around the 
building perimeter.  Phase 2 locations included confirmation and delineation samples in 
addition to a downgradient transect of vertical aquifer profiling borings.  Two additional 
groundwater samples were collected during Phase 3.  Complete laboratory analytical 
results are included in Appendix F. 
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3.2.1 Soil Gas 

Soil gas samples were collected at five locations at Building 1034, including one 
subslab gas location located beneath the basement area of the building.  Table 3-3 
presents the screening levels and the results for those analytes that were detected in 
at least one of the soil gas samples.  Analytes detected at concentrations greater than 
the industrial air RSLs are shown on Figure 7.  

Five constituents were detected at concentrations greater than either the residential or 
industrial air RSLs.  1,3-Butadiene was detected in four soil gas samples at 
concentrations greater than the industrial air RSL (41 ug/m3).  Benzene was detected 
in four samples at concentrations greater than the residential air RSL (3.1 ug/m3); 
however only one detected concentration was greater than the industrial air RSL (16 
ug/m3).  Chloroform was detected in four soil gas samples at concentrations greater 
than the industrial air RSL (5.3 ug/m3).  Chloroform present in soil gas samples is 
associated with leaking potable water supply lines traversing the site and is not site-
related.  PCE was detected in two soil gas samples at concentrations greater than the 
residential air RSL (4.1 ug/m3); one PCE concentration was also greater than the 
industrial air RSL (21 ug/m3).  TCE was detected in three soil gas samples at a 
concentration greater than the residential air RSL (12 ug/m3); one TCE concentration 
was also greater than the industrial air RSL (21 ug/m3).  

3.2.2 Soil 

At 11 locations around the perimeter of Building 1041, 7 shallow soil samples (0 to 2 ft 
bgs) and 10 deep soil samples (greater than 6 feet bgs) were collected.  Table 3-4 
presents the screening levels and the analytical results for constituents that were 
detected in at least one sample.  Constituents detected at concentrations greater than 
industrial soil RSLs are presented on Figure 9 and discussed below.   

With the exception of Aroclor 1254 and chloroform, VOCs, explosives, and PCBs were 
not detected at concentrations above their industrial screening levels.  Aroclor 1254 
was detected in soil sample 1041SB004 at a concentration less than the industrial soil 
RSL, but greater than the soil to groundwater SSL-DAF20.  Three delineation soil 
samples (1041SB006, 1041SB007 and 1041SB008) were collected adjacent to boring 
1041-4; Aroclor 1254 was not detected in any of these samples.  Chloroform was 
detected in soil samples 1041SB002 and 1041SB018 at concentrations less than the 
industrial soil RSL, but greater than the soil to groundwater SSL-DAF20.  Chloroform 
present in soil samples is associated with leaking potable water supply lines traversing 
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the site and is not site-related.  Arsenic and cobalt were detected at concentrations 
greater than the industrial soil RSL (1.6 mg/kg and 30 mg/kg, respectively); however, 
concentrations were less than the background 95% UTL (15.8 mg/kg and 72.3 mg/kg, 
respectively), and therefore, are not site-related.  Manganese was detected in sample 
1041SB001 at a concentration greater than the industrial soil RSL (2,300 mg/kg) and 
the background 95% UTL (2,543 mg/kg).   

3.2.3 Groundwater 

A total of fourteen grab groundwater samples were collected from eleven locations 
around the perimeter of Building 1041.  Table 3-5 presents the screening levels and 
the analytical results for constituents that were detected in at least one sample.  
Constituents detected at concentrations greater than tap water RSLs are presented on 
Figure 11.    

With the exception of Aroclor 1260 and chloroform, VOCs, explosives, and PCBs were 
not detected at concentrations above their screening levels.  Aroclor 1260 was 
detected in groundwater sample 1041HP001 at a concentration (1.8 ug/L) greater than 
the tap water RSL (0.034 ug/l) and the MCL (0.5 ug/L); however, the groundwater 
sample was visibly turbid.  Several studies have found that increased levels of turbidity 
result in the detection or increased levels of some analytes including metals, PAHs, 
and PCBs.   During the Phase 2 sampling event, an additional sample was collected 
using low-stress purging.  Aroclor 1260 was not detected in the confirmation sample, 
indicating Aroclor 1260 is not present in the dissolved phase in the groundwater and its 
low level detection in the initial sample was a result of the particulate matter present in 
the sample.   

Chloroform was detected at concentrations greater than the tap water RSL (0.19 ug/L) 
but below the MCL (80 ug/L) in all groundwater samples collected.   Chloroform 
present in groundwater samples is associated with leaking potable water supply lines 
traversing the site and not site-related.  Aluminum, arsenic, copper, manganese, and 
vanadium were detected at concentrations greater than the tap water RSLs in one or 
more samples.  Similar to the PCBs, the levels at which metals were detected are 
biased high due to the high levels of particulate matter present in the sample.  Two 
additional temporary well points were installed during Phase 3 to collected filtered 
metals samples to evaluate concentration of metals in the dissolved phase.  Aluminum, 
arsenic, barium, copper, iron, manganese, nickel, vanadium, and zinc were detected at 
concentrations greater than the tap water RSLs in the unfiltered groundwater samples 
from both sample locations.  Although several metals were also detected at elevated 
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concentrations in the field filtered sample collected from 1041-20, it was observed the 
filtered sample was still visibly turbid, cloudy.  The cloudy sample post filtration is likely 
the result of the presence of fine clays in the sampling interval.   A picture of the 
unfiltered and filtered samples are provided with the sampling log in Appendix C.  Only 
barium was detected at a concentration greater than the tap water RSLs but below the 
calculated background value in the filtered sample collected from 1031-21.  No other 
metals were detected at concentrations greater than the tap water RSLs indicating the 
detected metals in sample 1041-20 are associated with particulate matter and are not 
present in the dissolved state. 

3.3 Building 1549 

The investigation evaluated nine locations in and around Building 1549 (Figure 6).  
Soil gas samples were collected at all locations. Soil samples were collected from the 
four locations immediately surrounding the building.  Groundwater sample collection 
was attempted at six of the exterior locations; however, a groundwater sample could 
only be collected from one downgradient location during Phase 1.  Two additional 
groundwater samples were collected during Phase 3. 

3.3.1 Soil Gas 

Soil gas samples were collected at seven locations at Building 1549, including one 
subslab gas location beneath the foundation of the building.  Table 3-6 presents the 
screening levels and the results for those analytes that were detected in at least one of 
the soil gas samples.  Analytes detected at concentrations greater than the industrial 
air RSLs are shown on Figure 8.   

Five constituents were detected at concentrations greater than either the residential or 
industrial air RSLs.  1,2,4-Trimethylbenzene was detected in two soil gas samples at 
concentrations greater than the residential air RSL (7.3 ug/m3); one concentration was 
also greater than the industrial air RSL (31 ug/m3).  1,3-Butadiene was detected in six 
soil gas samples at concentrations greater than the industrial air RSL (4.1 ug/m3).  1,4-
Dichlorobenzene was detected in two samples at concentrations greater than the 
residential air RSL (2.2 ug/m3); however detected levels were less than the industrial 
air RSL (11 ug/m3).  Benzene was detected in six soil gas samples at concentrations 
greater than the residential air RSL (3.1 ug/m3); one detected level was also greater 
than the industrial air RSL (16 ug/m3).  Ethylbenzene was detected in one soil gas 
sample at a concentration greater than the residential air RSL (9.7 ug/m3); however the 
detected level was less than the industrial air RSL (49 ug/m3).   
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3.3.2 Soil 

At four locations around the perimeter of Building 1549, four shallow soil samples (0 to 
1.5 feet bgs) and four deep (greater than 5 feet bgs) were collected.   Table 3-7 
presents the screening levels and the analytical results for constituents that were 
detected in at least one sample.  Constituents detected at concentrations greater than 
industrial soil RSLs are presented on Figure 10 and discussed below.   

With the exception of nitroglycerine, VOCs, explosives, and PCBs were not detected at 
concentrations above their screening levels.  Nitroglycerine was detected in the 
duplicate sample for 1549SB003 at a concentration less than the industrial soil RSL, 
but greater than the soil to groundwater SSL-DAF20.  Arsenic was the only metal 
detected at concentrations greater than the industrial soil RSL (1.6 mg/kg); however, 
concentrations were less than the background 95% UTL (15.8 mg/kg), and therefore, 
are not site-related.  

3.3.3 Groundwater   

During Phase 1 Hydropunch™ sampling devices were advanced at two borings 
located adjacent to the building and set at 27 and 32 feet bgs; however groundwater 
was not encountered; thus, no groundwater samples were collected at these locations.  
One groundwater sample was successfully collected from 25 to 30 feet bgs at boring 
1549-8, located downgradient of the building.  During Phase 3 two additional temporary 
well points were installed during Phase 3 and filtered and unfiltered groundwater 
samples were collected and analyzed for metals to evaluate concentrations of metals 
in the dissolved phase.  Table 3-8 presents the screening levels and the analytical 
results for constituents that were detected.  Constituents detected at concentrations 
greater than tap water RSLs are presented on Figure 12.    

No VOCs, explosives, or PCBs were detected in the groundwater sample collected 
during Phase 1 however aluminum, arsenic, iron, manganese, and vanadium were 
detected at concentrations greater than the tap water RSLs., Because of the high 
turbidity readings recorded for this groundwater sample (Table 3-8), the high levels of 
particulate matter potentially resulted in falsely elevated levels of dissolved metals in 
the groundwater samples.  Groundwater samples collected in Phase 3 were analyzed 
for total (unfiltered) and dissolved (filtered) metals.  Aluminum, arsenic, barium, 
beryllium, cadmium, copper, iron, manganese, mercury, nickel, vanadium, and zinc 
were detected at concentrations greater than the tap water RSLs in the unfiltered 
groundwater samples from both sample locations.  Barium was the only metal detected 
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in the filtered samples at a concentration greater than the tap water RSLs, however 
both concentrations are below the calculated background value, indicating previously 
detected metals are associated with particulate matter and are not present in the 
dissolved state.  

3.4 Summary of Results 

Although seven VOCs were detected in collected soil gas samples at concentrations 
greater than their industrial RSLs, no site-related VOCs were detected in either soil or 
groundwater samples at concentrations greater than the industrial RSLs, with the 
exception of chloroform.  Low levels of chloroform have been observed in groundwater 
samples at concentrations less than the MCL at RFAAP and are a disinfection 
byproduct associated with the public drinking water released to the subsurface by 
leaking water treatment and firewater system lines.  Therefore, chloroform present in 
groundwater samples is associated with the potable water supply lines traversing the 
site area, and is not site-related.  Nitroglycerin was detected in one duplicate soil 
sample, but not in the associated parent sample and the detected concentration was 
less than the residential and industrial soil RSLs.  Nitroglycerin was not detected in any 
of the groundwater samples collected.  PAH detections greater than the industrial soil 
RSL were limited to one location at Building 1034 and are attributed to the presence of 
asphalt paving.  

Aroclor 1254 was detected in one soil sample, collected on the south side of Building 
1041, at a level greater than the protection of groundwater RSL; however no PCBs 
were detected in the delineation samples, implying a limited area of extent.  Aroclor 
1260 was detected in one groundwater sample collected from location 1041-1, on the 
west side of the building, at a level greater than the tap water RSL; however the 
groundwater sample was visually turbid.  Aroclor 1260 was not detected in the 
confirmation groundwater sample collected using a low-flow purging method to reduce 
the turbidity, indicating Aroclor 1260 is not present in the dissolved phase in the 
groundwater and its low level detection in the initial sample was a result of the 
particulate matter present in the sample.  Because of the distance and position of the 
sample locations (soil south of the building and groundwater west of the building), it is 
unlikely that the detection of Aroclor 1254 in soil and the initial detection of Aroclor 
1260 in groundwater are related. 

Twelve metals were detected at concentrations greater than the tap water RSLs in the 
turbid unfiltered groundwater samples; however, metals concentration in the filtered 
groundwater samples, with the exception of barium, were not detected and/or less than 
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tap water RSLs and calculated background levels in three of the four filtered samples.  
Filtered sample 1041-20 was visually turbid even after filtering and the metals 
concentrations detected in this sample were slightly elevated in comparison to tap 
water RSLs and background concentrations.  It is likely that the presence of metals at 
detectable concentrations is associated with the very fine colloidal particles that are a 
result of the local geology, and are not associated with the dissolved phase 
groundwater. 

Although TCE was not detected in soil or groundwater samples collected at RAAP-047, 
nor in the soil and groundwater samples collected from transects between RAAP-047 
and HWMU-5, it was detected in saturated soil samples from two borings located on 
the northeast perimeter of Unit 5 (5GP-12A and 5GP-28) ranging from 0.0019 to 
0.0057 mg/kg. The presence of TCE in saturated soils is consistent with the presence 
of TCE in groundwater in the same vicinity.  TCE was detected in groundwater 
samples at 6 of the 18 boring locations all of which were located east and northeast of 
the Unit 5.  TCE concentrations ranged from non-detect to 11 ug/L.  A detailed 
discussion of the investigation and results is provided in the Appendix I of the Permit 
(Correction Action Plan).  
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4.0 Fate and Transport of Compounds Detected at RAAP-047 

Limited detections of constituents were identified in soil and groundwater samples 
collected from RAAP-047.  The majority of concentrations are less than their respective 
RSLs.  This section presents a discussion of the fate and transport properties that may 
influence the migration of constituents detected above their RSLs from one medium to 
another. The transport pathways of interest are migration of constituents from soil to 
groundwater, migration of dissolved constituents with the bulk groundwater, and 
volatilization of VOCs from soil or groundwater, followed by migration through the 
unsaturated zone and into the overlying buildings. 

As discussed in the previous section the following constituents were reported at 
concentrations greater than the screening levels: 

• Soil – nitroglycerine, Aroclor 1254, benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene, aluminum, 
arsenic, cobalt, iron, manganese, and vanadium. 

• Groundwater – chloroform, aluminum, arsenic, cobalt, copper, lead, manganese, 
mercury, nickel, vanadium. 

• Soil gas – benzene, bromodichloromethane, bromomethane, 1,3-butadiene, 
carbon tetrachloride, chloroform, dibromochloromethane, 1,4-dichlorobenzene, 
ethylbenzene, heptanes, tetrachloroethene, tetrahydrofuran, trichloroethene, 1,2,4-
trimethylbenzene, 1,3,5-trimethylbenzene, 2,2,4-trimethylpentane. 

Migration from soil to groundwater does not appear to be a significant exposure 
pathway at RAAP-047. While some of the metals were detected in both soil and 
groundwater, the groundwater samples were turbid and the metals present were 
adsorbed to the particulates rather than present in the dissolved phase.  Additionally, 
the unconsolidated materials observed at each building are dominantly low 
permeability clay and silt which tend to retard the movement of constituents through 
the soil. The PAHs and Aroclor 1254 have a high potential to adsorb to the organic 
material in soil and have a relatively low solubility indicating that transport through the 
soil column is not expected to occur. While nitroglycerine is more soluble and has a 
lower potential to adsorb to soils, the clays and silts present in the subsurface will 
hinder migration, as seen by the lack of detections in the groundwater. 

VOCs present in the soil gas may migrate through the unsaturated zone into the 
ambient air or into buildings. The low permeability clay and silt have properties that will 
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limit the migration of the vapors. The tighter the subsurface material, the fewer air 
spaces are present and the likelihood of vapor migration decreases.  Thus at the 
relatively low levels observed in soil gas samples, there is a low potential for migration 
into indoor air.    
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5.0 Risk Assessment 

This section presents the human health risk assessment for Buildings 1034, 1041, and 
1549 (RAAP-047).  The risk assessment approach follows the Radford Army 
Ammunition Plant Final Master Work Plan (URS, 2003). The human health risk 
assessment was conducted consistent with methods recommended by USEPA 
(USEPA, 2007a; 2004a; 2000a; 1997a; 1991; 1989; 2009a).  The purpose of this risk 
assessment is to evaluate the potential current and future risks and hazards to human 
health associated with constituents detected in surface and subsurface soil, 
groundwater, and soil gas adjacent to the three buildings.  

A screening level ecological risk assessment was conducted for RAAP-047 following 
USEPA guidance (USEPA 1997).  The site is in an industrialized area of the base and 
there is no habitat available for terrestrial and avian receptors.  Therefore their potential 
exposure was not evaluated for this site.  Additionally, there are no surface water 
bodies near this area, so potential exposure to groundwater constituents discharging to 
surface water was also not evaluated.  Because of the nature of the site and 
surrounding area, it was concluded that RAAP-047 does not provide a habitat for 
ecological receptors. 

5.1 Constituent Characterization 

Section 3 of this report discusses sampling results from the current evaluation. A brief 
summary of the sampling results and the process for selecting constituents of potential 
concern (COPCs) is presented in the sections below.  

5.1.1 Data Evaluation 

Section 3 of this report discusses the soil gas, soil, and grab groundwater sampling 
conducted at RAAP-047. The data were evaluated as outlined below to identify the 
datasets to be used in the human health risk assessment. 

• Analytical results for surface and subsurface soil samples were combined in the 
risk assessment to increase sample size. The combined surface and subsurface 
soil dataset was used to evaluate exposure to soil via ingestion, dermal contact 
and inhalation pathways. 

• Analytical results from duplicate samples collected from the same sampling 
location during the same sampling event were generally considered usable for risk 
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assessment.  Where a constituent was detected in both the original and the 
duplicate samples, the greater of the two results was used in the evaluation.  For 
sample locations where one sample result showed no detectable concentration 
and a duplicate sample showed a detected concentration, only the detected 
concentration was included in the dataset.  If a constituent was not detected in 
either the original sample or the duplicate sample, then the lower reporting limit 
from the two samples was used to estimate the concentration for that sample. 

• Analytical results for the same chemical in one sample obtained by two different 
analytical methods were generally considered usable for risk assessment.  During 
statistical analysis of the data, data for the same analyte acquired by two analytical 
methods were treated as follows.  In the case where an analyte was detected by 
both methods, the higher concentration was conservatively used. If an analyte was 
detected in only one method, the detected concentration was used.  Where the 
analyte was not detected by either method, the lower reporting limit was used. 

• The groundwater data used to quantify potential health risks and hazards was 
comprised of organic data collected during the Phase 2 sampling event and 
dissolved metals data collected during the Phase 3 sampling event.  Analytical 
results for metals associated with the first round of grab groundwater samples 
were not considered usable for risk assessment. Visible turbidity in the samples 
indicated that the analytical data were not representative of dissolved phase 
metals concentrations in the groundwater aquifer.  A second round of groundwater 
samples was collected in 2009, and analyzed for total and dissolved metals.  
Turbidity of the unfiltered samples ranged from >800 to >1100 NTUs.  Thus, 
analytical results for metals in the 2009 filtered groundwater samples were 
considered more representative of the groundwater quality in the aquifer.  It should 
be noted that even after filtration, sample 1041-20 was still visible cloudy indicating 
the presence of very fine colloidal particles within the filtered sample.  The 
concentrations of metals detected in this sample were higher than present in the 
other three filtered samples and were slightly greater than background and 
screening levels.  These sample results were conservatively included in the HHRA 
and the impact on the calculation of potential risk is discussed herein.   

5.1.2 Selection of Constituents of Potential Concern 

Data were evaluated for usability in risk assessment by evaluating the sample type, the 
data qualifiers, the detection limits for non-detect results, and the spatial and vertical 
distribution of the data.  Upon completion of that evaluation, the risk assessment 
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datasets identified were summarized.  The data summaries include the number of 
samples, the number of detections, the frequency of detection, and the minimum and 
maximum detected concentrations.  

The objective of the COPC evaluation is to identify the most toxic, persistent, and 
prevalent constituents at the site that are expected to contribute the majority of 
potential exposure and risk, consistent with USEPA (1989) guidance.  COPCs were 
identified to focus the HHRA on those constituents present as a result of past activities 
at the site and of potential concern to human health.  The data were compared to 
residential screening levels [i.e., the USEPA (2008a) RSLs] to identify COPCs.  While 
the site usage is not residential in nature, the use of the residential RSLs provides a 
conservative evaluation of current conditions at the site. The maximum detected 
concentration of each constituent was compared to the USEPA RSLs (USEPA, 
2008a). The soil gas data were compared to the residential air RSLs, multiplied by an 
attenuation factor of 10 because the soil gas samples were collected at 5 feet bgs.  
This is consistent with USEPA (2002a) guidance for evaluating the vapor intrusion 
pathway. If a residential air RSL was not available, then the soil gas data were 
compared to the shallow soil gas screening levels developed by USEPA (2002a).  Soil 
data were compared to the residential RSLs (USEPA, 2008a). 

The first submission of the RAAP-047 RFI Report in January 2009 used USEPA RSLs 
that were available at the time of that submission (i.e., September 2008).  In May 2009, 
the USEPA released an updated version of the RSLs.  However, the 2008 RSLs have 
been retained in this report for screening purposes.  The uncertainty associated with 
the use of the September 2008 RSLs is presented in Section 5.5.   

RSLs and soil gas screening levels (USEPA, 2002a) based on non-cancer effects were 
decreased by a factor of 10 to conservatively account for cumulative effects.  
Constituents present at concentrations greater than the RSLs that were not essential 
nutrients and those without an identified RSL were considered COPCs for that 
exposure pathway.  The COPC selection for groundwater on a site-wide basis and the 
soil gas and soil for each building are discussed below.   

5.1.3 Building 1034 

This section presents the selection of COPCs for Building 1034 soil gas and soil.  
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5.1.3.1 Soil Gas 

Thirty-six constituents were detected in the soil gas samples collected from the area 
around Building 1034.  Screening levels were available for many of the constituents. If 
constituents were detected above the shallow soil gas screening levels, they were 
selected as COPCs. If a screening level was not available, the constituent was also 
selected as a COPC.  The selected soil gas COPCs were: 1,2,4-trimethylbenzene, 
1,3,5-trimethylbenzene, 1,3-butadiene, 2-hexanone, isopropanol, 4-ethyltoluene, 
benzene, bromodichloromethane, bromomethane, carbon tetrachloride, chloroform, 
dibromochloromethane, ethanol, ethylbenzene, heptane, PCE, tetrahydrofuran, and 
TCE, as shown in Table 5-1.   

5.1.3.2 Soil 

The soil data were compared to the residential RSLs as seen on Table 5-2.  The 
following 13 constituents were detected at concentrations above screening levels: 
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 
dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene, aluminum, arsenic, cobalt, iron, 
manganese, and vanadium.  The polycyclic aromatic hydrocarbons (PAHs) were 
detected in one to three samples, while the metals were detected in all ten of the 
samples.  The maximum concentrations of the arsenic, cobalt and manganese were 
lower than their respective background concentrations.  As a conservative measure, 
however, they were carried through the risk assessment. 

5.1.4 Building 1041 

Soil gas and soil samples were collected for Building 1041.  The selection of COPCs 
for these media is discussed below. 

5.1.4.1 Soil Gas 

Thirty constituents were detected in the soil gas samples collected near Building 1041. 
1,3-Butadiene, benzene, chloroform, PCE and TCE were detected above screening 
levels.  Additionally, 2-hexanone, isopropanol, 4-ethyltoluene, ethanol, heptanes, and 
tetrahydrofuran were detected in the soil gas samples but did not have soil gas 
screening levels so were conservatively retained as COPCs (Table 5-1). 
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5.1.4.2 Soil 

The maximum soil concentrations were compared to the residential RSLs.  As seen in 
Table 5-2, Aroclor 1254, aluminum, arsenic, cobalt, iron, manganese, and vanadium 
were detected at concentrations above the residential soil RSLs.  While iron and 
manganese were detected at concentrations above their respective background 
concentrations, aluminum, arsenic, cobalt, and vanadium were detected at 
concentrations less than their background levels.  As a conservative measure, these 
were carried through the risk assessment.  

5.1.5 Building 1549 

Soil gas and soil samples were collected for Building 1549.  The selection of COPCs 
for these media is discussed below. 

5.1.5.1 Soil Gas 

Thirty-nine constituents were detected in the shallow soil gas samples collected around 
Building 1549.  Seven of these constituents did not have shallow soil gas screening 
levels and were thus retained as COPCs.  The thirteen selected COPCs are 1.2.4-
trimethylbenzene, 1,3,5-trimethylbenzene, 1,3-butadiene, 1,4-dichlorobenzene,  2,2,4-
trimethylpentane, 2-hexanone, isopropanol, 4-ethyltoluene, benzene, ethanol, 
ethylbenzene, heptanes, and tetrahydrofuran, as shown in Table 5-1. 

5.1.5.2 Soil 

The soil data were compared to the residential soil RSLs, as seen in Table 5-2. 
Nitroglycerine, indeno(1,2,3-cd)pyrene, aluminum, arsenic, cobalt, iron, manganese 
and vanadium had maximum concentrations greater than their residential soil RSLs.  
Arsenic, cobalt, manganese, and vanadium were detected at concentrations lower than 
their respective background concentrations.  As a conservative measure, they were 
retained as COPCs. 

5.1.6 Groundwater 

The groundwater data were compared to the tap water RSLs, as shown in Table 5-3 
and analytical results for lead were compared to the Action Level of 15 ug/L.  
Chloroform, Aroclor 1260, aluminum, arsenic, cobalt, iron, manganese, nickel and 
vanadium had maximum concentrations greater than the corresponding tap water 
RSLs.  



 26     
 

RAAP-047 RFI Report 

Buildings 1034,1041 and 1549  
Radford Army Ammunition Plant  

 

As discussed in Section 3.2.3, although chloroform was detected at concentrations 
greater than the tap water RSL (0.19 ug/L), the maximum detected concentration was 
less than the MCL (80 ug/L). Chloroform present in groundwater samples is associated 
with leaking potable water supply lines traversing the site and is not site-related. 
Therefore, chloroform was not selected as a groundwater COPC. 

Aroclor 1260 was detected in groundwater sample 1041HP001 at a concentration 
greater than the tap water RSL (0.034 ug/l) and the MCL (0.5 ug/L).  However, as 
discussed in Section 3.2.3, groundwater sample 1041HP001 was turbid.  During the 
Phase 2 sampling event, an additional sample was collected and filtered.  Aroclor 1260 
was not detected in the filtered sample, indicating that it is not present in the dissolved 
phase in the groundwater, and its low level detection in the initial sample was a result 
of the particulate matter present in the sample.  Therefore, Aroclor 1260 was not 
selected as a groundwater COPC.   

The maximum detected concentrations of aluminum, arsenic, cobalt, iron, manganese, 
nickel and vanadium were greater than their tap water RSLs.  Therefore, these metals 
were retained as COPCs in groundwater. 

5.1.7 Physical and Chemical Properties 

The environmental fate and transport of constituents depend on the physical and 
chemical properties of the constituents, the environmental transformation processes 
affecting them, and the media through which the constituents are migrating.  
Table 5-4 provides the physical and chemical properties used in the risk assessment 
and includes the molecular weight, water solubility, vapor pressure, Henry's Law 
Constant, diffusivity in air and water, the organic carbon partition coefficient (Koc), the 
soil-water distribution coefficient (Kd), and the octanol-water partition coefficient (Kow). 

5.2 Exposure Assessment 

Exposure pathways have been identified based on an evaluation of the site 
characterization information and the fate and transport properties of the constituents of 
interest.  The exposure pathways evaluated identify likely points where human 
receptors may contact affected media under current or reasonably anticipated future 
use at the site.  The principal pathways by which exposure could occur are identified 
and presented in this section. 
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An exposure pathway is defined by the following four elements: (1) a source and 
mechanism of constituent release to the environment; (2) an environmental transport 
medium for the released constituent; (3) a point of potential contact with the affected 
medium (the exposure point); and (4) an exposure route at the exposure point 
(USEPA, 1989).  The purpose of the exposure assessment is to estimate the ways in 
which a population may potentially be exposed to constituents at a site.  This typically 
involves projecting concentrations along potential pathways between sources and 
receptors.  The projection is usually accomplished using site-specific data and, when 
necessary, mathematical modeling.  Exposure can occur only when the potential exists 
for a receptor to directly contact released constituents or when there is a mechanism 
for released constituents to be transported to a receptor.  Without exposure there is no 
risk; therefore, the exposure assessment is a critical component of the risk 
assessment. 

This site is within the main industrial area.  It is in a developed area that is covered with 
buildings and pavement.  While direct contact with soils is not likely to occur under 
current conditions, it has been conservatively assumed that such exposure could 
occur.  In addition, volatile materials present in the subsurface may migrate through the 
unsaturated zone into buildings constructed on the site.  Thus, under the current use 
scenario, potential exposure of site workers is evaluated for direct contact with soil and 
the vapor intrusion pathway. 

Groundwater is not currently used as a potable water supply at the site, and 
groundwater use is unlikely to occur in the future. However, potential future exposure 
to groundwater as a potable water supply (i.e., ingestion as tap water) was evaluated in 
the risk assessment for conservatism and for risk management decision-making.   

Although current and reasonably anticipated future use of the site is industrial, 
hypothetical future residential use scenarios have been evaluated in order to assist the 
Army to make risk management decisions.  If residential development were to occur, 
then construction workers and residents could be exposed to constituents in the 
surface and subsurface soils.   

While construction workers would work in the subsurface environment, they are 
unlikely to come into contact with constituents in groundwater because the depth to 
groundwater is 14 feet or greater.  Therefore, construction worker exposure to 
groundwater was not evaluated in the risk assessment.   
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Should the site be redeveloped, hypothetical future residents could be exposed 
through the vapor intrusion pathway. In addition, while the use of groundwater as a 
potable water supply is not expected to occur, potential future exposure to groundwater 
was evaluated for future residents in the risk assessment for conservatism and for risk 
management decision-making. The groundwater exposure pathways evaluated for 
residents include groundwater ingestion and dermal contact during showering/bathing. 
No VOCs were retained as COPC, so the inhalation of vapors during 
showering/bathing was not evaluated identified as a potentially complete exposure 
pathway  and was not evaluated in this HHRA.  

5.2.1 Exposure Point Concentration 

Exposure points are defined as areas where contact with COPCs occurs, generally 
with equal probability across the entire area under evaluation.  The exposure point 
concentration (EPC) is a representative constituent concentration that a receptor may 
contact at an exposure point over the exposure period (USEPA 1989).  The EPC is the 
representative concentration of a constituent in an environmental medium that is 
potentially contacted by the receptor (USEPA 1989) and is defined as “the arithmetic 
average of the concentration that is contacted over the exposure period” (USEPA 
1989).  To assure that the estimate of the arithmetic average is conservative and is not 
underestimated, the upper confidence limit on the mean (UCL) concentration is used 
as an estimate of the EPC (USEPA 1989; 2002b).   

Calculation of UCLs was performed using the USEPA’s ProUCL (Version 4.0; USEPA 
2007).  The maximum concentration was retained as the EPC where the estimation of 
the UCL via ProUCL was not possible due to  datasets that were not of sufficient 
sample size and/or in which the frequency of detection was small.  It was recognized 
that this practice would result in risk estimates that are not representative of average 
conditions as stated by USEPA (2007).   The soil gas EPCs are presented in Table 5-
5. EPCs for soil exposure are presented in Table 5-6 for each building.  In 
groundwater, the maximum detected COPC concentration was used as the EPC due 
to the small number of samples available.  Site-wide groundwater EPCs are presented 
in Table 5-7. 

As discussed in Section 5.1.1, analytical data for surface and subsurface soil samples 
were combined to calculate soil EPCs for each building for each COPC, given the low 
sample size for surface soil at each building.  The combined surface and subsurface 
soil dataset was used to evaluate exposure to soil via ingestion, dermal contact and 
inhalation pathways. Analytical data from groundwater samples collected near the 
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three buildings were combined to generate sitewide EPCs for each COPC in 
groundwater. 

5.2.2 Exposure Assumptions 

The exposure scenarios considered in the risk assessment rely on information 
applicable to specific populations, behavior patterns, and intake values for the 
quantitative exposure assessment.  USEPA guidance has been used to aid in the 
evaluation of the exposure pathways.  The exposure factors used to quantify exposure 
are summarized in Table 5-8.  The exposure assumptions used to evaluate the 
current/future site worker, future construction worker, and hypothetical future adult and 
child resident are discussed below.  The equations used to calculate potential 
exposures to constituents in soil are presented in Table 5-9, and Table 5-10 presents 
the equations used to calculate potential exposure to constituents in groundwater. 
Table 5-11 presents the calculation of the Particulate Emission Factor used to evaluate 
receptor exposure to inhalation of soil particulates. Table 5-12 presents chemical-
specific dermal absorption efficiencies and permeability coefficients for the COPCs. 

Exposure to vapors migrating from the subsurface into indoor air was evaluated using 
the USEPA (2004a) vapor intrusion soil gas model based on the Johnson and Ettinger 
(1991) paper.  This is a conservative model used to evaluate the potential for vapor 
intrusion.  The results are used to evaluate the potential for this exposure to occur 
(U.S. Department of the Army 2006).   

Site-specific soil parameters were used in the model.  Soil at each building is classified 
as a silty clay or clayey silt to depths of 4 to 5 feet.  Thus, soil was classified as silty 
clay in the model runs and default USEPA (2004a) assumptions were used together 
with the air exchange rates recommended by ASTM (1995).  The vapor intrusion 
model estimates the potential associated risk and calculates risk-based medium 
concentrations for both industrial and residential settings.  A summary of input 
parameters is included in Appendix E together with the physical and chemical 
properties for the constituents evaluated by this pathway and the model output.  The 
following subsections present exposure parameters for potential receptors. 

5.2.2.1 Site Worker 

A site worker is assumed to be present at RAAP, working indoors on a long-term basis, 
with potential to contact outdoor surface soils when walking between buildings or 
taking breaks.  Currently groundwater is not used as a potable water supply so that 



 30     
 

RAAP-047 RFI Report 

Buildings 1034,1041 and 1549  
Radford Army Ammunition Plant  

 

exposure to groundwater is not expected to occur for the current site worker.  
Nevertheless, groundwater ingestion was conservatively evaluated as a potential future 
exposure pathway for the site worker in the risk assessment to assist in risk 
management decision-making. Vapors present in soil gas may migrate into a building 
on the site.  Site workers then could inhale these vapors and be exposed to these 
constituents.  Thus, potential exposures to the current/future site work were evaluated 
for direct contact with soil (dermal contact and ingestion), inhalation of outdoor dust 
and indoor vapors, and ingestion of groundwater. 

The exposure assumptions for this potential receptor are included in Table 5-8 and are 
summarized as follows:   

• Adult body weight of 70 kilograms (kg) (USEPA, 1991; 1989); 

• Exposure duration of 25 years (USEPA, 1991; 1989); 

• Exposure frequency of 250 days/year (5 workdays/week for 50 weeks/year) 
(USEPA, 1991); 

• Incidental soil ingestion rate of 50 milligrams per day (mg/day) (USEPA, 1991); 

• Exposed skin surface area of 3,300 square centimeters (cm²), which is the sum of 
the mean values for hands, forearms, and face for an adult (USEPA, 2004b); 

• Soil adherence rate of 0.1 milligrams per square centimeter per day (mg/cm2-day), 
based on the description in the guidance for a groundskeeper with limited direct 
soil contact (USEPA, 2004b; 2002c);  

• Exposure time for inhalation exposure of 8 hours/day (USEPA 1991, 2009a); and 

• Groundwater ingestion rate of 1 L/day for adult exposure (USEPA 1989, 1991). 

The inhalation of vapor exposure scenario was evaluated using the USEPA (2004a) 
soil gas versions of the Johnson & Ettinger model spreadsheets.   

5.2.2.2 Hypothetical Future Construction Worker 

Construction workers may be present in the future to work on new construction or 
excavation activities; therefore, this exposure scenario was evaluated based on a 
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hypothetical construction project.  The construction project was assumed to take 6 
months (130 working days) to complete.  As discussed above, construction workers 
could have direct contact with constituents in the surface and subsurface soils and 
could inhale dusts derived from those soils.  While construction workers would work in 
the subsurface environment, they are unlikely to come into contact with constituents in 
groundwater, given its depth.  Thus only direct contact with soil and inhalation of dusts 
were evaluated for this exposure scenario. 

The exposure assumptions for this potential receptor are included in Table 5-8 and are 
summarized as follows:   

• Adult body weight of 70 kg (USEPA 1991; 1989); 

• Exposure duration 1 year (professional judgment); 

• Exposure frequency of 130 days/year (5 workdays/week for 6 months) 
(professional judgment); 

• Incidental soil ingestion rate of 330 mg/day (USEPA 2002c); 

• Exposed skin surface area of 3,300 cm², which is the sum of the mean values for 
hands, forearms, and face for an adult (USEPA 2004b; 2002c); 

• Soil adherence rate of 0.3 mg/cm2/day (USEPA 2004b; 2002c); and 

• Exposure time for inhalation exposure of 8 hr/day (USEPA 1991; 2009a). 

5.2.2.3 Hypothetical Future Adult and Child Resident 

Residential development is not expected to occur as the current land use associated 
with RAAP-047 is not expected to change.  However, hypothetical future residential 
use of the site was considered in this risk assessment to provide a conservative 
evaluation of potential future exposures under unrestricted uses.  Exposures of both 
young children and adults to soil (ingestion, dermal contact and inhalation of dust), soil 
gas (via vapor intrusion) and groundwater (via tap water ingestion) were evaluated.  
The exposure assumptions for the hypothetical future resident are presented in Table 
5-8 and are summarized below. 
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• Adult body weight of 70 kg and a young child body weight of 15 kg (USEPA, 1991; 
1989); 

• Exposure duration of 6 years for a young child and 30 years for an adult 
(professional judgment) (USEPA, 1989; 1991); 

• Exposure frequency of 350 days/year (USEPA, 1991; 1989); 

• Soil ingestion rate of 100 mg/day for adults and 200 mg/kg for young children 
(USEPA, 1991; 1989); 

• Exposed skin surface area for soil of 5,700 cm2 for adults and 2,800 cm2 for young 
children (USEPA, 2004b); 

• Soil to skin adherence rate of 0.07 mg/cm2/day for adults and 0.2 mg/cm2/day for 
young children (USEPA, 2004b);  

• Exposure time for inhalation exposure of 24 hours/day (USEPA 1991, 2009); 

• Groundwater ingestion rate of 2 L/day for adult exposure and 1 L/day for child 
exposure (USEPA 1989, 1991). 

• Exposed skin surface area for groundwater used for showering/bathing of 18,000 
cm2 for adults and 6,600 cm2 for young children (USEPA, 2004b); 

• Event frequency of one showering/bathing event per day (USEPA, 2004b); and 

• Event time of 0.58 hour for adult dermal exposure to groundwater and 1 hour for 
child dermal exposure to groundwater (USEPA, 2004b). 

5.3 Toxicity Assessment 

This section discusses the two general categories of toxic effects (non-carcinogenic 
and carcinogenic) and constituent-specific toxicity values used to calculate potential 
risks for these two types of toxic effects.  Toxicity values for potential non-carcinogenic 
and carcinogenic effects are identified from available databases.  For this risk 
assessment, toxicity values were obtained from the following tiered sources 
established by USEPA, in order of priority: 
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• USEPA’s IRIS online database (USEPA 2009b).  

• USEPA’s Provisional Peer Reviewed Toxicity Value (PPRTV) Database (USEPA 
2009c). This source was consulted when toxicity values were unavailable in IRIS. 

• Other toxicity values, including values obtained from the California Environmental 
Protection Agency (Cal/EPA) Office of Environmental Health Hazard Assessment 
(OEHHA) Toxicity Criteria Database (Cal/EPA 2009), Agency for Toxic Substances 
and Disease Registry (ATSDR 2008) Minimal Risk Levels, and USEPA (1997b) 
Health Effects Assessment Summary Tables (HEAST). 

5.3.1 Non-carcinogenic Effects 

For many non-carcinogenic effects, protective mechanisms must be overcome before 
an effect is manifested.  Therefore, a finite dose (threshold), below which adverse 
effects will not occur, exists for non-carcinogens.  COPCs may exhibit their toxic effects 
at the point of application or contact (local effect) or at other sites (systemic effects) 
after they have been distributed throughout the body.  Most COPCs can produce more 
than one type of toxic effect, depending on the dose and the susceptibility of the 
exposed individual or receptor.  The goal of toxicity studies for application in risk 
assessment is to identify the most sensitive toxic effect and the exposure levels that 
are expected to be safe.  The potential for non-carcinogenic effects is estimated by 
comparing a calculated dose with a reference dose (RfD) and/or a calculated average 
exposure concentration with a reference concentration (RfC) for each individual 
constituent.  The RfD (or RfC) represents a daily exposure level that is expected to be 
protective of human health, even for sensitive individuals or subpopulations. 

Chronic RfDs and RfCs are used to assess long-term exposures ranging from 7 years 
to a lifetime.  Subchronic RfDs and RfCs are used to evaluate the potential for adverse 
health effects associated with exposure to constituents over a period of 2 weeks to 7 
years. 

Table 5-13 presents the RfDs used to assess oral and dermal exposure, and Table 5-
14 presents the RfCs used to assess inhalation exposure.  Tables 5-13 and 5-14 also 
present the target sites associated with the non-carcinogenic toxicity values for each 
constituent varying with the exposure route.  Confidence ratings and uncertainty factors 
associated with the RfDs and RfCs also are listed, where available.  The uncertainty 
factor represents areas of uncertainty inherent in the extrapolation from the available 
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data.  The confidence levels (low, medium, high) assess the degree of confidence in 
the extrapolation using available data.   

5.3.2 Carcinogenic Effects  

Cancer induction in humans and animals by chemicals proceeds through a complex 
series of reactions and processes.  Carcinogenic constituents may produce tumors at 
the point of application or contact, or they may produce tumors in other tissues after 
they have been distributed throughout the body.  Some constituents are associated 
only with one or two tumor types while others may cause tumors at many different 
sites. 

Constituents are classified as known, probable, or possible human carcinogens based 
on a USEPA weight-of-evidence scheme in which they are systematically evaluated for 
their ability to cause cancer in humans or laboratory animals.  The USEPA 
classification scheme (USEPA, 1986) contains five classes based on the weight of 
available evidence, as follows:  

A known human carcinogen; 

B probable human carcinogen: 

 B1 probable human carcinogen—limited evidence in humans; 

B2 probable human carcinogen—sufficient evidence in animals and inadequate 
data in humans; 

C possible human carcinogen—limited evidence in animals; 

D inadequate evidence to classify; and 

E evidence of noncarcinogenicity. 

Constituents in Classes A, B1, and B2 generally are evaluated as carcinogens in risk 
assessments; however, Class C carcinogens may be evaluated on a case-by-case 
basis (USEPA, 1989).  Two COPCs were identified as Class A carcinogens (benzene 
and arsenic), 11 COPCs were identified as Class B2 carcinogens 
(bromodichloromethane; 1,3-butadiene; carbon tetrachloride; chloroform; PCE; 
benzo[a]anthracene; benzo[a]pyrene; benzo[b]fluoranthene; dibenzo[a,h]anthracene; 
indeno[1,2,3-cd]pyrene; and Aroclor 1254), one COPC was identified as a Class C 
carcinogen (dibromochloromethane), and three COPCs were identified as Class D 
(bromomethane; ethylbenzene and manganese).  The other constituents were not 
classified. 
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For carcinogens, the current risk assessment guidelines (USEPA, 1989) use a 
conservative approach in which it is assumed that any level of exposure could cause 
cancer.  Based on this assumption, USEPA extrapolates from laboratory animal data 
using a mathematical model known as the linear multi-stage model.  This model plots a 
line through the zero point and, based on the slope of this dose-response line, assigns 
a risk level for increasingly smaller doses of a particular compound.  The 95 percent 
UCL for the slope of this line, called the cancer slope factor (CSF), is used to calculate 
the probability of an effect associated with a given dose.  A CSF represents the 95 
UCL of the slope of the dose-response curve. A unit risk factor (URF) expresses the 
dose-response relationship in terms of risk per unit concentration of a constituent in an 
environmental medium, such as air, where exposure may occur. USEPA’s 
carcinogenic toxicity factors are thus determined by a methodology that is likely to 
overestimate real risk.  An even greater problem may lie in the USEPA assumption of 
dose and response additivity for carcinogenic effects.  Research by USEPA has 
suggested that summing upper-bound excess cancer risks from several carcinogens 
may overestimate a true upper-bound risk for the mixture (Cogliano, 1997). 

Tables 5-15 and 5-16 present the carcinogenic toxicity values for oral and dermal 
exposure and inhalation exposure (respectively) to the COPCs at the site.  The 
carcinogenic toxicity values used in the calculation of potential cancer risks are the 
CSF and URF, which are derived from the conservative assumption that any dose level 
has a possibility of causing cancer.  The cumulative dose, regardless of the particular 
exposure period, determines the risk; therefore, separate CSFs and URFs are not 
derived for subchronic and chronic exposure periods. 

5.3.3 Dermal Toxicity Values and Dermal Absorption  

Whenever possible, route-specific toxicity values have been used; however, USEPA 
has not yet developed toxicity values for dermal exposures.  For this reason, the oral 
toxicity values (RfDo and CSFo) and the oral absorption efficiency were used to derive 
adjusted toxicity values (RfDa and CSFa) (adjusted to the absorbed dose) for use in 
assessing dermal exposure (USEPA, 2004b): 

RfDa = RfDo × Oral Absorption Efficiency 

CSFa = CSFo / Oral Absorption Efficiency 

The adjusted toxicity values represent the theoretical toxicity of the orally absorbed 
dose of the constituent.  The USEPA (2004b) guidance recommends that the oral 
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toxicity values for organic constituents and many inorganic constituents should not be 
adjusted to assess dermal exposure (i.e., oral absorption efficiency = 1) and presents 
recommended oral absorption efficiencies for a few inorganics.  Table 5-13 presents 
the oral absorption efficiency values and the RfDas used to assess risk for the dermal 
exposure route.  Table 5-15 presents the CSFas.  Uncertainty is associated with the 
adjusted toxicity values and with the dermal risks derived using these values due to the 
uncertainty in the oral toxicity values combined with the uncertainty in the oral 
absorption efficiency default and constituent-specific values.  However, the calculated 
dermal risks are expected to be conservative estimates, and therefore, will likely 
overestimate human health risks.    

5.4 Risk Characterization 

Potential risks to human health are evaluated quantitatively by combining calculated 
exposure levels and toxicity data. A distinction is made between non-carcinogenic and 
carcinogenic endpoints, and two general criteria are used to describe the hazard 
quotient (HQ) for non-carcinogenic effects and excess lifetime cancer risk (ELCR) for 
constituents evaluated as human carcinogens.   

The results of the risk characterization step are discussed by building and by receptor 
because the COPCs in soil and soil gas for each building are different.  However 
estimated hazards and risk from hypothetical future exposure to groundwater are 
consistent for each building, because groundwater exposure is estimated based on the 
maximum detected concentrations.  Within the context of each building area 
considered, the potential receptors are site workers, hypothetical future construction 
workers and hypothetical future adult and child residents. 

5.4.1 Hazard Quotient for Noncancer Hazard 

Exposure doses are averaged over the expected exposure period to evaluate non-
carcinogenic effects.  The HQ is the ratio of the estimated dose or average exposure 
concentration and the non-cancer toxicity value.  Thus, an HQ greater than 1 indicates 
that the estimated exposure level for that constituent is greater than the non-cancer 
toxicity value.  This ratio does not provide the probability of an adverse effect.  
Although an HQ less than 1 indicates that health effects should not occur, an HQ 
above 1 does not imply that health effects will occur, but instead that health effects are 
possible.   
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The sum of the HQs is the hazard index (HI).  A limitation with the HI approach is that 
the assumption of dose additivity is applied to compounds that may induce different 
effects by different mechanisms of action.  Consequently, the summing of HIs for a 
number of compounds that are not expected to induce the same type of effects or that 
do not act by the same mechanism may overestimate the potential for toxic effects.  
Consistent with USEPA risk assessment guidelines for chemical mixtures, in the event 
that the total HI for an exposure scenario is greater than 1, it is incumbent on a risk 
assessor to segregate HQs by target organ/critical effect (USEPA, 1989).  Therefore, if 
the calculated HI is greater than 1 as a consequence of summing several HQs for 
constituents not expected to induce the same type of effects or that do not act by the 
same mechanism, the HIs may be segregated by effect and mechanism of action to 
derive separate HIs for each target-organ/critical-effect group (USEPA, 1989). 

5.4.2 Excess Lifetime Cancer Risk 

The ELCR is an estimate of the potential increased risk of cancer that results from 
lifetime exposure, at specified average daily dosages, to constituents detected in 
media at a site.  Estimated doses or lifetime exposure concentrations for each 
constituent are averaged over the hypothetical lifetime of 70 years.  It is assumed that 
a large dose received over a short period is equivalent to a smaller dose received over 
a longer period, as long as the total doses are equal.  The ELCR is calculated as the 
product of the dose or lifetime average exposure concentration and the cancer toxicity 
value.  The risk estimate is considered to be an upper-bound estimate; therefore, it is 
likely that the true risk is far less than that predicted by the model.  The individual 
pathway ELCRs are summed to calculate a total ELCR. The risk estimate is compared 
to USEPA’s generally acceptable risk range of 1x10 -4 to 1x10-6.   
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5.4.2.1 Building 1034 

Direct contact with soil was evaluated for the current/future site worker, future 
construction worker, and hypothetical future resident.  In addition, inhalation of indoor 
air and ingestion of groundwater were evaluated for the site worker and hypothetical 
future residential scenario.  Table 5-17 summarizes the calculation results, and the 
individual risk calculation sheets are provided in Appendix E.   

Site Worker 

Under the current use exposure scenario, which includes direct contact with soil and 
inhalation of indoor air, the estimated potential total ELCR is 2×10-5and the estimated 
HI is 0.1 (Table 5-17). The ELCR is approximately at the midpoint of the USEPA 
generally acceptable risk range and the HI is well below the benchmark of 1.  These 
risks and hazards are primarily due to direct contact with soil as the ELCR for the vapor 
intrusion pathway was 2×10-7 and the HI for that pathway was 0.0003, both well below 
benchmark levels. Given that the area surrounding Building 1034 is primarily paved, 
the estimated total ELCR for soil exposure is likely overstated.  

Under the hypothetical future exposure scenario, a site worker could also contact 
groundwater through the ingestion pathway, if groundwater is used for potable 
purposes. The total calculated ELCR and HI for the hypothetical future site worker, 
including the ingestion of groundwater, were 9×10-5 and 3, respectively (Table 5-17).  
The ELCR is within the USEPA generally acceptable risk range.  The HI is marginally 
greater than the benchmark of 1; however, when the HI was segregated by target 
organ/critical effect, each individual HI was less than or equal to 1 (Table 5-17), 
indicating potential adverse effects are unlikely. 

Construction Worker 

A construction worker was assumed to contact soil during construction activities 
around Building 1034.  The calculated ELCR for soil exposure was 2×10-6 which is at 
the low end of the generally acceptable risk range, as seen on Table 5-17.  The HI was 
calculated to be 0.9 which is below the benchmark HI of 1.  

Adult Resident 

For the hypothetical future residential exposure scenario, adult and child residents 
could potentially have direct contact with soil, inhale vapors migrating into homes, or 
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ingest groundwater.  Table 5-17 summarizes the calculated risks of adult resident 
direct contact exposure to soil, exposure to soil gas through the inhalation of vapor 
pathway, and through groundwater ingestion and dermal contact.   

The total calculated ELCR for exposure to the adult resident is 3×10-4 and the HI is 9.  
These values exceed the USEPA’s generally acceptable risk range and target HI, 
respectively, due to the assumed ingestion of groundwater (ELCR of 2×10-4 and HI of 
8).  Excluding the groundwater ingestion pathway, total risks to the adult resident would 
be 5×10-5 and the HI would be 0.4, which are within the generally acceptable risk 
range.     

The calculated risks for the groundwater ingestion pathway are solely attributable to 
the arsenic detected in a single filtered groundwater sample (1041HP020 25-30) at 
12.3 ug/L.  As noted, even after filtration this sample was still visibly turbid and metals 
concentrations in this sample are likely elevated due to the presence of very fine 
colloidal particles.  Arsenic was not detected in the other three samples collected at the 
site and the use of the maximum detected concentration as the EPC is a conservative 
measure recommended by current guidance.  Therefore, it is likely that potential risks 
are overstated.   

The HI for the groundwater ingestion pathway is greater than the benchmark of 1 even 
when evaluated by target organ/critical effect. These hypothetical hazards are driven 
by arsenic, cobalt, and iron , which are likely due to localized geology, as these metals 
were not detected in any of the other filtered groundwater samples that were collected.  
Therefore, it is likely that potential hazards are also overstated. 

Child Resident 

The risks and hazards of hypothetical future exposure of young children to soil, soil 
gas, and groundwater is summarized in Table 5-17, and the calculation tables are 
included in Appendix E. The total calculated ELCR and HI for the child resident are 
2x10-04 and 39, respectively.  Both of these values exceed USEPA benchmarks.  
Excluding the groundwater pathway, the potential risk is 9×10-5 and the HI is 3, due to 
direct contact exposures with soils.  This calculated ELCR is within the generally 
acceptable risk range while the HI was greater than the noncancer benchmark.  
However, when the HI was reevaluated by segregating the constituents by critical 
effect/target organ, the recalculated HIs were all equal to or less than the benchmark of 
1, except the HI for the liver (2), which marginally exceeded the benchmark of 1. The 
elevated HI is primarily associated with the presence of iron in the soil.   As shown in 
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Table 5-17, inhalation of vapors had a negligible contribution to the ELCR and HI 
(3×10-7 and 0.002, respectively). 

As discussed for the hypothetical future adult resident, the elevated ELCR due to 
groundwater is solely attributable to the arsenic concentration detected in a single 
sample (1041-20), which is likely to be related to localized geology.  Therefore, 
potential risks may be overstated.  The HI is greater than the benchmark of 1, even 
when evaluated by target organ/critical effect. However, this HI is driven by the 
concentrations of iron, cobalt and arsenic at 1041-20 and is likely elevated due to 
localized geology, because these metals were not detected in any of the other filtered 
groundwater samples.  Therefore, potential hazards are also likely overstated. 

Table 5-17 summarizes the results of the risk characterization step for Building 1034. 
Excluding the estimated risks and hazards from exposure to groundwater which are 
likely driven by concentrations of arsenic, iron and cobalt that result from localized 
geological characteristics surrounding a single sample location, the calculated risks 
and hazards are within the generally acceptable limits for unrestricted use.  

5.4.2.2 Building 1041 

Direct contact with soil was evaluated for the current/future site worker, future 
construction worker, and hypothetical future resident at Building 1041.  In addition, 
inhalation of indoor air and ingestion of groundwater were evaluated for the site worker 
and hypothetical future residential scenario.  Table 5-18 summarizes the calculation 
results, and the individual risk calculation sheets are provided in Appendix E.   

Site Worker 

Under the current site worker exposure scenario, which includes direct contact with soil 
and inhalation of indoor air, the estimated potential total ELCR is 1×10-6 and the 
estimated HI is 0.1 (Table 5-18). The ELCR is at the lower limit of the USEPA target 
risk range and the HI is well below the benchmark of 1.  These risks and hazards are 
primarily due to direct contact with soil as the ELCR for the vapor intrusion pathway 
was 2×10-8 and the HI for that pathway was 0.00009, both of which are well below 
benchmark levels. Given that the area surrounding Building 1041 is primarily paved, 
the estimated total ELCR for soil exposure is likely overstated.   

Under the hypothetical future site worker scenario, a site worker could also contact 
groundwater through the ingestion pathway, if groundwater is used for potable 



 41     
 

RAAP-047 RFI Report 

Buildings 1034,1041 and 1549  
Radford Army Ammunition Plant  

 

purposes. The total calculated ELCR and HI for the hypothetical future site worker, 
including the ingestion of groundwater, were 7×10-5 and 3, respectively (Table 5-18).  
The ELCR is near the upper end but still within the USEPA target risk range.  The HI is 
marginally greater than the benchmark of 1; however, when the HI was segregated by 
target organ/critical effect, each individual HI was less than or equal to 1 (Table 5-18), 
indicating no potential adverse effects. 

Construction Worker 

A construction worker was assumed to contact soil during construction activities 
around Building 1041.  The calculated ELCR for soil exposure was 2×10-7 which is 
below the target risk range, as seen on Table 5-18.  The HI was calculated to be 0.8 
which is below the benchmark HI of 1.  

Adult Resident 

For the hypothetical future residential exposure scenario, adult and child residents 
could potentially have direct contact with soil, inhale vapors migrating into homes, or 
ingest groundwater.  Table 5-18 summarizes the calculated risks of adult resident 
direct contact exposure to soil, exposure to soil gas through the inhalation of vapor 
pathway, and through groundwater ingestion and dermal contact.   

The total calculated ELCR for exposure to the adult resident is 2×10-4 and the HI is 9.  
These values exceed the USEPA’s target risk range and target HI, respectively, due to 
the assumed ingestion of groundwater (ELCR of 2×10-4 and HI of 8).  Excluding the 
groundwater ingestion pathway, the calculated risk for the adult resident is 4×10-6 and 
the HI is 0.4, both of which are within generally acceptable levels.   

As discussed for Building 1034, the calculated risk and hazard for the groundwater 
ingestion pathway are solely attributable to the arsenic concentration detected in a 
single filtered groundwater sample (1041HP020 25-30), which was the concentration 
used for the risk calculation.  However, it is important to note that arsenic was not 
detected in any of the other four filtered groundwater samples that were analyzed.  
This would appear to indicate that the elevated arsenic concentration in that sample 
may have been due to localized geological characteristics immediately surrounding 
that sample location. Therefore, it is likely that potential risks are overstated.   

The HI for the groundwater ingestion pathway is greater than the benchmark of 1 even 
when evaluated by target organ/critical effect. These hypothetical hazards are driven 
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by iron, cobalt and arsenic, which also may be present due to localized geology, since 
these metals were not detected in any of the other four filtered groundwater samples 
that were collected.  Therefore, it is likely that potential hazards are also overstated. 

Child Resident 

The risks and hazards of hypothetical future exposure of young children to soil, soil 
gas, and groundwater is summarized in Table 5-18, and the calculation tables are 
included in Appendix E. The total calculated ELCR and HI for the child resident are 
2×10-4 and 38, respectively.  Both of these values exceed USEPA benchmarks.  
Without the ingestion of groundwater, however, the risks would be 7×10-6 and the HI 
would be 3, due to direct contact exposures with soils.  This calculated ELCR is at the 
upper end but still within the target risk range while the HI was greater than the 
noncancer benchmark.  However, when the HI was reevaluated by segregating the 
constituents by critical effect/target organ, the recalculated HIs were all equal to or less 
than the benchmark of 1.  As shown in Table 5-18, inhalation of vapors had a 
negligible contribution to the ELCR and HI (4×10-8 and 0.0006, respectively). 

As discussed for the hypothetical future adult resident, the elevated ELCR due to 
groundwater is solely attributable to the arsenic concentration detected in a single 
sample, which is likely to be related to localized geology.  Therefore, potential risks 
may be overstated.  The HI including groundwater is greater than the benchmark of 1, 
even when evaluated by target organ/critical effect. However, this HI is driven by the 
concentrations of iron, cobalt and arsenic at a single sampling location and may be 
elevated due to localized geology, since these metals were not detected in any of the 
other four filtered groundwater samples.  Therefore, potential hazards are also likely 
overstated. 

Table 5-18 summarizes the results of the risk characterization step for Building 1041. 
Given that estimated risks and hazards from exposure to groundwater are likely driven 
by concentrations of arsenic, iron and cobalt that result from localized geological 
characteristics surrounding a single sample location, the calculated risks and hazards 
are within the generally acceptable limits for unrestricted use.     

5.4.2.3 Building 1549 

Direct contact with soil was evaluated for the current/future site worker, future 
construction worker, and hypothetical future resident at Building 1549.  In addition, 
inhalation of indoor air and ingestion of groundwater were evaluated for the 
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current/future site worker and hypothetical future residential scenario.  Table 5-19 
summarizes the calculation results, and the individual risk calculation sheets are 
provided in Appendix E.   

Site Worker 

Under the current site worker exposure scenario, which includes direct contact with soil 
and inhalation of indoor air, the estimated potential total ELCR is 2×10-6 and the 
estimated HI is 0.1 (Table 5-19). The ELCR is at the lower end of the USEPA target 
risk range and the HI is well below the benchmark of 1.  These risks and hazards are 
primarily due to direct contact with soil as the ELCR for the vapor intrusion pathway 
was 2×10-9 and the HI for that pathway was 0.0002, both of which are well below 
benchmark levels.  Given that the area surrounding Building 1034 is primarily paved, 
the estimated total ELCR for soil exposure is likely overstated. 

Under the hypothetical future site worker scenario, a site worker could also contact 
groundwater through the ingestion pathway, if groundwater is used for potable 
purposes. The total calculated ELCR and HI for the hypothetical future site worker, 
including the ingestion of groundwater, were 7×10-5 and 3, respectively (Table 5-19).  
When segregated by target organ/critical effect, the HIs are equal to or less than one 
indicating that adverse effects are unlikely.  The ELCR is near the upper end but still 
within the generally acceptable risk range (Table 5-19). 

Construction Worker 

A construction worker was assumed to contact soil during construction activities 
around Building 1549.  The calculated ELCR for soil exposure was 2×10-7 which is 
below the target risk range, as seen on Table 5-19.  The HI was calculated to be 0.7 
which is below the benchmark HI of 1.  

For the hypothetical future residential exposure scenario, adult and child residents 
could potentially have direct contact with soil, inhale vapors migrating into homes, or 
ingest groundwater.  Table 5-19 summarizes the calculated risks of adult resident 
direct contact exposure to soil, exposure to soil gas through the inhalation of vapor 
pathway, and through groundwater ingestion and dermal contact.   

Adult Resident 
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The total calculated ELCR for exposure to the adult resident is 2×10-4 and the HI is 9.  
These values exceed the USEPA’s target risk range and target HI, respectively, due to 
the assumed ingestion of groundwater (ELCR of 2×10-4 and HI of 8).  Without the 
groundwater ingestion pathway, total risks to the adult resident would be 6×10-6 and 
the HI would be 0.3.  These estimated risk and hazards are due primarily to direct 
contact with soil (ELCR of 6×10-6 and an HI of 0.3) with negligible contribution from the 
vapor inhalation pathway (ELCR of 1×10-8 and HI of 0.001).  Without the groundwater 
ingestion pathway, risks and hazards are within USEPA’s acceptable levels.     

As discussed for Building 1034, the elevated risk and HI for the groundwater ingestion 
pathway are solely attributable to the presence of metals detected in a single filtered 
groundwater sample (1041HP020 25-30). This sample was visibly turbid even after 
filtration and the metals are likely associated with the presence of very fine colloidal 
particles in the sample.  Therefore, it is likely that potential risks are overstated.   

Child Resident 

The risks and hazards of hypothetical future exposure of young children to soil, soil 
gas, and groundwater is summarized in Table 5-19, and the calculation tables are 
included in Appendix E. The total calculated ELCR and HI for the child resident are 
2×10-4 and 32, respectively.  Both of these values exceed USEPA benchmarks.  
Without the ingestion of groundwater, however, the risks would be 1×10-5 and the HI 
would be 3, due to direct contact exposures with soils.  This calculated ELCR is at the 
midpoint of the target risk range while the HI was greater than the noncancer 
benchmark.  However, when the HI was reevaluated by segregating the constituents 
by critical effect/target organ, the recalculated HIs were all equal to or less than the 
benchmark of 1.  As shown in Table 5-19, inhalation of vapors had a negligible 
contribution to the ELCR and HI (3×10-9 and 0.001, respectively). 

As discussed for the hypothetical future adult resident, the elevated ELCR associated 
with exposure to groundwater is solely attributable to the metals detected in a single 
turbid sample, which are likely related to localized geology.  Therefore, potential risk 
and hazard may be overstated.   

Table 5-19 summarizes the results of the risk characterization step for Building 1549. 
Given that estimated risks and hazards from exposure to groundwater are likely driven 
by concentrations of arsenic, iron and cobalt that result from localized geological 
characteristics surrounding a single sample location, the calculated risks and hazards 
are within the generally acceptable limits for unrestricted use.         
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5.5 Uncertainty Analysis  

Key uncertainties associated with the risk assessment include the use of conservative 
land and water use assumptions, the use of primarily default reasonable maximum 
exposure (RME) assumptions to assess potential exposure, and the use of maximum 
detected concentrations of metals in a filtered groundwater sample that was still visibly 
turbid even after filtration to assess potential exposure.  These uncertainties primarily 
affect the risk characterization by overestimating risk, as discussed below. 

Land and water use assumptions for this risk assessment were conservative.  Although 
the area surrounding Buildings 1549, 1041 and 1034 is primarily paved, thereby 
substantially limiting potential for direct contact, default assumptions regarding direct 
contact with soil and inhalation of vapors/particulates have been included in the current 
exposure scenario for the site worker.  This assumption may also be conservative for 
the hypothetical future site worker, if building demolition, construction and site re-
grading does not occur.  In addition, although groundwater use is unlikely to occur in 
the future, exposure to groundwater as a potable water supply has been evaluated for 
both hypothetical future site workers and residents in the risk assessment for 
conservatism and for risk management decision-making.  The addition of these unlikely 
exposure pathways into the risk calculations likely contributes to an overestimate of 
actual exposure and risk for each of these receptors. 

Due to changes in toxicity values selected by USEPA to generate the May 2009 RSLs, 
one additional constituent, 1,4-dioxane, would have been selected as a COPC for 
Building 1549 if the May 2009 RSLs had been used, since the maximum detected 
concentration of 1,4-dioxane in soil gas at Building 1549 (5.5 ug/m3) is greater than the 
updated residential air RSL adjusted by a factor of 10 to 3.2 ug/m3.  However, this 
exceedance is marginal. Assuming a conservative building attenuation factor of 0.1, 
estimated ELCRs for the vapor intrusion pathway would be 3x10-7, 2x10-6 and 3x10-7 
for the current and hypothetical future site worker, hypothetical future adult resident 
and hypothetical future child resident due to 1,4-dioxane.  The inclusion of this as a 
COPC, therefore, would result in cumulative risks less than or equal to the target risk 
range for this pathway, and total cumulative risks across evaluated pathways would 
also remain within or below the target risk range.  Estimated HIs would be over three 
orders of magnitude less than 1 for each receptor, and therefore, HIs would also be 
acceptable if this constituent were included, Given that attenuation factors calculated 
for Building 1549 are less than 0.1 (Appendix E), the estimated risks presented here 
are likely overestimates of potential risks and hazards from exposure to 1,4-dioxane 
from the vapor intrusion pathway. 
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Groundwater EPCs were estimated using the maximum detected concentrations of 
COPCs in filtered groundwater samples obtained from sample 1041HP020 (25-30).  
This sample was visibly turbid even after filtration and the presence of very fine 
colloidal particles in the sample are likely the reason for the slightly elevated metals 
that were detected.  Metals concentrations in this filtered groundwater sample were 
marginally greater than background concentrations (e.g., arsenic was detected at 12 
ug/L and background concentrations range between 1 and 10 ug/L) and consistent 
with sporadic detections of cobalt observed in groundwater across the site.  Potential 
risks and hazards were driven by the presence of arsenic, cobalt and iron, however, 
these metals were not detected in the other filtered groundwater samples. Thus, the 
exclusion of this sample would result in potential risks and hazards that would be within 
the generally acceptable levels.  Therefore, average long-term exposure may be 
significantly overstated by using maximum detected concentrations.   

Primarily default values for RME were used to estimate exposure, consistent with 
USEPA guidance.  Use of default values can reduce unwarranted variability in 
exposure assumptions used to perform risk assessments across different sites, but 
when available, site-specific values should be used instead of upper-end default values 
to prevent overestimation of exposure.  Values specified in USEPA guidance 
documents are intentionally conservative to ensure that risks are not underestimated.  
Thus, they would likely lead to an overestimation of potential exposure and risk.  
Specific values are discussed below. 

A soil adherence rate of 0.1 milligrams per square centimeter per day (mg/cm2-day) 
was selected to evaluate the current and future hypothetical site worker, based on the 
description in the guidance for a groundskeeper with limited direct soil contact 
(USEPA, 2004b; 2002c).  This value is likely to overestimate potential exposure for 
current site worker traversing the area, given that the area surrounding Buildings 1034, 
1041 and 1549 is paved.  However, it was selected to ensure that it would also be 
protective of future outdoor workers at the site in the event that pavement were to be 
removed or individuals engage in daily outdoor activities there. 

5.6 Risk Assessment Summary  

The risk assessment quantitatively evaluated current and future exposure to soil and 
soil gas under current/future industrial and future hypothetical residential land uses.    

Under current and future land-use scenarios, the potential risks and hazards for the 
site worker, and hypothetical construction worker, and hypothetical residents were 
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within the USEPA target risk range (1x10-4 to 1x10-6) or less than or equal to the 
benchmark hazard index threshold of 1, with the exception of exposure to groundwater.  
However, estimated risks and hazards from exposure to groundwater are driven by 
concentrations of arsenic, iron and cobalt that likely result from localized geology.  
Therefore, no unacceptable risks were identified.  

It is also important to note that the carcinogenic risks and non-carcinogenic HI 
presented in this HHRA are based upon conservative default assumptions that are 
intended to be protective of human health by overestimating potential exposures and 
risks.  Therefore, it is likely that the risks presented in this report are overstated, and 
actual risks are likely to be lower than those presented here. 

The site is in an industrialized area.  It does not provide a suitable habitat for ecological 
receptors. 

6.0 Recommendations 

Based on the data presented in this report, clean closure with no further action is 
recommended for Buildings 1034, 1041 and 1549.  No further action is appropriate 
based on the following major findings: 

• No potential ongoing sources were indentified and the hypothesis that one or more 
of the buildings is (or was formerly) a source of chlorinated VOCs to groundwater 
is not supported by the data.  It was concluded using data gathered during this 
investigation and additional downgradient investigations that the source of the TCE 
in groundwater was HWMU 5, and that there is no evidence of TCE migrating from 
any potential upgradient source, specifically the buildings investigated under this 
RFI. 

• There are no unacceptable risks at RAAP-47 for either industrial or the 
hypothetical future residential use scenarios, with the exception of the groundwater 
ingestion pathway under the future residential land use scenario.  Based on the 
sampling information available for groundwater, the elevated risks and hazards 
due to this exposure pathway are likely due to the localized geological 
characteristics associated with a single groundwater sample that was still visibly 
turbid after filtration.  Detectable concentrations of arsenic, cobalt and iron were 
present in this sample and were not detected in the other filtered groundwater 
samples that were collected from the site.  Their presence is likely due to the very 
fine colloidal particles that were present in the filtered sample. 
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Table 2-1. Summary of Completed Borings 
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virgina

Location Total Depth 
Advanced
(feet bgs)

Soil Gas Sample 
Depth (ft bgs)

Soil Sample Interval
(feet bgs)

Groundwater  
Sample Interval

(feet bgs)

Location
Description

Phase 1 Borings
1041-A 6 6 NS NS Subslab gas point inside Building 1041

1041-1 28 4 0.5 - 1.5
7 - 8

24 - 28 West side of Building 1041, center.

1041-2 57 4 1 - 2
7 - 8

22 - 24 North side of Building 1041, center.

1041-3 24 4 0.5 - 1.5
7 - 8

20 - 24 East side of Building 1041, center.

1041-4 21 4 0- 1
7 - 8

17 - 21 South side of Building 1041, center.

1034-A 0.5 0.5 NS NS Subslab gas point inside Building 1034

1034-B 0.5 0.5 NS NS Subslab gas point inside Building 1034

1034-1 36 3.5 0.5 - 1.5
7 - 8

32 - 36 * West side of Building 1034, center of south half.

1034-2 4 4 NS NS
West of Building 1034, center of north half.

1034-4 8 3.5 0.5 - 1.5
5 - 6

NS North side of Building, center, outside of doorway.

1034-6 22 4 0.5 - 1.5
7 - 8

NS Northeast corner of Building 1034.

1034-7 8 4 0.5 - 1.5
7 - 8

NS Southeast corner of Building 1034.

1034-8 22 4 0.5 - 1.5
4 - 5

NS South side of Building 1034, center.

1549-A 0.5 0.5 NS NS Subslab gas point inside Building 1549

1549-1 32 5 0.5 - 1.5
7 - 8

28 - 32 * West side of Building 1549

1549-3 49.5 5 0.5 - 1.5
5 - 6

23 - 27 * North side of Building 1549, center of west half

1549-4 8 5 0.5 - 1.5
5 - 6

4 - 8 * North side of Building 1549, center of east half.

1549-6 8 5 0.5 - 1.5
5 - 6

NS East side of Building 1549.

1549-7 4 4 NS NS Approximatley 35 feet north of northwest corner of 
Building 1549

1549-8 30 3 NS 25-30 (SC) Approximatley 35 feet north of northeast corner of 
Building 1549

Phase 2 Borings
1041-1A 28 NS NS 25 - 28 (SC) Groundwater confirmation sample at 1041-1.

1041-6 1 NS 0.5 - 1 NS PCB delineation sample; west of 1041-4

1041-7 1 NS 0.5 - 1 NS PCB delineation sample; south of 1041-4

1041-8 1 NS 0.5 - 1 NS PCB delineation sample; east of 1041-4

1041-9 10 NS 7 - 8 NS Delineation sample; southeast of 1041-3.

1041-10 10 NS 7 - 8 NS Delineation sample; east of 1041-3.

1041-11 10 NS 8 - 9 NS Delineation sample; northeast of 1041-3.

1041-14 10 NS 6 - 7 NS Delineation sample; southeast of 1041-3.

1041-15 20 NS NS 15-20 (SC) North side of street; westernmost point in transect.

1041-16 28.5 NS NS 17-28 (SC) South side of street; 2nd location from west in 
transect.

1041-17 34 NS NS 22 - 25
30 - 33

South side of street; Center location in transect.

1041-18 38.5 NS 6 - 7 22 - 25
31 - 34

South side of street; 2nd location from east in 
transect.

1041-19 28.5 NS 6 - 7 18-28 (SC) South side of street; easternmost point in transect.

Phase 3 Borings
1041-20 30 NS NS 25 - 30 (SC)

1041-21 26 NS NS 21 - 26 (SC)

1549-9 29 NS NS 19 - 29 (SC)

1549-10 30 NS NS 20 - 30 (SC)

Notes:  

SC = sample collected from temporary 5 ft or 10 ft screen PVC well; all other samples collected using a  Hydropunch™ sampler.

NS = no sample collected

* Hydropunch screen interval set, but no water
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Table 3-1. Summary of Analytical Data for Detected Compounds in Soil Gas at Building 1034 
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1034SG001 1034SG002 1034SG004 1034SG006 1034SG007 1034SG008 1034SLB00A 1034SLB00B
Date Collected: Units 05/08/08 05/08/08 05/08/08 05/08/08 05/08/08 05/08/08 05/08/08 05/08/08

Volatile Organics
1,1,1-Trichloroethane 5,200 {nc} 22,000 {nc} ug/m3 <7.2 <7.3 4.0 J <7.0 <7.0 <29 1.6 J <5.3
1,2,4-Trimethylbenzene 7.3 {nc} 31 {nc} ug/m3 17 <6.6 0.95 J 2.1 J 3.4 J <26 <4.5 <4.8
1,3,5-Trimethylbenzene - - - - ug/m3 14 <6.6 <6.5 <6.3 2.9 J <26 <4.5 <4.8
1,3-Butadiene 0.81 {ca*} 4.1 {ca*} ug/m3 4.8 8.8 16 17 5.6 31 <2.0 <2.2
2-Butanone 5,200 {nc} 22,000 {nc} ug/m3 92 16 11 28 14 25 3.8 1.6 J
2-Hexanone - - - - ug/m3 15 J 2.2 J 1.4 J 2.7 J 2.9 J <87 1.0 J <16
2-Propanol - - - - ug/m3 5.9 J <13 <13 3.3 J 5.6 J <52 1.3 J <9.6
4-Ethyltoluene - - - - ug/m3 11 <6.6 <6.5 1.8 J 1.9 J <26 <4.5 <4.8
4-Methyl-2-pentanone 3,100 {nc} 13,000 {nc} ug/m3 7.5 1.4 J 0.86 J 1.8 J 1.4 J <22 <3.7 <4.0
Acetone 320,000 {max} 1,400,000 {max} ug/m3 620 97 52 280 68 120 16 7.9 J
Benzene 3.1 {ca*} 16 {ca*} ug/m3 4.3 5.1 7.9 18 2.8 J 15 J 0.67 J 0.75 J
Bromodichloromethane - - - - ug/m3 <8.8 21 <8.8 <8.6 <8.6 58 52 39
Bromomethane 5.2 {nc} 22 {nc} ug/m3 <5.1 <5.2 <5.1 5.7 <5.0 <20 <3.6 <3.8
Carbon Disulfide 730 {nc} 3,100 {nc} ug/m3 2.6 J 8 10 16 30 25 0.45 J 0.71 J
Carbon Tetrachloride 1.6 {ca} 8.2 {ca} ug/m3 <8.3 <8.5 <8.3 <8.1 <8.1 9.4 J <5.8 <6.2
Chloroform 1.1 {ca} 5.3 {ca} ug/m3 2.3 J 400 190 <6.3 54 8,800 940 650
Chloromethane 14 {ca*} 68 {ca*} ug/m3 2.6 J <11 <11 6.3 J <11 <44 <7.6 <8.1
Cyclohexane 6,300 {nc} 26,000 {nc} ug/m3 6 2.0 J <4.5 3.0 J 4.2 J 8.9 J <3.1 <3.4
Dibromochloromethane - - - - ug/m3 <11 <11 <11 <11 <11 <45 1.9 J 2.5 J
Dichlorodifluoromethane 210 {nc} 880 {nc} ug/m3 <6.5 <6.6 <6.5 <6.4 <6.4 <26 5.3 7.8
Ethanol - - - - ug/m3 36 23 6.4 J 14 3.8 J 7.0 J 2.7 J <7.4
Ethylbenzene 9.7 {ca} 49 {ca} ug/m3 2.4 J 2.6 J 1.3 J 2.9 J <5.6 <23 <4.0 <4.2
Heptane - - - - ug/m3 14 3.5 J 4.1 J 26 4.2 J 11 J <3.7 <4.0
Hexane 730 {nc} 3,100 {nc} ug/m3 9 6.8 <4.6 34 <4.5 16 J <3.2 1.7 J
Isopropylbenzene 420 {nc} 1,800 {nc} ug/m3 <6.5 <6.6 <6.5 <6.3 0.78 J <26 <4.5 <4.8
m,p-Xylene - - - - ug/m3 8.2 3.7 J 1.8 J 8 2.0 J 9.1 J 1.1 J <4.2
Methylene Chloride 52 {ca} 260 {ca} ug/m3 <4.6 1.8 J <4.6 1.4 J <4.5 21 2.1 J 5
n-Propylbenzene - - - - ug/m3 <6.5 <6.6 <6.5 1.7 J <6.3 <26 <4.5 <4.8
o-Xylene 730 {nc} 3,100 {nc} ug/m3 2.6 J 2.1 J 1.3 J 2.8 J 2.3 J 4.6 J <4.0 <4.2
Styrene 1,000 {nc} 4,400 {nc} ug/m3 1.3 J <5.7 1.2 J 3.1 J <5.5 3.7 J <3.9 <4.2
Tetrachloroethene 4.1 {ca} 21 {ca} ug/m3 <9.0 <9.1 3.3 J <8.8 4.8 J <36 1.9 J 1.7 J
Tetrahydrofuran - - - - ug/m3 3.6 J 3.4 J <3.9 3.2 J <3.8 12 J <2.7 <2.9
Toluene 5,200 {nc} 22,000 {nc} ug/m3 3.9 J 8.3 7.7 11 2.8 J 16 J 2.5 J 1.3 J
Trichloroethene 12 {ca} 61 {ca} ug/m3 3.0 J 5.2 J 1.2 J 22 13 17 J 17 9.9
Trichlorofluoromethane 730 {nc} 3,100 {nc} ug/m3 2.2 J 3.4 J 3.1 J 3.3 J 2.6 J <30 1.7 J 2.0 J
Xylenes (total) 100 {nc} 440 {nc} ug/m3 11 J 5.8 J 3.1 J 11 J 4.3 J 14 J 1.1 J <4.2
Notes: Region Screening Level Key
(a)  USEPA (2008) redidential and industrial air Regional Screening Levels (RSLs)  ca - RSL based on cancer endpoint

Following USEPA (2002) guidance, air RSLs were adjusted by a factor of 10 to nc - RSL basedon non-cancer endpoint
account for attenuation from shallow soil gas and subslab soil gas to indoor air.  max - RSL based on ceiling limit

Bold - results detected above Residential Soil Shallow Soil Gas Screening sat - RSL based on saturation limit
Shaded - results detected above Industrial Shallow Soil Gas Screening ca* - where nc screening level < 100X ca screening level
Results in brackets [ ## ] represent duplicate sample concentrations. ca** - where nc screening level < 10X ca screening level
J - concentration is estimated

Shallow Soil Gas 
Screening - Residential

Shallow Soil Gas 
Screening - Industrial
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Table 3-2. Summary of Laboratory Analytical Results for Detected Compounds in Soil at Building 1034 
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1034SB001 1034SB001 1034SB004 1034SB004 1034SB006 1034SB006 1034SB007 1034SB007 1034SB008 1034SB008
Sample Depth(Feet): 0.5 - 1.5 7 - 8 0.5 - 1.5 5 - 6 0.5 - 1.5 7 - 8 0.5 - 1.5 7 - 8 0.5 - 1.5 4 - 5

Date Collected: Units 05/08/08 05/08/08 05/08/08 05/08/08 05/09/08 05/09/08 05/09/08 05/09/08 05/08/08 05/08/08
Volatile Organics
Acetone 110,000 {sat} 88 - - mg/kg <0.011 <0.012 <0.017 <0.016 0.065 J [0.056 J] <0.016 <0.012 <0.012 <0.013 <0.010
Carbon Disulfide 260 {sat} 5.4 - - mg/kg 0.00032 J <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Chloroform 1.5 {ca} 0.0011 - - mg/kg <0.0056 0.0058 J <0.0086 0.00084 J <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 0.0042 J
Chloromethane 8.4 {ca*} 0.0092 - - mg/kg <0.0056 <0.00061 B <0.0086 <0.0082 0.00071 J [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Dichlorodifluoromethane 78 {nc} 12.2 - - mg/kg <0.0056 <0.0061 0.0044 J 0.0096 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 0.014 0.017
Methylcylohexane 71 {sat} 280 - - mg/kg 0.00090 J <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Xylenes (total) 300 {sat} 220 - - mg/kg 0.0012 J <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Semivolatile Organics
Acenaphthene 3,300 {nc} 540 - - mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 0.049
Acenaphthylene 3,300 {nc} - - - - mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 0.40 J 0.64
Anthracene 170,000 {max} 9,000 - - mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 0.30
Benzo(a)anthracene 2.1 {ca**} 0.28 - - mg/kg <0.17 <0.18 <0.23 <0.21 <0.17 [<0.17] <0.16 <0.16 <0.15 1.8 2.6
Benzo(a)pyrene 0.21 {ca**} 6.2 - - mg/kg <0.17 <0.18 <0.23 <0.21 <0.17 [<0.17] <0.16 <0.16 <0.15 3.0 4.0
Benzo(b)fluoranthene 2.1 {ca**} 0.94 - - mg/kg <0.17 <0.18 <0.23 <0.21 <0.17 [<0.17] <0.16 0.052 J <0.15 2.7 4.0 J
Benzo(g,h,i)perylene 1,700 {nc} - - - - mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 2.1 J 3.1
Benzo(k)fluoranthene 21 {ca**} 9.2 - - mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 2.4 J 2.6
Caprolactam 310,000 {max} 114 - - mg/kg 0.19 J <0.45 0.19 J <0.52 0.20 J [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
Chrysene 210 {ca**} 28 - - mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 2.3 J 3.0
Dibenzo(a,h)anthracene 0.21 {ca**} 0.3 - - mg/kg <0.17 <0.18 <0.23 <0.21 <0.17 [<0.17] <0.16 <0.16 <0.15 2.2 1.2
Dibenzofuran - - - - - - mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 0.033
Diethylphthalate 490,000 {max} 260 - - mg/kg <0.42 <0.45 <0.58 0.067 <0.42 [<0.43] 0.094 <0.41 0.054 <4.0 <0.39
Di-n-Butylphthalate 6,200 {nc} 220 - - mg/kg 0.055 J <0.45 0.056 J <0.52 <0.042 B [<0.040 B] <0.41 <0.047 B <0.37 <4.0 <0.39
Fluoranthene 2,200 {nc} 4,200 - - mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 3.3 J 4.7
Fluorene 2,200 {nc} 660 - - mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 0.14
Indeno(1,2,3-cd)pyrene 2.1 {ca**} 3.2 - - mg/kg <0.17 <0.18 <0.23 <0.21 <0.17 [<0.17] <0.16 <0.16 <0.15 2.8 2.3
Naphthalene 67 {nc} 0.48 - - mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 0.046
Pyrene 1,700 {nc} 3,000 - - mg/kg <0.42 <0.45 J <0.58 <0.52 J <0.42 [<0.43] <0.41 J <0.41 <0.37 J 3.9 J 5.3 J
Explosives
None Detected - - - - - - - - - - - - - - - - - - [- -] - - - - - - - - - -
PCBs
Aroclor-1254 0.74 {ca*} 0.102 - - mg/kg <0.021 <0.022 <0.029 <0.026 <0.020 [<0.021] <0.020 0.048 <0.018 <0.020 <0.019
Aroclor-1260 0.74 {ca**} 0.28 - - mg/kg 0.064 <0.022 <0.029 <0.026 <0.020 [<0.050 B] <0.020 <0.0089 B <0.018 0.012 J 0.024
Inorganics
Aluminum 990,000 {max} - - 40,041 mg/kg 33,300 41,000 61,700 34,000 44,300 [32,200] 14,600 29,000 12,600 29,700 12,800
Arsenic 1.6 {ca} - - 15.8 {C} mg/kg 3.40 1.90 10.1 4.40 4.10 [4.90] 3.80 1.60 4.30 4.00 11.7
Barium 190,000 {max} - - 209 {N} mg/kg 59.4 74.7 91.4 47.7 43.9 [66.1] 25.8 73.3 48.7 75.1 174
Beryllium 200 {nc} - - 1.02 {N} mg/kg 0.770 J 1.10 1.60 J 2.30 0.620 [0.740] 0.670 1.10 0.710 0.930 J 1.00
Cadmium 81 {nc} - - 0.69 {N} mg/kg <1.30 0.310 <1.80 0.690 <1.30 J [0.320 J] <1.20 <1.20 <1.10 <1.20 0.300
Calcium - - - - - - mg/kg 2,440 J 764 2,820 J 546 541 J [1,360 J] <1,190 2,070 J <1,090 6,100 J 771
Chromium 1,460 {ca**} - - 65.3 {N} mg/kg 37.7 47.4 46.4 25.1 37.5 [39.6] 45.0 59.1 30.1 36.2 13.7
Cobalt 30 {nc} - - 72.3 mg/kg 8.20 8.00 10.2 34.5 3.90 [6.20] 5.50 11.0 10.4 11.6 10.8
Copper 4,100 {nc} - - 53.5 {N} mg/kg 20.1 28.8 79.0 29.7 11.7 J [39.9 J] 10.4 27.6 6.30 22.2 13.6
Iron 720,000 {max} - - 50,962 {N} mg/kg 46,800 47,600 76,800 49,500 50,200 [42,700] 25,300 90,500 23,500 48,100 49,300
Lead 750 { } - - 26.8 mg/kg 14.3 20.7 60.8 102 15.2 [21.7] 8.10 29.2 4.50 15.7 4.60
Magnesium - - - - - - mg/kg 2,100 J 2,530 2,750 J 9,880 1,040 [1,290] 525 1,410 467 4,300 J 768
Manganese 2,300 {nc} - - 2,543 {N} mg/kg 214 J 164 J 108 J 979 J 59.4 J [276 J] 92.4 J 1,130 356 J 329 J 1,090 J
Mercury 3.1 {sat} 2 0.13 mg/kg 0.0450 J 0.0170 J 0.490 J <0.0510 J 0.250 [0.140] <0.0420 J 0.130 <0.0370 J 0.350 J 0.250 J
Nickel 2,000 {nc} - - 62.8 {N} mg/kg 13.5 19.9 26.1 30.3 11.1 [10.0] 9.80 11.7 10.1 15.4 10.5
Potassium - - - - - - mg/kg 1,270 2,210 1,950 6,270 922 [955] 598 1,010 549 1,670 735
Vanadium 520 {nc} - - 108 {N} mg/kg 73.9 101 133 76.0 81.7 [77.4] 39.5 89.1 27.2 76.8 37.1
Zinc 310,000 {max} - - 202 {N} mg/kg 36.6 56.3 149 182 25.0 J [82.7 J] 27.0 53.9 18.0 47.2 26.6
Notes: Region Screening Level Key
(a)  USEPA (2008) Regional Screening Levels (RSLs). ca - RSL based on cancer endpoint
(b)  USEPA (2008) Protection of Groundwater Soil Screening Level (SSL) DAF 20. nc - RSL basedon non-cancer endpoint
Bold - results detected above facility-wide background values max - RSL based on ceiling limit
Italics - results detected above Protection of Groundwater SSL sat - RSL based on saturation limit
Shaded - results detected above adjusted Industrial Soil RSL ca* - where nc screening level < 100X ca screening level
Results in brackets [ ## ] represent duplicate sample concentrations. ca** - where nc screening level < 10X ca screening level
NA - parameter not analyzed
J - concentration is estimated
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Table 3-3. Summary of Laboratory Analytical Results for Detected Compounds in Soil Gas at Building 1041
RAAP-047 RFI, Report Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1041SG001 1041SG002 1041SG003 1041SG004 1041SLB00A
Date Collected: Units 05/08/08 05/08/08 05/08/08 05/08/08 05/06/08

Volatile Organics
1,1,1-Trichloroethane 5,200 {nc} 22,000 {nc} ug/m3 3.5 J 5.9 J 480 <7.5 6.8
1,1-Dichloroethene 210 {nc} 880 {nc} ug/m3 <5.0 <5.1 52 <5.5 <3.5
1,3-Butadiene 0.81 {ca*} 4.1 {ca*} ug/m3 29 20 24 37 <2.0
2-Butanone 5,200 {nc} 22,000 {nc} ug/m3 20 11 11 21 1.5 J
2-Hexanone - - - - ug/m3 <21 1.5 J <56 2.1 J <15
2-Propanol - - - - ug/m3 <12 0.99 J <34 <14 0.96 J
4-Ethyltoluene - - - - ug/m3 <6.2 <6.3 <17 1.6 J <4.4
4-Methyl-2-pentanone 3,100 {nc} 13,000 {nc} ug/m3 1.3 J 1.3 J <14 <5.6 <3.7
Acetone 320,000 {max} 1,400,000 {max} ug/m3 190 59 97 100 9.8
Benzene 3.1 {ca*} 16 {ca*} ug/m3 15 5.6 8.6 J 21 <2.8
Bromomethane 5.2 {nc} 22 {nc} ug/m3 3.9 J <5.0 <13 <5.4 <3.5
Carbon Disulfide 730 {nc} 3,100 {nc} ug/m3 20 4.6 9.4 J 25 1.3 J
Chloroform 1.1 {ca} 5.3 {ca} ug/m3 10 370 6.7 J 2.7 J 170
Chloromethane 14 {ca*} 68 {ca*} ug/m3 <10 <11 <28 2.2 J <7.4
Cyclohexane 6,300 {nc} 26,000 {nc} ug/m3 1.5 J 2.7 J <12 3.0 J <3.1
Dichlorodifluoromethane 210 {nc} 880 {nc} ug/m3 2.4 J 3.5 J <17 <6.8 3.3 J
Ethanol - - - - ug/m3 23 4.6 J 8.4 J 11 1.4 J
Ethylbenzene 9.7 {ca} 49 {ca} ug/m3 2.2 J <5.6 <15 3.7 J <3.9
Heptane - - - - ug/m3 9.7 5.8 48 15 <3.7
Hexane 730 {nc} 3,100 {nc} ug/m3 13 7.6 57 22 <3.2
m,p-Xylene - - - - ug/m3 2.4 J <5.6 1.9 J 4.6 J <3.9
Methylene Chloride 52 {ca} 260 {ca} ug/m3 <4.4 <4.5 4.2 J <4.8 1.3 J
o-Xylene 730 {nc} 3,100 {nc} ug/m3 1.5 J 0.98 J 3.4 J 2.4 J <3.9
Styrene 1,000 {nc} 4,400 {nc} ug/m3 2.0 J <5.5 <15 2.4 J <3.8
Tetrachloroethene 4.1 {ca} 21 {ca} ug/m3 <8.6 5.6 J 540 <9.4 3.2 J
Tetrahydrofuran - - - - ug/m3 2.7 J <3.8 7.1 J 2.9 J <2.6
Toluene 5,200 {nc} 22,000 {nc} ug/m3 13 5.4 7.4 J 19 1.8 J
Trichloroethene 12 {ca} 61 {ca} ug/m3 5.4 J 18 3,300 <7.4 46
Trichlorofluoromethane 730 {nc} 3,100 {nc} ug/m3 <7.1 3.4 J <19 <7.8 1.3 J
Xylenes (total) 100 {nc} 440 {nc} ug/m3 3.9 J 0.98 J 5.3 J 7.0 J <3.9
Notes: Region Screening Level Key
(a)  USEPA (2008) redidential and industrial air Regional Screening Levels (RSLs)  ca - RSL based on cancer endpoint

Following USEPA (2002) guidance, air RSLs were adjusted by a factor of 10 to nc - RSL basedon non-cancer endpoint
account for attenuation from shallow soil gas and subslab soil gas to indoor air.  max - RSL based on ceiling limit

Bold - results detected above Residential Soil Shallow Soil Gas Screening sat - RSL based on saturation limit
Shaded - results detected above Industrial Shallow Soil Gas Screening ca* - where nc screening level < 100X ca screening level
Results in brackets [ ## ] represent duplicate sample concentrations. ca** - where nc screening level < 10X ca screening level
J - concentration is estimated

Shallow Soil Gas 
Screening - Residential

Shallow Soil Gas 
Screening - Industrial
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Table 3-4. Summary of Laboratory Analytical Results for Detected Compounds in Soil at Building 1041
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1041SB001 1041SB001 1041SB002 1041SB002 1041SB003 1041SB003 1041SB004 1041SB004 1041SB006
Sample Depth(Feet): 0.5 - 1.5 7 - 8 1 - 2 7 - 8 0.5 - 1.5 7 - 8 0 - 1 7 - 8 0.5 - 1

Date Collected: Units 05/09/08 05/09/08 05/08/08 05/08/08 05/09/08 05/09/08 05/08/08 05/08/08 06/25/08
Volatile Organics
Acetone 110,000 {sat} 88 - - mg/kg <0.011 <0.016 <0.011 <0.011 0.010 J <0.015 <0.013 <0.016 NA
Chloroform 1.5 {ca} 0.0011 - - mg/kg <0.0056 <0.0080 <0.0053 0.0063 <0.0058 <0.0077 <0.0066 <0.0078 NA
Dichlorodifluoromethane 78 {nc} 12.2 - - mg/kg <0.0056 <0.0080 0.0030 J <0.0054 <0.0058 <0.0077 0.0083 <0.0078 NA
Methylene Chloride 54 {ca} 0.026 - - mg/kg <0.0069 B <0.020 B <0.0098 B <0.0065 B <0.0093 B <0.016 B <0.0061 B <0.014 B NA
Toluene 930 {sat} 15.2 - - mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 0.00070 J <0.0066 <0.0078 NA
Trichloroethene 14 {ca} 0.038 - - mg/kg <0.0056 <0.0080 <0.0053 <0.0054 0.0015 J 0.0011 J <0.0066 <0.0078 NA
Semivolatile Organics
bis(2-Ethylhexyl)phthalate 120 {ca*} 40 - - mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 0.051 J <0.48 NA
Caprolactam 310,000 {max} 114 - - mg/kg 0.14 J 0.11 0.14 J <0.43 <0.41 0.15 0.16 J <0.48 NA
Diethylphthalate 490,000 {max} 260 - - mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 0.12 0.045 J <0.48 NA
Di-n-Butylphthalate 6,200 {nc} 220 - - mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 0.077 J <0.48 NA
Explosives
None Detected - - - - - - - - - - - - - - - - - - - - - - - - NA
PCBs
Aroclor-1254 0.74 {ca*} 0.102 - - mg/kg <0.021 <0.025 0.033 <0.021 <0.020 <0.025 0.21 <0.024 <0.020
Aroclor-1260 0.74 {ca**} 0.28 - - mg/kg <0.021 <0.025 0.028 <0.021 <0.020 <0.025 0.092 <0.024 <0.020
Inorganics
Aluminum 990,000 {max} - - 40,041 mg/kg 26,300 31,800 28,300 23,900 13,200 22,000 25,300 29,200 NA
Arsenic 1.6 {ca} - - 15.8 {C} mg/kg 4.20 1.60 3.50 3.70 1.30 <2.90 4.10 1.90 NA
Barium 190,000 {max} - - 209 {N} mg/kg 137 146 60.1 73.3 32.3 35.5 87.8 76.3 NA
Beryllium 200 {nc} - - 1.02 {N} mg/kg 1.30 2.30 0.740 J 0.830 0.410 1.50 0.820 J 2.50 NA
Cadmium 81 {nc} - - 0.69 {N} mg/kg <1.20 0.540 <1.30 0.370 <1.20 <1.50 0.270 J 0.490 NA
Calcium - - - - - - mg/kg 7,110 994 6,490 J 5,080 16,600 645 1,420 J 653 NA
Chromium 1,460 {ca**} - - 65.3 {N} mg/kg 30.4 29.4 29.0 27.2 15.5 16.8 28.1 38.3 NA
Cobalt 30 {nc} - - 72.3 mg/kg 37.3 25.5 9.90 12.4 6.50 8.00 9.80 13.3 NA
Copper 4,100 {nc} - - 53.5 {N} mg/kg 14.6 5.00 20.2 13.4 5.00 4.00 20.4 9.00 NA
Iron 720,000 {max} - - 50,962 {N} mg/kg 35,700 60,500 37,700 36,900 14,000 41,600 42,700 60,900 NA
Lead 750 { } - - 26.8 mg/kg 19.1 2.00 13.3 10.2 6.20 1.90 34.9 2.50 NA
Magnesium - - - - - - mg/kg 4,830 8,030 3,450 J 3,890 9,670 1,470 1,480 J 7,190 NA
Manganese 2,300 {nc} - - 2,543 {N} mg/kg 3,300 1,530 J 276 J 538 J 449 487 J 715 J 893 J NA
Mercury 3.1 {sat} 2 0.13 mg/kg 0.0770 <0.0510 J 0.130 J 0.0570 J 0.0350 J <0.0480 J 0.270 J <0.0410 J NA
Nickel 2,000 {nc} - - 62.8 {N} mg/kg 17.4 30.7 12.4 12.2 5.80 14.5 11.9 24.7 NA
Potassium - - - - - - mg/kg 1,360 1,390 1,180 1,230 538 2,140 1,280 5,150 NA
Vanadium 520 {nc} - - 108 {N} mg/kg 54.2 45.3 57.9 49.9 17.5 29.0 59.4 67.4 NA
Zinc 310,000 {max} - - 202 {N} mg/kg 40.9 64.2 30.0 24.7 15.1 16.0 78.6 57.3 NA
Notes: Region Screening Level Key
(a)  USEPA (2008) Regional Screening Levels (RSLs). ca - RSL based on cancer endpoint
(b)  USEPA (2008) Protection of Groundwater Soil Screening Level (SSL) DAF 20. nc - RSL basedon non-cancer endpoint
Bold - results detected above facility-wide background values max - RSL based on ceiling limit
Italics - results detected above Protection of Groundwater SSL sat - RSL based on saturation limit
Shaded - results detected above adjusted Industrial Soil RSL ca* - where nc screening level < 100X ca screening level
Results in brackets [ ## ] represent duplicate sample concentrations. ca** - where nc screening level < 10X ca screening level
J - concentration is estimated
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Table 3-4. Summary of Laboratory Analytical Results for Detected Compounds in Soil at Building 1041
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID:
Sample Depth(Feet):

Date Collected: Units
Volatile Organics
Acetone 110,000 {sat} 88 - - mg/kg
Chloroform 1.5 {ca} 0.0011 - - mg/kg
Dichlorodifluoromethane 78 {nc} 12.2 - - mg/kg
Methylene Chloride 54 {ca} 0.026 - - mg/kg
Toluene 930 {sat} 15.2 - - mg/kg
Trichloroethene 14 {ca} 0.038 - - mg/kg
Semivolatile Organics
bis(2-Ethylhexyl)phthalate 120 {ca*} 40 - - mg/kg
Caprolactam 310,000 {max} 114 - - mg/kg
Diethylphthalate 490,000 {max} 260 - - mg/kg
Di-n-Butylphthalate 6,200 {nc} 220 - - mg/kg
Explosives
None Detected - - - - - - - -
PCBs
Aroclor-1254 0.74 {ca*} 0.102 - - mg/kg
Aroclor-1260 0.74 {ca**} 0.28 - - mg/kg
Inorganics
Aluminum 990,000 {max} - - 40,041 mg/kg
Arsenic 1.6 {ca} - - 15.8 {C} mg/kg
Barium 190,000 {max} - - 209 {N} mg/kg
Beryllium 200 {nc} - - 1.02 {N} mg/kg
Cadmium 81 {nc} - - 0.69 {N} mg/kg
Calcium - - - - - - mg/kg
Chromium 1,460 {ca**} - - 65.3 {N} mg/kg
Cobalt 30 {nc} - - 72.3 mg/kg
Copper 4,100 {nc} - - 53.5 {N} mg/kg
Iron 720,000 {max} - - 50,962 {N} mg/kg
Lead 750 { } - - 26.8 mg/kg
Magnesium - - - - - - mg/kg
Manganese 2,300 {nc} - - 2,543 {N} mg/kg
Mercury 3.1 {sat} 2 0.13 mg/kg
Nickel 2,000 {nc} - - 62.8 {N} mg/kg
Potassium - - - - - - mg/kg
Vanadium 520 {nc} - - 108 {N} mg/kg
Zinc 310,000 {max} - - 202 {N} mg/kg
Notes:
(a)  USEPA (2008) Regional Screening Levels (RSLs).
(b)  USEPA (2008) Protection of Groundwater Soil Screening Level (SSL) DAF 20.
Bold - results detected above facility-wide background values
Italics - results detected above Protection of Groundwater SSL
Shaded - results detected above adjusted Industrial Soil RSL
Results in brackets [ ## ] represent duplicate sample concentrations.
J - concentration is estimated

Adjusted Soil 
Screening Values-

Industrial

Soil to 
Groundwater 
SSL (DAF 20)

Facility-Wide 
Background 

Values

1041SB007 1041SB008 1041SB009 1041SB010 1041SB011 1041SB014 1041SB018 1041SB019
0.5 - 1 0.5 - 1 7 - 8 7 - 8 8 - 9 6 - 7 6 - 7 6 - 7

06/25/08 06/25/08 06/26/08 06/26/08 06/26/08 06/26/08 06/27/08 06/27/08

NA NA <0.014 <0.014 <0.014 [<0.014] <0.014 <0.016 0.0034
NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 0.0038 J <0.0057
NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
NA NA 0.012 0.011 0.015 [0.011] 0.0098 0.0065 0.0049
NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057

NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA

<0.020 <0.020 NA NA NA NA NA NA
<0.020 <0.020 NA NA NA NA NA NA

NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA

Region Screening Level Key
ca - RSL based on cancer endpoint
nc - RSL basedon non-cancer endpoint
max - RSL based on ceiling limit
sat - RSL based on saturation limit
ca* - where nc screening level < 100X ca screening level
ca** - where nc screening level < 10X ca screening level
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Table 3-5. Summary of Laboratory Analytical Results for Detected Compounds in Groundwater at Building 1041 
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1041HP001 1041HP001A 1041HP002 1041HP003 1041HP004 1041HP015 1041HP016 1041HP017 1041HP017 1041HP018 1041HP018 1041HP019
Sample Depth(): 17 - 28 22 - 25 30 - 33 22 - 25 31 - 34 18 - 28

Filtered or Unfiltered: unfiltered unfiltered unfiltered unfiltered unfiltered unfiltered unfiltered unfiltered unfiltered unfiltered unfiltered unfiltered
Date Collected: Units 05/09/08 06/29/08 05/08/08 05/09/08 05/09/08 06/27/08 06/27/08 06/27/08 06/27/08 06/27/08 06/27/08 06/30/08

Volatile Organics
2-Butanone 7,100 {nc} - - - - ug/L <10 NA <10 <10 <10 8.7 J <10 <10 <10 <10 [<10] <10 <10
Acetone 22,000 {nc} - - - - ug/L 3.8 J NA <10 2.8 J <10 45 1.4 15 13 9.7 [8.6] 19 2.7
Chloroform 0.19 {ca} 80 - - ug/L 35 NA 42 42 44 1.1 51 38 52 38 [37] 48 31
Trichloroethene 1.7 {ca} 5 - - ug/L <1.0 NA <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 [<1.0] 0.32 J <1.0
Semivolatile Organics
None Detected - - - - - - - - - - NA - - - - - - NA NA NA NA NA NA NA
Explosives
None Detected - - - - - - - - - - NA - - - - - - NA NA NA NA NA NA NA
PCBs
Aroclor-1260 0.034 {ca**} 0.5 - - ug/L 1.8 <0.50 <0.53 <0.48 <0.48 NA NA NA NA NA NA NA
Inorganics
Aluminum 37,000 {nc} - - - - ug/L 53,800 NA 2,120 32,000 12,000 NA NA NA NA NA NA NA
Antimony 15 {nc} 6 3 ug/L NA NA NA NA NA NA NA NA NA NA NA NA
Arsenic 0.045 {ca} 10 1 ug/L 16.8 NA 1.00 J 27.6 5.80 J NA NA NA NA NA NA NA
Barium 7,300 {nc} 2,000 173 ug/L 618 NA 36.6 226 80.3 NA NA NA NA NA NA NA
Beryllium 73 {nc} 4 0.7 ug/L 4.90 J NA 0.330 J 4.40 J <5.00 NA NA NA NA NA NA NA
Cadmium 18 {nc} 5 1.45 ug/L NA NA NA NA NA NA NA NA NA NA NA NA
Calcium - - - - - - ug/L 23,500 NA 17,500 18,800 27,000 NA NA NA NA NA NA NA
Chromium - - 100 - - ug/L 139 NA 4.70 144 38.4 NA NA NA NA NA NA NA
Cobalt - - - - 7 ug/L 55.0 NA 3.10 J 129 5.30 J NA NA NA NA NA NA NA
Copper 1,500 {nc} 1,300 18 ug/L 95.2 NA 10.8 222 <25.0 NA NA NA NA NA NA NA
Iron 26,000 {nc} - - - - ug/L 170,000 NA 6,230 205,000 25,000 NA NA NA NA NA NA NA
Lead - - 15 10 ug/L 14.3 NA 1.10 J 43.0 5.40 NA NA NA NA NA NA NA
Magnesium - - - - - - ug/L 37,100 NA 7,740 18,600 23,800 NA NA NA NA NA NA NA
Manganese 880 {nc} - - - - ug/L 4,490 NA 148 3,740 301 NA NA NA NA NA NA NA
Mercury 0.63 {nc} 2 0.9 ug/L <0.200 NA <0.200 <0.200 0.230 NA NA NA NA NA NA NA
Nickel 730 {nc} - - 106 ug/L 171 NA 3.20 205 30.6 NA NA NA NA NA NA NA
Potassium - - - - - - ug/L 16,100 NA 2,530 16,200 4,280 J NA NA NA NA NA NA NA
Selenium 180 {nc} 50 1 ug/L NA NA NA NA NA NA NA NA NA NA NA NA
Silver 180 {nc} - - 2.3 ug/L NA NA NA NA NA NA NA NA NA NA NA NA
Sodium - - - - - - ug/L 15,400 NA 11,400 13,300 13,000 NA NA NA NA NA NA NA
Thallium 2.4 {nc} 2 2 ug/L NA NA NA NA NA NA NA NA NA NA NA NA
Vanadium 180 {nc} - - 17 ug/L 109 NA 6.50 J 246 27.2 J NA NA NA NA NA NA NA
Zinc 11,000 {nc} - - 75 ug/L 226 NA 8.50 210 26.4 NA NA NA NA NA NA NA
Field Parameters
pH -- -- 2.79 - 7.47 SU NA 6.72 NA NA NA 6.86 6.87 6.61 6.01 6.2 6.04 4.61
Conductivity -- -- 0.450 mS/cm NA 0.340 NA NA NA 0.366 0.249 0.214 0.268 0.178 0.210 0.175
Turbidity -- -- -- NTU NA 8.9 NA NA NA >800 >800 293 >800 >800 >800 >1100
Notes: Region Screening Level Key Region Screening Level Key
(a)  USEPA (2008) Regional Screening Levels (RSLs). ca - RSL based on cancer endpoint ca - RSL based on cancer endpoint
Shaded - results detected above Tap Water RSL nc - RSL basedon non-cancer endpoint nc - RSL basedon non-cancer endpoint
Italics - results detected above MCL max - RSL based on ceiling limit max - RSL based on ceiling limit
Bold - results detected above HWMU-5 calculated background values ca* - where nc screening level < 100X ca screening level ca* - where nc screening level < 100X ca screening level
Results in brackets [ ## ] represent duplicate sample concentrations. ca** - where nc screening level < 10X ca screening level
NA - parameter not analyzed
J - concentration is estimated
filtered samples field filtered through 0.45 micron filter

Tap Water 
Screening 

Values

MCL

HWMU-5 
Calculated 

Background 
Values
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Table 3-5. Summary of Laboratory Analytical Results for Detected Compounds in Groundwater at Building 1041 
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID:
Sample Depth():

Filtered or Unfiltered:
Date Collected: Units

Volatile Organics
2-Butanone 7,100 {nc} - - - - ug/L
Acetone 22,000 {nc} - - - - ug/L
Chloroform 0.19 {ca} 80 - - ug/L
Trichloroethene 1.7 {ca} 5 - - ug/L
Semivolatile Organics
None Detected - - - - - - - -
Explosives
None Detected - - - - - - - -
PCBs
Aroclor-1260 0.034 {ca**} 0.5 - - ug/L
Inorganics
Aluminum 37,000 {nc} - - - - ug/L
Antimony 15 {nc} 6 3 ug/L
Arsenic 0.045 {ca} 10 1 ug/L
Barium 7,300 {nc} 2,000 173 ug/L
Beryllium 73 {nc} 4 0.7 ug/L
Cadmium 18 {nc} 5 1.45 ug/L
Calcium - - - - - - ug/L
Chromium - - 100 - - ug/L
Cobalt - - - - 7 ug/L
Copper 1,500 {nc} 1,300 18 ug/L
Iron 26,000 {nc} - - - - ug/L
Lead - - 15 10 ug/L
Magnesium - - - - - - ug/L
Manganese 880 {nc} - - - - ug/L
Mercury 0.63 {nc} 2 0.9 ug/L
Nickel 730 {nc} - - 106 ug/L
Potassium - - - - - - ug/L
Selenium 180 {nc} 50 1 ug/L
Silver 180 {nc} - - 2.3 ug/L
Sodium - - - - - - ug/L
Thallium 2.4 {nc} 2 2 ug/L
Vanadium 180 {nc} - - 17 ug/L
Zinc 11,000 {nc} - - 75 ug/L
Field Parameters
pH -- -- 2.79 - 7.47 SU
Conductivity -- -- 0.450 mS/cm
Turbidity -- -- -- NTU
Notes:
(a)  USEPA (2008) Regional Screening Levels (RSLs).
Shaded - results detected above Tap Water RSL
Italics - results detected above MCL
Bold - results detected above HWMU-5 calculated background values
Results in brackets [ ## ] represent duplicate sample concentrations.
NA - parameter not analyzed
J - concentration is estimated
filtered samples field filtered through 0.45 micron filter

Tap Water 
Screening 

Values

MCL

HWMU-5 
Calculated 

Background 
Values

1041HP020 1041HP020 1041HP021 1041HP021
25 - 30 25 - 30 21 - 26 21 - 26

unfiltered filtered unfiltered filtered
07/08/09 07/08/09 07/08/09 07/08/09

NA NA NA NA
NA NA NA NA
NA NA NA NA
NA NA NA NA

NA NA NA NA

NA NA NA NA

NA NA NA NA

349000 13100 1090000 [1020000] < 200 [< 200]
< 150 < 15 < 150 [< 150] < 15 [< 15]
124 12.9 188 [157] < 10 [< 10]
4220 184 6420 [5880] 52.9 [53.8]
42 1.4 J 54.4 [50.7] < 5 [< 5]

10.2 UB < 5 14.6 J [16.8 J] < 5 [< 5]
67200 J 18800 J 348000 J [317000 J] 20900 J [20600 J]

716 24 2720 [2520] < 10 [< 10]
1080 33 1090 [994] < 15 [< 15]
1040 37 852 [826] < 10 [< 10]

2000000 82600 J 2570000 [2330000] < 100 [< 100]
220 7.5 230 [219] < 3 [< 3]

186000 13000 823000 [747000] 11400 [11400]
57800 J 2180 41300 J [37800 J] 133 [130]

0.47 < 0.2 0.52 [0.47] < 0.2 [< 0.2]
2340 83.5 3220 [2860] < 10 [3.8 J]
23700 8210 134000 [128000] 6840 [6960]
< 50 < 5 < 50 [< 50] < 5 [< 5]
< 100 < 10 < 100 [< 100] < 10 [< 10]

20700 J 19400 15500 J [16000 J] 14800 [15100]
< 100 < 10 < 100 [< 100] < 10 [< 10]
1390 53 2700 [2510] < 10 [< 10]
1800 61.3 2190 [1950] < 20 [< 20]

NA NA NA NA
NA NA NA NA

>1100 NA >1100 NA
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Table 3-6. Summary of Laboratory Analytical Results for Detected Compounds in Soil Gas at Building 1549
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1549SG001 1549SG003 1549SG004 1549SG006 1549SG007 1549SG008 1549SLB00A
Date Collected: Units 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/06/08

Volatile Organics
1,1,1-Trichloroethane 5,200 {nc} 22,000 {nc} ug/m3 <7.0 <6.9 3.1 J <7.2 <7.9 <7.3 <6.3
1,1-Dichloroethane 15 {ca} 77 {ca} ug/m3 <5.2 <5.1 2.0 J <5.3 <5.8 <5.4 <4.6
1,2,4-Trimethylbenzene 7.3 {nc} 31 {nc} ug/m3 1.2 J 3.2 J 7.8 <6.5 1.5 J 110 4.2 J
1,2-Dichlorobenzene 210 {nc} 880 {nc} ug/m3 5.4 J <7.6 7.9 J <7.9 <8.7 <8.1 <6.9
1,3,5-Trimethylbenzene - - - - ug/m3 <6.3 2.0 J <7.3 <6.5 <7.1 94 2.6 J
1,3-Butadiene 0.81 {ca*} 4.1 {ca*} ug/m3 10 12 10 12 14 43 <2.5
1,3-Dichlorobenzene - - - - ug/m3 0.87 J <7.6 <8.9 <7.9 <8.7 <8.1 <6.9
1,4-Dichlorobenzene 2.2 {ca} 11 {ca} ug/m3 3.2 J <7.6 2.5 J <7.9 <8.7 <8.1 <6.9
1,4-Dioxane 3,800 {nc} 16,000 {nc} ug/m3 <18 <18 5.5 J <19 <21 <19 <16
2,2,4-Trimethylpentane - - - - ug/m3 <6.0 <5.9 <6.9 <6.2 <6.8 180 <5.4
2-Butanone 5,200 {nc} 22,000 {nc} ug/m3 82 40 89 100 33 62 4
2-Hexanone - - - - ug/m3 6.8 J <21 11 J 15 J 2.3 J <22 <19
2-Propanol - - - - ug/m3 <13 4.1 J 17 8.6 J <14 3.6 J 0.76 J
4-Ethyltoluene - - - - ug/m3 <6.3 2.7 J 6.0 J 1.0 J 1.6 J 54 2.2 J
4-Methyl-2-pentanone 3,100 {nc} 13,000 {nc} ug/m3 4.8 J 4.2 J 8.5 10 2.1 J <5.5 <4.7
Acetone 320,000 {max} 1,400,000 {max} ug/m3 370 260 720 500 120 260 48
Benzene 3.1 {ca*} 16 {ca*} ug/m3 5.8 7.9 7.7 9.5 8.2 34 1.3 J
Carbon Disulfide 730 {nc} 3,100 {nc} ug/m3 2.0 J 2.8 J 9.3 <4.1 12 16 1.5 J
Chloromethane 14 {ca*} 68 {ca*} ug/m3 <11 <10 4.2 J <11 <12 <11 <9.5
cis-1,2-Dichloroethene - - - - ug/m3 <5.1 <5.0 29 <5.2 <5.7 <5.3 <4.6
Cyclohexane 6,300 {nc} 26,000 {nc} ug/m3 <4.4 34 22 1.5 J 1.4 J 56 0.73 J
Dichlorodifluoromethane 210 {nc} 880 {nc} ug/m3 <6.4 3.0 J <7.3 2.6 J <7.1 2.8 J 1.6 J
Ethanol - - - - ug/m3 120 49 90 21 6.1 J 7.4 J <8.7
Ethylbenzene 9.7 {ca} 49 {ca} ug/m3 <5.6 3.8 J 2.9 J 2.2 J 3.2 J 9.8 4.4 J
Heptane - - - - ug/m3 <5.2 18 50 16 6.8 64 1.9 J
Hexane 730 {nc} 3,100 {nc} ug/m3 <4.5 <4.4 30 <4.6 <5.1 61 2.8 J
Isopropylbenzene 420 {nc} 1,800 {nc} ug/m3 <6.3 1.1 J 1.3 J <6.5 1.0 J 10 <5.6
m,p-Xylene - - - - ug/m3 1.3 J 8.3 5.8 J 3.4 J 3.0 J 28 17
Methyl tert-butyl ether 94 {ca} 470 {ca} ug/m3 <4.6 <4.6 <5.3 <4.8 <5.2 42 <4.1
Methylene Chloride 52 {ca} 260 {ca} ug/m3 <4.5 1.1 J 2.0 J <4.6 <5.0 1.0 J 1.2 J
n-Propylbenzene - - - - ug/m3 <6.3 1.4 J 2.0 J <6.5 <7.1 16 1.1 J
o-Xylene 730 {nc} 3,100 {nc} ug/m3 0.70 J 5.5 4.9 J 1.8 J 1.9 J 29 7.7
Styrene 1,000 {nc} 4,400 {nc} ug/m3 0.82 J 1.9 J 1.3 J 1.9 J 1.4 J <5.7 <4.9
Tetrachloroethene 4.1 {ca} 21 {ca} ug/m3 <8.8 <8.6 4.1 J <9.0 <9.8 <9.1 <7.8
Tetrahydrofuran - - - - ug/m3 15 <3.7 4.1 J <3.9 <4.3 <4.0 1.8 J
Toluene 5,200 {nc} 22,000 {nc} ug/m3 4.1 J 9.7 7.1 11 6.9 37 2.4 J
Trichloroethene 12 {ca} 61 {ca} ug/m3 <6.9 3.7 J 3.6 J <7.1 <7.8 <7.2 <6.2
Trichlorofluoromethane 730 {nc} 3,100 {nc} ug/m3 1.5 J 1.7 J 7.1 J <7.4 4.5 J 2.0 J 1.9 J
Xylenes (total) 100 {nc} 440 {nc} ug/m3 2.0 J 14 11 J 5.2 J 4.9 J 57 25
Notes: Region Screening Level Key
(a)  USEPA (2008) redidential and industrial air Regional Screening Levels (RSLs)  ca - RSL based on cancer endpoint

Following USEPA (2002) guidance, air RSLs were adjusted by a factor of 10 to nc - RSL basedon non-cancer endpoint
account for attenuation from shallow soil gas and subslab soil gas to indoor air.  max - RSL based on ceiling limit

Bold - results detected above Residential Soil Shallow Soil Gas Screening sat - RSL based on saturation limit
Shaded - results detected above Industrial Shallow Soil Gas Screening ca* - where nc screening level < 100X ca screening level
Results in brackets [ ## ] represent duplicate sample concentrations. ca** - where nc screening level < 10X ca screening level
J - concentration is estimated

Shallow Soil Gas 
Screening - Residential

Shallow Soil Gas 
Screening - Industrial
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Table 3-7. Summary of Laboratory Analytical Results for Detected Compounds in Soil at Building 1549 
RAAP-047 RFI Report, Radford Army Ammunititon Plant, Radford, Virginia 

Location ID: 1549SB001 1549SB001 1549SB003 1549SB003 1549SB004 1549SB004 1549SB006 1549SB006
Sample Depth(Feet): 0.5 - 1.5 7 - 8 0.5 - 1.5 5 - 6 0.5 - 1.5 5 - 6 0.5 - 1.5 5 - 6

Date Collected: Units 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08
Volatile Organics
2-Butanone 28,000 {sat} 30 - - mg/kg <0.012 <0.012 0.0053 J [<0.013] 0.010 J <0.0094 0.036 J 0.0036 J 0.0053 J
Acetone 110,000 {sat} 88 - - mg/kg 0.022 0.035 0.044 [0.033] 0.034 0.017 0.14 0.027 <0.010
Carbon Disulfide 260 {sat} 5.4 - - mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 0.00036 J <0.0051 0.00048 J
Dichlorodifluoromethane 78 {nc} 12.2 - - mg/kg 0.012 0.00098 J <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Methylcylohexane 71 {sat} 280 - - mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 0.00034 J <0.0057 <0.0051 <0.0052
Toluene 930 {sat} 15.2 - - mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 0.00044 J <0.0051 <0.0052
Semivolatile Organics
Caprolactam 310,000 {max} 114 - - mg/kg <0.44 <0.39 0.10 J [<0.14 J] <0.38 0.14 J <0.42 0.12 J <0.42
Di-n-Butylphthalate 6,200 {nc} 220 - - mg/kg <0.44 <0.39 0.043 J [<0.42 J] <0.38 0.042 J <0.42 <0.42 <0.42
Indeno(1,2,3-cd)pyrene 2.1 {ca**} 3.2 - - mg/kg 0.18 <0.16 <0.17 [<0.17 J] <0.15 <0.16 <0.17 <0.17 <0.17
Explosives
Nitroglycerine 6.2 {nc} 0.034 - - mg/kg <5 <5 <5 [2.5 J] <10 <5 <5 <5 <5
PCBs
Aroclor-1254 0.74 {ca*} 0.102 - - mg/kg 0.093 <0.020 <0.022 J [0.095 J] <0.019 <0.020 0.021 <0.021 <0.020
Aroclor-1260 0.74 {ca**} 0.28 - - mg/kg <0.022 <0.020 <0.022 J [0.16 J] <0.019 <0.020 <0.021 <0.021 <0.020
Inorganics
Aluminum 990,000 {max} - - 40,041 mg/kg 35,400 15,000 33,000 [40,700] 7,080 26,200 21,500 27,100 27,100
Arsenic 1.6 {ca} - - 15.8 {C} mg/kg 6.7 1.7 4.70 [5.30] 1.5 2.9 4.1 5.8 5.2
Barium 190,000 {max} - - 209 {N} mg/kg 70.1 41.6 80.6 [60.3] 59.9 56.9 68.7 82.9 78.8
Beryllium 200 {nc} - - 1.02 {N} mg/kg 1.70 J 0.23 1.00 J [0.610 J] 0.36 0.470 J 0.78 1.20 J 1.2
Cadmium 81 {nc} - - 0.69 {N} mg/kg <1.30 0.26 <1.30 [<1.30] <1.10 <1.20 0.54 <1.20 0.64
Calcium - - - - - - mg/kg 3,550 J 320 6,620 J [1,140 J] 1,560 3,280 J 16,000 9,460 J 953
Chromium 1,460 {ca**} - - 65.3 {N} mg/kg 35.3 19.8 33.8 [40.0] 10 31.7 25.8 31.7 35.5
Cobalt 30 {nc} - - 72.3 mg/kg 11.8 1.7 8.40 J [3.40 J] 3.4 6 8.8 9.8 10.1
Copper 4,100 {nc} - - 53.5 {N} mg/kg 23.3 5.1 17.2 [19.5] 3.5 11.7 29.5 14.9 20
Iron 720,000 {max} - - 50,962 {N} mg/kg 42,100 19,400 35,100 [53,100] 7,490 30,400 25,100 30,300 34,500
Lead 750 { } - - 26.8 mg/kg 16.4 10.2 15.4 [15.0] 11.2 13.6 62.2 15.8 13.4
Magnesium - - - - - - mg/kg 5,690 J 654 6,480 J [1,180 J] 980 2,160 J 10,600 8,230 J 3,890
Manganese 2,300 {nc} - - 2,543 {N} mg/kg 258 J 83.6 J 347 J [143 J] 201 J 457 J 341 J 154 J 147 J
Mercury 3.1 {sat} 2 0.13 mg/kg 0.0800 J 0.0540 J 0.0610 J [0.130 J] <0.0360 J 0.0630 J 0.0690 J 0.0410 J 0.0650 J
Nickel 2,000 {nc} - - 62.8 {N} mg/kg 23.2 3.1 15.4 [10.8] 2.5 8.3 11.6 16.8 17.5
Potassium - - - - - - mg/kg 2,640 559 1,680 [1,030] 301 835 1,200 1,940 1,970
Selenium 510 {nc} - - - - mg/kg <1.30 <1.10 <1.30 [<1.30] <1.10 0.880 J <1.30 <1.20 <1.20
Sodium - - - - - - mg/kg <1,290 <1,140 <1,270 J [275 J] <1,140 272 <1,270 312 <1,240
Vanadium 520 {nc} - - 108 {N} mg/kg 67.5 41.2 65.6 [99.5] 19.8 60.5 47.8 55.6 59.7
Zinc 310,000 {max} - - 202 {N} mg/kg 44.1 16.7 37.3 [41.7] 14.3 26.3 40.4 39.8 28.4
Notes: Region Screening Level Key
(a)  USEPA (2008) Regional Screening Levels (RSLs). ca - RSL based on cancer endpoint
(b)  USEPA (2008) Protection of Groundwater Soil Screening Level (SSL) DAF 20. nc - RSL basedon non-cancer endpoint
Bold - results detected above facility-wide background values max - RSL based on ceiling limit
Italics - results detected above Protection of Groundwater SSL sat - RSL based on saturation limit
Shaded - results detected above adjusted Industrial Soil RSL ca* - where nc screening level < 100X ca screening level
Results in brackets [ ## ] represent duplicate sample concentrations. ca** - where nc screening level < 10X ca screening level
J - concentration is estimated

Adjusted Soil 
Screening Values-

Industrial

Soil to 
Groundwater 
SSL (DAF 20)

Facility-Wide 
Background 

Values
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Table 3-8. Summary of Laboratory Analytical Results Groundwater at Building 1549
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1549 HP008 1549 HP009 1549 HP009 1549 HP010 1549 HP010
Sample Depth(): 19 - 29 19 - 29 20 - 30 20 - 30

Filtered or Unfiltered: unfiltered unfiltered filtered unfiltered filtered
Date Collected: 05/10/08 07/08/09 07/08/09 07/08/09 07/08/09

Volatile Organics
None Detected - - - - - - - - - - - - - - - - - -
Explosives
None Detected - - - - - - - - - - - - - - - - - -
PCBs
None Detected - - - - - - - - - - - - - - - - - -
Inorganics
Aluminum 37,000 {nc} - - - - ug/L 179,000 3600000 < 200 1460000 < 200
Antimony 15 {nc} 6 3 ug/L NA < 750 < 15 < 150 < 15
Arsenic 0.045 {ca} 10 1 ug/L 35.0 1380 < 10 935 < 10
Barium 7,300 {nc} 2,000 173 ug/L 507 11500 96.5 5320 84.4
Beryllium 73 {nc} 4 0.7 ug/L 6.60 212 < 5 102 < 5
Cadmium 18 {nc} 5 1.45 u NA 123 J < 5 21.7 J < 5
Calcium - - - - - - ug/L 34,300 530000 J 60200 J 212000 J 71100 J
Chromium - - 100 - - ug/L 150 5070 < 10 1690 < 10
Cobalt - - - - 7 ug/L 213 2960 < 15 1090 < 15
Copper 1,500 {nc} 1,300 18 ug/L 113 4890 < 10 2450 < 10
Iron 26,000 {nc} - - - - ug/L 197,000 6150000 < 100 3530000 < 100
Lead - - 15 10 ug/L 90.5 2100 < 3 786 < 3
Magnesium - - - - - - ug/L 26,800 2780000 28600 1080000 29900
Manganese 880 {nc} - - - - ug/L 7,660 95700 J 164 69100 J 172
Mercury 0.63 {nc} 2 0.9 ug/L 0.360 5 < 0.2 2.6 < 0.2
Nickel 730 {nc} - - 106 ug/L 87.5 6390 3.8 J 3050 < 10
Potassium - - - - - - ug/L 11,000 180000 3570 J 55800 3380 J
Selenium 180 {nc} 50 1 ug/L NA < 250 < 5 < 50 < 5
Silver 180 {nc} - - 2.3 ug/L NA < 500 < 10 < 100 < 10
Sodium - - - - - - ug/L 11,900 30200 J 21600 13300 J 11900
Thallium 2.4 {nc} 2 2 ug/L NA < 500 < 10 < 100 < 10
Vanadium 180 {nc} - - 17 ug/L 353 5950 < 15 2930 < 15
Zinc 11,000 {nc} - - 75 ug/L 387 4990 < 20 12300 8.4 UB
Notes: Region Screening Level Key
(a)  USEPA (2008) Regional Screening Levels (RSLs). ca - RSL based on cancer endpoint
Shaded - results detected above Tap Water RSL nc - RSL basedon non-cancer endpoint
Italics - results detected above MCL max - RSL based on ceiling limit
Bold - results detected above HWMU-5 calculated background values ca* - where nc screening level < 100X ca screening level
Results in brackets [ ## ] represent duplicate sample concentrations. ca** - where nc screening level < 10X ca screening level
NA - parameter not analyzed
J - concentration is estimated
filtered samples field filtered through 0.45 micron filter

Tapwater 
Screening 

Values
MCL

HWMU-5 
Calculated 

Background 
Values

Units
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Table 5-1. Selection of Constituents of Potential Concern for Soil Gas

Maximum Concentrations Is Constituent a Soil Gas COPC? [b]

Constituent CASN Building 1034 Building 1041 Building 1549 Building 1034 Building 1041 Building 1549
(µg/m3) (µg/m3) (µg/m3) surrogate (YES, no) (YES, no) (YES, no)

1,1,1-Trichloroethane 71-55-6 4 480 3.1 5200 n no no no
1,1-Dichloroethane 75-34-3 – – 2 15 c no no no
1,1-Dichloroethene 75-35-4 – 52 – 210 n no no no
1,2,4-Trimethylbenzene 95-63-6 17 – 110 7.3 n YES no YES
1,2-Dichlorobenzene 95-50-1 – – 7.9 210 n no no no
1,3,5-Trimethylbenzene 108-67-8 14 – 94 6.3 n YES no YES
1,3-Butadiene 106-99-0 31 37 43 0.81 c YES YES YES
1,3-Dichlorobenzene 541-73-1 – – 0.87 210 n 1,2-Dichlorobenzene no no no
1,4-Dichlorobenzene 106-46-7 – – 3.2 2.2 c no no YES
1,4-Dioxane 123-91-1 – – 5.5 3800 n no no no
2,2,4-Trimethylpentane 540-84-1 – – 180 NA no no YES
2-Butanone 78-93-3 92 21 100 5200 n no no no
2-Hexanone 591-78-6 15 2.1 15 NA YES YES YES
Isopropanol 67-63-0 5.9 0.99 17 NA YES YES YES
4-Ethyltoluene 622-96-8 11 1.6 54 NA YES YES YES
4-Methyl-2-pentanone 108-10-1 7.5 1.3 10 3100 n no no no
Acetone 67-64-1 620 190 720 32000 n no no no
Benzene 71-43-2 18 21 34 3.1 c YES YES YES
Bromodichloromethane 75-27-4 58 – – NA YES no no
Bromomethane 74-83-9 5.7 3.9 – 5.2 n YES no no
Carbon Disulfide 75-15-0 30 25 16 730 n no no no
Carbon Tetrachloride 56-23-5 9.4 – – 1.6 c YES no no
Chloroform 67-66-3 8800 370 – 1.1 c YES YES no
Chloromethane 74-87-3 6.3 2.2 4.2 14 c no no no
cis-1,2-Dichloroethene 156-59-2 – – 29 63 n trans-1,2-Dichloroethene no no no
Cyclohexane 110-82-7 8.9 3 56 6300 n no no no
Dibromochloromethane 124-48-1 2.5 – – NA YES no no
Dichlorodifluoromethane 75-71-8 7.8 3.5 3 210 n no no no
Ethanol 64-17-5 36 23 120 NA YES YES YES
Ethylbenzene 100-41-4 2.9 3.7 9.8 9.7 c no no YES
Heptane 142-82-5 26 48 64 NA YES YES YES
n-Hexane 110-54-3 34 57 61 730 n no no no
Isopropylbenzene 98-82-8 0.78 – 10 420 n no no no
m,p-Xylene 136777612 9.1 4.6 28 100 n Xylenes (total) no no no
Methyl tert-butyl ether 1634-04-4 – – 42 94 c no no no
Methylene Chloride 75-09-2 21 4.2 2 52 c no no no
n-Propylbenzene 103-65-1 1.7 – 16 140 n (USEPA 2002) no no no
o-Xylene 95-47-6 4.6 3.4 29 730 n no no no
Styrene 100-42-5 3.7 2.4 1.9 1000 n no no no
Tetrachloroethene 127-18-4 4.8 540 4.1 4.1 c YES YES no
Tetrahydrofuran 109-99-9 12 7.1 15 NA YES YES YES
Toluene 108-88-3 16 19 37 5200 n no no no
Trichloroethene 79-01-6 22 3300 3.7 12 c YES YES no
Trichlorofluoromethane 75-69-4 3.4 3.4 7.1 730 n no no no
Xylenes (total) 1330-20-7 14 7 57 100 n no no no

Notes:
CASN = Chemical Abstracts Service Number.
COPC = Constituent of Potential Concern
µg/m3 = Micrograms per cubic meter.
– = Not detected/ not analyzed/ not applicable.

[a] The screening levels used were residential air Regional Screening Levels (USEPA, 2008a) assuming an attenuation factor of 10 or soil gas screening levels (USEPA, 2002a) where indicated.
Screening levels based on non-cancer effects were reduced by a factor of 10.  n = noncancer, c = cancer. 

[b] Constituents detected with maximum concentrations greater than screening levels or those without identified screening levels were considered COPCs.

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

Residential Air Screening Level Calculated Using 0.1 
Attenuation [a]

(µg/m3)
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Table 5-2. Selection of Constituents of Potential Concern for Soil
RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

Maximum Concentrations Is Constituent a Soil COPC? [c]

Constituent CASN Building 1034 Building 1041 Building 1549 Building 1034 Building 1041 Building 1549
(mg/kg) (mg/kg) (mg/kg) Surrogate (mg/kg) (YES, no) (YES, no) (YES, no)

Explosives
Nitroglycerine 55-63-0 – – 2.5 0.61 n – no no YES
Polychlorinated Biphenyls
Aroclor 1254 11097-69-1 0.048 0.21 0.095 0.11 c** – no YES no
Aroclor 1260 11096-82-5 0.064 0.092 0.16 0.22 c – no no no
Volatile Organic Compounds
2-Butanone 78-93-3 – – 0.036 2,800 ns – no no no
Acetone 67-64-1 0.065 0.01 0.14 6,100 n – no no no
Carbon Disulfide 75-15-0 0.00032 – 0.00048 67 ns – no no no
Chloroform 67-66-3 0.0058 0.0063 – 0.3 c – no no no
Chloromethane 74-87-3 0.00071 – – 1.7 c* – no no no
Dichlorodifluoromethane 75-71-8 0.017 0.0083 0.012 19 n – no no no
Methyl cyclohexane 108-87-2 0.0009 – 0.00034 720 ns Cyclohexane – no no no
Methylene Chloride 75-09-2 – 0.015 – 11 c – no no no
Toluene 108-88-3 – 0.0007 0.00044 500 ns – no no no
Trichloroethene 79-01-6 – 0.0015 – 3 c – no no no
Xylenes (total) 1330-20-7 0.0012 – – 60 ns – no no no
Semi-Volatile Organic Compounds
Acenaphthene 83-32-9 0.049 – – 340 n – no no no
Acenaphthylene 208-96-8 0.64 – – 340 n Acenaphthene – no no no
Anthracene 120-12-7 0.3 – – 1,700 n – no no no
Benzo(a)anthracene 56-55-3 2.6 – – 0.2 c – YES no no
Benzo(a)pyrene 50-32-8 4.0 – – 0.02 c – YES no no
Benzo(b)fluoranthene 205-99-2 4.0 – – 0.2 c – YES no no
Benzo(g,h,i)perylene 191-24-2 3.1 – – 170 n Pyrene – no no no
Benzo(k)fluoranthene 207-08-9 2.6 – – 2 c – YES no no
bis(2-Ethylhexyl)phthalate 117-81-7 – 0.051 – 35 c* – no no no
Caprolactam 105-60-2 0.20 0.16 0.14 3,100 n – no no no
Chrysene 218-01-9 3.0 – – 15 c – no no no
Dibenzo(a,h)anthracene 53-70-3 2.2 – – 0.02 c – YES no no
Dibenzofuran 132-64-9 0.033 – – 8 n Furan – no no no
Diethylphthalate 84-66-2 0.094 0.12 – 4,900 n – no no no
Di-n-Butylphthalate 84-74-2 0.056 0.077 0.043 610 n – no no no
Fluoranthene 206-44-0 4.7 – – 230 n – no no no
Fluorene 86-73-7 0.14 – – 230 n – no no no
Indeno(1,2,3-cd)pyrene 193-39-5 2.8 – 0.18 0.2 c – YES no YES
Naphthalene 91-20-3 0.046 – – 4 c* – no no no
Pyrene 129-00-0 5.3 – – 170 n – no no no
Inorganics
Aluminum 7429-90-5 61,700 31,800 40,700 7,700 n 40,041 YES Yes_BKG YES
Arsenic 7440-38-2 11.7 4.2 6.7 0.4 c* 15.8 Yes_BKG Yes_BKG Yes_BKG
Barium 7440-39-3 174 146 82.9 1,500 n 209 no no no
Beryllium 7440-41-7 2.3 2.5 1.7 16 n 1.02 no no no
Cadmium 7440-43-9 0.69 0.54 0.64 7 n 0.69 no no no
Calcium 7440-70-2 6,100 16,600 16,000 NA – no no no
Chromium [d] 7440-47-3 59.1 38.3 40 280 c 65 no no no
Cobalt 7440-48-4 34.5 37.3 11.8 2 n 72 Yes_BKG Yes_BKG Yes_BKG
Copper 7440-50-8 79 20.4 29.5 310 n 54 no no no
Iron 7439-89-6 90,500 60,900 53,100 5,500 n 50,962 YES YES YES
Lead 7439-92-1 102 34.9 62.2 400 27 no no no
Magnesium 7439-95-4 9,880 9,670 10,600 NA – no no no
Manganese 7439-96-5 1130 3300 457 180 n 2,543 Yes_BKG YES Yes_BKG
Mercury 7439-97-6 0.49 0.27 0.13 0.7 ns 0.13 no no no

Adjusted Residential Soil Regional 
Screening Level [a]

Background 
Level [b]

(mg/kg)
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Table 5-2. Selection of Constituents of Potential Concern for Soil
RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

Maximum Concentrations Is Constituent a Soil COPC? [c]

Constituent CASN Building 1034 Building 1041 Building 1549 Building 1034 Building 1041 Building 1549
(mg/kg) (mg/kg) (mg/kg) Surrogate (mg/kg) (YES, no) (YES, no) (YES, no)

Adjusted Residential Soil Regional 
Screening Level [a]

Background 
Level [b]

(mg/kg)
Nickel 7440-02-0 30.3 30.7 23.2 160 n 63 no no no
Potassium 7440-09-7 6,270 5,150 2,640 NA – no no no
Selenium 7782-49-2 – – 0.88 39 n – no no no
Sodium 7440-23-5 – – 312 NA – no no no
Vanadium 7440-62-2 133 67.4 99.5 55 n 108 YES Yes_BKG Yes_BKG
Zinc 7440-66-6 182 78.6 44.1 2,300 n 202 no no no

Notes:
CASN = Chemical Abstracts Service Number.
COPC = Constituent of Potential Concern.
mg/kg = Milligrams per kilogram.
– = Not detected/ not analyzed/ not applicable.

[a] The screening levels used were Regional Screening Levels for the residential scenario from USEPA (2008a).  Screening levels based on non-cancer effects were adjusted by a factor of 10.  
For chemicals whose screening levels were based on cancer effects but the noncancer screening level was less than 10x the cancer level (tagged with c**), the non-cancer level was used after adjustment.
c = cancer; * = where: n SL < 100X c SL; ** = where n SL < 10X c SL; n = noncancer; m = Concentration may exceed ceiling limit;
s = Concentration may exceed saturation concentration (Csat).

[b] Background levels for metals are facility-wide soil background point estimates taken from Facility-Wide Background Study Report (IT Corporation, 2001).
[c] Constituents detected with maximum concentrations greater than screening levels were considered COPCs for human receptors unless they were known laboratory contaminants or essential nutrients.  

They are tagged "Yes" in COPC column.  Metals detected at maximum concentrations greater than screening levels but lower than background were considered COPC and are tagged 
Yes_BKG in COPC column. 

[d] Total chromium (1:6 ratio Cr VI : Cr III) used for soil RSL values and chromium (III) (Insoluble Salts) was used for the tap-water and protection of groundwater RSL values.
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Table 5-3. Selection of Constituents of Potential Concern for Groundwater

Constituent CASN
µg/l (YES, no)

Volatile Organic Compounds
2-Butanone 78-93-3 8.7 7.10E+02 n no
Acetone 67-64-1 45 2.20E+03 n no
Chloroform 67-66-3 52 1.90E-01 c YES [c]
Trichloroethene 79-01-6 0.32 1.70E+00 c no
Polychlorinated Biphenyls
Aroclor 1260 11096-82-5 1.8 3.40E-02 c YES [d]
Inorganics (Filtered Samples)
Aluminum 7429-90-5 13,100 3.70E+03 n YES
Antimony 7440-36-0 <5 1.50E+01 n no
Arsenic 7440-38-2 12.9 4.50E-02 c YES
Barium 7440-39-3 184 7.30E+02 n no
Beryllium 7440-41-7 1.4 7.30E+00 n no
Calcium 7440-70-2 71,100 – no
Chromium 7440-47-3 24 5.50E+03 n no
Cobalt 7440-48-4 33 1.10E+00 n YES
Copper 7440-50-8 37 1.50E+02 n no
Iron 7439-89-6 82,600 2.60E+03 n YES
Lead 7439-92-1 7.5 1.50E+01 L no
Magnesium 7439-95-4 29,900 – no
Manganese 7439-96-5 2,180 8.80E+01 n YES
Nickel 7440-02-0 83.5 7.30E+01 n YES
Potassium 7440-09-7 8,210 – no
Sodium 7440-23-5 21,600 – no
Vanadium 7440-62-2 53 2.60E+01 n YES
Zinc 7440-66-6 61.3 1.10E+03 n no

Notes:
CASN = Chemical Abstracts Service Number.
µg/l = Micrograms per liter.
– = Not detected/ not analyzed/ not applicable.

[a]

[b]

[c]

[d]

Although chloroform was detected at concentrations greater than the tapwater RSL, chloroform present in 
groundwater samples is associated with leaking potable water supply lines traversing the site and not site-related. 
Therefore, it was not selected as a COPC.
Although Aroclor 1260 was detected at a concentration greater than the tapwater RSL in one sample, a confirmation 
sample was collected later using low-stress purging.  Aroclor-1260 was not detected in the confirmation sample, 
indicating Aroclor-1260 is not present in the dissolved phase in the groundwater, and its low level detection in the 
initial sample was a result of the particulate matter present in the sample. Therefore, it was not selected as a COPC.

Is Constituent a 
Groundwater 

COPC? [b]
Maximum 

Concentrations

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

Adjusted tap-water Risk 
Screening Level [a]

µg/l

The screening levels used were tapwater Regional Screening Levels from USEPA (2008a).  Screening levels based 
on non-cancer effects were adjusted by a factor of 10.  c = cancer; n = noncancer, L = lead MCL (calculated using 
different methodology, and therefore, not adjusted).
Constituents detected with maximum concentrations greater than screening levels were considered COPCs unless 
they were essential nutrients.
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Henry's Koc
Molecular Water Vapor Law Constant Diffusivity Diffusivity or

Constituent Weight Solubility Pressure (atm-m³/mol) in Air in Water Kd Log
(g/mol) [ref] (mg/L 25 °C) [ref] (mm Hg 25 °C) [ref] (25 °C) [ref] (cm²/sec) [ref] (cm²/sec) [ref] (mL/g) [ref] Kow [ref]

Volatile Organic Compounds Koc
Acetone 5.81E+01 SCDM 1.00E+06 SCDM 2.30E+02 SCDM 3.88E-05 SCDM 1.24E-01 J&E 1.14E-05 J&E 5.81E-01 SCDM -2.40E-01 CFATE
Benzene 7.81E+01 SCDM 1.75E+03 SCDM 9.50E+01 SCDM 5.55E-03 SCDM 8.80E-02 J&E 9.80E-06 J&E 5.90E+01 SCDM 2.13E+00 SCDM
Bromodichloromethane 1.64E+02 SCDM 6.74E+03 SCDM 5.00E+01 SCDM 1.60E-03 SCDM 2.98E-02 J&E 1.06E-05 J&E 5.50E+01 SCDM 2.10E+00 SCDM
Bromomethane 9.49E+01 SCDM 1.52E+04 SCDM 1.62E+03 SCDM 6.24E-03 SCDM 7.28E-02 J&E 1.21E-05 J&E 1.05E+01 SCDM 1.19E+00 SCDM
1,3-Butadiene 5.41E+01 SCDM 7.35E+02 SCDM 2.11E+03 SCDM 7.36E-02 SCDM 2.49E-01 RAIS 1.08E-05 RAIS 4.47E+01 SCDM 1.99E+00 SCDM
Carbon tetrachloride 1.54E+02 SCDM 7.93E+02 SCDM 1.15E+02 SCDM 3.04E-02 SCDM 7.80E-02 J&E 8.80E-06 J&E 1.74E+02 SCDM 2.83E+00 CFATE
Chloroform 1.19E+02 SCDM 7.92E+03 SCDM 1.97E+02 SCDM 3.67E-03 SCDM 1.04E-01 J&E 1.00E-05 J&E 3.98E+01 SCDM 1.97E+00 CFATE
Dibromochloromethane 2.08E+02 SCDM 2.60E+03 SCDM 4.90E+00 SCDM 7.83E-04 SCDM 1.96E-02 J&E 1.05E-05 J&E 6.30E+01 SCDM 2.23E+00 CFATE
Ethanol 4.61E+01 EPI 7.92E+05 EPI 6.09E+01 EPI 4.66E-06 EPI 1.35E-01 L90-calc'd 1.20E-05 L90-calc'd1.00E+00 EPI -3.10E-01 EPI
4-Ethyltoluene 1.20E+02 EPI 7.96E+01 EPI 3.00E+00 CFATE 4.55E-03 EPI 7.28E-02 L90-calc 6.59E-06 L90-calc 8.39E+02 EPI 3.63E+00 EPI
Heptane 1.00E+02 RAIS 3.40E+00 RAIS 4.60E+01 RAIS 1.70E+00 EPI 6.49E-02 RAIS 7.59E-06 RAIS 2.75E+02 RAIS 4.66E+00 RAIS
2-Hexanone 1.00E+02 SCDM 1.75E+04 SCDM 1.16E+01 SCDM 9.30E-05 HSDB 7.82E-02 L90-calc'd 7.18E-06 L90-calc'd2.33E+01 SCDM 1.38E+00 CFATE
Isopropanol 6.01E+01 PhysProp 1.00E+00 PhysProp 4.54E+01 CFATE 7.89E-06 CFATE 1.08E-01 L90-calc 9.91E-06 L90-calc 1.06E+00 EPI 5.00E-02 PhysProp
Tetrachloroethene 1.66E+02 SCDM 2.00E+02 SCDM 1.86E+01 SCDM 1.84E-02 SCDM 7.20E-02 J&E 8.20E-06 J&E 1.55E+02 SCDM 3.40E+00 CFATE
Tetrahydrofuran 7.21E+01 SCDM 1.00E+06 SCDM 1.62E+02 SCDM 2.42E-04 SCDM 8.94E-02 L90-calc'd 1.00E-05 est'd 2.83E+00 SCDM 4.60E-01 SCDM
Trichloroethene 1.31E+02 SCDM 1.10E+03 SCDM 7.35E+01 SCDM 1.03E-02 SCDM 7.90E-02 J&E 9.10E-06 J&E 1.66E+02 SCDM 2.42E+00 CFATE
1,2,4-Trimethylbenzene 1.20E+02 RAIS 5.70E+01 RAIS 2.10E+00 CFATE 6.16E-03 CFATE 6.44E-02 RAIS 7.92E-06 RAIS 3.72E+03 RAIS 3.78E+00 RAIS
1,3,5-Trimethylbenzene 1.20E+02 RAIS 4.82E+01 RAIS 2.10E+00 RAIS 8.78E-03 RAIS 6.02E-02 RAIS 8.67E-06 RAIS 1.62E+03 RAIS 3.42E+00 RAIS
2,2,4-Trimethylpentane 1.14E+02 RAIS 2.44E+00 RAIS 4.93E+01 RAIS 6.76E-01 EPI 5.74E-02 RAIS 7.06E-06 RAIS 2.76E+02 RAIS 4.09E+00 RAIS
Semi-Volatile Organic Compounds Koc
Benzo(a)anthracene 2.28E+02 CFATE 9.40E-03 CFATE 1.05E-07 CFATE 3.35E-06 CFATE 5.10E-02 SSG2 9.00E-06 SSG2 3.98E+05 SSG2 5.66E+00 CFATE
Benzo(a)pyrene 2.52E+02 CFATE 1.62E-03 CFATE 5.49E-09 CFATE 1.13E-06 CFATE 4.30E-02 SSG2 9.00E-06 SSG2 1.02E+06 SSG2 5.97E+00 CFATE
Benzo(b)fluoranthene 2.52E+02 CFATE 1.50E-03 CFATE 5.00E-07 CFATE 1.11E-04 CFATE 2.26E-02 SSG2 5.56E-06 SSG2 1.23E+06 SSG2 6.12E+00 CFATE
Dibenzo(a,h)anthracene 2.78E+02 CFATE 2.49E-03 CFATE 1.00E-10 CFATE 1.47E-08 CFATE 2.02E-02 J&E 5.18E-06 J&E 3.80E+06 SSG2 6.50E+00 CFATE
Indeno(1,2,3-cd)pyrene 2.76E+02 CFATE 2.20E-05 CFATE 1.00E-10 CFATE 1.60E-06 CFATE 1.90E-02 SSG2 5.66E-06 SSG2 3.47E+06 SSG2 6.58E+00 CFATE
Polychlorinated Biphenyls Koc
Aroclor 1254 3.27E+02 HSDB 6.00E-02 RAIS 6.53E-06 EPI 1.45E-04 EPI 1.56E-02 J&E 5.00E-06 J&E 2.00E+05 RAIS 6.79E+00 EPI
Explosives Koc
Nitroglycerine 2.27E+02 EPI 1.31E+03 EPI 2.72E-02 EPI 6.23E-06 EPI 6.40E-02 L90-calc'd 6.29E-06 L90-calc'd1.31E+02 EPI 1.62E+00 EPI
Inorganics Kd
Aluminum 2.70E+01 SCDM insoluble SCDM — — — — 1.50E+03 Kd-SCDM 3.30E-01 EPI
Arsenic 7.49E+01 HSDB insoluble HSDB — — — — 2.90E+01 Kd-SCDM 6.80E-01 SCDM
Cobalt 5.89E+01 SCDM insoluble SCDM — — — — 4.50E+01 Kd-SCDM 2.30E-01 EPI
Copper 6.35E+01 SCDM insoluble SCDM — — — — 4.28E+02 Kd-SCDM -5.70E-01 EPI
Iron 5.58E+01 SCDM insoluble SCDM — — — — 2.50E+01 Kd-SCDM -7.70E-01 EPI
Lead 2.07E+02 HSDB insoluble SCDM — — — — 9.00E+02 Kd-SCDM 7.30E-01 SCDM
Manganese 5.49E+01 SCDM insoluble SCDM — — — — 6.50E+01 Kd-SCDM 2.30E-01 EPI
Mercury 2.01E+02 RAIS 5.60E-02 HSDB 1.96E-03 RAIS 1.89E-09 EPI 3.07E-02 RAIS 6.30E-06 RAIS 5.20E+01 Kd-SSG2 6.20E-01 RAIS
Nickel 5.87E+01 SCDM insoluble SCDM — — — — 6.50E+01 Kd-SCDM -5.70E-01 EPI
Vanadium 5.09E+01 SCDM insoluble SCDM — — — — 1.00E+03 Kd-SCDM 2.30E-01 EPI

Notes:
References:

– Not applicable.
atm-m³/mol Atmospheres × cubic meters per mole.
°C Degrees Celsius.
cm²/sec Square centimeters per second.
g/mol Grams per mole.
Kd Soil-water distribution coefficient (inorganics).
Koc Organic carbon partition coefficient (organics).
Kow Octanol-water partition coefficient.
mg/L Milligrams per liter.
mL/g Milliliters per gram.
mm Hg Millimeters of mercury.
NA Not available.

Table 5-4. Physical and Chemical Properties

CFATE (SRC 2008); HSDB (NLM 2008); EPISuite (USEPA 2004); J&E (USEPA 2003); Lyman, et al. (1990); RAIS (USDOE 2008); SCDM (USEPA 2004); SSG2 (USEPA 2002).

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia
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Table 5-5. Soil Gas Exposure Point Concentrations

Building 1034 Building 1041 Building 1549

COPC? EPC [a] COPC? EPC [a] COPC? EPC [a]

1,2,4-Trimethylbenzene 95-63-6 YES 1.70E+01 m no – YES 1.10E+02 m
1,3,5-Trimethylbenzene 108-67-8 YES 1.40E+01 m no – YES 9.40E+01 m
1,3-Butadiene 106-99-0 YES 1.80E+01 YES 3.70E+01 m YES 3.60E+01
1,4-Dichlorobenzene 106-46-7 no – no – YES 3.20E+00 m
2,2,4-Trimethylpentane 540-84-1 no – no – YES 1.80E+02 m
2-Hexanone 591-78-6 YES 1.37E+01 YES 2.10E+00 m YES 1.50E+01 m
Isopropanol 67-63-0 YES 5.90E+00 m YES 9.90E-01 m YES 9.85E+00
4-Ethyltoluene 622-96-8 YES 1.10E+01 m YES 1.60E+00 m YES 4.26E+01
Benzene 71-43-2 YES 1.12E+01 YES 2.10E+01 m YES 2.30E+01
Bromodichloromethane 75-27-4 YES 5.80E+01 m no – no –
Bromomethane 74-83-9 YES 5.70E+00 m no – no –
Carbon Tetrachloride 56-23-5 YES 9.40E+00 m no – no –
Chloroform 67-66-3 YES 6.08E+03 YES 3.70E+02 m no –
Dibromochloromethane 124-48-1 YES 2.50E+00 m no – no –
Ethanol 64-17-5 YES 2.02E+01 YES 2.30E+01 m YES 7.70E+01
Ethylbenzene 100-41-4 no – no – YES 5.94E+00
Heptane 142-82-5 YES 1.43E+01 YES 4.09E+01 YES 4.09E+01
Tetrachloroethene 127-18-4 YES 4.80E+00 m YES 5.40E+02 m no –
Tetrahydrofuran 109-99-9 YES 1.20E+01 m YES 7.10E+00 m YES 1.50E+01 m
Trichloroethene 79-01-6 YES 1.61E+01 YES 3.30E+03 m no –

Notes:
CASN = Chemical Abstracts Service Number.
COPC = Constituent of Potential Concern
µg/m3 = Micrograms per cubic meter.

[a] The exposure point concentration (EPC) was the upper confidence level on the mean (UCL) or 
the maximum concentration where the UCL was incalculable.
EPCs marked with "m" are based on the maximum detected concentration.
The UCLs were calculated using ProUCL 4.2.  The UCL used is the one recommended by ProUCL 4.2.  
The UCLs were calculated only for datasets with a sample number greater than or equal to 7 with at least 5 detects.

Constituent of Potential Concern 
(COPC)

(µg/m3) (µg/m3) (µg/m3)

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

Page 1 of 1



Table 5-6. Soil Exposure Point Concentrations
RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

Building 1034 Building 1041 Building 1549

Constituent of Potential Concern (COPC) CASN COPC? EPC [a] COPC? EPC [a] COPC? EPC [a]
(mg/kg) (mg/kg) (mg/kg)

Explosives
Nitroglycerine 55-63-0 no – no – YES 2.50E+00 m
Polychlorinated Biphenyls
Aroclor 1254 11097-69-1 no – YES 2.10E-01 m no –
Semi-Volatile Organic Compounds
Benzo(a)anthracene 56-55-3 YES 2.60E+00 m no – no –
Benzo(a)pyrene 50-32-8 YES 4.00E+00 m no – no –
Benzo(b)fluoranthene 205-99-2 YES 1.28E+00 no – no –
Dibenzo(a,h)anthracene 53-70-3 YES 2.20E+00 m no – no –
Indeno(1,2,3-cd)pyrene 193-39-5 YES 2.80E+00 m no – YES 1.80E-01 m
Inorganics
Aluminum 7429-90-5 YES 4.03E+04 Yes_BKG 2.88E+04 YES 3.22E+04
Arsenic 7440-38-2 Yes_BKG 7.42E+00 Yes_BKG 3.59E+00 Yes_BKG 5.45E+00
Cobalt 7440-48-4 Yes_BKG 1.68E+01 Yes_BKG 2.44E+01 Yes_BKG 9.84E+00
Iron 7439-89-6 YES 6.25E+04 YES 5.13E+04 YES 3.96E+04
Manganese 7439-96-5 Yes_BKG 8.44E+02 YES 1.92E+03 Yes_BKG 3.33E+02
Vanadium 7440-62-2 YES 9.21E+01 Yes_BKG 5.87E+01 Yes_BKG 7.18E+01

Notes:
– = Not applicable.
CASN = Chemical Abstracts Service Number.
COPC = Constituent of Potential Concern
EPC = Exposure Point Concentration.
mg/kg = Milligrams per kilogram.

[a] The exposure point concentration (EPC) was the upper confidence level on the mean (UCL) or 
the maximum concentration where the UCL was incalculable.
EPCs marked with "m" are based on the maximum detected concentration.
The UCLs were calculated using ProUCL 4.2.  The UCL used is the one recommended by ProUCL 4.2.  
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Table 5-7. Groundwater Exposure Point Concentrations

RAAP-047

Constituent of Potential Concern (COPC) CASN COPC? EPC [a]

Inorganics
Aluminum 7429-90-5 YES 13,100 m
Arsenic 7440-38-2 YES 12.9 m
Cobalt 7440-48-4 YES 33 m
Iron 7439-89-6 YES 82,600 m
Manganese 7439-96-5 YES 2,180 m
Nickel 7440-02-0 YES 83.5 m
Vanadium 7440-62-2 YES 53 m

Notes:
CASN = Chemical Abstract Service Registry Number.
COPC = Constituent of Potential Concern.
EPC = Exposure Point Concentration.
µg/l = Micrograms per liter.

[a] EPCs marked with "m" are based on the maximum detected concentration.

µg/l

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia
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Site Construction 
Parameter Symbol units Child Adult Worker Worker

General Factors
Averaging Time (cancer) ATc days 25,550 [a] 25,550 [a] 25,550 [a] 25,550 [a]
Averaging Time (noncancer) ATnc days 2,190 [a] 10,950 [a] 9,125 [a] 182 [a]
Body Weight BW kg 15 [c] 70 [b,c] 70 [b,c] 70 [b,c]
Exposure Frequency EF days/year 350 [b,c] 350 [b,c] 250 [b,c] 130 PJ
Exposure Duration ED years 6 [b,c] 30 [b,c] 25 [b,c] 1 PJ

Soil - Ingestion (Oral)
Incidental Soil Ingestion Rate IRs mg/day 200 [c] 100 [c] 50 [c] 330 [f]
Fraction Ingested from Souce FI unitless 1 1 1 1

Soil - Dermal Contact
Exposed Skin Surface Area SSAs cm² 2,800 [d] 5,700 [d] 3,300 [d] 3,300 [d]
Soil-to-Skin Adherence Rate SAR mg/cm²/day 0.2 [d] 0.07 [d] 0.1 [d] 0.3 [f]

Soil - Inhalation of Dust
Exposure Time ET hours/day 24 [a,h] 24 [a,h] 8 [c,h] 8 [c,h]

Indoor Air - Inhalation
Exposure Time ET hours/day 24 [a,h] 24 [a,h] 8 [c,h] 8 [c,h]

Groundwater - Ingestion (Oral)
Groundwater Ingestion Rate IRgw L/day 1.5 [b,g] 2 [b,c] 1 [c] –

Groundwater - Dermal Contact
Exposed Skin Surface Area SSAgw cm² 6,600 [d] 18,000 [d] – –
Event Frequency EV events/day 1 [d] 1 [d]
Event Duration tevent hours/day 1 [d] 0.58 [d] – –

[a] The averaging time for cancer risk is the expected lifespan of 70 years expressed in days.  
The averaging time for non-cancer hazard is the total exposure duration expressed in days.

[b] USEPA (1989).
[c] USEPA (1991).
[d] USEPA (2004).
[e] USEPA (1997).
[f] USEPA (2002).
[g] 90th percentile recommended value for ages <3 and 3 to 5 (Table 3-30).
[h] USEPA (2009).

cm Centimeter.
kg Kilogram.
L Liter.
m Meter.
mg Milligram.
PJ Professional judgment (see text).
yr Year.
– Not applicable.

RAAP-047 RFI Report, Radford Army Amunition 
Table 5-8. Receptor-Specific Exposure Parameters

Residents
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Table 5-9. Risk and Hazard Equations for Exposure to Soil and Soil Gas
RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

ROUTE-SPECIFIC RISK/HAZARD:

Oral: ELCRo

or HQo

Dermal: ELCRd

or HQd

Inhalation: ELCRi

(Soil/Dust) or HQi

Q/Cwind × (3,600 sec/hr)
RPF × (1-V) × (Um/Ut)³ × Fx

Inhalation: ELCRi

(Soil Gas/Indoor Air) or HQi

TOTAL CANCER  RISK: ELCR   =   ELCRo +   ELCRd +   ELCRi

TOTAL NON-CANCER  HAZARD: HI  =  HQo +   HQd +   HQi

Variable Definitions:
ABSd Dermal absorption efficiency (unitless) (Table 5-12).
ATC Averaging time for cancer effects (days) (Table 5-8).
ATNC Averaging time for noncancer effects (days) (Table 5-8).

BW Body weight (kg) (Table 5-8).
CSF Cancer slope factor for oral (CSFo) or dermal (adjusted to an absorbed dose, CSFa)

exposure (per mg/kg/day) (Table 5-15).

ED Exposure duration (years) (Table 5-8).

EF Exposure frequency (days/year) (Table 5-8).

ELCR Excess lifetime cancer risk (unitless).

EPCs Exposure point concentration in soil (mg/kg).

EPCia Exposure point concentration in indoor air (µg/m3), modeled from soil gas exposure point 

concentration using the Johnson & Ettinger model (Appendix E).

ET Exposure time for inhalation exposure (hours/day) (Table 5-8).

FI Fraction ingested from area of concern (unitless) (Table 5-8).

Fx Function of Ut/Um (unitless); Fx = 0.18 × ( 8x³ + 12x ) × exp[-(x²)], where x = 0.886 × (Ut/Um).

HI Hazard index for non-cancer effects (unitless); sum of the HQs.

HQ Hazard quotient for non-cancer effects (unitless).

IRs Ingestion rate of soil (mg/day) (Table 5-8).

PEF Particulate emission factor (m³/kg).
Q/Cwind Particulate emission flux per unit concentration [(g/m²/sec)/(kg/m³)].

RfC Reference concentration for inhalation exposure (mg/m3) (Table 5-14).

RfD Reference dose for oral (RfDo) or dermal (adjusted to an absorbed dose, RfDa)

exposure (mg/kg/day) (Table 5-13).

RPF Respirable particle fraction (0.036 g/m²/hr).

SAR Soil-to-skin adherence rate (mg/cm²/day) (Table 5-8).

SSAs Exposed skin surface area for soil contact (cm²) (Table 5-8).

=
EPCs  ×  FI  ×  IRs  ×  EF  ×  ED

(106 mg/kg) × BW × ( ATC  or ATNC ) × ( [1/CSFo]  or RfDo )

=

PEF  = used for non-VOCs

=
( ATC  or ATNC ) × 24 hours/day × ( [1/URF × (10-3 mg/µg) ]  or RfC )

EPCia × (10-3 mg/µg) ×  ET  ×  EF  ×  ED

( ATC  or ATNC ) × 24 hours/day × ( [1/URF × (10-3 mg/mg) ]  or RfC )
EPCs / PEF  ×  ET  ×  EF  ×  ED

=
EPCs  ×  SSAs  ×  SAR  ×  ABSd  ×  EF  ×  ED

(106 mg/kg) × BW × ( ATC  or ATNC ) × ( [1/CSFa]  or RfDa )
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Table 5-9. Risk and Hazard Equations for Exposure to Soil and Soil Gas
RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

Um Mean annual wind speed (m/sec).

URF Unit risk factor for inhalation exposure (per µg/m3) (Table 5-16).

Ut Equivalent threshold value of windspeed at 7 meters (11.32 m/sec).

V Fraction of vegetative cover (unitless).

VOCs Volatile organic compounds.
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Table 5-10. Risk and Hazard Equations for Exposure to Groundwater
RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

ROUTE-SPECIFIC RISK/HAZARD:

Oral: ELCRo

or HQ o

Dermal: ELCRd
or HQd

TOTAL CANCER  RISK: ELCR   =   ELCRo +   ELCRd +   ELCRi

TOTAL NON-CANCER  HAZARD: HI  =  HQo +   HQd +   HQi

Variable Definitions:
ATC Averaging time for cancer effects (days) (Table 5-8).
ATNC Averaging time for non-cancer effects (days) (Table 5-8).
BW Body weight (kg) (Table 5-8).
CSF Cancer slope factor for oral (CSFo) or dermal (adjusted to an absorbed dose, CSFa) 

exposure (per mg/kg/day) (Table 5-15).
DA Absorbed dose per event (mg/cm²/event).
ED Exposure duration (years) (Table 5-8).
EF Exposure frequency (days/year) (Table 5-8).
ELCR Excess lifetime cancer risk (unitless).
EPCgw Exposure point concentration in groundwater (mg/L) (Table 5-7).
EV Event frequency (events/day) (Table 5-8).
HI Hazard index for non-cancer effects (unitless); sum of the HQs.
HQ Hazard quotient for non-cancer effects (unitless).
IRgw Ingestion rate of groundwater (L/day) (Table 5-8).
Kp Permeability coefficient (cm/hour) (Table 5-12).
MW Molecular weight (g/mol) (Table 5-4).
RfD Reference dose for oral (RfDo) or dermal (adjusted to an absorbed dose, RfDa) 

exposure (mg/kg/day) (Table 5-13).
SSAgw Exposed skin surface area for groundwater contact (cm²) (Table 5-8).
tevent Event duration (hours/event) (Table 5-8).

=
EPCgw ×  IRgw ×  EF  ×  ED

BW ×  ( ATC or  ATNC ) × ( [1/CSFo]  or  RfDo )

= DA  ×  SSAgw  ×  EV ×  EF  ×  ED
BW ×  ( ATC  or  ATNC )  ×  ( [1/CSFa]  or  RfDa)

Inorganics: DA =
EPCgw ×  Kp ×  tevent

1000 cm³/L



Particulate Emission Factor: 
x  = 2.138 unitless Function of Ut/Um; x = 0.886 × (Ut/Um)

Fx  = 0.1934 unitless Function of x; Fx = 0.18 × ( 8x³ + 12x ) × exp(-x²)
PEF = 1.36E+09 m³/kg Particulate emission factor (m³/kg)

Model Input Parameters:
Foc = 0.006 unitless Fraction organic carbon (USEPA 2002c, default)

ρb = 1.5 g/cm³ Soil dry bulk density (USEPA 2002c, default)
θT = 0.434 unitless Total soil porosity  (USEPA 2002c, default)

θas = 0.284 unitless Air-filled soil porosity [ = θT - θws ]
θws = 0.15 unitless Water-filled soil porosity (USEPA 2002c, default)

Q/Cvol = 68.18 (g/m²/sec)/(kg/m³) Volatilization flux per unit concentration (USEPA 2002c, default)
Q/Cwind = 93.77 (g/m²/sec)/(kg/m³) Wind-related particulate emission flux per unit concentration (USEPA 2002c, default)

RPF = 0.036 g/m²/hour Respirable particle fraction (USEPA 2002c).
T = 9.5E+08 sec Exposure interval (USEPA 2002c)

Um = 4.69 m/sec Mean annual wind speed for Roanoke, Virginia (USDOE 1986)
Ut = 11.32 m/sec Equivalent threshold value of windspeed at 7 meters (USEPA 2002c)
V = 0.5 unitless Fraction vegetative cover (USEPA 2002c, default)

atm Atmosphere. kg Kilogram. mol Mole.
cm Centimeter. L Liter. NA Not available.
g Gram. m Meter. sec Second.

mL Milliliter.

Table 5-11. Calculation of the Particulate Emission Factor for Soil Exposure
RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia
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Table 5-12. Dermal Absorption Parameters
RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

Constituent of ABSd
Potential Concern (1) Value Source

Semi-Volatile Organic Compounds
Benzo(a)anthracene 0.13 4.7E-01 DRA
Benzo(a)pyrene 0.13 7.0E-01 DRA
Benzo(b)fluoranthene 0.13 7.0E-01 DRA
Dibenzo(a,h)anthracene 0.13 1.5E+00 DRA
Indeno(1,2,3-cd)pyrene 0.13 1.0E+00 DRA
Polychlorinated Biphenyls
Aroclor 1254 0.06 1.3E+00 R3
Explosives
Nitroglycerine 0.10 1.1E-03 DRA
Inorganics
Aluminum 0.01 1.0E-03 R3
Arsenic 0.03 1.0E-03 DRA
Cobalt 0.01 1.0E-03 R3
Iron 0.01 1.0E-03 R3
Manganese 0.01 1.0E-03 R3
Nickel 0.01 2.0E-04 R3
Vanadium 0.01 1.0E-03 R3

Notes
(1)  Dermal absorption efficiency for uptake of constituents from a soil matrix (unitless) (USEPA 2004c).
(2) Permeability coefficient for dermal contact with constituents in water (centimeters per hour).

DRA = USEPA (2004c)
R3 = USEPA Region 3 (1995, 2003)

cm = Centimeter.
L = Liter.

Permeability Constant
Kp  (cm/hour) (2)

Page 1 of 1



Table 5-13. Noncarcinogenic Toxicity Values for Oral and Dermal Exposure
RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

Adjustment Target Site/ Confidence Level/
Constituent Subchronic Chronic Factor [a] Subchronic Chronic Critical Effect Uncertainty Factor

Volatile Organic Compounds
Benzene 1.2E-02 cx 4.0E-03 I 1 1.2E-02 4.0E-03 blood medium/300
Bromodichloromethane 2.0E-02 H 2.0E-02 I 1 2.0E-02 2.0E-02 kidney medium/1000
Bromomethane 1.4E-02 H 1.4E-03 I 1 1.4E-02 1.4E-03 forestomach medium/1000
1,3-Butadiene NA NA 1 NA NA NA NA
Carbon tetrachloride 7.0E-03 cx 7.0E-04 I 1 7.0E-03 7.0E-04 liver medium/1000
Chloroform 1.0E-02 H 1.0E-02 I 1 1.0E-02 1.0E-02 liver medium/1000
Dibromochloromethane 2.0E-01 H 2.0E-02 I 1 2.0E-01 2.0E-02 liver medium/1000
Ethanol NA NA 1 NA NA NA NA
4-Ethyltoluene NA NA 1 NA NA NA NA
Heptane NA NA 1 NA NA NA NA
2-Hexanone NA NA 1 NA NA NA NA
Isopropanol NA NA 1 NA NA NA NA
Tetrachloroethene 1.0E-01 H 1.0E-02 I 1 1.0E-01 1.0E-02 liver medium/1000
Tetrahydrofuran NA NA 1 NA NA NA NA
Trichloroethene NA NA 1 NA NA NA NA
1,2,4-Trimethylbenzene NA NA 1 NA NA NA NA
1,3,5-Trimethylbenzene 5.0E-02 c 5.0E-02 P 1 5.0E-02 5.0E-02 NA NA
2,2,4-Trimethylpentane NA NA 1 NA NA NA NA
Semi-Volatile Organic Compounds
Benzo(a)anthracene NA NA 1 NA NA NA NA
Benzo(a)pyrene NA NA 1 NA NA NA NA
Benzo(b)fluoranthene NA NA 1 NA NA NA NA
Dibenzo(a,h)anthracene NA NA 1 NA NA NA NA
Indeno(1,2,3-cd)pyrene NA NA 1 NA NA NA NA
Polychlorinated Biphenyls
Aroclor 1254 5.0E-05 H 2.0E-05 I 1 5.0E-05 2.0E-05 eye, nails, immune system medium/300
Explosives
Nitroglycerine 1.0E-04 c 1.0E-04 P 1 1.0E-04 1.0E-04 NA NA
Inorganics
Aluminum 1.0E+00 c 1.0E+00 P 1 1.0E+00 1.0E+00 developmental NS NA
Arsenic 3.0E-04 c 3.0E-04 I 1 3.0E-04 3.0E-04 skin, vascular medium/3
Cobalt 3.0E-04 c 3.0E-04 P 1 3.0E-04 3.0E-04 skin NA
Copper 4.0E-02 c 4.0E-02 H 1 4.0E-02 4.0E-02 GI NA
Iron 7.0E-01 c 7.0E-01 P 1 7.0E-01 7.0E-01 blood, liver, GI NA
Manganese [b] 1.4E-01/2.4E-02 c 1.4E-01/2.4E-02 I 0.04 5.6E-03 / 8E-04 5.6E-03 / 8E-04 CNS medium/1
Nickel [c] 2.0E-02 H 2.0E-02 I 0.04 8.0E-04 8.0E-04 Non-specific medium/300
Vanadium 7.0E-03 H 7.0E-03 H 0.026 1.8E-04 1.8E-04 liver low/100

References: A Agency for Toxic Substances Disease Registry (ATDSR) (ATSDR 2008).
H USEPA (1997b) (Health Effects Assessment Summary Tables [HEAST]).
I USEPA (2009b) Integrated Risk Information System (IRIS).
P Provisional Peer Reviewed Toxicity Values (PPRTV) (USEPA 2009c).

c = The chronic value is used if available. NS = Nervous system.
CNS = Central nervous system. RfD = Reference dose.
GI = Gastrointestinal tract. Non-specific = Effects non-specific to a target organ, including increased mortality and changes to body weight.
mg/kg/day = Milligrams per kilogram per day. x = The uncertainty factor for subchronic to chronic extrapolation was removed.
NA = Not available.

[a] The oral-to-dermal adjustment factor (oral absorption efficiency) (USEPA 2004a) was used to calculate the dermal RfD values, as follows:
RfD (dermal) = RfD (oral) × Adjustment Factor (oral absorption efficiency)

[b] RfDs for exposure via food/water consumption.  The RfD for food is used to assess soil exposure. The RfD for water is used to assess groundwater ingestion.
[c] Data are for nickel (soluble salts).

Oral RfD (mg/kg/day) Dermal RfD (mg/kg/day)
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Table 5-14. Noncarcinogenic Toxicity Values for Inhalation Exposure
RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

Target Site/ Confidence Level/
Constituent Subchronic Chronic Critical Effect Uncertainty Factor

Volatile Organic Compounds
Benzene 2.6E-02 cx 3.0E-02 I blood medium/300
Bromodichloromethane NA NA NA NA
Bromomethane 1.4E-03 H 5.0E-03 I nasal high/100
1,3-Butadiene 2.0E-03 c 2.0E-03 I ovaries medium/1000
Carbon tetrachloride 1.9E-01 c 1.9E-01 A liver NA/30
Chloroform 9.8E-02 c 9.8E-02 A liver, kidney, CNS low-med/100
Dibromochloromethane NA NA NA NA
1,4-Dichlorobenzene 8.0E-01 c 8.0E-01 I liver medium/100
Ethanol NA NA NA NA
4-Ethyltoluene NA NA NA NA
Ethylbenzene 1.0E+00 c 1.0E+00 I development low/300
Heptane NA NA NA NA
2-Hexanone NA NA NA NA
Isopropanol 7.0E+00 c 7.0E+00 C kidney, development NA/30
Tetrachloroethene 2.7E-01 c 2.7E-01 A NS NA
Tetrahydrofuran NA NA NA NA
Trichloroethene NA NA NA NA
1,2,4-Trimethylbenzene 7.0E-03 c 7.0E-03 P NA NA
1,3,5-Trimethylbenzene 6.0E-03 c 6.0E-03 P NA NA
2,2,4-Trimethylpentane NA NA NA NA
Semi-Volatile Organic Compounds
Benzo(a)anthracene NA NA NA NA
Benzo(a)pyrene NA NA NA NA
Benzo(b)fluoranthene NA NA NA NA
Dibenzo(a,h)anthracene NA NA NA NA
Indeno(1,2,3-cd)pyrene NA NA NA NA
Polychlorinated Biphenyls
Aroclor 1254 NA NA NA NA
Explosives
Nitroglycerine NA NA NA NA
Inorganics
Aluminum 5.0E-03 c 5.0E-03 P NA NA
Arsenic 1.5E-05 c 1.5E-05 C Development NA/30
Cobalt NA NA NA NA
Copper NA NA NA NA
Iron NA NA NA NA
Manganese 5.0E-05 c 5.0E-05 I CNS medium/1000
Nickel NA NA NA NA
Vanadium NA NA NA NA

References: A Agency for Toxic Substances Disease Registry (ATDSR), obtained from Oak Ridge National Laboratory (USEPA 2008).
H USEPA (1997b) (Health Effects Assessment Summary Tables [HEAST]).
I USEPA (2009b) Integrated Risk Information System (IRIS).
P Provisional Peer Reviewed Toxicity Values (PPRTV), obtained from Oak Ridge National Laboratory (USEPA 2009c).

c = The chronic value is used if available.
CNS = Central nervous system.
mg/kg/day = Milligrams per kilogram per day.
NA = Not available.

Inhalation RfC (mg/m3)
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Table 5-15. Carcinogenic Toxicity Values for Oral and Dermal Exposure
RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

Oral CSF Adjustment Dermal CSF [a] Tumor Weight of Evidence
Constituent (mg/kg/day)-1 TEF Factor [a] (mg/kg/day)-1 Site Classification [b]

Volatile Organic Compounds
Benzene 5.5E-02 I – 1 5.5E-02 leukemia A
Bromodichloromethane 6.2E-02 I – 1 6.2E-02 kidney B2
Bromomethane NA – 1 NA – D
1,3-Butadiene 3.4E+00 C – 1 3.4E+00 NA B2
Carbon tetrachloride 1.3E-01 I – 1 1.3E-01 liver B2
Chloroform 3.1E-02 C – 1 3.1E-02 NA B2
Dibromochloromethane 8.4E-02 I – 1 8.4E-02 liver C
Ethanol NA – 1 NA NA NA
4-Ethyltoluene NA – 1 NA NA NA
Heptane NA – 1 NA NA NA
2-Hexanone NA – 1 NA NA NA
Isopropanol NA – 1 NA NA NA
Tetrachloroethene 5.4E-01 C – 1 5.4E-01 NA NA
Tetrahydrofuran NA – 1 NA NA NA
Trichloroethene 1.3E-02 C – 1 1.3E-02 NA NA
1,2,4-Trimethylbenzene NA – 1 NA – NA
1,3,5-Trimethylbenzene NA – 1 NA – NA
2,2,4-Trimethylpentane NA – 1 NA NA NA
Semi-Volatile Organic Compounds
Benzo(a)anthracene 7.3E-01 * 0.1 1 7.3E-01 stomach B2
Benzo(a)pyrene 7.3E+00 I 1 1 7.3E+00 stomach B2
Benzo(b)fluoranthene 7.3E-01 * 0.1 1 7.3E-01 stomach B2
Dibenzo(a,h)anthracene 7.3E+00 * 1 1 7.3E+00 stomach B2
Indeno(1,2,3-cd)pyrene 7.3E-01 * 0.1 1 7.3E-01 stomach B2
Polychlorinated Biphenyls
Aroclor 1254 2.0E+00 I – 1 2.0E+00 liver B2
Explosives
Nitroglycerine 1.7E-02 P – 1 1.7E-02 NA NA
Inorganics
Aluminum NA – 1 NA – NA
Arsenic 1.5E+00 I – 1 1.5E+00 skin A
Cobalt NA – 1 NA – NA
Iron NA – 1 NA – NA
Manganese NA – 0.04 NA – D
Nickel NA – 0.04 NA NA NA
Vanadium NA – 0.026 NA – NA

References: C California Environmental Protection Agency (CalEPA) (CalEPA 2009).
I USEPA (2009b) Integrated Risk Information System (IRIS).
P Provisional Peer Reviewed Toxicity Values (PPRTV), obtained from Oak Ridge National Laboratory (USEPA 2009c).

* = Benzo(a)pyrene used as a surrogate, with the application of TEF values obtained from USEPA (1993).  
– = Not applicable.

CSF = Cancer slope factor.
(mg/kg/day)-1 = Inverse milligrams per kilogram per day (risk per unit dose).
NA = Not available.
TEF = Benzo(a)pyrene toxicity equivalence factor for carcinogenic polycyclic aromatic hydrocarbons (PAHs).

[a] The oral-to-dermal adjustment factor (oral absorption efficiency) (USEPA 2004a) was used to calculate the dermal CSF values:
CSF (dermal) = CSF (oral) / Adjustment Factor (oral absorption efficiency)

[b] Weight of evidence classification defined in text.
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Table 5-16. Carcinogenic Toxicity Values for Inhalation Exposure
RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

Inhalation URF Weight of Evidence
Constituent (µg/m3)-1 Tumor Site Classification [a]

Volatile Organic Compounds
Benzene 7.8E-06 I leukemia A
Bromodichloromethane NA – B2
Bromomethane NA – D
1,3-Butadiene 3.0E-05 I multiple sites B2
Carbon tetrachloride 1.5E-05 I liver B2
Chloroform 2.3E-05 I liver B2
Dibromochloromethane 2.7E-05 C NA C
1,4-Dichlorobenzene 1.1E-05 C liver NA
Ethanol NA – NA
Ethylbenzene 2.5E-06 C kidney D
4-Ethyltoluene NA – NA
Heptane NA – NA
2-Hexanone NA – NA
Isopropanol NA NA NA
Tetrachloroethene 5.9E-06 C liver, kidney NA
Tetrahydrofuran NA liver, kidney NA
Trichloroethene 2.0E-06 C lung NA
1,2,4-Trimethylbenzene NA – NA
1,3,5-Trimethylbenzene NA – NA
2,2,4-Trimethylpentane NA – NA
Semi-Volatile Organic Compounds
Benzo(a)anthracene 1.1E-04 C respiratory B2
Benzo(a)pyrene 2.7E-02 C respiratory B2
Benzo(b)fluoranthene 1.1E-04 C respiratory B2
Dibenzo(a,h)anthracene 1.1E-03 C respiratory B2
Indeno(1,2,3-cd)pyrene 1.1E-04 C respiratory B2
Polychlorinated Biphenyls
Aroclor 1254 5.7E-04 I liver B2
Explosives
Nitroglycerine NA – NA
Inorganics
Aluminum NA – NA
Arsenic 4.3E-03 I lung A
Cobalt 9.0E-03 P lung NA
Iron NA – NA
Manganese NA – D
Nickel NA – NA
Vanadium NA – NA

References: C California Environmental Protection Agency (CalEPA) Toxicity Criteria Database (CalEPA 2009).
I USEPA (2009b) Integrated Risk Information System (IRIS).
P Provisional Peer Reviewed Toxicity Values (PPRTV), obtained from Oak Ridge National Laboratory (USEPA 2009c).

– = Not applicable.
URF = Unit risk factor.
(µg/m3)-1 = per microgram per cubic meter (risk per unit exposure concentration).
NA = Not available.

[a] Weight of evidence classification defined in text.
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Appendix A 

 

Historical Documentation of 
Potential Solvent Use 

Reprinted from draft Alternate 
Source Demonstration for 
Trichloroethene, Draper Aden 
Associates, April 2007 
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rEc(rrichloroethïrlå,?INVESTIGATION

. t -4-2001

o Spoke with a senior instrument mechanic this moming about past practices of using Bldg. 1041
Degreaser House. He said that he remembered that the Scale Shop used this to clean scales and that
sometimes the scales would be brought outside of the bldg. to be washed off. He reminded me that
Bldg. 1034 was once a laþoratory.

tr Visited Bldg. 1041. Was þhown about the bldg. and was pointed out where the old dip tank was located
in the floor (now f,rlled with concrete) and where there is now a pit with a grating and a drain that goes
to and outside underground tank (RFA 25275). Was shown the Procedure that relates to using
Solvents, 4-27-078 (dated l-13-1999). This procedure mentions Trichloroethane 1,1,1 as a Material.

tr Spoke with four Area Me'chanics who had worked in B-Line Maintenance. I was told that in the early
1960's and 1970's they cleaned equipment with Varsol and WD-40 and disposed of the used solvents
by pouring them down thè nearest floor drain. This disposal practice was later changed to pouring
used solvents into a barrel to be hauled offby Roads & Ground,

tr Located Procedure No. 4-27-78 Rev. O Chg. 0 (dafed 5-23-72) which replaced SOP 78, in the
Procedure History File atiBldg. 215. This procedure has Trichloroethane 1,1,1 listed in the Materials
and Equipment section. ; .

tr Marked up a drawing sholwing the location of buildings that are suspected to have used TEC in the past
due to it's degreasing properties:
The buildings are: 1034 originally used as a laboratory

2549 Area Maintenance Shop
1549 Area Maintenance Shop
525 Tractor Steaming Station
2570 Area Cleaning Station
l04l Degreaser House (note: Sheet 24 of the Sewers & Drains Atlas shows a

i. 4" TC line going out of the west end of the building

i



HERCULES INCORPORATED
RADFORD ARMY AMMUNITION PIANT

MA]NTM{ANCE DEPARTMENT
MA INTM{ANCE OPERATTNG PROCEDURE

AREA: PIANI I./IDE - GENERAL
TASK: MAINTENANCE
TITLE: CLEANI}IG SOLVENTS

PROCEDURE N0 ":  4-27-78 REV. 0 cHG" 0

TYPE: N/A TOTAL PAGES: 7

This document supersedes: SOP 78

I "  SCOPE

1.1  C lean ing  so lvents ,  when used proper ly ,  a re  e f fec t i ve  too ls  fo r  c lean-
ing many types of equipment and machinery. However,  some solvents, part icular ly
those of the chlor inated hydrocarbon type, can become dangerous i f  used sarelessly
or improperly.  The solvents approved for use on this plant can be effecËiveLy
used with a mininn-rm of danger to personnel if basic precautions arce observed
in their  use, handl ing, and l imitat ions. No solvgnt,  other than thosg l isted,
in this procedure, shall be used by personnel in the Mainleqance Department until
approved for use bv the Maintenance 9uperintendent.

1"2 Safety precaut ions and characteríst ics of the di f ferent types of
approved solvents are l isted in this procedure.

2. REqJTRN,ÍENTS - N/A

5 . 1 . 1 . 1  S o L v e n t s ,  b e c a u s e  o f  t h e í r  c o m p o s i t i o n ,  a c t  a s t t d e g r e a s i n g t ' a g e n t s ,
which ís one of their  prímary uses. Since they are good degreasers, solvents
contacting the skin will remove the natural oil of the skin and thereby cause

it  to dry out and crack. Rubber gloves provide the best protect ion.

Prepared By: H. B" Brown I I I
Approved z 5-23-72 I



Proc. Number:4-27-078
Rev No: 5

Title: Ç27-078 Cleaning Solvents

fype: Approval: lssuedDate: RevisedDate:01/13i1999

Ãr"", tur"¡nããil. rlt'| .rut' Section: <All>

ç3
Revkion

ça
Revision

;."Áil(i
\ ' : ! j ' -= /

Alliant Techsvstems lnc. Radford Page I of23

Step Number Description

REASON FOR REVISION

To make PSM comPliant

LEVEL OF TRAINING REQUIR.ED FOR TIIIS REVISION

Level l-

SCOPE

Cleaning solvents when used properly are

effective t,oo1s for cleaning many ty¡les of

equipment and machínery. However, some solvents'

particularly those of the chlorínaLed hydrocarbon

tlæe, can become dangerous if  used carelessly or

improperly. The solvents approved for use on this

plãnt can be effectively used with a minimum of

danger  i f  bas ic  precaut ions are used'

THIS DOCUMENT SHALL NOT BE REMOVED FROM THIS PLANT WITHOUT PTiNtEd: ThUTSdAY, JANUAry 04,2OO1 12:01 PM

MANAGEMENT APPROVAL.
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2.0

Step Number Description

REQUIREMENTS

If at any t,ime the operator feel-s t'hat any

safety/quali ty requirements are noL being meL'

t,hey have aut,hority to stop operations and not'ify

supervis ion immediatelY.

APPLICABLE DOCT]MENTS

Managiement Manual Safety Procedure 9-1-1-3 '
Handling Flammable Liguids

MATERIALS AND EQUIPMENT

MATERIALS

a. Stoddard tyPe solvent,s
b.  Tr ich loroethane 1,  1 ,  I  ( inh ib i ted)

c. DuPont Cleaning Solvent tÈ+g

d.  Acetone
Revision

e. Ethyl alcohol
f .  I nh ib i so l
g. Intex 827
h. ButYl alcohol
i .  NitroglYcerin remover
j .  Gunk
k. Paint str iPPer
1 .  Va rso l
m. I-,ectra Clean

THIS DoCUMENT SHALL NOT BE REMOVED FROM THIS PLANT WITHOUT PTiNtEd: ThUTSdAY, JANUAry 04' 2OO1 12:01 PM

MANAGEMENT APPROVAL,
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5.0

Step Number Description

n.  Vol - tz

WAR¡IING

Trichl-oroet.hane or methylene chloride shall not
be used in any type of pressurized system due to
a reaction between the maLerials and galvanized
or aluminum parts.

SAFETY

GENERAL PRECAI]TIONS

S.l. l  Skin Protectíon

5.1.1.1 Solvents,  because of  the i r  composi t ion,  act  as

"degreasing" agents, which is one of their
primary uses. Since they are good degreasers'
solvent,s contacting the skin will remove t'he
natural oi l  of the skin and thereby cause it

to dry out and. crack. Rubber gloves provj-de

the best  protect ion.

THIS DOCUMENT SHALL NOT BE REMOVED FROM THIS PLANT WITHOUT Printed: ThUTSdAY, JANUAry 04' 2OQ1 12:O1 PM

MANAGEMENT APPROVAL.

5.1
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Step Number Description

S.l. l .Z Sometimes it  is not pracLical to use gloves

and the !.¡orker must depend on good hygiene
pract ices for  protect ion.  A c lean so lvent  by

itself \^rould not normally cause infection but,

by causing the skin to crack, i t  has Lhus
opened a path for infection from other
sources. By washing the hands and other

affected areas immediately aft,er elq)osure and

applying a hand loLion or other skin oi1

replacing subsLance, the cracking of the skin

can be PrevenLed or lessened.

5.1.2 EYe Protectj-on

S.l.Z.l  Chemical goggles over safety glasses shall  be

worn when
working with guantit ies of solvent large

enough to
' creaËe a splashing hazard from handling or

brushinq.

5.1.3 Respirator Protection and Ventí lat ion

5.1.3.1 Solvents shall  not be used in t ightly closed

rooms unless there is  suf f ic íent  forced

vent i la t ion.

THIS DOCUMENT SHALL NOT BE REMOVED FROM THIS PLANT WITHOUT PTiNtCd: ThUTSdAY, JANUAry 04, 2OO1 12:01 PM

MANAGEMENT APPROVAL.
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Step Number Description

WARNING

If the concentraLion of solvent vapors in the
working area atmosphere causes headaches,
undue fatigue or nausea, inadequate
vent i la t ion is  indícated.

S.l. j .Z Solwents shall  be stored and handled in
approved containers and the containers shall
remain covered when not in actual use.

5.1.3.3 Solvent conLainers or washing troughs shall
not be located so that the forced or nat 'ural

air currents ca-r:r.y the vapors into other work

areas. Venti lat ion should carry the vapors to

the outside of the building and away from

areas in which personnel are working.

5.1.3.4 If  suff icient venti latíon is not available,

Comfo Respi rator  MSA LI60968 wi th  Chemical

Cartrd.ige #6?8D or fresh air mask must be

worn.

5.1.3.5 Work shaIl not be conducted in an e>çlosive
concentration of solvent vapors-

THIS DOCUMENT SHALL NOT BE REMOVED FROM THIS PLANT WITHOUT PTiNtCd: ThUTSdAY, JANUAry 04,2OO1 12:01 PM

MANAGEMENT APPROVAL.
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Step Number Description

5.1.3.6 Cleaning solvents having a f lashpoint of less

than 200 F shaLl  be c lass i f ied as f lammable
liguíds and shall be handled and stored in
accordance with Management Manual Safety
Procedure 16, Handling Flanmable Liguids-

APPROVED SOLVENTS

5.2.1 St,oddard Tlpe Solvents

DESCRTPTÏON:

Clear, colorless l iquids of the kerosenenaptha
c l a s s .

S.Z.1.I Flash Point and Fire Hazard:

The vapors of these solvents, in the proper

concenLration and ignited by an open flame or

spark,  wi l l  burst  in to f lames at  I00 to  110 F '

The vapors of these solvents are considered a

moderate fire trazatd-

S.Z.l.l.l Recommended maximum allowable concentration:

5OO Par t s  Pe r  m i l l i on  o f  a i r -

THIS DOCUMENT SHALL NOT BE REMOVED FROM THIS PLANT WITHOUT PTiNtEd: ThUTSdAY, JANUAry 04' 2001 12:01 PM

MANAGEMENT APPROVAL.
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Step Number Description

S.z.t.Z ToxicitY:

stod.dard sol_vents are a sl ight irr i tant to the

skj-n and to the air passages if a hearry

cofLcentration of vapors is breathed. solvents

will emit acrid fumes and may e>çIode if

heated to decomposit ion. Moderate vent, i lat ion

shall  be used to clear vapor.

s.2.1.3 uses:

Stoddard solvents may be used as an oi1 and

grease remover in the cleaning of equipment

and machinery. They are considered
noncorrosive to metal surfaces. Being a

p e t r o l e u m d i s t i l l a t e , S t o d d a r d t y p e s o l v e n t s
wil l  leave a thin g:rease f i lm on the cleaned

surface which may be objectionable for certain

t14>es of work.

< ' ,  ) Tr i ch to re thane  1 ,1 ,1  ( i nh ib i t ed )

5.2.2.1 Other names:

Chlorothene' Vythene, Inhibisol, Methyl

Chloroform.

THIS DOCUMENT SHALL NOT BE REMOVED FROM THIS PLANT WITHOUT PTiNtCd: ThUTSdAY, JANUAry 04,2OO1 12:01 PM

MANAGEMENT APPROVAL.
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Step Number Description

S.2.Z.Z Descr iPt ion:

A co l -or less l iqu id of  the
chlorinatedhydrocarbon class, chemical formula

CH3CCÏ,3 .

S.Z.Z.3 Flash PoinL and Fire Hazard:

The vapors of this solvent wil l  not f lash; i t

is not a f ire or exPlosion hazard.

NOTE

Trichloroethane or Methylene Chloride sha1I

not be used in any type of pressurized systems

due to reaction between the materials and any

galvanized or aluminum Parts.

5.2.2.4 Recommended maximum allowable concentration:

500 par ts  per  mi l l ion in  a i r -

5.2.2.5 Toxic i ty :

This solvent is of sl ight irr i tat ' ion to the

skin and is moderately toxic if the vapors are

inhaled or the l iquid ingested- When heated to

decomposit i-on, this solvent wil l  emit highly

toxic fumes of chlorides. Maintain a rate of

venti lat ion suff icient to effectively and

continuously remove the vapors when working

wi th th is  so lvent .

THIS DOCUMENT SHALL NOT BE REMOVED FROM THIS PLANT WITHOUT PriNtEd: ThUTSdAY, JANUAry 04,2OO1 12:01 PM

MANAGEMENT APPROVAL.



Title:
Rev No:

4-27 -07 I Cleaning Solvents Page 9 of 23
lssued Date:

Step Number Description

s.2.2.6 uses:

This solvent may be used for cleaning smalI,
del icate i tems, such as cleaning wire rope
prior t,o socketing and cleaning electr ical and

electronic eguipment and reLated items' I t

should be noted that solvenLs and their vapors
. may cause dist inct changes to insulation,

wiring, and other susceptible parts of

cri t ical- elecLronic equipment, and therefore

must  be used wiLh care-

5.2.3 DuPont Cleaning Solvent #+g

5.2.3.1 Descr iPt ion:

A cIear, colorless l iguid compound of a

mixture of petroleum dist i l late and
' chlorinated hYdrocarbons.

5.2.3.2 ComPosit ' ion:

702 Stoddard Solvent,

25% MethYlene Chloride, '

5% PerchloroethYlene.

THIS DOCUMENT SHALL NOT BE REMOVED FROM THIS PLANT WITHOUT PTiNtCd: ThUTSdAY, JANUAry M' 2OO1 12:01 PM

MANAGEMENT APPROVAL,
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Step Number Description

5.2.3.3

5.2.3.4

5.2.3.5

THIS DOCUMENT SHALL NOT BE REMOVED FROM THIS PLANT WITHOUT
MANAGEMENT APPROVAL.

NOTE

Trichl-oroethane or Methylene Chloride sha1l
not be used in any type of pressurized systems

due to reaction between the materials and any
galvanized or aluminum Parts.

Flash Point and Fire Hazard:

This solvent wil l  not f lash unless i t  is

boi led,  âL which t ime and af ter  2OZ
evaporation, a f lash point of L32 F is

reached.. As a fire inazard, this solvent is in

the same class as kerosene, a moderate f ire

hazard.

Recommended maximum allowabIe concentratron :

2Oo par ts  per  mi l l ion in  a i r .

Toxici-ty:

This solvent is of moderate irr i tat ion to the

skin and a moderate toxicant when inhaled or

ingested. When heated to decomposit ion, ít  may

emit toxic fumes of phosgene gas and

chlorides. Use a high rate of venti lat ion when

working with this solvent. Contact of the skin

with t,his mixture should be avoided because

absorption through the pores may produce the

same physíologica1 effects as inhalation'

Printed: Thursday, January 04,2001 12:01 PM
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Step Number Description

5.2.3.6 This material is dangerous to the eyes; they
shal1 be wel-l  Protected.

s .2. j .7  uses:

This solvent may be used in electr ic motor

cleaning. Most of t 'he common insulating
varnishes are inert to the action of this

mixture. lr lhen using the mixture f or the f irst

t ime, use a smaIl amount unti l  certain whether

there is a l imit of exposure which must be

observed to avoid any tendency of the varnish

t ,o  sof  ten or  l i f  t .

5.2.4 Acetone

S.Z.4.t Descript ion:

Colorless l iquid, fragrant mint-1ike odor,

chemical formul-a CH3COCH3 -

S.Z.4.Z Flash Point and Fire Hazard:

The vapors of this soLvent wil l  f lash at a

t e m p e r a t u r e a b o v e O F a n d c a n b e a d a n g e r o u s
f ire hazard if  elçosed to heat or f lame '

THIS DOCUMENT SHALL NOT BE REMOVED FROM THIS PLANT WITHOUT PTiNtCd: ThUTSdAY, JANUAry 04' 2001 12:01 PM

MANAGEMENT APPROVAL.
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Step Number Description

5.2.4.3 Recommended maximum allowab1e concentration:

l oo0  pa r t s  Pe r  m i l l i on  i n  a i r .

5.2.4.4 ToxicitY:

Because of the l imited quantity of t 'his
solvent used by Maintenance, concentration of

vapor wil l  normally present no problem. Ïn

large concentrations, aceLone fumes wil l  cause

írritation of the eyes and mucous membranes of

the respirat,ory t.ract. Prolonged e>ryosure of

the skin to the liguid or vapors may cause

i r r i ta t ion.

S.Z.4.S Uses:

Acetone is used where a greaseless and fast
. drying action is desirable, âs in cleaning

certain instruments. Acetone is also used by

various shops to seal and cement' acetate

together .

J .L .J
Alcohol (Ethyl Alcohol)

S.2.S.l DescriPtion:

Clear, colorless, fragrant l iquid, chemical

formula: CH3CH2OH.

THIS DOCUMENT SHALL NOT BE REMOVED FROM THIS PLANT WITHOUT PTiNtEd: ThUTSdAY, JANUAry 04,2OO1 12:01 PM

MANAGEMENT APPROVAL.
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Step Number Description

1 7  < )

5.2.5.3

5.2.5.4

3.-¿.5.3

THIS DOCUMENT SHALL NOT BE REMOVED FROM THIS PLANTWITHOUT
MANAGEMENT APPROVAL.

FLash Point and Fire Hazard:

The vapors of this solvent, in proper
concentratíon, wilL f lash at temperatures
above 61 F. $Ihen elq)osed to excessive heat' or

open f1ame, this solvent can be a dangerous
f i re  hazard.

Recommended maximum allowable concentrations :

1OOO par t s  pe r  m i l l i on  i n  a i r .

Tox ic i ty :

Because of the l imited quantity of alcohol
used by t,he Maintenance Department,
concentration of vapors should present no
problem. However, ín heawy concentrations,
al-cohoI vapors wil l  cause irr i tat ' ion of the

eyes and the mucous membranes of the

respiratory tract. A moderate rate of

ventilation shoul-d keep vapor concenLrat'ion at

a  sa fe  l eve1 .

Ethyl alcohol used on the plant has been
I'denatured.rr by chemical ad.dit ives, making this

I iguid poisonous íf taken internally.

Printed: Thursday, January 04,2001 12:01 PM
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5.2.5.6 uses

Ethyl alcohol is used in small quantit ies to

clean certain t lpe instruments.

5.2.6 Inhibisol

5.2.6.1 Descr iPt ion:

Color less l iqu id of  ch lor inated so lvents '

Chemícal formula: CCL4.

5.2.6.2 Flash Point and Fire Hazardl.

None - this material cannot burn'

5 .2.6.3 Threshold l imi t  va lue is  350 PPM' Ef fects  of

overelcposure : Anesthetic effects, dizzi.ness'

headache. Emergency f irst aid: Remove to fresh

air and obtain medical help. Eye contact:

Flush with water and consult a physician'

swallowing: Induce vomiLing and obtain medical

at tent ion.

THIS DOCUMENT SHALL NOT BE REMOVED FROM THIS PLANT WITHOUT PriNtEd: ThUTSdAY, JANUAry 04' 2OO1 12:01 PM

MANAGEMENT APPROVAL.
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Step Number Description

5.2.6.4 ToxicitY:

Inhibisol ís extremely toxi-c and can be taken
into the body by inhalation to the lungs,
ingestion through the mouth, or prolonged and
repeated conLact with the skin. Prolonged
e>q)osure to hearry concentrations causes
gastro in test ina l  d isorders .

5.2.6.5 Spi1l or Leak Procedures:

Venti lat,e the area. Deposit waste in tank at '

Burninq Ground.

5.2.6.6 Avoid. contact with skin' eyes, and clothing'
Do not store near direct heat- Vent off
poss ib le  in t ,ernal  Pressure.

5.2.6.7 A high rate of venti lat ion shaIl always be

maintained when using Inhibisol.

WARNING

Avoid breathing vapors. Always use the

smallest amount of solvent that wil l
e f fect ive ly  per form the c leaning job.

THIS DOCUMENT SHALL NOT BE REMOVED FROM THIS PLANT WITHOUT Printed: Thursday, January 04,2001 12:01 PM
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5.2.6.g Uses:

This solvent, ín minute quantit ies, may be
used to clean equipment and parts where the
thin g'rease f i lm and dry residue left by other
solvents lroul-d be objectionable. The
Instrument Shop and Ballistics Instrument Shop

use small cruantit ies for thís reason.

5.2.6.9 Large quantit ies of Inhibisol shall  not be

used by personnel an)¡!ìihere in the Maintenance

Department without the approval of
supervision. Inhíbisol shall  be used under

careful lv control- led conditíons.

5.2.7 Nitroglycerin Remover

S.Z.7.l  DescriPtion:

A mixture of sodium sulf ide, alcohol,
acetone, and water.

S.Z.7.Z Flash Point and Fíre Hazardz

Nitroglycerin remover wil l  have a f lash point

and f ire hazard similar to acetone and

a lcoho l .

TH|S DOCUMENT SHALL NOT BE REMOVED FROM THIS PLANT WITHOUT Printed: Thursday, January 04, 2001 12:01 PM

MANAGEMENT APPROVAL.



Title:
Rev No:

4-27 -O7 8 Cleaning Solvents Page 17of23
lssued Date:

Step Number Description

5.2.7.3 Recommended maximum alIowable concentration:

1000  pa r t s  pe r  m i l l i on  i n  a i r .

5.2.7.4 Toxicity:

The toxic properties of nitroglycerin remover
wil-l be similar to those of acetone and
a lcoho l .

S.Z.7.S Uses:

Nitroglycerin remover is used as a special
solvent in the cleaning of equipment
contaminated with nitroglycerin or products

containing nitroglYcerin.

5.2.8
rGllnkrl

5.2.g.1 DescriPtion:

ilGunk'r is a trade name for a degreasing-
cleaning solvent manufactured by Radiator
Specía l t ies Corporat ion,  Gunk Div is íon,
Char lo t te ,  Nor th Caro l ina.

THIS DOCUMENT SHALL NOT BE REMOVED FROM THIS PLANI WITHOUT Printed: Thursday, January 04' 2OO1 12:01 PM
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S.2.g.Z Flash Point:

1 7 8  F .

5.2.g.3 Recommend.ed maximum allowable concentration
(c reso le )  :

5  par ts  per  mi l l ion in  a i r .

S.Z.g.4 Gunk contains approximaLely t6? cresole, which

can cause skin burns. Rubber protective
. gloves, head covering, and goggles shaI1 be

worn to prevent contact with the skin or eyes'

A fresh air mask shal_l- be worn when inside the

paint str ipping tank. If  Gunk comes into

contact with the eyes, wash with f lowing water

and report to the Plant Hospital for treatment

immediatelY.

5.2.g.5 Uses:

Gunk is used in a vaL or tank in Buitding 1041

to clean and paint str ip scales for overhaul '

See Scale Maintenance'  MSOP 4-27 -13,  paragraph
'  5 .21  th rough  6 .5 .1  fo r  co r rec t  ope ra t ' i on  o f

thi-s tank.
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S.Z.g ButYl Alcohol

S.Z.g.l  Descript ion:

A co lor less l igu id.  Chemical  formul-a:  C4H9OH-

S.Z.g.2 Recommended al lowable concentration:

lOO pa r t s  Pe r  m i l l i on  i n  a i r .

5.2.9.3 Flash point:

8 4  F .

S.Z.g.4' Small quantit ies are used by the Electronic
Shop for strain gage maint 'enance.

S.2.g.S Precautions:

Avoid inhalation and skin contact.

S.Z.l0 Intex #8793 - Paint Stripper

THfS DOCUMENT SHALL NOT BE REMOVED FROM THIS PLANT WITHOUT Printed: Thursday, January 04'2001 12:01 PM
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5.2.10.1 Descr iPt ion:

Brown, 2-Iayer l iquid.

*hreshold L imi t :5.2.10.2 rr

500  ppm.

5.2.10.3 This product is used in the Degreasing Shop
for removal of Paint.

5.2.10.4 Comfo respiraLor or fresh air mask must be

worn when placing work in Intex Lank, dashing
work up and down, spraying work with st'eam or

water, or changing or adding Intex to tank'

WARNING

Exhaust ventilation shal1 be used; eye
protection and long rubber gloves sha11
be worn. In case of eye or skin contact,
f lush with waLer and soap. Report to
Plant Hospital immediately.
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S.2.I l  Intex #827 - SafetY Solwent

S.2.l1,. l  DescriPtíon:

Colorless with odor of chLorinated solvent.

*hreshold L imi t :5.2.11.2 rr

500  ppm.

5.2.11.3 This product wil l  be used in the Degreasing
Shop for paint removal and cleaning purposes.

S.Z.l l .4 If  Intex 827 is used in open container and
t cleaned. by hand, respirator or fresh air mask

must be worn.

WARNING

In case of eye or skin contact, f lush with
water and report to P1ant HosPital
immediately. Exhaust ventilation shal-l- be used

and eye protection and long rubber g1owes

sha1l be worn.
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5.Z.lZ Lect.ra Cl-ean - Cleaner/Degreaser for Electr ical-
Equipment

S.2.11Z.l Descript ion:

Colorless with irr i tat ing odor at high
concenLrat ions.

5.2.12.2 Threshold L,imits:

350  ppm

5.2.12.3 This product wil-I  be used in the Electr ic Shop
for cleaning and degreasing electr ical
equipment.

S.Z.¡Z.4 Product should be used in the presence
venti lat, ion i f  used in concentrations above
threshold I imit,.  I f  venti lat ion is not '
available, self contained breathing apparatus
should be used for concentrations above
threshold 1imit. SoIvenL resistant gloves are

' safety goggles shall  be worn during use-
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S.Z.l3 Voltz

5.2.13.1 Descript ion:

Transparent l iguid with a citrus odor-

5.2.13.2 Threshold l imit:

300  ppm

5.2.13.3 This product, is used in the El-ectr ic Shop
motor  c leaning vat .

5.2.13.4 Normal venti lat ion is adequat'e for use of this
-------: 

product. unless used in confined or enclosed
spaces where supplied-air respiratory
proLection should be used. Protective chemical
resistant gloves, splash goggles, and chemical
resist,ant apron should be used to avoid
prolonged skin contact, protect the eyes, and

avoid contaminating regular clothing.
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B u r L D t N c  N n u E

Buf l -d lng Name

Record Samp1e Store

House
changed to Degreaser House

B u r l o r n e  S ¡ z e

RADFORD ÀRSENAL
HERCULES POWDER COMPANY

BnnRrcnpes  : .  No . -  Noh*  T t "a

PROPERTY RECORD

r N  -  o u l -

I L D I N G  D E S C R I P T I O N
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Fouxon.r loN
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Run Date: 06-Mar-07
Run Time: 3:59:og pM Page 1

Property in Building 1041-00 , Dept All
DEGREASER HOUSE íCOTTON AI

Prop # Description

104509 SCALE MONORAILTOLEDO 451
104515 SCALE MONORAILTOLEDO 452
104746 TESTTBL SS 4OX4O HERCULES
110047 DRILL PRESS DELTA 14
112225 HOTSI AtR MOD A tR 40268
120254 WATER COOLER OASTS 005085
123967 GRINDER WDUST COLL 246865
125275 TANK,ssO GAL,MTL,48X72' VERT.
125396 SCALE PLATFORM AH EMERY 24X24IN 3OOLB CAP
125802 SCALE,CHLORINE,PENNWALTS4S
226004 SCALE PLATFORM sOOLB TOLDO
233351 SCALE PLATFORM SOOLB TOLDO
234022 SCALE, GRAVITYGRAM 839296
234029 SCALE, GRAVITYGRAM 839303
234123 SCALE, PP, HOWE 1423221
234319 SCALE, PLAT, F-M IOOO LB
234324 SCALE, PLAT, F-M 2OO LB
234373 SCALE, ZONING SOOLB TOLEDO
234482 SCALE, BENCH
235823 SCALE PLATFORM TOLEDO
236660 SCALE, PP, HOWE 1549897
236663 SCALE, PP, HOWE 1549894
239001 SCALE PLAT DIAL TOLEDO
241446 SCALE BENCH 2OOLB TOLEDO
255159 SCALE BENCH ,IsOLB TOLEDO
257560 SCALE PLAT HOWE 65-11585
257573 SCALE PLAT HOWE 65-11598
257580 SCALE PLAT HOWE 65.11605
257610 SCALE PLAT HOWE 65-11487
259441 SCALE, PLAT COLT G617518
259442 SCALE, PLAT COLT G617522
259489 SCALE DIAL TOLEDO 595870
269493 SCALE BENCH HOWE 70_04235
269510 SCALE BENCH HOWE 70-04238

Dept
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576
576
576
576
576
576
576
576
576
576
576
576
576
576
576
576
576
576
576
576
576
576
576
576
576
576
576
576
3 / b

576
c / o

576
576

FSN

66700800000s0
66700800000s0
71 950031 00050
34't 30000000s0
39503020000s0
41 1 00303000s0
341 50000000N0
54300000000s0
667021 78030N0
66700400000s0
66700400000s0
66700400000s0
66700601 000s0
66700601000s0
66700400000s0
66700400000s0
66700400000s0
66700000000s0
66700300000s0
66700400000s0
66700400000s0
66700400000s0
66700400000s0
66700300000s0
66700300000s0
66700400000s0
66700400000s0
66700400000s0
66700400000s0
66700400000s0
66700400000s0
66700000000s0
6670217202250
6670217202250
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0't7047
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017047
017047
017047
017047
017047
017047
017047
01 6503
0't6503
016503
016503
01 6503
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01 6503
01 6503
01 6503
01 6503
01 6503
01 6503
01 6503
01 6503
01 6503
01 6503
01 6503
016503
01 6503
01 6503
01 6503
01 6503
017047
017047

EM YA YI

1941 2005
1941 2005
1959 2001
1952 2001
1962 2001
1978 2001
1983 2001
1986 2001
1986 2007
1987 2007
'1951 2001
1951 2001
1941 2001
1941 2001
1941 2007
1941 2006
1941 2001
1952 2001
1941 2001
1952 2002
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1952 2001
1953 2006
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1963 2002
1965 2006
1965 2003
1965 2001
1965 2002
1966 2001
1966 2001
1966 2003
1970 2001
1970 2001
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05
05

05
05
05
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05
05
nÃ

05
05
05
05
05
05

05
05
05
05
05
nÃ

05

05
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05
U5

05

Cosf

748
748

1,057
137
235
408

1,709
6 1 0

O A??

500
610
595
,12,'l

1 1 9
¿ô
7R

50
383
87

545
54
54

547
540
721
129
129
129
592
154
154
735

1,224
1,224

Repl Val

13,585
13,585
8,744
1,478
1,805
't,269

3,760
1,322

20,881
1,057
7,531
7,346
2,379
2,161

454
1,362

908
4,133
1,580
5,881

583
583

5,903
5,827
5,538

955
955
9s5

4,382
1,041
1,041
4,969
7,080
7,080



Run Date: 06-Mar-07
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Property in Building i041-00
DEGREASER HOUSE ICOTTON AI

Prop # Description

269513 SCALE BENCH HOWE 70_04239
269514 SCALE BENCH HOWE 70_04240
270210 SCALE BENCH TOLEDO 539589
270211 SCALE BENCH TOLEDO 539588
270212 SCALE BENCH TOLEDO 539587
270625 SCALE BEAM PORTABLE 2496
277975 SCALE,TOL.DIAL BENCH 9373
283609 SCALE,BENCHDETECTOE4T'I2}
283610 SCALE,BENCH DETECTO 847130
284851 SCALE,DIAL TOLEDO 36475
284856 SCALE,DIAL TOLEDO 36473
284862 SCALE,DIAL TOLEDO 36462
284863 SCALE,DIAL TOLEDO 36456
284907 SCALE,DIAL TOLEDO 36445
284911 SCALE,DIAL TOLEDO 36441
284919 SCALE,DIAL TOLEDO 36419
284928 SCALE,DTAL TOLEDO 36428
284932 SCALE,DIAL TOLEDO 36449
284933 SCALE,DIAL TOLEDO 36433
284937 SCALE,DIAL TOLEDO 36437
292719 TABLE,STEEL,45X42X26
293832 SCALE,WALLACE-T,AM28598
293833 SCALE,WALLACE-T,AM28598
307033 ELECTRONIC SCALE CAPITOL DUAL CYLINDER,
307056 CABINET, SAND BLAST ECONOLINE MODEL4X

Items of Property in Btdg: 5e

Items of Property in Se/ecfed Bldgs: 5e

, Dept All

Dept FS/V Account

576 6670217202250 017047
576 6670217202250 017047
576 6670212202050 017047
576 6670212202050 017047
576 6670212202050 017047
576 66700300000s0 016503
576 66700217000N0 017047
576 66702172082N0 017047
576 66702172082N0 017047
57666700000000N0 017047
57666700000000N0 017047
57666700000000N0 017047
576667oO00oOOON0 017047
57666700000000N0 017047
57666700000000N0 017047
57666700000000N0 017047
57666700000000N0 017047
57666700000000N0 017047
57666700000000N0 017047
57ô66700000000N0 017047
576 71100000000s0 016503
576 66700400000s0 016503
576 66700400000s0 016503
57666700000000s0 017047
57653500000000N0 017047

EM YA YI
'1970 2001
1970 2001
1971 2006
1971 2001
1971 2006
't972 2001
1980 2001
1984 2001
1984 2001
1984 2001
1984 2006
1984 2001
1984 2004
1984 2006
1984 2004
1984 2001
1984 2001
1984 2005
1984 2001
1984 2001
1987 2001
1987 2001
1987 2001
1998 2003
1999 2001

SC

05
05
UC

nÂ

rìÂ

05
05
UC

05
05
UC

05
05
05
05
UC

n t

05
05
nÃ

05
05
05

Cosf

1,224
1,224
1,225
1,225
1,225

180
2,672
2,105
2J05
2,242
2,242
2,242
2,242
2,242
¿ , ¿ 1 ¿

2,242
¿,¿+¿

2,242
¿ , ¿ 4 ¿

2,242
350
810
810

1,250
1,800

67,658

67,658

Page2

Repl Val

7,080
7,080
7,086
7,086
7,086

980
7,192
4,608
4,608
4,908
4,908
4,908
4,908
4,908
4,908
4,908
4,908
4,908
4,908
4,908

740
1 ,713
1 ,713
1,411
,l o'7'2.

262,468

262,468

Cost / ReplValue of Property in Bldg:

Cost / Repl Value of Property in Se/ecfed Bldgs:
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Bullnrruc tr¡rH¿E ProducLio+ Engineering No

u ..o::triå r.,a rnsrrumenr shop 
(

B

1

tntr  n( '  ¿

3
J.

B u r l o l N c  S l z E

RADFORD ARSENAL
TTERCALES POWDER CO MPANY

PROPE RTY RECORD

' t  Main. Fl-oor Addítíon
>t:k Ç¡6¡nd Floor Addition

Bnnnrc ¡nes : .  g6 ,None  ayp

I N  -  O U ' T

IN

OUT

Fouruonrro¡¡
8" corrc. fdn. wall-
on conc. foot, ins

R".f lffi
w/4, l lp I ' testinghouse motor, M4195

RerrRrrucE ro TRarusrER oF pnopEnrv GR-l-791 290 S./N lB?

D E S C R I P T I O N

Part l t lons between rooms #1
Replaced double wtndow ln
2-4 t  x  10 t  x  I -3 /4u  doors

Roor  Co¡ ls r .  HEar rNc
20 yr.  boncled roof ing STãam. cast
on I i l  sheathing. i ron radi-at ion
Tnrss tyne 2tr  x 12rr raf ters

H o T  W A T E R  F A C ¡ L I T I E S

ï es

S_EM¿.s5g

oul

By Bldgï*fnspee"b on

westLnghor¡se water cooler¡ rra hr38 movecl to Blttg. 22p Lo-ag-62
Pr-U633

D E S C R I P T I O N  A N D  R E C O R D  O F  C H A N G E S

D n a t ô â  1 a  a
:img'yJ/-;Ç--S$-Q,;

C a n p  N o .  I

Conc. mascnry Aspha-[T tile
block on 5rr conc.

Enlarged Rm.  #6  reduced s ize  woments  res t  room,
removed one water  coo le r ,  added 3  f luorescent
t lgh t i .ng  f i x tu res .  W.0 .  1034,  LO/22/62 ,  Memo 5506,  l l

$cru¿Re FEET (FAcE) .

& 2 a n d 2 & 3
Rm. ffl and #9 wtth
D w g . 3 7 - 6 1 6 I

slab.  l in i .ng.  w/ /vc Sgcr t¿n
U r l L r r r E s  F I B E  P n o r E c r r o N
Steam, air, Sprinkler systet"
water, poh'er
&  l i p h t . i n o

Access r l ¡ l L l r y  ro  BUt !_D lNc
Road

Fr: r rner  Ni t rc  Cot ton laboratory.

cort--l!-1,i9]

L2409 Memo
Pro j

i /ü.  0.
Memo
Ðate

W A L L  C o v e R l N c

/1
t - ,  

/ /

8r '  conc .  b lock .
Masonite int .  waI l

l \ M O U N T A M O U N T
C R E Þ I T

19/b2

R E V I S ' E D



R A - 8 5 - R r v . 6 / 6 t

BIdg.  Name changed to
Burrnrruc t r tarae Scale and Inst rument  Shop Of f ice Burr_orrue No.

I N  _  O U T

IN F l b e r t o n e  a c o u s t Í c a l  c e l l i n g  t i l e ,  C l a s s  C
size 24"  x  z [ t t  x  3 /4"  th lck,  Rooms #4e6

R e a r r a n g e m e n t  o f  e l e c t r i c a l  I  i g h t i n g  f i x t u r e s ,
r e c e p t a c l e s  f o r  s c a l e  a n d  i n s t r u m e n t  s h o p .
Dws. 6929-1200

R e m o v e  ( l )  r e c e p t a c ì e  F S Q X - 2 3  f r o m  c i r c u i t  1 7
a n d  r e l o c a t e  o n  c i  r c u i t  l 8  R m .  l ! , D w g . 6 9 2 9 - I Z O O

2 2 0  V o l t  t w i s t  l o c k  r e c e p t a c l e  w i t h  s w i t c h  a n d  3 0
amp sa fe ty  sw i tch ,  Dwg.  6929-1200

R¡iDFORD ARSENAL
HERCULES POW.DER, COM'PANY

PROPERTY RECORD

D E S C R I P T I O N  A N D  R E G O R D  O F  C H A N G E S

IN

IN

American Blower Utí1íty set w/ 1/3 HP 440 volt  motor,  with motor
start ing equípment and 4'  N 2t=6" exhaust hood, RM /¡14. Dr, tg 6929

3 Lockers  G $10.00  Ea.

One Fluorescent l ight ing f ixture added Èo círcuíË l l  Lz
DI^IG 6929-1200 I^1.0./ i  69L16
Removed wal-1- partitÍon between rooms 12 & 13 relocated
equípment to room / l  16 I4I .O. / /  59335

Relocated one f luorescenÈ l ight f ixture and added one

Removed partítíon wal-l between rooms ll 4 and 5,

Room 16

DAA,1W5"I I 'U' ' t r fu r
c o N T R A C T  N O .  W - t  l - t 7 3 - O R D _ 3 7

1  ô ? 4

Memo
1/ ' I .0 .  x
Date

C E V  N O .

\ ^ / .0 .  xs - l  07
Memo 6635,

)ooJ
- l r ;¿o

C n R o  N o .

t^ / .0.  XS-4388
Memo t6859, 7

/ D q / 6 2

,  xs-20
2 /22 /64

l ^ / . 0 .
Memo

6 / 1 1  / 6 5
|  5/65

,  xs -2036 ,

326, gl
l ,  1 o / 7

i ^ i .0 .  #  5
Memo No
cEv-550

room lf 7,
7  . 2 2 , 6 6
shop
B . 3 l _ . 6 5

I^I. 0. tl 69

R E V I S E D
( : O S T

/29/6t+

1200
355

7 L 0 4 ,  5
,  9 / B / 6 6

o)
q

t^t. 0. ll 7
4  / L 4 1 6 7

6  / 6 6

34  1212

4 7

/ 6 6



R A - 8 5 - R E V . 6 / 6 1

Bul lnrrue Narr¿eScale and Instrument Shop Off lce

A 2-s to ry  add i t íon  to  ex is t ing  B ldg .  1034,  concre te  foo ter  and
slabs on grade CMU r¿al lsr.h7ater proofed, wood truss roof rr i th
bu í l t  up  roo f .  Approx .  d ímens ions  are :  ma in  f loor  -  48 t  x43rx
l0 '8 " .  Ground f loor -48  x  43  x  l -0 f  10r ' .  B1 ,dg .  inc ludes  a  monora i l_
system on the upper level sÈorage area, exhaust fans, l ights,
steam unit heaters on the i-or,rer l-evel r¿íth steam heat. (ductwork)
on the upper level.  Also included is bi tumínous paving at the
nor th  end o f  the  add i t ion .  DD 1354-83-02,  CEV 0071-48,  FEb.
1983,  Memo No.  8803

RADFORD ARSENAL
HERCULES POUYDER COMPANY

PROPERTY RECORD

D E S C R I P T T O N  A N Þ  R E C O R D  O F  C H A N G E S

B u r r - o l N c  N o . 1034

c o N I R A C T  N O .  W - l  t - t 7 3 - O R D - 3 7

C E V  N O .

077-48
2-83

Cnno No

A M O U N T A M O U N T

C O S T



Appendix B 

 

Soil Boring Logs 



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 36 Feet Hole Diameter inches

Length and Diameter feet
of Coring Device 4 feet / 1.75 inches feet

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Helper

Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (inches) (ppb) Sample/Core Description

0 4' 48 9547 0 - 0.5'  asphalt, odor

41, 0, 0 0.5 - 4'  orange brown CLAY, very stiff, dry (CL)

4 8' 48 0,0,0,0 0 - 4'  orange brown CLAY, very stiff, dry (CL)

Attempted hydropunch; screen set from 32 - 36 ft bgs*

No water after 1 hour.  No sample was collected.

*Hard material encountered to 32 ft bgs.  Rods pushed without hammer from 32 -

36 ft.  Rods wet when removed.

END OF BORING

14:30  /  14:50

0.5-1.5 7-
8

Robert Stewart --

--

Soil Sample Intervals

1034-1

5/8/2008 5/8/2008

1.75 Collection times of samples

Appendix B Boring Logs-all-120819.xls.xls
1034-1



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 4 Feet Hole Diameter inches

Length and Diameter feet
of Coring Device N/A feet

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe

Drilling
Contractor -- Driller Helper

Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (inches) (ppb) Sample/Core Description

Boring advanced for soil gas collection.  No soil or water samples collected.

Soil gas sample collected 5/8/08 14:20.

N/ASoil Sample Intervals

-- --

--

1034-2

N/A N/A

-- Collection times of samples N/A

Appendix B Boring Logs-all-120819.xls.xls
1034-2



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 8 Feet Hole Diameter inches

Length and Diameter feet
of Coring Device 4 feet / 1.75 inches feet

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Helper

Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (inches) (ppb) Sample/Core Description

0 4' 30 0,0,0,0 0 - 0.5'  asphalt.

0.5 - 2.5'  orange brown CLAY, stiff, dry to slightly moist (CL)

4 8' 48 0,0,0,0 0 - 4'  orange brown CLAY, stiff, dry to slightly moist (CL)

*2 inches of asphalt ~ 4.5 ft bgs

END OF BORING

8:30  /  8:45

0.5-1.5 5-
6

Robert Stewart --

--

Soil Sample Intervals

1034-4

5/8/2008 5/8/2008

1.75 Collection times of samples

Appendix B Boring Logs-all-120819.xls.xls
1034-4



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 22 Feet Hole Diameter inches

Length and Diameter feet
of Coring Device 4 feet / 1.75 inches feet

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Helper

Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (inches) (ppb) Sample/Core Description

0 4' 48 0,0,0,0 0 - 0.5'  asphalt.

0.5 - 4'  orange brown CLAY, very stiff, dry (CL)

4 8' 48 0,0,0,0 0 - 1'  orange brown CLAY, very stiff, dry (CL)

1 - 4'  orange brown CLAY with some sand and gravel, very stiff, dry (CL)

Attempted hydropunch; refusal at 22 ft bgs.

END OF BORING

12:50  /  13:00

0.5-1.5 7-
8

Robert Stewart --

--

Soil Sample Intervals

1034-6

5/9/2008 5/9/2008

1.75 Collection times of samples

Appendix B Boring Logs-all-120819.xls.xls
1034-6



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 8 Feet Hole Diameter inches

Length and Diameter feet
of Coring Device 4 feet / 1.75 inches feet

Land-Surface Elev. N/A feet Surveyed Estimated Other Duplicated  soil sample collected

Drilling Fluid Used N/A Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Helper

Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (inches) (ppb) Sample/Core Description

0 4' 36 0,0,0,0 0 - 0.5'  asphalt.

0.5 - 3'  orange brown CLAY, stiff, dry (CL)

4 8' 36 0,0,0,0 0 - 1'  orange brown CLAY, stiff, dry (CL)

1 - 3' orange brown CLAY with some sand, stiff, dry (CL)

END OF BORING

13:30  /  13:40

0.5-1.5 7-
8

Robert Stewart --

--

Soil Sample Intervals

1034-7

5/9/2008 5/9/2008

1.75 Collection times of samples

Appendix B Boring Logs-all-120819.xls.xls
1034-7



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 22 Feet Hole Diameter inches

Length and Diameter feet
of Coring Device 4 feet / 1.75 inches feet

Land-Surface Elev. N/A feet Surveyed Estimated Other: N/A

Drilling Fluid Used N/A Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Helper

Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (inches) (ppb) Sample/Core Description

0 4' 36 0 0 - 0.5'  asphalt.

503,161,31 0.5 - 3'  orange brown CLAY with some gravel, stiff, slightly moist (CL)

4 8' 36 1287, 3011 0 - 1'  brown CLAY with gravel, medium soft, slightly moist (CL)

0 1 - 3'  orange brown CLAY with gravel, medium soft, moist (CL)

Attempted hydropunch; refusal at 22 ft bgs.

END OF BORING

15:20  /  15:30

0.5-1.5 4-
5

Robert Stewart --

--

Soil Sample Intervals

1034-8

5/8/2008 5/8/2008

1.75 Collection times of samples

Appendix B Boring Logs-all-120819.xls.xls
1034-8



ARCADIS
Sample/Core Log

Boring/Well 1041-1A Project/No. RAAP/ GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Type of Sample/
Total Depth Drilled 28 Feet Hole Diameter inches Coring Device

Length and Diameter
of Coring Device 5 feet / 1.75 inches Sampling Interval feet

Land-Surface Elev. NA feet Surveyed Estimated Other NA

Drilling Fluid Used NA Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Josh K Helper NA

Prepared Hammer Hammer
By Michael Cobb Weight NA Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (Feet) (ppm) Sample/Core Description

0 5 3.9 0.0 0 - 0.6  asphalt and roadbed.

0.0 0.6 - 0.9  medium to coarse SAND and GRAVEL (fill).

0.0 0.9 - 1.8  medium brown fine SAND, medium dense, moist.

0.0 1.8 - 2.7  medium brown fine to coarse SAND and fine GRAVEL, little silt (fill).

0.0 3.7 - 3.9  yellow brown CLAY/SILT, weathered rock, very stiff, angular fragements

with relict rock texture (i.e. bedding), however it crumbles to powder, moist to wet.

5 10 5 0.0 0 - 3.7  weathered rock as CLAY and SILT with relict fabric, bedding (~ 5 degree dip),

very stiff with soft wet intervals  3 - 3.7'.

0.0 3.7 - 4.8  deep rust red brown, hard decomposed rock with strong bedding.

10 15 4.8 0.0 0 - 3.9  weathered rock, CLAY and SILT, with relict fabric, bedding, very stiff, wet,

soil has appearance of gravel/rock but crumbles to clay.

0.0 3.9 - 4.8  SAA but soft, less decomposed rock.

15 20 5 0.0 0 - 4  yellowish brown, weathered rock, SILT and CLAY, some intact rock

fragments as coarse SAND/GRAVEL, relict rock structure, wet, very stiff.

0 4 - 5  dark reddish brown, very stiff, decomposed rock breaks apart as coarse

SAND / fine GRAVEL, interbedded with silt an clay.

*Refusal at 20 ft bgs* bit broken

Blind advance to 28 ft bgs. Temporary well set, 5ft prepack 1-inch diameter PVC

screen set at 23 - 28 ft bgs. GW sample (1041HP001A) collected at 25 - 28 ft bgs.

END OF BORING

6/26/2008 15:55 6/26/2008 16:10

1.75

NA

NA

Appendix B Boring Logs-all-120819.xls.xls
1041-1A



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 28 Feet Hole Diameter inches

Length and Diameter feet
of Coring Device 4 feet / 1.75 inches feet

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Helper

Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (inches) (ppb) Sample/Core Description

0 4' 36 0,0,0 0 - 0.5'  asphalt and gravel fill

0.5 - 3'  orange brown CLAY with some gravel, stiff, dry (CL)

4 8' 48 0,0,0,0 0 - 2'  orange brown CLAY with some gravel, stiff, dry (CL)

2 - 4'  orange brown CLAY, stiff, moist (CL)

Hydropunch screen interval set at 24 - 28 ft bgs.  Very slow recharge.

Sample 1041HP001(05092008) collected.

END OF BORING

12:15  /  12:25

Soil Sample Intervals
0.5-1.5 7-

8

Robert Stewart --

--

1041-1

5/9/2008 5/9/2008

1.75 Collection times of samples

Appendix B Boring Logs-all-120819.xls.xls
1041-1



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 57 Feet Hole Diameter inches

Length and Diameter feet
of Coring Device 4 feet / 1.75 inches feet

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Helper

Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (inches) (ppb) Sample/Core Description

0 4' 36 0,0,0 0 - 1'  asphalt and gravel fill

1 - 4' orange brown CLAY with little gravel, stiff, dry (CL)

4 8' 36 0,0,0 0 - 1'  gravel fill

1 - 3'  orange brown CLAY with some gravel, medium loose, slightly moist (CL)

8 12' 18 0,0,0 0 - 0.5'  orange brown CLAY with some gravel, medium loose, wet (CL)

0.5 - 1.5'  orange brown CLAY with some gravel, stiff, dry (CL)

12 16' 48 0,0,0,0 0 - 2'  orange brown CLAY with gravel, loose, wet (CL)

2 - 4'  orange brown CLAY, very stiff, dry (CL)

16 20 24 0,0 0 - 0.5'  orange brown CLAY, loose, moist (CL)

0.5 - 2'  orange brown CLAY, stiff, moist (CL)

20 24 48 0,0,0,0 0 - 1'  orange brown CLAY, stiff, moist (CL)

1 - 2.5'  orange brown CLAY, stiff, wet (CL)

3 - 4'  orange brown CLAY with gravel, very loose, wet (CL)

* continue to drill without recovery.  Soft wet material encontered at 48 ft bgs.

** REFUSAL at 57 ft bgs

Hydropunch screen interval set 22 - 24 ft bgs.  PVC inserted and allowed 30 mins

for charge.  Sample 1041HP002(05082008) collected.

END OF BORING

9:00  /  9:20

Soil Sample Intervals
1-  2    7 - 

8

Robert Stewart --

--

1041-2

5/9/2008 5/9/2008

1.75 Collection times of samples

Appendix B Boring Logs-all-120819.xls.xls
1041-2



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 24 Feet Hole Diameter inches

Length and Diameter feet
of Coring Device 4 feet / 1.75 inches feet

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Helper

Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (inches) (ppb) Sample/Core Description

0 4' 18 0,0,0 0 - 0.5'  asphalt and gravel fill

0.5 - 1.5'  orange brown CLAY with some gravel, stiff, dry (CL)

4 8' 48 0,0,0,0 0 - 1'  orange brown CLAY with some gravel, stiff, dry (CL)

1 - 2.5'  brown CLAY with medium sand and gravel, medium loose  (CL)

2.5 - 4'  orange brown CLAY, stiff, slightly moist (CL)

Hydropunch screen interval set at 20 - 24 ft bgs.  Fair recharge rate.

Sample 1041HP003(05092008) collected.

END OF BORING

10:20  /  10:40

Soil Sample Intervals
0.5-1.5 7-

8

Robert Stewart --

--

1041-3

5/9/2008 5/9/2008

1.75 Collection times of samples

Appendix B Boring Logs-all-120819.xls.xls
1041-3



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 21 Feet Hole Diameter inches

Length and Diameter feet
of Coring Device 4 feet / 1.75 inches feet

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Helper

Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (inches) (ppb) Sample/Core Description

0 4' 18 0,0,0 0 - 0.5'  top soil

0.5 - 3'  orange brown CLAY, stiff, dry (CL)

4 8' 48 0,0,0,0 0 - 2'  orange brown CLAY, stiff, dry (CL)

2 - 4'  orange brown CLAY, stiff, moist (CL)

REFUSAL at 22 ft bgs.

Hydropunch screen set 17 - 21 ft bgs. Fair water flow.

Sample 1041HP002(05092008) collected.

END OF BORING

13:50  /  14:00

Soil Sample Intervals
0 - 1
7 - 8

Robert Stewart --

--

1041-4

5/9/2008 5/9/2008

1.75 Collection times of samples

Appendix B Boring Logs-all-120819.xls.xls
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ARCADIS
Sample/Core Log

Boring/Well 1041-6 Project/No. RAPP/ GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Type of Sample/
Total Depth Drilled 1 Foot Hole Diameter inches Coring Device hand auger

Length and Diameter
of Coring Device 1 foot / 3 inches Sampling Interval feet

Land-Surface Elev. NA feet Surveyed Estimated Other NA

Drilling Fluid Used NA Drilling Method hand auger

Drilling
Contractor Columbia Technologies Driller Josh K Helper NA

Prepared Hammer Hammer
By Sandra Grabowski Weight NA Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (Feet) (ppm) Sample/Core Description

0 1 1 -- Hand-auger surface soil sample point. Lithology not recorded.

Soil sample collected from  0.5 - 1 ft bgs

END OF BORING

6/25/2008 16:30 6/25/2008 16:35

3

0.5 - 1

NA

Appendix B Boring Logs-all-120819.xls.xls
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ARCADIS
Sample/Core Log

Boring/Well 1041-7 Project/No. RAPP/ GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Type of Sample/
Total Depth Drilled 1 Foot Hole Diameter inches Coring Device hand auger

Length and Diameter
of Coring Device 1 foot / 3 inches Sampling Interval feet

Land-Surface Elev. NA feet Surveyed Estimated Other NA

Drilling Fluid Used NA Drilling Method hand auger

Drilling
Contractor Columbia Technologies Driller Josh K Helper NA

Prepared Hammer Hammer
By Sandra Grabowski Weight NA Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (Feet) (ppm) Sample/Core Description

0 1 1 -- Hand-auger surface soil sample point. Lithology not recorded.

Soil sample collected from  0.5 - 1 ft bgs

END OF BORING

6/25/2008 16:35 6/25/2008 16:40

3

0.5 - 1

NA

Appendix B Boring Logs-all-120819.xls.xls
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ARCADIS
Sample/Core Log

Boring/Well 1041-8 Project/No. RAPP/ GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Type of Sample/
Total Depth Drilled 1 Foot Hole Diameter inches Coring Device hand auger

Length and Diameter
of Coring Device 1 foot / 3 inches Sampling Interval feet

Land-Surface Elev. NA feet Surveyed Estimated Other NA

Drilling Fluid Used NA Drilling Method hand auger

Drilling
Contractor Columbia Technologies Driller Josh K Helper NA

Prepared Hammer Hammer
By Sandra Grabowski Weight NA Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (Feet) (ppm) Sample/Core Description

0 1 1 -- Hand-auger surface soil sample point. Lithology not recorded.

Soil sample collected from  0.5 - 1 ft bgs

6/25/2008 16:40 6/25/2008 16:45

3

0.5 - 1

NA

Appendix B Boring Logs-all-120819.xls.xls
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ARCADIS
Sample/Core Log

Boring/Well 1041-9 Project/No. RAPP/ GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Type of Sample/
Total Depth Drilled 10 Feet Hole Diameter inches Coring Device geoprobe

Length and Diameter
of Coring Device 5 feet / 1.75 inches Sampling Interval feet

Land-Surface Elev. NA feet Surveyed Estimated Other NA

Drilling Fluid Used NA Drilling Method

Drilling
Contractor Columbia Technologies Driller Josh K Helper NA

Prepared Hammer Hammer
By Michael Cobb/Sandra Grabowski Weight NA Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (Feet) (ppm) Sample/Core Description

0 5 3.1 0.0 0 - 3.1  hard, medium brown SILT and CLAY, some gravel, angular, dry, (FILL).

5 10 3.5 0.0 0 - 1.2  medium dense fine SAND, some coarse sand, fine gravel, angular,

dry to moist  (FILL).

0.0 1.2 - 1.8  broken sandstone cobble.

0.0 1.8 - 3.5  yellow brown CLAY, little silt, relict rock fabric, stiff, moist.

END OF BORING

6/26/2008 15:15 6/26/2008 15:25

1.75

7-8

NA

Appendix B Boring Logs-all-120819.xls.xls
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ARCADIS
Sample/Core Log

Boring/Well 1041-10 Project/No. RAAP/ GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started 6/26/2008 15:30 Completed

Type of Sample/
Total Depth Drilled 10 Feet Hole Diameter inches Coring Device

Length and Diameter
of Coring Device 5 feet / 1.75 inches Sampling Interval feet

Land-Surface Elev. NA feet Surveyed Estimated Other NA

Drilling Fluid Used NA Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Josh K Helper NA

Prepared Hammer Hammer
By Sandra Grabowski/ Michael Cobb Weight NA Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (Feet) (ppm) Sample/Core Description

0 5 2.6 0.0 0 - 1  asphalt and road bed.

0.0 1 - 1.4  light brown, medium SAND, moist.

0.0 1.4 - 2.6  yellow brown, very stiff, CLAY and SILT, little coarse sand and fine angular 

gravel floating in matrix, mottled yellow/greenish gray, moist.

5 10 4.2 0.0 0 - 0.5  SAA.

0.0 0.5 - 2.5  yellowish brown CLAY, little silt, relict rock texture, mottled (some black and

yellow).

0.0 2.5 - 4.2  medium brown, hard, fissile weather rock, some dark coloring.

END OF BORING

6/26/2008 15:45

1.75

7-8

NA

Appendix B Boring Logs-all-120819.xls.xls
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ARCADIS
Sample/Core Log

Boring/Well 1041-11 Project/No. RAAP/ GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Type of Sample/
Total Depth Drilled 10 Feet Hole Diameter inches Coring Device

Length and Diameter
of Coring Device 5 feet / 1.75 inches Sampling Interval feet

Land-Surface Elev. NA feet Surveyed Estimated Other: Duplicate soil sample collected

Drilling Fluid Used NA Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Josh K Helper NA

Prepared Hammer Hammer
By Michael Cobb/ Sandra Grabowski Weight NA Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (iFeet) (ppm) Sample/Core Description

0 5 2.5 0.0 0 - 0.6  gravel, loose road surface.

0.1 0.6 - 2.5  yellow brown CLAY and SILT, little coarse sand, fine gravel, miscellaneous

rock types, moist, medium stiff.

5 10 5 (first attempt- no recovery)

0.0 0 - 2.5  yellow brown SAND and CLAY, little gravel, stiff, moist (FILL).

0.3 2.5 - 4.5  yellow brown soft CLAY, little silt, trace sand and fine gravel, moist, wet.

0.1 4.5 - 5  SAA, black mottled, possible relict rock texture, trace coarse sand, moist.

END OF BORING

6/26/2008 14:50 6/26/2008 15:05

1.75

8-9

NA

Appendix B Boring Logs-all-120819.xls.xls
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ARCADIS
Sample/Core Log

Boring/Well 1041-14 Project/No. RAAP/ GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Type of Sample/
Total Depth Drilled 10 Feet Hole Diameter inches Coring Device

Length and Diameter
of Coring Device 5 feet / 1.75 inches Sampling Interval feet

Land-Surface Elev. NA feet Surveyed Estimated Other NA

Drilling Fluid Used NA Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Josh K Helper NA

Prepared Hammer Hammer
By Michael Cobb/ Sandra Grabowski Weight NA Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (Feet) (ppm) Sample/Core Description

0 5 2.2 0.0 0 - 0.6  asphalt/road bed.

0.6 - 2.2  yellow brown fine SAND, trace fine gravel, moist (FILL).

5 10 3 0.0 0  -0.5  SAA with increased gravel content (FILL).

0.7 0.5 - 3  yellow brown CLAY and SILT, stiff, moist, relict rock fabric.

END OF BORING

6/26/2008 15:55 6/26/2008 16:05

1.75

6 - 7

NA

Appendix B Boring Logs-all-120819.xls.xls
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ARCADIS
Sample/Core Log

Boring/Well 1041-15 Project/No. RAAP/ GP08RAAP.0047.DF000 Page 1 of 2

Site Drilling Drilling
Location Radford, VA Started Completed

Type of Sample/
Total Depth Drilled 20 Feet Hole Diameter inches Coring Device

Length and Diameter
of Coring Device 5 feet / 1.75 inches Sampling Interval feet

Land-Surface Elev. NA feet Surveyed Estimated Other NA

Drilling Fluid Used NA Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Josh K Helper NA

Prepared Hammer Hammer
By Michael Cobb/ Sandra Grabowski Weight NA Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (Feet) (ppm) Sample/Core Description

0 5 1.6 0.5 0 - 0.6'  gravel and roadbed (FILL). 

0.1 0.6 - 1.6'  yellowish brown, medium stiff, SILT with little clay, little fine to coarse sand,

gravel, likely FILL.

5 10 5 0.5 0 - 1'  SAA, yellowish brown SILT, little clay, trace fine to coarse sand and gravel,

moist, medium stiff.

0.0 1 - 2'  medium brown, SILT, little clay, trace fine to coarse sand and gravel, moist,

medium stiff.

0.0 2'  medium brown SILT/CLAY, some coarse sand, fine gravel, subrounded.

0.0 2 - 4'  stiff, yellowish brown, CLAY, little silt, trace coarse sand, fine angular gravel,

highly plastic, residuum.

10 15 5 0.0 0 - 2'  SAA with increasing gravel, appears to have bedrock texture (saprolite) but

no strength, weathered.

0.0 2 - 2.7'  moist to wet, red brown, CLAY and SILT, little coarse sand, fine gravel, rock

fragments.

0.0 2.7 - 5'  yellowish brown CLAY and SILT, little coarse sand, fine gravel as angular

rock fragments, stiff, moist, relict rock structure.

15 20 5 0.0 0 -4.6, SAA, wet. 

0.0 4.6 - 5'  hard, crumbly, decomposed rock as CLAY, dry.

6/25/2008 12:40 6/22/2008 13:30

1.75
12-12.5
(13:10);
18-18.5
(13:30)

NA

Appendix B Boring Logs-all-120819.xls.xls
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ARCADIS
Sample/Core Log (Cont.d)

Boring/Well 1041-15 Page 2 of 2

Prepared by Michael Cobb/ Sandra Grabowski

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (inches) (ppm) Sample/Core Description

Refusal at 20 ft bgs

Temporary 5 ft screen PVC well was set at 15 - 20 ft bgs.

GW sample (1041HP015) collected by Hydropunch sampler from 15-20 ft bgs.

END OF BORING

Appendix B Boring Logs-all-120819.xls.xls
1041-15



ARCADIS
Sample/Core Log

Boring/Well 1041-16 Project/No. RAAP/ GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Type of Sample/
Total Depth Drilled 28.5 Feet Hole Diameter inches Coring Device

Length and Diameter
of Coring Device 5 feet / 1.75 inches Sampling Interval feet

Land-Surface Elev. NA feet Surveyed Estimated Other NA

Drilling Fluid Used NA Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Josh K Helper NA

Prepared Hammer Hammer
By Sandra Grabowski/ Michael Cobb Weight NA Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (Feet) (ppm) Sample/Core Description

0 5 1.1 0.0 0 - 1'  asphalt and gravel road

5 10 3 0.0 0 - 0.6'  dense SILT/CLAY with coarse sand and gravel, moist, medium brown (FILL).

0.0 0.6 - 1.3'  medium brown, medium dense, fine to medium SAND, well sorted.

0.0 1.3 - 2.2'  fine to medium GRAVEL, fine sand, silt matrix, dense, moist, medium brown.

0.0 2.2 - 3'  deep red brown, medium stiff, CLAY and SILT, weathered rock fabric,

possible relict rock structure (bedded), moist to wet, highly plastic.

10 15 5 0.0 0 - 5'  yellowish brown CLAY, little silt, trace coarse sand, fine gravel, weathered rock

fabric (laminated), very stiff, intervals of black laminated decompossed rock at 2.6'

and 3.7', smoist to wet throughout, (decomposed rock as angular gravel, breaks and

crumbles to clay size).

15 20 4.7 0.0 1.5 - 4.7'  similar to above, yellow brown CLAY, weathered rock fabric/laminated, intervals

of black at at 2.5 and 4.4-4.7, moist to wet, trace coarse sand, fine gravel, some green

lamination/black lines throughout, wet at 4-4.7'.

20 25 5 0.0 0 - 1'  SAA, wet, increased gravel content.

0.0 1 - 5'  yellowish brown to medium brown, very stiff to hard CLAY, little silt, little fine

gravel, moist to wet, relict bedrock stucture, lamination visible, some intervals of deep

reddish-brown.

25 30 3.5 0.0 0 - 3'  SAA, hard, decomposed rock. Color changes to dark brown 27.8-28 ft.

6/26/2008 9:50 6/26/2008 11:15

1.75

NA

NA

Appendix B Boring Logs-all-120819.xls.xls
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ARCADIS
Sample/Core Log (Cont.d)

Boring/Well 1041-16 Page 2 of 2

Prepared by Sandra Grabowski/ Michael Cobb

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (Feet) (ppm) Sample/Core Description

*Refusal at 28.5 ft bgs*

Temporary 5 ft screen PVC well was set at 23 - 28 ft bgs.

GW sample (1041HP016) collected by Hydropunch sampler from 17-28 ft bgs.

END OF BORING

Appendix B Boring Logs-all-120819.xls.xls
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ARCADIS
Sample/Core Log

Boring/Well 1041-17 Project/No. RAAP/ GP08RAAP.0047.DF000 Page 1 of 2

Site Drilling Drilling
Location Radford, VA Started Completed

Type of Sample/
Total Depth Drilled 34 Feet Hole Diameter inches Coring Device

Length and Diameter
of Coring Device 5 feet / 1.75 inches Sampling Interval feet

Land-Surface Elev. NA feet Surveyed Estimated Other NA

Drilling Fluid Used NA Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Josh K Helper NA

Prepared Hammer Hammer
By Michael Cobb Weight NA Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (Feet) (ppm) Sample/Core Description

0 5 1 0.0 Poor recovery.  Roadbed and gravel.

5 10 0.1 0.1 Poor recovery.  Medium brown, soft, CLAY, little silt, trace angular gravel (possible

weathered rock).

10 15 4.9 0.0 0 - 1.2'  yellow brown CLAY,  little silt, moist, medium soft, bedrock texture, no gravel

fragments.

0.1 1.2 - 3'  yellow brown SILT, little clay, no distinct structure/texture, medium soft, moist.

0.0 3 - 5'  yellow brown CLAY, little silt, fissile rock fragment, rock texture (bedded),

moist, stiff.

15 20 4.8 0.0 0 - 2.5'  SAA (1.6 - 2'  brown rock fragments as coarse sand and fine angular gravel).

2.5 - 4.8  very stiff, reddish brown, weathered rock as CLAY and SILT, structure

indistinct, moist to wet.

20 25 3.6 0.1 0 - 3'  yellowish brown, red and black mottling, stiff, weathered rock as CLAY, little

silt, rock fabric apparent, trace angular gravel, otherwise rock decomposed to silt

and clay.

0.2 3 -3.6'  yellowish brown weathered rock as SILT, little clay trace angular rock

fragments, indistinct fabric, moist-to-wet. 

25 30 3 0.0 Liner stuck in barrel, tools are wet, material on top is SAA.

Driller tries stop-pin system to continue.

6/26/08 17:00 6/26/08 18:15

1.75

NA

NA

Appendix B Boring Logs-all-120819.xls.xls
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ARCADIS
Sample/Core Log (Cont.d)

Boring/Well 1041-17 Page 2 of 2

Prepared by Michael Cobb

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (Feet) (ppm) Sample/Core Description

30 35 3 0.1 0 - 2'  medium soft, wet, CLAY, little silt, little coarse sand, fine gravel as rock

fragments (weathered rock).

0.1 2 - 3'  very stiff, weathered rock as CLAY, little silt, fissile rock fragments, distinct

rock fabric.

*Refusal at 34 ft bgs*

Two GW samples (1041HP017) were collected by Hydropunch sampler

from 22-25 and 30-33 ft bgs.

END OF BORING

Appendix B Boring Logs-all-120819.xls.xls
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ARCADIS
Sample/Core Log

Boring/Well 1041-18 Project/No. RAAP/ GP08RAAP.0047.DF000 Page 1 of 2

Site Drilling Drilling
Location Radford, VA Started Completed

Type of Sample/
Total Depth Drilled 38.5 Feet Hole Diameter inches Coring Device

Length and Diameter
of Coring Device 5 feet / 1.75 inches Sampling Interval feet

Land-Surface Elev. NA feet Surveyed Estimated Other Duplicate groundwater sample collected

Drilling Fluid Used NA Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Josh K Helper NA

Prepared Hammer Hammer
By Sandra Grabowski/ Michael Cobb Weight NA Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (Feet) (ppm) Sample/Core Description

0 5 1.9 0.0 0 - 1'  gravel/asphalt/roadbed.

0.0 1 - 1.5'  yellow brown, medium soft, CLAY, little silt, coarse sand/gravel (FILL), moist.

5 10 1.8 0.0 0 - 0.5'  SAA.

0.0 0.5 - 2'  yellow brown, medium soft, dry to moist, CLAY, little silt, trace coarse sand, (no fill

traces), highly plastic.

10 15 5 0.0 0 - 1.3'  SAA with black angular gravel (1.7-1.3' likely FILL).

0.0 1.3 - 2.8'  residuum/weathered rock, medium brown, medium plastic, CLAY, little silt, fissle

rock fragment, little relict rock fabric, all coarse granular material, can be broken up with

fingers, moist.

0.0 2.8 - 4'  hard weathered rock and CLAY and SILT, yellow brown, red and black laminations

(bedding), fissile rock fragments, dry.

0.0 4 - 5'  weathered rock, yellow brown, soft to medium soft, plastic, CLAY, little silt, little

angular gravel (rock fragments).  Note that most fragments can be broken by hand.

15 20 3.2 0.0 0 - 1' yellow brown, very stiff, CLAY, little silt, dry to  moist, some relict bedding/lamination

highly plastic, little angular rock fragments, brittle, broken by hand.

0.0 1 - 2.8'  SAA but hard and some mottling (black and gray, red brown).

0.0 2.8 - 3.2'  SAA with little fine sand. 

20 25 5 0.0 0 - 1'  yellow brown, medium soft, CLAY, highly plastic, some mottling (black), trace fine

angular gravel, moist.

0.0 1 - 2'  yellow brown, loose CLAY, wet, little fine to medium gravel.

0.0 2 - 3.5'  yellow brown, hard, SILT with CLAY, trace sand, dry, some mottling (red, black,

6/27/2008 10:05 6/27/2008 12:00

1.75

6-7

NA

Appendix B Boring Logs-all-120819.xls.xls
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ARCADIS
Sample/Core Log (Cont.d)

Boring/Well 1041-18 Page 2 of 2

Prepared by SG/MC

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (Feet) (ppm) Sample/Core Description

pale green), rock fragments broken by hand, medium plastic.

0.0 3.5 - 4.4'  dark brown SILT with little clay, hard, dry, fine rock fragments,

medium plasticity.

0.0 4.4 - 5'  yellow brown, moist, CLAY with some silt, hard.

25 30 4.4 0.0 0 - 1.8'  SAA.

0.0 1.8 - 2.8'  yellow brown, CLAY, little silt, medium loose, wet, little fine grained rock

fragments (breakable by hand).

0.0 2.8 - 4.4'  hard, yellow/orange, mottled (black), large fragments of rock,

moist, CLAY with little silt.

30 35 4.6 0.0 0 - 1'  SAA.

1 - 2'  yellow brown, loose, CLAY and SILT, wet, plastic, black mottling, trace medium to

coarse sand.

0.0 2 - 4.6'  yellowish brown, weathered rock, dark gray, deep red brown and some light gray

laminations, relict rock structure, hard, dry to moist, trace medium sand.

35 40 4 0.0 0 - 0.4'  SAA.

0.0 0.4 - 2'  yellow brown, loose, moist to wet, CLAY, trace coarse sand sized rock fragments

(broken by hand) plastic.

0.0 2 - 4'  yellow brown, CLAY, little silt, relict rock fabric, stiff to medium loose, lamination

(deep red and dark gray), moist to wet, little gravel/rock fragments.

*Refusal at 38.5 ft bgs*

Two GW samples (1041HP018) were collected by Hydropunch sampler

from 22-25 and 31-34 ft bgs.

END OF BORING

Appendix B Boring Logs-all-120819.xls.xls
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ARCADIS
Sample/Core Log

Boring/Well 1041-19 Project/No. RAAP/ GP08RAAP.0047.DF000 Page 1 of 2

Site Drilling Drilling
Location Radford, VA Started Completed

Type of Sample/
Total Depth Drilled 28.5 Feet Hole Diameter inches Coring Device

Length and Diameter
of Coring Device 5 feet / 1.75 inches Sampling Interval feet

Land-Surface Elev. NA feet Surveyed Estimated Other NA

Drilling Fluid Used NA Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Josh K Helper NA

Prepared Hammer Hammer
By Sandra Grabowski/ Michael Cobb Weight NA Drop ins.

Sample/Core Depth
(feet below land surface) Core PID/FID

Recovery Reading
From To (Feet) (ppm) Sample/Core Description

0 5 3 0.0 / 0.0 0 - 2.3'  asphalt/gravel/roadbed.

0.0 / 0.0 2.3 - 3'  medium brown, fine SAND, trace silt and clay, medium stiff, dry to moist.

5 10 2 0.0 / 0.0 0 - 0.6'  SAA.

0.0 / 0.0 0.6 - 2'  brown CLAY, medium soft, moist, little fine gravel, coarse sand, highly plastic.

10 15 2.6 0.0 / 0.0 0 - 1.5'  yellow brown, medium soft CLAY, little coarse sand and fine

gravel, angular and subrounded, trace coarse gravel, moist (probable FILL).

0.0 / 0.0 1.5 - 2.4'  SILT and CLAY, some gravel, mixed rock types.

0.0 / 0.0 2.4 - 2.6'  brown, fine to medium SAND, likely FILL, moist.

15 20 3.9 0.0 / 0.0 0 - 0.2'  SAA.

0.0 / 0.0 0.2 - 1.8'  medium soft, debris (wood and brick) at 1.8'.

0.0 / 0.0 1.8 - 2.2'  weathered rock, broken reddish brown rock fragments, some silt and clay.

0.0 / 0.0 2.2 - 3.9'  yellowish brown CLAY, hard, distinct bedrock fabric,

little fissile rock fragments as gravel, moist (weathered rock).

20 24.5 4.5 0.0 / 0.0 0 - 1'  yellowish brown, SAA.

0.0 / 0.0 1 - 1.5'  yellowish brown, very soft, sticky, wet, CLAY, trace sand and fine gravel.

0.0 / 0.0 1.5 - 2'  yellow brown stiff CLAY, bedrock fabric, wet.

0.0 / 0.0 2 - 3'   yellowish brown, very soft CLAY, sticky, trace coarse sand, fine gravel, wet.

0.0 / 0.0 3 - 4.2'  medium soft, yellowish brown, CLAY, little bedrock fabric, little rock fragments

as fine gravel, wet.

0.0 / 0.0 4.2 - 4.5'  very stiff, yellowish brown, wet, CLAY, clear bedrock fabric, trace gravel 

sized rock fragments.

6/29/08 10:50 6/29/08 11:35

1.75

6-7

NA
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ARCADIS
Sample/Core Log (Cont.d)

Boring/Well 1041-19 Page 2 of 2

Prepared by SG/MC

Sample/Core Depth
(feet below land surface) Core PID/FID

Recovery Reading
From To (Feet) (ppm) Sample/Core Description

24.5 28.5 4.2 0.0 / 0.0 0 - 2.6'  yellow brown weathered rock as CLAY, stiff, wet, moist, bedrock fabric

apparent, trace angular rock fragments.

0.0 / 0.0 2.6 - 3.8'  very soft, sticky, CLAY, trace to little sand and fine gravel, wet.

0.0 / 0.0 3.8 - 4.2'  yellow brown and brown weathered rock, medium soft clay, moist, 

distinct rock fabric (thin bedded).

*Refusal at 28.5 ft bgs*

Temporary 5 ft screen PVC well was set at 23 - 28 ft bgs.

GW sample (1041HP019) collected by Hydropunch sampler from 18-28 ft bgs.

END OF BORING
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ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 32 Feet Hole Diameter inches

Length and Diameter feet
of Coring Device 4 feet / 1.75 inches feet

Land-Surface Elev. N/A feet Surveyed Estimated Other Duplicate soil sample collected

Drilling Fluid Used N/A Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Helper

Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (inches) (ppb) Sample/Core Description

0 4' 24 0,0,0 0 - 0.5'  asphalt and gravel 

0.5 - 2'  reddish brown CLAY with little gravel, stiff, dry (CL)

4 8' 48 0,0,0,0 0 - 0.5'  reddish brown CLAY with little gravel, stiff, dry (CL)

0.5 - 1.5'  brown clayey SILT, very dense, dry (ML)

1.5 - 2'  olive grey CLAY, medium soft, dry (CL)

2 - 4'  orangish brown CLAY, very stiff, dry (CL)

Hydropunch screen interval set from 28 - 32 ft bgs.  No water enters screen.

No groundwater sample collected.

END OF BORING

0.5-1.5 7-
8

Robert Stewart --

--

Soil Sample Intervals

1549-1

5/7/2008 5/7/2008

1.75 Collection times of samples 10:40  /  10:50

Appendix B Boring Logs-all-120819.xls.xls
1549-1



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 27 Feet Hole Diameter inches

Length and Diameter feet
of Coring Device 4 feet / 1.75 inches feet

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Helper

Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (inches) (ppb) Sample/Core Description

0 4' 24 0,0 0 - 0.5'  asphalt and gravel 

0.5 - 2'  brown CLAY, stiff, dry (CL)

4 8' 36 0,0,0 0 - 1'  brown CLAY with some gravel, medium loose, moist (CL)

1 - 2'  brown CLAY, dry, stiff (CL)

2 - 3'  orange brown CLAY, dry, stiff (CL)

Hydropunch screen interval set from 23 - 27 ft bgs.  No water enters screen.

No groundwater sample collected.

END OF BORING

0.5-1.5 5-
6

Robert Stewart --

--

Soil Sample Intervals

1549-3

5/7/2008 5/7/2008

1.75 Collection times of samples 10:00  /  15:00

Appendix B Boring Logs-all-120819.xls.xls
1549-3



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 49.5 Feet Hole Diameter inches

Length and Diameter
of Coring Device 4 feet / 1.75 inches

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Helper

Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (inches) (ppb) Sample/Core Description

0 4' 24 0,0 0 - 0.5'  asphalt and gravel 

0.5 - 2'  brown CLAY, stiff, dry (CL)

4 8' 36 0,0,0,0 0 - 1'  olive grey and brown CLAY with gravel, stiff, dry (CL)

1 - 2'  brown CLAY, soft to medium soft, slighly moist (CL)

2 - 4'  orange brown CLAY, very stiff, dry (CL)

8 12' 0 -- NO RECOVERY - liner crushed; smaple lost

12 16' 48 0,0,0,0 0 - 1'  olive grey CLAY, medium soft, slightly moist (CL)

1 - 4'  orange brown sandy CLAY, stiff, dry (CL)

16 20' 48 0,0,0,0 0 - 1.5'  orange brown sandy CLAY, stiff, dry (CL)

1.5 - 2.5'  brown CLAY with some sand, soft, moist (CL)

2.5 - 3.9'  brown sandy CLAY with some gravel, moist, stiff (CL)

3.9 - 4'  large quartz cobbles

20 24' 48 0,0,0,0 0 - 2'  brown sandy CLAY with little gravel, loose to medium loose, wet (CL)

2 - 4'  brown CLAY, very stiff, moist (CL)

Due to time constraints continued blind push to refusal at 49.5 ft bgs.

END OF BORING

Robert Stewart --

--

1549-3 (2)

5/7/2008 5/7/2008

1.75 Sampling Intervals N/A: boring advanced

for lithology

Appendix B Boring Logs-all-120819.xls.xls
1549-3 (2)



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 8 Feet Hole Diameter inches

Length and Diameter feet
of Coring Device 4 feet / 1.75 inches feet

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Helper

Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (inches) (ppb) Sample/Core Description

0 4' 42 0,0,0,0 0 - 0.5'  asphalt

0.5 - 3.5'  reddish brown and brown CLAY, little gravel, stiff, dry (CL)

4 8' 24 0,0 0 - 0.5'  reddish brown and brown CLAY, little gravel, stiff, dry (CL)

0.5 - 1'  reddish brown CLAY with gravel, mosit (CL)

1 - 2'  brown to olive grey clayey SILT, very dense, dry (ML)

Hydropunch screen interval set from 4 - 8 ft bgs.  No water enters screen.

No groundwater sample collected.

END OF BORING

0.5-1.5 5-
6

Robert Stewart --

--

Soil Sample Intervals

1549-4

5/7/2008 5/7/2008

1.75 Collection times of samples 11:45  /  12:00

Appendix B Boring Logs-all-120819.xls.xls
1549-4



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 8 Feet Hole Diameter inches

Length and Diameter feet
of Coring Device 4 feet / 1.75 inches feet

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Helper

Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (inches) (ppb) Sample/Core Description

0 4' 24 0,0 0 - 0.5'  asphalt

0.5 - 2'  brown CLAY, little gravel, stiff, dry (CL)

4 8' 36 0,0,0 0 - 1'  brown CLAY, little gravel, stiff, dry (CL)

1 - 2'  brown to orange brown CLAY, stiff, dry (CL)

2 - 3'  reddish brown CLAY, stiff, dry (CL)

END OF BORING

0.5-1.5 5-
6

Robert Stewart --

--

Soil Sample Intervals

1549-6

5/7/2008 5/7/2008

1.75 Collection times of samples 12:15  /  12:25

Appendix B Boring Logs-all-120819.xls.xls
1549-6



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 4 Feet Hole Diameter inches

Length and Diameter feet
of Coring Device N/A feet

Land-Surface Elev. N/A feet Surveyed Estimated Other Duplicate soil gas sample collected

Drilling Fluid Used N/A Drilling Method N/A

Drilling
Contractor -- Driller Helper

Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (inches) (ppb) Sample/Core Description

Boring advanced for soil gas collection.  No soil or water samples collected.

Soil gas sample collected 5/7/08 14:30.

N/ASoil Sample Intervals

-- --

--

1549-7

N/A N/A

N/A Collection times of samples N/A

Appendix B Boring Logs-all-120819.xls.xls
1549-7



ARCADIS
Sample/Core Log

Boring/Well Project/No. Radford Army Ammunition Plant  /  GP08RAAP.0047.DF000 Page 1 of 1

Site Drilling Drilling
Location Radford, VA Started Completed

Total Depth Drilled 30 Feet Hole Diameter inches

Length and Diameter feet
of Coring Device 4 feet / 1.75 inches feet

Land-Surface Elev. N/A feet Surveyed Estimated Other N/A

Drilling Fluid Used N/A Drilling Method geoprobe

Drilling
Contractor Columbia Technologies Driller Helper

Prepared Hammer Hammer
By Sandra Grabowski Weight -- Drop ins.

Sample/Core Depth
(feet below land surface) Core PID

Recovery Reading
From To (inches) (ppb) Sample/Core Description

Blind drill to 30 ft bgs.  Temporary PVC installed.  Slow recharge.

Groundwater sample (1549 HP008) collected at 25 - 30 bgs on 5/10/08.

N/ASoil Sample Intervals

Robert Stewart --

--

1549-8

5/8/2008 5/8/2008

1.75 Collection times of samples N/A

Appendix B Boring Logs-all-120819.xls.xls
1549-8



Appendix C 

 

Sampling Logs 

(Soil Gas and Groundwater) 



1715

Subslab Sample

Collection Log
Sample ID: 1549SLB00A(050608)

Client: Radford Army Ammunition Plant Boring Equipment: Bosch hammer drill

Project: RAAP 047 Sealant: clay

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: --

Samplers: MW Subcontractor: N/A

Sample Point Location: Building 1549 Moisture Content of Sampling 
Zone:

Sampling Depth: ~6" slab Approximate Purge Volume and 
Method: 3 mins at 100 mL / min

Time and Date of 
Collection:

5/6/2008 1632 - 1636

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

1649 -27"Hg 78 15% 0 28.22 64

1715 -5"Hg-5"Hg

SUMMA Canister Information:

Size : 6 L

Canister ID: 000001926

Flow Controller ID: FC00778

General Observations/Notes:

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



11:47

Soil Gas Sample

Collection Log
Sample ID: 1549SG001(050708)

Client: Radford Army Ammunition Plant Boring Equipment: Geoprobe

Project: RAAP 047 Sealant:

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: N/A

Samplers: MW Subcontractor: Columbia Technologies

Sample Point Location: Building 1549 Moisture Content of Sampling 
Zone: moist

Sampling Depth: 5 ft bgs Approximate Purge Volume and 
Method: 6 mins at 100 mL/min

Time and Date of 
Collection:

5/7/2008   10:56 11:34 - 11:40

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

11:40 -28"Hg 68 44% -- 28.22

11:47 -19"Hg-19"Hg

11:56 -8"Hg

12:00 -6"Hg

12:05 -4"Hg

SUMMA Canister Information:

Size : 1 L

Canister ID: 000003967

Flow Controller ID: FC00239

General Observations/Notes:

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



10:46

Soil Gas Sample

Collection Log
Sample ID: 1549SG003(050708)

Client: Radford Army Ammunition Plant Boring Equipment: Geoprobe

Project: RAAP 047 Sealant:

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: N/A

Samplers: MW Subcontractor: Columbia Technologies

Sample Point Location: Building 1549 Moisture Content of Sampling 
Zone: moist

Sampling Depth: 5 ft bgs Approximate Purge Volume and 
Method: 10 mins at 45 mL/min

Time and Date of 
Collection:

5/7/2008

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

10:33 -28"Hg 68 41% -- 28.23

10:46 -15"Hg-15"Hg

10:53 -9"Hg

10:58 -6"Hg

SUMMA Canister Information:

Size : 1 L

Canister ID: 000000724

Flow Controller ID: FC00911

General Observations/Notes:

Tight soil, tough to pull needed purge rate

Sample seems to be collecting

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



12:21

Soil Gas Sample

Collection Log
Sample ID: 1549SG004(050708)

Client: Radford Army Ammunition Plant Boring Equipment: Geoprobe

Project: RAAP 047 Sealant:

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: N/A

Samplers: MW Subcontractor: Columbia Technologies

Sample Point Location: Building 1549 Moisture Content of Sampling 
Zone: moist

Sampling Depth: 5 ft bgs Approximate Purge Volume and 
Method: 5 mins at 120 mL/min

Time and Date of 
Collection:

5/7/2008   12:09 12:12 - 12:17

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

12:17 -26"Hg 77 23% -- 28.19

12:21 -20"Hg-20"Hg

12:29 -11"Hg

12:37 -5"Hg

SUMMA Canister Information:

Size : 1 L

Canister ID: 000000683

Flow Controller ID: FC00549

General Observations/Notes:

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



13:19

Soil Gas Sample

Collection Log
Sample ID: 1549SG006(050708)

Client: Radford Army Ammunition Plant Boring Equipment: Geoprobe

Project: RAAP 047 Sealant:

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: N/A

Samplers: MW Subcontractor: Columbia Technologies

Sample Point Location: Building 1549 Moisture Content of Sampling 
Zone:

Sampling Depth: 5 ft bgs Approximate Purge Volume and 
Method: 8 mins at 70 mL/min

Time and Date of 
Collection:

5/7/2008   12:51 12:52 - 13:00

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

13:00 -29"Hg 80 18% -- 28.16

13:19 -8"Hg-8"Hg

13:26 -5"Hg

SUMMA Canister Information:

Size : 1 L

Canister ID: 0000001085

Flow Controller ID: FC00768

General Observations/Notes:

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



15:05

Soil Gas Sample

Collection Log
Sample ID: 1549SG007(050708)

Client: Radford Army Ammunition Plant Boring Equipment: Geoprobe

Project: RAAP 047 Sealant:

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: N/A

Samplers: MW Subcontractor: Columbia Technologies

Sample Point Location: Building 1549 Moisture Content of Sampling 
Zone:

Sampling Depth: 4 ft bgs Approximate Purge Volume and 
Method: 5 mins at 100 mL/min

Time and Date of 
Collection:

5/7/2008   14:28

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

14:41 -28"Hg 82

15:05 -8"Hg-8"Hg

15:10 -6"Hg

SUMMA Canister Information:

Size : 1 L

Canister ID: 000003258

Flow Controller ID: FC00647

General Observations/Notes:

Duplicate Sample Collected - 1549DUP001(050708)

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



15:05

Soil Gas Sample

Collection Log
Sample ID: 1549DUP001(050708)

Client: Radford Army Ammunition Plant Boring Equipment: Geoprobe

Project: RAAP 047 Sealant:

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: N/A

Samplers: MW Subcontractor: Columbia Technologies

Sample Point Location: Building 1549 Moisture Content of Sampling 
Zone:

Sampling Depth: 4 ft bgs Approximate Purge Volume and 
Method: 5 mins at 100 mL/min

Time and Date of 
Collection:

5/7/2008   14:28

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

14:41 -26"Hg 82

15:05 -5"Hg-5"Hg

15:10 -3.5"Hg

SUMMA Canister Information:

Size : 1 L

Canister ID: 000001417

Flow Controller ID: FC006672

General Observations/Notes:

Parent Sample - 1549SG007(050708)

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



14:05

Soil Gas Sample

Collection Log
Sample ID: 1549SG008(050708)

Client: Radford Army Ammunition Plant Boring Equipment: Geoprobe

Project: RAAP 047 Sealant:

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: N/A

Samplers: MW Subcontractor: Columbia Technologies

Sample Point Location: Building 1549 Moisture Content of Sampling 
Zone:

Sampling Depth: 3 ft bgs Approximate Purge Volume and 
Method: 5 mins at 100 mL/min

Time and Date of 
Collection:

5/7/2008

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

14:00 -29"Hg 82 5% -- 28.13

14:05 -24"Hg-24"Hg

14:27 -7"Hg

14:31 -5"Hg

SUMMA Canister Information:

Size : 1 L

Canister ID: 000003328

Flow Controller ID: FC00236

General Observations/Notes:

No airflow at first location.  Moved over 5 feet and set shallower.

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



10:25

Soil Gas Sample

Collection Log
Sample ID: 1041SLB00A(050608)

Client: Radford Army Ammunition Plant Boring Equipment: Bosch hammer drill

Project: RAAP 047 Sealant: clay

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: --

Samplers: MW Subcontractor: N/A

Sample Point Location: Building 1041 Moisture Content of Sampling 
Zone:

Sampling Depth: ~ 6 ft bgs Approximate Purge Volume and 
Method: 3 mins at 100 mL / min

Time and Date of 
Collection:

5/6/2008   9:50 10:02 - 10:05

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

10:07 > -30"Hg 64 44% 0 28.3 94

10:25 -16"Hg-16"Hg

10:37 -9"Hg

SUMMA Canister Information:

Size : 6 L

Canister ID: 000002317

Flow Controller ID: 000006842

General Observations/Notes:

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



13:11

Soil Gas Sample

Collection Log
Sample ID: 1041SG001(050808)

Client: Radford Army Ammunition Plant Boring Equipment: Geoprobe

Project: RAAP 047 Sealant:

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: N/A

Samplers: MW Subcontractor: Columbia Technologies

Sample Point Location: Building 1041 Moisture Content of Sampling 
Zone:

Sampling Depth: 4 ft bgs Approximate Purge Volume and 
Method: 5 mins at 100 mL/min

Time and Date of 
Collection:

5/8/2008   12:45

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

12:57 -28"Hg 74 63% -- 28.03 152

13:11 -14"Hg-14"Hg

13:27 -5"Hg

SUMMA Canister Information:

Size : 1 L

Canister ID: 000003307

Flow Controller ID: FC00228

General Observations/Notes:

location between buildinds 1041 and 1034

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



11:55

Soil Gas Sample

Collection Log
Sample ID: 1041SG002(050808)

Client: Radford Army Ammunition Plant Boring Equipment: Geoprobe

Project: RAAP 047 Sealant:

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: N/A

Samplers: MW Subcontractor: Columbia Technologies

Sample Point Location: Building 1041 Moisture Content of Sampling 
Zone:

Sampling Depth: 4 ft bgs Approximate Purge Volume and 
Method:

Time and Date of 
Collection:

5/8/2008   12:30

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

11:35 -29"Hg 72 57% -- 28.05

11:55 -9"Hg-9"Hg

12:02 -5"Hg

SUMMA Canister Information:

Size : 1 L

Canister ID: 000003190

Flow Controller ID: FC00284

General Observations/Notes:

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



12:35

Soil Gas Sample

Collection Log
Sample ID: 1041SG003(050808)

Client: Radford Army Ammunition Plant Boring Equipment: Geoprobe

Project: RAAP 047 Sealant:

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: N/A

Samplers: MW Subcontractor: Columbia Technologies

Sample Point Location: Building 1041 Moisture Content of Sampling 
Zone:

Sampling Depth: 4 ft bgs Approximate Purge Volume and 
Method:

Time and Date of 
Collection:

5/8/2008   12:14

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

12:14 -27"Hg 72 57% -- 28.03 1520

12:35 -8"Hg-8"Hg

12:38 -5.5"Hg

SUMMA Canister Information:

Size : 1 L

Canister ID: 000003204

Flow Controller ID: FC00456

General Observations/Notes:

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



12:50

Soil Gas Sample

Collection Log
Sample ID: 1041SG004(050808)

Client: Radford Army Ammunition Plant Boring Equipment: Geoprobe

Project: RAAP 047 Sealant:

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: N/A

Samplers: MW Subcontractor: Columbia Technologies

Sample Point Location: Building 1041 Moisture Content of Sampling 
Zone:

Sampling Depth: 4 ft bgs Approximate Purge Volume and 
Method:

Time and Date of 
Collection:

5/8/2008   12:30

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

12:35 -28"Hg 73 57% -- 28.03 310

12:50 -12"Hg-12"Hg

12:55 -8"Hg

12:59 -6"Hg

SUMMA Canister Information:

Size : 1 L

Canister ID: 000003319

Flow Controller ID: FC00259

General Observations/Notes:

Sample location behind building 1041, near horseshoe pits

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



11:18

Subslab Sample

Collection Log
Sample ID: 1034SLB00A(050608)

Client: Radford Army Ammunition Plant Boring Equipment: Bosch hammer drill

Project: RAAP 047 Sealant: clay

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: --

Samplers: MW Subcontractor: N/A

Sample Point Location: Building 1034 Moisture Content of Sampling 
Zone: dry

Sampling Depth: ~6" slab Approximate Purge Volume and 
Method: 3 mins at 100 mL / min

Time and Date of 
Collection:

5/8/2008

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

11:06 -29"Hg 72 57% -- 28.06 0

11:18 -21"Hg-21"Hg

11:31 -12"Hg

11:41 -7"Hg

SUMMA Canister Information:

Size : 6 L

Canister ID: 000002364

Flow Controller ID: FC00717

General Observations/Notes:

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



11:18

Subslab Sample

Collection Log
Sample ID: 1034SLB00B(050608)

Client: Radford Army Ammunition Plant Boring Equipment: Bosch hammer drill

Project: RAAP 047 Sealant: clay

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: --

Samplers: MW Subcontractor: N/A

Sample Point Location: Building 1034 Moisture Content of Sampling 
Zone: dry

Sampling Depth: ~6" slab Approximate Purge Volume and 
Method: 3 mins at 100 mL / min

Time and Date of 
Collection:

5/8/2008 10:02 - 10:05

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

11:05 -28"Hg 72 57% -- 28.06 0

11:18 -20"Hg-20"Hg

11:31 -13"Hg

11:41 -7"Hg

SUMMA Canister Information:

Size : 6 L

Canister ID: 000002408

Flow Controller ID: FC00229

General Observations/Notes:

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



15:33

Soil Gas Sample

Collection Log
Sample ID: 1034SG001(050808)

Client: Radford Army Ammunition Plant Boring Equipment: Geoprobe

Project: RAAP 047 Sealant:

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: N/A

Samplers: MW Subcontractor: Columbia Technologies

Sample Point Location: Building 1034 Moisture Content of Sampling 
Zone:

Sampling Depth: 3.5 ft bgs Approximate Purge Volume and 
Method: 5 mins at 100mL/min

Time and Date of 
Collection:

5/8/2008   15:20

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

15:18 -28"Hg 27% -- 27.96 3

15:33 -10"Hg-10"Hg

15:42 -4"Hg

SUMMA Canister Information:

Size : 1 L

Canister ID: 000000645

Flow Controller ID: FC00698

General Observations/Notes:

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



14:44

Soil Gas Sample

Collection Log
Sample ID: 1034SG002(050808)

Client: Radford Army Ammunition Plant Boring Equipment: Geoprobe

Project: RAAP 047 Sealant:

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: N/A

Samplers: MW Subcontractor: Columbia Technologies

Sample Point Location: Building 1034 Moisture Content of Sampling 
Zone:

Sampling Depth: 4 ft bgs Approximate Purge Volume and 
Method: 5 mins at 100mL/min

Time and Date of 
Collection:

5/8/2008   14:20

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

14:29 -26"Hg 74 44% -- 27.97

14:44 -10"Hg-10"Hg

14:52 -4"Hg

SUMMA Canister Information:

Size : 1 L

Canister ID: 000000689

Flow Controller ID: FC00580

General Observations/Notes:

Sample location near door, between buildings 1034 and 2051

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



9:12

Soil Gas Sample

Collection Log
Sample ID: 1034SG004(050808)

Client: Radford Army Ammunition Plant Boring Equipment: Geoprobe

Project: RAAP 047 Sealant:

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: N/A

Samplers: MW Subcontractor: Columbia Technologies

Sample Point Location: Building 1034 Moisture Content of Sampling 
Zone: moist

Sampling Depth: 3.5 ft bgs Approximate Purge Volume and 
Method: 5 mins at 100mL/min

Time and Date of 
Collection:

5/8/2008   08:44

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

9:05 -28"Hg 67 78% -- 28.06 219

9:12 -18"Hg-18"Hg

9:19 -12"Hg

9:23 -9"Hg

9:29 -6"Hg

SUMMA Canister Information:

Size : 1 L

Canister ID: 000003197

Flow Controller ID: FC00320

General Observations/Notes:

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



17:04

Soil Gas Sample

Collection Log
Sample ID: 1034SG006(050808)

Client: Radford Army Ammunition Plant Boring Equipment: Geoprobe

Project: RAAP 047 Sealant:

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: N/A

Samplers: MW Subcontractor: Columbia Technologies

Sample Point Location: Building 1034 Moisture Content of Sampling 
Zone:

Sampling Depth: 4 ft bgs Approximate Purge Volume and 
Method: 5 mins at 100mL/min

Time and Date of 
Collection:

5/8/2008

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

16:51 -26.5"Hg 75 28% -- 27.92 600

17:04 -11"Hg-11"Hg

17:10 -6.5"Hg

17:15 -3.5"Hg

SUMMA Canister Information:

Size : 1 L

Canister ID: 000005593

Flow Controller ID: 6755

General Observations/Notes:

sample location between buildings 1034 and 1041 on hill by old motors

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



16:58

Soil Gas Sample

Collection Log
Sample ID: 1034SG007(050808)

Client: Radford Army Ammunition Plant Boring Equipment: Geoprobe

Project: RAAP 047 Sealant:

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: N/A

Samplers: MW Subcontractor: Columbia Technologies

Sample Point Location: Building 1034 Moisture Content of Sampling 
Zone:

Sampling Depth: 4 ft bgs Approximate Purge Volume and 
Method: 5 mins at 100mL/min

Time and Date of 
Collection:

5/8/2008

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

16:34 -27"Hg 75 26% -- 27.93 288

16:58 -4"Hg-4"Hg

SUMMA Canister Information:

Size : 1 L

Canister ID: 000001155

Flow Controller ID: FC00433

General Observations/Notes:

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  



16:16

Soil Gas Sample

Collection Log
Sample ID: 1034SG008(050808)

Client: Radford Army Ammunition Plant Boring Equipment: Geoprobe

Project: RAAP 047 Sealant:

Location: Radford, VA Tubing Information: teflon

Project #: GP08RAAP.0047.DF000 Miscellaneous Equipment: N/A

Samplers: MW Subcontractor: Columbia Technologies

Sample Point Location: Building 1034 Moisture Content of Sampling 
Zone:

Sampling Depth: 4 ft bgs Approximate Purge Volume and 
Method: 5 mins at 100mL/min

Time and Date of 
Collection:

5/8/2008

Instrument Readings:

Time
Canister Pressure Temperature Relative 

Humidity
Air Speed Barometric 

Pressure
PID

(inches of HG) (F) (%) (ft/min) (inches of Hg) (ppb)

16:04 -27"Hg 80 2000% -- 27.95 4.5

16:16 -13"Hg-13"Hg

16:24 -6"Hg

16:26 -5"Hg

SUMMA Canister Information:

Size : 1 L

Canister ID: 000000654

Flow Controller ID: FC00465

General Observations/Notes:

Approximate One-Well Volume (for purging): When using a 1 1/4 inch "Dummy Point" and a 6-inch sampling interval, sampling space will have a 
volume of approximately 150 mL. Each foot of 1/4-inch tubing will have a volume of approximately 10 mL.

Please record current weather information including wind speed and direction, ambient temperature, barometric pressure, and relative humidity via 
suitable information source (e.g., weatherunderground.com).  
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RADFORD ARMY AMMUNITION PLANT
ELECTRONIC VALIDATION REVIEW REPORT

RADFORD 004

Analytical data was evaluated in accordance with applicable USEPA SW-846 method requirements, 
“USEPA Contract Laboratory Program National Functional Guidelines for Organic Data Review” 
(October 1999), “USEPA Contract Laboratory Program National Functional Guidelines for Inorganic 
Data Review” (July 2002),  “USEPA Region III National Functional Guidelines for Organic Data 
Review” (September 1994), “USEPA Region III National Functional Guidelines for Inorganic Data 
Review” (June 1995), site-specific requirements defined in Radford Master Work Plan (URS, 2003), 
and site-specific requirements defined in the Quality Assurance Plan Addendum (Arcadis, 2008).

The data review summarized in this report includes a review of all sample collection documentation 
and the electronic data validation of the analytical data housed in the project database.  Sample 
collection documentation included sample collection logs and chains of custody.  The electronic data 
validation was performed utilizing the EQuIS Data Qualification Module (DQM).  DQM checks for 
the following parameters:

ν Holding times and preservation;

ν Blank contamination;

Method blanks,

Trip blanks,

Equipment blanks;

ν Matrix spike and Duplicate sample recovery;

ν Matrix Spike and Matrix Spike Duplicate relative percent differences;

ν Laboratory Control Sample and Duplicate recovery; 

ν Laboratory Control Sample and Duplicate relative percent differences; 

ν Surrogate recovery (organic analyses only); and

ν Field duplicate relative percent difference.

Manually review was performed on the following items: 

ν Sample dilutions and reporting limits

ν Case Narratives

Reviewed data was generated by Empirical Laboratories.  Data qualifiers were applied 
electronically to the database with any additional qualifiers added manually.  A summary of the 
data as amended by data qualifiers is included with the original hard copy reports.  The attached 
table summarizes the data that were qualified due to QC deficiencies.  The table indicates 
compounds/analytes qualified based on electronic and manual validation.  Refer to the associated 





Radford_004.doc  9/19/2008 3/16

RADFORD ARMY AMMUNITION PLANT
ELECTRONIC VALIDATION REVIEW REPORT

RADFORD 004

The following samples were included in this SDG:

Sample
Delivery Group Sample ID

Sample
Date

Duplicate
Parent Sample ID

0806207 31MW002(061808) 6/18/08
0806207 31MWDUP001(061808) 6/18/08 31MW002(061808)
0806207 EB001(061808) 6/18/08
0806274 5GP027(25-28)(062508) 6/25/08
0806274 TB-2(062508) 6/25/08
0806275 1041006(0.5-1) 6/25/08
0806275 1041007(0.5-1) 6/25/08
0806275 1041008(0.5-1) 6/25/08
0806303 1041DUP001(8-9) 6/26/08 1041SB011(8-9)
0806303 1041SB009(7-8) 6/26/08
0806303 1041SB010(7-8) 6/26/08
0806303 1041SB011(8-9) 6/26/08
0806303 1041SB014(6-7) 6/26/08
0806310 1041DUP001(22-25)(062708) 6/27/08 1041HP018(22-25)(062708)
0806310 1041HP015(062708) 6/27/08
0806310 1041HP016(17-28)(062708) 6/27/08
0806310 1041HP017(22-25)(062708) 6/27/08
0806310 1041HP017(30-33)(062708) 6/27/08
0806310 1041HP018(22-25)(062708) 6/27/08
0806310 1041HP018(31-34)(062708) 6/27/08
0806310 TB-3(062708) 6/27/08
0806311 1041SB018(6-7) 6/27/08
0806311 1041SB019(6-7) 6/27/08
0807007 1041HP001A(062908) 6/29/08
0807007 1041HP019(18-28)(063008) 6/30/08
0807007 5GP029(15-22)(062808) 6/28/08
0807007 5GP029(35-38)(062808) 6/28/08
0807007 5GP030(14-23.5)(062908) 6/29/08
0807007 5GP031(15-19.5)(062808) 6/28/08
0807007 5GP031(35-38)(062908) 6/29/08
0807007 5GP032(15-18.5)(063008) 6/30/08
0807007 5GP033(17-24)(062908) 6/29/08
0807007 5GP034(27-30)(063008) 6/30/08
0807007 5GPDUP001(15-19.5)(062808) 6/28/08 5GP031(15-19.5)(062808)
0807007 EB001(062908) 6/29/08
0807007 TB-4(063008) 6/30/08
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RADFORD ARMY AMMUNITION PLANT
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RADFORD 004

Sample
Delivery Group Sample ID

Sample
Date

Duplicate
Parent Sample ID

0807029 ASB003(0-1) 6/30/08
0807029 ASB005(0-1) 6/30/08
0807029 ASB006(0-1) 6/30/08
0807029 ASB006(5-6) 6/30/08
0807029 ASB007(0-1) 6/30/08
0807029 ASB007(5-6) 6/30/08
0807029 ASB008(0-1) 6/30/08
0807029 ASB008(5-6) 6/30/08
0807029 ASB009(0-1) 6/30/08
0807029 ASB009(5-6) 6/30/08
0807029 ASB010(0-1) 6/30/08
0807029 ASB010(5-6) 6/30/08
0807029 ASBDUP001(0-1) 6/30/08 ASB005(0-1)
0807029 EB-2(063008) 6/30/08
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RADFORD ARMY AMMUNITION PLANT
ELECTRONIC VALIDATION REVIEW REPORT

RADFORD 004

DATA PACKAGE DOCUMENTATION

Reported
Performance 
Acceptable

Items Reviewed No Yes No Yes Not Required
1.  Sampling dates noted X X
2.  Sampling team indicated X X
3.  Sampling identification traceable to

location collected X X

4.  Sample location X X
5.  Sample depth for water X
6.  Collection technique (bailer, pump, etc.) X X
7.  Sample container type X X
8. Preservation methods X X
9. Chain-of-custody form completed X X
10. Required analytical methods requested X X
11. Field (water and soil) sample logs

completed properly  X

12. Number and type of field QC samples 
collected (blanks, replicates, splits, etc.) X

13. Sample shipping X X
14. Laboratory task order X X

Field sampling logs = water and/or soil/sediment sampling logs QC - quality control

Comments:
Field documentation (Water Sampling Logs, Field Instrument Calibration, and Daily Logs) were not 
reviewed for the above referenced sampling.
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RADFORD ARMY AMMUNITION PLANT
ELECTRONIC VALIDATION REVIEW REPORT

RADFORD 004

VOLATILE ORGANIC COMPOUNDS (VOCs)

Items Reviewed
Deficiency

Qualification 
Applied

No Yes No Yes Not Required
1. Holding times/Preservation X X
2. Reporting limits X X
3. Blanks

 A.  Method blanks X X
 B.  Equipment blanks X X
 C.  Trip blanks X X

4. Surrogate spike recoveries X X
5. Laboratory control sample (LCS)

 A.  LCS %R X X
 B.  LCS duplicate (LCSD) %R X
 C.  LCS/LCSD RPD X

6. Matrix spike (MS)
 A.  MS %R X X
 B.  MS duplicate (MSD) %R X X
 C.  MS/MSD precision (RPD) X X

7. Field Duplicate precision (RPD) X X
M – Manual Review %R - percent recovery  RPD - relative percent difference DQM – Data Qualification Module

Comments:
This section presents a discussion of any additions or changes to the electronic data validation for 
compounds analyzed by EPA SW-846 Method 8260B.

Note: The “Y” flag was used by the laboratory to indicate that the percent difference (%D) for the 
analyte exceeded the control limit in the continuing calibration verification (CCV) with a 
negative bias.  The “Y” value was changed to a “J” during this validation to indicate that the 
reported value should be considered as an estimated concentration. See the attached 
qualification summary for details of the qualifications.

3A-C. Acetone, methylene chloride, chloroform, and toluene were detected in one or more of the trip, 
equipment, and/or laboratory method blanks. The sample results for acetone and methylene 
chloride that were detected at less than ten times the blank concentrations have been qualified 
as not detected ("UB") at the reported concentrations.  Detections of chloroform and toluene 
in the field samples that are less than 5 times the blank concentration, are qualified as non-
detect (UB) at the reported value.
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RADFORD ARMY AMMUNITION PLANT
ELECTRONIC VALIDATION REVIEW REPORT

RADFORD 004

Cyclohexane and isopropylbenzene were detected in one or more of the laboratory method 
blanks. These compounds were not detected in any of the associated samples, so data 
qualification is not warranted.

5A-C. The recovery of chloromethane and toluene were above the upper control limit (UCL) in the 
LCS analyzed on 7/2/08. Since these compounds were not detected in the associated samples 
and the bias is high, data qualification is not warranted.

The recovery of acetone was above the UCL in the LCS analyzed on 7/1/08. Data qualification 
is not warranted since the high bias may be due to the contamination evident in the blanks and 
since all acetone results in the associated samples have been already qualified as not detected.

6A-C. 1041HP018(31-34) was utilized as a site-specific MS/MSD sample in SDG 0806310. The 
recoveries of chloromethane and toluene were above the UCL and the recoveries of methyl 
acetate and 1,3-dichlorobenzene were below the lower control limit (LCL). These compounds 
were not detected in the parent sample. Qualification of chloromethane and toluene is not 
warranted. Methyl acetate and 1,3-dichlorobenzene have been qualified as estimated not 
detected ("UJ") in the parent sample with a potential low bias.

5GP033(17-24)(062908) was utilized as a site-specific MS/MSD sample. The recovery of 1,4-
dioxane was below the LCL and the RPD of bromomethane was above the control limit. These 
compounds were not detected in the parent sample. Qualification of bromomethane is not 
warranted since the recoveries were within the control limits. 1,4-Dioxane has been qualified as 
estimated not detected ("UJ") in the parent sample.
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RADFORD ARMY AMMUNITION PLANT
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RADFORD 004

SEMI-VOLATILE ORGANIC COMPOUNDS (SVOCs)

Items Reviewed
Deficiency

Qualification 
Applied

No Yes No Yes Not Required
1. Holding times/Preservation X X
2. Reporting limits X X
3. Blanks

 A.  Method blanks X X
 B.  Equipment blanks X X

4. Surrogate spike recoveries X X
5. Laboratory control sample (LCS)

 A.  LCS %R X X
 B.  LCS duplicate (LCSD) %R X X
 C.  LCS/LCSD RPD X X

6. Matrix spike (MS)
 A.  MS %R X X
 B.  MS duplicate (MSD) %R X X
 C.  MS/MSD precision (RPD) X X

7. Field Duplicate precision (RPD) X X
M – Manual Review %R - percent recovery  RPD - relative percent difference DQM – Data Qualification Module

Comments:
This section presents a discussion of any additions or changes to the electronic data validation for 
compounds analyzed by EPA SW-846 Method 8270C.

Note: The “Y” flag was used by the laboratory to indicate that the %D for the analyte exceeded the 
control limit in the continuing calibration verification (CCV) with a negative bias.  The “Y” 
value was changed to a “J” during this validation to indicate that the reported value should be 
considered as an estimated concentration. See the attached qualification summary for details of 
the qualifications.

The “X” flag was used by the laboratory to indicate that the %D for the analyte exceeded the 
control limit in the initial calibration verification (ICV) with a positive bias. The “X” value was
changed to a “J” during this validation to indicate that reported value should be considered as 
estimated. See the attached qualification summary for details of the qualifications.

2. No non-detected results were reported with elevated reporting limits due to dilutions
associated with elevated concentrations of target compounds.

3A-B. Caprolactam was detected below the RL in the water laboratory method blank, benzaldehyde 
and caprolactam were detected below the RLs in the equipment blank EB2(063008), and 2-



Radford_004.doc  9/19/2008 9/16
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RADFORD 004

methylnaphthalene was detected above the RL in the equipment blank EB001(061808). Since 
these compounds were not detected in any of the project samples, data qualification is not 
warranted.

5A-C. (SDG 0807029) In the water LCS/LCSD, the recovery of caprolactam was below the LCL, 
the recoveries of 4,6-dinitro-2-methylphenol, 2,4-dinitrophenol, and pentachlorophenol were 
above the UCL, and the RPD of 2,4-dimethylphenol was above the control limit.  These 
compounds were not detected in the associated sample (i.e. equipment blank). Since the bias is 
high for the phenols, data qualification is not warranted. Caprolactam is already qualified as 
estimated in the equipment blank so further qualification is unnecessary.

(SDG 0807029) In both soil LCS/LCSD pairs, the recovery of benzaldehyde was below the 
LCL and the recoveries were less than 10%. The associated field samples have been qualified 
as unusable ("R") for benzaldehyde. The recovery of 2,4-dinitrophenol was above the UCL and 
the RPD was above the control limit. Since 2,4-dinitrophenol was not detected in the samples 
and the bias is high, data qualification is not warranted.

6A-C. (SDG 0807029) ASB009(0-1) was utilized as a site-specific MS/MSD sample. Benzaldehyde 
was not recovered (i.e. zero percent recovery) in the MS and MSD.  The associated field 
samples have been qualified as unusable ("R") for benzaldehyde. The recovery of di-n-butyl 
phthalate was above the UCL in the MS and the RPD was above the control limit. Di-n-butyl 
phthalate has been qualified as estimated ("J" or "UJ") for the associated project samples.

7. (SDG 0807029) The 70% RPD control limit was exceeded in the soil field duplicate analysis 
for 2,4-dinitrotoluene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, bis(2-
ethylhexyl) phthalate, di-n-butyl phthalate, fluoranthene, and indeno(1,2,3-cd)pyrene. These 
compounds have been qualified as estimated ("J" or "UJ") in the field duplicate samples, 
ASB005(0-1) and ASBDUP001(0-1).
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RADFORD 004

POLYCHLORINATED BIPHENYLS (PCBs)

Items Reviewed
Deficiency

Qualification 
Applied

No Yes No Yes Not Required
1. Holding times/Preservation X X
2. Reporting limits X X
3. Blanks

 A.  Method blanks X X
 B.  Equipment blanks X X

4. Surrogate spike recoveries X X
5. Laboratory control sample (LCS)

 A.  LCS %R X X
 B.  LCS duplicate (LCSD) %R X
 C.  LCS/LCSD RPD X

6. Matrix spike (MS)
 A.  MS %R X X
 B.  MS duplicate (MSD) %R X
 C.  MS/MSD precision (RPD) X X

7. Field Duplicate precision (RPD) X X
M – Manual Review %R - percent recovery  RPD - relative percent difference DQM – Data Qualification Module

Comments:
This section presents a discussion of any additions or changes to the electronic data validation for 
compounds analyzed by EPA SW-846 Method 8082.

Note: The “1” flag was used by the laboratory to indicate that the chromatographic pattern of the 
detected Aroclor did not compare well with the chromatographic pattern of the calibration 
standards and that the identification was based on the closest match. Since the detector used in 
the analysis only responds to halogenated compounds, the detected Aroclor patterns may be 
different from the standard due to weathering or the presence of more than one Aroclor. The 
“1” value was changed to a “J” during this validation to indicate that the detection is estimated 
and the reported value should be used as an estimated concentration. See the attached 
qualification summary for details of the qualifications.

4B. The recovery of Aroclor-1016 was slightly above the UCL in the LCS. All detected results 
have already been qualified as estimated, so further qualification is not warranted.

6B. ASB009(0-1) was utilized as a site-specific MS/MSD sample. The recoveries in the MSD were 
slightly above the UCL. All detected results have already been qualified as estimated, so further 
qualification is not warranted.
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RADFORD 004

METALS

Items Reviewed
Deficiency

Qualification 
Applied

No Yes No Yes Not Required
1. Holding times/Preservation X X
2. Reporting limits X X
3. Blanks

 A.  Method blanks X X
 B.  Equipment blanks X

4. Laboratory duplicate sample X X
5. Laboratory control sample (LCS)

 A.  LCS %R X X
 B.  LCS duplicate (LCSD) %R X
 C.  LCS/LCSD RPD X

6. Matrix spike (MS)
 A.  MS %R X X
 B.  MS duplicate (MSD) %R X X
 C.  MS/MSD precision (RPD) X X

7. Post digestion spike sample %R X X
8. Serial dilution X
9. Field Duplicate precision (RPD) X X

M – Manual Review %R - percent recovery RPD - relative percent difference DQM – Data Qualification Module

Comments:
This section presents a discussion of any additions or changes to the electronic data validation for 
compounds analyzed utilizing EPA SW-846 Methods 6010B and 7471A.

Note: Metals detected between the MDL and RL were flagged with a “B” by the laboratory.  The 
“B” was changed in this validation to a “J” to indicate that the concentration is an estimated 
value.

3A. Lead was detected below the RL in one of the calibration blanks and in the laboratory method 
blank. The lead concentrations in the project samples were greater than ten times the blank 
amounts, so data qualification is not warranted.

6A-B. ASB009(0-1) was utilized as a site-specific MS/MSD sample. The recoveries of aluminum and 
iron exceeded the control limits. The sample concentrations of aluminum and iron in the parent 
sample were greater than four times the spiking amount, so the recovery calculations are not 
reliable indicators of method performance, and thus data qualification is not warranted.
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RADFORD 004

VALIDATION CHECKLIST
SUMMARY AND DATA QUALIFIER CODES

Sample ID Analyte(s) Qualifier Reason(s)

VOCs
5GP027(25-28)(062508)
1041DUP001(22-25)(062708)
1041HP016(17-28)(062708)
1041HP017(22-25)(062708)
1041HP017(30-33)(062708)
1041HP018(22-25)(062708)
1041HP018(31-34)
1041SB019(6-7)
1041HP019(18-28)(063008)
5GP029(15-22)(062808)
5GP029(35-38)(062808)
5GP030(14-23.5)(062908)
5GP031(15-19.5)(062808)
5GP031(35-38)(062908)
5GP032(15-18.5)(063008)
5GP033(17-24)(062908)
5GP034(27-30)(063008)

Acetone UB Detected in Blank(s)

5GP027 (25-28)(062508)
1041DUP001(8-9)
1041SB009(7-8)
1041SB010(7-8)
1041SB011(8-9)
1041SB014(6-7)
1041SB018 (6-7)
1041SB019 (6-7)

Dichloromethane UB Detected in Blank(s)

5GP027 (25-28)(062508)
1041HP015(062708)
5GP029(15-22)(062808)
5GP029(35-38)(062808)
5GP034(27-30)(063008)

Chloroform UB Detected in Blank(s)
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RADFORD 004

Sample ID Analyte(s) Qualifier Reason(s)
1041DUP001(8-9)
1041SB009(7-8)
1041SB010(7-8)
1041SB011(8-9)
1041SB014(6-7)
1041DUP001(22-25)(062708)
1041HP015 (062708)
1041HP016(17-28)(062708)
1041HP017 (22-25)(062708)
1041HP017 (30-33)(062708)
1041HP018 (22-25)(062708)
1041HP018 (31-34)
TB-3 (062708)
1041SB018(6-7)
1041SB019(6-7)
1041HP019(18-28)(063008)
5GP029(15-22)(062808)
5GP029(35-38)(062808)
5GP030(14-23.5)(062908)
5GP031(15-19.5)(062808)
5GP031(35-38)(062908)
5GP032(15-18.5)(063008)
5GP034(27-30)(063008)
5GPDUP001(15-19.5)(062808)
EB001(062908)
TB-4(063008)

1,4-Dioxane UJ CCV rec. < LCL

1041HP019(18-28)(063008)
5GP029(15-22)(062808)
5GP029(35-38)(062808)
5GP030(14-23.5)(062908)
5GP031(15-19.5)(062808)
5GP031(35-38)(062908)
5GP032(15-18.5)(063008)
5GP033(17-24)(062908)
5GP034(27-30)(063008)
5GPDUP001(15-19.5)(062808)
EB001(062908)
TB-4(063008)

Bromomethane
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene

UJ CCV rec. < LCL

5GP033(17-24)(062908) 1,4-Dioxane UJ CCV rec. < LCL
MS/MSD rec. < LCL

1041HP018 (31-34) m-Dichlorobenzene
Methyl acetate

UJ MS/MSD rec. < LCL
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RADFORD 004

Sample ID Analyte(s) Qualifier Reason(s)

SVOCs
31MW002(061808)
31MWDUP001(061808)
EB001(061808)

Indeno(1,2,3-cd)pyrene UJ CCV rec. < LCL

ASB003(0-1)
ASB005(0-1)
ASB006(0-1)
ASB006(5-6)
ASB007(0-1)
ASB007(5-6)
ASB008(0-1)
ASB008(5-6)
ASB009(0-1)
ASB009(5-6)
ASB010(0-1)
ASB010(5-6)
ASBDUP001(0-1)

Benzaldehyde R MS/MSD & LCS/LCSD 
rec. < 10%

ASB003(0-1)
ASB005(0-1)
ASB006(5-6)
ASB007(0-1)
ASB007(5-6)
ASB008(0-1)
ASB008(5-6)
ASB009(0-1)
ASB009(5-6)
ASB010(0-1)
ASB010(5-6)
ASBDUP001(0-1)
EB-2(063008)

2,4-Dimethylphenol
3,3'-Dichlorobenzidine

3-Nitroaniline
4-Nitrophenol

Atrazine
Carbazole

Hexachlorocyclopentadiene
p-Chloroaniline

J or UJ CCV rec. < LCL

ASB005(0-1)
ASBDUP001(0-1)

2,4-Dinitrotoluene
Benzo(a)anthracene

Benzo(a)pyrene
Benzo(b)fluoranthene

bis(2-Ethylhexyl)phthalate
Fluoranthene

Indeno(1,2,3-cd)pyrene

J or UJ Field dup. RPD > CL

ASBDUP001(0-1) Pyrene J ICV rec. > UCL
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RADFORD 004

Sample ID Analyte(s) Qualifier Reason(s)
ASB003(0-1)
ASB005(0-1)
ASB006(0-1)
ASB006(5-6)
ASB007(0-1)
ASB007(5-6)
ASB008(0-1)
ASB008(5-6)
ASB009(0-1)
ASB009(5-6)
ASB010(0-1)
ASB010(5-6)
ASBDUP001(0-1)

Di-n-butylphthalate J MS rec. > UCL; 
MS/MSD RPD > CL; 
Field dup. RPD > CL

PCBs
ASB003(0-1) Aroclor-1254 J Result > calibration range

Metals
ASB006(5-6)
ASB008(5-6)
ASB010(5-6)

Mercury J < RL

ASB003(0-1)
ASB005(0-1)
ASB006(0-1)
ASB006(5-6)
ASB007(0-1)
ASB007(5-6)
ASB008(0-1)
ASB008(5-6)
ASB009(0-1)
ASB009(5-6)
ASB010(0-1)
ASB010(5-6)
ASBDUP001(0-1)

Beryllium J < RL

ASB003(0-1)
ASB005(0-1)
ASB007(0-1)
ASBDUP001(0-1)

Cadmium J < RL

ASB006(0-1)
ASB007(0-1)
ASB008(5-6)

Calcium J < RL
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Sample ID Analyte(s) Qualifier Reason(s)
ASB008(0-1)
ASB010(0-1)

Cobalt J < RL

ASB007(0-1)
ASB007(5-6)

Magnesium J < RL

ASB007(0-1)
ASB010(0-1)

Potassium J < RL

ASB008(0-1)
ASBDUP001(0-1)

Selenium J < RL

ASB009(0-1) Sodium J < RL

Qualifier Definitions:
J –  Result is considered to be estimated at the value reported.
UJ – Result is considered not detected but estimated due to QC deficiencies.
%R - percent recovery RPD - relative percent difference %D - percent difference
LCL- lower control limit CL – control limit
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RADFORD 005

Analytical data was evaluated in accordance with applicable USEPA SW-846 method requirements, “USEPA 
Contract Laboratory Program National Functional Guidelines for Inorganic Data Review” (July 2002), 
“USEPA Region III National Functional Guidelines for Organic Data Review” (September 1994), “USEPA 
Region III National Functional Guidelines for Inorganic Data Review” (June 1995), site-specific requirements 
defined in Radford Master Work Plan (URS, 2003), and site-specific requirements defined in the Quality 
Assurance Plan Addendum (Arcadis, 2008).  The validation presented in this review was performed at the 
RAAP defined Level I.

The data review summarized in this report includes a review of all sample collection documentation and the 
electronic data validation of the analytical data housed in the project database.  Sample collection 
documentation included sample collection logs and chains of custody.  The electronic data validation was 
performed utilizing the EQuIS Data Qualification Module (DQM).  DQM checks for the following 
parameters:

ν Holding times and preservation;

ν Blank contamination;

1. Method blanks,

2. Trip blanks,

3. Equipment blanks;

ν Matrix spike and Duplicate sample recovery;

ν Matrix Spike and Matrix Spike Duplicate relative percent differences;

ν Laboratory Control Sample and Duplicate recovery; 

ν Laboratory Control Sample and Duplicate relative percent differences; 

ν Surrogate recovery (organic analyses only); and

ν Field duplicate relative percent difference.

Manually review was performed on the following items: 

ν Sample dilutions and reporting limits;

ν Case Narratives; and

ν Total versus dissolved metals concentrations.

Reviewed data was generated by Empirical Laboratories.  Data qualifiers were applied electronically to the 
database with any additional qualifiers added manually.  A summary of the data as amended by data 
qualifiers is included with the original hard copy reports.  The attached table summarizes the data that were 
qualified due to QC deficiencies.  The table indicates compounds/analytes qualified based on electronic and 
manual validation.  Refer to the associated method section of the validation checklist for a detailed 
explanation of qualification.  All other data in this SDG are considered usable as reported.
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The following list of data qualifiers and definitions were applied in accordance with qualification criteria 
defined in the above guidance documents:

UB Compound/analyte detected in blank or associated blank, qualified as a non-detect at listed value.

J The analyte was positively identified, but the associated numerical value is the approximate 
concentration of the analyte in the sample. 

UJ The analyte was not detected above the reporting limit; however, the reported quantitation limit is 
approximate and may, or may not represent the actual limit of quantitation necessary to accurately and 
precisely measure analyte in the sample. 

R The sample result is rejected due to serious deficiencies in the ability to analyze the sample and meet 
quality control criteria; and the presence or absence of the analyte cannot be verified.

DQM RUN BY: Rachelle Borne 07/31/09

REVIEW PERFORMED BY: Rachelle Borne 07/31/09

SIGNATURE: 07/31/09

PEER REVIEW: Dennis Dyke 07/31/09
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The following samples were included in this SDG:

SDG Sample ID
Sample 

Date Parent sample
0907062 1549HP010(20-30)(070809) 07/08/09
0907062 1549HP009(19-29)(070809) 07/08/09
0907062 1549HP020(25-30)(070809) 07/08/09
0907062 1549HP021(21-26)(070809) 07/08/09
0907062 1041HPDUP002(21-36)(070809) 07/08/09 1549HP021(21-26)(070809)
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DATA PACKAGE DOCUMENTATION

Items Reviewed
Reported

Performance 
Acceptable Not

RequiredNo Yes No Yes
1.  Sampling dates noted X X
2.  Sampling team indicated X X
3.  Sampling identification traceable 

to location collected X X

4.  Sample location X X
5.  Sample depth for water X X
6.  Collection technique (bailer, pump, 

etc.) X X

7.  Sample container type X X
8.  Preservation methods X X
9.  Chain-of-custody form completed X X
10. Required analytical methods 

requested X X

11. Field (water and soil) sample logs
completed properly X X  

12. Number and type of field QC 
samples collected (blanks, 
replicates, splits, etc.)

X X

13. Sample shipping X X
14. Laboratory task order X X

Field sampling logs = water and/or soil/sediment sampling logs QC - quality control

Comments:
All field documentation (Water Sampling Logs, Field Instrument Calibration, and Daily Logs) were reviewed 
for the above referenced sampling event.  
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METALS

Items Reviewed

 
DQM Deficiency 

Qualification 
Applied

No Yes No Yes
1. Holding times DQM DQM
2. Reporting limits M M
3. Blanks

 A. Method blanks DQM DQM
 B. Equipment blanks NA NA

5. Laboratory control sample (LCS)
 A. LCS accuracy (%R) DQM DQM
 B. LCS duplicate (LCSD) %R NA NA
 C. LCS/LCSD precision (RPD) NA NA

6. Matrix spike 
 A. Matrix spike (MS) %R NA NA
 B. Matrix spike duplicate (MSD) %R NA NA
 C. MS/MSD RPD NA NA

7. Total vs. dissolved M M
8. Field duplicate sample RPD DQM DQM

M – Manual Review %R - percent recovery RPD - relative percent difference DQM – Data Qualification Module

Comments:
This section presents a discussion of any additions or changes to the electronic data validation for compounds 
analyzed utilizing Methods 6010B and 7470A.

Note: The case narrative noted that the recovery of calcium was above the control limit in the ICV 
for the soluble samples.  All detections of calcium are qualified as estimated.

The case narrative noted that the CCV recoveries were above the control limit for calcium 
and iron for the soluble samples.  All detections of calcium are qualified as estimated.  The 
associated samples were non-detect for iron.  Therefore, no qualification is warranted.

The case narrative noted that the CCV recoveries were above the control limit for calcium, 
manganese, sodium, and silver for the total samples.  All detections of calcium, manganese 
and sodium are qualified as estimated.  The associated samples were non-detect for silver.  
Therefore, no qualification is warranted.

3A. Zinc and cadmium were detected in the method blank.  The associated field samples are 
qualified as non-detect for these compounds if the sample concentration is less than ten times 
the blank value.  See the qualification summary for details of the qualifications.

8. 1041HPDUP002(21-26)(070809) was collected as a field duplicate of 1041HP021(21-26) 
(070809).  The RPDs were acceptable at less than 40%.
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DATA VALIDATION QUALIFICATION SUMMARY

Sample ID Parameter Result Units Qualifier Reason

1549HP010(20-30)(070809)

Calcium(T) 212000 ug/L J CCV Recovery

Manganese(T) 69100 ug/L J CCV Recovery

Sodium(T) 13300 ug/L J CCV Recovery

Calcium(D) 71100 ug/L J ICV Recovery

Zinc(D) 8.4 ug/L UB Blank Contamination

1549HP009(19-29)(070809)

Calcium(T) 530000 ug/L J CCV Recovery

Manganese(T) 95700 ug/L J CCV Recovery

Sodium(T) 30200 ug/L J CCV Recovery

Calcium(D) 60200 ug/L J ICV Recovery

1549HP020(25-30)(070809)

Cadmium(T) 10.2 ug/L UB Blank Contamination

Calcium(T) 67200 ug/L J CCV Recovery

Manganese(T) 57800 ug/L J CCV Recovery

Sodium(T) 20700 ug/L J CCV Recovery

Calcium(D) 18800 ug/L J ICV Recovery

Iron(D) 82600 ug/L J ICV Recovery

Zinc(D) 61.3 ug/L UB Blank Contamination

1549HP021(21-26)(070809)

Calcium(T) 348000 ug/L J CCV Recovery

Manganese(T) 41300 ug/L J CCV Recovery

Sodium(T) 15500 ug/L J CCV Recovery

Calcium(D) 20900 ug/L J ICV Recovery

1041HPDUP002(21-36)(070809)
Calcium(T) 317000 ug/L J CCV Recovery

Manganese(T) 37800 ug/L J CCV Recovery

Sodium(T) 16000 ug/L J CCV Recovery
1041HPDUP002(21-36)(070809) Calcium(D) 20600 ug/L J ICV Recovery

Qualifier Definitions:
J – Result is considered to be estimated at the value reported.
UJ – Result is considered not detected but estimated due to QC deficiencies.
UB – Non-detect at the Reporting Limit or at the concentration reported if greater than the RL due to 

associated blank contamination.
R – Result is qualified as unusable, data point is rejected.

Explanation/Notes:
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LABORATORY NARRATIVE
Modified TO-15
ARCADIS, Inc.

Workorder# 0805175

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Two  6  Liter  Summa  Canister  and  five  1  Liter  Summa  Canister  samples  were  received  on  May  08, 
2008.  The  laboratory  performed  analysis  via  modified  EPA  Method  TO-15  using  GC/MS  in  the  full 
scan  mode.  The  method  involves  concentrating  up  to  0.2  liters  of  air.  The  concentrated  aliquot  is  then 
flash  vaporized  and  swept  through  a  water  management  system  to  remove  water  vapor.  Following 
dehumidification,  the  sample  passes  directly  into  the  GC/MS  for  analysis.  

This  workorder  was  independently  validated  prior  to  submittal  using  'USEPA  National  Functional 
Guidelines'  as  generally  applied  to  the  analysis  of  volatile  organic  compounds  in  air.   A  rules-based,
logic  driven,  independent  validation  engine  was  employed  to  assess  completeness,  evaluate  pass/fail 
of  relevant  project  quality  control  requirements  and  verification  of  all  quantified  amounts.  

Method  modifications  taken  to  run  these  samples  are  summarized  in  the  table  below.   Specific  project 
requirements  may  over-ride  the  ATL  modifications.

Requirement ATL  ModificationsTO-15
Daily CCV +- 30% Difference </= 30% Difference with two allowed out up to </=40%.; 

flag and narrate outliers

Sample collection media Summa canister ATL recommends use of summa canisters to insure data 
defensibility, but will report results from Tedlar bags at 
client request

Method Detection Limit Follow 40CFR Pt.136 
App. B

The MDL met all relevant requirements in Method TO-15 
(statistical MDL less than the LOQ). The concentration of 
the spiked replicate may have exceeded 10X the 
calculated MDL in some cases

Receiving Notes

There were no receiving discrepancies.

As  per  project  specific  client  request  the  laboratory  has  reported  estimated  values  for  target  compound 
hits  that  are  below  the  Reporting  Limit  but  greater  than  the  Method  Detection  Limit.  Concentrations 
that  are  below  the  level  at  which  the  canister  was  certified  (0.2  ppbv  for  compounds  reported  at  0.5 
ppbv  and  0.8  ppbv  for  compounds  reported  at  2.0  ppbv)  may  be  false  positives.

All  Quality  Control  Limit  failures  and  affected  sample  results  are  noted  by  flags.  Each  flag  is  defined 
at  the  bottom  of  this  Case  Narrative  and  on  each  Sample  Result  Summary  page.  Target  compound
non-detects  in  the  samples  that  are  associated  with  high  bias  in  QC  analyses  have  not  been  flagged.

The  per  analytical  batch  duplicate  analysis  required  for  this  project  is  associated  with  work  order 
0805177.

Analytical Notes
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Eight  qualifiers  may  have  been  used  on  the  data  analysis  sheets  and  indicates  as  follows:  
       B  -  Compound  present  in  laboratory  blank  greater  than  reporting  limit  (background  subtraction  not 
performed).
        J  -   Estimated  value.
        E  -  Exceeds  instrument  calibration  range.
        S  -  Saturated  peak.
        Q  -  Exceeds  quality  control  limits.
        U  -  Compound  analyzed  for  but  not  detected  above  the  reporting  limit.
        UJ-  Non-detected  compound  associated  with  low  bias  in  the  CCV
        N  -  The  identification  is  based  on  presumptive  evidence.

File  extensions  may  have  been  used  on  the  data  analysis  sheets  and  indicates  
as  follows:  
  a-File  was  requantified
  b-File  was  quantified  by  a  second  column  and  detector
  r1-File  was  requantified  for  the  purpose  of  reissue

Definition of Data Qualifying Flags

Page  3 of 37



MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1041SLB00A(050608)

Lab ID#: 0805175-01A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

0.90 0.66 J 4.4 3.3 JFreon 12
0.90 0.23 J 5.0 1.3 JFreon 11
3.6 0.75 J 6.7 1.4 JEthanol
3.6 4.1 8.5 9.8Acetone
3.6 0.39 J 8.8 0.96 J2-Propanol

0.90 0.43 J 2.8 1.3 JCarbon Disulfide
0.90 0.38 J 3.1 1.3 JMethylene Chloride
0.90 0.51 J 2.6 1.5 J2-Butanone (Methyl Ethyl Ketone)
0.90 34 4.4 170Chloroform
0.90 1.2 4.9 6.81,1,1-Trichloroethane
0.90 8.6 4.8 46Trichloroethene
0.90 0.48 J 3.4 1.8 JToluene
0.90 0.48 J 6.1 3.2 JTetrachloroethene

Client Sample ID: 1549SLB00A(050608)

Lab ID#: 0805175-02A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.2 0.33 J 5.7 1.6 JFreon 12
1.2 0.33 J 6.5 1.9 JFreon 11
4.6 20 11 48Acetone
4.6 0.31 J 11 0.76 J2-Propanol
1.2 0.48 J 3.6 1.5 JCarbon Disulfide
1.2 0.33 J 4.0 1.2 JMethylene Chloride
1.2 0.79 J 4.0 2.8 JHexane
1.2 1.3 3.4 4.02-Butanone (Methyl Ethyl Ketone)
1.2 0.60 J 3.4 1.8 JTetrahydrofuran
1.2 0.21 J 4.0 0.73 JCyclohexane
1.2 0.42 J 3.7 1.3 JBenzene
1.2 0.46 J 4.7 1.9 JHeptane
1.2 0.65 J 4.3 2.4 JToluene
1.2 1.0 J 5.0 4.4 JEthyl Benzene
1.2 3.8 5.0 17m,p-Xylene
1.2 1.8 5.0 7.7o-Xylene
1.2 0.22 J 5.6 1.1 JPropylbenzene
1.2 0.44 J 5.6 2.2 J4-Ethyltoluene
1.2 0.53 J 5.6 2.6 J1,3,5-Trimethylbenzene
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MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SLB00A(050608)

Lab ID#: 0805175-02A
1.2 0.85 J 5.6 4.2 J1,2,4-Trimethylbenzene

Client Sample ID: 1549SG004(050708)

Lab ID#: 0805175-03A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

5.9 2.0 J 12 4.2 JChloromethane
1.5 4.6 3.3 101,3-Butadiene
1.5 1.2 J 8.3 7.1 JFreon 11
5.9 48 11 90Ethanol
5.9 300 14 720Acetone
5.9 6.8 14 172-Propanol
1.5 3.0 4.6 9.3Carbon Disulfide
1.5 0.57 J 5.1 2.0 JMethylene Chloride
1.5 8.6 5.2 30Hexane
1.5 0.49 J 6.0 2.0 J1,1-Dichloroethane
1.5 30 4.4 892-Butanone (Methyl Ethyl Ketone)
1.5 7.4 5.9 29cis-1,2-Dichloroethene
1.5 1.4 J 4.4 4.1 JTetrahydrofuran
1.5 0.57 J 8.1 3.1 J1,1,1-Trichloroethane
1.5 6.3 5.1 22Cyclohexane
1.5 2.4 4.7 7.7Benzene
1.5 12 6.1 50Heptane
1.5 0.66 J 8.0 3.6 JTrichloroethene
5.9 1.5 J 21 5.5 J1,4-Dioxane
1.5 2.1 6.1 8.54-Methyl-2-pentanone
1.5 1.9 5.6 7.1Toluene
1.5 0.60 J 10 4.1 JTetrachloroethene
5.9 2.8 J 24 11 J2-Hexanone
1.5 0.66 J 6.4 2.9 JEthyl Benzene
1.5 1.3 J 6.4 5.8 Jm,p-Xylene
1.5 1.1 J 6.4 4.9 Jo-Xylene
1.5 0.31 J 6.3 1.3 JStyrene
1.5 0.26 J 7.3 1.3 JCumene
1.5 0.41 J 7.3 2.0 JPropylbenzene
1.5 1.2 J 7.3 6.0 J4-Ethyltoluene
1.5 1.6 7.3 7.81,2,4-Trimethylbenzene
1.5 0.42 J 8.9 2.5 J1,4-Dichlorobenzene
1.5 1.3 J 8.9 7.9 J1,2-Dichlorobenzene
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MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG004(050708) Lab Duplicate

Lab ID#: 0805175-03AA

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

5.9 0.79 J 12 1.6 JChloromethane
1.5 4.2 3.3 9.31,3-Butadiene
1.5 1.0 J 8.3 5.8 JFreon 11
5.9 52 11 98Ethanol
5.9 300 14 700Acetone
5.9 7.0 14 172-Propanol
1.5 2.9 4.6 9.1Carbon Disulfide
1.5 0.68 J 5.1 2.4 JMethylene Chloride
1.5 7.9 5.2 28Hexane
1.5 0.44 J 6.0 1.8 J1,1-Dichloroethane
1.5 33 4.4 962-Butanone (Methyl Ethyl Ketone)
1.5 7.3 5.9 29cis-1,2-Dichloroethene
1.5 1.6 4.4 4.8Tetrahydrofuran
1.5 0.43 J 8.1 2.4 J1,1,1-Trichloroethane
1.5 5.7 5.1 20Cyclohexane
1.5 2.4 4.7 7.6Benzene
1.5 12 6.1 50Heptane
5.9 1.3 J 21 4.8 J1,4-Dioxane
1.5 2.0 6.1 8.04-Methyl-2-pentanone
1.5 1.9 5.6 7.2Toluene
1.5 0.38 J 10 2.6 JTetrachloroethene
5.9 2.5 J 24 10 J2-Hexanone
1.5 0.62 J 6.4 2.7 JEthyl Benzene
1.5 1.6 6.4 6.8m,p-Xylene
1.5 1.2 J 6.4 5.2 Jo-Xylene
1.5 0.36 J 6.3 1.6 JStyrene
1.5 0.42 J 7.3 2.1 JPropylbenzene
1.5 1.2 J 7.3 5.6 J4-Ethyltoluene
1.5 1.6 7.3 8.11,2,4-Trimethylbenzene
1.5 1.4 J 8.9 8.2 J1,2-Dichlorobenzene

Client Sample ID: 1549SG006(050708)

Lab ID#: 0805175-04A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 0.52 J 6.5 2.6 JFreon 12
1.3 5.4 2.9 121,3-Butadiene
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MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG006(050708)

Lab ID#: 0805175-04A
5.3 11 9.9 21Ethanol
5.3 210 12 500Acetone
5.3 3.5 J 13 8.6 J2-Propanol
1.3 1.3 4.1 4.1Carbon Disulfide
1.3 36 3.9 1002-Butanone (Methyl Ethyl Ketone)
1.3 1.3 3.9 3.9Tetrahydrofuran
1.3 0.44 J 4.5 1.5 JCyclohexane
1.3 3.0 4.2 9.5Benzene
1.3 4.0 5.4 16Heptane
1.3 2.5 5.4 104-Methyl-2-pentanone
1.3 2.9 5.0 11Toluene
5.3 3.7 J 22 15 J2-Hexanone
1.3 0.51 J 5.7 2.2 JEthyl Benzene
1.3 0.79 J 5.7 3.4 Jm,p-Xylene
1.3 0.41 J 5.7 1.8 Jo-Xylene
1.3 0.44 J 5.6 1.9 JStyrene
1.3 0.20 J 6.5 1.0 J4-Ethyltoluene

Client Sample ID: 1549SG003(050708)

Lab ID#: 0805175-05A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 0.61 J 6.2 3.0 JFreon 12
1.3 5.6 2.8 121,3-Butadiene
1.3 0.31 J 7.1 1.7 JFreon 11
5.1 26 9.5 49Ethanol
5.1 110 12 260Acetone
5.1 1.6 J 12 4.1 J2-Propanol
1.3 0.90 J 3.9 2.8 JCarbon Disulfide
1.3 0.32 J 4.4 1.1 JMethylene Chloride
1.3 14 3.7 402-Butanone (Methyl Ethyl Ketone)
1.3 9.8 4.4 34Cyclohexane
1.3 2.5 4.0 7.9Benzene
1.3 4.3 5.2 18Heptane
1.3 0.69 J 6.8 3.7 JTrichloroethene
1.3 1.0 J 5.2 4.2 J4-Methyl-2-pentanone
1.3 2.6 4.8 9.7Toluene
1.3 0.87 J 5.5 3.8 JEthyl Benzene
1.3 1.9 5.5 8.3m,p-Xylene
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MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG003(050708)

Lab ID#: 0805175-05A
1.3 1.3 5.5 5.5o-Xylene
1.3 0.44 J 5.4 1.9 JStyrene
1.3 0.22 J 6.2 1.1 JCumene
1.3 0.29 J 6.2 1.4 JPropylbenzene
1.3 0.55 J 6.2 2.7 J4-Ethyltoluene
1.3 0.40 J 6.2 2.0 J1,3,5-Trimethylbenzene
1.3 0.66 J 6.2 3.2 J1,2,4-Trimethylbenzene

Client Sample ID: 1549Dup001(050708)

Lab ID#: 0805175-06A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.4 0.70 J 7.0 3.4 JFreon 12
1.4 6.4 3.1 141,3-Butadiene
1.4 0.69 J 7.9 3.9 JFreon 11
5.6 4.5 J 11 8.6 JEthanol
5.6 60 13 140Acetone
5.6 1.2 J 14 3.0 J2-Propanol
1.4 4.4 4.4 14Carbon Disulfide
1.4 12 4.2 372-Butanone (Methyl Ethyl Ketone)
1.4 0.79 J 5.6 3.1 Jcis-1,2-Dichloroethene
1.4 0.32 J 4.8 1.1 JCyclohexane
1.4 2.5 4.5 8.0Benzene
1.4 2.0 5.8 8.1Heptane
1.4 0.37 J 5.8 1.5 J4-Methyl-2-pentanone
1.4 1.9 5.3 7.2Toluene
5.6 0.68 J 23 2.8 J2-Hexanone
1.4 0.77 J 6.1 3.4 JEthyl Benzene
1.4 0.59 J 6.1 2.6 Jm,p-Xylene
1.4 0.51 J 6.1 2.2 Jo-Xylene
1.4 0.30 J 6.0 1.2 JStyrene
1.4 0.28 J 6.9 1.4 J4-Ethyltoluene
1.4 0.32 J 6.9 1.6 J1,2,4-Trimethylbenzene

Client Sample ID: 1549SG008(050708)

Lab ID#: 0805175-07A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit
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MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG008(050708)

Lab ID#: 0805175-07A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 0.58 J 6.6 2.8 JFreon 12
1.3 20 3.0 431,3-Butadiene
1.3 0.35 J 7.6 2.0 JFreon 11
5.4 3.9 J 10 7.4 JEthanol
5.4 110 13 260Acetone
5.4 1.4 J 13 3.6 J2-Propanol
1.3 5.1 4.2 16Carbon Disulfide
1.3 0.29 J 4.7 1.0 JMethylene Chloride
1.3 12 4.8 42Methyl tert-butyl ether
1.3 17 4.7 61Hexane
1.3 21 4.0 622-Butanone (Methyl Ethyl Ketone)
1.3 16 4.6 56Cyclohexane
1.3 38 6.3 1802,2,4-Trimethylpentane
1.3 11 4.3 34Benzene
1.3 16 5.5 64Heptane
1.3 9.9 5.1 37Toluene
1.3 2.2 5.8 9.8Ethyl Benzene
1.3 6.3 5.8 28m,p-Xylene
1.3 6.7 5.8 29o-Xylene
1.3 2.1 6.6 10Cumene
1.3 3.2 6.6 16Propylbenzene
1.3 11 6.6 544-Ethyltoluene
1.3 19 6.6 941,3,5-Trimethylbenzene
1.3 23 6.6 1101,2,4-Trimethylbenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1041SLB00A(050608)
Lab ID#: 0805175-01A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050813File Name:
Dil. Factor: 1.79

Date of Collection:  5/6/08
Date of Analysis:  5/8/08 07:09 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

0.90 0.66 J 4.4 3.3 JFreon 12
0.90 Not Detected 6.2 Not DetectedFreon 114
3.6 Not Detected 7.4 Not DetectedChloromethane

0.90 Not Detected 2.3 Not DetectedVinyl Chloride
0.90 Not Detected 2.0 Not Detected1,3-Butadiene
0.90 Not Detected 3.5 Not DetectedBromomethane
0.90 Not Detected 2.4 Not DetectedChloroethane
0.90 0.23 J 5.0 1.3 JFreon 11
3.6 0.75 J 6.7 1.4 JEthanol

0.90 Not Detected 6.8 Not DetectedFreon 113
0.90 Not Detected 3.5 Not Detected1,1-Dichloroethene
3.6 4.1 8.5 9.8Acetone
3.6 0.39 J 8.8 0.96 J2-Propanol

0.90 0.43 J 2.8 1.3 JCarbon Disulfide
3.6 Not Detected 11 Not Detected3-Chloropropene

0.90 0.38 J 3.1 1.3 JMethylene Chloride
0.90 Not Detected 3.2 Not DetectedMethyl tert-butyl ether
0.90 Not Detected 3.5 Not Detectedtrans-1,2-Dichloroethene
0.90 Not Detected 3.2 Not DetectedHexane
0.90 Not Detected 3.6 Not Detected1,1-Dichloroethane
0.90 0.51 J 2.6 1.5 J2-Butanone (Methyl Ethyl Ketone)
0.90 Not Detected 3.5 Not Detectedcis-1,2-Dichloroethene
0.90 Not Detected 2.6 Not DetectedTetrahydrofuran
0.90 34 4.4 170Chloroform
0.90 1.2 4.9 6.81,1,1-Trichloroethane
0.90 Not Detected 3.1 Not DetectedCyclohexane
0.90 Not Detected 5.6 Not DetectedCarbon Tetrachloride
0.90 Not Detected 4.2 Not Detected2,2,4-Trimethylpentane
0.90 Not Detected 2.8 Not DetectedBenzene
0.90 Not Detected 3.6 Not Detected1,2-Dichloroethane
0.90 Not Detected 3.7 Not DetectedHeptane
0.90 8.6 4.8 46Trichloroethene
0.90 Not Detected 4.1 Not Detected1,2-Dichloropropane
3.6 Not Detected 13 Not Detected1,4-Dioxane

0.90 Not Detected 6.0 Not DetectedBromodichloromethane
0.90 Not Detected 4.1 Not Detectedcis-1,3-Dichloropropene
0.90 Not Detected 3.7 Not Detected4-Methyl-2-pentanone
0.90 0.48 J 3.4 1.8 JToluene
0.90 Not Detected 4.1 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1041SLB00A(050608)
Lab ID#: 0805175-01A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050813File Name:
Dil. Factor: 1.79

Date of Collection:  5/6/08
Date of Analysis:  5/8/08 07:09 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

0.90 Not Detected 4.9 Not Detected1,1,2-Trichloroethane
0.90 0.48 J 6.1 3.2 JTetrachloroethene
3.6 Not Detected 15 Not Detected2-Hexanone

0.90 Not Detected 7.6 Not DetectedDibromochloromethane
0.90 Not Detected 6.9 Not Detected1,2-Dibromoethane (EDB)
0.90 Not Detected 4.1 Not DetectedChlorobenzene
0.90 Not Detected 3.9 Not DetectedEthyl Benzene
0.90 Not Detected 3.9 Not Detectedm,p-Xylene
0.90 Not Detected 3.9 Not Detectedo-Xylene
0.90 Not Detected 3.8 Not DetectedStyrene
0.90 Not Detected 9.2 Not DetectedBromoform
0.90 Not Detected 4.4 Not DetectedCumene
0.90 Not Detected 6.1 Not Detected1,1,2,2-Tetrachloroethane
0.90 Not Detected 4.4 Not DetectedPropylbenzene
0.90 Not Detected 4.4 Not Detected4-Ethyltoluene
0.90 Not Detected 4.4 Not Detected1,3,5-Trimethylbenzene
0.90 Not Detected 4.4 Not Detected1,2,4-Trimethylbenzene
0.90 Not Detected 5.4 Not Detected1,3-Dichlorobenzene
0.90 Not Detected 5.4 Not Detected1,4-Dichlorobenzene
0.90 Not Detected 4.6 Not Detectedalpha-Chlorotoluene
0.90 Not Detected 5.4 Not Detected1,2-Dichlorobenzene
3.6 Not Detected 26 Not Detected1,2,4-Trichlorobenzene
3.6 Not Detected 38 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: 6 Liter Summa Canister

Limits%RecoverySurrogates
Method

89 70-130Toluene-d8
119 70-1301,2-Dichloroethane-d4
103 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SLB00A(050608)
Lab ID#: 0805175-02A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1050820File Name:
Dil. Factor: 2.30

Date of Collection:  5/6/08
Date of Analysis:  5/9/08 12:08 AM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.2 0.33 J 5.7 1.6 JFreon 12
1.2 Not Detected 8.0 Not DetectedFreon 114
4.6 Not Detected 9.5 Not DetectedChloromethane
1.2 Not Detected 2.9 Not DetectedVinyl Chloride
1.2 Not Detected 2.5 Not Detected1,3-Butadiene
1.2 Not Detected 4.5 Not DetectedBromomethane
1.2 Not Detected 3.0 Not DetectedChloroethane
1.2 0.33 J 6.5 1.9 JFreon 11
4.6 Not Detected 8.7 Not DetectedEthanol
1.2 Not Detected 8.8 Not DetectedFreon 113
1.2 Not Detected 4.6 Not Detected1,1-Dichloroethene
4.6 20 11 48Acetone
4.6 0.31 J 11 0.76 J2-Propanol
1.2 0.48 J 3.6 1.5 JCarbon Disulfide
4.6 Not Detected 14 Not Detected3-Chloropropene
1.2 0.33 J 4.0 1.2 JMethylene Chloride
1.2 Not Detected 4.1 Not DetectedMethyl tert-butyl ether
1.2 Not Detected 4.6 Not Detectedtrans-1,2-Dichloroethene
1.2 0.79 J 4.0 2.8 JHexane
1.2 Not Detected 4.6 Not Detected1,1-Dichloroethane
1.2 1.3 3.4 4.02-Butanone (Methyl Ethyl Ketone)
1.2 Not Detected 4.6 Not Detectedcis-1,2-Dichloroethene
1.2 0.60 J 3.4 1.8 JTetrahydrofuran
1.2 Not Detected 5.6 Not DetectedChloroform
1.2 Not Detected 6.3 Not Detected1,1,1-Trichloroethane
1.2 0.21 J 4.0 0.73 JCyclohexane
1.2 Not Detected 7.2 Not DetectedCarbon Tetrachloride
1.2 Not Detected 5.4 Not Detected2,2,4-Trimethylpentane
1.2 0.42 J 3.7 1.3 JBenzene
1.2 Not Detected 4.6 Not Detected1,2-Dichloroethane
1.2 0.46 J 4.7 1.9 JHeptane
1.2 Not Detected 6.2 Not DetectedTrichloroethene
1.2 Not Detected 5.3 Not Detected1,2-Dichloropropane
4.6 Not Detected 16 Not Detected1,4-Dioxane
1.2 Not Detected 7.7 Not DetectedBromodichloromethane
1.2 Not Detected 5.2 Not Detectedcis-1,3-Dichloropropene
1.2 Not Detected 4.7 Not Detected4-Methyl-2-pentanone
1.2 0.65 J 4.3 2.4 JToluene
1.2 Not Detected 5.2 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SLB00A(050608)
Lab ID#: 0805175-02A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1050820File Name:
Dil. Factor: 2.30

Date of Collection:  5/6/08
Date of Analysis:  5/9/08 12:08 AM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.2 Not Detected 6.3 Not Detected1,1,2-Trichloroethane
1.2 Not Detected 7.8 Not DetectedTetrachloroethene
4.6 Not Detected 19 Not Detected2-Hexanone
1.2 Not Detected 9.8 Not DetectedDibromochloromethane
1.2 Not Detected 8.8 Not Detected1,2-Dibromoethane (EDB)
1.2 Not Detected 5.3 Not DetectedChlorobenzene
1.2 1.0 J 5.0 4.4 JEthyl Benzene
1.2 3.8 5.0 17m,p-Xylene
1.2 1.8 5.0 7.7o-Xylene
1.2 Not Detected 4.9 Not DetectedStyrene
1.2 Not Detected 12 Not DetectedBromoform
1.2 Not Detected 5.6 Not DetectedCumene
1.2 Not Detected 7.9 Not Detected1,1,2,2-Tetrachloroethane
1.2 0.22 J 5.6 1.1 JPropylbenzene
1.2 0.44 J 5.6 2.2 J4-Ethyltoluene
1.2 0.53 J 5.6 2.6 J1,3,5-Trimethylbenzene
1.2 0.85 J 5.6 4.2 J1,2,4-Trimethylbenzene
1.2 Not Detected 6.9 Not Detected1,3-Dichlorobenzene
1.2 Not Detected 6.9 Not Detected1,4-Dichlorobenzene
1.2 Not Detected 6.0 Not Detectedalpha-Chlorotoluene
1.2 Not Detected 6.9 Not Detected1,2-Dichlorobenzene
4.6 Not Detected 34 Not Detected1,2,4-Trichlorobenzene
4.6 Not Detected 49 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: 6 Liter Summa Canister

Limits%RecoverySurrogates
Method

97 70-130Toluene-d8
108 70-1301,2-Dichloroethane-d4
100 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG004(050708)
Lab ID#: 0805175-03A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1050819File Name:
Dil. Factor: 2.96

Date of Collection:  5/7/08
Date of Analysis:  5/8/08 11:35 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.5 Not Detected 7.3 Not DetectedFreon 12
1.5 Not Detected 10 Not DetectedFreon 114
5.9 2.0 J 12 4.2 JChloromethane
1.5 Not Detected 3.8 Not DetectedVinyl Chloride
1.5 4.6 3.3 101,3-Butadiene
1.5 Not Detected 5.7 Not DetectedBromomethane
1.5 Not Detected 3.9 Not DetectedChloroethane
1.5 1.2 J 8.3 7.1 JFreon 11
5.9 48 11 90Ethanol
1.5 Not Detected 11 Not DetectedFreon 113
1.5 Not Detected 5.9 Not Detected1,1-Dichloroethene
5.9 300 14 720Acetone
5.9 6.8 14 172-Propanol
1.5 3.0 4.6 9.3Carbon Disulfide
5.9 Not Detected 18 Not Detected3-Chloropropene
1.5 0.57 J 5.1 2.0 JMethylene Chloride
1.5 Not Detected 5.3 Not DetectedMethyl tert-butyl ether
1.5 Not Detected 5.9 Not Detectedtrans-1,2-Dichloroethene
1.5 8.6 5.2 30Hexane
1.5 0.49 J 6.0 2.0 J1,1-Dichloroethane
1.5 30 4.4 892-Butanone (Methyl Ethyl Ketone)
1.5 7.4 5.9 29cis-1,2-Dichloroethene
1.5 1.4 J 4.4 4.1 JTetrahydrofuran
1.5 Not Detected 7.2 Not DetectedChloroform
1.5 0.57 J 8.1 3.1 J1,1,1-Trichloroethane
1.5 6.3 5.1 22Cyclohexane
1.5 Not Detected 9.3 Not DetectedCarbon Tetrachloride
1.5 Not Detected 6.9 Not Detected2,2,4-Trimethylpentane
1.5 2.4 4.7 7.7Benzene
1.5 Not Detected 6.0 Not Detected1,2-Dichloroethane
1.5 12 6.1 50Heptane
1.5 0.66 J 8.0 3.6 JTrichloroethene
1.5 Not Detected 6.8 Not Detected1,2-Dichloropropane
5.9 1.5 J 21 5.5 J1,4-Dioxane
1.5 Not Detected 9.9 Not DetectedBromodichloromethane
1.5 Not Detected 6.7 Not Detectedcis-1,3-Dichloropropene
1.5 2.1 6.1 8.54-Methyl-2-pentanone
1.5 1.9 5.6 7.1Toluene
1.5 Not Detected 6.7 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG004(050708)
Lab ID#: 0805175-03A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1050819File Name:
Dil. Factor: 2.96

Date of Collection:  5/7/08
Date of Analysis:  5/8/08 11:35 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.5 Not Detected 8.1 Not Detected1,1,2-Trichloroethane
1.5 0.60 J 10 4.1 JTetrachloroethene
5.9 2.8 J 24 11 J2-Hexanone
1.5 Not Detected 13 Not DetectedDibromochloromethane
1.5 Not Detected 11 Not Detected1,2-Dibromoethane (EDB)
1.5 Not Detected 6.8 Not DetectedChlorobenzene
1.5 0.66 J 6.4 2.9 JEthyl Benzene
1.5 1.3 J 6.4 5.8 Jm,p-Xylene
1.5 1.1 J 6.4 4.9 Jo-Xylene
1.5 0.31 J 6.3 1.3 JStyrene
1.5 Not Detected 15 Not DetectedBromoform
1.5 0.26 J 7.3 1.3 JCumene
1.5 Not Detected 10 Not Detected1,1,2,2-Tetrachloroethane
1.5 0.41 J 7.3 2.0 JPropylbenzene
1.5 1.2 J 7.3 6.0 J4-Ethyltoluene
1.5 Not Detected 7.3 Not Detected1,3,5-Trimethylbenzene
1.5 1.6 7.3 7.81,2,4-Trimethylbenzene
1.5 Not Detected 8.9 Not Detected1,3-Dichlorobenzene
1.5 0.42 J 8.9 2.5 J1,4-Dichlorobenzene
1.5 Not Detected 7.7 Not Detectedalpha-Chlorotoluene
1.5 1.3 J 8.9 7.9 J1,2-Dichlorobenzene
5.9 Not Detected 44 Not Detected1,2,4-Trichlorobenzene
5.9 Not Detected 63 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

101 70-130Toluene-d8
106 70-1301,2-Dichloroethane-d4
99 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG004(050708) Lab Duplicate
Lab ID#: 0805175-03AA

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1050821File Name:
Dil. Factor: 2.96

Date of Collection:  5/7/08
Date of Analysis:  5/9/08 12:44 AM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.5 Not Detected 7.3 Not DetectedFreon 12
1.5 Not Detected 10 Not DetectedFreon 114
5.9 0.79 J 12 1.6 JChloromethane
1.5 Not Detected 3.8 Not DetectedVinyl Chloride
1.5 4.2 3.3 9.31,3-Butadiene
1.5 Not Detected 5.7 Not DetectedBromomethane
1.5 Not Detected 3.9 Not DetectedChloroethane
1.5 1.0 J 8.3 5.8 JFreon 11
5.9 52 11 98Ethanol
1.5 Not Detected 11 Not DetectedFreon 113
1.5 Not Detected 5.9 Not Detected1,1-Dichloroethene
5.9 300 14 700Acetone
5.9 7.0 14 172-Propanol
1.5 2.9 4.6 9.1Carbon Disulfide
5.9 Not Detected 18 Not Detected3-Chloropropene
1.5 0.68 J 5.1 2.4 JMethylene Chloride
1.5 Not Detected 5.3 Not DetectedMethyl tert-butyl ether
1.5 Not Detected 5.9 Not Detectedtrans-1,2-Dichloroethene
1.5 7.9 5.2 28Hexane
1.5 0.44 J 6.0 1.8 J1,1-Dichloroethane
1.5 33 4.4 962-Butanone (Methyl Ethyl Ketone)
1.5 7.3 5.9 29cis-1,2-Dichloroethene
1.5 1.6 4.4 4.8Tetrahydrofuran
1.5 Not Detected 7.2 Not DetectedChloroform
1.5 0.43 J 8.1 2.4 J1,1,1-Trichloroethane
1.5 5.7 5.1 20Cyclohexane
1.5 Not Detected 9.3 Not DetectedCarbon Tetrachloride
1.5 Not Detected 6.9 Not Detected2,2,4-Trimethylpentane
1.5 2.4 4.7 7.6Benzene
1.5 Not Detected 6.0 Not Detected1,2-Dichloroethane
1.5 12 6.1 50Heptane
1.5 Not Detected 8.0 Not DetectedTrichloroethene
1.5 Not Detected 6.8 Not Detected1,2-Dichloropropane
5.9 1.3 J 21 4.8 J1,4-Dioxane
1.5 Not Detected 9.9 Not DetectedBromodichloromethane
1.5 Not Detected 6.7 Not Detectedcis-1,3-Dichloropropene
1.5 2.0 6.1 8.04-Methyl-2-pentanone
1.5 1.9 5.6 7.2Toluene
1.5 Not Detected 6.7 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG004(050708) Lab Duplicate
Lab ID#: 0805175-03AA

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1050821File Name:
Dil. Factor: 2.96

Date of Collection:  5/7/08
Date of Analysis:  5/9/08 12:44 AM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.5 Not Detected 8.1 Not Detected1,1,2-Trichloroethane
1.5 0.38 J 10 2.6 JTetrachloroethene
5.9 2.5 J 24 10 J2-Hexanone
1.5 Not Detected 13 Not DetectedDibromochloromethane
1.5 Not Detected 11 Not Detected1,2-Dibromoethane (EDB)
1.5 Not Detected 6.8 Not DetectedChlorobenzene
1.5 0.62 J 6.4 2.7 JEthyl Benzene
1.5 1.6 6.4 6.8m,p-Xylene
1.5 1.2 J 6.4 5.2 Jo-Xylene
1.5 0.36 J 6.3 1.6 JStyrene
1.5 Not Detected 15 Not DetectedBromoform
1.5 Not Detected 7.3 Not DetectedCumene
1.5 Not Detected 10 Not Detected1,1,2,2-Tetrachloroethane
1.5 0.42 J 7.3 2.1 JPropylbenzene
1.5 1.2 J 7.3 5.6 J4-Ethyltoluene
1.5 Not Detected 7.3 Not Detected1,3,5-Trimethylbenzene
1.5 1.6 7.3 8.11,2,4-Trimethylbenzene
1.5 Not Detected 8.9 Not Detected1,3-Dichlorobenzene
1.5 Not Detected 8.9 Not Detected1,4-Dichlorobenzene
1.5 Not Detected 7.7 Not Detectedalpha-Chlorotoluene
1.5 1.4 J 8.9 8.2 J1,2-Dichlorobenzene
5.9 Not Detected 44 Not Detected1,2,4-Trichlorobenzene
5.9 Not Detected 63 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

101 70-130Toluene-d8
103 70-1301,2-Dichloroethane-d4
98 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG006(050708)
Lab ID#: 0805175-04A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050815File Name:
Dil. Factor: 2.64

Date of Collection:  5/7/08
Date of Analysis:  5/8/08 08:47 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 0.52 J 6.5 2.6 JFreon 12
1.3 Not Detected 9.2 Not DetectedFreon 114
5.3 Not Detected 11 Not DetectedChloromethane
1.3 Not Detected 3.4 Not DetectedVinyl Chloride
1.3 5.4 2.9 121,3-Butadiene
1.3 Not Detected 5.1 Not DetectedBromomethane
1.3 Not Detected 3.5 Not DetectedChloroethane
1.3 Not Detected 7.4 Not DetectedFreon 11
5.3 11 9.9 21Ethanol
1.3 Not Detected 10 Not DetectedFreon 113
1.3 Not Detected 5.2 Not Detected1,1-Dichloroethene
5.3 210 12 500Acetone
5.3 3.5 J 13 8.6 J2-Propanol
1.3 1.3 4.1 4.1Carbon Disulfide
5.3 Not Detected 16 Not Detected3-Chloropropene
1.3 Not Detected 4.6 Not DetectedMethylene Chloride
1.3 Not Detected 4.8 Not DetectedMethyl tert-butyl ether
1.3 Not Detected 5.2 Not Detectedtrans-1,2-Dichloroethene
1.3 Not Detected 4.6 Not DetectedHexane
1.3 Not Detected 5.3 Not Detected1,1-Dichloroethane
1.3 36 3.9 1002-Butanone (Methyl Ethyl Ketone)
1.3 Not Detected 5.2 Not Detectedcis-1,2-Dichloroethene
1.3 1.3 3.9 3.9Tetrahydrofuran
1.3 Not Detected 6.4 Not DetectedChloroform
1.3 Not Detected 7.2 Not Detected1,1,1-Trichloroethane
1.3 0.44 J 4.5 1.5 JCyclohexane
1.3 Not Detected 8.3 Not DetectedCarbon Tetrachloride
1.3 Not Detected 6.2 Not Detected2,2,4-Trimethylpentane
1.3 3.0 4.2 9.5Benzene
1.3 Not Detected 5.3 Not Detected1,2-Dichloroethane
1.3 4.0 5.4 16Heptane
1.3 Not Detected 7.1 Not DetectedTrichloroethene
1.3 Not Detected 6.1 Not Detected1,2-Dichloropropane
5.3 Not Detected 19 Not Detected1,4-Dioxane
1.3 Not Detected 8.8 Not DetectedBromodichloromethane
1.3 Not Detected 6.0 Not Detectedcis-1,3-Dichloropropene
1.3 2.5 5.4 104-Methyl-2-pentanone
1.3 2.9 5.0 11Toluene
1.3 Not Detected 6.0 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG006(050708)
Lab ID#: 0805175-04A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050815File Name:
Dil. Factor: 2.64

Date of Collection:  5/7/08
Date of Analysis:  5/8/08 08:47 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 Not Detected 7.2 Not Detected1,1,2-Trichloroethane
1.3 Not Detected 9.0 Not DetectedTetrachloroethene
5.3 3.7 J 22 15 J2-Hexanone
1.3 Not Detected 11 Not DetectedDibromochloromethane
1.3 Not Detected 10 Not Detected1,2-Dibromoethane (EDB)
1.3 Not Detected 6.1 Not DetectedChlorobenzene
1.3 0.51 J 5.7 2.2 JEthyl Benzene
1.3 0.79 J 5.7 3.4 Jm,p-Xylene
1.3 0.41 J 5.7 1.8 Jo-Xylene
1.3 0.44 J 5.6 1.9 JStyrene
1.3 Not Detected 14 Not DetectedBromoform
1.3 Not Detected 6.5 Not DetectedCumene
1.3 Not Detected 9.1 Not Detected1,1,2,2-Tetrachloroethane
1.3 Not Detected 6.5 Not DetectedPropylbenzene
1.3 0.20 J 6.5 1.0 J4-Ethyltoluene
1.3 Not Detected 6.5 Not Detected1,3,5-Trimethylbenzene
1.3 Not Detected 6.5 Not Detected1,2,4-Trimethylbenzene
1.3 Not Detected 7.9 Not Detected1,3-Dichlorobenzene
1.3 Not Detected 7.9 Not Detected1,4-Dichlorobenzene
1.3 Not Detected 6.8 Not Detectedalpha-Chlorotoluene
1.3 Not Detected 7.9 Not Detected1,2-Dichlorobenzene
5.3 Not Detected 39 Not Detected1,2,4-Trichlorobenzene
5.3 Not Detected 56 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

93 70-130Toluene-d8
119 70-1301,2-Dichloroethane-d4
100 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG003(050708)
Lab ID#: 0805175-05A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050814File Name:
Dil. Factor: 2.53

Date of Collection:  5/7/08
Date of Analysis:  5/8/08 08:08 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 0.61 J 6.2 3.0 JFreon 12
1.3 Not Detected 8.8 Not DetectedFreon 114
5.1 Not Detected 10 Not DetectedChloromethane
1.3 Not Detected 3.2 Not DetectedVinyl Chloride
1.3 5.6 2.8 121,3-Butadiene
1.3 Not Detected 4.9 Not DetectedBromomethane
1.3 Not Detected 3.3 Not DetectedChloroethane
1.3 0.31 J 7.1 1.7 JFreon 11
5.1 26 9.5 49Ethanol
1.3 Not Detected 9.7 Not DetectedFreon 113
1.3 Not Detected 5.0 Not Detected1,1-Dichloroethene
5.1 110 12 260Acetone
5.1 1.6 J 12 4.1 J2-Propanol
1.3 0.90 J 3.9 2.8 JCarbon Disulfide
5.1 Not Detected 16 Not Detected3-Chloropropene
1.3 0.32 J 4.4 1.1 JMethylene Chloride
1.3 Not Detected 4.6 Not DetectedMethyl tert-butyl ether
1.3 Not Detected 5.0 Not Detectedtrans-1,2-Dichloroethene
1.3 Not Detected 4.4 Not DetectedHexane
1.3 Not Detected 5.1 Not Detected1,1-Dichloroethane
1.3 14 3.7 402-Butanone (Methyl Ethyl Ketone)
1.3 Not Detected 5.0 Not Detectedcis-1,2-Dichloroethene
1.3 Not Detected 3.7 Not DetectedTetrahydrofuran
1.3 Not Detected 6.2 Not DetectedChloroform
1.3 Not Detected 6.9 Not Detected1,1,1-Trichloroethane
1.3 9.8 4.4 34Cyclohexane
1.3 Not Detected 8.0 Not DetectedCarbon Tetrachloride
1.3 Not Detected 5.9 Not Detected2,2,4-Trimethylpentane
1.3 2.5 4.0 7.9Benzene
1.3 Not Detected 5.1 Not Detected1,2-Dichloroethane
1.3 4.3 5.2 18Heptane
1.3 0.69 J 6.8 3.7 JTrichloroethene
1.3 Not Detected 5.8 Not Detected1,2-Dichloropropane
5.1 Not Detected 18 Not Detected1,4-Dioxane
1.3 Not Detected 8.5 Not DetectedBromodichloromethane
1.3 Not Detected 5.7 Not Detectedcis-1,3-Dichloropropene
1.3 1.0 J 5.2 4.2 J4-Methyl-2-pentanone
1.3 2.6 4.8 9.7Toluene
1.3 Not Detected 5.7 Not Detectedtrans-1,3-Dichloropropene

Page  20 of 37



AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG003(050708)
Lab ID#: 0805175-05A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050814File Name:
Dil. Factor: 2.53

Date of Collection:  5/7/08
Date of Analysis:  5/8/08 08:08 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 Not Detected 6.9 Not Detected1,1,2-Trichloroethane
1.3 Not Detected 8.6 Not DetectedTetrachloroethene
5.1 Not Detected 21 Not Detected2-Hexanone
1.3 Not Detected 11 Not DetectedDibromochloromethane
1.3 Not Detected 9.7 Not Detected1,2-Dibromoethane (EDB)
1.3 Not Detected 5.8 Not DetectedChlorobenzene
1.3 0.87 J 5.5 3.8 JEthyl Benzene
1.3 1.9 5.5 8.3m,p-Xylene
1.3 1.3 5.5 5.5o-Xylene
1.3 0.44 J 5.4 1.9 JStyrene
1.3 Not Detected 13 Not DetectedBromoform
1.3 0.22 J 6.2 1.1 JCumene
1.3 Not Detected 8.7 Not Detected1,1,2,2-Tetrachloroethane
1.3 0.29 J 6.2 1.4 JPropylbenzene
1.3 0.55 J 6.2 2.7 J4-Ethyltoluene
1.3 0.40 J 6.2 2.0 J1,3,5-Trimethylbenzene
1.3 0.66 J 6.2 3.2 J1,2,4-Trimethylbenzene
1.3 Not Detected 7.6 Not Detected1,3-Dichlorobenzene
1.3 Not Detected 7.6 Not Detected1,4-Dichlorobenzene
1.3 Not Detected 6.5 Not Detectedalpha-Chlorotoluene
1.3 Not Detected 7.6 Not Detected1,2-Dichlorobenzene
5.1 Not Detected 38 Not Detected1,2,4-Trichlorobenzene
5.1 Not Detected 54 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

93 70-130Toluene-d8
120 70-1301,2-Dichloroethane-d4
101 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549Dup001(050708)
Lab ID#: 0805175-06A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050816File Name:
Dil. Factor: 2.82

Date of Collection:  5/7/08
Date of Analysis:  5/8/08 09:25 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.4 0.70 J 7.0 3.4 JFreon 12
1.4 Not Detected 9.8 Not DetectedFreon 114
5.6 Not Detected 12 Not DetectedChloromethane
1.4 Not Detected 3.6 Not DetectedVinyl Chloride
1.4 6.4 3.1 141,3-Butadiene
1.4 Not Detected 5.5 Not DetectedBromomethane
1.4 Not Detected 3.7 Not DetectedChloroethane
1.4 0.69 J 7.9 3.9 JFreon 11
5.6 4.5 J 11 8.6 JEthanol
1.4 Not Detected 11 Not DetectedFreon 113
1.4 Not Detected 5.6 Not Detected1,1-Dichloroethene
5.6 60 13 140Acetone
5.6 1.2 J 14 3.0 J2-Propanol
1.4 4.4 4.4 14Carbon Disulfide
5.6 Not Detected 18 Not Detected3-Chloropropene
1.4 Not Detected 4.9 Not DetectedMethylene Chloride
1.4 Not Detected 5.1 Not DetectedMethyl tert-butyl ether
1.4 Not Detected 5.6 Not Detectedtrans-1,2-Dichloroethene
1.4 Not Detected 5.0 Not DetectedHexane
1.4 Not Detected 5.7 Not Detected1,1-Dichloroethane
1.4 12 4.2 372-Butanone (Methyl Ethyl Ketone)
1.4 0.79 J 5.6 3.1 Jcis-1,2-Dichloroethene
1.4 Not Detected 4.2 Not DetectedTetrahydrofuran
1.4 Not Detected 6.9 Not DetectedChloroform
1.4 Not Detected 7.7 Not Detected1,1,1-Trichloroethane
1.4 0.32 J 4.8 1.1 JCyclohexane
1.4 Not Detected 8.9 Not DetectedCarbon Tetrachloride
1.4 Not Detected 6.6 Not Detected2,2,4-Trimethylpentane
1.4 2.5 4.5 8.0Benzene
1.4 Not Detected 5.7 Not Detected1,2-Dichloroethane
1.4 2.0 5.8 8.1Heptane
1.4 Not Detected 7.6 Not DetectedTrichloroethene
1.4 Not Detected 6.5 Not Detected1,2-Dichloropropane
5.6 Not Detected 20 Not Detected1,4-Dioxane
1.4 Not Detected 9.4 Not DetectedBromodichloromethane
1.4 Not Detected 6.4 Not Detectedcis-1,3-Dichloropropene
1.4 0.37 J 5.8 1.5 J4-Methyl-2-pentanone
1.4 1.9 5.3 7.2Toluene
1.4 Not Detected 6.4 Not Detectedtrans-1,3-Dichloropropene

Page  22 of 37



AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549Dup001(050708)
Lab ID#: 0805175-06A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050816File Name:
Dil. Factor: 2.82

Date of Collection:  5/7/08
Date of Analysis:  5/8/08 09:25 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.4 Not Detected 7.7 Not Detected1,1,2-Trichloroethane
1.4 Not Detected 9.6 Not DetectedTetrachloroethene
5.6 0.68 J 23 2.8 J2-Hexanone
1.4 Not Detected 12 Not DetectedDibromochloromethane
1.4 Not Detected 11 Not Detected1,2-Dibromoethane (EDB)
1.4 Not Detected 6.5 Not DetectedChlorobenzene
1.4 0.77 J 6.1 3.4 JEthyl Benzene
1.4 0.59 J 6.1 2.6 Jm,p-Xylene
1.4 0.51 J 6.1 2.2 Jo-Xylene
1.4 0.30 J 6.0 1.2 JStyrene
1.4 Not Detected 14 Not DetectedBromoform
1.4 Not Detected 6.9 Not DetectedCumene
1.4 Not Detected 9.7 Not Detected1,1,2,2-Tetrachloroethane
1.4 Not Detected 6.9 Not DetectedPropylbenzene
1.4 0.28 J 6.9 1.4 J4-Ethyltoluene
1.4 Not Detected 6.9 Not Detected1,3,5-Trimethylbenzene
1.4 0.32 J 6.9 1.6 J1,2,4-Trimethylbenzene
1.4 Not Detected 8.5 Not Detected1,3-Dichlorobenzene
1.4 Not Detected 8.5 Not Detected1,4-Dichlorobenzene
1.4 Not Detected 7.3 Not Detectedalpha-Chlorotoluene
1.4 Not Detected 8.5 Not Detected1,2-Dichlorobenzene
5.6 Not Detected 42 Not Detected1,2,4-Trichlorobenzene
5.6 Not Detected 60 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

91 70-130Toluene-d8
116 70-1301,2-Dichloroethane-d4
95 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG008(050708)
Lab ID#: 0805175-07A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050817File Name:
Dil. Factor: 2.69

Date of Collection:  5/7/08
Date of Analysis:  5/8/08 10:04 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 0.58 J 6.6 2.8 JFreon 12
1.3 Not Detected 9.4 Not DetectedFreon 114
5.4 Not Detected 11 Not DetectedChloromethane
1.3 Not Detected 3.4 Not DetectedVinyl Chloride
1.3 20 3.0 431,3-Butadiene
1.3 Not Detected 5.2 Not DetectedBromomethane
1.3 Not Detected 3.5 Not DetectedChloroethane
1.3 0.35 J 7.6 2.0 JFreon 11
5.4 3.9 J 10 7.4 JEthanol
1.3 Not Detected 10 Not DetectedFreon 113
1.3 Not Detected 5.3 Not Detected1,1-Dichloroethene
5.4 110 13 260Acetone
5.4 1.4 J 13 3.6 J2-Propanol
1.3 5.1 4.2 16Carbon Disulfide
5.4 Not Detected 17 Not Detected3-Chloropropene
1.3 0.29 J 4.7 1.0 JMethylene Chloride
1.3 12 4.8 42Methyl tert-butyl ether
1.3 Not Detected 5.3 Not Detectedtrans-1,2-Dichloroethene
1.3 17 4.7 61Hexane
1.3 Not Detected 5.4 Not Detected1,1-Dichloroethane
1.3 21 4.0 622-Butanone (Methyl Ethyl Ketone)
1.3 Not Detected 5.3 Not Detectedcis-1,2-Dichloroethene
1.3 Not Detected 4.0 Not DetectedTetrahydrofuran
1.3 Not Detected 6.6 Not DetectedChloroform
1.3 Not Detected 7.3 Not Detected1,1,1-Trichloroethane
1.3 16 4.6 56Cyclohexane
1.3 Not Detected 8.5 Not DetectedCarbon Tetrachloride
1.3 38 6.3 1802,2,4-Trimethylpentane
1.3 11 4.3 34Benzene
1.3 Not Detected 5.4 Not Detected1,2-Dichloroethane
1.3 16 5.5 64Heptane
1.3 Not Detected 7.2 Not DetectedTrichloroethene
1.3 Not Detected 6.2 Not Detected1,2-Dichloropropane
5.4 Not Detected 19 Not Detected1,4-Dioxane
1.3 Not Detected 9.0 Not DetectedBromodichloromethane
1.3 Not Detected 6.1 Not Detectedcis-1,3-Dichloropropene
1.3 Not Detected 5.5 Not Detected4-Methyl-2-pentanone
1.3 9.9 5.1 37Toluene
1.3 Not Detected 6.1 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG008(050708)
Lab ID#: 0805175-07A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050817File Name:
Dil. Factor: 2.69

Date of Collection:  5/7/08
Date of Analysis:  5/8/08 10:04 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 Not Detected 7.3 Not Detected1,1,2-Trichloroethane
1.3 Not Detected 9.1 Not DetectedTetrachloroethene
5.4 Not Detected 22 Not Detected2-Hexanone
1.3 Not Detected 11 Not DetectedDibromochloromethane
1.3 Not Detected 10 Not Detected1,2-Dibromoethane (EDB)
1.3 Not Detected 6.2 Not DetectedChlorobenzene
1.3 2.2 5.8 9.8Ethyl Benzene
1.3 6.3 5.8 28m,p-Xylene
1.3 6.7 5.8 29o-Xylene
1.3 Not Detected 5.7 Not DetectedStyrene
1.3 Not Detected 14 Not DetectedBromoform
1.3 2.1 6.6 10Cumene
1.3 Not Detected 9.2 Not Detected1,1,2,2-Tetrachloroethane
1.3 3.2 6.6 16Propylbenzene
1.3 11 6.6 544-Ethyltoluene
1.3 19 6.6 941,3,5-Trimethylbenzene
1.3 23 6.6 1101,2,4-Trimethylbenzene
1.3 Not Detected 8.1 Not Detected1,3-Dichlorobenzene
1.3 Not Detected 8.1 Not Detected1,4-Dichlorobenzene
1.3 Not Detected 7.0 Not Detectedalpha-Chlorotoluene
1.3 Not Detected 8.1 Not Detected1,2-Dichlorobenzene
5.4 Not Detected 40 Not Detected1,2,4-Trichlorobenzene
5.4 Not Detected 57 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

97 70-130Toluene-d8
116 70-1301,2-Dichloroethane-d4
101 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: Lab Blank
Lab ID#: 0805175-08A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1050804aFile Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/8/08 02:15 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

0.50 Not Detected 2.5 Not DetectedFreon 12
0.50 Not Detected 3.5 Not DetectedFreon 114
2.0 Not Detected 4.1 Not DetectedChloromethane

0.50 Not Detected 1.3 Not DetectedVinyl Chloride
0.50 Not Detected 1.1 Not Detected1,3-Butadiene
0.50 Not Detected 1.9 Not DetectedBromomethane
0.50 Not Detected 1.3 Not DetectedChloroethane
0.50 Not Detected 2.8 Not DetectedFreon 11
2.0 Not Detected 3.8 Not DetectedEthanol

0.50 Not Detected 3.8 Not DetectedFreon 113
0.50 Not Detected 2.0 Not Detected1,1-Dichloroethene
2.0 0.72 J 4.8 1.7 JAcetone
2.0 0.15 J 4.9 0.38 J2-Propanol

0.50 Not Detected 1.6 Not DetectedCarbon Disulfide
2.0 Not Detected 6.3 Not Detected3-Chloropropene

0.50 0.17 J 1.7 0.60 JMethylene Chloride
0.50 Not Detected 1.8 Not DetectedMethyl tert-butyl ether
0.50 Not Detected 2.0 Not Detectedtrans-1,2-Dichloroethene
0.50 Not Detected 1.8 Not DetectedHexane
0.50 Not Detected 2.0 Not Detected1,1-Dichloroethane
0.50 0.22 J 1.5 0.65 J2-Butanone (Methyl Ethyl Ketone)
0.50 Not Detected 2.0 Not Detectedcis-1,2-Dichloroethene
0.50 0.31 J 1.5 0.92 JTetrahydrofuran
0.50 Not Detected 2.4 Not DetectedChloroform
0.50 Not Detected 2.7 Not Detected1,1,1-Trichloroethane
0.50 Not Detected 1.7 Not DetectedCyclohexane
0.50 Not Detected 3.1 Not DetectedCarbon Tetrachloride
0.50 Not Detected 2.3 Not Detected2,2,4-Trimethylpentane
0.50 Not Detected 1.6 Not DetectedBenzene
0.50 Not Detected 2.0 Not Detected1,2-Dichloroethane
0.50 Not Detected 2.0 Not DetectedHeptane
0.50 Not Detected 2.7 Not DetectedTrichloroethene
0.50 Not Detected 2.3 Not Detected1,2-Dichloropropane
2.0 Not Detected 7.2 Not Detected1,4-Dioxane

0.50 Not Detected 3.4 Not DetectedBromodichloromethane
0.50 Not Detected 2.3 Not Detectedcis-1,3-Dichloropropene
0.50 Not Detected 2.0 Not Detected4-Methyl-2-pentanone
0.50 Not Detected 1.9 Not DetectedToluene
0.50 Not Detected 2.3 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: Lab Blank
Lab ID#: 0805175-08A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1050804aFile Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/8/08 02:15 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

0.50 Not Detected 2.7 Not Detected1,1,2-Trichloroethane
0.50 Not Detected 3.4 Not DetectedTetrachloroethene
2.0 Not Detected 8.2 Not Detected2-Hexanone

0.50 Not Detected 4.2 Not DetectedDibromochloromethane
0.50 0.13 J 3.8 1.0 J1,2-Dibromoethane (EDB)
0.50 Not Detected 2.3 Not DetectedChlorobenzene
0.50 Not Detected 2.2 Not DetectedEthyl Benzene
0.50 Not Detected 2.2 Not Detectedm,p-Xylene
0.50 Not Detected 2.2 Not Detectedo-Xylene
0.50 0.11 J 2.1 0.48 JStyrene
0.50 Not Detected 5.2 Not DetectedBromoform
0.50 Not Detected 2.4 Not DetectedCumene
0.50 Not Detected 3.4 Not Detected1,1,2,2-Tetrachloroethane
0.50 0.073 J 2.4 0.36 JPropylbenzene
0.50 Not Detected 2.4 Not Detected4-Ethyltoluene
0.50 Not Detected 2.4 Not Detected1,3,5-Trimethylbenzene
0.50 Not Detected 2.4 Not Detected1,2,4-Trimethylbenzene
0.50 0.14 J 3.0 0.84 J1,3-Dichlorobenzene
0.50 0.20 J 3.0 1.2 J1,4-Dichlorobenzene
0.50 0.25 J 2.6 1.3 Jalpha-Chlorotoluene
0.50 0.16 J 3.0 0.93 J1,2-Dichlorobenzene
2.0 0.78 J 15 5.8 J1,2,4-Trichlorobenzene
2.0 Not Detected 21 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

98 70-130Toluene-d8
100 70-1301,2-Dichloroethane-d4
96 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: Lab Blank
Lab ID#: 0805175-08B

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050805aFile Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/8/08 12:03 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

0.50 Not Detected 2.5 Not DetectedFreon 12
0.50 Not Detected 3.5 Not DetectedFreon 114
2.0 Not Detected 4.1 Not DetectedChloromethane

0.50 Not Detected 1.3 Not DetectedVinyl Chloride
0.50 Not Detected 1.1 Not Detected1,3-Butadiene
0.50 Not Detected 1.9 Not DetectedBromomethane
0.50 Not Detected 1.3 Not DetectedChloroethane
0.50 Not Detected 2.8 Not DetectedFreon 11
2.0 Not Detected 3.8 Not DetectedEthanol

0.50 Not Detected 3.8 Not DetectedFreon 113
0.50 Not Detected 2.0 Not Detected1,1-Dichloroethene
2.0 Not Detected 4.8 Not DetectedAcetone
2.0 Not Detected 4.9 Not Detected2-Propanol

0.50 Not Detected 1.6 Not DetectedCarbon Disulfide
2.0 Not Detected 6.3 Not Detected3-Chloropropene

0.50 Not Detected 1.7 Not DetectedMethylene Chloride
0.50 Not Detected 1.8 Not DetectedMethyl tert-butyl ether
0.50 Not Detected 2.0 Not Detectedtrans-1,2-Dichloroethene
0.50 Not Detected 1.8 Not DetectedHexane
0.50 Not Detected 2.0 Not Detected1,1-Dichloroethane
0.50 Not Detected 1.5 Not Detected2-Butanone (Methyl Ethyl Ketone)
0.50 Not Detected 2.0 Not Detectedcis-1,2-Dichloroethene
0.50 Not Detected 1.5 Not DetectedTetrahydrofuran
0.50 Not Detected 2.4 Not DetectedChloroform
0.50 Not Detected 2.7 Not Detected1,1,1-Trichloroethane
0.50 Not Detected 1.7 Not DetectedCyclohexane
0.50 Not Detected 3.1 Not DetectedCarbon Tetrachloride
0.50 Not Detected 2.3 Not Detected2,2,4-Trimethylpentane
0.50 Not Detected 1.6 Not DetectedBenzene
0.50 Not Detected 2.0 Not Detected1,2-Dichloroethane
0.50 Not Detected 2.0 Not DetectedHeptane
0.50 Not Detected 2.7 Not DetectedTrichloroethene
0.50 Not Detected 2.3 Not Detected1,2-Dichloropropane
2.0 Not Detected 7.2 Not Detected1,4-Dioxane

0.50 Not Detected 3.4 Not DetectedBromodichloromethane
0.50 Not Detected 2.3 Not Detectedcis-1,3-Dichloropropene
0.50 Not Detected 2.0 Not Detected4-Methyl-2-pentanone
0.50 Not Detected 1.9 Not DetectedToluene
0.50 Not Detected 2.3 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: Lab Blank
Lab ID#: 0805175-08B

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050805aFile Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/8/08 12:03 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

0.50 Not Detected 2.7 Not Detected1,1,2-Trichloroethane
0.50 Not Detected 3.4 Not DetectedTetrachloroethene
2.0 Not Detected 8.2 Not Detected2-Hexanone

0.50 Not Detected 4.2 Not DetectedDibromochloromethane
0.50 Not Detected 3.8 Not Detected1,2-Dibromoethane (EDB)
0.50 Not Detected 2.3 Not DetectedChlorobenzene
0.50 Not Detected 2.2 Not DetectedEthyl Benzene
0.50 Not Detected 2.2 Not Detectedm,p-Xylene
0.50 Not Detected 2.2 Not Detectedo-Xylene
0.50 Not Detected 2.1 Not DetectedStyrene
0.50 Not Detected 5.2 Not DetectedBromoform
0.50 Not Detected 2.4 Not DetectedCumene
0.50 Not Detected 3.4 Not Detected1,1,2,2-Tetrachloroethane
0.50 Not Detected 2.4 Not DetectedPropylbenzene
0.50 Not Detected 2.4 Not Detected4-Ethyltoluene
0.50 Not Detected 2.4 Not Detected1,3,5-Trimethylbenzene
0.50 Not Detected 2.4 Not Detected1,2,4-Trimethylbenzene
0.50 Not Detected 3.0 Not Detected1,3-Dichlorobenzene
0.50 Not Detected 3.0 Not Detected1,4-Dichlorobenzene
0.50 0.060 J 2.6 0.31 Jalpha-Chlorotoluene
0.50 Not Detected 3.0 Not Detected1,2-Dichlorobenzene
2.0 Not Detected 15 Not Detected1,2,4-Trichlorobenzene
2.0 Not Detected 21 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

91 70-130Toluene-d8
121 70-1301,2-Dichloroethane-d4
103 70-1304-Bromofluorobenzene

Page  29 of 37



AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: CCV
Lab ID#: 0805175-09A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1050802File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/8/08 12:58 PM

%RecoveryCompound

122Freon 12
115Freon 114
123Chloromethane
118Vinyl Chloride
1111,3-Butadiene

135 QBromomethane
120Chloroethane
108Freon 11
127Ethanol
104Freon 113
1061,1-Dichloroethene
110Acetone
1162-Propanol
112Carbon Disulfide
1133-Chloropropene
104Methylene Chloride
91Methyl tert-butyl ether

101trans-1,2-Dichloroethene
105Hexane
1141,1-Dichloroethane
1032-Butanone (Methyl Ethyl Ketone)
105cis-1,2-Dichloroethene
91Tetrahydrofuran

105Chloroform
1051,1,1-Trichloroethane
99Cyclohexane
99Carbon Tetrachloride

1052,2,4-Trimethylpentane
99Benzene

1001,2-Dichloroethane
103Heptane
99Trichloroethene

1031,2-Dichloropropane
1041,4-Dioxane
101Bromodichloromethane
102cis-1,3-Dichloropropene
994-Methyl-2-pentanone
98Toluene
98trans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: CCV
Lab ID#: 0805175-09A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1050802File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/8/08 12:58 PM

%RecoveryCompound

941,1,2-Trichloroethane
90Tetrachloroethene

1062-Hexanone
93Dibromochloromethane
961,2-Dibromoethane (EDB)
93Chlorobenzene

100Ethyl Benzene
94m,p-Xylene
93o-Xylene
95Styrene
96Bromoform
96Cumene

1031,1,2,2-Tetrachloroethane
100Propylbenzene
964-Ethyltoluene

1011,3,5-Trimethylbenzene
941,2,4-Trimethylbenzene
971,3-Dichlorobenzene
981,4-Dichlorobenzene

102alpha-Chlorotoluene
941,2-Dichlorobenzene
851,2,4-Trichlorobenzene
81Hexachlorobutadiene

Q = Exceeds Quality Control limits.
Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

101 70-130Toluene-d8
102 70-1301,2-Dichloroethane-d4
102 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: CCV
Lab ID#: 0805175-09B

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050802File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/8/08 09:11 AM

%RecoveryCompound

108Freon 12
111Freon 114
120Chloromethane
97Vinyl Chloride
981,3-Butadiene
97Bromomethane
77Chloroethane

106Freon 11
79Ethanol
96Freon 113
901,1-Dichloroethene
78Acetone
832-Propanol
79Carbon Disulfide
753-Chloropropene
88Methylene Chloride
79Methyl tert-butyl ether
82trans-1,2-Dichloroethene
78Hexane
861,1-Dichloroethane
842-Butanone (Methyl Ethyl Ketone)
96cis-1,2-Dichloroethene
91Tetrahydrofuran

103Chloroform
1111,1,1-Trichloroethane
86Cyclohexane

120Carbon Tetrachloride
952,2,4-Trimethylpentane

101Benzene
131 Q1,2-Dichloroethane
102Heptane
106Trichloroethene
1041,2-Dichloropropane
1011,4-Dioxane
123Bromodichloromethane
110cis-1,3-Dichloropropene
1094-Methyl-2-pentanone
100Toluene
119trans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: CCV
Lab ID#: 0805175-09B

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050802File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/8/08 09:11 AM

%RecoveryCompound

1021,1,2-Trichloroethane
111Tetrachloroethene
1092-Hexanone
126Dibromochloromethane
1161,2-Dibromoethane (EDB)
105Chlorobenzene
100Ethyl Benzene
100m,p-Xylene
100o-Xylene
103Styrene

133 QBromoform
99Cumene

1091,1,2,2-Tetrachloroethane
103Propylbenzene
1054-Ethyltoluene
991,3,5-Trimethylbenzene
991,2,4-Trimethylbenzene

1091,3-Dichlorobenzene
1111,4-Dichlorobenzene
125alpha-Chlorotoluene
1071,2-Dichlorobenzene
1001,2,4-Trichlorobenzene
91Hexachlorobutadiene

Q = Exceeds Quality Control limits.
Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

97 70-130Toluene-d8
123 70-1301,2-Dichloroethane-d4
109 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: LCS
Lab ID#: 0805175-10A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1050803File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/8/08 01:32 PM

%RecoveryCompound

112Freon 12
104Freon 114
110Chloromethane
106Vinyl Chloride
1001,3-Butadiene
125Bromomethane
115Chloroethane
108Freon 11
130Ethanol
117Freon 113
1161,1-Dichloroethene
113Acetone
1212-Propanol
112Carbon Disulfide
1193-Chloropropene
113Methylene Chloride
107Methyl tert-butyl ether
107trans-1,2-Dichloroethene
109Hexane
1241,1-Dichloroethane
1072-Butanone (Methyl Ethyl Ketone)
111cis-1,2-Dichloroethene
92Tetrahydrofuran

110Chloroform
1121,1,1-Trichloroethane
101Cyclohexane
105Carbon Tetrachloride
1112,2,4-Trimethylpentane
111Benzene
1151,2-Dichloroethane
118Heptane
113Trichloroethene
1141,2-Dichloropropane
1181,4-Dioxane
115Bromodichloromethane
115cis-1,3-Dichloropropene
1144-Methyl-2-pentanone
116Toluene
107trans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: LCS
Lab ID#: 0805175-10A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1050803File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/8/08 01:32 PM

%RecoveryCompound

1041,1,2-Trichloroethane
99Tetrachloroethene

1132-Hexanone
103Dibromochloromethane
1011,2-Dibromoethane (EDB)
101Chlorobenzene
106Ethyl Benzene
101m,p-Xylene
99o-Xylene

104Styrene
105Bromoform
105Cumene
1111,1,2,2-Tetrachloroethane
110Propylbenzene
1044-Ethyltoluene
1061,3,5-Trimethylbenzene
981,2,4-Trimethylbenzene

1021,3-Dichlorobenzene
1001,4-Dichlorobenzene
109alpha-Chlorotoluene
961,2-Dichlorobenzene
851,2,4-Trichlorobenzene
77Hexachlorobutadiene

Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

103 70-130Toluene-d8
100 70-1301,2-Dichloroethane-d4
96 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: LCS
Lab ID#: 0805175-10B

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050803File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/8/08 10:04 AM

%RecoveryCompound

109Freon 12
107Freon 114
126Chloromethane
104Vinyl Chloride
1041,3-Butadiene
106Bromomethane
89Chloroethane

110Freon 11
94Ethanol

112Freon 113
1111,1-Dichloroethene
87Acetone
952-Propanol
90Carbon Disulfide
843-Chloropropene

104Methylene Chloride
88Methyl tert-butyl ether
89trans-1,2-Dichloroethene
89Hexane
981,1-Dichloroethane
942-Butanone (Methyl Ethyl Ketone)

105cis-1,2-Dichloroethene
98Tetrahydrofuran

110Chloroform
1131,1,1-Trichloroethane
93Cyclohexane

121Carbon Tetrachloride
1012,2,4-Trimethylpentane
106Benzene

133 Q1,2-Dichloroethane
107Heptane
110Trichloroethene
1101,2-Dichloropropane
1011,4-Dioxane
124Bromodichloromethane
113cis-1,3-Dichloropropene
1144-Methyl-2-pentanone
106Toluene
122trans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: LCS
Lab ID#: 0805175-10B

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050803File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/8/08 10:04 AM

%RecoveryCompound

1031,1,2-Trichloroethane
112Tetrachloroethene
1132-Hexanone
126Dibromochloromethane
1141,2-Dibromoethane (EDB)
106Chlorobenzene
101Ethyl Benzene
100m,p-Xylene
102o-Xylene
104Styrene
134Bromoform
103Cumene
1121,1,2,2-Tetrachloroethane
107Propylbenzene
1084-Ethyltoluene
991,3,5-Trimethylbenzene
991,2,4-Trimethylbenzene

1101,3-Dichlorobenzene
1101,4-Dichlorobenzene
129alpha-Chlorotoluene
1081,2-Dichlorobenzene
1061,2,4-Trichlorobenzene
94Hexachlorobutadiene

Q = Exceeds Quality Control limits.
Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

97 70-130Toluene-d8
121 70-1301,2-Dichloroethane-d4
108 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Air Toxics Ltd. Introduces the Electronic Report

Thank you for choosing Air Toxics Ltd. To better serve our customers, we are providing your report by 
e-mail. This document is provided in Portable Document Format which can be viewed with Acrobat Reader 
by Adobe.
This electronic report includes the following:

• Work order Summary;
• Laboratory Narrative;
• Results; and
• Chain of Custody (copy).

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630

(916) 985-1000 .FAX (916) 985-1020
Hours 8:00 A.M to 6:00 P.M. Pacific



AN ENVIRONMENTAL ANALYTICAL LABORATORY

Mr. Jaceque Powell
ARCADIS, Inc.
11490 Westheimer, Suite 600
Houston, TX  77077

WORK ORDER #: 0805177

CLIENT: BILL TO: 

PHONE:

Ms. Joyce Williams
ARCADIS, Inc.
630 Plaza Drive
Suite 100
Highlands Ranch, CO  80129

(281)-497-6900
(281) 496-2936
05/08/2008

DATE COMPLETED: 05/09/2008

P.O. # GP 08RAAP.0047

PROJECT # RAAP

Work Order Summary

FAX:

DATE RECEIVED: CONTACT: Brandon Dunmore

NAMEFRACTION # TEST VAC./PRES.
RECEIPT

PRESSURE
FINAL

08A 1549SG007(050708) Modified TO-15 9.0 "Hg 15 psi
08AA 1549SG007(050708) Lab Duplicate Modified TO-15 9.0 "Hg 15 psi
09A 1549SG001(050708) Modified TO-15 6.5 "Hg 15 psi
10A Lab Blank Modified TO-15 NA NA
11A CCV Modified TO-15 NA NA
12A LCS Modified TO-15 NA NA

CERTIFIED BY:

Laboratory Director

DATE:

Name of Accrediting Agency: NELAP/Florida Department of Health, Scope of Application: Clean Air Act, 
Accreditation number: E87680, Effective date: 07/01/07, Expiration date: 06/30/08

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630
(916) 985-1000 . (800) 985-5955 . FAX (916) 985-1020

                                                                                                                                                05/09/08
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This report shall not be reproduced, except in full, without the written approval of Air Toxics Ltd.

Air Toxics Ltd. certifies that the test results contained in this report meet all requirements of the NELAC standards

Certfication numbers:  CA NELAP - 02110CA, LA NELAP/LELAP- AI 30763, NJ NELAP - CA004
NY NELAP - 11291, UT NELAP - 9166389892, AZ Licensure AZ0719



LABORATORY NARRATIVE
Modified TO-15
ARCADIS, Inc.

Workorder# 0805177

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Two  1  Liter  Summa  Canister  samples  were  received  on  May  08,  2008.  The  laboratory  performed  analysis
via  modified  EPA  Method  TO-15  using  GC/MS  in  the  full  scan  mode.  The  method  involves  concentrating  up 
to  0.2  liters  of  air.  The  concentrated  aliquot  is  then  flash  vaporized  and  swept  through  a  water  management
system  to  remove  water  vapor.  Following  dehumidification,  the  sample  passes  directly  into  the  GC/MS  for
analysis.  

This  workorder  was  independently  validated  prior  to  submittal  using  'USEPA  National  Functional  Guidelines' 
as  generally  applied  to  the  analysis  of  volatile  organic  compounds  in  air.   A  rules-based,  logic  driven,
independent  validation  engine  was  employed  to  assess  completeness,  evaluate  pass/fail  of  relevant  project 
quality  control  requirements  and  verification  of  all  quantified  amounts.  

Method  modifications  taken  to  run  these  samples  are  summarized  in  the  table  below.   Specific  project
requirements  may  over-ride  the  ATL  modifications.

Requirement ATL  ModificationsTO-15
Daily CCV +- 30% Difference </= 30% Difference with two allowed out up to </=40%.; 

flag and narrate outliers

Sample collection media Summa canister ATL recommends use of summa canisters to insure data 
defensibility, but will report results from Tedlar bags at 
client request

Method Detection Limit Follow 40CFR Pt.136 
App. B

The MDL met all relevant requirements in Method TO-15 
(statistical MDL less than the LOQ). The concentration of 
the spiked replicate may have exceeded 10X the calculated 
MDL in some cases

Receiving Notes

There were no receiving discrepancies.

All  Quality  Control  Limit  failures  and  affected  sample  results  are  noted  by  flags.  Each  flag  is  defined  at  the
bottom  of  this  Case  Narrative  and  on  each  Sample  Result  Summary  page.  Target  compound  non-detects  in
the  samples  that  are  associated  with  high  bias  in  QC  analyses  have  not  been  flagged.

As  per  project  specific  client  request  the  laboratory  has  reported  estimated  values  for  target  compound  hits
that  are  below  the  Reporting  Limit  but  greater  than  the  Method  Detection  Limit.  Concentrations  that  are
below  the  level  at  which  the  canister  was  certified  may  be  false  positives.

Analytical Notes

Eight  qualifiers  may  have  been  used  on  the  data  analysis  sheets  and  indicates  as  follows:  
       B  -  Compound  present  in  laboratory  blank  greater  than  reporting  limit  (background  subtraction  not

Definition of Data Qualifying Flags
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

performed).
        J  -   Estimated  value.
        E  -  Exceeds  instrument  calibration  range.
        S  -  Saturated  peak.
        Q  -  Exceeds  quality  control  limits.
        U  -  Compound  analyzed  for  but  not  detected  above  the  reporting  limit.
        UJ-  Non-detected  compound  associated  with  low  bias  in  the  CCV
        N  -  The  identification  is  based  on  presumptive  evidence.

File  extensions  may  have  been  used  on  the  data  analysis  sheets  and  indicates  
as  follows:  
  a-File  was  requantified
  b-File  was  quantified  by  a  second  column  and  detector
  r1-File  was  requantified  for  the  purpose  of  reissue
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MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG007(050708)

Lab ID#: 0805177-08A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.4 6.1 3.2 141,3-Butadiene
1.4 0.80 J 8.1 4.5 JFreon 11
5.8 3.2 J 11 6.1 JEthanol
5.8 53 14 120Acetone
1.4 3.8 4.5 12Carbon Disulfide
1.4 11 4.3 332-Butanone (Methyl Ethyl Ketone)
1.4 0.42 J 5.0 1.4 JCyclohexane
1.4 2.6 4.6 8.2Benzene
1.4 1.6 5.9 6.8Heptane
1.4 0.50 J 5.9 2.1 J4-Methyl-2-pentanone
1.4 1.8 5.4 6.9Toluene
5.8 0.56 J 24 2.3 J2-Hexanone
1.4 0.75 J 6.3 3.2 JEthyl Benzene
1.4 0.68 J 6.3 3.0 Jm,p-Xylene
1.4 0.44 J 6.3 1.9 Jo-Xylene
1.4 0.32 J 6.2 1.4 JStyrene
1.4 0.21 J 7.1 1.0 JCumene
1.4 0.32 J 7.1 1.6 J4-Ethyltoluene
1.4 0.31 J 7.1 1.5 J1,2,4-Trimethylbenzene

Client Sample ID: 1549SG007(050708) Lab Duplicate

Lab ID#: 0805177-08AA

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.4 5.4 3.2 121,3-Butadiene
1.4 0.78 J 8.1 4.4 JFreon 11
5.8 2.6 J 11 5.0 JEthanol
5.8 46 14 110Acetone
1.4 3.4 4.5 11Carbon Disulfide
1.4 9.9 4.3 292-Butanone (Methyl Ethyl Ketone)
1.4 0.34 J 5.0 1.2 JCyclohexane
1.4 2.3 4.6 7.4Benzene
1.4 1.3 J 5.9 5.4 JHeptane
1.4 0.40 J 5.9 1.6 J4-Methyl-2-pentanone
1.4 1.7 5.4 6.4Toluene
1.4 0.43 J 9.8 2.9 JTetrachloroethene
5.8 0.62 J 24 2.5 J2-Hexanone
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MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG007(050708) Lab Duplicate

Lab ID#: 0805177-08AA
1.4 0.62 J 6.3 2.7 JEthyl Benzene
1.4 0.60 J 6.3 2.6 Jm,p-Xylene
1.4 0.36 J 6.3 1.6 Jo-Xylene
1.4 0.30 J 6.2 1.3 JStyrene
1.4 0.31 J 7.1 1.5 J4-Ethyltoluene
1.4 0.31 J 7.1 1.5 J1,2,4-Trimethylbenzene

Client Sample ID: 1549SG001(050708)

Lab ID#: 0805177-09A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 4.5 2.8 101,3-Butadiene
1.3 0.27 J 7.2 1.5 JFreon 11
5.2 65 9.7 120Ethanol
5.2 160 12 370Acetone
1.3 0.63 J 4.0 2.0 JCarbon Disulfide
1.3 28 3.8 822-Butanone (Methyl Ethyl Ketone)
1.3 5.1 3.8 15Tetrahydrofuran
1.3 1.8 4.1 5.8Benzene
1.3 1.3 5.3 5.2 JHeptane
1.3 1.2 J 5.3 4.8 J4-Methyl-2-pentanone
1.3 1.1 J 4.9 4.1 JToluene
5.2 1.7 J 21 6.8 J2-Hexanone
1.3 0.31 J 5.6 1.3 Jm,p-Xylene
1.3 0.16 J 5.6 0.70 Jo-Xylene
1.3 0.19 J 5.5 0.82 JStyrene
1.3 0.24 J 6.3 1.2 J1,2,4-Trimethylbenzene
1.3 0.14 J 7.8 0.87 J1,3-Dichlorobenzene
1.3 0.53 J 7.8 3.2 J1,4-Dichlorobenzene
1.3 0.90 J 7.8 5.4 J1,2-Dichlorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG007(050708)
Lab ID#: 0805177-08A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050811File Name:
Dil. Factor: 2.89

Date of Collection:  5/7/08
Date of Analysis:  5/8/08 05:52 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.4 Not Detected 7.1 Not DetectedFreon 12
1.4 Not Detected 10 Not DetectedFreon 114
5.8 Not Detected 12 Not DetectedChloromethane
1.4 Not Detected 3.7 Not DetectedVinyl Chloride
1.4 6.1 3.2 141,3-Butadiene
1.4 Not Detected 5.6 Not DetectedBromomethane
1.4 Not Detected 3.8 Not DetectedChloroethane
1.4 0.80 J 8.1 4.5 JFreon 11
5.8 3.2 J 11 6.1 JEthanol
1.4 Not Detected 11 Not DetectedFreon 113
1.4 Not Detected 5.7 Not Detected1,1-Dichloroethene
5.8 53 14 120Acetone
5.8 Not Detected 14 Not Detected2-Propanol
1.4 3.8 4.5 12Carbon Disulfide
5.8 Not Detected 18 Not Detected3-Chloropropene
1.4 Not Detected 5.0 Not DetectedMethylene Chloride
1.4 Not Detected 5.2 Not DetectedMethyl tert-butyl ether
1.4 Not Detected 5.7 Not Detectedtrans-1,2-Dichloroethene
1.4 Not Detected 5.1 Not DetectedHexane
1.4 Not Detected 5.8 Not Detected1,1-Dichloroethane
1.4 11 4.3 332-Butanone (Methyl Ethyl Ketone)
1.4 Not Detected 5.7 Not Detectedcis-1,2-Dichloroethene
1.4 Not Detected 4.3 Not DetectedTetrahydrofuran
1.4 Not Detected 7.0 Not DetectedChloroform
1.4 Not Detected 7.9 Not Detected1,1,1-Trichloroethane
1.4 0.42 J 5.0 1.4 JCyclohexane
1.4 Not Detected 9.1 Not DetectedCarbon Tetrachloride
1.4 Not Detected 6.8 Not Detected2,2,4-Trimethylpentane
1.4 2.6 4.6 8.2Benzene
1.4 Not Detected 5.8 Not Detected1,2-Dichloroethane
1.4 1.6 5.9 6.8Heptane
1.4 Not Detected 7.8 Not DetectedTrichloroethene
1.4 Not Detected 6.7 Not Detected1,2-Dichloropropane
5.8 Not Detected 21 Not Detected1,4-Dioxane
1.4 Not Detected 9.7 Not DetectedBromodichloromethane
1.4 Not Detected 6.6 Not Detectedcis-1,3-Dichloropropene
1.4 0.50 J 5.9 2.1 J4-Methyl-2-pentanone
1.4 1.8 5.4 6.9Toluene
1.4 Not Detected 6.6 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG007(050708)
Lab ID#: 0805177-08A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050811File Name:
Dil. Factor: 2.89

Date of Collection:  5/7/08
Date of Analysis:  5/8/08 05:52 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.4 Not Detected 7.9 Not Detected1,1,2-Trichloroethane
1.4 Not Detected 9.8 Not DetectedTetrachloroethene
5.8 0.56 J 24 2.3 J2-Hexanone
1.4 Not Detected 12 Not DetectedDibromochloromethane
1.4 Not Detected 11 Not Detected1,2-Dibromoethane (EDB)
1.4 Not Detected 6.6 Not DetectedChlorobenzene
1.4 0.75 J 6.3 3.2 JEthyl Benzene
1.4 0.68 J 6.3 3.0 Jm,p-Xylene
1.4 0.44 J 6.3 1.9 Jo-Xylene
1.4 0.32 J 6.2 1.4 JStyrene
1.4 Not Detected 15 Not DetectedBromoform
1.4 0.21 J 7.1 1.0 JCumene
1.4 Not Detected 9.9 Not Detected1,1,2,2-Tetrachloroethane
1.4 Not Detected 7.1 Not DetectedPropylbenzene
1.4 0.32 J 7.1 1.6 J4-Ethyltoluene
1.4 Not Detected 7.1 Not Detected1,3,5-Trimethylbenzene
1.4 0.31 J 7.1 1.5 J1,2,4-Trimethylbenzene
1.4 Not Detected 8.7 Not Detected1,3-Dichlorobenzene
1.4 Not Detected 8.7 Not Detected1,4-Dichlorobenzene
1.4 Not Detected 7.5 Not Detectedalpha-Chlorotoluene
1.4 Not Detected 8.7 Not Detected1,2-Dichlorobenzene
5.8 Not Detected 43 Not Detected1,2,4-Trichlorobenzene
5.8 Not Detected 62 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

92 70-130Toluene-d8
119 70-1301,2-Dichloroethane-d4
99 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG007(050708) Lab Duplicate
Lab ID#: 0805177-08AA

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050830File Name:
Dil. Factor: 2.89

Date of Collection:  5/7/08
Date of Analysis:  5/9/08 07:51 AM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.4 Not Detected 7.1 Not DetectedFreon 12
1.4 Not Detected 10 Not DetectedFreon 114
5.8 Not Detected 12 Not DetectedChloromethane
1.4 Not Detected 3.7 Not DetectedVinyl Chloride
1.4 5.4 3.2 121,3-Butadiene
1.4 Not Detected 5.6 Not DetectedBromomethane
1.4 Not Detected 3.8 Not DetectedChloroethane
1.4 0.78 J 8.1 4.4 JFreon 11
5.8 2.6 J 11 5.0 JEthanol
1.4 Not Detected 11 Not DetectedFreon 113
1.4 Not Detected 5.7 Not Detected1,1-Dichloroethene
5.8 46 14 110Acetone
5.8 Not Detected 14 Not Detected2-Propanol
1.4 3.4 4.5 11Carbon Disulfide
5.8 Not Detected 18 Not Detected3-Chloropropene
1.4 Not Detected 5.0 Not DetectedMethylene Chloride
1.4 Not Detected 5.2 Not DetectedMethyl tert-butyl ether
1.4 Not Detected 5.7 Not Detectedtrans-1,2-Dichloroethene
1.4 Not Detected 5.1 Not DetectedHexane
1.4 Not Detected 5.8 Not Detected1,1-Dichloroethane
1.4 9.9 4.3 292-Butanone (Methyl Ethyl Ketone)
1.4 Not Detected 5.7 Not Detectedcis-1,2-Dichloroethene
1.4 Not Detected 4.3 Not DetectedTetrahydrofuran
1.4 Not Detected 7.0 Not DetectedChloroform
1.4 Not Detected 7.9 Not Detected1,1,1-Trichloroethane
1.4 0.34 J 5.0 1.2 JCyclohexane
1.4 Not Detected 9.1 Not DetectedCarbon Tetrachloride
1.4 Not Detected 6.8 Not Detected2,2,4-Trimethylpentane
1.4 2.3 4.6 7.4Benzene
1.4 Not Detected 5.8 Not Detected1,2-Dichloroethane
1.4 1.3 J 5.9 5.4 JHeptane
1.4 Not Detected 7.8 Not DetectedTrichloroethene
1.4 Not Detected 6.7 Not Detected1,2-Dichloropropane
5.8 Not Detected 21 Not Detected1,4-Dioxane
1.4 Not Detected 9.7 Not DetectedBromodichloromethane
1.4 Not Detected 6.6 Not Detectedcis-1,3-Dichloropropene
1.4 0.40 J 5.9 1.6 J4-Methyl-2-pentanone
1.4 1.7 5.4 6.4Toluene
1.4 Not Detected 6.6 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG007(050708) Lab Duplicate
Lab ID#: 0805177-08AA

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050830File Name:
Dil. Factor: 2.89

Date of Collection:  5/7/08
Date of Analysis:  5/9/08 07:51 AM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.4 Not Detected 7.9 Not Detected1,1,2-Trichloroethane
1.4 0.43 J 9.8 2.9 JTetrachloroethene
5.8 0.62 J 24 2.5 J2-Hexanone
1.4 Not Detected 12 Not DetectedDibromochloromethane
1.4 Not Detected 11 Not Detected1,2-Dibromoethane (EDB)
1.4 Not Detected 6.6 Not DetectedChlorobenzene
1.4 0.62 J 6.3 2.7 JEthyl Benzene
1.4 0.60 J 6.3 2.6 Jm,p-Xylene
1.4 0.36 J 6.3 1.6 Jo-Xylene
1.4 0.30 J 6.2 1.3 JStyrene
1.4 Not Detected 15 Not DetectedBromoform
1.4 Not Detected 7.1 Not DetectedCumene
1.4 Not Detected 9.9 Not Detected1,1,2,2-Tetrachloroethane
1.4 Not Detected 7.1 Not DetectedPropylbenzene
1.4 0.31 J 7.1 1.5 J4-Ethyltoluene
1.4 Not Detected 7.1 Not Detected1,3,5-Trimethylbenzene
1.4 0.31 J 7.1 1.5 J1,2,4-Trimethylbenzene
1.4 Not Detected 8.7 Not Detected1,3-Dichlorobenzene
1.4 Not Detected 8.7 Not Detected1,4-Dichlorobenzene
1.4 Not Detected 7.5 Not Detectedalpha-Chlorotoluene
1.4 Not Detected 8.7 Not Detected1,2-Dichlorobenzene
5.8 Not Detected 43 Not Detected1,2,4-Trichlorobenzene
5.8 Not Detected 62 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

92 70-130Toluene-d8
122 70-1301,2-Dichloroethane-d4
105 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG001(050708)
Lab ID#: 0805177-09A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050812File Name:
Dil. Factor: 2.58

Date of Collection:  5/7/08
Date of Analysis:  5/8/08 06:30 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 Not Detected 6.4 Not DetectedFreon 12
1.3 Not Detected 9.0 Not DetectedFreon 114
5.2 Not Detected 11 Not DetectedChloromethane
1.3 Not Detected 3.3 Not DetectedVinyl Chloride
1.3 4.5 2.8 101,3-Butadiene
1.3 Not Detected 5.0 Not DetectedBromomethane
1.3 Not Detected 3.4 Not DetectedChloroethane
1.3 0.27 J 7.2 1.5 JFreon 11
5.2 65 9.7 120Ethanol
1.3 Not Detected 9.9 Not DetectedFreon 113
1.3 Not Detected 5.1 Not Detected1,1-Dichloroethene
5.2 160 12 370Acetone
5.2 Not Detected 13 Not Detected2-Propanol
1.3 0.63 J 4.0 2.0 JCarbon Disulfide
5.2 Not Detected 16 Not Detected3-Chloropropene
1.3 Not Detected 4.5 Not DetectedMethylene Chloride
1.3 Not Detected 4.6 Not DetectedMethyl tert-butyl ether
1.3 Not Detected 5.1 Not Detectedtrans-1,2-Dichloroethene
1.3 Not Detected 4.5 Not DetectedHexane
1.3 Not Detected 5.2 Not Detected1,1-Dichloroethane
1.3 28 3.8 822-Butanone (Methyl Ethyl Ketone)
1.3 Not Detected 5.1 Not Detectedcis-1,2-Dichloroethene
1.3 5.1 3.8 15Tetrahydrofuran
1.3 Not Detected 6.3 Not DetectedChloroform
1.3 Not Detected 7.0 Not Detected1,1,1-Trichloroethane
1.3 Not Detected 4.4 Not DetectedCyclohexane
1.3 Not Detected 8.1 Not DetectedCarbon Tetrachloride
1.3 Not Detected 6.0 Not Detected2,2,4-Trimethylpentane
1.3 1.8 4.1 5.8Benzene
1.3 Not Detected 5.2 Not Detected1,2-Dichloroethane
1.3 1.3 5.3 5.2 JHeptane
1.3 Not Detected 6.9 Not DetectedTrichloroethene
1.3 Not Detected 6.0 Not Detected1,2-Dichloropropane
5.2 Not Detected 18 Not Detected1,4-Dioxane
1.3 Not Detected 8.6 Not DetectedBromodichloromethane
1.3 Not Detected 5.8 Not Detectedcis-1,3-Dichloropropene
1.3 1.2 J 5.3 4.8 J4-Methyl-2-pentanone
1.3 1.1 J 4.9 4.1 JToluene
1.3 Not Detected 5.8 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1549SG001(050708)
Lab ID#: 0805177-09A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050812File Name:
Dil. Factor: 2.58

Date of Collection:  5/7/08
Date of Analysis:  5/8/08 06:30 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 Not Detected 7.0 Not Detected1,1,2-Trichloroethane
1.3 Not Detected 8.8 Not DetectedTetrachloroethene
5.2 1.7 J 21 6.8 J2-Hexanone
1.3 Not Detected 11 Not DetectedDibromochloromethane
1.3 Not Detected 9.9 Not Detected1,2-Dibromoethane (EDB)
1.3 Not Detected 5.9 Not DetectedChlorobenzene
1.3 Not Detected 5.6 Not DetectedEthyl Benzene
1.3 0.31 J 5.6 1.3 Jm,p-Xylene
1.3 0.16 J 5.6 0.70 Jo-Xylene
1.3 0.19 J 5.5 0.82 JStyrene
1.3 Not Detected 13 Not DetectedBromoform
1.3 Not Detected 6.3 Not DetectedCumene
1.3 Not Detected 8.8 Not Detected1,1,2,2-Tetrachloroethane
1.3 Not Detected 6.3 Not DetectedPropylbenzene
1.3 Not Detected 6.3 Not Detected4-Ethyltoluene
1.3 Not Detected 6.3 Not Detected1,3,5-Trimethylbenzene
1.3 0.24 J 6.3 1.2 J1,2,4-Trimethylbenzene
1.3 0.14 J 7.8 0.87 J1,3-Dichlorobenzene
1.3 0.53 J 7.8 3.2 J1,4-Dichlorobenzene
1.3 Not Detected 6.7 Not Detectedalpha-Chlorotoluene
1.3 0.90 J 7.8 5.4 J1,2-Dichlorobenzene
5.2 Not Detected 38 Not Detected1,2,4-Trichlorobenzene
5.2 Not Detected 55 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

93 70-130Toluene-d8
116 70-1301,2-Dichloroethane-d4
100 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: Lab Blank
Lab ID#: 0805177-10A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050805aFile Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/8/08 12:03 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

0.50 Not Detected 2.5 Not DetectedFreon 12
0.50 Not Detected 3.5 Not DetectedFreon 114
2.0 Not Detected 4.1 Not DetectedChloromethane

0.50 Not Detected 1.3 Not DetectedVinyl Chloride
0.50 Not Detected 1.1 Not Detected1,3-Butadiene
0.50 Not Detected 1.9 Not DetectedBromomethane
0.50 Not Detected 1.3 Not DetectedChloroethane
0.50 Not Detected 2.8 Not DetectedFreon 11
2.0 Not Detected 3.8 Not DetectedEthanol

0.50 Not Detected 3.8 Not DetectedFreon 113
0.50 Not Detected 2.0 Not Detected1,1-Dichloroethene
2.0 Not Detected 4.8 Not DetectedAcetone
2.0 Not Detected 4.9 Not Detected2-Propanol

0.50 Not Detected 1.6 Not DetectedCarbon Disulfide
2.0 Not Detected 6.3 Not Detected3-Chloropropene

0.50 Not Detected 1.7 Not DetectedMethylene Chloride
0.50 Not Detected 1.8 Not DetectedMethyl tert-butyl ether
0.50 Not Detected 2.0 Not Detectedtrans-1,2-Dichloroethene
0.50 Not Detected 1.8 Not DetectedHexane
0.50 Not Detected 2.0 Not Detected1,1-Dichloroethane
0.50 Not Detected 1.5 Not Detected2-Butanone (Methyl Ethyl Ketone)
0.50 Not Detected 2.0 Not Detectedcis-1,2-Dichloroethene
0.50 Not Detected 1.5 Not DetectedTetrahydrofuran
0.50 Not Detected 2.4 Not DetectedChloroform
0.50 Not Detected 2.7 Not Detected1,1,1-Trichloroethane
0.50 Not Detected 1.7 Not DetectedCyclohexane
0.50 Not Detected 3.1 Not DetectedCarbon Tetrachloride
0.50 Not Detected 2.3 Not Detected2,2,4-Trimethylpentane
0.50 Not Detected 1.6 Not DetectedBenzene
0.50 Not Detected 2.0 Not Detected1,2-Dichloroethane
0.50 Not Detected 2.0 Not DetectedHeptane
0.50 Not Detected 2.7 Not DetectedTrichloroethene
0.50 Not Detected 2.3 Not Detected1,2-Dichloropropane
2.0 Not Detected 7.2 Not Detected1,4-Dioxane

0.50 Not Detected 3.4 Not DetectedBromodichloromethane
0.50 Not Detected 2.3 Not Detectedcis-1,3-Dichloropropene
0.50 Not Detected 2.0 Not Detected4-Methyl-2-pentanone
0.50 Not Detected 1.9 Not DetectedToluene
0.50 Not Detected 2.3 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: Lab Blank
Lab ID#: 0805177-10A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050805aFile Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/8/08 12:03 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

0.50 Not Detected 2.7 Not Detected1,1,2-Trichloroethane
0.50 Not Detected 3.4 Not DetectedTetrachloroethene
2.0 Not Detected 8.2 Not Detected2-Hexanone

0.50 Not Detected 4.2 Not DetectedDibromochloromethane
0.50 Not Detected 3.8 Not Detected1,2-Dibromoethane (EDB)
0.50 Not Detected 2.3 Not DetectedChlorobenzene
0.50 Not Detected 2.2 Not DetectedEthyl Benzene
0.50 Not Detected 2.2 Not Detectedm,p-Xylene
0.50 Not Detected 2.2 Not Detectedo-Xylene
0.50 Not Detected 2.1 Not DetectedStyrene
0.50 Not Detected 5.2 Not DetectedBromoform
0.50 Not Detected 2.4 Not DetectedCumene
0.50 Not Detected 3.4 Not Detected1,1,2,2-Tetrachloroethane
0.50 Not Detected 2.4 Not DetectedPropylbenzene
0.50 Not Detected 2.4 Not Detected4-Ethyltoluene
0.50 Not Detected 2.4 Not Detected1,3,5-Trimethylbenzene
0.50 Not Detected 2.4 Not Detected1,2,4-Trimethylbenzene
0.50 Not Detected 3.0 Not Detected1,3-Dichlorobenzene
0.50 Not Detected 3.0 Not Detected1,4-Dichlorobenzene
0.50 0.060 J 2.6 0.31 Jalpha-Chlorotoluene
0.50 Not Detected 3.0 Not Detected1,2-Dichlorobenzene
2.0 Not Detected 15 Not Detected1,2,4-Trichlorobenzene
2.0 Not Detected 21 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

91 70-130Toluene-d8
121 70-1301,2-Dichloroethane-d4
103 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: CCV
Lab ID#: 0805177-11A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050802File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/8/08 09:11 AM

%RecoveryCompound

108Freon 12
111Freon 114
120Chloromethane
97Vinyl Chloride
981,3-Butadiene
97Bromomethane
77Chloroethane
106Freon 11
79Ethanol
96Freon 113
901,1-Dichloroethene
78Acetone
832-Propanol
79Carbon Disulfide
753-Chloropropene
88Methylene Chloride
79Methyl tert-butyl ether
82trans-1,2-Dichloroethene
78Hexane
861,1-Dichloroethane
842-Butanone (Methyl Ethyl Ketone)
96cis-1,2-Dichloroethene
91Tetrahydrofuran
103Chloroform
1111,1,1-Trichloroethane
86Cyclohexane
120Carbon Tetrachloride
952,2,4-Trimethylpentane
101Benzene

131 Q1,2-Dichloroethane
102Heptane
106Trichloroethene
1041,2-Dichloropropane
1011,4-Dioxane
123Bromodichloromethane
110cis-1,3-Dichloropropene
1094-Methyl-2-pentanone
100Toluene
119trans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: CCV
Lab ID#: 0805177-11A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050802File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/8/08 09:11 AM

%RecoveryCompound

1021,1,2-Trichloroethane
111Tetrachloroethene
1092-Hexanone
126Dibromochloromethane
1161,2-Dibromoethane (EDB)
105Chlorobenzene
100Ethyl Benzene
100m,p-Xylene
100o-Xylene
103Styrene

133 QBromoform
99Cumene
1091,1,2,2-Tetrachloroethane
103Propylbenzene
1054-Ethyltoluene
991,3,5-Trimethylbenzene
991,2,4-Trimethylbenzene
1091,3-Dichlorobenzene
1111,4-Dichlorobenzene
125alpha-Chlorotoluene
1071,2-Dichlorobenzene
1001,2,4-Trichlorobenzene
91Hexachlorobutadiene

Q = Exceeds Quality Control limits.
Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

97 70-130Toluene-d8
123 70-1301,2-Dichloroethane-d4
109 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: LCS
Lab ID#: 0805177-12A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050803File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/8/08 10:04 AM

%RecoveryCompound

109Freon 12
107Freon 114
126Chloromethane
104Vinyl Chloride
1041,3-Butadiene
106Bromomethane
89Chloroethane
110Freon 11
94Ethanol
112Freon 113
1111,1-Dichloroethene
87Acetone
952-Propanol
90Carbon Disulfide
843-Chloropropene
104Methylene Chloride
88Methyl tert-butyl ether
89trans-1,2-Dichloroethene
89Hexane
981,1-Dichloroethane
942-Butanone (Methyl Ethyl Ketone)
105cis-1,2-Dichloroethene
98Tetrahydrofuran
110Chloroform
1131,1,1-Trichloroethane
93Cyclohexane
121Carbon Tetrachloride
1012,2,4-Trimethylpentane
106Benzene

133 Q1,2-Dichloroethane
107Heptane
110Trichloroethene
1101,2-Dichloropropane
1011,4-Dioxane
124Bromodichloromethane
113cis-1,3-Dichloropropene
1144-Methyl-2-pentanone
106Toluene
122trans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: LCS
Lab ID#: 0805177-12A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7050803File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/8/08 10:04 AM

%RecoveryCompound

1031,1,2-Trichloroethane
112Tetrachloroethene
1132-Hexanone
126Dibromochloromethane
1141,2-Dibromoethane (EDB)
106Chlorobenzene
101Ethyl Benzene
100m,p-Xylene
102o-Xylene
104Styrene
134Bromoform
103Cumene
1121,1,2,2-Tetrachloroethane
107Propylbenzene
1084-Ethyltoluene
991,3,5-Trimethylbenzene
991,2,4-Trimethylbenzene
1101,3-Dichlorobenzene
1101,4-Dichlorobenzene
129alpha-Chlorotoluene
1081,2-Dichlorobenzene
1061,2,4-Trichlorobenzene
94Hexachlorobutadiene

Q = Exceeds Quality Control limits.
Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

97 70-130Toluene-d8
121 70-1301,2-Dichloroethane-d4
108 70-1304-Bromofluorobenzene

Page  17 of 17



AN ENVIRONMENTAL ANALYTICAL LABORATORY

Air Toxics Ltd. Introduces the Electronic Report

Thank you for choosing Air Toxics Ltd. To better serve our customers, we are providing your report by 
e-mail. This document is provided in Portable Document Format which can be viewed with Acrobat 
Reader by Adobe.

This electronic report includes the following:
• Work order Summary;
• Laboratory Narrative;
• Results; and
• Chain of Custody (copy).

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630

(916) 985-1000 .FAX (916) 985-1020
Hours 8:00 A.M to 6:00 P.M. Pacific



AN ENVIRONMENTAL ANALYTICAL LABORATORY

Mr. Jaceque Powell
ARCADIS, Inc.
11490 Westheimer, Suite 600
Houston, TX  77077

WORK ORDER #: 0805196

CLIENT: BILL TO: 

PHONE:

Ms. Joyce Williams
ARCADIS, Inc.
630 Plaza Drive
Suite 100
Highlands Ranch, CO  80129

(281)-497-6900
(281) 496-2936
05/09/2008

DATE COMPLETED: 05/12/2008

P.O. # GP 08RAAP.0047

PROJECT # RAAP RAAP

Work Order Summary

FAX:
DATE RECEIVED: CONTACT: Brandon Dunmore

NAMEFRACTION # TEST VAC./PRES.
RECEIPT

PRESSURE
FINAL

01A 1034SLB00B (050808) Modified TO-15 9.5 "Hg 5 psi
02A 1034SLB00A (050808) Modified TO-15 8.0 "Hg 5 psi
03A 1041SG002 (050808) Modified TO-15 6.5 "Hg 15 psi
04A 1034SG007 (050808) Modified TO-15 6.5 "Hg 15 psi
05A 1034SG004 (050808) Modified TO-15 7.0 "Hg 15 psi
06A Lab Blank Modified TO-15 NA NA
07A CCV Modified TO-15 NA NA
08A LCS Modified TO-15 NA NA

CERTIFIED BY:

Laboratory Director

DATE:

Name of Accrediting Agency: NELAP/Florida Department of Health, Scope of Application: Clean Air Act, 
Accreditation number: E87680, Effective date: 07/01/07, Expiration date: 06/30/08

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630
(916) 985-1000 . (800) 985-5955 . FAX (916) 985-1020

                                                                                                                                               05/12/08
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This report shall not be reproduced, except in full, without the written approval of Air Toxics Ltd.

Air Toxics Ltd. certifies that the test results contained in this report meet all requirements of the NELAC standards

Certfication numbers:  CA NELAP - 02110CA, LA NELAP/LELAP- AI 30763, NJ NELAP - CA004
NY NELAP - 11291, UT NELAP - 9166389892, AZ Licensure AZ0719



LABORATORY NARRATIVE
Modified TO-15
ARCADIS, Inc.

Workorder# 0805196

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Two  6  Liter  Summa  Canister  and  three  1  Liter  Summa  Canister  samples  were  received  on  May  09, 
2008.  The  laboratory  performed  analysis  via  modified  EPA  Method  TO-15  using  GC/MS  in  the  full 
scan  mode.  The  method  involves  concentrating  up  to  0.2  liters  of  air.  The  concentrated  aliquot  is  then 
flash  vaporized  and  swept  through  a  water  management  system  to  remove  water  vapor.  Following 
dehumidification,  the  sample  passes  directly  into  the  GC/MS  for  analysis.  

This  workorder  was  independently  validated  prior  to  submittal  using  'USEPA  National  Functional 
Guidelines'  as  generally  applied  to  the  analysis  of  volatile  organic  compounds  in  air.   A  rules-based,
logic  driven,  independent  validation  engine  was  employed  to  assess  completeness,  evaluate  pass/fail 
of  relevant  project  quality  control  requirements  and  verification  of  all  quantified  amounts.  

Method  modifications  taken  to  run  these  samples  are  summarized  in  the  table  below.   Specific  project 
requirements  may  over-ride  the  ATL  modifications.

Requirement ATL  ModificationsTO-15
Daily CCV +- 30% Difference </= 30% Difference with two allowed out up to </=40%.; 

flag and narrate outliers

Sample collection media Summa canister ATL recommends use of summa canisters to insure data 
defensibility, but will report results from Tedlar bags at 
client request

Method Detection Limit Follow 40CFR Pt.136 
App. B

The MDL met all relevant requirements in Method TO-15 
(statistical MDL less than the LOQ). The concentration of 
the spiked replicate may have exceeded 10X the 
calculated MDL in some cases

Receiving Notes

There were no receiving discrepancies.

As  per  project  specific  client  request  the  laboratory  has  reported  estimated  values  for  target  compound 
hits  that  are  below  the  Reporting  Limit  but  greater  than  the  Method  Detection  Limit.  Concentrations 
that  are  below  the  level  at  which  the  canister  was  certified  may  be  false  positives.

Analytical Notes

Eight  qualifiers  may  have  been  used  on  the  data  analysis  sheets  and  indicates  as  follows:  
       B  -  Compound  present  in  laboratory  blank  greater  than  reporting  limit  (background  subtraction  not 
performed).
        J  -   Estimated  value.
        E  -  Exceeds  instrument  calibration  range.
        S  -  Saturated  peak.
        Q  -  Exceeds  quality  control  limits.
        U  -  Compound  analyzed  for  but  not  detected  above  the  reporting  limit.

Definition of Data Qualifying Flags
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

        UJ-  Non-detected  compound  associated  with  low  bias  in  the  CCV
        N  -  The  identification  is  based  on  presumptive  evidence.

File  extensions  may  have  been  used  on  the  data  analysis  sheets  and  indicates  
as  follows:  
  a-File  was  requantified
  b-File  was  quantified  by  a  second  column  and  detector
  r1-File  was  requantified  for  the  purpose  of  reissue
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MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SLB00B (050808)

Lab ID#: 0805196-01A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

0.98 1.6 4.8 7.8Freon 12
0.98 0.37 J 5.5 2.0 JFreon 11
3.9 3.3 J 9.3 7.9 JAcetone

0.98 0.23 J 3.0 0.71 JCarbon Disulfide
0.98 1.4 3.4 5.0Methylene Chloride
0.98 0.48 J 3.4 1.7 JHexane
0.98 0.54 J 2.9 1.6 J2-Butanone (Methyl Ethyl Ketone)
0.98 130 4.8 650Chloroform
0.98 0.23 J 3.1 0.75 JBenzene
0.98 1.8 5.3 9.9Trichloroethene
0.98 5.8 6.6 39Bromodichloromethane
0.98 0.35 J 3.7 1.3 JToluene
0.98 0.25 J 6.6 1.7 JTetrachloroethene
0.98 0.29 J 8.3 2.5 JDibromochloromethane

Client Sample ID: 1034SLB00A (050808)

Lab ID#: 0805196-02A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

0.92 1.1 4.5 5.3Freon 12
0.92 0.30 J 5.1 1.7 JFreon 11
3.7 1.4 J 6.9 2.7 JEthanol
3.7 6.7 8.7 16Acetone
3.7 0.53 J 9.0 1.3 J2-Propanol

0.92 0.14 J 2.8 0.45 JCarbon Disulfide
0.92 0.61 J 3.2 2.1 JMethylene Chloride
0.92 1.3 2.7 3.82-Butanone (Methyl Ethyl Ketone)
0.92 190 4.5 940Chloroform
0.92 0.30 J 5.0 1.6 J1,1,1-Trichloroethane
0.92 0.21 J 2.9 0.67 JBenzene
0.92 3.1 4.9 17Trichloroethene
0.92 7.8 6.1 52Bromodichloromethane
0.92 0.66 J 3.4 2.5 JToluene
0.92 0.28 J 6.2 1.9 JTetrachloroethene
3.7 0.25 J 15 1.0 J2-Hexanone

0.92 0.22 J 7.8 1.9 JDibromochloromethane
0.92 0.26 J 4.0 1.1 Jm,p-Xylene
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MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1041SG002 (050808)

Lab ID#: 0805196-03A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 0.72 J 6.4 3.5 JFreon 12
1.3 9.1 2.8 201,3-Butadiene
1.3 0.61 J 7.2 3.4 JFreon 11
5.2 2.4 J 9.7 4.6 JEthanol
5.2 25 12 59Acetone
5.2 0.40 J 13 0.99 J2-Propanol
1.3 1.5 4.0 4.6Carbon Disulfide
1.3 2.2 4.5 7.6Hexane
1.3 3.7 3.8 112-Butanone (Methyl Ethyl Ketone)
1.3 75 6.3 370Chloroform
1.3 1.1 J 7.0 5.9 J1,1,1-Trichloroethane
1.3 0.78 J 4.4 2.7 JCyclohexane
1.3 1.8 4.1 5.6Benzene
1.3 1.4 5.3 5.8Heptane
1.3 3.4 6.9 18Trichloroethene
1.3 0.32 J 5.3 1.3 J4-Methyl-2-pentanone
1.3 1.4 4.9 5.4Toluene
1.3 0.83 J 8.8 5.6 JTetrachloroethene
5.2 0.36 J 21 1.5 J2-Hexanone
1.3 0.22 J 5.6 0.98 Jo-Xylene

Client Sample ID: 1034SG007 (050808)

Lab ID#: 0805196-04A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 2.5 2.8 5.61,3-Butadiene
1.3 0.46 J 7.2 2.6 JFreon 11
5.2 2.0 J 9.7 3.8 JEthanol
5.2 28 12 68Acetone
5.2 2.3 J 13 5.6 J2-Propanol
1.3 9.5 4.0 30Carbon Disulfide
1.3 4.8 3.8 142-Butanone (Methyl Ethyl Ketone)
1.3 11 6.3 54Chloroform
1.3 1.2 J 4.4 4.2 JCyclohexane
1.3 0.87 J 4.1 2.8 JBenzene
1.3 1.0 J 5.3 4.2 JHeptane
1.3 2.4 6.9 13Trichloroethene
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MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SG007 (050808)

Lab ID#: 0805196-04A
1.3 0.35 J 5.3 1.4 J4-Methyl-2-pentanone
1.3 0.74 J 4.9 2.8 JToluene
1.3 0.72 J 8.8 4.8 JTetrachloroethene
5.2 0.71 J 21 2.9 J2-Hexanone
1.3 0.47 J 5.6 2.0 Jm,p-Xylene
1.3 0.53 J 5.6 2.3 Jo-Xylene
1.3 0.16 J 6.3 0.78 JCumene
1.3 0.38 J 6.3 1.9 J4-Ethyltoluene
1.3 0.58 J 6.3 2.9 J1,3,5-Trimethylbenzene
1.3 0.68 J 6.3 3.4 J1,2,4-Trimethylbenzene

Client Sample ID: 1034SG004 (050808)

Lab ID#: 0805196-05A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 7.4 2.9 161,3-Butadiene
1.3 0.55 J 7.4 3.1 JFreon 11
5.3 3.4 J 9.9 6.4 JEthanol
5.3 22 12 52Acetone
1.3 3.2 4.1 10Carbon Disulfide
1.3 3.9 3.9 112-Butanone (Methyl Ethyl Ketone)
1.3 39 6.4 190Chloroform
1.3 0.73 J 7.2 4.0 J1,1,1-Trichloroethane
1.3 2.5 4.2 7.9Benzene
1.3 1.0 J 5.4 4.1 JHeptane
1.3 0.23 J 7.1 1.2 JTrichloroethene
1.3 0.21 J 5.4 0.86 J4-Methyl-2-pentanone
1.3 2.0 5.0 7.7Toluene
1.3 0.49 J 9.0 3.3 JTetrachloroethene
5.3 0.34 J 22 1.4 J2-Hexanone
1.3 0.30 J 5.7 1.3 JEthyl Benzene
1.3 0.42 J 5.7 1.8 Jm,p-Xylene
1.3 0.30 J 5.7 1.3 Jo-Xylene
1.3 0.28 J 5.6 1.2 JStyrene
1.3 0.19 J 6.5 0.95 J1,2,4-Trimethylbenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SLB00B (050808)
Lab ID#: 0805196-01A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7051014File Name:
Dil. Factor: 1.96

Date of Collection:  5/8/08
Date of Analysis:  5/10/08 06:24 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

0.98 1.6 4.8 7.8Freon 12
0.98 Not Detected 6.8 Not DetectedFreon 114
3.9 Not Detected 8.1 Not DetectedChloromethane

0.98 Not Detected 2.5 Not DetectedVinyl Chloride
0.98 Not Detected 2.2 Not Detected1,3-Butadiene
0.98 Not Detected 3.8 Not DetectedBromomethane
0.98 Not Detected 2.6 Not DetectedChloroethane
0.98 0.37 J 5.5 2.0 JFreon 11
3.9 Not Detected 7.4 Not DetectedEthanol

0.98 Not Detected 7.5 Not DetectedFreon 113
0.98 Not Detected 3.9 Not Detected1,1-Dichloroethene
3.9 3.3 J 9.3 7.9 JAcetone
3.9 Not Detected 9.6 Not Detected2-Propanol

0.98 0.23 J 3.0 0.71 JCarbon Disulfide
3.9 Not Detected 12 Not Detected3-Chloropropene

0.98 1.4 3.4 5.0Methylene Chloride
0.98 Not Detected 3.5 Not DetectedMethyl tert-butyl ether
0.98 Not Detected 3.9 Not Detectedtrans-1,2-Dichloroethene
0.98 0.48 J 3.4 1.7 JHexane
0.98 Not Detected 4.0 Not Detected1,1-Dichloroethane
0.98 0.54 J 2.9 1.6 J2-Butanone (Methyl Ethyl Ketone)
0.98 Not Detected 3.9 Not Detectedcis-1,2-Dichloroethene
0.98 Not Detected 2.9 Not DetectedTetrahydrofuran
0.98 130 4.8 650Chloroform
0.98 Not Detected 5.3 Not Detected1,1,1-Trichloroethane
0.98 Not Detected 3.4 Not DetectedCyclohexane
0.98 Not Detected 6.2 Not DetectedCarbon Tetrachloride
0.98 Not Detected 4.6 Not Detected2,2,4-Trimethylpentane
0.98 0.23 J 3.1 0.75 JBenzene
0.98 Not Detected 4.0 Not Detected1,2-Dichloroethane
0.98 Not Detected 4.0 Not DetectedHeptane
0.98 1.8 5.3 9.9Trichloroethene
0.98 Not Detected 4.5 Not Detected1,2-Dichloropropane
3.9 Not Detected 14 Not Detected1,4-Dioxane

0.98 5.8 6.6 39Bromodichloromethane
0.98 Not Detected 4.4 Not Detectedcis-1,3-Dichloropropene
0.98 Not Detected 4.0 Not Detected4-Methyl-2-pentanone
0.98 0.35 J 3.7 1.3 JToluene
0.98 Not Detected 4.4 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SLB00B (050808)
Lab ID#: 0805196-01A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7051014File Name:
Dil. Factor: 1.96

Date of Collection:  5/8/08
Date of Analysis:  5/10/08 06:24 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

0.98 Not Detected 5.3 Not Detected1,1,2-Trichloroethane
0.98 0.25 J 6.6 1.7 JTetrachloroethene
3.9 Not Detected 16 Not Detected2-Hexanone

0.98 0.29 J 8.3 2.5 JDibromochloromethane
0.98 Not Detected 7.5 Not Detected1,2-Dibromoethane (EDB)
0.98 Not Detected 4.5 Not DetectedChlorobenzene
0.98 Not Detected 4.2 Not DetectedEthyl Benzene
0.98 Not Detected 4.2 Not Detectedm,p-Xylene
0.98 Not Detected 4.2 Not Detectedo-Xylene
0.98 Not Detected 4.2 Not DetectedStyrene
0.98 Not Detected 10 Not DetectedBromoform
0.98 Not Detected 4.8 Not DetectedCumene
0.98 Not Detected 6.7 Not Detected1,1,2,2-Tetrachloroethane
0.98 Not Detected 4.8 Not DetectedPropylbenzene
0.98 Not Detected 4.8 Not Detected4-Ethyltoluene
0.98 Not Detected 4.8 Not Detected1,3,5-Trimethylbenzene
0.98 Not Detected 4.8 Not Detected1,2,4-Trimethylbenzene
0.98 Not Detected 5.9 Not Detected1,3-Dichlorobenzene
0.98 Not Detected 5.9 Not Detected1,4-Dichlorobenzene
0.98 Not Detected 5.1 Not Detectedalpha-Chlorotoluene
0.98 Not Detected 5.9 Not Detected1,2-Dichlorobenzene
3.9 Not Detected 29 Not Detected1,2,4-Trichlorobenzene
3.9 Not Detected 42 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: 6 Liter Summa Canister

Limits%RecoverySurrogates
Method

87 70-130Toluene-d8
123 70-1301,2-Dichloroethane-d4
102 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SLB00A (050808)
Lab ID#: 0805196-02A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7051015File Name:
Dil. Factor: 1.83

Date of Collection:  5/8/08
Date of Analysis:  5/10/08 07:06 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

0.92 1.1 4.5 5.3Freon 12
0.92 Not Detected 6.4 Not DetectedFreon 114
3.7 Not Detected 7.6 Not DetectedChloromethane

0.92 Not Detected 2.3 Not DetectedVinyl Chloride
0.92 Not Detected 2.0 Not Detected1,3-Butadiene
0.92 Not Detected 3.6 Not DetectedBromomethane
0.92 Not Detected 2.4 Not DetectedChloroethane
0.92 0.30 J 5.1 1.7 JFreon 11
3.7 1.4 J 6.9 2.7 JEthanol

0.92 Not Detected 7.0 Not DetectedFreon 113
0.92 Not Detected 3.6 Not Detected1,1-Dichloroethene
3.7 6.7 8.7 16Acetone
3.7 0.53 J 9.0 1.3 J2-Propanol

0.92 0.14 J 2.8 0.45 JCarbon Disulfide
3.7 Not Detected 11 Not Detected3-Chloropropene

0.92 0.61 J 3.2 2.1 JMethylene Chloride
0.92 Not Detected 3.3 Not DetectedMethyl tert-butyl ether
0.92 Not Detected 3.6 Not Detectedtrans-1,2-Dichloroethene
0.92 Not Detected 3.2 Not DetectedHexane
0.92 Not Detected 3.7 Not Detected1,1-Dichloroethane
0.92 1.3 2.7 3.82-Butanone (Methyl Ethyl Ketone)
0.92 Not Detected 3.6 Not Detectedcis-1,2-Dichloroethene
0.92 Not Detected 2.7 Not DetectedTetrahydrofuran
0.92 190 4.5 940Chloroform
0.92 0.30 J 5.0 1.6 J1,1,1-Trichloroethane
0.92 Not Detected 3.1 Not DetectedCyclohexane
0.92 Not Detected 5.8 Not DetectedCarbon Tetrachloride
0.92 Not Detected 4.3 Not Detected2,2,4-Trimethylpentane
0.92 0.21 J 2.9 0.67 JBenzene
0.92 Not Detected 3.7 Not Detected1,2-Dichloroethane
0.92 Not Detected 3.7 Not DetectedHeptane
0.92 3.1 4.9 17Trichloroethene
0.92 Not Detected 4.2 Not Detected1,2-Dichloropropane
3.7 Not Detected 13 Not Detected1,4-Dioxane

0.92 7.8 6.1 52Bromodichloromethane
0.92 Not Detected 4.2 Not Detectedcis-1,3-Dichloropropene
0.92 Not Detected 3.7 Not Detected4-Methyl-2-pentanone
0.92 0.66 J 3.4 2.5 JToluene
0.92 Not Detected 4.2 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SLB00A (050808)
Lab ID#: 0805196-02A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7051015File Name:
Dil. Factor: 1.83

Date of Collection:  5/8/08
Date of Analysis:  5/10/08 07:06 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

0.92 Not Detected 5.0 Not Detected1,1,2-Trichloroethane
0.92 0.28 J 6.2 1.9 JTetrachloroethene
3.7 0.25 J 15 1.0 J2-Hexanone

0.92 0.22 J 7.8 1.9 JDibromochloromethane
0.92 Not Detected 7.0 Not Detected1,2-Dibromoethane (EDB)
0.92 Not Detected 4.2 Not DetectedChlorobenzene
0.92 Not Detected 4.0 Not DetectedEthyl Benzene
0.92 0.26 J 4.0 1.1 Jm,p-Xylene
0.92 Not Detected 4.0 Not Detectedo-Xylene
0.92 Not Detected 3.9 Not DetectedStyrene
0.92 Not Detected 9.4 Not DetectedBromoform
0.92 Not Detected 4.5 Not DetectedCumene
0.92 Not Detected 6.3 Not Detected1,1,2,2-Tetrachloroethane
0.92 Not Detected 4.5 Not DetectedPropylbenzene
0.92 Not Detected 4.5 Not Detected4-Ethyltoluene
0.92 Not Detected 4.5 Not Detected1,3,5-Trimethylbenzene
0.92 Not Detected 4.5 Not Detected1,2,4-Trimethylbenzene
0.92 Not Detected 5.5 Not Detected1,3-Dichlorobenzene
0.92 Not Detected 5.5 Not Detected1,4-Dichlorobenzene
0.92 Not Detected 4.7 Not Detectedalpha-Chlorotoluene
0.92 Not Detected 5.5 Not Detected1,2-Dichlorobenzene
3.7 Not Detected 27 Not Detected1,2,4-Trichlorobenzene
3.7 Not Detected 39 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: 6 Liter Summa Canister

Limits%RecoverySurrogates
Method

87 70-130Toluene-d8
121 70-1301,2-Dichloroethane-d4
102 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1041SG002 (050808)
Lab ID#: 0805196-03A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7051016File Name:
Dil. Factor: 2.58

Date of Collection:  5/8/08
Date of Analysis:  5/10/08 07:45 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 0.72 J 6.4 3.5 JFreon 12
1.3 Not Detected 9.0 Not DetectedFreon 114
5.2 Not Detected 11 Not DetectedChloromethane
1.3 Not Detected 3.3 Not DetectedVinyl Chloride
1.3 9.1 2.8 201,3-Butadiene
1.3 Not Detected 5.0 Not DetectedBromomethane
1.3 Not Detected 3.4 Not DetectedChloroethane
1.3 0.61 J 7.2 3.4 JFreon 11
5.2 2.4 J 9.7 4.6 JEthanol
1.3 Not Detected 9.9 Not DetectedFreon 113
1.3 Not Detected 5.1 Not Detected1,1-Dichloroethene
5.2 25 12 59Acetone
5.2 0.40 J 13 0.99 J2-Propanol
1.3 1.5 4.0 4.6Carbon Disulfide
5.2 Not Detected 16 Not Detected3-Chloropropene
1.3 Not Detected 4.5 Not DetectedMethylene Chloride
1.3 Not Detected 4.6 Not DetectedMethyl tert-butyl ether
1.3 Not Detected 5.1 Not Detectedtrans-1,2-Dichloroethene
1.3 2.2 4.5 7.6Hexane
1.3 Not Detected 5.2 Not Detected1,1-Dichloroethane
1.3 3.7 3.8 112-Butanone (Methyl Ethyl Ketone)
1.3 Not Detected 5.1 Not Detectedcis-1,2-Dichloroethene
1.3 Not Detected 3.8 Not DetectedTetrahydrofuran
1.3 75 6.3 370Chloroform
1.3 1.1 J 7.0 5.9 J1,1,1-Trichloroethane
1.3 0.78 J 4.4 2.7 JCyclohexane
1.3 Not Detected 8.1 Not DetectedCarbon Tetrachloride
1.3 Not Detected 6.0 Not Detected2,2,4-Trimethylpentane
1.3 1.8 4.1 5.6Benzene
1.3 Not Detected 5.2 Not Detected1,2-Dichloroethane
1.3 1.4 5.3 5.8Heptane
1.3 3.4 6.9 18Trichloroethene
1.3 Not Detected 6.0 Not Detected1,2-Dichloropropane
5.2 Not Detected 18 Not Detected1,4-Dioxane
1.3 Not Detected 8.6 Not DetectedBromodichloromethane
1.3 Not Detected 5.8 Not Detectedcis-1,3-Dichloropropene
1.3 0.32 J 5.3 1.3 J4-Methyl-2-pentanone
1.3 1.4 4.9 5.4Toluene
1.3 Not Detected 5.8 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1041SG002 (050808)
Lab ID#: 0805196-03A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7051016File Name:
Dil. Factor: 2.58

Date of Collection:  5/8/08
Date of Analysis:  5/10/08 07:45 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 Not Detected 7.0 Not Detected1,1,2-Trichloroethane
1.3 0.83 J 8.8 5.6 JTetrachloroethene
5.2 0.36 J 21 1.5 J2-Hexanone
1.3 Not Detected 11 Not DetectedDibromochloromethane
1.3 Not Detected 9.9 Not Detected1,2-Dibromoethane (EDB)
1.3 Not Detected 5.9 Not DetectedChlorobenzene
1.3 Not Detected 5.6 Not DetectedEthyl Benzene
1.3 Not Detected 5.6 Not Detectedm,p-Xylene
1.3 0.22 J 5.6 0.98 Jo-Xylene
1.3 Not Detected 5.5 Not DetectedStyrene
1.3 Not Detected 13 Not DetectedBromoform
1.3 Not Detected 6.3 Not DetectedCumene
1.3 Not Detected 8.8 Not Detected1,1,2,2-Tetrachloroethane
1.3 Not Detected 6.3 Not DetectedPropylbenzene
1.3 Not Detected 6.3 Not Detected4-Ethyltoluene
1.3 Not Detected 6.3 Not Detected1,3,5-Trimethylbenzene
1.3 Not Detected 6.3 Not Detected1,2,4-Trimethylbenzene
1.3 Not Detected 7.8 Not Detected1,3-Dichlorobenzene
1.3 Not Detected 7.8 Not Detected1,4-Dichlorobenzene
1.3 Not Detected 6.7 Not Detectedalpha-Chlorotoluene
1.3 Not Detected 7.8 Not Detected1,2-Dichlorobenzene
5.2 Not Detected 38 Not Detected1,2,4-Trichlorobenzene
5.2 Not Detected 55 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

89 70-130Toluene-d8
125 70-1301,2-Dichloroethane-d4
103 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SG007 (050808)
Lab ID#: 0805196-04A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7051017File Name:
Dil. Factor: 2.58

Date of Collection:  5/8/08
Date of Analysis:  5/10/08 08:24 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 Not Detected 6.4 Not DetectedFreon 12
1.3 Not Detected 9.0 Not DetectedFreon 114
5.2 Not Detected 11 Not DetectedChloromethane
1.3 Not Detected 3.3 Not DetectedVinyl Chloride
1.3 2.5 2.8 5.61,3-Butadiene
1.3 Not Detected 5.0 Not DetectedBromomethane
1.3 Not Detected 3.4 Not DetectedChloroethane
1.3 0.46 J 7.2 2.6 JFreon 11
5.2 2.0 J 9.7 3.8 JEthanol
1.3 Not Detected 9.9 Not DetectedFreon 113
1.3 Not Detected 5.1 Not Detected1,1-Dichloroethene
5.2 28 12 68Acetone
5.2 2.3 J 13 5.6 J2-Propanol
1.3 9.5 4.0 30Carbon Disulfide
5.2 Not Detected 16 Not Detected3-Chloropropene
1.3 Not Detected 4.5 Not DetectedMethylene Chloride
1.3 Not Detected 4.6 Not DetectedMethyl tert-butyl ether
1.3 Not Detected 5.1 Not Detectedtrans-1,2-Dichloroethene
1.3 Not Detected 4.5 Not DetectedHexane
1.3 Not Detected 5.2 Not Detected1,1-Dichloroethane
1.3 4.8 3.8 142-Butanone (Methyl Ethyl Ketone)
1.3 Not Detected 5.1 Not Detectedcis-1,2-Dichloroethene
1.3 Not Detected 3.8 Not DetectedTetrahydrofuran
1.3 11 6.3 54Chloroform
1.3 Not Detected 7.0 Not Detected1,1,1-Trichloroethane
1.3 1.2 J 4.4 4.2 JCyclohexane
1.3 Not Detected 8.1 Not DetectedCarbon Tetrachloride
1.3 Not Detected 6.0 Not Detected2,2,4-Trimethylpentane
1.3 0.87 J 4.1 2.8 JBenzene
1.3 Not Detected 5.2 Not Detected1,2-Dichloroethane
1.3 1.0 J 5.3 4.2 JHeptane
1.3 2.4 6.9 13Trichloroethene
1.3 Not Detected 6.0 Not Detected1,2-Dichloropropane
5.2 Not Detected 18 Not Detected1,4-Dioxane
1.3 Not Detected 8.6 Not DetectedBromodichloromethane
1.3 Not Detected 5.8 Not Detectedcis-1,3-Dichloropropene
1.3 0.35 J 5.3 1.4 J4-Methyl-2-pentanone
1.3 0.74 J 4.9 2.8 JToluene
1.3 Not Detected 5.8 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SG007 (050808)
Lab ID#: 0805196-04A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7051017File Name:
Dil. Factor: 2.58

Date of Collection:  5/8/08
Date of Analysis:  5/10/08 08:24 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 Not Detected 7.0 Not Detected1,1,2-Trichloroethane
1.3 0.72 J 8.8 4.8 JTetrachloroethene
5.2 0.71 J 21 2.9 J2-Hexanone
1.3 Not Detected 11 Not DetectedDibromochloromethane
1.3 Not Detected 9.9 Not Detected1,2-Dibromoethane (EDB)
1.3 Not Detected 5.9 Not DetectedChlorobenzene
1.3 Not Detected 5.6 Not DetectedEthyl Benzene
1.3 0.47 J 5.6 2.0 Jm,p-Xylene
1.3 0.53 J 5.6 2.3 Jo-Xylene
1.3 Not Detected 5.5 Not DetectedStyrene
1.3 Not Detected 13 Not DetectedBromoform
1.3 0.16 J 6.3 0.78 JCumene
1.3 Not Detected 8.8 Not Detected1,1,2,2-Tetrachloroethane
1.3 Not Detected 6.3 Not DetectedPropylbenzene
1.3 0.38 J 6.3 1.9 J4-Ethyltoluene
1.3 0.58 J 6.3 2.9 J1,3,5-Trimethylbenzene
1.3 0.68 J 6.3 3.4 J1,2,4-Trimethylbenzene
1.3 Not Detected 7.8 Not Detected1,3-Dichlorobenzene
1.3 Not Detected 7.8 Not Detected1,4-Dichlorobenzene
1.3 Not Detected 6.7 Not Detectedalpha-Chlorotoluene
1.3 Not Detected 7.8 Not Detected1,2-Dichlorobenzene
5.2 Not Detected 38 Not Detected1,2,4-Trichlorobenzene
5.2 Not Detected 55 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

90 70-130Toluene-d8
126 70-1301,2-Dichloroethane-d4
101 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SG004 (050808)
Lab ID#: 0805196-05A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7051018File Name:
Dil. Factor: 2.64

Date of Collection:  5/8/08
Date of Analysis:  5/10/08 09:02 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 Not Detected 6.5 Not DetectedFreon 12
1.3 Not Detected 9.2 Not DetectedFreon 114
5.3 Not Detected 11 Not DetectedChloromethane
1.3 Not Detected 3.4 Not DetectedVinyl Chloride
1.3 7.4 2.9 161,3-Butadiene
1.3 Not Detected 5.1 Not DetectedBromomethane
1.3 Not Detected 3.5 Not DetectedChloroethane
1.3 0.55 J 7.4 3.1 JFreon 11
5.3 3.4 J 9.9 6.4 JEthanol
1.3 Not Detected 10 Not DetectedFreon 113
1.3 Not Detected 5.2 Not Detected1,1-Dichloroethene
5.3 22 12 52Acetone
5.3 Not Detected 13 Not Detected2-Propanol
1.3 3.2 4.1 10Carbon Disulfide
5.3 Not Detected 16 Not Detected3-Chloropropene
1.3 Not Detected 4.6 Not DetectedMethylene Chloride
1.3 Not Detected 4.8 Not DetectedMethyl tert-butyl ether
1.3 Not Detected 5.2 Not Detectedtrans-1,2-Dichloroethene
1.3 Not Detected 4.6 Not DetectedHexane
1.3 Not Detected 5.3 Not Detected1,1-Dichloroethane
1.3 3.9 3.9 112-Butanone (Methyl Ethyl Ketone)
1.3 Not Detected 5.2 Not Detectedcis-1,2-Dichloroethene
1.3 Not Detected 3.9 Not DetectedTetrahydrofuran
1.3 39 6.4 190Chloroform
1.3 0.73 J 7.2 4.0 J1,1,1-Trichloroethane
1.3 Not Detected 4.5 Not DetectedCyclohexane
1.3 Not Detected 8.3 Not DetectedCarbon Tetrachloride
1.3 Not Detected 6.2 Not Detected2,2,4-Trimethylpentane
1.3 2.5 4.2 7.9Benzene
1.3 Not Detected 5.3 Not Detected1,2-Dichloroethane
1.3 1.0 J 5.4 4.1 JHeptane
1.3 0.23 J 7.1 1.2 JTrichloroethene
1.3 Not Detected 6.1 Not Detected1,2-Dichloropropane
5.3 Not Detected 19 Not Detected1,4-Dioxane
1.3 Not Detected 8.8 Not DetectedBromodichloromethane
1.3 Not Detected 6.0 Not Detectedcis-1,3-Dichloropropene
1.3 0.21 J 5.4 0.86 J4-Methyl-2-pentanone
1.3 2.0 5.0 7.7Toluene
1.3 Not Detected 6.0 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SG004 (050808)
Lab ID#: 0805196-05A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7051018File Name:
Dil. Factor: 2.64

Date of Collection:  5/8/08
Date of Analysis:  5/10/08 09:02 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 Not Detected 7.2 Not Detected1,1,2-Trichloroethane
1.3 0.49 J 9.0 3.3 JTetrachloroethene
5.3 0.34 J 22 1.4 J2-Hexanone
1.3 Not Detected 11 Not DetectedDibromochloromethane
1.3 Not Detected 10 Not Detected1,2-Dibromoethane (EDB)
1.3 Not Detected 6.1 Not DetectedChlorobenzene
1.3 0.30 J 5.7 1.3 JEthyl Benzene
1.3 0.42 J 5.7 1.8 Jm,p-Xylene
1.3 0.30 J 5.7 1.3 Jo-Xylene
1.3 0.28 J 5.6 1.2 JStyrene
1.3 Not Detected 14 Not DetectedBromoform
1.3 Not Detected 6.5 Not DetectedCumene
1.3 Not Detected 9.1 Not Detected1,1,2,2-Tetrachloroethane
1.3 Not Detected 6.5 Not DetectedPropylbenzene
1.3 Not Detected 6.5 Not Detected4-Ethyltoluene
1.3 Not Detected 6.5 Not Detected1,3,5-Trimethylbenzene
1.3 0.19 J 6.5 0.95 J1,2,4-Trimethylbenzene
1.3 Not Detected 7.9 Not Detected1,3-Dichlorobenzene
1.3 Not Detected 7.9 Not Detected1,4-Dichlorobenzene
1.3 Not Detected 6.8 Not Detectedalpha-Chlorotoluene
1.3 Not Detected 7.9 Not Detected1,2-Dichlorobenzene
5.3 Not Detected 39 Not Detected1,2,4-Trichlorobenzene
5.3 Not Detected 56 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

89 70-130Toluene-d8
123 70-1301,2-Dichloroethane-d4
101 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: Lab Blank
Lab ID#: 0805196-06A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7051006aFile Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/10/08 12:08 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

0.50 Not Detected 2.5 Not DetectedFreon 12
0.50 Not Detected 3.5 Not DetectedFreon 114
2.0 Not Detected 4.1 Not DetectedChloromethane

0.50 Not Detected 1.3 Not DetectedVinyl Chloride
0.50 Not Detected 1.1 Not Detected1,3-Butadiene
0.50 Not Detected 1.9 Not DetectedBromomethane
0.50 Not Detected 1.3 Not DetectedChloroethane
0.50 Not Detected 2.8 Not DetectedFreon 11
2.0 Not Detected 3.8 Not DetectedEthanol

0.50 Not Detected 3.8 Not DetectedFreon 113
0.50 Not Detected 2.0 Not Detected1,1-Dichloroethene
2.0 Not Detected 4.8 Not DetectedAcetone
2.0 Not Detected 4.9 Not Detected2-Propanol

0.50 Not Detected 1.6 Not DetectedCarbon Disulfide
2.0 Not Detected 6.3 Not Detected3-Chloropropene

0.50 Not Detected 1.7 Not DetectedMethylene Chloride
0.50 Not Detected 1.8 Not DetectedMethyl tert-butyl ether
0.50 Not Detected 2.0 Not Detectedtrans-1,2-Dichloroethene
0.50 Not Detected 1.8 Not DetectedHexane
0.50 Not Detected 2.0 Not Detected1,1-Dichloroethane
0.50 0.12 J 1.5 0.35 J2-Butanone (Methyl Ethyl Ketone)
0.50 Not Detected 2.0 Not Detectedcis-1,2-Dichloroethene
0.50 Not Detected 1.5 Not DetectedTetrahydrofuran
0.50 Not Detected 2.4 Not DetectedChloroform
0.50 Not Detected 2.7 Not Detected1,1,1-Trichloroethane
0.50 Not Detected 1.7 Not DetectedCyclohexane
0.50 Not Detected 3.1 Not DetectedCarbon Tetrachloride
0.50 Not Detected 2.3 Not Detected2,2,4-Trimethylpentane
0.50 Not Detected 1.6 Not DetectedBenzene
0.50 Not Detected 2.0 Not Detected1,2-Dichloroethane
0.50 Not Detected 2.0 Not DetectedHeptane
0.50 Not Detected 2.7 Not DetectedTrichloroethene
0.50 Not Detected 2.3 Not Detected1,2-Dichloropropane
2.0 Not Detected 7.2 Not Detected1,4-Dioxane

0.50 Not Detected 3.4 Not DetectedBromodichloromethane
0.50 Not Detected 2.3 Not Detectedcis-1,3-Dichloropropene
0.50 Not Detected 2.0 Not Detected4-Methyl-2-pentanone
0.50 Not Detected 1.9 Not DetectedToluene
0.50 Not Detected 2.3 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: Lab Blank
Lab ID#: 0805196-06A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7051006aFile Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/10/08 12:08 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

0.50 Not Detected 2.7 Not Detected1,1,2-Trichloroethane
0.50 Not Detected 3.4 Not DetectedTetrachloroethene
2.0 Not Detected 8.2 Not Detected2-Hexanone

0.50 Not Detected 4.2 Not DetectedDibromochloromethane
0.50 Not Detected 3.8 Not Detected1,2-Dibromoethane (EDB)
0.50 Not Detected 2.3 Not DetectedChlorobenzene
0.50 Not Detected 2.2 Not DetectedEthyl Benzene
0.50 Not Detected 2.2 Not Detectedm,p-Xylene
0.50 Not Detected 2.2 Not Detectedo-Xylene
0.50 Not Detected 2.1 Not DetectedStyrene
0.50 Not Detected 5.2 Not DetectedBromoform
0.50 Not Detected 2.4 Not DetectedCumene
0.50 Not Detected 3.4 Not Detected1,1,2,2-Tetrachloroethane
0.50 Not Detected 2.4 Not DetectedPropylbenzene
0.50 Not Detected 2.4 Not Detected4-Ethyltoluene
0.50 Not Detected 2.4 Not Detected1,3,5-Trimethylbenzene
0.50 Not Detected 2.4 Not Detected1,2,4-Trimethylbenzene
0.50 Not Detected 3.0 Not Detected1,3-Dichlorobenzene
0.50 Not Detected 3.0 Not Detected1,4-Dichlorobenzene
0.50 0.055 J 2.6 0.28 Jalpha-Chlorotoluene
0.50 Not Detected 3.0 Not Detected1,2-Dichlorobenzene
2.0 Not Detected 15 Not Detected1,2,4-Trichlorobenzene
2.0 Not Detected 21 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

90 70-130Toluene-d8
117 70-1301,2-Dichloroethane-d4
99 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: CCV
Lab ID#: 0805196-07A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7051002File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/10/08 08:31 AM

%RecoveryCompound

110Freon 12
110Freon 114
120Chloromethane
100Vinyl Chloride
1011,3-Butadiene
105Bromomethane
81Chloroethane

112Freon 11
85Ethanol

101Freon 113
931,1-Dichloroethene
82Acetone
862-Propanol
82Carbon Disulfide
763-Chloropropene
90Methylene Chloride
83Methyl tert-butyl ether
85trans-1,2-Dichloroethene
81Hexane
881,1-Dichloroethane
872-Butanone (Methyl Ethyl Ketone)

100cis-1,2-Dichloroethene
94Tetrahydrofuran

108Chloroform
1161,1,1-Trichloroethane
89Cyclohexane

127Carbon Tetrachloride
992,2,4-Trimethylpentane
98Benzene

1301,2-Dichloroethane
98Heptane

106Trichloroethene
1031,2-Dichloropropane
1001,4-Dioxane
121Bromodichloromethane
108cis-1,3-Dichloropropene
1084-Methyl-2-pentanone
97Toluene

117trans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: CCV
Lab ID#: 0805196-07A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7051002File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/10/08 08:31 AM

%RecoveryCompound

1001,1,2-Trichloroethane
108Tetrachloroethene
1092-Hexanone
124Dibromochloromethane
1141,2-Dibromoethane (EDB)
102Chlorobenzene
97Ethyl Benzene
96m,p-Xylene
97o-Xylene

100Styrene
130Bromoform
96Cumene

1061,1,2,2-Tetrachloroethane
99Propylbenzene

1024-Ethyltoluene
941,3,5-Trimethylbenzene
931,2,4-Trimethylbenzene

1041,3-Dichlorobenzene
1051,4-Dichlorobenzene
120alpha-Chlorotoluene
1021,2-Dichlorobenzene
821,2,4-Trichlorobenzene
75Hexachlorobutadiene

Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

95 70-130Toluene-d8
124 70-1301,2-Dichloroethane-d4
111 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: LCS
Lab ID#: 0805196-08A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7051003File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/10/08 09:19 AM

%RecoveryCompound

103Freon 12
100Freon 114
123Chloromethane
103Vinyl Chloride
1011,3-Butadiene
107Bromomethane
87Chloroethane

111Freon 11
94Ethanol

114Freon 113
1101,1-Dichloroethene
88Acetone
962-Propanol
90Carbon Disulfide
833-Chloropropene

105Methylene Chloride
91Methyl tert-butyl ether
91trans-1,2-Dichloroethene
90Hexane
971,1-Dichloroethane
962-Butanone (Methyl Ethyl Ketone)

106cis-1,2-Dichloroethene
98Tetrahydrofuran

111Chloroform
1141,1,1-Trichloroethane
92Cyclohexane

122Carbon Tetrachloride
1022,2,4-Trimethylpentane
104Benzene

131 Q1,2-Dichloroethane
107Heptane
107Trichloroethene
1081,2-Dichloropropane
1001,4-Dioxane
123Bromodichloromethane
111cis-1,3-Dichloropropene
1124-Methyl-2-pentanone
105Toluene
124trans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: LCS
Lab ID#: 0805196-08A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

7051003File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/10/08 09:19 AM

%RecoveryCompound

1061,1,2-Trichloroethane
113Tetrachloroethene
1142-Hexanone
128Dibromochloromethane
1151,2-Dibromoethane (EDB)
107Chlorobenzene
101Ethyl Benzene
101m,p-Xylene
103o-Xylene
101Styrene
134Bromoform
104Cumene
1131,1,2,2-Tetrachloroethane
105Propylbenzene
1044-Ethyltoluene
971,3,5-Trimethylbenzene
951,2,4-Trimethylbenzene

1061,3-Dichlorobenzene
1051,4-Dichlorobenzene
124alpha-Chlorotoluene
1021,2-Dichlorobenzene
1051,2,4-Trichlorobenzene
89Hexachlorobutadiene

Q = Exceeds Quality Control limits.
Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

95 70-130Toluene-d8
121 70-1301,2-Dichloroethane-d4
107 70-1304-Bromofluorobenzene

Page  22 of 22



AN ENVIRONMENTAL ANALYTICAL LABORATORY

Air Toxics Ltd. Introduces the Electronic Report

Thank you for choosing Air Toxics Ltd. To better serve our customers, we are providing your report by 
e-mail. This document is provided in Portable Document Format which can be viewed with Acrobat 
Reader by Adobe.

This electronic report includes the following:
• Work order Summary;
• Laboratory Narrative;
• Results; and
• Chain of Custody (copy).

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630

(916) 985-1000 .FAX (916) 985-1020
Hours 8:00 A.M to 6:00 P.M. Pacific



AN ENVIRONMENTAL ANALYTICAL LABORATORY

Mr. Jaceque Powell
ARCADIS, Inc.
11490 Westheimer, Suite 600
Houston, TX  77077

WORK ORDER #: 0805199

CLIENT: BILL TO: 

PHONE:

Ms. Joyce Williams
ARCADIS, Inc.
630 Plaza Drive
Suite 100
Highlands Ranch, CO  80129

(281)-497-6900
(281) 496-2936
05/09/2008

DATE COMPLETED: 05/12/2008

P.O. # GP 08RAAP.0047

PROJECT # RAAP RAAP

Work Order Summary

FAX:
DATE RECEIVED: CONTACT: Brandon Dunmore

NAMEFRACTION # TEST VAC./PRES.
RECEIPT

PRESSURE
FINAL

01A 1034SG002 (050808) Modified TO-15 7.5 "Hg 15 psi
02A 1034SG008 (050808) Modified TO-15 7.0 "Hg 15 psi
03A 1041SG003 (050808) Modified TO-15 8.0 "Hg 15 psi
04A 1041SG001 (050808) Modified TO-15 6.0 "Hg 15 psi
05A 1041SG004 (050808) Modified TO-15 8.0 "Hg 15 psi
06A 1034SG001 (050808) Modified TO-15 7.0 "Hg 15 psi
07A 1034SG006 (050808) Modified TO-15 6.5 "Hg 15 psi
07AA 1034SG006 (050808) Lab Duplicate Modified TO-15 6.5 "Hg 15 psi
08A Lab Blank Modified TO-15 NA NA
09A CCV Modified TO-15 NA NA
10A LCS Modified TO-15 NA NA

CERTIFIED BY:

Laboratory Director

DATE:

Name of Accrediting Agency: NELAP/Florida Department of Health, Scope of Application: Clean Air Act, 
Accreditation number: E87680, Effective date: 07/01/07, Expiration date: 06/30/08

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630
(916) 985-1000 . (800) 985-5955 . FAX (916) 985-1020

                                                                                                                                               05/13/08
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This report shall not be reproduced, except in full, without the written approval of Air Toxics Ltd.

Air Toxics Ltd. certifies that the test results contained in this report meet all requirements of the NELAC standards

Certfication numbers:  CA NELAP - 02110CA, LA NELAP/LELAP- AI 30763, NJ NELAP - CA004
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LABORATORY NARRATIVE
Modified TO-15
ARCADIS, Inc.

Workorder# 0805199

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Seven  1  Liter  Summa  Canister  samples  were  received  on  May  09,  2008.  The  laboratory  performed 
analysis  via  modified  EPA  Method  TO-15  using  GC/MS  in  the  full  scan  mode.  The  method  involves 
concentrating  up  to  0.2  liters  of  air.  The  concentrated  aliquot  is  then  flash  vaporized  and  swept 
through  a  water  management  system  to  remove  water  vapor.  Following  dehumidification,  the  sample 
passes  directly  into  the  GC/MS  for  analysis.  

This  workorder  was  independently  validated  prior  to  submittal  using  'USEPA  National  Functional 
Guidelines'  as  generally  applied  to  the  analysis  of  volatile  organic  compounds  in  air.   A  rules-based,
logic  driven,  independent  validation  engine  was  employed  to  assess  completeness,  evaluate  pass/fail 
of  relevant  project  quality  control  requirements  and  verification  of  all  quantified  amounts.  

Method  modifications  taken  to  run  these  samples  are  summarized  in  the  table  below.   Specific  project 
requirements  may  over-ride  the  ATL  modifications.

Requirement ATL  ModificationsTO-15
Daily CCV +- 30% Difference </= 30% Difference with two allowed out up to </=40%.; 

flag and narrate outliers

Sample collection media Summa canister ATL recommends use of summa canisters to insure data 
defensibility, but will report results from Tedlar bags at 
client request

Method Detection Limit Follow 40CFR Pt.136 
App. B

The MDL met all relevant requirements in Method TO-15 
(statistical MDL less than the LOQ). The concentration of 
the spiked replicate may have exceeded 10X the 
calculated MDL in some cases

Receiving Notes

There were no receiving discrepancies.

As  per  project  specific  client  request,  the  laboratory  has  reported  estimated  values  for  target 
compounds  that  are  detected  below  the  Reporting  Limit  but  greater  than  the  Method  Detection  Limit.
Concentrations  below  the  level  at  which  the  canister  was  certified  (at  the  Reporting  Limit)  may  be 
false  positives.

Tetrahydrofuran  was  detected  in  the  laboratory  blank  analyzed  on  May  13,  2008  at  less  than  5X  the 
reporting  limit.  

Associated  samples  that  contained  tetrahydrofuran  were  flagged  as  indicated.

Analytical Notes

Eight  qualifiers  may  have  been  used  on  the  data  analysis  sheets  and  indicates  as  follows:  
       B  -  Compound  present  in  laboratory  blank  greater  than  reporting  limit  (background  subtraction  not 

Definition of Data Qualifying Flags
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

performed).
        J  -   Estimated  value.
        E  -  Exceeds  instrument  calibration  range.
        S  -  Saturated  peak.
        Q  -  Exceeds  quality  control  limits.
        U  -  Compound  analyzed  for  but  not  detected  above  the  reporting  limit.
        UJ-  Non-detected  compound  associated  with  low  bias  in  the  CCV
        N  -  The  identification  is  based  on  presumptive  evidence.

File  extensions  may  have  been  used  on  the  data  analysis  sheets  and  indicates  
as  follows:  
  a-File  was  requantified
  b-File  was  quantified  by  a  second  column  and  detector
  r1-File  was  requantified  for  the  purpose  of  reissue
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MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SG002 (050808)

Lab ID#: 0805199-01A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 4.0 3.0 8.81,3-Butadiene
1.3 0.61 J 7.6 3.4 JFreon 11
5.4 12 10 23Ethanol
5.4 41 13 97Acetone
1.3 2.6 4.2 8.0Carbon Disulfide
1.3 0.51 J 4.7 1.8 JMethylene Chloride
1.3 1.9 4.7 6.8Hexane
1.3 5.4 4.0 162-Butanone (Methyl Ethyl Ketone)
1.3 1.2 J B 4.0 3.4 J BTetrahydrofuran
1.3 83 6.6 400Chloroform
1.3 0.57 J 4.6 2.0 JCyclohexane
1.3 1.6 4.3 5.1Benzene
1.3 0.86 J 5.5 3.5 JHeptane
1.3 0.96 J 7.2 5.2 JTrichloroethene
1.3 3.1 9.0 21Bromodichloromethane
1.3 0.34 J 5.5 1.4 J4-Methyl-2-pentanone
1.3 2.2 5.1 8.3Toluene
5.4 0.53 J 22 2.2 J2-Hexanone
1.3 0.61 J 5.8 2.6 JEthyl Benzene
1.3 0.86 J 5.8 3.7 Jm,p-Xylene
1.3 0.48 J 5.8 2.1 Jo-Xylene

Client Sample ID: 1034SG008 (050808)

Lab ID#: 0805199-02A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

5.3 14 12 311,3-Butadiene
21 3.7 J 40 7.0 JEthanol
21 49 50 120Acetone
5.3 8.0 16 25Carbon Disulfide
5.3 6.2 18 21Methylene Chloride
5.3 4.5 J 19 16 JHexane
5.3 8.6 16 252-Butanone (Methyl Ethyl Ketone)
5.3 4.0 J B 16 12 J BTetrahydrofuran
5.3 1800 26 8800Chloroform
5.3 2.6 J 18 8.9 JCyclohexane
5.3 1.5 J 33 9.4 JCarbon Tetrachloride
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MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SG008 (050808)

Lab ID#: 0805199-02A
5.3 4.7 J 17 15 JBenzene
5.3 2.7 J 22 11 JHeptane
5.3 3.1 J 28 17 JTrichloroethene
5.3 8.6 36 58Bromodichloromethane
5.3 4.1 J 20 16 JToluene
5.3 2.1 J 23 9.1 Jm,p-Xylene
5.3 1.0 J 23 4.6 Jo-Xylene
5.3 0.88 J 22 3.7 JStyrene

Client Sample ID: 1041SG003 (050808)

Lab ID#: 0805199-03A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

3.4 11 7.6 241,3-Butadiene
14 4.4 J 26 8.4 JEthanol
3.4 13 14 521,1-Dichloroethene
14 41 33 97Acetone
3.4 3.0 J 11 9.4 JCarbon Disulfide
3.4 1.2 J 12 4.2 JMethylene Chloride
3.4 16 12 57Hexane
3.4 3.4 14 141,1-Dichloroethane
3.4 3.8 10 112-Butanone (Methyl Ethyl Ketone)
3.4 2.4 J B 10 7.1 J BTetrahydrofuran
3.4 1.4 J 17 6.7 JChloroform
3.4 88 19 4801,1,1-Trichloroethane
3.4 3.4 12 12Cyclohexane
3.4 2.7 J 11 8.6 JBenzene
3.4 12 14 48Heptane
3.4 610 18 3300Trichloroethene
3.4 2.0 J 13 7.4 JToluene
3.4 80 23 540Tetrachloroethene
3.4 0.44 J 15 1.9 Jm,p-Xylene
3.4 0.79 J 15 3.4 Jo-Xylene

Client Sample ID: 1041SG001 (050808)

Lab ID#: 0805199-04A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit
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MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1041SG001 (050808)

Lab ID#: 0805199-04A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 0.49 J 6.2 2.4 JFreon 12
1.3 13 2.8 291,3-Butadiene
1.3 1.0 J 4.9 3.9 JBromomethane
5.1 12 9.5 23Ethanol
5.1 81 12 190Acetone
1.3 6.5 3.9 20Carbon Disulfide
1.3 3.6 4.4 13Hexane
1.3 6.7 3.7 202-Butanone (Methyl Ethyl Ketone)
1.3 0.91 J B 3.7 2.7 J BTetrahydrofuran
1.3 2.1 6.2 10Chloroform
1.3 0.64 J 6.9 3.5 J1,1,1-Trichloroethane
1.3 0.44 J 4.4 1.5 JCyclohexane
1.3 4.8 4.0 15Benzene
1.3 2.4 5.2 9.7Heptane
1.3 1.0 J 6.8 5.4 JTrichloroethene
1.3 0.31 J 5.2 1.3 J4-Methyl-2-pentanone
1.3 3.5 4.8 13Toluene
1.3 0.50 J 5.5 2.2 JEthyl Benzene
1.3 0.54 J 5.5 2.4 Jm,p-Xylene
1.3 0.35 J 5.5 1.5 Jo-Xylene
1.3 0.47 J 5.4 2.0 JStyrene

Client Sample ID: 1041SG004 (050808)

Lab ID#: 0805199-05A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

5.5 1.1 J 11 2.2 JChloromethane
1.4 17 3.0 371,3-Butadiene
5.5 5.7 10 11Ethanol
5.5 43 13 100Acetone
1.4 8.1 4.3 25Carbon Disulfide
1.4 6.2 4.9 22Hexane
1.4 7.1 4.1 212-Butanone (Methyl Ethyl Ketone)
1.4 0.99 J B 4.1 2.9 J BTetrahydrofuran
1.4 0.56 J 6.7 2.7 JChloroform
1.4 0.86 J 4.8 3.0 JCyclohexane
1.4 6.6 4.4 21Benzene
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MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1041SG004 (050808)

Lab ID#: 0805199-05A
1.4 3.7 5.6 15Heptane
1.4 5.2 5.2 19Toluene
5.5 0.52 J 23 2.1 J2-Hexanone
1.4 0.84 J 6.0 3.7 JEthyl Benzene
1.4 1.1 J 6.0 4.6 Jm,p-Xylene
1.4 0.55 J 6.0 2.4 Jo-Xylene
1.4 0.57 J 5.9 2.4 JStyrene
1.4 0.32 J 6.8 1.6 J4-Ethyltoluene

Client Sample ID: 1034SG001 (050808)

Lab ID#: 0805199-06A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

5.3 1.2 J 11 2.6 JChloromethane
1.3 2.2 2.9 4.81,3-Butadiene
1.3 0.39 J 7.4 2.2 JFreon 11
5.3 19 9.9 36Ethanol
5.3 260 12 620Acetone
5.3 2.4 J 13 5.9 J2-Propanol
1.3 0.84 J 4.1 2.6 JCarbon Disulfide
1.3 2.6 4.6 9.0Hexane
1.3 31 3.9 922-Butanone (Methyl Ethyl Ketone)
1.3 1.2 J B 3.9 3.6 J BTetrahydrofuran
1.3 0.47 J 6.4 2.3 JChloroform
1.3 1.8 4.5 6.0Cyclohexane
1.3 1.3 4.2 4.3Benzene
1.3 3.6 5.4 14Heptane
1.3 0.55 J 7.1 3.0 JTrichloroethene
1.3 1.8 5.4 7.54-Methyl-2-pentanone
1.3 1.0 J 5.0 3.9 JToluene
5.3 3.6 J 22 15 J2-Hexanone
1.3 0.54 J 5.7 2.4 JEthyl Benzene
1.3 1.9 5.7 8.2m,p-Xylene
1.3 0.60 J 5.7 2.6 Jo-Xylene
1.3 0.30 J 5.6 1.3 JStyrene
1.3 2.3 6.5 114-Ethyltoluene
1.3 2.8 6.5 141,3,5-Trimethylbenzene
1.3 3.4 6.5 171,2,4-Trimethylbenzene
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MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SG006 (050808)

Lab ID#: 0805199-07A

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

5.2 3.0 J 11 6.3 JChloromethane
1.3 7.9 2.8 171,3-Butadiene
1.3 1.5 5.0 5.7Bromomethane
1.3 0.59 J 7.2 3.3 JFreon 11
5.2 7.7 9.7 14Ethanol
5.2 120 12 280Acetone
5.2 1.4 J 13 3.3 J2-Propanol
1.3 5.1 4.0 16Carbon Disulfide
1.3 0.39 J 4.5 1.4 JMethylene Chloride
1.3 9.6 4.5 34Hexane
1.3 9.5 3.8 282-Butanone (Methyl Ethyl Ketone)
1.3 1.1 J B 3.8 3.2 J BTetrahydrofuran
1.3 0.88 J 4.4 3.0 JCyclohexane
1.3 5.6 4.1 18Benzene
1.3 6.4 5.3 26Heptane
1.3 4.2 6.9 22Trichloroethene
1.3 0.43 J 5.3 1.8 J4-Methyl-2-pentanone
1.3 2.9 4.9 11Toluene
5.2 0.65 J 21 2.7 J2-Hexanone
1.3 0.67 J 5.6 2.9 JEthyl Benzene
1.3 1.8 5.6 8.0m,p-Xylene
1.3 0.65 J 5.6 2.8 Jo-Xylene
1.3 0.73 J 5.5 3.1 JStyrene
1.3 0.35 J 6.3 1.7 JPropylbenzene
1.3 0.37 J 6.3 1.8 J4-Ethyltoluene
1.3 0.42 J 6.3 2.1 J1,2,4-Trimethylbenzene

Client Sample ID: 1034SG006 (050808) Lab Duplicate

Lab ID#: 0805199-07AA

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

5.2 2.1 J 11 4.4 JChloromethane
1.3 6.7 2.8 151,3-Butadiene
1.3 1.4 5.0 5.5Bromomethane
5.2 5.6 9.7 10Ethanol
5.2 100 12 240Acetone
5.2 1.3 J 13 3.2 J2-Propanol
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MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN
Summary of Detected Compounds

AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SG006 (050808) Lab Duplicate

Lab ID#: 0805199-07AA
1.3 4.3 4.0 13Carbon Disulfide
1.3 8.4 4.5 30Hexane
1.3 8.6 3.8 252-Butanone (Methyl Ethyl Ketone)
1.3 1.1 J B 3.8 3.2 J BTetrahydrofuran
1.3 1.1 J 4.4 3.7 JCyclohexane
1.3 5.3 4.1 17Benzene
1.3 6.4 5.3 26Heptane
1.3 3.6 6.9 19Trichloroethene
1.3 3.0 4.9 11Toluene
5.2 0.74 J 21 3.0 J2-Hexanone
1.3 0.72 J 5.6 3.1 JEthyl Benzene
1.3 1.9 5.6 8.4m,p-Xylene
1.3 0.61 J 5.6 2.6 Jo-Xylene
1.3 0.69 J 5.5 3.0 JStyrene
1.3 0.20 J 6.3 0.99 JPropylbenzene
1.3 0.40 J 6.3 2.0 J4-Ethyltoluene
1.3 0.26 J 6.3 1.3 J1,3,5-Trimethylbenzene
1.3 0.49 J 6.3 2.4 J1,2,4-Trimethylbenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SG002 (050808)
Lab ID#: 0805199-01A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051218File Name:
Dil. Factor: 2.69

Date of Collection:  5/8/08
Date of Analysis:  5/12/08 11:07 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 Not Detected 6.6 Not DetectedFreon 12
1.3 Not Detected 9.4 Not DetectedFreon 114
5.4 Not Detected 11 Not DetectedChloromethane
1.3 Not Detected 3.4 Not DetectedVinyl Chloride
1.3 4.0 3.0 8.81,3-Butadiene
1.3 Not Detected 5.2 Not DetectedBromomethane
1.3 Not Detected 3.5 Not DetectedChloroethane
1.3 0.61 J 7.6 3.4 JFreon 11
5.4 12 10 23Ethanol
1.3 Not Detected 10 Not DetectedFreon 113
1.3 Not Detected 5.3 Not Detected1,1-Dichloroethene
5.4 41 13 97Acetone
5.4 Not Detected 13 Not Detected2-Propanol
1.3 2.6 4.2 8.0Carbon Disulfide
5.4 Not Detected 17 Not Detected3-Chloropropene
1.3 0.51 J 4.7 1.8 JMethylene Chloride
1.3 Not Detected 4.8 Not DetectedMethyl tert-butyl ether
1.3 Not Detected 5.3 Not Detectedtrans-1,2-Dichloroethene
1.3 1.9 4.7 6.8Hexane
1.3 Not Detected 5.4 Not Detected1,1-Dichloroethane
1.3 5.4 4.0 162-Butanone (Methyl Ethyl Ketone)
1.3 Not Detected 5.3 Not Detectedcis-1,2-Dichloroethene
1.3 1.2 J B 4.0 3.4 J BTetrahydrofuran
1.3 83 6.6 400Chloroform
1.3 Not Detected 7.3 Not Detected1,1,1-Trichloroethane
1.3 0.57 J 4.6 2.0 JCyclohexane
1.3 Not Detected 8.5 Not DetectedCarbon Tetrachloride
1.3 Not Detected 6.3 Not Detected2,2,4-Trimethylpentane
1.3 1.6 4.3 5.1Benzene
1.3 Not Detected 5.4 Not Detected1,2-Dichloroethane
1.3 0.86 J 5.5 3.5 JHeptane
1.3 0.96 J 7.2 5.2 JTrichloroethene
1.3 Not Detected 6.2 Not Detected1,2-Dichloropropane
5.4 Not Detected 19 Not Detected1,4-Dioxane
1.3 3.1 9.0 21Bromodichloromethane
1.3 Not Detected 6.1 Not Detectedcis-1,3-Dichloropropene
1.3 0.34 J 5.5 1.4 J4-Methyl-2-pentanone
1.3 2.2 5.1 8.3Toluene
1.3 Not Detected 6.1 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SG002 (050808)
Lab ID#: 0805199-01A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051218File Name:
Dil. Factor: 2.69

Date of Collection:  5/8/08
Date of Analysis:  5/12/08 11:07 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 Not Detected 7.3 Not Detected1,1,2-Trichloroethane
1.3 Not Detected 9.1 Not DetectedTetrachloroethene
5.4 0.53 J 22 2.2 J2-Hexanone
1.3 Not Detected 11 Not DetectedDibromochloromethane
1.3 Not Detected 10 Not Detected1,2-Dibromoethane (EDB)
1.3 Not Detected 6.2 Not DetectedChlorobenzene
1.3 0.61 J 5.8 2.6 JEthyl Benzene
1.3 0.86 J 5.8 3.7 Jm,p-Xylene
1.3 0.48 J 5.8 2.1 Jo-Xylene
1.3 Not Detected 5.7 Not DetectedStyrene
1.3 Not Detected 14 Not DetectedBromoform
1.3 Not Detected 6.6 Not DetectedCumene
1.3 Not Detected 9.2 Not Detected1,1,2,2-Tetrachloroethane
1.3 Not Detected 6.6 Not DetectedPropylbenzene
1.3 Not Detected 6.6 Not Detected4-Ethyltoluene
1.3 Not Detected 6.6 Not Detected1,3,5-Trimethylbenzene
1.3 Not Detected 6.6 Not Detected1,2,4-Trimethylbenzene
1.3 Not Detected 8.1 Not Detected1,3-Dichlorobenzene
1.3 Not Detected 8.1 Not Detected1,4-Dichlorobenzene
1.3 Not Detected 7.0 Not Detectedalpha-Chlorotoluene
1.3 Not Detected 8.1 Not Detected1,2-Dichlorobenzene
5.4 Not Detected 40 Not Detected1,2,4-Trichlorobenzene
5.4 Not Detected 57 Not DetectedHexachlorobutadiene

J = Estimated value.
B = Compound present in laboratory blank greater than reporting limit, background subtraction not performed.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

92 70-130Toluene-d8
97 70-1301,2-Dichloroethane-d4
82 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SG008 (050808)
Lab ID#: 0805199-02A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051217File Name:
Dil. Factor: 10.6

Date of Collection:  5/8/08
Date of Analysis:  5/12/08 10:23 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

5.3 Not Detected 26 Not DetectedFreon 12
5.3 Not Detected 37 Not DetectedFreon 114
21 Not Detected 44 Not DetectedChloromethane
5.3 Not Detected 14 Not DetectedVinyl Chloride
5.3 14 12 311,3-Butadiene
5.3 Not Detected 20 Not DetectedBromomethane
5.3 Not Detected 14 Not DetectedChloroethane
5.3 Not Detected 30 Not DetectedFreon 11
21 3.7 J 40 7.0 JEthanol
5.3 Not Detected 41 Not DetectedFreon 113
5.3 Not Detected 21 Not Detected1,1-Dichloroethene
21 49 50 120Acetone
21 Not Detected 52 Not Detected2-Propanol
5.3 8.0 16 25Carbon Disulfide
21 Not Detected 66 Not Detected3-Chloropropene
5.3 6.2 18 21Methylene Chloride
5.3 Not Detected 19 Not DetectedMethyl tert-butyl ether
5.3 Not Detected 21 Not Detectedtrans-1,2-Dichloroethene
5.3 4.5 J 19 16 JHexane
5.3 Not Detected 21 Not Detected1,1-Dichloroethane
5.3 8.6 16 252-Butanone (Methyl Ethyl Ketone)
5.3 Not Detected 21 Not Detectedcis-1,2-Dichloroethene
5.3 4.0 J B 16 12 J BTetrahydrofuran
5.3 1800 26 8800Chloroform
5.3 Not Detected 29 Not Detected1,1,1-Trichloroethane
5.3 2.6 J 18 8.9 JCyclohexane
5.3 1.5 J 33 9.4 JCarbon Tetrachloride
5.3 Not Detected 25 Not Detected2,2,4-Trimethylpentane
5.3 4.7 J 17 15 JBenzene
5.3 Not Detected 21 Not Detected1,2-Dichloroethane
5.3 2.7 J 22 11 JHeptane
5.3 3.1 J 28 17 JTrichloroethene
5.3 Not Detected 24 Not Detected1,2-Dichloropropane
21 Not Detected 76 Not Detected1,4-Dioxane
5.3 8.6 36 58Bromodichloromethane
5.3 Not Detected 24 Not Detectedcis-1,3-Dichloropropene
5.3 Not Detected 22 Not Detected4-Methyl-2-pentanone
5.3 4.1 J 20 16 JToluene
5.3 Not Detected 24 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SG008 (050808)
Lab ID#: 0805199-02A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051217File Name:
Dil. Factor: 10.6

Date of Collection:  5/8/08
Date of Analysis:  5/12/08 10:23 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

5.3 Not Detected 29 Not Detected1,1,2-Trichloroethane
5.3 Not Detected 36 Not DetectedTetrachloroethene
21 Not Detected 87 Not Detected2-Hexanone
5.3 Not Detected 45 Not DetectedDibromochloromethane
5.3 Not Detected 41 Not Detected1,2-Dibromoethane (EDB)
5.3 Not Detected 24 Not DetectedChlorobenzene
5.3 Not Detected 23 Not DetectedEthyl Benzene
5.3 2.1 J 23 9.1 Jm,p-Xylene
5.3 1.0 J 23 4.6 Jo-Xylene
5.3 0.88 J 22 3.7 JStyrene
5.3 Not Detected 55 Not DetectedBromoform
5.3 Not Detected 26 Not DetectedCumene
5.3 Not Detected 36 Not Detected1,1,2,2-Tetrachloroethane
5.3 Not Detected 26 Not DetectedPropylbenzene
5.3 Not Detected 26 Not Detected4-Ethyltoluene
5.3 Not Detected 26 Not Detected1,3,5-Trimethylbenzene
5.3 Not Detected 26 Not Detected1,2,4-Trimethylbenzene
5.3 Not Detected 32 Not Detected1,3-Dichlorobenzene
5.3 Not Detected 32 Not Detected1,4-Dichlorobenzene
5.3 Not Detected 27 Not Detectedalpha-Chlorotoluene
5.3 Not Detected 32 Not Detected1,2-Dichlorobenzene
21 Not Detected 160 Not Detected1,2,4-Trichlorobenzene
21 Not Detected 230 Not DetectedHexachlorobutadiene

J = Estimated value.
B = Compound present in laboratory blank greater than reporting limit, background subtraction not performed.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

98 70-130Toluene-d8
96 70-1301,2-Dichloroethane-d4
83 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1041SG003 (050808)
Lab ID#: 0805199-03A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051212File Name:
Dil. Factor: 6.90

Date of Collection:  5/8/08
Date of Analysis:  5/12/08 06:21 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

3.4 Not Detected 17 Not DetectedFreon 12
3.4 Not Detected 24 Not DetectedFreon 114
14 Not Detected 28 Not DetectedChloromethane
3.4 Not Detected 8.8 Not DetectedVinyl Chloride
3.4 11 7.6 241,3-Butadiene
3.4 Not Detected 13 Not DetectedBromomethane
3.4 Not Detected 9.1 Not DetectedChloroethane
3.4 Not Detected 19 Not DetectedFreon 11
14 4.4 J 26 8.4 JEthanol
3.4 Not Detected 26 Not DetectedFreon 113
3.4 13 14 521,1-Dichloroethene
14 41 33 97Acetone
14 Not Detected 34 Not Detected2-Propanol
3.4 3.0 J 11 9.4 JCarbon Disulfide
14 Not Detected 43 Not Detected3-Chloropropene
3.4 1.2 J 12 4.2 JMethylene Chloride
3.4 Not Detected 12 Not DetectedMethyl tert-butyl ether
3.4 Not Detected 14 Not Detectedtrans-1,2-Dichloroethene
3.4 16 12 57Hexane
3.4 3.4 14 141,1-Dichloroethane
3.4 3.8 10 112-Butanone (Methyl Ethyl Ketone)
3.4 Not Detected 14 Not Detectedcis-1,2-Dichloroethene
3.4 2.4 J B 10 7.1 J BTetrahydrofuran
3.4 1.4 J 17 6.7 JChloroform
3.4 88 19 4801,1,1-Trichloroethane
3.4 3.4 12 12Cyclohexane
3.4 Not Detected 22 Not DetectedCarbon Tetrachloride
3.4 Not Detected 16 Not Detected2,2,4-Trimethylpentane
3.4 2.7 J 11 8.6 JBenzene
3.4 Not Detected 14 Not Detected1,2-Dichloroethane
3.4 12 14 48Heptane
3.4 610 18 3300Trichloroethene
3.4 Not Detected 16 Not Detected1,2-Dichloropropane
14 Not Detected 50 Not Detected1,4-Dioxane
3.4 Not Detected 23 Not DetectedBromodichloromethane
3.4 Not Detected 16 Not Detectedcis-1,3-Dichloropropene
3.4 Not Detected 14 Not Detected4-Methyl-2-pentanone
3.4 2.0 J 13 7.4 JToluene
3.4 Not Detected 16 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1041SG003 (050808)
Lab ID#: 0805199-03A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051212File Name:
Dil. Factor: 6.90

Date of Collection:  5/8/08
Date of Analysis:  5/12/08 06:21 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

3.4 Not Detected 19 Not Detected1,1,2-Trichloroethane
3.4 80 23 540Tetrachloroethene
14 Not Detected 56 Not Detected2-Hexanone
3.4 Not Detected 29 Not DetectedDibromochloromethane
3.4 Not Detected 26 Not Detected1,2-Dibromoethane (EDB)
3.4 Not Detected 16 Not DetectedChlorobenzene
3.4 Not Detected 15 Not DetectedEthyl Benzene
3.4 0.44 J 15 1.9 Jm,p-Xylene
3.4 0.79 J 15 3.4 Jo-Xylene
3.4 Not Detected 15 Not DetectedStyrene
3.4 Not Detected 36 Not DetectedBromoform
3.4 Not Detected 17 Not DetectedCumene
3.4 Not Detected 24 Not Detected1,1,2,2-Tetrachloroethane
3.4 Not Detected 17 Not DetectedPropylbenzene
3.4 Not Detected 17 Not Detected4-Ethyltoluene
3.4 Not Detected 17 Not Detected1,3,5-Trimethylbenzene
3.4 Not Detected 17 Not Detected1,2,4-Trimethylbenzene
3.4 Not Detected 21 Not Detected1,3-Dichlorobenzene
3.4 Not Detected 21 Not Detected1,4-Dichlorobenzene
3.4 Not Detected 18 Not Detectedalpha-Chlorotoluene
3.4 Not Detected 21 Not Detected1,2-Dichlorobenzene
14 Not Detected 100 Not Detected1,2,4-Trichlorobenzene
14 Not Detected 150 Not DetectedHexachlorobutadiene

J = Estimated value.
B = Compound present in laboratory blank greater than reporting limit, background subtraction not performed.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

95 70-130Toluene-d8
93 70-1301,2-Dichloroethane-d4
85 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1041SG001 (050808)
Lab ID#: 0805199-04A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051211File Name:
Dil. Factor: 2.53

Date of Collection:  5/8/08
Date of Analysis:  5/12/08 05:37 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 0.49 J 6.2 2.4 JFreon 12
1.3 Not Detected 8.8 Not DetectedFreon 114
5.1 Not Detected 10 Not DetectedChloromethane
1.3 Not Detected 3.2 Not DetectedVinyl Chloride
1.3 13 2.8 291,3-Butadiene
1.3 1.0 J 4.9 3.9 JBromomethane
1.3 Not Detected 3.3 Not DetectedChloroethane
1.3 Not Detected 7.1 Not DetectedFreon 11
5.1 12 9.5 23Ethanol
1.3 Not Detected 9.7 Not DetectedFreon 113
1.3 Not Detected 5.0 Not Detected1,1-Dichloroethene
5.1 81 12 190Acetone
5.1 Not Detected 12 Not Detected2-Propanol
1.3 6.5 3.9 20Carbon Disulfide
5.1 Not Detected 16 Not Detected3-Chloropropene
1.3 Not Detected 4.4 Not DetectedMethylene Chloride
1.3 Not Detected 4.6 Not DetectedMethyl tert-butyl ether
1.3 Not Detected 5.0 Not Detectedtrans-1,2-Dichloroethene
1.3 3.6 4.4 13Hexane
1.3 Not Detected 5.1 Not Detected1,1-Dichloroethane
1.3 6.7 3.7 202-Butanone (Methyl Ethyl Ketone)
1.3 Not Detected 5.0 Not Detectedcis-1,2-Dichloroethene
1.3 0.91 J B 3.7 2.7 J BTetrahydrofuran
1.3 2.1 6.2 10Chloroform
1.3 0.64 J 6.9 3.5 J1,1,1-Trichloroethane
1.3 0.44 J 4.4 1.5 JCyclohexane
1.3 Not Detected 8.0 Not DetectedCarbon Tetrachloride
1.3 Not Detected 5.9 Not Detected2,2,4-Trimethylpentane
1.3 4.8 4.0 15Benzene
1.3 Not Detected 5.1 Not Detected1,2-Dichloroethane
1.3 2.4 5.2 9.7Heptane
1.3 1.0 J 6.8 5.4 JTrichloroethene
1.3 Not Detected 5.8 Not Detected1,2-Dichloropropane
5.1 Not Detected 18 Not Detected1,4-Dioxane
1.3 Not Detected 8.5 Not DetectedBromodichloromethane
1.3 Not Detected 5.7 Not Detectedcis-1,3-Dichloropropene
1.3 0.31 J 5.2 1.3 J4-Methyl-2-pentanone
1.3 3.5 4.8 13Toluene
1.3 Not Detected 5.7 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1041SG001 (050808)
Lab ID#: 0805199-04A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051211File Name:
Dil. Factor: 2.53

Date of Collection:  5/8/08
Date of Analysis:  5/12/08 05:37 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 Not Detected 6.9 Not Detected1,1,2-Trichloroethane
1.3 Not Detected 8.6 Not DetectedTetrachloroethene
5.1 Not Detected 21 Not Detected2-Hexanone
1.3 Not Detected 11 Not DetectedDibromochloromethane
1.3 Not Detected 9.7 Not Detected1,2-Dibromoethane (EDB)
1.3 Not Detected 5.8 Not DetectedChlorobenzene
1.3 0.50 J 5.5 2.2 JEthyl Benzene
1.3 0.54 J 5.5 2.4 Jm,p-Xylene
1.3 0.35 J 5.5 1.5 Jo-Xylene
1.3 0.47 J 5.4 2.0 JStyrene
1.3 Not Detected 13 Not DetectedBromoform
1.3 Not Detected 6.2 Not DetectedCumene
1.3 Not Detected 8.7 Not Detected1,1,2,2-Tetrachloroethane
1.3 Not Detected 6.2 Not DetectedPropylbenzene
1.3 Not Detected 6.2 Not Detected4-Ethyltoluene
1.3 Not Detected 6.2 Not Detected1,3,5-Trimethylbenzene
1.3 Not Detected 6.2 Not Detected1,2,4-Trimethylbenzene
1.3 Not Detected 7.6 Not Detected1,3-Dichlorobenzene
1.3 Not Detected 7.6 Not Detected1,4-Dichlorobenzene
1.3 Not Detected 6.5 Not Detectedalpha-Chlorotoluene
1.3 Not Detected 7.6 Not Detected1,2-Dichlorobenzene
5.1 Not Detected 38 Not Detected1,2,4-Trichlorobenzene
5.1 Not Detected 54 Not DetectedHexachlorobutadiene

J = Estimated value.
B = Compound present in laboratory blank greater than reporting limit, background subtraction not performed.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

94 70-130Toluene-d8
92 70-1301,2-Dichloroethane-d4
86 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1041SG004 (050808)
Lab ID#: 0805199-05A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051210File Name:
Dil. Factor: 2.76

Date of Collection:  5/8/08
Date of Analysis:  5/12/08 04:57 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.4 Not Detected 6.8 Not DetectedFreon 12
1.4 Not Detected 9.6 Not DetectedFreon 114
5.5 1.1 J 11 2.2 JChloromethane
1.4 Not Detected 3.5 Not DetectedVinyl Chloride
1.4 17 3.0 371,3-Butadiene
1.4 Not Detected 5.4 Not DetectedBromomethane
1.4 Not Detected 3.6 Not DetectedChloroethane
1.4 Not Detected 7.8 Not DetectedFreon 11
5.5 5.7 10 11Ethanol
1.4 Not Detected 10 Not DetectedFreon 113
1.4 Not Detected 5.5 Not Detected1,1-Dichloroethene
5.5 43 13 100Acetone
5.5 Not Detected 14 Not Detected2-Propanol
1.4 8.1 4.3 25Carbon Disulfide
5.5 Not Detected 17 Not Detected3-Chloropropene
1.4 Not Detected 4.8 Not DetectedMethylene Chloride
1.4 Not Detected 5.0 Not DetectedMethyl tert-butyl ether
1.4 Not Detected 5.5 Not Detectedtrans-1,2-Dichloroethene
1.4 6.2 4.9 22Hexane
1.4 Not Detected 5.6 Not Detected1,1-Dichloroethane
1.4 7.1 4.1 212-Butanone (Methyl Ethyl Ketone)
1.4 Not Detected 5.5 Not Detectedcis-1,2-Dichloroethene
1.4 0.99 J B 4.1 2.9 J BTetrahydrofuran
1.4 0.56 J 6.7 2.7 JChloroform
1.4 Not Detected 7.5 Not Detected1,1,1-Trichloroethane
1.4 0.86 J 4.8 3.0 JCyclohexane
1.4 Not Detected 8.7 Not DetectedCarbon Tetrachloride
1.4 Not Detected 6.4 Not Detected2,2,4-Trimethylpentane
1.4 6.6 4.4 21Benzene
1.4 Not Detected 5.6 Not Detected1,2-Dichloroethane
1.4 3.7 5.6 15Heptane
1.4 Not Detected 7.4 Not DetectedTrichloroethene
1.4 Not Detected 6.4 Not Detected1,2-Dichloropropane
5.5 Not Detected 20 Not Detected1,4-Dioxane
1.4 Not Detected 9.2 Not DetectedBromodichloromethane
1.4 Not Detected 6.3 Not Detectedcis-1,3-Dichloropropene
1.4 Not Detected 5.6 Not Detected4-Methyl-2-pentanone
1.4 5.2 5.2 19Toluene
1.4 Not Detected 6.3 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1041SG004 (050808)
Lab ID#: 0805199-05A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051210File Name:
Dil. Factor: 2.76

Date of Collection:  5/8/08
Date of Analysis:  5/12/08 04:57 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.4 Not Detected 7.5 Not Detected1,1,2-Trichloroethane
1.4 Not Detected 9.4 Not DetectedTetrachloroethene
5.5 0.52 J 23 2.1 J2-Hexanone
1.4 Not Detected 12 Not DetectedDibromochloromethane
1.4 Not Detected 11 Not Detected1,2-Dibromoethane (EDB)
1.4 Not Detected 6.4 Not DetectedChlorobenzene
1.4 0.84 J 6.0 3.7 JEthyl Benzene
1.4 1.1 J 6.0 4.6 Jm,p-Xylene
1.4 0.55 J 6.0 2.4 Jo-Xylene
1.4 0.57 J 5.9 2.4 JStyrene
1.4 Not Detected 14 Not DetectedBromoform
1.4 Not Detected 6.8 Not DetectedCumene
1.4 Not Detected 9.5 Not Detected1,1,2,2-Tetrachloroethane
1.4 Not Detected 6.8 Not DetectedPropylbenzene
1.4 0.32 J 6.8 1.6 J4-Ethyltoluene
1.4 Not Detected 6.8 Not Detected1,3,5-Trimethylbenzene
1.4 Not Detected 6.8 Not Detected1,2,4-Trimethylbenzene
1.4 Not Detected 8.3 Not Detected1,3-Dichlorobenzene
1.4 Not Detected 8.3 Not Detected1,4-Dichlorobenzene
1.4 Not Detected 7.1 Not Detectedalpha-Chlorotoluene
1.4 Not Detected 8.3 Not Detected1,2-Dichlorobenzene
5.5 Not Detected 41 Not Detected1,2,4-Trichlorobenzene
5.5 Not Detected 59 Not DetectedHexachlorobutadiene

J = Estimated value.
B = Compound present in laboratory blank greater than reporting limit, background subtraction not performed.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

95 70-130Toluene-d8
98 70-1301,2-Dichloroethane-d4
84 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SG001 (050808)
Lab ID#: 0805199-06A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051214File Name:
Dil. Factor: 2.64

Date of Collection:  5/8/08
Date of Analysis:  5/12/08 07:45 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 Not Detected 6.5 Not DetectedFreon 12
1.3 Not Detected 9.2 Not DetectedFreon 114
5.3 1.2 J 11 2.6 JChloromethane
1.3 Not Detected 3.4 Not DetectedVinyl Chloride
1.3 2.2 2.9 4.81,3-Butadiene
1.3 Not Detected 5.1 Not DetectedBromomethane
1.3 Not Detected 3.5 Not DetectedChloroethane
1.3 0.39 J 7.4 2.2 JFreon 11
5.3 19 9.9 36Ethanol
1.3 Not Detected 10 Not DetectedFreon 113
1.3 Not Detected 5.2 Not Detected1,1-Dichloroethene
5.3 260 12 620Acetone
5.3 2.4 J 13 5.9 J2-Propanol
1.3 0.84 J 4.1 2.6 JCarbon Disulfide
5.3 Not Detected 16 Not Detected3-Chloropropene
1.3 Not Detected 4.6 Not DetectedMethylene Chloride
1.3 Not Detected 4.8 Not DetectedMethyl tert-butyl ether
1.3 Not Detected 5.2 Not Detectedtrans-1,2-Dichloroethene
1.3 2.6 4.6 9.0Hexane
1.3 Not Detected 5.3 Not Detected1,1-Dichloroethane
1.3 31 3.9 922-Butanone (Methyl Ethyl Ketone)
1.3 Not Detected 5.2 Not Detectedcis-1,2-Dichloroethene
1.3 1.2 J B 3.9 3.6 J BTetrahydrofuran
1.3 0.47 J 6.4 2.3 JChloroform
1.3 Not Detected 7.2 Not Detected1,1,1-Trichloroethane
1.3 1.8 4.5 6.0Cyclohexane
1.3 Not Detected 8.3 Not DetectedCarbon Tetrachloride
1.3 Not Detected 6.2 Not Detected2,2,4-Trimethylpentane
1.3 1.3 4.2 4.3Benzene
1.3 Not Detected 5.3 Not Detected1,2-Dichloroethane
1.3 3.6 5.4 14Heptane
1.3 0.55 J 7.1 3.0 JTrichloroethene
1.3 Not Detected 6.1 Not Detected1,2-Dichloropropane
5.3 Not Detected 19 Not Detected1,4-Dioxane
1.3 Not Detected 8.8 Not DetectedBromodichloromethane
1.3 Not Detected 6.0 Not Detectedcis-1,3-Dichloropropene
1.3 1.8 5.4 7.54-Methyl-2-pentanone
1.3 1.0 J 5.0 3.9 JToluene
1.3 Not Detected 6.0 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SG001 (050808)
Lab ID#: 0805199-06A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051214File Name:
Dil. Factor: 2.64

Date of Collection:  5/8/08
Date of Analysis:  5/12/08 07:45 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 Not Detected 7.2 Not Detected1,1,2-Trichloroethane
1.3 Not Detected 9.0 Not DetectedTetrachloroethene
5.3 3.6 J 22 15 J2-Hexanone
1.3 Not Detected 11 Not DetectedDibromochloromethane
1.3 Not Detected 10 Not Detected1,2-Dibromoethane (EDB)
1.3 Not Detected 6.1 Not DetectedChlorobenzene
1.3 0.54 J 5.7 2.4 JEthyl Benzene
1.3 1.9 5.7 8.2m,p-Xylene
1.3 0.60 J 5.7 2.6 Jo-Xylene
1.3 0.30 J 5.6 1.3 JStyrene
1.3 Not Detected 14 Not DetectedBromoform
1.3 Not Detected 6.5 Not DetectedCumene
1.3 Not Detected 9.1 Not Detected1,1,2,2-Tetrachloroethane
1.3 Not Detected 6.5 Not DetectedPropylbenzene
1.3 2.3 6.5 114-Ethyltoluene
1.3 2.8 6.5 141,3,5-Trimethylbenzene
1.3 3.4 6.5 171,2,4-Trimethylbenzene
1.3 Not Detected 7.9 Not Detected1,3-Dichlorobenzene
1.3 Not Detected 7.9 Not Detected1,4-Dichlorobenzene
1.3 Not Detected 6.8 Not Detectedalpha-Chlorotoluene
1.3 Not Detected 7.9 Not Detected1,2-Dichlorobenzene
5.3 Not Detected 39 Not Detected1,2,4-Trichlorobenzene
5.3 Not Detected 56 Not DetectedHexachlorobutadiene

J = Estimated value.
B = Compound present in laboratory blank greater than reporting limit, background subtraction not performed.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

94 70-130Toluene-d8
94 70-1301,2-Dichloroethane-d4
86 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SG006 (050808)
Lab ID#: 0805199-07A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051213File Name:
Dil. Factor: 2.58

Date of Collection:  5/8/08
Date of Analysis:  5/12/08 07:07 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 Not Detected 6.4 Not DetectedFreon 12
1.3 Not Detected 9.0 Not DetectedFreon 114
5.2 3.0 J 11 6.3 JChloromethane
1.3 Not Detected 3.3 Not DetectedVinyl Chloride
1.3 7.9 2.8 171,3-Butadiene
1.3 1.5 5.0 5.7Bromomethane
1.3 Not Detected 3.4 Not DetectedChloroethane
1.3 0.59 J 7.2 3.3 JFreon 11
5.2 7.7 9.7 14Ethanol
1.3 Not Detected 9.9 Not DetectedFreon 113
1.3 Not Detected 5.1 Not Detected1,1-Dichloroethene
5.2 120 12 280Acetone
5.2 1.4 J 13 3.3 J2-Propanol
1.3 5.1 4.0 16Carbon Disulfide
5.2 Not Detected 16 Not Detected3-Chloropropene
1.3 0.39 J 4.5 1.4 JMethylene Chloride
1.3 Not Detected 4.6 Not DetectedMethyl tert-butyl ether
1.3 Not Detected 5.1 Not Detectedtrans-1,2-Dichloroethene
1.3 9.6 4.5 34Hexane
1.3 Not Detected 5.2 Not Detected1,1-Dichloroethane
1.3 9.5 3.8 282-Butanone (Methyl Ethyl Ketone)
1.3 Not Detected 5.1 Not Detectedcis-1,2-Dichloroethene
1.3 1.1 J B 3.8 3.2 J BTetrahydrofuran
1.3 Not Detected 6.3 Not DetectedChloroform
1.3 Not Detected 7.0 Not Detected1,1,1-Trichloroethane
1.3 0.88 J 4.4 3.0 JCyclohexane
1.3 Not Detected 8.1 Not DetectedCarbon Tetrachloride
1.3 Not Detected 6.0 Not Detected2,2,4-Trimethylpentane
1.3 5.6 4.1 18Benzene
1.3 Not Detected 5.2 Not Detected1,2-Dichloroethane
1.3 6.4 5.3 26Heptane
1.3 4.2 6.9 22Trichloroethene
1.3 Not Detected 6.0 Not Detected1,2-Dichloropropane
5.2 Not Detected 18 Not Detected1,4-Dioxane
1.3 Not Detected 8.6 Not DetectedBromodichloromethane
1.3 Not Detected 5.8 Not Detectedcis-1,3-Dichloropropene
1.3 0.43 J 5.3 1.8 J4-Methyl-2-pentanone
1.3 2.9 4.9 11Toluene
1.3 Not Detected 5.8 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SG006 (050808)
Lab ID#: 0805199-07A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051213File Name:
Dil. Factor: 2.58

Date of Collection:  5/8/08
Date of Analysis:  5/12/08 07:07 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 Not Detected 7.0 Not Detected1,1,2-Trichloroethane
1.3 Not Detected 8.8 Not DetectedTetrachloroethene
5.2 0.65 J 21 2.7 J2-Hexanone
1.3 Not Detected 11 Not DetectedDibromochloromethane
1.3 Not Detected 9.9 Not Detected1,2-Dibromoethane (EDB)
1.3 Not Detected 5.9 Not DetectedChlorobenzene
1.3 0.67 J 5.6 2.9 JEthyl Benzene
1.3 1.8 5.6 8.0m,p-Xylene
1.3 0.65 J 5.6 2.8 Jo-Xylene
1.3 0.73 J 5.5 3.1 JStyrene
1.3 Not Detected 13 Not DetectedBromoform
1.3 Not Detected 6.3 Not DetectedCumene
1.3 Not Detected 8.8 Not Detected1,1,2,2-Tetrachloroethane
1.3 0.35 J 6.3 1.7 JPropylbenzene
1.3 0.37 J 6.3 1.8 J4-Ethyltoluene
1.3 Not Detected 6.3 Not Detected1,3,5-Trimethylbenzene
1.3 0.42 J 6.3 2.1 J1,2,4-Trimethylbenzene
1.3 Not Detected 7.8 Not Detected1,3-Dichlorobenzene
1.3 Not Detected 7.8 Not Detected1,4-Dichlorobenzene
1.3 Not Detected 6.7 Not Detectedalpha-Chlorotoluene
1.3 Not Detected 7.8 Not Detected1,2-Dichlorobenzene
5.2 Not Detected 38 Not Detected1,2,4-Trichlorobenzene
5.2 Not Detected 55 Not DetectedHexachlorobutadiene

J = Estimated value.
B = Compound present in laboratory blank greater than reporting limit, background subtraction not performed.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

94 70-130Toluene-d8
100 70-1301,2-Dichloroethane-d4
86 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SG006 (050808) Lab Duplicate
Lab ID#: 0805199-07AA

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051215File Name:
Dil. Factor: 2.58

Date of Collection:  5/8/08
Date of Analysis:  5/12/08 08:37 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 Not Detected 6.4 Not DetectedFreon 12
1.3 Not Detected 9.0 Not DetectedFreon 114
5.2 2.1 J 11 4.4 JChloromethane
1.3 Not Detected 3.3 Not DetectedVinyl Chloride
1.3 6.7 2.8 151,3-Butadiene
1.3 1.4 5.0 5.5Bromomethane
1.3 Not Detected 3.4 Not DetectedChloroethane
1.3 Not Detected 7.2 Not DetectedFreon 11
5.2 5.6 9.7 10Ethanol
1.3 Not Detected 9.9 Not DetectedFreon 113
1.3 Not Detected 5.1 Not Detected1,1-Dichloroethene
5.2 100 12 240Acetone
5.2 1.3 J 13 3.2 J2-Propanol
1.3 4.3 4.0 13Carbon Disulfide
5.2 Not Detected 16 Not Detected3-Chloropropene
1.3 Not Detected 4.5 Not DetectedMethylene Chloride
1.3 Not Detected 4.6 Not DetectedMethyl tert-butyl ether
1.3 Not Detected 5.1 Not Detectedtrans-1,2-Dichloroethene
1.3 8.4 4.5 30Hexane
1.3 Not Detected 5.2 Not Detected1,1-Dichloroethane
1.3 8.6 3.8 252-Butanone (Methyl Ethyl Ketone)
1.3 Not Detected 5.1 Not Detectedcis-1,2-Dichloroethene
1.3 1.1 J B 3.8 3.2 J BTetrahydrofuran
1.3 Not Detected 6.3 Not DetectedChloroform
1.3 Not Detected 7.0 Not Detected1,1,1-Trichloroethane
1.3 1.1 J 4.4 3.7 JCyclohexane
1.3 Not Detected 8.1 Not DetectedCarbon Tetrachloride
1.3 Not Detected 6.0 Not Detected2,2,4-Trimethylpentane
1.3 5.3 4.1 17Benzene
1.3 Not Detected 5.2 Not Detected1,2-Dichloroethane
1.3 6.4 5.3 26Heptane
1.3 3.6 6.9 19Trichloroethene
1.3 Not Detected 6.0 Not Detected1,2-Dichloropropane
5.2 Not Detected 18 Not Detected1,4-Dioxane
1.3 Not Detected 8.6 Not DetectedBromodichloromethane
1.3 Not Detected 5.8 Not Detectedcis-1,3-Dichloropropene
1.3 Not Detected 5.3 Not Detected4-Methyl-2-pentanone
1.3 3.0 4.9 11Toluene
1.3 Not Detected 5.8 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: 1034SG006 (050808) Lab Duplicate
Lab ID#: 0805199-07AA

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051215File Name:
Dil. Factor: 2.58

Date of Collection:  5/8/08
Date of Analysis:  5/12/08 08:37 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

1.3 Not Detected 7.0 Not Detected1,1,2-Trichloroethane
1.3 Not Detected 8.8 Not DetectedTetrachloroethene
5.2 0.74 J 21 3.0 J2-Hexanone
1.3 Not Detected 11 Not DetectedDibromochloromethane
1.3 Not Detected 9.9 Not Detected1,2-Dibromoethane (EDB)
1.3 Not Detected 5.9 Not DetectedChlorobenzene
1.3 0.72 J 5.6 3.1 JEthyl Benzene
1.3 1.9 5.6 8.4m,p-Xylene
1.3 0.61 J 5.6 2.6 Jo-Xylene
1.3 0.69 J 5.5 3.0 JStyrene
1.3 Not Detected 13 Not DetectedBromoform
1.3 Not Detected 6.3 Not DetectedCumene
1.3 Not Detected 8.8 Not Detected1,1,2,2-Tetrachloroethane
1.3 0.20 J 6.3 0.99 JPropylbenzene
1.3 0.40 J 6.3 2.0 J4-Ethyltoluene
1.3 0.26 J 6.3 1.3 J1,3,5-Trimethylbenzene
1.3 0.49 J 6.3 2.4 J1,2,4-Trimethylbenzene
1.3 Not Detected 7.8 Not Detected1,3-Dichlorobenzene
1.3 Not Detected 7.8 Not Detected1,4-Dichlorobenzene
1.3 Not Detected 6.7 Not Detectedalpha-Chlorotoluene
1.3 Not Detected 7.8 Not Detected1,2-Dichlorobenzene
5.2 Not Detected 38 Not Detected1,2,4-Trichlorobenzene
5.2 Not Detected 55 Not DetectedHexachlorobutadiene

J = Estimated value.
B = Compound present in laboratory blank greater than reporting limit, background subtraction not performed.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

92 70-130Toluene-d8
90 70-1301,2-Dichloroethane-d4
86 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: Lab Blank
Lab ID#: 0805199-08A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051206aFile Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/12/08 01:41 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

0.50 Not Detected 2.5 Not DetectedFreon 12
0.50 Not Detected 3.5 Not DetectedFreon 114
2.0 Not Detected 4.1 Not DetectedChloromethane

0.50 Not Detected 1.3 Not DetectedVinyl Chloride
0.50 Not Detected 1.1 Not Detected1,3-Butadiene
0.50 Not Detected 1.9 Not DetectedBromomethane
0.50 Not Detected 1.3 Not DetectedChloroethane
0.50 Not Detected 2.8 Not DetectedFreon 11
2.0 Not Detected 3.8 Not DetectedEthanol

0.50 Not Detected 3.8 Not DetectedFreon 113
0.50 Not Detected 2.0 Not Detected1,1-Dichloroethene
2.0 0.74 J 4.8 1.7 JAcetone
2.0 Not Detected 4.9 Not Detected2-Propanol

0.50 Not Detected 1.6 Not DetectedCarbon Disulfide
2.0 Not Detected 6.3 Not Detected3-Chloropropene

0.50 0.15 J 1.7 0.51 JMethylene Chloride
0.50 Not Detected 1.8 Not DetectedMethyl tert-butyl ether
0.50 Not Detected 2.0 Not Detectedtrans-1,2-Dichloroethene
0.50 Not Detected 1.8 Not DetectedHexane
0.50 Not Detected 2.0 Not Detected1,1-Dichloroethane
0.50 Not Detected 1.5 Not Detected2-Butanone (Methyl Ethyl Ketone)
0.50 Not Detected 2.0 Not Detectedcis-1,2-Dichloroethene
0.50 0.60 1.5 1.8Tetrahydrofuran
0.50 Not Detected 2.4 Not DetectedChloroform
0.50 Not Detected 2.7 Not Detected1,1,1-Trichloroethane
0.50 Not Detected 1.7 Not DetectedCyclohexane
0.50 Not Detected 3.1 Not DetectedCarbon Tetrachloride
0.50 Not Detected 2.3 Not Detected2,2,4-Trimethylpentane
0.50 Not Detected 1.6 Not DetectedBenzene
0.50 Not Detected 2.0 Not Detected1,2-Dichloroethane
0.50 Not Detected 2.0 Not DetectedHeptane
0.50 Not Detected 2.7 Not DetectedTrichloroethene
0.50 Not Detected 2.3 Not Detected1,2-Dichloropropane
2.0 Not Detected 7.2 Not Detected1,4-Dioxane

0.50 Not Detected 3.4 Not DetectedBromodichloromethane
0.50 Not Detected 2.3 Not Detectedcis-1,3-Dichloropropene
0.50 Not Detected 2.0 Not Detected4-Methyl-2-pentanone
0.50 Not Detected 1.9 Not DetectedToluene
0.50 Not Detected 2.3 Not Detectedtrans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: Lab Blank
Lab ID#: 0805199-08A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051206aFile Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/12/08 01:41 PM

(uG/m3)(uG/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

0.50 Not Detected 2.7 Not Detected1,1,2-Trichloroethane
0.50 Not Detected 3.4 Not DetectedTetrachloroethene
2.0 Not Detected 8.2 Not Detected2-Hexanone

0.50 Not Detected 4.2 Not DetectedDibromochloromethane
0.50 Not Detected 3.8 Not Detected1,2-Dibromoethane (EDB)
0.50 Not Detected 2.3 Not DetectedChlorobenzene
0.50 Not Detected 2.2 Not DetectedEthyl Benzene
0.50 Not Detected 2.2 Not Detectedm,p-Xylene
0.50 Not Detected 2.2 Not Detectedo-Xylene
0.50 Not Detected 2.1 Not DetectedStyrene
0.50 Not Detected 5.2 Not DetectedBromoform
0.50 Not Detected 2.4 Not DetectedCumene
0.50 Not Detected 3.4 Not Detected1,1,2,2-Tetrachloroethane
0.50 Not Detected 2.4 Not DetectedPropylbenzene
0.50 Not Detected 2.4 Not Detected4-Ethyltoluene
0.50 Not Detected 2.4 Not Detected1,3,5-Trimethylbenzene
0.50 Not Detected 2.4 Not Detected1,2,4-Trimethylbenzene
0.50 Not Detected 3.0 Not Detected1,3-Dichlorobenzene
0.50 Not Detected 3.0 Not Detected1,4-Dichlorobenzene
0.50 Not Detected 2.6 Not Detectedalpha-Chlorotoluene
0.50 Not Detected 3.0 Not Detected1,2-Dichlorobenzene
2.0 Not Detected 15 Not Detected1,2,4-Trichlorobenzene
2.0 Not Detected 21 Not DetectedHexachlorobutadiene

J = Estimated value.
Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

92 70-130Toluene-d8
96 70-1301,2-Dichloroethane-d4
84 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: CCV
Lab ID#: 0805199-09A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051203File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/12/08 10:41 AM

%RecoveryCompound

90Freon 12
85Freon 114
87Chloromethane
88Vinyl Chloride
771,3-Butadiene

126Bromomethane
99Chloroethane
88Freon 11

106Ethanol
100Freon 113
901,1-Dichloroethene
99Acetone
962-Propanol

114Carbon Disulfide
1143-Chloropropene
86Methylene Chloride
78Methyl tert-butyl ether

106trans-1,2-Dichloroethene
98Hexane

1091,1-Dichloroethane
1072-Butanone (Methyl Ethyl Ketone)
99cis-1,2-Dichloroethene
81Tetrahydrofuran
97Chloroform
931,1,1-Trichloroethane

100Cyclohexane
85Carbon Tetrachloride

1022,2,4-Trimethylpentane
101Benzene
871,2-Dichloroethane

106Heptane
96Trichloroethene

1011,2-Dichloropropane
1011,4-Dioxane
92Bromodichloromethane
96cis-1,3-Dichloropropene
924-Methyl-2-pentanone
92Toluene

106trans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: CCV
Lab ID#: 0805199-09A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051203File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/12/08 10:41 AM

%RecoveryCompound

1011,1,2-Trichloroethane
90Tetrachloroethene

1102-Hexanone
90Dibromochloromethane
971,2-Dibromoethane (EDB)
92Chlorobenzene
99Ethyl Benzene
92m,p-Xylene
90o-Xylene
93Styrene
86Bromoform
88Cumene
971,1,2,2-Tetrachloroethane
94Propylbenzene
894-Ethyltoluene
891,3,5-Trimethylbenzene
831,2,4-Trimethylbenzene
831,3-Dichlorobenzene
831,4-Dichlorobenzene
90alpha-Chlorotoluene
791,2-Dichlorobenzene
791,2,4-Trichlorobenzene
77Hexachlorobutadiene

Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

93 70-130Toluene-d8
93 70-1301,2-Dichloroethane-d4
87 70-1304-Bromofluorobenzene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: LCS
Lab ID#: 0805199-10A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051204File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/12/08 11:24 AM

%RecoveryCompound

90Freon 12
82Freon 114
87Chloromethane
87Vinyl Chloride
741,3-Butadiene

123Bromomethane
102Chloroethane
88Freon 11

107Ethanol
114Freon 113
1021,1-Dichloroethene
104Acetone
1022-Propanol
117Carbon Disulfide
1313-Chloropropene
98Methylene Chloride
96Methyl tert-butyl ether

111trans-1,2-Dichloroethene
104Hexane
1191,1-Dichloroethane
1122-Butanone (Methyl Ethyl Ketone)
105cis-1,2-Dichloroethene
84Tetrahydrofuran

104Chloroform
1001,1,1-Trichloroethane
104Cyclohexane
91Carbon Tetrachloride

1072,2,4-Trimethylpentane
115Benzene
981,2-Dichloroethane

121Heptane
106Trichloroethene
1141,2-Dichloropropane
1131,4-Dioxane
104Bromodichloromethane
107cis-1,3-Dichloropropene
1044-Methyl-2-pentanone
107Toluene
114trans-1,3-Dichloropropene
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AN ENVIRONMENTAL ANALYTICAL LABORATORY

Client Sample ID: LCS
Lab ID#: 0805199-10A

MODIFIED EPA METHOD TO-15 GC/MS FULL SCAN

1051204File Name:
Dil. Factor: 1.00

Date of Collection: NA 
Date of Analysis:  5/12/08 11:24 AM

%RecoveryCompound

1111,1,2-Trichloroethane
98Tetrachloroethene

1212-Hexanone
99Dibromochloromethane

1011,2-Dibromoethane (EDB)
99Chlorobenzene

105Ethyl Benzene
99m,p-Xylene
97o-Xylene

100Styrene
94Bromoform
98Cumene

1051,1,2,2-Tetrachloroethane
104Propylbenzene
964-Ethyltoluene
951,3,5-Trimethylbenzene
881,2,4-Trimethylbenzene
881,3-Dichlorobenzene
871,4-Dichlorobenzene
97alpha-Chlorotoluene
831,2-Dichlorobenzene
761,2,4-Trichlorobenzene
73Hexachlorobutadiene

Container Type: NA - Not Applicable

Limits%RecoverySurrogates
Method

93 70-130Toluene-d8
88 70-1301,2-Dichloroethane-d4
88 70-1304-Bromofluorobenzene
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Appendix E 

 

Risk Assessment Calculation 
Tables 









Scenario Timeframe:  Current / Future
Receptor Population:  Site Worker
Receptor Age:  Adult

Percent Percent
EPCs PEF Route-Specific Risk Calculated Total Route-Specific Hazard Calculated Total

Constituent (mg/kg) (m³/kg) Oral Dermal Inhalation Risk ELCR Oral Dermal Inhalation Hazard HI

ELCRo ELCRd ELCRi ELCR HQo HQd HQi HI
Semi-Volatile Organic Compounds
Benzo(a)anthracene 2.60E+00 1.36E+09 P 3.3E-07 2.8E-07 1.7E-14 6.2E-07 3% NA NA NA NA –
Benzo(a)pyrene 4.00E+00 1.36E+09 P 5.1E-06 4.4E-06 6.4E-12 9.5E-06 51% NA NA NA NA –
Benzo(b)fluoranthene 1.28E+00 1.36E+09 P 1.6E-07 1.4E-07 8.4E-15 3.0E-07 2% NA NA NA NA –
Dibenzo(a,h)anthracene 2.20E+00 1.36E+09 P 2.8E-06 2.4E-06 1.4E-13 5.2E-06 28% NA NA NA NA –
Indeno(1,2,3-cd)pyrene 2.80E+00 1.36E+09 P 3.6E-07 3.1E-07 1.8E-14 6.6E-07 4% NA NA NA NA –
Polychlorinated Biphenyls
Aroclor 1254 – – – – – – – – – – – –
Explosives
Nitroglycerine – – – – – – – – – – – –
Inorganics
Aluminum 4.03E+04 1.36E+09 P NA NA NA NA – 2.0E-02 1.3E-03 1.4E-03 2.2E-02 15%
Arsenic 7.42E+00 1.36E+09 P 1.9E-06 3.9E-07 1.9E-12 2.3E-06 13% 1.2E-02 2.4E-03 8.3E-05 1.5E-02 10%
Cobalt 1.68E+01 1.36E+09 P NA NA 9.1E-12 9.1E-12 <1% 2.7E-02 1.8E-03 NA 2.9E-02 20%
Iron 6.25E+04 1.36E+09 P NA NA NA NA – 4.4E-02 2.9E-03 NA 4.7E-02 32%
Manganese 8.44E+02 1.36E+09 P NA NA NA NA – 2.9E-03 4.9E-03 2.8E-03 1.1E-02 7%
Vanadium 9.21E+01 1.36E+09 P NA NA NA NA – 6.4E-03 1.6E-02 NA 2.3E-02 16%

2E-05 100% 0.1 100%

– Not applicable. HQ Hazard quotient. PEF Particulate emission factor.
ELCR Excess lifetime cancer risk. mg/kg Milligrams per kilogram.
EPCs Exposure point concentration in soil (mg/kg). NA Not available.
HI Hazard index (sum of the HQs). NC Not evaluated as a carcinogen.

Equations:   (see Table 5-9)
ELCRo = (EPCs × 1 × 50 × 250 × 25 × CSFo) / (1,000,000 × 70 × 25,550) HQo = (EPCs × 1 × 50 × 250 × 25) / (1,000,000 × 70 × 9,125 × RfDo)
ELCRd = (EPCs × 3,300 × 0.10 × ABSd × 250 × 25 × CSFa) / (1,000,000 × 70 × 25,550) HQd = (EPCs × 3,300 × 0.10 × ABSd × 250 × 25) / (1,000,000 × 70 × 9,125 × RfDa)
ELCRi = (EPCs / PEF × 8 × 250 × 25 × URF ) / (25,550 × 24) HQi = (EPCs / PEF × 8 × 250 × 25) / (9,125 × 24 × RfC)

Total  ELCR Total  HI

REASONABLE MAXIMUM EXPOSURE

Table E-1
Risk and Hazard Calculations for Current and Future Hypothetical Site Worker Exposure to Soil 

BUILDING 1034

CANCER RISK NON-CANCER HAZARD

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia
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Table E-2
DATA ENTRY SHEET

Industrial Exposure to Soil Gas
Building 1034

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Soil Soil
Chemical gas gas
CAS No. conc., OR conc.,

(numbers only, Cg Cg

no dashes) (µg/m3) (ppmv) Chemical

95636 1.70E+01 1,2,4-Trimethylbenzene
108678 1.40E+01 1,3,5-Trimethylbenzene
106990 1.80E+01 1,3-Butadiene
71432 1.12E+01 Benzene
75274 5.80E+01 Bromodichloromethane
74839 5.70E+00 Methyl bromide
56235 9.40E+00 Carbon tetrachloride
67663 6.08E+03 Chloroform
124481 2.50E+00 Chlorodibromomethane
127184 4.80E+00 Tetrachloroethylene
79016 1.61E+01 Trichloroethylene
67630 5.90E+00 Isopropanol
622968 1.10E+01 4-Ethyltoluene
142825 1.43E+01 Heptane
591786 1.37E+01 2-Hexanone
64175 2.02E+01 Ethanol
109999 1.20E+01 Tetrahydrofuran

Depth Totals must add up to value of Ls (cell F24) Soil
below grade Soil gas Thickness Thickness stratum A User-defined

to bottom sampling Average Thickness of soil of soil SCS stratum A
of enclosed depth soil of soil stratum B, stratum C, soil type soil vapor
space floor, below grade, temperature, stratum A, (Enter value or 0) (Enter value or 0) (used to estimate OR permeability,

LF Ls TS hA hB hC soil vapor kv

(cm) (cm) (oC) (cm) (cm) (cm) permeability) (cm2)

15 152.4 14 152.4 SIC

Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C
SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled

soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity,
ρb

A nA θw
A ρb

B nB θw
B ρb

C nC θw
C

(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)

SIC 1.38 0.481 0.216

Enclosed Enclosed Enclosed Average vapor
space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

10 40 1000 1000 366 0.1 0.83

Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 25 25 250

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam Soil ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, gas rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack conc. Qbuilding

(sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (µg/m3) (cm3/s)

7.88E+08 137.4 0.265 0.284 1.49E-09 0.844 1.26E-09 4,000 1.70E+01 8.44E+04

Soil Gas Concentration Data

Lookup Soil 
Parameters

Lookup Soil 
Parameters

Lookup Soil 
Parameters
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Table E-3
CHEMICAL PROPERTIES SHEET

Exposure to Soil Gas
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Henry's Henry's Enthalpy of
law constant law constant vaporization at Normal Unit

Diffusivity Diffusivity at reference reference the normal boiling Critical Molecular risk Reference
in air, in water, temperature, temperature, boiling point, point, temperature, weight, factor, conc.,

Da Dw H TR ∆Hv,b TB TC MW URF RfC

CAS Number Constituent (cm2/s) (cm2/s) (atm-m3/mol) (oC) (cal/mol) (oK) (oK) (g/mol) (µg/m3)-1 (mg/m3)

95636 1,2,4-Trimethylbenzene 6.06E-02 7.92E-06 6.14E-03 25 9,369 442.30 649.17 120.20 0.0E+00 6.0E-03
108678 1,3,5-Trimethylbenzene 6.02E-02 8.67E-06 5.87E-03 25 9,321 437.89 637.25 120.20 0.0E+00 6.0E-03
106990 1,3-Butadiene 2.49E-01 1.08E-05 7.34E-02 25 5,370 268.60 425.00 54.09 3.0E-02 2.0E-03
67641 Acetone 1.24E-01 1.14E-05 3.87E-05 25 6,955 329.20 508.10 58.08 0.0E+00 3.5E-01
71432 Benzene 8.80E-02 9.80E-06 5.54E-03 25 7,342 353.24 562.16 78.11 7.8E-06 3.0E-02
75274 Bromodichloromethane 2.98E-02 1.06E-05 1.60E-03 25 7,800 363.15 585.85 163.83 1.8E-05 7.0E-02
74839 Methyl bromide 7.28E-02 1.21E-05 6.22E-03 25 5,714 276.71 467.00 94.94 0.0E+00 5.0E-03
56235 Carbon tetrachloride 7.80E-02 8.80E-06 3.03E-02 25 7,127 349.90 556.60 153.82 1.5E-05 0.0E+00
67663 Chloroform 1.04E-01 1.00E-05 3.66E-03 25 6,988 334.32 536.40 119.38 2.3E-05 0.0E+00
124481 Chlorodibromomethane 1.96E-02 1.05E-05 7.81E-04 25 5,900 416.14 678.20 208.28 2.4E-05 7.0E-02
127184 Tetrachloroethylene 7.20E-02 8.20E-06 1.84E-02 25 8,288 394.40 620.20 165.83 5.9E-06 6.0E-01
79016 Trichloroethylene 7.90E-02 9.10E-06 1.03E-02 25 7,505 360.36 544.20 131.39 1.1E-04 4.0E-02
67630 Isopropanol 1.08E-01 9.91E-06 7.89E-06 25 9,600 355.35 806.15 60.10 0.0E+00 0.0E+00
622968 4-Ethyltoluene 7.28E-02 6.59E-06 4.55E-03 25 8,700 443.15 938.15 120.20 0.0E+00 0.0E+00
142825 Heptane 6.49E-02 7.59E-06 1.70E+00 25 7,700 371.65 830.15 100.00 0.0E+00 0.0E+00
540841 2,2,4-Trimethylpentane 5.74E-02 7.06E-06 6.76E-01 25 7,400 372.35 832.15 114.00 0.0E+00 0.0E+00
591786 2-Hexanone 7.82E-02 7.18E-06 9.30E-05 25 8,688 400.75 587.10 100.16 0.0E+00 0.0E+00
64175 Ethanol 1.32E-01 8.00E-06 4.66E-06 25 9,216 351.44 514.00 46.07 0.0E+00 0.0E+00
109999 Tetrahydrofuran 8.94E-02 1.00E-05 2.42E-04 25 7,125 338.00 540.50 72.11 0.0E+00 0.0E+00
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Table E-4
INTERMEDIATE CALCULATIONS SHEET

ndustrial Exposure to Soil Gas
Building 1034

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Stratum Total Exponent of Infinite
Enthalpy of Henry's law Henry's law Vapor A overall Average Crack equivalent source Infinite

vaporization at constant at constant at viscosity at effective effective Source vapor effective foundation indoor source
ave. soil ave. soil ave. soil ave. soil diffusion diffusion vapor Crack flow rate diffusion Area of Peclet attenuation bldg.

temperature, temperature, temperature, temperature, coefficient, coefficient, conc., radius, into bldg., coefficient, crack, number, coefficient, conc.,
∆Hv,TS HTS H'TS µTS Deff

A Deff
T Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding

CAS Number Constituent (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3)

95636 1,2,4-Trimethylbenzene 11,642 2.89E-03 1.23E-01 1.77E-04 3.15E-03 3.15E-03 1.70E+01 0.10 1.26E+00 3.15E-03 4.00E+02 2.18E+04 1.42E-05 2.41E-04
108678 1,3,5-Trimethylbenzene 11,626 2.77E-03 1.17E-01 1.77E-04 3.13E-03 3.13E-03 1.40E+01 0.10 1.26E+00 3.13E-03 4.00E+02 2.32E+04 1.42E-05 1.98E-04
106990 1,3-Butadiene 5,137 5.27E-02 2.24E+00 1.77E-04 1.29E-02 1.29E-02 1.80E+01 0.10 1.26E+00 1.29E-02 4.00E+02 1.14E+01 1.61E-05 2.90E-04
67641 Acetone 7,510 2.38E-05 1.01E-03 1.77E-04 6.73E-03 6.73E-03 4.20E+02 0.10 1.26E+00 6.73E-03 4.00E+02 1.07E+02 1.47E-05 6.17E-03
71432 Benzene 8,081 3.28E-03 1.39E-01 1.77E-04 4.57E-03 4.57E-03 1.12E+01 0.10 1.26E+00 4.57E-03 4.00E+02 9.72E+02 1.44E-05 1.61E-04
75274 Bromodichloromethane 8,626 9.14E-04 3.88E-02 1.77E-04 1.55E-03 1.55E-03 5.80E+01 0.10 1.26E+00 1.55E-03 4.00E+02 6.09E+08 1.35E-05 7.82E-04
74839 Methyl bromide 5,611 4.33E-03 1.84E-01 1.77E-04 3.78E-03 3.78E-03 5.70E+00 0.10 1.26E+00 3.78E-03 4.00E+02 4.08E+03 1.43E-05 8.14E-05
56235 Carbon tetrachloride 7,818 1.83E-02 7.76E-01 1.77E-04 4.05E-03 4.05E-03 9.40E+00 0.10 1.26E+00 4.05E-03 4.00E+02 2.35E+03 1.43E-05 1.35E-04
67663 Chloroform 7,513 2.25E-03 9.56E-02 1.77E-04 5.40E-03 5.40E-03 6.08E+03 0.10 1.26E+00 5.40E-03 4.00E+02 3.37E+02 1.45E-05 8.82E-02

124481 Chlorodibromomethane 6,755 5.05E-04 2.14E-02 1.77E-04 1.03E-03 1.03E-03 2.50E+00 0.10 1.26E+00 1.03E-03 4.00E+02 1.78E+13 1.29E-05 3.22E-05
127184 Tetrachloroethylene 9,513 9.92E-03 4.21E-01 1.77E-04 3.74E-03 3.74E-03 4.80E+00 0.10 1.26E+00 3.74E-03 4.00E+02 4.49E+03 1.43E-05 6.85E-05
79016 Trichloroethylene 8,507 5.93E-03 2.52E-01 1.77E-04 4.10E-03 4.10E-03 1.61E+01 0.10 1.26E+00 4.10E-03 4.00E+02 2.13E+03 1.43E-05 2.31E-04
67630 Isopropanol 10,014 4.13E-06 1.75E-04 1.77E-04 7.10E-03 7.10E-03 5.90E+00 0.10 1.26E+00 7.10E-03 4.00E+02 8.35E+01 1.47E-05 8.69E-05

622968 4-Ethyltoluene 9,445 2.47E-03 1.05E-01 1.77E-04 3.78E-03 3.78E-03 1.10E+01 0.10 1.26E+00 3.78E-03 4.00E+02 4.08E+03 1.43E-05 1.57E-04
142825 Heptane 8,101 1.01E+00 4.28E+01 1.77E-04 3.37E-03 3.37E-03 1.43E+01 0.10 1.26E+00 3.37E-03 4.00E+02 1.13E+04 1.42E-05 2.03E-04
540841 2,2,4-Trimethylpentane 7,787 4.09E-01 1.74E+01 1.77E-04 2.98E-03 2.98E-03 0.00E+00 0.10 1.26E+00 2.98E-03 4.00E+02 3.82E+04 1.41E-05 0.00E+00
591786 2-Hexanone 10,456 4.73E-05 2.01E-03 1.77E-04 4.15E-03 4.15E-03 1.37E+01 0.10 1.26E+00 4.15E-03 4.00E+02 1.93E+03 1.43E-05 1.96E-04
64175 Ethanol 10,495 2.36E-06 1.00E-04 1.77E-04 8.94E-03 8.94E-03 2.02E+01 0.10 1.26E+00 8.94E-03 4.00E+02 3.36E+01 1.51E-05 3.04E-04

109999 Tetrahydrofuran 7,701 1.47E-04 6.24E-03 1.77E-04 4.68E-03 4.68E-03 1.20E+01 0.10 1.26E+00 4.68E-03 4.00E+02 8.21E+02 1.44E-05 1.73E-04
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Table E-5
RESULTS SHEET

Industrial Exposure to Soil Gas
Building 1034

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS Number Constituent (unitless) (unitless)

95636 1,2,4-Trimethylbenzene NA 7.9E-06
108678 1,3,5-Trimethylbenzene NA 7.5E-06
106990 1,3-Butadiene 7.1E-10 3.3E-05
67641 Acetone NA 4.5E-08
71432 Benzene 1.0E-10 1.2E-06
75274 Bromodichloromethane NA NA
74839 Methyl bromide NA 3.7E-06
56235 Carbon tetrachloride 1.6E-10 1.6E-07
67663 Chloroform 1.7E-07 2.1E-04
124481 Chlorodibromomethane 7.1E-11 NA
127184 Tetrachloroethylene 3.3E-11 5.8E-08
79016 Trichloroethylene 3.8E-11 NA
67630 Isopropanol NA 2.8E-09

622968 4-Ethyltoluene NA NA
142825 Heptane NA NA
591786 2-Hexanone NA NA
64175 Ethanol NA NA

109999 Tetrahydrofuran NA NA
Total 2E-07 0.0003
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Scenario Timeframe:  Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Percent Percent
EPCs PEF Route-Specific Risk Calculated Total Route-Specific Hazard Calculated Total

Constituent (mg/kg) (m³/kg) Oral Dermal Inhalation Risk ELCR Oral Dermal Inhalation Hazard HI

ELCRo ELCRd ELCRi ELCR HQo HQd HQi HI
Semi-Volatile Organic Compounds
Benzo(a)anthracene 2.60E+00 1.36E+09 P 4.6E-08 1.8E-08 3.6E-16 6.3E-08 3% NA NA NA NA –
Benzo(a)pyrene 4.00E+00 1.36E+09 P 7.0E-07 2.7E-07 1.3E-13 9.7E-07 50% NA NA NA NA –
Benzo(b)fluoranthene 1.28E+00 1.36E+09 P 2.2E-08 8.7E-09 1.8E-16 3.1E-08 2% NA NA NA NA –
Dibenzo(a,h)anthracene 2.20E+00 1.36E+09 P 3.9E-07 1.5E-07 3.0E-15 5.4E-07 27% NA NA NA NA –
Indeno(1,2,3-cd)pyrene 2.80E+00 1.36E+09 P 4.9E-08 1.9E-08 3.8E-16 6.8E-08 3% NA NA NA NA –
Polychlorinated Biphenyls
Aroclor 1254 – – – – – – – – – – – –
Explosives
Nitroglycerine – – – – – – – – – – – –
Inorganics
Aluminum 4.03E+04 1.36E+09 P NA NA NA NA – 1.4E-01 4.1E-03 1.4E-03 1.4E-01 16%
Arsenic 7.42E+00 1.36E+09 P 2.7E-07 2.4E-08 4.0E-14 2.9E-07 15% 8.3E-02 7.5E-03 8.6E-05 9.1E-02 10%
Cobalt 1.68E+01 1.36E+09 P NA NA 1.9E-13 1.9E-13 <1% 1.9E-01 5.7E-03 NA 1.9E-01 22%
Iron 6.25E+04 1.36E+09 P NA NA NA NA – 3.0E-01 9.0E-03 NA 3.1E-01 36%
Manganese 8.44E+02 1.36E+09 P NA NA NA NA – 2.0E-02 1.5E-02 2.9E-03 3.8E-02 4%
Vanadium 9.21E+01 1.36E+09 P NA NA NA NA – 4.4E-02 5.1E-02 NA 9.5E-02 11%

2E-06 100% 0.9 100%

– Not applicable. HQ Hazard quotient. PEF Particulate emission factor.
ELCR Excess lifetime cancer risk. mg/kg Milligrams per kilogram.
EPCs Exposure point concentration in soil (mg/kg). NA Not available.
HI Hazard index (sum of the HQs). NC Not evaluated as a carcinogen.

Equations:   (see Table 5-9)
ELCRo = (EPCs × 1 × 330 × 130 × 1 × CSFo) / (1,000,000 × 70 × 25,550) HQo = (EPCs × 1 × 330 × 130 × 1) / (1,000,000 × 70 × 365 × RfDo)
ELCRd = (EPCs × 3,300 × 0.30 × ABSd × 130 × 1 × CSFa) / (1,000,000 × 70 × 25,550) HQd = (EPCs × 3,300 × 0.30 × ABSd × 130 × 1) / (1,000,000 × 70 × 365 × RfDa)
ELCRi = (EPCs / PEF × 8 × 130 × 1 × URF ) / (25,550 × 24) HQi = (EPCs / PEF × 8 × 130 × 1) / (365 × 24 × RfC)

Table E-6
Risk and Hazard Calculations for Hypothetical Future Construction Worker Exposure to Soil

BUILDING 1034
REASONABLE MAXIMUM EXPOSURE

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

Total  ELCR Total  HI

CANCER RISK NON-CANCER HAZARD
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Scenario Timeframe:  Future
Receptor Population:  Adult Resident
Receptor Age:  Adult

Percent Percent
EPCs PEF Route-Specific Risk Calculated Total Route-Specific Hazard Calculated Total

Constituent (mg/kg) (m³/kg) Oral Dermal Inhalation Risk ELCR Oral Dermal Inhalation Hazard HI

ELCRo ELCRd ELCRi ELCR HQo HQd HQi HI
Semi-Volatile Organic Compounds
Benzo(a)anthracene 2.60E+00 1.36E+09 P 1.1E-06 5.8E-07 8.6E-14 1.7E-06 3% NA NA NA NA –
Benzo(a)pyrene 4.00E+00 1.36E+09 P 1.7E-05 8.9E-06 3.2E-11 2.6E-05 50% NA NA NA NA –
Benzo(b)fluoranthene 1.28E+00 1.36E+09 P 5.5E-07 2.8E-07 4.2E-14 8.3E-07 2% NA NA NA NA –
Dibenzo(a,h)anthracene 2.20E+00 1.36E+09 P 9.4E-06 4.9E-06 7.3E-13 1.4E-05 28% NA NA NA NA –
Indeno(1,2,3-cd)pyrene 2.80E+00 1.36E+09 P 1.2E-06 6.2E-07 9.3E-14 1.8E-06 4% NA NA NA NA –
Polychlorinated Biphenyls
Aroclor 1254 – – – – – – – – – – – –
Explosives
Nitroglycerine – – – – – – – – – – – –
Inorganics
Aluminum 4.03E+04 1.36E+09 P NA NA NA NA – 5.5E-02 2.2E-03 5.7E-03 6.3E-02 16%
Arsenic 7.42E+00 1.36E+09 P 6.5E-06 7.8E-07 9.6E-12 7.3E-06 14% 3.4E-02 4.1E-03 3.5E-04 3.8E-02 10%
Cobalt 1.68E+01 1.36E+09 P NA NA 4.6E-11 4.6E-11 <1% 7.7E-02 3.1E-03 NA 8.0E-02 21%
Iron 6.25E+04 1.36E+09 P NA NA NA NA – 1.2E-01 4.9E-03 NA 1.3E-01 33%
Manganese 8.44E+02 1.36E+09 P NA NA NA NA – 8.3E-03 8.2E-03 1.2E-02 2.8E-02 7%
Vanadium 9.21E+01 1.36E+09 P NA NA NA NA – 1.8E-02 2.8E-02 NA 4.6E-02 12%

5E-05 100% 0.4 100%

– Not applicable. HQ Hazard quotient. PEF Particulate emission factor.
ELCR Excess lifetime cancer risk. mg/kg Milligrams per kilogram.
EPCs Exposure point concentration in soil (mg/kg). NA Not available.
HI Hazard index (sum of the HQs). NC Not evaluated as a carcinogen.

Equations:   (see Table 5-9)
ELCRo = (EPCs × 1 × 100 × 350 × 30 × CSFo) / (1,000,000 × 70 × 25,550) HQo = (EPCs × 1 × 100 × 350 × 30) / (1,000,000 × 70 × 10,950 × RfDo)
ELCRd = (EPCs × 5,700 × 0.07 × ABSd × 350 × 30 × CSFa) / (1,000,000 × 70 × 25,550) HQd = (EPCs × 5,700 × 0.07 × ABSd × 350 × 30) / (1,000,000 × 70 × 10,950 × RfDa)
ELCRi = (EPCs / PEF × 24 × 350 × 30 × URF ) / (25,550 × 24) HQi = (EPCs / PEF × 24 × 350 × 30) / (10,950 × 24 × RfC)

Table E-7
Risk and Hazard Calculations for Hypothetical Future Adult Resident Exposure to Soil

BUILDING 1034
REASONABLE MAXIMUM EXPOSURE

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

Total  ELCR Total  HI

CANCER RISK NON-CANCER HAZARD
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Table E-8
DATA ENTRY SHEET

Hypothetical Future Adult Resident Exposure to Soil Gas
Building 1034

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

Soil Soil
Chemical gas gas
CAS No. conc., OR conc.,

(numbers only, Cg Cg

no dashes) (µg/m3) (ppmv) Constituent

95636 1.70E+01 1,2,4-Trimethylbenzene
108678 1.40E+01 1,3,5-Trimethylbenzene
106990 1.80E+01 1,3-Butadiene
71432 1.12E+01 Benzene
75274 5.80E+01 Bromodichloromethane
74839 5.70E+00 Methyl bromide
56235 9.40E+00 Carbon tetrachloride
67663 6.08E+03 Chloroform

124481 2.50E+00 Chlorodibromomethane
127184 4.80E+00 Tetrachloroethylene
79016 1.61E+01 Trichloroethylene
67630 5.90E+00 Isopropanol

622968 1.10E+01 4-Ethyltoluene
142825 1.43E+01 Heptane
591786 1.37E+01 2-Hexanone
64175 2.02E+01 Ethanol

109999 1.20E+01 Tetrahydrofuran

Depth Totals must add up to value of Ls (cell F24) Soil
below grade Soil gas Thickness Thickness stratum A User-defined

to bottom sampling Average Thickness of soil of soil SCS stratum A
of enclosed depth soil of soil stratum B, stratum C, soil type soil vapor
space floor, below grade, temperature, stratum A, (Enter value or 0) (Enter value or 0) (used to estimate OR permeability,

LF Ls TS hA hB hC soil vapor kv

(cm) (cm) (oC) (cm) (cm) (cm) permeability) (cm2)

15 152.4 14 152.4 0 0 SIC

Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C
SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled

soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity,

ρb
A nA θw

A ρb
B nB θw

B ρb
C nC θw

C

(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)

SIC 1.38 0.481 0.216

Enclosed Enclosed Enclosed Average vapor
space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

10 40 1000 1000 366 0.1 0.5

Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 30 30 350

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack Qbuilding

(sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/s)

9.46E+08 137.4 0.265 0.284 1.49E-09 0.844 1.26E-09 4,000 5.08E+04

Soil Gas Concentration Data

Lookup Soil 
Parameters

Lookup Soil 
Parameters

Lookup Soil 
Parameters
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Table E-9
INTERMEDIATE CALCULATIONS SHEET

Hypothetical Future Adult Resident Exposure to Soil Gas
Building 1034

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

Stratum Total Exponent of Infinite
Enthalpy of Henry's law Henry's law Vapor A overall Average Crack equivalent source Infinite

vaporization at constant at constant at viscosity at effective effective Source vapor effective foundation indoor source
ave. soil ave. soil ave. soil ave. soil diffusion diffusion vapor Crack flow rate diffusion Area of Peclet attenuation bldg.

temperature, temperature, temperature, temperature, coefficient, coefficient, conc., radius, into bldg., coefficient, crack, number, coefficient, conc.,
∆Hv,TS HTS H'TS µTS Deff

A Deff
T Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding

CAS Number Constituent (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3)

95636 1,2,4-Trimethylbenzene 11,642 2.89E-03 1.23E-01 1.77E-04 3.15E-03 3.15E-03 1.70E+01 0.10 1.26E+00 3.15E-03 4.00E+02 2.18E+04 2.35E-05 4.00E-04
108678 1,3,5-Trimethylbenzene 11,626 2.77E-03 1.17E-01 1.77E-04 3.13E-03 3.13E-03 1.40E+01 0.10 1.26E+00 3.13E-03 4.00E+02 2.32E+04 2.35E-05 3.29E-04
106990 1,3-Butadiene 5,137 5.27E-02 2.24E+00 1.77E-04 1.29E-02 1.29E-02 1.80E+01 0.10 1.26E+00 1.29E-02 4.00E+02 1.14E+01 2.67E-05 4.81E-04
67641 Acetone 7,510 2.38E-05 1.01E-03 1.77E-04 6.73E-03 6.73E-03 4.20E+02 0.10 1.26E+00 6.73E-03 4.00E+02 1.07E+02 2.44E-05 1.02E-02
71432 Benzene 8,081 3.28E-03 1.39E-01 1.77E-04 4.57E-03 4.57E-03 1.12E+01 0.10 1.26E+00 4.57E-03 4.00E+02 9.72E+02 2.39E-05 2.68E-04
75274 Bromodichloromethane 8,626 9.14E-04 3.88E-02 1.77E-04 1.55E-03 1.55E-03 5.80E+01 0.10 1.26E+00 1.55E-03 4.00E+02 6.09E+08 2.24E-05 1.30E-03
74839 Methyl bromide 5,611 4.33E-03 1.84E-01 1.77E-04 3.78E-03 3.78E-03 5.70E+00 0.10 1.26E+00 3.78E-03 4.00E+02 4.08E+03 2.37E-05 1.35E-04
56235 Carbon tetrachloride 7,818 1.83E-02 7.76E-01 1.77E-04 4.05E-03 4.05E-03 9.40E+00 0.10 1.26E+00 4.05E-03 4.00E+02 2.35E+03 2.38E-05 2.24E-04
67663 Chloroform 7,513 2.25E-03 9.56E-02 1.77E-04 5.40E-03 5.40E-03 6.08E+03 0.10 1.26E+00 5.40E-03 4.00E+02 3.37E+02 2.41E-05 1.46E-01
124481 Chlorodibromomethane 6,755 5.05E-04 2.14E-02 1.77E-04 1.03E-03 1.03E-03 2.50E+00 0.10 1.26E+00 1.03E-03 4.00E+02 1.78E+13 2.14E-05 5.34E-05
127184 Tetrachloroethylene 9,513 9.92E-03 4.21E-01 1.77E-04 3.74E-03 3.74E-03 4.80E+00 0.10 1.26E+00 3.74E-03 4.00E+02 4.49E+03 2.37E-05 1.14E-04
79016 Trichloroethylene 8,507 5.93E-03 2.52E-01 1.77E-04 4.10E-03 4.10E-03 1.61E+01 0.10 1.26E+00 4.10E-03 4.00E+02 2.13E+03 2.38E-05 3.83E-04
67630 Isopropanol 10,014 4.13E-06 1.75E-04 1.77E-04 7.10E-03 7.10E-03 5.90E+00 0.10 1.26E+00 7.10E-03 4.00E+02 8.35E+01 2.45E-05 1.44E-04
622968 4-Ethyltoluene 9,445 2.47E-03 1.05E-01 1.77E-04 3.78E-03 3.78E-03 1.10E+01 0.10 1.26E+00 3.78E-03 4.00E+02 4.08E+03 2.37E-05 2.61E-04
142825 Heptane 8,101 1.01E+00 4.28E+01 1.77E-04 3.37E-03 3.37E-03 1.43E+01 0.10 1.26E+00 3.37E-03 4.00E+02 1.13E+04 2.36E-05 3.37E-04
540841 2,2,4-Trimethylpentane 7,787 4.09E-01 1.74E+01 1.77E-04 2.98E-03 2.98E-03 0.00E+00 0.10 1.26E+00 2.98E-03 4.00E+02 3.82E+04 2.34E-05 0.00E+00
591786 2-Hexanone 10,456 4.73E-05 2.01E-03 1.77E-04 4.15E-03 4.15E-03 1.37E+01 0.10 1.26E+00 4.15E-03 4.00E+02 1.93E+03 2.38E-05 3.26E-04
64175 Ethanol 10,495 2.36E-06 1.00E-04 1.77E-04 8.94E-03 8.94E-03 2.02E+01 0.10 1.26E+00 8.94E-03 4.00E+02 3.36E+01 2.50E-05 5.05E-04
109999 Tetrahydrofuran 7,701 1.47E-04 6.24E-03 1.77E-04 4.68E-03 4.68E-03 1.20E+01 0.10 1.26E+00 4.68E-03 4.00E+02 8.21E+02 2.39E-05 2.87E-04
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Table E-10
RESULTS SHEET

Hypothetical Future Adult Resident Exposure to Soil Gas
Building 1034

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia
Incremental Hazard

risk from quotient
vapor from vapor

intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS Number Constituent (unitless) (unitless)

95636 1,2,4-Trimethylbenzene NA 5.5E-05
108678 1,3,5-Trimethylbenzene NA 5.3E-05
106990 1,3-Butadiene 5.9E-09 2.3E-04
67641 Acetone NA 3.2E-07
71432 Benzene 8.6E-10 8.6E-06
75274 Bromodichloromethane NA NA
74839 Methyl bromide NA 2.6E-05
56235 Carbon tetrachloride 1.4E-09 1.1E-06
67663 Chloroform 1.4E-06 1.4E-03
124481 Chlorodibromomethane 5.9E-10 NA
127184 Tetrachloroethylene 2.8E-10 4.0E-07
79016 Trichloroethylene 3.1E-10 NA
67630 Isopropanol NA 2.0E-08
622968 4-Ethyltoluene NA NA
142825 Heptane NA NA
591786 2-Hexanone NA NA
64175 Ethanol NA NA
109999 Tetrahydrofuran NA NA

Total 1E-06 0.0018
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Scenario Timeframe:  Future
Receptor Population:  Child Resident
Receptor Age:  Child

Percent Percent
EPCs PEF Route-Specific Risk Calculated Total Route-Specific Hazard Calculated Total

Constituent (mg/kg) (m³/kg) Oral Dermal Inhalation Risk ELCR Oral Dermal Inhalation Hazard HI

ELCRo ELCRd ELCRi ELCR HQo HQd HQi HI
Semi-Volatile Organic Compounds
Benzo(a)anthracene 2.60E+00 1.36E+09 P 2.1E-06 7.6E-07 1.7E-14 2.8E-06 3% NA NA NA NA –
Benzo(a)pyrene 4.00E+00 1.36E+09 P 3.2E-05 1.2E-05 6.5E-12 4.4E-05 50% NA NA NA NA –
Benzo(b)fluoranthene 1.28E+00 1.36E+09 P 1.0E-06 3.7E-07 8.5E-15 1.4E-06 2% NA NA NA NA –
Dibenzo(a,h)anthracene 2.20E+00 1.36E+09 P 1.8E-05 6.4E-06 1.5E-13 2.4E-05 27% NA NA NA NA –
Indeno(1,2,3-cd)pyrene 2.80E+00 1.36E+09 P 2.2E-06 8.2E-07 1.9E-14 3.1E-06 3% NA NA NA NA –
Polychlorinated Biphenyls
Aroclor 1254 – – – – – – – – – – – –
Explosives
Nitroglycerine – – – – – – – – – – – –
Inorganics
Aluminum 4.03E+04 1.36E+09 P NA NA NA NA – 5.2E-01 1.4E-02 5.7E-03 5.4E-01 16%
Arsenic 7.42E+00 1.36E+09 P 1.2E-05 1.0E-06 1.9E-12 1.3E-05 15% 3.2E-01 2.7E-02 3.5E-04 3.4E-01 10%
Cobalt 1.68E+01 1.36E+09 P NA NA 9.1E-12 9.1E-12 <1% 7.2E-01 2.0E-02 NA 7.4E-01 22%
Iron 6.25E+04 1.36E+09 P NA NA NA NA – 1.1E+00 3.2E-02 NA 1.2E+00 36%
Manganese 8.44E+02 1.36E+09 P NA NA NA NA – 7.7E-02 5.4E-02 1.2E-02 1.4E-01 4%
Vanadium 9.21E+01 1.36E+09 P NA NA NA NA – 1.7E-01 1.8E-01 NA 3.5E-01 11%

9E-05 100% 3.3 100%

**  HI Segregated by Target Site/Critical Effect: HI (liver) = 2 HI (gatrointestinal tract) = 1
CNS - Central nervous system NR - None reported HI (CNS) = 0.1 HI (skin) = 1
NA - Not available RBCs - Red blood cells HI (blood) = 1 HI (vascular) = 0.3

HI (developmental) = 0.5 HI (NA) = 0.006

– Not applicable. HQ Hazard quotient. PEF Particulate emission factor.
ELCR Excess lifetime cancer risk. mg/kg Milligrams per kilogram.
EPCs Exposure point concentration in soil (mg/kg). NA Not available.
HI Hazard index (sum of the HQs). NC Not evaluated as a carcinogen.

Equations:   (see Table 5-9)
ELCRo = (EPCs × 1 × 200 × 350 × 6 × CSFo) / (1,000,000 × 15 × 25,550) HQo = (EPCs × 1 × 200 × 350 × 6) / (1,000,000 × 15 × 2,190 × RfDo)
ELCRd = (EPCs × 2,800 × 0.20 × ABSd × 350 × 6 × CSFa) / (1,000,000 × 15 × 25,550) HQd = (EPCs × 2,800 × 0.20 × ABSd × 350 × 6) / (1,000,000 × 15 × 2,190 × RfDa)
ELCRi = (EPCs / PEF × 24 × 350 × 6 × URF ) / (25,550 × 24) HQi = (EPCs / PEF × 24 × 350 × 6) / (2,190 × 24 × RfC)

Table E-11
Risk and Hazard Calculations for Hypothetical Future Child Resident Exposure to Soil

BUILDING 1034
REASONABLE MAXIMUM EXPOSURE

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

Total  ELCR Total  HI

CANCER RISK NON-CANCER HAZARD
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Table E-12
DATA ENTRY SHEET

Hypothetical Future Child Resident Exposure to Soil Gas
Building 1034

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

Soil Soil
Chemical gas gas
CAS No. conc., OR conc.,

(numbers only, Cg Cg

no dashes) (µg/m3) (ppmv) Constituent

95636 1.70E+01 1,2,4-Trimethylbenzene
108678 1.40E+01 1,3,5-Trimethylbenzene
106990 1.80E+01 1,3-Butadiene
71432 1.12E+01 Benzene
75274 5.80E+01 Bromodichloromethane
74839 5.70E+00 Methyl bromide
56235 9.40E+00 Carbon tetrachloride
67663 6.08E+03 Chloroform

124481 2.50E+00 Chlorodibromomethane
127184 4.80E+00 Tetrachloroethylene
79016 1.61E+01 Trichloroethylene
67630 5.90E+00 Isopropanol

622968 1.10E+01 4-Ethyltoluene
142825 1.43E+01 Heptane
591786 1.37E+01 2-Hexanone
64175 2.02E+01 Ethanol

109999 1.20E+01 Tetrahydrofuran

Depth Totals must add up to value of Ls (cell F24) Soil
below grade Soil gas Thickness Thickness stratum A User-defined

to bottom sampling Average Thickness of soil of soil SCS stratum A
of enclosed depth soil of soil stratum B, stratum C, soil type soil vapor
space floor, below grade, temperature, stratum A, (Enter value or 0)(Enter value or 0) (used to estimate OR permeability,

LF Ls TS hA hB hC soil vapor kv

(cm) (cm) (oC) (cm) (cm) (cm) permeability) (cm2)

15 152.4 14 152.4 SIC

Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C
SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled

soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity,
ρb

A nA θw
A ρb

B nB θw
B ρb

C nC θw
C

(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)

SIC 1.38 0.481 0.216

Enclosed Enclosed Enclosed Average vapor
space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

10 40 1000 1000 366 0.1 0.5

Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 6 6 350

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack Qbuilding

(sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/s)

1.89E+08 137.4 0.265 0.284 1.49E-09 0.844 1.26E-09 4,000 5.08E+04

Soil Gas Concentration Data

Lookup Soil 
Parameters

Lookup Soil 
Parameters

Lookup Soil 
Parameters
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Table E-13
INTERMEDIATE CALCULATIONS SHEET

Hypothetical Future Child Resident Exposure to Soil Gas
Building 1034

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

Stratum Total Exponent of Infinite
Enthalpy of Henry's law Henry's law Vapor A overall Average Crack equivalent source Infinite

vaporization at constant at constant at viscosity at effective effective Source vapor effective foundation indoor source
ave. soil ave. soil ave. soil ave. soil diffusion diffusion vapor Crack flow rate diffusion Area of Peclet attenuation bldg.

temperature, temperature, temperature, temperature, coefficient, coefficient, conc., radius, into bldg., coefficient, crack, number, coefficient, conc.,
∆Hv,TS HTS H'TS µTS Deff

A Deff
T Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding

CAS Number Constituent (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3)

95636 1,2,4-Trimethylbenzene 11,642 2.89E-03 1.23E-01 1.77E-04 3.15E-03 3.15E-03 1.70E+01 0.10 1.26E+00 3.15E-03 4.00E+02 2.18E+04 2.35E-05 4.00E-04
108678 1,3,5-Trimethylbenzene 11,626 2.77E-03 1.17E-01 1.77E-04 3.13E-03 3.13E-03 1.40E+01 0.10 1.26E+00 3.13E-03 4.00E+02 2.32E+04 2.35E-05 3.29E-04
106990 1,3-Butadiene 5,137 5.27E-02 2.24E+00 1.77E-04 1.29E-02 1.29E-02 1.80E+01 0.10 1.26E+00 1.29E-02 4.00E+02 1.14E+01 2.67E-05 4.81E-04
67641 Acetone 7,510 2.38E-05 1.01E-03 1.77E-04 6.73E-03 6.73E-03 4.20E+02 0.10 1.26E+00 6.73E-03 4.00E+02 1.07E+02 2.44E-05 1.02E-02
71432 Benzene 8,081 3.28E-03 1.39E-01 1.77E-04 4.57E-03 4.57E-03 1.12E+01 0.10 1.26E+00 4.57E-03 4.00E+02 9.72E+02 2.39E-05 2.68E-04
75274 Bromodichloromethane 8,626 9.14E-04 3.88E-02 1.77E-04 1.55E-03 1.55E-03 5.80E+01 0.10 1.26E+00 1.55E-03 4.00E+02 6.09E+08 2.24E-05 1.30E-03
74839 Methyl bromide 5,611 4.33E-03 1.84E-01 1.77E-04 3.78E-03 3.78E-03 5.70E+00 0.10 1.26E+00 3.78E-03 4.00E+02 4.08E+03 2.37E-05 1.35E-04
56235 Carbon tetrachloride 7,818 1.83E-02 7.76E-01 1.77E-04 4.05E-03 4.05E-03 9.40E+00 0.10 1.26E+00 4.05E-03 4.00E+02 2.35E+03 2.38E-05 2.24E-04
67663 Chloroform 7,513 2.25E-03 9.56E-02 1.77E-04 5.40E-03 5.40E-03 6.08E+03 0.10 1.26E+00 5.40E-03 4.00E+02 3.37E+02 2.41E-05 1.46E-01
124481 Chlorodibromomethane 6,755 5.05E-04 2.14E-02 1.77E-04 1.03E-03 1.03E-03 2.50E+00 0.10 1.26E+00 1.03E-03 4.00E+02 1.78E+13 2.14E-05 5.34E-05
127184 Tetrachloroethylene 9,513 9.92E-03 4.21E-01 1.77E-04 3.74E-03 3.74E-03 4.80E+00 0.10 1.26E+00 3.74E-03 4.00E+02 4.49E+03 2.37E-05 1.14E-04
79016 Trichloroethylene 8,507 5.93E-03 2.52E-01 1.77E-04 4.10E-03 4.10E-03 1.61E+01 0.10 1.26E+00 4.10E-03 4.00E+02 2.13E+03 2.38E-05 3.83E-04
67630 Isopropanol 10,014 4.13E-06 1.75E-04 1.77E-04 7.10E-03 7.10E-03 5.90E+00 0.10 1.26E+00 7.10E-03 4.00E+02 8.35E+01 2.45E-05 1.44E-04
622968 4-Ethyltoluene 9,445 2.47E-03 1.05E-01 1.77E-04 3.78E-03 3.78E-03 1.10E+01 0.10 1.26E+00 3.78E-03 4.00E+02 4.08E+03 2.37E-05 2.61E-04
142825 Heptane 8,101 1.01E+00 4.28E+01 1.77E-04 3.37E-03 3.37E-03 1.43E+01 0.10 1.26E+00 3.37E-03 4.00E+02 1.13E+04 2.36E-05 3.37E-04
540841 2,2,4-Trimethylpentane 7,787 4.09E-01 1.74E+01 1.77E-04 2.98E-03 2.98E-03 0.00E+00 0.10 1.26E+00 2.98E-03 4.00E+02 3.82E+04 2.34E-05 0.00E+00
591786 2-Hexanone 10,456 4.73E-05 2.01E-03 1.77E-04 4.15E-03 4.15E-03 1.37E+01 0.10 1.26E+00 4.15E-03 4.00E+02 1.93E+03 2.38E-05 3.26E-04
64175 Ethanol 10,495 2.36E-06 1.00E-04 1.77E-04 8.94E-03 8.94E-03 2.02E+01 0.10 1.26E+00 8.94E-03 4.00E+02 3.36E+01 2.50E-05 5.05E-04
109999 Tetrahydrofuran 7,701 1.47E-04 6.24E-03 1.77E-04 4.68E-03 4.68E-03 1.20E+01 0.10 1.26E+00 4.68E-03 4.00E+02 8.21E+02 2.39E-05 2.87E-04
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Table E-14
RESULTS SHEET

Hypothetical Future Child Resident Exposure to Soil Gas
Building 1034

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia
Incremental Hazard

risk from quotient
vapor from vapor

intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS Number Constituent (unitless) (unitless)

95636 1,2,4-Trimethylbenzene NA 5.5E-05
108678 1,3,5-Trimethylbenzene NA 5.3E-05
106990 1,3-Butadiene 1.2E-09 2.3E-04
67641 Acetone NA 3.2E-07
71432 Benzene 1.7E-10 8.6E-06
75274 Bromodichloromethane NA NA
74839 Methyl bromide NA 2.6E-05
56235 Carbon tetrachloride 2.8E-10 1.1E-06
67663 Chloroform 2.8E-07 1.4E-03
124481 Chlorodibromomethane 1.2E-10 NA
127184 Tetrachloroethylene 5.5E-11 4.0E-07
79016 Trichloroethylene 6.3E-11 NA
67630 Isopropanol NA 2.0E-08
622968 4-Ethyltoluene NA NA
142825 Heptane NA NA
591786 2-Hexanone NA NA
64175 Ethanol NA NA
109999 Tetrahydrofuran NA NA

Total 3E-07 0.0018
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Scenario Timeframe:  Current / Future
Receptor Population:  Site Worker
Receptor Age:  Adult

Percent Percent
EPCs PEF Route-Specific Risk Calculated Total Route-Specific Hazard Calculated Total

Constituent (mg/kg) (m³/kg) Oral Dermal Inhalation Risk ELCR Oral Dermal Inhalation Hazard HI

ELCRo ELCRd ELCRi ELCR HQo HQd HQi HI
Semi-Volatile Organic Compounds
Benzo(a)anthracene – – – – – – – – – – – –
Benzo(a)pyrene – – – – – – – – – – – –
Benzo(b)fluoranthene – – – – – – – – – – – –
Dibenzo(a,h)anthracene – – – – – – – – – – – –
Indeno(1,2,3-cd)pyrene – – – – – – – – – – – –
Polychlorinated Biphenyls
Aroclor 1254 2.10E-01 1.36E+09 P 7.3E-08 2.9E-08 7.2E-15 1.0E-07 8% 5.1E-03 2.0E-03 NA 7.2E-03 5%
Explosives
Nitroglycerine – – – – – – – – – – – –
Inorganics
Aluminum 2.88E+04 1.36E+09 P NA NA NA NA – 1.4E-02 9.3E-04 9.6E-04 1.6E-02 11%
Arsenic 3.59E+00 1.36E+09 P 9.4E-07 1.9E-07 9.2E-13 1.1E-06 92% 5.8E-03 1.2E-03 4.0E-05 7.0E-03 5%
Cobalt 2.44E+01 1.36E+09 P NA NA 1.3E-11 1.3E-11 <1% 4.0E-02 2.6E-03 NA 4.2E-02 28%
Iron 5.13E+04 1.36E+09 P NA NA NA NA – 3.6E-02 2.4E-03 NA 3.8E-02 26%
Manganese 1.92E+03 1.36E+09 P NA NA NA NA – 6.7E-03 1.1E-02 6.4E-03 2.4E-02 16%
Vanadium 5.87E+01 1.36E+09 P NA NA NA NA – 4.1E-03 1.0E-02 NA 1.5E-02 10%

1E-06 100% 0.1 100%

– Not applicable. HQ Hazard quotient. PEF Particulate emission factor.
ELCR Excess lifetime cancer risk. mg/kg Milligrams per kilogram.
EPCs Exposure point concentration in soil (mg/kg). NA Not available.
HI Hazard index (sum of the HQs). NC Not evaluated as a carcinogen.

Equations:   (see Table 5-9)
ELCRo = (EPCs × 1 × 50 × 250 × 25 × CSFo) / (1,000,000 × 70 × 25,550) HQo = (EPCs × 1 × 50 × 250 × 25) / (1,000,000 × 70 × 9,125 × RfDo)
ELCRd = (EPCs × 3,300 × 0.10 × ABSd × 250 × 25 × CSFa) / (1,000,000 × 70 × 25,550) HQd = (EPCs × 3,300 × 0.10 × ABSd × 250 × 25) / (1,000,000 × 70 × 9,125 × RfDa)
ELCRi = (EPCs / PEF × 8 × 250 × 25 × URF ) / (25,550 × 24) HQi = (EPCs / PEF × 8 × 250 × 25) / (9,125 × 24 × RfC)

Total  ELCR Total  HI

Table E-15
Risk and Hazard Calculations for Site Worker Exposure to Soil 

BUILDING 1041
REASONABLE MAXIMUM EXPOSURE

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

CANCER RISK NON-CANCER HAZARD
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Table E-16
DATA ENTRY SHEET

Industrial Exposure to Soil Gas
Building 1041

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Soil Soil
Chemical gas gas
CAS No. conc., OR conc.,

(numbers only, Cg Cg

no dashes) (µg/m3) (ppmv) Constituent

106990 3.70E+01 1,3-Butadiene
71432 2.10E+01 Benzene
67663 3.70E+02 Chloroform
127184 5.40E+02 Tetrachloroethylene
79016 3.30E+03 Trichloroethylene
67630 9.90E-01 Isopropanol
622968 1.60E+00 4-Ethyltoluene
142825 4.09E+01 Heptane
591786 2.10E+00 2-Hexanone
64175 2.30E+01 Ethanol
109999 7.10E+00 Tetrahydrofuran

Depth Totals must add up to value of Ls (cell F24) Soil
below grade Soil gas Thickness Thickness stratum A User-defined
to bottom sampling Average Thickness of soil of soil SCS stratum A

of enclosed depth soil of soil stratum B, stratum C, soil type soil vapor
space floor, below grade, temperature, stratum A, (Enter value or 0) (Enter value or 0) (used to estimate OR permeability,

LF Ls TS hA hB hC soil vapor kv

(cm) (cm) (oC) (cm) (cm) (cm) permeability) (cm2)

15 152.4 14 152.4 SIC

Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C
SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled

soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity,

ρb
A nA θw

A ρb
B nB θw

B ρb
C nC θw

C

(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)

SIC 1.38 0.481 0.216

Enclosed Enclosed Enclosed Average vapor
space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

10 40 1000 1000 366 0.1 0.83

Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 25 25 250

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack Qbuilding

(sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/s)

7.88E+08 137.4 0.265 0.284 1.49E-09 0.844 1.26E-09 4,000 8.44E+04

Soil Gas Concentration Data

Lookup Soil 
Parameters

Lookup Soil 
Parameters

Lookup Soil 
Parameters
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Table E-17
INTERMEDIATE CALCULATIONS SHEET

Industrial Exposure to Soil Gas
Building 1041

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Stratum Total Exponent of Infinite
Enthalpy of Henry's law Henry's law Vapor A overall Average Crack equivalent source Infinite

vaporization at constant at constant at viscosity at effective effective Source vapor effective foundation indoor source
ave. soil ave. soil ave. soil ave. soil diffusion diffusion vapor Crack flow rate diffusion Area of Peclet attenuation bldg.

temperature, temperature, temperature, temperature, coefficient, coefficient, conc., radius, into bldg., coefficient, crack, number, coefficient, conc.,
∆Hv,TS HTS H'TS µTS Deff

A Deff
T Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding

CAS Number Constituent (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3)

106990 1,3-Butadiene 5,137 5.27E-02 2.24E+00 1.77E-04 1.29E-02 1.29E-02 3.70E+01 0.10 1.26E+00 1.29E-02 4.00E+02 1.14E+01 1.61E-05 5.96E-04
71432 Benzene 8,081 3.28E-03 1.39E-01 1.77E-04 4.57E-03 4.57E-03 2.10E+01 0.10 1.26E+00 4.57E-03 4.00E+02 9.72E+02 1.44E-05 3.02E-04
67663 Chloroform 7,513 2.25E-03 9.56E-02 1.77E-04 5.40E-03 5.40E-03 3.70E+02 0.10 1.26E+00 5.40E-03 4.00E+02 3.37E+02 1.45E-05 5.37E-03
127184 Tetrachloroethylene 9,513 9.92E-03

4.21E-01 1.77E-04 3.74E-03 3.74E-03 5.40E+02 0.10 1.26E+00
3.74E-03 4.00E+02

4.49E+03 1.43E-05 7.71E-03
79016 Trichloroethylene 8,507 5.93E-03

2.52E-01 1.77E-04 4.10E-03 4.10E-03 3.30E+03 0.10 1.26E+00
4.10E-03 4.00E+02

2.13E+03 1.43E-05 4.73E-02
67630 Isopropanol 10,014 4.13E-06 1.75E-04 1.77E-04 7.10E-03 7.10E-03 9.90E-01 0.10 1.26E+00 7.10E-03 4.00E+02 8.35E+01 1.47E-05 1.46E-05
622968 4-Ethyltoluene 9,445 2.47E-03 1.05E-01 1.77E-04 3.78E-03 3.78E-03 1.60E+00 0.10 1.26E+00 3.78E-03 4.00E+02 4.08E+03 1.43E-05 2.29E-05
142825 Heptane 8,101 1.01E+00 4.28E+01 1.77E-04 3.37E-03 3.37E-03 4.09E+01 0.10 1.26E+00 3.37E-03 4.00E+02 1.13E+04 1.42E-05 5.81E-04
591786 2-Hexanone 10,456 4.73E-05 2.01E-03 1.77E-04 4.15E-03 4.15E-03 2.10E+00 0.10 1.26E+00 4.15E-03 4.00E+02 1.93E+03 1.43E-05 3.01E-05
64175 Ethanol 10,495 2.36E-06 1.00E-04 1.77E-04 8.94E-03 8.94E-03 2.30E+01 0.10 1.26E+00 8.94E-03 4.00E+02 3.36E+01 1.51E-05 3.47E-04
109999 Tetrahydrofuran 7,701 1.47E-04 6.24E-03 1.77E-04 4.68E-03 4.68E-03 7.10E+00 0.10 1.26E+00 4.68E-03 4.00E+02 8.21E+02 1.44E-05 1.02E-04
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Table E-18
RESULTS SHEET

Industrial Exposure to Soil Gas
Building 1041

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS Number Constituent (unitless) (unitless)

95636 1,2,4-Trimethylbenzene NA 0.0E+00
108678 1,3,5-Trimethylbenzene NA 0.0E+00
106990 1,3-Butadiene 1.5E-09 6.8E-05
67641 Acetone NA 0.0E+00
71432 Benzene 1.9E-10 2.3E-06
75274 Bromodichloromethane NA NA
74839 Methyl bromide NA 0.0E+00
56235 Carbon tetrachloride 0.0E+00 0.0E+00
67663 Chloroform 1.0E-08 1.3E-05
124481 Chlorodibromomethane 0.0E+00 NA
127184 Tetrachloroethylene 3.7E-09 6.5E-06
79016 Trichloroethylene 7.7E-09 NA
67630 Isopropanol NA 4.8E-10
622968 4-Ethyltoluene NA NA
142825 Heptane NA NA
540841 2,2,4-Trimethylpentane NA NA
591786 2-Hexanone NA NA
64175 Ethanol NA NA
109999 Tetrahydrofuran NA NA

Total 2E-08 0.00009
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Scenario Timeframe:  Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Percent Percent
EPCs PEF Route-Specific Risk Calculated Total Route-Specific Hazard Calculated Total

Constituent (mg/kg) (m³/kg) Oral Dermal Inhalation Risk ELCR Oral Dermal Inhalation Hazard HI

ELCRo ELCRd ELCRi ELCR HQo HQd HQi HI
Semi-Volatile Organic Compounds
Benzo(a)anthracene – – – – – – – – – – – –
Benzo(a)pyrene – – – – – – – – – – – –
Benzo(b)fluoranthene – – – – – – – – – – – –
Dibenzo(a,h)anthracene – – – – – – – – – – – –
Indeno(1,2,3-cd)pyrene – – – – – – – – – – – –
Polychlorinated Biphenyls
Aroclor 1254 2.10E-01 1.36E+09 P 1.0E-08 1.8E-09 1.5E-16 1.2E-08 8% 1.4E-02 2.5E-03 NA 1.7E-02 2%
Explosives
Nitroglycerine – – – – – – – – – – – –
Inorganics
Aluminum 2.88E+04 1.36E+09 P NA NA NA NA – 9.7E-02 2.9E-03 1.0E-03 1.0E-01 12%
Arsenic 3.59E+00 1.36E+09 P 1.3E-07 1.2E-08 1.9E-14 1.4E-07 92% 4.0E-02 3.6E-03 4.2E-05 4.4E-02 5%
Cobalt 2.44E+01 1.36E+09 P NA NA 2.7E-13 2.7E-13 <1% 2.7E-01 8.2E-03 NA 2.8E-01 33%
Iron 5.13E+04 1.36E+09 P NA NA NA NA – 2.5E-01 7.4E-03 NA 2.5E-01 30%
Manganese 1.92E+03 1.36E+09 P NA NA NA NA – 4.6E-02 3.5E-02 6.7E-03 8.7E-02 10%
Vanadium 5.87E+01 1.36E+09 P NA NA NA NA – 2.8E-02 3.3E-02 NA 6.1E-02 7%

2E-07 100% 0.8 100%

– Not applicable. HQ Hazard quotient. PEF Particulate emission factor.
ELCR Excess lifetime cancer risk. mg/kg Milligrams per kilogram.
EPCs Exposure point concentration in soil (mg/kg). NA Not available.
HI Hazard index (sum of the HQs). NC Not evaluated as a carcinogen.

Equations:   (see Table 5-9)
ELCRo = (EPCs × 1 × 330 × 130 × 1 × CSFo) / (1,000,000 × 70 × 25,550) HQo = (EPCs × 1 × 330 × 130 × 1) / (1,000,000 × 70 × 365 × RfDo)
ELCRd = (EPCs × 3,300 × 0.30 × ABSd × 130 × 1 × CSFa) / (1,000,000 × 70 × 25,550) HQd = (EPCs × 3,300 × 0.30 × ABSd × 130 × 1) / (1,000,000 × 70 × 365 × RfDa)
ELCRi = (EPCs / PEF × 8 × 130 × 1 × URF ) / (25,550 × 24) HQi = (EPCs / PEF × 8 × 130 × 1) / (365 × 24 × RfC)

Total  ELCR Total  HI

Table E-19
Risk and Hazard Calculations for Hypothetical Future Construction Worker Exposure to Soil

BUILDING 1041
REASONABLE MAXIMUM EXPOSURE

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

CANCER RISK NON-CANCER HAZARD
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Scenario Timeframe:  Future
Receptor Population:  Adult Resident
Receptor Age:  Adult

Percent Percent
EPCs PEF Route-Specific Risk Calculated Total Route-Specific Hazard Calculated Total

Constituent (mg/kg) (m³/kg) Oral Dermal Inhalation Risk ELCR Oral Dermal Inhalation Hazard HI

ELCRo ELCRd ELCRi ELCR HQo HQd HQi HI
Semi-Volatile Organic Compounds
Benzo(a)anthracene – – – – – – – – – – – –
Benzo(a)pyrene – – – – – – – – – – – –
Benzo(b)fluoranthene – – – – – – – – – – – –
Dibenzo(a,h)anthracene – – – – – – – – – – – –
Indeno(1,2,3-cd)pyrene – – – – – – – – – – – –
Polychlorinated Biphenyls
Aroclor 1254 2.10E-01 1.36E+09 P 2.5E-07 5.9E-08 3.6E-14 3.1E-07 8% 1.4E-02 3.4E-03 NA 1.8E-02 5%
Explosives
Nitroglycerine – – – – – – – – – – – –
Inorganics
Aluminum 2.88E+04 1.36E+09 P NA NA NA NA – 3.9E-02 1.6E-03 4.1E-03 4.5E-02 11%
Arsenic 3.59E+00 1.36E+09 P 3.2E-06 3.8E-07 4.6E-12 3.5E-06 92% 1.6E-02 2.0E-03 1.7E-04 1.9E-02 5%
Cobalt 2.44E+01 1.36E+09 P NA NA 6.6E-11 6.6E-11 <1% 1.1E-01 4.4E-03 NA 1.2E-01 29%
Iron 5.13E+04 1.36E+09 P NA NA NA NA – 1.0E-01 4.0E-03 NA 1.0E-01 26%
Manganese 1.92E+03 1.36E+09 P NA NA NA NA – 1.9E-02 1.9E-02 2.7E-02 6.4E-02 16%
Vanadium 5.87E+01 1.36E+09 P NA NA NA NA – 1.1E-02 1.8E-02 NA 2.9E-02 7%

4E-06 100% 0.4 100%

– Not applicable. HQ Hazard quotient. PEF Particulate emission factor.
ELCR Excess lifetime cancer risk. mg/kg Milligrams per kilogram.
EPCs Exposure point concentration in soil (mg/kg). NA Not available.
HI Hazard index (sum of the HQs). NC Not evaluated as a carcinogen.

Equations:   (see Table 5-9)
ELCRo = (EPCs × 1 × 100 × 350 × 30 × CSFo) / (1,000,000 × 70 × 25,550) HQo = (EPCs × 1 × 100 × 350 × 30) / (1,000,000 × 70 × 10,950 × RfDo)
ELCRd = (EPCs × 5,700 × 0.07 × ABSd × 350 × 30 × CSFa) / (1,000,000 × 70 × 25,550) HQd = (EPCs × 5,700 × 0.07 × ABSd × 350 × 30) / (1,000,000 × 70 × 10,950 × RfDa)
ELCRi = (EPCs / PEF × 24 × 350 × 30 × URF ) / (25,550 × 24) HQi = (EPCs / PEF × 24 × 350 × 30) / (10,950 × 24 × RfC)

Total  ELCR Total  HI

Table E-20
Risk and Hazard Calculations for Hypothetical Future Adult Resident Exposure to Soil

BUILDING 1041
REASONABLE MAXIMUM EXPOSURE

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

CANCER RISK NON-CANCER HAZARD
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Table E-21
DATA ENTRY SHEET

Hypothetical Future Adult Resident Expousre to Soil Gas
Building 1041

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Soil Soil
Chemical gas gas
CAS No. conc., OR conc.,

(numbers only, Cg Cg

no dashes) (µg/m3) (ppmv) Constituent

106990 3.70E+01 1,3-Butadiene
71432 2.10E+01 Benzene
67663 3.70E+02 Chloroform
127184 5.40E+02 Tetrachloroethylene
79016 3.30E+03 Trichloroethylene
67630 9.90E-01 Isopropanol
622968 1.60E+00 4-Ethyltoluene
142825 4.09E+01 Heptane
591786 2.10E+00 2-Hexanone
64175 2.30E+01 Ethanol
109999 7.10E+00 Tetrahydrofuran

Depth Totals must add up to value of Ls (cell F24) Soil
below grade Soil gas Thickness Thickness stratum A User-defined

to bottom sampling Average Thickness of soil of soil SCS stratum A
of enclosed depth soil of soil stratum B, stratum C, soil type soil vapor
space floor, below grade, temperature, stratum A, (Enter value or 0) (Enter value or 0) (used to estimate OR permeability,

LF Ls TS hA hB hC soil vapor kv

(cm) (cm) (oC) (cm) (cm) (cm) permeability) (cm2)

15 152.4 14 152.4 SIC

Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C
SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled

soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity,

ρb
A nA θw

A ρb
B nB θw

B ρb
C nC θw

C

(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)

SIC 1.38 0.481 0.216

Enclosed Enclosed Enclosed Average vapor
space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

10 40 1000 1000 366 0.1 0.5

Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 30 30 350

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack Qbuilding

(sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/s)

9.46E+08 137.4 0.265 0.284 1.49E-09 0.844 1.26E-09 4,000 5.08E+04

Soil Gas Concentration Data

Lookup Soil 
Parameters

Lookup Soil 
Parameters

Lookup Soil 
Parameters
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Table E-22
INTERMEDIATE CALCULATIONS SHEET

Hypothetical Future Adult Resident Expousre to Soil Gas
Building 1041

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Stratum Total Exponent of Infinite
Enthalpy of Henry's law Henry's law Vapor A overall Average Crack equivalent source Infinite

vaporization at constant at constant at viscosity at effective effective Source vapor effective foundation indoor source
ave. soil ave. soil ave. soil ave. soil diffusion diffusion vapor Crack flow rate diffusion Area of Peclet attenuation bldg.

temperature, temperature, temperature, temperature, coefficient, coefficient, conc., radius, into bldg., coefficient, crack, number, coefficient, conc.,
∆Hv,TS HTS H'TS µTS Deff

A Deff
T Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding

CAS Number Constituent (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3)

106990 1,3-Butadiene 5,137 5.27E-02 2.24E+00 1.77E-04 1.29E-02 1.29E-02 3.70E+01 0.10 1.26E+00 1.29E-02 4.00E+02 1.14E+01 2.67E-05 9.89E-04
71432 Benzene 8,081 3.28E-03 1.39E-01 1.77E-04 4.57E-03 4.57E-03 2.10E+01 0.10 1.26E+00 4.57E-03 4.00E+02 9.72E+02 2.39E-05 5.02E-04
67663 Chloroform 7,513 2.25E-03 9.56E-02 1.77E-04 5.40E-03 5.40E-03 3.70E+02 0.10 1.26E+00 5.40E-03 4.00E+02 3.37E+02 2.41E-05 8.91E-03
127184 Tetrachloroethylene 9,513 9.92E-03 4.21E-01 1.77E-04 3.74E-03 3.74E-03 5.40E+02 0.10 1.26E+00 3.74E-03 4.00E+02 4.49E+03 2.37E-05 1.28E-02
79016 Trichloroethylene 8,507 5.93E-03 2.52E-01 1.77E-04 4.10E-03 4.10E-03 3.30E+03 0.10 1.26E+00 4.10E-03 4.00E+02 2.13E+03 2.38E-05 7.85E-02
67630 Isopropanol 10,014 4.13E-06 1.75E-04 1.77E-04 7.10E-03 7.10E-03 9.90E-01 0.10 1.26E+00 7.10E-03 4.00E+02 8.35E+01 2.45E-05 2.42E-05
622968 4-Ethyltoluene 9,445 2.47E-03 1.05E-01 1.77E-04 3.78E-03 3.78E-03 1.60E+00 0.10 1.26E+00 3.78E-03 4.00E+02 4.08E+03 2.37E-05 3.79E-05
142825 Heptane 8,101 1.01E+00 4.28E+01 1.77E-04 3.37E-03 3.37E-03 4.09E+01 0.10 1.26E+00 3.37E-03 4.00E+02 1.13E+04 2.36E-05 9.65E-04
591786 2-Hexanone 10,456 4.73E-05 2.01E-03 1.77E-04 4.15E-03 4.15E-03 2.10E+00 0.10 1.26E+00 4.15E-03 4.00E+02 1.93E+03 2.38E-05 5.00E-05
64175 Ethanol 10,495 2.36E-06 1.00E-04 1.77E-04 8.94E-03 8.94E-03 2.30E+01 0.10 1.26E+00 8.94E-03 4.00E+02 3.36E+01 2.50E-05 5.75E-04
109999 Tetrahydrofuran 7,701 1.47E-04 6.24E-03 1.77E-04 4.68E-03 4.68E-03 7.10E+00 0.10 1.26E+00 4.68E-03 4.00E+02 8.21E+02 2.39E-05 1.70E-04
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Table E-23
RESULTS SHEET

Hypothetical Future Adult Resident Expousre to Soil Gas
Building 1041

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS Number Constituent (unitless) (unitless)

106990 1,3-Butadiene 1.2E-08 4.7E-04
71432 Benzene 1.6E-09 1.6E-05
67663 Chloroform 8.4E-08 8.7E-05
127184 Tetrachloroethylene 3.1E-08 4.5E-05
79016 Trichloroethylene 6.5E-08 NA
67630 Isopropanol NA 3.3E-09
622968 4-Ethyltoluene NA NA
142825 Heptane NA NA
591786 2-Hexanone NA NA
64175 Ethanol NA NA
109999 Tetrahydrofuran NA NA

Total 2E-07 0.0006
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Scenario Timeframe:  Future
Receptor Population:  Child Resident
Receptor Age:  Child

Percent Percent
EPCs PEF Route-Specific Risk Calculated Total Route-Specific Hazard Calculated Total

Constituent (mg/kg) (m³/kg) Oral Dermal Inhalation Risk ELCR Oral Dermal Inhalation Hazard HI

ELCRo ELCRd ELCRi ELCR HQo HQd HQi HI
Semi-Volatile Organic Compounds
Benzo(a)anthracene – – – – – – – – – – – –
Benzo(a)pyrene – – – – – – – – – – – –
Benzo(b)fluoranthene – – – – – – – – – – – –
Dibenzo(a,h)anthracene – – – – – – – – – – – –
Indeno(1,2,3-cd)pyrene – – – – – – – – – – – –
Polychlorinated Biphenyls
Aroclor 1254 2.10E-01 1.36E+09 P 4.6E-07 7.7E-08 7.2E-15 5.4E-07 8% 1.3E-01 2.3E-02 NA 1.6E-01 5%
Explosives
Nitroglycerine – – – – – – – – – – – –
Inorganics
Aluminum 2.88E+04 1.36E+09 P NA NA NA NA – 3.7E-01 1.0E-02 4.1E-03 3.8E-01 12%
Arsenic 3.59E+00 1.36E+09 P 5.9E-06 5.0E-07 9.3E-13 6.4E-06 92% 1.5E-01 1.3E-02 1.7E-04 1.7E-01 5%
Cobalt 2.44E+01 1.36E+09 P NA NA 1.3E-11 1.3E-11 <1% 1.0E+00 2.9E-02 NA 1.1E+00 33%
Iron 5.13E+04 1.36E+09 P NA NA NA NA – 9.4E-01 2.6E-02 NA 9.6E-01 29%
Manganese 1.92E+03 1.36E+09 P NA NA NA NA – 1.7E-01 1.2E-01 2.7E-02 3.2E-01 10%
Vanadium 5.87E+01 1.36E+09 P NA NA NA NA – 1.1E-01 1.2E-01 NA 2.2E-01 7%

7E-06 100% 3.3 100%

**  HI Segregated by Target Site/Critical Effect: HI (liver) = 1 HI (gatrointestinal tract) = 1
CNS - Central nervous system NR - None reported HI (CNS) = 0.3 HI (skin) = 1
NA - Not available RBCs - Red blood cells HI (blood) = 1 HI (vascular) = 0.2

HI (developmental) = 0.4 HI (eyes, nails, immune system) = 0.2
HI (NA) = 0.004

[a]  Minimum of the volatilization factor (identified with "V") and the particulate emission factor (PEF) (identified with "P"), both derived on Table 5-10.

– Not applicable. HQ Hazard quotient. PEF Particulate emission factor.
ELCR Excess lifetime cancer risk. mg/kg Milligrams per kilogram.
EPCs Exposure point concentration in soil (mg/kg). NA Not available.
HI Hazard index (sum of the HQs). NC Not evaluated as a carcinogen.

Equations:   (see Table 5-9)
ELCRo = (EPCs × 1 × 200 × 350 × 6 × CSFo) / (1,000,000 × 15 × 25,550) HQo = (EPCs × 1 × 200 × 350 × 6) / (1,000,000 × 15 × 2,190 × RfDo)
ELCRd = (EPCs × 2,800 × 0.20 × ABSd × 350 × 6 × CSFa) / (1,000,000 × 15 × 25,550) HQd = (EPCs × 2,800 × 0.20 × ABSd × 350 × 6) / (1,000,000 × 15 × 2,190 × RfDa)
ELCRi = (EPCs / PEF × 24 × 350 × 6 × URF ) / (25,550 × 24) HQi = (EPCs / PEF × 24 × 350 × 6) / (2,190 × 24 × RfC)

Total  ELCR Total  HI

Table E-24
Risk and Hazard Calculations for Hypothetical Future Child Resident Exposure to Soil

BUILDING 1041
REASONABLE MAXIMUM EXPOSURE

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

CANCER RISK NON-CANCER HAZARD
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Table E-25
DATA ENTRY SHEET

Hypothetical Future Child Resident Expousre to Soil Gas
Building 1041

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Soil Soil
Chemical gas gas
CAS No. conc., OR conc.,

(numbers only, Cg Cg

no dashes) (µg/m3) (ppmv) Constituent

106990 3.70E+01 1,3-Butadiene
71432 2.10E+01 Benzene
67663 3.70E+02 Chloroform

127184 5.40E+02 Tetrachloroethylene
79016 3.30E+03 Trichloroethylene
67630 9.90E-01 Isopropanol

622968 1.60E+00 4-Ethyltoluene
142825 4.09E+01 Heptane
591786 2.10E+00 2-Hexanone
64175 2.30E+01 Ethanol

109999 7.10E+00 Tetrahydrofuran

Depth Totals must add up to value of Ls (cell F24) Soil
below grade Soil gas Thickness Thickness stratum A User-defined

to bottom sampling Average Thickness of soil of soil SCS stratum A
of enclosed depth soil of soil stratum B, stratum C, soil type soil vapor
space floor, below grade, temperature, stratum A, (Enter value or 0) (Enter value or 0) (used to estimate OR permeability,

LF Ls TS hA hB hC soil vapor kv

(cm) (cm) (oC) (cm) (cm) (cm) permeability) (cm2)

15 152.4 14 152.4 SIC

Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C
SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled

soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity,

ρb
A nA

θw
A ρb

B nB
θw

B ρb
C nC

θw
C

(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)

SIC 1.38 0.481 0.216

Enclosed Enclosed Enclosed Average vapor
space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

10 40 1000 1000 366 0.1 0.5

Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 6 6 350

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack Qbuilding

(sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/s)

1.89E+08 137.4 0.265 0.284 1.49E-09 0.844 1.26E-09 4,000 5.08E+04

Soil Gas Concentration Data

Lookup Soil 
Parameters

Lookup Soil 
Parameters

Lookup Soil 
Parameters
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Table E-26
INTERMEDIATE CALCULATIONS SHEET

Hypothetical Future Child Resident Expousre to Soil Gas
Building 1041

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Stratum Total Exponent of Infinite
Enthalpy of Henry's law Henry's law Vapor A overall Average Crack equivalent source Infinite

vaporization at constant at constant at viscosity at effective effective Source vapor effective foundation indoor source
ave. soil ave. soil ave. soil ave. soil diffusion diffusion vapor Crack flow rate diffusion Area of Peclet attenuation bldg.

temperature, temperature, temperature, temperature, coefficient, coefficient, conc., radius, into bldg., coefficient, crack, number, coefficient, conc.,
∆Hv,TS HTS H'TS µTS Deff

A Deff
T Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding

CAS Number Constituent (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3)

106990 1,3-Butadiene 5,137 5.27E-02 2.24E+00 1.77E-04 1.29E-02 1.29E-02 3.70E+01 0.10 1.26E+00 1.29E-02 4.00E+02 1.14E+01 2.67E-05 9.89E-04
71432 Benzene 8,081 3.28E-03 1.39E-01 1.77E-04 4.57E-03 4.57E-03 2.10E+01 0.10 1.26E+00 4.57E-03 4.00E+02 9.72E+02 2.39E-05 5.02E-04
67663 Chloroform 7,513 2.25E-03 9.56E-02 1.77E-04 5.40E-03 5.40E-03 3.70E+02 0.10 1.26E+00 5.40E-03 4.00E+02 3.37E+02 2.41E-05 8.91E-03
127184 Tetrachloroethylene 9,513 9.92E-03 4.21E-01 1.77E-04 3.74E-03 3.74E-03 5.40E+02 0.10 1.26E+00 3.74E-03 4.00E+02 4.49E+03 2.37E-05 1.28E-02
79016 Trichloroethylene 8,507 5.93E-03 2.52E-01 1.77E-04 4.10E-03 4.10E-03 3.30E+03 0.10 1.26E+00 4.10E-03 4.00E+02 2.13E+03 2.38E-05 7.85E-02
67630 Isopropanol 10,014 4.13E-06 1.75E-04 1.77E-04 7.10E-03 7.10E-03 9.90E-01 0.10 1.26E+00 7.10E-03 4.00E+02 8.35E+01 2.45E-05 2.42E-05
622968 4-Ethyltoluene 9,445 2.47E-03 1.05E-01 1.77E-04 3.78E-03 3.78E-03 1.60E+00 0.10 1.26E+00 3.78E-03 4.00E+02 4.08E+03 2.37E-05 3.79E-05
142825 Heptane 8,101 1.01E+00 4.28E+01 1.77E-04 3.37E-03 3.37E-03 4.09E+01 0.10 1.26E+00 3.37E-03 4.00E+02 1.13E+04 2.36E-05 9.65E-04
591786 2-Hexanone 10,456 4.73E-05 2.01E-03 1.77E-04 4.15E-03 4.15E-03 2.10E+00 0.10 1.26E+00 4.15E-03 4.00E+02 1.93E+03 2.38E-05 5.00E-05
64175 Ethanol 10,495 2.36E-06 1.00E-04 1.77E-04 8.94E-03 8.94E-03 2.30E+01 0.10 1.26E+00 8.94E-03 4.00E+02 3.36E+01 2.50E-05 5.75E-04
109999 Tetrahydrofuran 7,701 1.47E-04 6.24E-03 1.77E-04 4.68E-03 4.68E-03 7.10E+00 0.10 1.26E+00 4.68E-03 4.00E+02 8.21E+02 2.39E-05 1.70E-04
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Table E-27
RESULTS SHEET

Hypothetical Future Child Resident Expousre to Soil Gas
Building 1041

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS Number Constituent (unitless) (unitless)

106990 1,3-Butadiene 2.4E-09 4.7E-04
71432 Benzene 3.2E-10 1.6E-05
67663 Chloroform 1.7E-08 8.7E-05
127184 Tetrachloroethylene 6.2E-09 4.5E-05
79016 Trichloroethylene 1.3E-08 NA
67630 Isopropanol NA 3.3E-09
622968 4-Ethyltoluene NA NA
142825 Heptane NA NA
591786 2-Hexanone NA NA
64175 Ethanol NA NA
109999 Tetrahydrofuran NA NA

Total 4E-08 0.0006
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Scenario Timeframe:  Current / Future
Receptor Population:  Site Worker
Receptor Age:  Adult

Percent Percent
EPCs PEF Route-Specific Risk Calculated Total Route-Specific Hazard Calculated Total

Constituent (mg/kg) (m³/kg) Oral Dermal Inhalation Risk ELCR Oral Dermal Inhalation Hazard HI

ELCRo ELCRd ELCRi ELCR HQo HQd HQi HI
Semi-Volatile Organic Compounds
Benzo(a)anthracene – – – – – – – – – – – –
Benzo(a)pyrene – – – – – – – – – – – –
Benzo(b)fluoranthene – – – – – – – – – – – –
Dibenzo(a,h)anthracene – – – – – – – – – – – –
Indeno(1,2,3-cd)pyrene 1.80E-01 1.36E+09 P 2.3E-08 2.0E-08 1.2E-15 4.3E-08 2% NA NA NA NA –
Polychlorinated Biphenyls
Aroclor 1254 – – – – – – – – – – – –
Explosives
Nitroglycerine 2.50E+00 1.36E+09 P 7.4E-09 4.9E-09 NA 1.2E-08 <1% 1.2E-02 8.1E-03 NA 2.0E-02 17%
Inorganics
Aluminum 3.22E+04 1.36E+09 P NA NA NA NA – 1.6E-02 1.0E-03 1.1E-03 1.8E-02 15%
Arsenic 5.45E+00 1.36E+09 P 1.4E-06 2.8E-07 1.4E-12 1.7E-06 97% 8.9E-03 1.8E-03 6.1E-05 1.1E-02 9%
Cobalt 9.84E+00 1.36E+09 P NA NA 5.3E-12 5.3E-12 <1% 1.6E-02 1.1E-03 NA 1.7E-02 15%
Iron 3.96E+04 1.36E+09 P NA NA NA NA – 2.8E-02 1.8E-03 NA 2.9E-02 25%
Manganese 3.33E+02 1.36E+09 P NA NA NA NA – 1.2E-03 1.9E-03 1.1E-03 4.2E-03 4%
Vanadium 7.18E+01 1.36E+09 P NA NA NA NA – 5.0E-03 1.3E-02 NA 1.8E-02 15%

2E-06 99% 0.1 100%

– Not applicable. HQ Hazard quotient. PEF Particulate emission factor.
ELCR Excess lifetime cancer risk. mg/kg Milligrams per kilogram.
EPCs Exposure point concentration in soil (mg/kg). NA Not available.
HI Hazard index (sum of the HQs). NC Not evaluated as a carcinogen.

Equations:   (see Table 5-9)
ELCRo = (EPCs × 1 × 50 × 250 × 25 × CSFo) / (1,000,000 × 70 × 25,550) HQo = (EPCs × 1 × 50 × 250 × 25) / (1,000,000 × 70 × 9,125 × RfDo)
ELCRd = (EPCs × 3,300 × 0.10 × ABSd × 250 × 25 × CSFa) / (1,000,000 × 70 × 25,550) HQd = (EPCs × 3,300 × 0.10 × ABSd × 250 × 25) / (1,000,000 × 70 × 9,125 × RfDa)
ELCRi = (EPCs / PEF × 8 × 250 × 25 × URF ) / (25,550 × 24) HQi = (EPCs / PEF × 8 × 250 × 25) / (9,125 × 24 × RfC)

Total  ELCR Total  HI

Table E-28
Risk and Hazard Calculations for Site Worker Exposure to Soil 

BUILDING 1549
REASONABLE MAXIMUM EXPOSURE

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

CANCER RISK NON-CANCER HAZARD
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Table E-29
DATA ENTRY SHEET

Industrial Exposure to Soil Gas
Building 1549

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

ENTER ENTER ENTER
Soil Soil

Chemical gas gas
CAS No. conc., OR conc.,

(numbers only, Cg Cg

no dashes) (µg/m3) (ppmv) Constituents

95636 1.10E+02 1,2,4-Trimethylbenzene
108678 9.40E+01 1,3,5-Trimethylbenzene
106990 3.60E+01 1,3-Butadiene
106467 3.20E+00 1,4-Dichlorobenzene
71432 2.30E+01 Benzene
100414 5.94E+00 Ethylbenzene
67630 9.85E+00 Isopropanol
622968 4.26E+01 4-Ethyltoluene
142825 4.09E+01 Heptane
540841 1.80E+02 2,2,4-Trimethylpentane
591786 1.50E+01 2-Hexanone
64175 7.70E+01 Ethanol
109999 1.50E+01 Tetrahydrofuran

Depth Totals must add up to value of Ls (cell F24) Soil
below grade Soil gas Thickness Thickness stratum A User-defined

to bottom sampling Average Thickness of soil of soil SCS stratum A
of enclosed depth soil of soil stratum B, stratum C, soil type soil vapor
space floor, below grade, temperature, stratum A, (Enter value or 0) (Enter value or 0) (used to estimate OR permeability,

LF Ls TS hA hB hC soil vapor kv

(cm) (cm) (oC) (cm) (cm) (cm) permeability) (cm2)

15 152.4 14 152.4 SIC

Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C
SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled

soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity,
ρb

A nA θw
A ρb

B nB θw
B ρb

C nC θw
C

(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)

SIC 1.38 0.481 0.216

Enclosed Enclosed Enclosed Average vapor
space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

10 40 1000 1000 366 0.1 0.83

Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 25 25 250

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack Qbuilding

(sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/s)

7.88E+08 137.4 0.265 ERROR ERROR 0.284 1.49E-09 0.844 1.26E-09 4,000 8.44E+04

Soil Gas Concentration Data

Lookup Soil 
Parameters

Lookup Soil 
Parameters

Lookup Soil 
Parameters
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Table E-30
INTERMEDIATE CALCULATIONS SHEET

Industrial Exposure to Soil Gas
Building 1549

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Stratum Total Exponent of Infinite
Enthalpy of Henry's law Henry's law Vapor A overall Average Crack equivalent source Infinite

vaporization at constant at constant at viscosity at effective effective Source vapor effective foundation indoor source
ave. soil ave. soil ave. soil ave. soil diffusion diffusion vapor Crack flow rate diffusion Area of Peclet attenuation bldg.

temperature, temperature, temperature, temperature, coefficient, coefficient, conc., radius, into bldg., coefficient, crack, number, coefficient, conc.,
∆Hv,TS HTS H'TS µTS Deff

A Deff
T Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding

CAS Number Constituent (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3)

95636 1,2,4-Trimethylbenzene 11,642 2.89E-03 1.23E-01 1.77E-04 3.15E-03 3.15E-03 1.10E+02 0.10 1.26E+00 3.15E-03 4.00E+02 2.18E+04 1.42E-05 1.56E-03
108678 1,3,5-Trimethylbenzene 11,626 2.77E-03 1.17E-01 1.77E-04 3.13E-03 3.13E-03 9.40E+01 0.10 1.26E+00 3.13E-03 4.00E+02 2.32E+04 1.42E-05 1.33E-03
106990 1,3-Butadiene 5,137 5.27E-02 2.24E+00 1.77E-04 1.29E-02 1.29E-02 3.60E+01 0.10 1.26E+00 1.29E-02 4.00E+02 1.14E+01 1.61E-05 5.80E-04
106467 1,4-Dichlorobenzene 11,202 1.16E-03 4.92E-02 1.77E-04 3.58E-03 3.58E-03 3.20E+00 0.10 1.26E+00 3.58E-03 4.00E+02 6.41E+03 1.43E-05 4.56E-05
71432 Benzene 8,081 3.28E-03 1.39E-01 1.77E-04 4.57E-03 4.57E-03 2.30E+01 0.10 1.26E+00 4.57E-03 4.00E+02 9.72E+02 1.44E-05 3.31E-04
100414 Ethylbenzene 10,110 4.09E-03 1.74E-01 1.77E-04 3.89E-03 3.89E-03 5.94E+00 0.10 1.26E+00 3.89E-03 4.00E+02 3.20E+03 1.43E-05 8.50E-05
67630 Isopropanol 10,014 4.13E-06 1.75E-04 1.77E-04 7.10E-03 7.10E-03 9.85E+00 0.10 1.26E+00 7.10E-03 4.00E+02 8.35E+01 1.47E-05 1.45E-04
622968 4-Ethyltoluene 9,445 2.47E-03 1.05E-01 1.77E-04 3.78E-03 3.78E-03 4.26E+01 0.10 1.26E+00 3.78E-03 4.00E+02 4.08E+03 1.43E-05 6.09E-04
142825 Heptane 8,101 1.01E+00 4.28E+01 1.77E-04 3.37E-03 3.37E-03 4.09E+01 0.10 1.26E+00 3.37E-03 4.00E+02 1.13E+04 1.42E-05 5.81E-04
540841 2,2,4-Trimethylpentane 7,787 4.09E-01 1.74E+01 1.77E-04 2.98E-03 2.98E-03 1.80E+02 0.10 1.26E+00 2.98E-03 4.00E+02 3.82E+04 1.41E-05 2.54E-03
591786 2-Hexanone 10,456 4.73E-05 2.01E-03 1.77E-04 4.15E-03 4.15E-03 1.50E+01 0.10 1.26E+00 4.15E-03 4.00E+02 1.93E+03 1.43E-05 2.15E-04
64175 Ethanol 10,495 2.36E-06 1.00E-04 1.77E-04 8.94E-03 8.94E-03 7.70E+01 0.10 1.26E+00 8.94E-03 4.00E+02 3.36E+01 1.51E-05 1.16E-03
109999 Tetrahydrofuran 7,701 1.47E-04 6.24E-03 1.77E-04 4.68E-03 4.68E-03 1.50E+01 0.10 1.26E+00 4.68E-03 4.00E+02 8.21E+02 1.44E-05 2.16E-04
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Table E-31
RESULTS SHEET

Industrial Exposure to Soil Gas
Building 1549

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS Number Constituent (unitless) (unitless)

95636 1,2,4-Trimethylbenzene NA 5.1E-05
108678 1,3,5-Trimethylbenzene NA 5.1E-05
106990 1,3-Butadiene 1.4E-09 6.6E-05
106467 1,4-Dichlorobenzene 4.1E-11 1.3E-08
71432 Benzene 2.1E-10 2.5E-06
100414 Ethylbenzene 1.7E-11 1.9E-08
67630 Isopropanol NA 4.7E-09
622968 4-Ethyltoluene NA NA
142825 Heptane NA NA
540841 2,2,4-Trimethylpentane NA NA
591786 2-Hexanone NA NA
64175 Ethanol NA NA
109999 Tetrahydrofuran NA NA

Total 2E-09 0.0002
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Scenario Timeframe:  Future
Receptor Population:  Construction Worker
Receptor Age:  Adult

Percent Percent
EPCs PEF Route-Specific Risk Calculated Total Route-Specific Hazard Calculated Total

Constituent (mg/kg) (m³/kg) Oral Dermal Inhalation Risk ELCR Oral Dermal Inhalation Hazard HI

ELCRo ELCRd ELCRi ELCR HQo HQd HQi HI
Semi-Volatile Organic Compounds
Benzo(a)anthracene – – – – – – – – – – – –
Benzo(a)pyrene – – – – – – – – – – – –
Benzo(b)fluoranthene – – – – – – – – – – – –
Dibenzo(a,h)anthracene – – – – – – – – – – – –
Indeno(1,2,3-cd)pyrene 1.80E-01 1.36E+09 P 3.2E-09 1.2E-09 2.5E-17 4.4E-09 2% NA NA NA NA –
Polychlorinated Biphenyls
Aroclor 1254 – – – – – – – – – – – –
Explosives
Nitroglycerine 2.50E+00 1.36E+09 P 1.0E-09 3.1E-10 NA 1.3E-09 <1% 8.4E-02 2.5E-02 NA 1.1E-01 16%
Inorganics
Aluminum 3.22E+04 1.36E+09 P NA NA NA NA – 1.1E-01 3.2E-03 1.1E-03 1.1E-01 16%
Arsenic 5.45E+00 1.36E+09 P 2.0E-07 1.8E-08 2.9E-14 2.1E-07 97% 6.1E-02 5.5E-03 6.3E-05 6.7E-02 10%
Cobalt 9.84E+00 1.36E+09 P NA NA 1.1E-13 1.1E-13 <1% 1.1E-01 3.3E-03 NA 1.1E-01 17%
Iron 3.96E+04 1.36E+09 P NA NA NA NA – 1.9E-01 5.7E-03 NA 2.0E-01 28%
Manganese 3.33E+02 1.36E+09 P NA NA NA NA – 8.0E-03 6.0E-03 1.2E-03 1.5E-02 2%
Vanadium 7.18E+01 1.36E+09 P NA NA NA NA – 3.5E-02 4.0E-02 NA 7.4E-02 11%

2E-07 99% 0.7 100%

– Not applicable. HQ Hazard quotient. PEF Particulate emission factor.
ELCR Excess lifetime cancer risk. mg/kg Milligrams per kilogram.
EPCs Exposure point concentration in soil (mg/kg). NA Not available.
HI Hazard index (sum of the HQs). NC Not evaluated as a carcinogen.

Equations:   (see Table 5-9)
ELCRo = (EPCs × 1 × 330 × 130 × 1 × CSFo) / (1,000,000 × 70 × 25,550) HQo = (EPCs × 1 × 330 × 130 × 1) / (1,000,000 × 70 × 365 × RfDo)
ELCRd = (EPCs × 3,300 × 0.30 × ABSd × 130 × 1 × CSFa) / (1,000,000 × 70 × 25,550) HQd = (EPCs × 3,300 × 0.30 × ABSd × 130 × 1) / (1,000,000 × 70 × 365 × RfDa)
ELCRi = (EPCs / PEF × 8 × 130 × 1 × URF ) / (25,550 × 24) HQi = (EPCs / PEF × 8 × 130 × 1) / (365 × 24 × RfC)

Total  ELCR Total  HI

Table E-32
Risk and Hazard Calculations for Hypothetical Future Construction Worker Exposure to Soil

BUILDING 1549
REASONABLE MAXIMUM EXPOSURE

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

CANCER RISK NON-CANCER HAZARD
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Scenario Timeframe:  Future
Receptor Population:  Adult Resident
Receptor Age:  Adult

Percent Percent
EPCs PEF Route-Specific Risk Calculated Total Route-Specific Hazard Calculated Total

Constituent (mg/kg) (m³/kg) Oral Dermal Inhalation Risk ELCR Oral Dermal Inhalation Hazard HI

ELCRo ELCRd ELCRi ELCR HQo HQd HQi HI
Semi-Volatile Organic Compounds
Benzo(a)anthracene – – – – – – – – – – – –
Benzo(a)pyrene – – – – – – – – – – – –
Benzo(b)fluoranthene – – – – – – – – – – – –
Dibenzo(a,h)anthracene – – – – – – – – – – – –
Indeno(1,2,3-cd)pyrene 1.80E-01 1.36E+09 P 7.7E-08 4.0E-08 6.0E-15 1.2E-07 2% NA NA NA NA –
Polychlorinated Biphenyls
Aroclor 1254 – – – – – – – – – – – –
Explosives
Nitroglycerine 2.50E+00 1.36E+09 P 2.5E-08 1.0E-08 NA 3.5E-08 <1% 3.4E-02 1.4E-02 NA 4.8E-02 18%
Inorganics
Aluminum 3.22E+04 1.36E+09 P NA NA NA NA – 4.4E-02 1.8E-03 4.5E-03 5.0E-02 17%
Arsenic 5.45E+00 1.36E+09 P 4.8E-06 5.7E-07 7.1E-12 5.4E-06 97% 2.5E-02 3.0E-03 2.6E-04 2.8E-02 11%
Cobalt 9.84E+00 1.36E+09 P NA NA 2.7E-11 2.7E-11 <1% 4.5E-02 1.8E-03 NA 4.7E-02 17%
Iron 3.96E+04 1.36E+09 P NA NA NA NA – 7.7E-02 3.1E-03 NA 8.1E-02 30%
Manganese 3.33E+02 1.36E+09 P NA NA NA NA – 3.3E-03 3.2E-03 4.7E-03 1.1E-02 2%
Vanadium 7.18E+01 1.36E+09 P NA NA NA NA – 1.4E-02 2.2E-02 NA 3.6E-02 5%

6E-06 99% 0.3 100%

– Not applicable. HQ Hazard quotient. PEF Particulate emission factor.
ELCR Excess lifetime cancer risk. mg/kg Milligrams per kilogram.
EPCs Exposure point concentration in soil (mg/kg). NA Not available.
HI Hazard index (sum of the HQs). NC Not evaluated as a carcinogen.

Equations:   (see Table 5-9)
ELCRo = (EPCs × 1 × 100 × 350 × 30 × CSFo) / (1,000,000 × 70 × 25,550) HQo = (EPCs × 1 × 100 × 350 × 30) / (1,000,000 × 70 × 10,950 × RfDo)
ELCRd = (EPCs × 5,700 × 0.07 × ABSd × 350 × 30 × CSFa) / (1,000,000 × 70 × 25,550) HQd = (EPCs × 5,700 × 0.07 × ABSd × 350 × 30) / (1,000,000 × 70 × 10,950 × RfDa)
ELCRi = (EPCs / PEF × 24 × 350 × 30 × URF ) / (25,550 × 24) HQi = (EPCs / PEF × 24 × 350 × 30) / (10,950 × 24 × RfC)

Total  ELCR Total  HI

Table E-33
Risk and Hazard Calculations for Hypothetical Future Adult Resident Exposure to Combined Soil

BUILDING 1549
REASONABLE MAXIMUM EXPOSURE

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

CANCER RISK NON-CANCER HAZARD
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Table E-34
DATA ENTRY SHEET

Hypothetical Future Adult Residential Exposure to Soil Gas
Building 1549

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Soil Soil
Chemical gas gas
CAS No. conc., OR conc.,

(numbers only, Cg Cg

no dashes) (µg/m3) (ppmv) Constituent

95636 1.10E+02 1,2,4-Trimethylbenzene
108678 9.40E+01 1,3,5-Trimethylbenzene
106990 3.60E+01 1,3-Butadiene
106467 3.20E+00 1,4-Dichlorobenzene
71432 2.30E+01 Benzene

100414 5.94E+00 Ethylbenzene
67630 9.85E+00 Isopropanol

622968 4.26E+01 4-Ethyltoluene
142825 4.09E+01 Heptane
540841 1.80E+02 2,2,4-Trimethylpentane
591786 1.50E+01 2-Hexanone
64175 7.70E+01 Ethanol

109999 1.50E+01 Tetrahydrofuran

Depth Totals must add up to value of Ls (cell F24) Soil
below grade Soil gas Thickness Thickness stratum A User-defined

to bottom sampling Average Thickness of soil of soil SCS stratum A
of enclosed depth soil of soil stratum B, stratum C, soil type soil vapor
space floor, below grade, temperature, stratum A, (Enter value or 0) (Enter value or 0) (used to estimate OR permeability,

LF Ls TS hA hB hC soil vapor kv

(cm) (cm) (oC) (cm) (cm) (cm) permeability) (cm2)

15 152.4 14 152.4 SIC

Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C
SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled

soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity,
ρb

A nA
θw

A ρb
B nB

θw
B ρb

C nC
θw

C

(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)

SIC 1.38 0.481 0.216

Enclosed Enclosed Enclosed Average vapor
space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

10 40 1000 1000 366 0.1 0.5

Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 30 30 350

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack Qbuilding

(sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/s)

9.46E+08 137.4 0.265 0.284 1.49E-09 0.844 1.26E-09 4,000 5.08E+04

Soil Gas Concentration Data

Lookup Soil 
Parameters

Lookup Soil 
Parameters

Lookup Soil 
Parameters
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Table E-35
INTERMEDIATE CALCULATIONS SHEET

Hypothetical Future Adult Residential Exposure to Soil Gas
Building 1549

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Stratum Total Exponent of Infinite
Enthalpy of Henry's law Henry's law Vapor A overall Average Crack equivalent source Infinite

vaporization at constant at constant at viscosity at effective effective Source vapor effective foundation indoor source
ave. soil ave. soil ave. soil ave. soil diffusion diffusion vapor Crack flow rate diffusion Area of Peclet attenuation bldg.

temperature, temperature, temperature, temperature, coefficient, coefficient, conc., radius, into bldg., coefficient, crack, number, coefficient, conc.,
∆Hv,TS HTS H'TS µTS Deff

A Deff
T Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding

CAS Number Constituent (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3)

95636 1,2,4-Trimethylbenzene 11,642 2.89E-03 1.23E-01 1.77E-04 3.15E-03 3.15E-03 1.10E+02 0.10 1.26E+00 3.15E-03 4.00E+02 2.18E+04 2.35E-05 2.59E-03
108678 1,3,5-Trimethylbenzene 11,626 2.77E-03 1.17E-01 1.77E-04 3.13E-03 3.13E-03 9.40E+01 0.10 1.26E+00 3.13E-03 4.00E+02 2.32E+04 2.35E-05 2.21E-03
106990 1,3-Butadiene 5,137 5.27E-02 2.24E+00 1.77E-04 1.29E-02 1.29E-02 3.60E+01 0.10 1.26E+00 1.29E-02 4.00E+02 1.14E+01 2.67E-05 9.63E-04
106467 1,4-Dichlorobenzene 11,202 1.16E-03 4.92E-02 1.77E-04 3.58E-03 3.58E-03 3.20E+00 0.10 1.26E+00 3.58E-03 4.00E+02 6.41E+03 2.37E-05 7.57E-05
71432 Benzene 8,081 3.28E-03 1.39E-01 1.77E-04 4.57E-03 4.57E-03 2.30E+01 0.10 1.26E+00 4.57E-03 4.00E+02 9.72E+02 2.39E-05 5.50E-04
100414 Ethylbenzene 10,110 4.09E-03 1.74E-01 1.77E-04 3.89E-03 3.89E-03 5.94E+00 0.10 1.26E+00 3.89E-03 4.00E+02 3.20E+03 2.37E-05 1.41E-04
67630 Isopropanol 10,014 4.13E-06 1.75E-04 1.77E-04 7.10E-03 7.10E-03 9.85E+00 0.10 1.26E+00 7.10E-03 4.00E+02 8.35E+01 2.45E-05 2.41E-04
622968 4-Ethyltoluene 9,445 2.47E-03 1.05E-01 1.77E-04 3.78E-03 3.78E-03 4.26E+01 0.10 1.26E+00 3.78E-03 4.00E+02 4.08E+03 2.37E-05 1.01E-03
142825 Heptane 8,101 1.01E+00 4.28E+01 1.77E-04 3.37E-03 3.37E-03 4.09E+01 0.10 1.26E+00 3.37E-03 4.00E+02 1.13E+04 2.36E-05 9.65E-04
540841 2,2,4-Trimethylpentane 7,787 4.09E-01 1.74E+01 1.77E-04 2.98E-03 2.98E-03 1.80E+02 0.10 1.26E+00 2.98E-03 4.00E+02 3.82E+04 2.34E-05 4.22E-03
591786 2-Hexanone 10,456 4.73E-05 2.01E-03 1.77E-04 4.15E-03 4.15E-03 1.50E+01 0.10 1.26E+00 4.15E-03 4.00E+02 1.93E+03 2.38E-05 3.57E-04
64175 Ethanol 10,495 2.36E-06 1.00E-04 1.77E-04 8.94E-03 8.94E-03 7.70E+01 0.10 1.26E+00 8.94E-03 4.00E+02 3.36E+01 2.50E-05 1.93E-03
109999 Tetrahydrofuran 7,701 1.47E-04 6.24E-03 1.77E-04 4.68E-03 4.68E-03 1.50E+01 0.10 1.26E+00 4.68E-03 4.00E+02 8.21E+02 2.39E-05 3.59E-04
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Table E-36
RESULTS SHEET

Hypothetical Future Adult Residential Exposure to Soil Gas
Building 1549

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS Number Constituent (unitless) (unitless)

95636 1,2,4-Trimethylbenzene NA 3.5E-04
108678 1,3,5-Trimethylbenzene NA 3.5E-04
106990 1,3-Butadiene 1.2E-08 4.6E-04
106467 1,4-Dichlorobenzene 3.4E-10 9.1E-08
71432 Benzene 1.8E-09 1.8E-05
100414 Ethylbenzene 1.4E-10 1.4E-07
67630 Isopropanol NA 3.3E-08
622968 4-Ethyltoluene NA NA
142825 Heptane NA NA
540841 2,2,4-Trimethylpentane NA NA
591786 2-Hexanone NA NA
64175 Ethanol NA NA
109999 Tetrahydrofuran NA NA

Total 1E-08 0.001
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Scenario Timeframe:  Future
Receptor Population:  Child Resident
Receptor Age:  Child

Percent Percent
EPCs PEF Route-Specific Risk Calculated Total Route-Specific Hazard Calculated Total

Constituent (mg/kg) (m³/kg) Oral Dermal Inhalation Risk ELCR Oral Dermal Inhalation Hazard HI

ELCRo ELCRd ELCRi ELCR HQo HQd HQi HI
Semi-Volatile Organic Compounds
Benzo(a)anthracene – – – – – – – – – – – –
Benzo(a)pyrene – – – – – – – – – – – –
Benzo(b)fluoranthene – – – – – – – – – – – –
Dibenzo(a,h)anthracene – – – – – – – – – – – –
Indeno(1,2,3-cd)pyrene 1.80E-01 1.36E+09 P 1.4E-07 5.2E-08 1.2E-15 2.0E-07 2% NA NA NA NA –
Polychlorinated Biphenyls
Aroclor 1254 – – – – – – – – – – – –
Explosives
Nitroglycerine 2.50E+00 1.36E+09 P 4.7E-08 1.3E-08 NA 6.0E-08 <1% 3.2E-01 8.9E-02 NA 4.1E-01 18%
Inorganics
Aluminum 3.22E+04 1.36E+09 P NA NA NA NA – 4.1E-01 1.2E-02 4.5E-03 4.3E-01 17%
Arsenic 5.45E+00 1.36E+09 P 9.0E-06 7.5E-07 1.4E-12 9.7E-06 97% 2.3E-01 1.9E-02 2.6E-04 2.5E-01 11%
Cobalt 9.84E+00 1.36E+09 P NA NA 5.3E-12 5.3E-12 <1% 4.2E-01 1.2E-02 NA 4.3E-01 17%
Iron 3.96E+04 1.36E+09 P NA NA NA NA – 7.2E-01 2.0E-02 NA 7.4E-01 30%
Manganese 3.33E+02 1.36E+09 P NA NA NA NA – 3.0E-02 2.1E-02 4.7E-03 5.6E-02 2%
Vanadium 7.18E+01 1.36E+09 P NA NA NA NA – 1.3E-01 1.4E-01 NA 2.7E-01 5%

1E-05 99% 2.6 100%

**  HI Segregated by Target Site/Critical Effect: HI (liver) = 1 HI (gatrointestinal tract) = 0.7
CNS - Central nervous system NR - None reported HI (CNS) = 0.06 HI (skin) = 0.7
NA - Not available RBCs - Red blood cells HI (blood) = 0.7 HI (vascular) = 0.3

HI (developmental) = 0.4 HI (NA) = 0.005

– Not applicable. HQ Hazard quotient. PEF Particulate emission factor.
ELCR Excess lifetime cancer risk. mg/kg Milligrams per kilogram.
EPCs Exposure point concentration in soil (mg/kg). NA Not available.
HI Hazard index (sum of the HQs). NC Not evaluated as a carcinogen.

Equations:   (see Table 5-9)
ELCRo = (EPCs × 1 × 200 × 350 × 6 × CSFo) / (1,000,000 × 15 × 25,550) HQo = (EPCs × 1 × 200 × 350 × 6) / (1,000,000 × 15 × 2,190 × RfDo)
ELCRd = (EPCs × 2,800 × 0.20 × ABSd × 350 × 6 × CSFa) / (1,000,000 × 15 × 25,550) HQd = (EPCs × 2,800 × 0.20 × ABSd × 350 × 6) / (1,000,000 × 15 × 2,190 × RfDa)
ELCRi = (EPCs / PEF × 24 × 350 × 6 × URF ) / (25,550 × 24) HQi = (EPCs / PEF × 24 × 350 × 6) / (2,190 × 24 × RfC)

Total  ELCR Total  HI

Table E-37
Risk and Hazard Calculations for Hypothetical Future Child Resident Exposure to Soil

BUILDING 1549
REASONABLE MAXIMUM EXPOSURE

RAAP-047 RFI Report, Radford Army Amunition Plant, Radford, Virginia

CANCER RISK NON-CANCER HAZARD
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Table E-38
DATA ENTRY SHEET

Hypothetical Future Child Resident Exposure to Soil Gas
Building 1549

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Soil Soil
Chemical gas gas
CAS No. conc., OR conc.,

(numbers only, Cg Cg

no dashes) (µg/m3) (ppmv) Constituent

95636 1.10E+02 1,2,4-Trimethylbenzene
108678 9.40E+01 1,3,5-Trimethylbenzene
106990 3.60E+01 1,3-Butadiene
106467 3.20E+00 1,4-Dichlorobenzene
71432 2.30E+01 Benzene

100414 5.94E+00 Ethylbenzene
67630 9.85E+00 Isopropanol

622968 4.26E+01 4-Ethyltoluene
142825 4.09E+01 Heptane
540841 1.80E+02 2,2,4-Trimethylpentane
591786 1.50E+01 2-Hexanone
64175 7.70E+01 Ethanol

109999 1.50E+01 Tetrahydrofuran

Depth Totals must add up to value of Ls (cell F24) Soil
below grade Soil gas Thickness Thickness stratum A User-defined

to bottom sampling Average Thickness of soil of soil SCS stratum A
of enclosed depth soil of soil stratum B, stratum C, soil type soil vapor
space floor, below grade, temperature, stratum A, (Enter value or 0) (Enter value or 0) (used to estimate OR permeability,

LF Ls TS hA hB hC soil vapor kv

(cm) (cm) (oC) (cm) (cm) (cm) permeability) (cm2)

15 152.4 14 152.4 SIC

Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C
SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled

soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity,
ρb

A nA θw
A ρb

B nB θw
B ρb

C nC θw
C

(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)

SIC 1.38 0.481 0.216

Enclosed Enclosed Enclosed Average vapor
space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

10 40 1000 1000 366 0.1 0.5

Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 6 6 350

Stratum A Stratum B Stratum C Stratum A Stratum A Stratum A Stratum A Floor-
Source- soil soil soil effective soil soil soil wall Bldg.

Exposure building air-filled air-filled air-filled total fluid intrinsic relative air effective vapor seam ventilation
duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, perimeter, rate,

τ LT θa
A θa

B θa
C Ste ki krg kv Xcrack Qbuilding

(sec) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm2) (cm2) (cm2) (cm) (cm3/s)

1.89E+08 137.4 0.265 0.284 1.49E-09 0.844 1.26E-09 4,000 5.08E+04

Soil Gas Concentration Data

Lookup Soil 
Parameters

Lookup Soil 
Parameters

Lookup Soil 
Parameters
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Table E-39
INTERMEDIATE CALCULATIONS SHEET

Hypothetical Future Child Resident Exposure to Soil Gas
Building 1549

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Stratum Total Exponent of Infinite
Enthalpy of Henry's law Henry's law Vapor A overall Average Crack equivalent source Infinite

vaporization at constant at constant at viscosity at effective effective Source vapor effective foundation indoor source
ave. soil ave. soil ave. soil ave. soil diffusion diffusion vapor Crack flow rate diffusion Area of Peclet attenuation bldg.

temperature, temperature, temperature, temperature, coefficient, coefficient, conc., radius, into bldg., coefficient, crack, number, coefficient, conc.,
∆Hv,TS HTS H'TS µTS Deff

A Deff
T Csource rcrack Qsoil Dcrack Acrack exp(Pef) α Cbuilding

CAS Number Constituent (cal/mol) (atm-m3/mol) (unitless) (g/cm-s) (cm2/s) (cm2/s) (µg/m3) (cm) (cm3/s) (cm2/s) (cm2) (unitless) (unitless) (µg/m3)

95636 1,2,4-Trimethylbenzene 11,642 2.89E-03 1.23E-01 1.77E-04 3.15E-03 3.15E-03 1.10E+02 0.10 1.26E+00 3.15E-03 4.00E+02 2.18E+04 2.35E-05 2.59E-03
108678 1,3,5-Trimethylbenzene 11,626 2.77E-03 1.17E-01 1.77E-04 3.13E-03 3.13E-03 9.40E+01 0.10 1.26E+00 3.13E-03 4.00E+02 2.32E+04 2.35E-05 2.21E-03
106990 1,3-Butadiene 5,137 5.27E-02 2.24E+00 1.77E-04 1.29E-02 1.29E-02 3.60E+01 0.10 1.26E+00 1.29E-02 4.00E+02 1.14E+01 2.67E-05 9.63E-04
106467 1,4-Dichlorobenzene 11,202 1.16E-03 4.92E-02 1.77E-04 3.58E-03 3.58E-03 3.20E+00 0.10 1.26E+00 3.58E-03 4.00E+02 6.41E+03 2.37E-05 7.57E-05
71432 Benzene 8,081 3.28E-03 1.39E-01 1.77E-04 4.57E-03 4.57E-03 2.30E+01 0.10 1.26E+00 4.57E-03 4.00E+02 9.72E+02 2.39E-05 5.50E-04
100414 Ethylbenzene 10,110 4.09E-03 1.74E-01 1.77E-04 3.89E-03 3.89E-03 5.94E+00 0.10 1.26E+00 3.89E-03 4.00E+02 3.20E+03 2.37E-05 1.41E-04
67630 Isopropanol 10,014 4.13E-06 1.75E-04 1.77E-04 7.10E-03 7.10E-03 9.85E+00 0.10 1.26E+00 7.10E-03 4.00E+02 8.35E+01 2.45E-05 2.41E-04
622968 4-Ethyltoluene 9,445 2.47E-03 1.05E-01 1.77E-04 3.78E-03 3.78E-03 4.26E+01 0.10 1.26E+00 3.78E-03 4.00E+02 4.08E+03 2.37E-05 1.01E-03
142825 Heptane 8,101 1.01E+00 4.28E+01 1.77E-04 3.37E-03 3.37E-03 4.09E+01 0.10 1.26E+00 3.37E-03 4.00E+02 1.13E+04 2.36E-05 9.65E-04
540841 2,2,4-Trimethylpentane 7,787 4.09E-01 1.74E+01 1.77E-04 2.98E-03 2.98E-03 1.80E+02 0.10 1.26E+00 2.98E-03 4.00E+02 3.82E+04 2.34E-05 4.22E-03
591786 2-Hexanone 10,456 4.73E-05 2.01E-03 1.77E-04 4.15E-03 4.15E-03 1.50E+01 0.10 1.26E+00 4.15E-03 4.00E+02 1.93E+03 2.38E-05 3.57E-04
64175 Ethanol 10,495 2.36E-06 1.00E-04 1.77E-04 8.94E-03 8.94E-03 7.70E+01 0.10 1.26E+00 8.94E-03 4.00E+02 3.36E+01 2.50E-05 1.93E-03
109999 Tetrahydrofuran 7,701 1.47E-04 6.24E-03 1.77E-04 4.68E-03 4.68E-03 1.50E+01 0.10 1.26E+00 4.68E-03 4.00E+02 8.21E+02 2.39E-05 3.59E-04
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Table E-40
RESULTS SHEET

Hypothetical Future Child Resident Exposure to Soil Gas
Building 1549

RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Incremental Hazard
risk from quotient

vapor from vapor
intrusion to intrusion to
indoor air, indoor air,
carcinogen noncarcinogen

CAS Number Constituent (unitless) (unitless)

95636 1,2,4-Trimethylbenzene NA 3.5E-04
108678 1,3,5-Trimethylbenzene NA 3.5E-04
106990 1,3-Butadiene 2.4E-09 4.6E-04
106467 1,4-Dichlorobenzene 6.8E-11 9.1E-08
71432 Benzene 3.5E-10 1.8E-05
100414 Ethylbenzene 2.9E-11 1.4E-07
67630 Isopropanol NA 3.3E-08
622968 4-Ethyltoluene NA NA
142825 Heptane NA NA
540841 2,2,4-Trimethylpentane NA NA
591786 2-Hexanone NA NA
64175 Ethanol NA NA
109999 Tetrahydrofuran NA NA

Total 3E-09 0.001
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Appendix F 

 

Analytical Results



Table F-1. Summary of Laboratory Analytical Results for Soil Gas at Building 1034 
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1034SG001 1034SG002 1034SG004 1034SG006 1034SG007 1034SG008 1034SLB00A 1034SLB00B
Date Collected: Units 05/08/08 05/08/08 05/08/08 05/08/08 05/08/08 05/08/08 05/08/08 05/08/08

Volatile Organics
1,1,1-Trichloroethane ug/m3 <7.2 <7.3 4.0 J <7.0 <7.0 <29 1.6 J <5.3
1,1,2,2-Tetrachloroethane ug/m3 <9.1 <9.2 <9.1 <8.8 <8.8 <36 <6.3 <6.7
1,1,2-trichloro-1,2,2-trifluoroethane ug/m3 <10 <10 <10 <9.9 <9.9 <41 <7.0 <7.5
1,1,2-Trichloroethane ug/m3 <7.2 <7.3 <7.2 <7.0 <7.0 <29 <5.0 <5.3
1,1-Dichloroethane ug/m3 <5.3 <5.4 <5.3 <5.2 <5.2 <21 <3.7 <4.0
1,1-Dichloroethene ug/m3 <5.2 <5.3 <5.2 <5.1 <5.1 <21 <3.6 <3.9
1,2,4-Trichlorobenzene ug/m3 <39 <40 <39 <38 <38 <160 <27 <29
1,2,4-Trimethylbenzene ug/m3 17 <6.6 0.95 J 2.1 J 3.4 J <26 <4.5 <4.8
1,2-Dibromoethane ug/m3 <10 <10 <10 <9.9 <9.9 <41 <7.0 <7.5
1,2-Dichlorobenzene ug/m3 <7.9 <8.1 <7.9 <7.8 <7.8 <32 <5.5 <5.9
1,2-Dichloroethane ug/m3 <5.3 <5.4 <5.3 <5.2 <5.2 <21 <3.7 <4.0
1,2-Dichloropropane ug/m3 <6.1 <6.2 <6.1 <6.0 <6.0 <24 <4.2 <4.5
1,3,5-Trimethylbenzene ug/m3 14 <6.6 <6.5 <6.3 2.9 J <26 <4.5 <4.8
1,3-Butadiene ug/m3 4.8 8.8 16 17 5.6 31 <2.0 <2.2
1,3-Dichlorobenzene ug/m3 <7.9 <8.1 <7.9 <7.8 <7.8 <32 <5.5 <5.9
1,4-Dichlorobenzene ug/m3 <7.9 <8.1 <7.9 <7.8 <7.8 <32 <5.5 <5.9
1,4-Dioxane ug/m3 <19 <19 <19 <18 <18 <76 <13 <14
2,2,4-Trimethylpentane ug/m3 <6.2 <6.3 <6.2 <6.0 <6.0 <25 <4.3 <4.6
2-Butanone ug/m3 92 16 11 28 14 25 3.8 1.6 J
2-Hexanone ug/m3 15 J 2.2 J 1.4 J 2.7 J 2.9 J <87 1.0 J <16
2-Propanol ug/m3 5.9 J <13 <13 3.3 J 5.6 J <52 1.3 J <9.6
3-Chloropropene ug/m3 <16 <17 <16 <16 <16 <66 <11 <12
4-Ethyltoluene ug/m3 11 <6.6 <6.5 1.8 J 1.9 J <26 <4.5 <4.8
4-Methyl-2-pentanone ug/m3 7.5 1.4 J 0.86 J 1.8 J 1.4 J <22 <3.7 <4.0
Acetone ug/m3 620 97 52 280 68 120 16 7.9 J
Benzene ug/m3 4.3 5.1 7.9 18 2.8 J 15 J 0.67 J 0.75 J
Benzyl Chloride ug/m3 <6.8 <7.0 <6.8 <6.7 <6.7 <27 <4.7 <5.1
Bromodichloromethane ug/m3 <8.8 21 <8.8 <8.6 <8.6 58 52 39
Bromoform ug/m3 <14 <14 <14 <13 <13 <55 <9.4 <10
Bromomethane ug/m3 <5.1 <5.2 <5.1 5.7 <5.0 <20 <3.6 <3.8
Carbon Disulfide ug/m3 2.6 J 8 10 16 30 25 0.45 J 0.71 J
Carbon Tetrachloride ug/m3 <8.3 <8.5 <8.3 <8.1 <8.1 9.4 J <5.8 <6.2
Chlorobenzene ug/m3 <6.1 <6.2 <6.1 <5.9 <5.9 <24 <4.2 <4.5
Chloroethane ug/m3 <3.5 <3.5 <3.5 <3.4 <3.4 <14 <2.4 <2.6
Chloroform ug/m3 2.3 J 400 190 <6.3 54 8,800 940 650
Chloromethane ug/m3 2.6 J <11 <11 6.3 J <11 <44 <7.6 <8.1
cis-1,2-Dichloroethene ug/m3 <5.2 <5.3 <5.2 <5.1 <5.1 <21 <3.6 <3.9
cis-1,3-Dichloropropene ug/m3 <6.0 <6.1 <6.0 <5.8 <5.8 <24 <4.2 <4.4
Cyclohexane ug/m3 6 2.0 J <4.5 3.0 J 4.2 J 8.9 J <3.1 <3.4
Dibromochloromethane ug/m3 <11 <11 <11 <11 <11 <45 1.9 J 2.5 J
Dichlorodifluoromethane ug/m3 <6.5 <6.6 <6.5 <6.4 <6.4 <26 5.3 7.8
Ethanol ug/m3 36 23 6.4 J 14 3.8 J 7.0 J 2.7 J <7.4
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Table F-1. Summary of Laboratory Analytical Results for Soil Gas at Building 1034 
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1034SG001 1034SG002 1034SG004 1034SG006 1034SG007 1034SG008 1034SLB00A 1034SLB00B
Date Collected: Units 05/08/08 05/08/08 05/08/08 05/08/08 05/08/08 05/08/08 05/08/08 05/08/08

Ethylbenzene ug/m3 2.4 J 2.6 J 1.3 J 2.9 J <5.6 <23 <4.0 <4.2
Freon 114 ug/m3 <9.2 <9.4 <9.2 <9.0 <9.0 <37 <6.4 <6.8
Heptane ug/m3 14 3.5 J 4.1 J 26 4.2 J 11 J <3.7 <4.0
Hexachlorobutadiene ug/m3 <56 <57 <56 <55 <55 <230 <39 <42
Hexane ug/m3 9 6.8 <4.6 34 <4.5 16 J <3.2 1.7 J
Isopropylbenzene ug/m3 <6.5 <6.6 <6.5 <6.3 0.78 J <26 <4.5 <4.8
m,p-Xylene ug/m3 8.2 3.7 J 1.8 J 8 2.0 J 9.1 J 1.1 J <4.2
Methyl tert-butyl ether ug/m3 <4.8 <4.8 <4.8 <4.6 <4.6 <19 <3.3 <3.5
Methylene Chloride ug/m3 <4.6 1.8 J <4.6 1.4 J <4.5 21 2.1 J 5
n-Propylbenzene ug/m3 <6.5 <6.6 <6.5 1.7 J <6.3 <26 <4.5 <4.8
o-Xylene ug/m3 2.6 J 2.1 J 1.3 J 2.8 J 2.3 J 4.6 J <4.0 <4.2
Styrene ug/m3 1.3 J <5.7 1.2 J 3.1 J <5.5 3.7 J <3.9 <4.2
Tetrachloroethene ug/m3 <9.0 <9.1 3.3 J <8.8 4.8 J <36 1.9 J 1.7 J
Tetrahydrofuran ug/m3 3.6 J 3.4 J <3.9 3.2 J <3.8 12 J <2.7 <2.9
Toluene ug/m3 3.9 J 8.3 7.7 11 2.8 J 16 J 2.5 J 1.3 J
trans-1,2-Dichloroethene ug/m3 <5.2 <5.3 <5.2 <5.1 <5.1 <21 <3.6 <3.9
trans-1,3-Dichloropropene ug/m3 <6.0 <6.1 <6.0 <5.8 <5.8 <24 <4.2 <4.4
Trichloroethene ug/m3 3.0 J 5.2 J 1.2 J 22 13 17 J 17 9.9
Trichlorofluoromethane ug/m3 2.2 J 3.4 J 3.1 J 3.3 J 2.6 J <30 1.7 J 2.0 J
Vinyl Chloride ug/m3 <3.4 <3.4 <3.4 <3.3 <3.3 <14 <2.3 <2.5
Xylenes (total) ug/m3 11 J 5.8 J 3.1 J 11 J 4.3 J 14 J 1.1 J <4.2
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Table F-2. Summary of Laboratory Analytical Results for Soil at Building 1034 
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1034SB001 1034SB001 1034SB004 1034SB004 1034SB006 1034SB006 1034SB007 1034SB007 1034SB008 1034SB008
Sample Depth(Feet): 0.5 - 1.5 7 - 8 0.5 - 1.5 5 - 6 0.5 - 1.5 7 - 8 0.5 - 1.5 7 - 8 0.5 - 1.5 4 - 5

Date Collected: Units 05/08/08 05/08/08 05/08/08 05/08/08 05/09/08 05/09/08 05/09/08 05/09/08 05/08/08 05/08/08
Volatile Organics
1,1,1-Trichloroethane mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
1,1,2,2-Tetrachloroethane mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
1,1,2-trichloro-1,2,2-trifluoroethane mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
1,1,2-Trichloroethane mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
1,1-Dichloroethane mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
1,1-Dichloroethene mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
1,2,3-Trichlorobenzene mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
1,2,4-Trichlorobenzene mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
1,2-Dibromo-3-chloropropane mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
1,2-Dibromoethane mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
1,2-Dichlorobenzene mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
1,2-Dichloroethane mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
1,2-Dichloropropane mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
1,3-Dichlorobenzene mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
1,4-Dichlorobenzene mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
1,4-Dioxane mg/kg <0.056 J <0.061 J <0.086 J <0.082 J <0.067 [<0.062] <0.078 J <0.058 <0.059 J <0.064 J <0.052 J
2-Butanone mg/kg <0.011 <0.012 <0.017 <0.016 <0.013 [<0.012] <0.016 <0.012 <0.012 <0.013 <0.010
2-Hexanone mg/kg <0.011 <0.012 <0.017 <0.016 <0.013 [<0.012] <0.016 <0.012 <0.012 <0.013 <0.010
4-Methyl-2-pentanone mg/kg <0.011 <0.012 <0.017 <0.016 <0.013 [<0.012] <0.016 <0.012 <0.012 <0.013 <0.010
Acetone mg/kg <0.011 <0.012 <0.017 <0.016 0.065 J [0.056 J] <0.016 <0.012 <0.012 <0.013 <0.010
Benzene mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Bromochloromethane mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Bromodichloromethane mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Bromoform mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Bromomethane mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Carbon Disulfide mg/kg 0.00032 J <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Carbon Tetrachloride mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Chlorobenzene mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Chloroethane mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Chloroform mg/kg <0.0056 0.0058 J <0.0086 0.00084 J <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 0.0042 J
Chloromethane mg/kg <0.0056 <0.00061 B <0.0086 <0.0082 0.00071 J [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
cis-1,2-Dichloroethene mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
cis-1,3-Dichloropropene mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Cyclohexane mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Dibromochloromethane mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Dichlorodifluoromethane mg/kg <0.0056 <0.0061 0.0044 J 0.0096 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 0.014 0.017
Ethylbenzene mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Isopropylbenzene mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Methyl acetate mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Methyl tert-butyl ether mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Methylcylohexane mg/kg 0.00090 J <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Methylene Chloride mg/kg <0.012 B <0.011 B <0.014 B <0.013 B <0.011 B [<0.0077 B] <0.017 B <0.0078 B <0.018 B <0.011 B <0.0064 B
Styrene mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Tetrachloroethene mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Toluene mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
trans-1,2-Dichloroethene mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
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Table F-2. Summary of Laboratory Analytical Results for Soil at Building 1034 
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1034SB001 1034SB001 1034SB004 1034SB004 1034SB006 1034SB006 1034SB007 1034SB007 1034SB008 1034SB008
Sample Depth(Feet): 0.5 - 1.5 7 - 8 0.5 - 1.5 5 - 6 0.5 - 1.5 7 - 8 0.5 - 1.5 7 - 8 0.5 - 1.5 4 - 5

Date Collected: Units 05/08/08 05/08/08 05/08/08 05/08/08 05/09/08 05/09/08 05/09/08 05/09/08 05/08/08 05/08/08
trans-1,3-Dichloropropene mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Trichloroethene mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Trichlorofluoromethane mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Vinyl Chloride mg/kg <0.0056 <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Xylenes (total) mg/kg 0.0012 J <0.0061 <0.0086 <0.0082 <0.0067 [<0.0062] <0.0078 <0.0058 <0.0059 <0.0064 <0.0052
Semivolatile Organics
1,1'-Biphenyl mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
1,2,4,5-Tetrachlorobenzene mg/kg <0.42 J <0.45 <0.58 J <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 J <0.39
2,4,5-Trichlorophenol mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
2,4,6-Trichlorophenol mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
2,4-Dichlorophenol mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
2,4-Dimethylphenol mg/kg <1.7 <1.8 <2.3 <2.1 <1.7 [<1.7] <1.6 <1.6 <1.5 <16 <1.6
2,4-Dinitrophenol mg/kg <1.7 <1.8 <2.3 <2.1 <1.7 [<1.7] <1.6 <1.6 <1.5 <16 <1.6
2,4-Dinitrotoluene mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
2,6-Dinitrotoluene mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
2-Chloronaphthalene mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
2-Chlorophenol mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
2-Methylnaphthalene mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
2-Methylphenol mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
2-Nitroaniline mg/kg <1.7 <1.8 <2.3 <2.1 <1.7 [<1.7] <1.6 <1.6 <1.5 <16 <1.6
2-Nitrophenol mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
3,3'-Dichlorobenzidine mg/kg <0.42 J <0.45 J <0.58 J <0.52 J <0.42 J [<0.43 J] <0.41 J <0.41 J <0.37 J <4.0 J <0.39 J
3-Nitroaniline mg/kg <1.7 <1.8 <2.3 <2.1 <1.7 J [<1.7 J] <1.6 <1.6 J <1.5 <16 <1.6
4,6-Dinitro-2-methylphenol mg/kg <1.7 <1.8 <2.3 <2.1 <1.7 [<1.7] <1.6 <1.6 <1.5 <16 <1.6
4-Bromophenyl-phenylether mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
4-Chloro-3-Methylphenol mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
4-Chloroaniline mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 J [<0.43 J] <0.41 <0.41 J <0.37 <4.0 <0.39
4-Chlorophenyl-phenylether mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
4-Methylphenol mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
4-Nitroaniline mg/kg <1.7 <1.8 <2.3 <2.1 <1.7 [<1.7] <1.6 <1.6 <1.5 <16 <1.6
4-Nitrophenol mg/kg <1.7 <1.8 <2.3 <2.1 <1.7 J [<1.7 J] <1.6 <1.6 J <1.5 <16 <1.6
Acenaphthene mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 0.049
Acenaphthylene mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 0.40 J 0.64
Acetophenone mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
Anthracene mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 0.30
Atrazine mg/kg <0.42 J <0.45 <0.58 J <0.52 <0.42 J [<0.43 J] <0.41 <0.41 J <0.37 <4.0 J <0.39
Benzaldehyde mg/kg <0.42 J R <0.58 J R <0.42 J [<0.43 J] R <0.41 J R <4.0 J R
Benzo(a)anthracene mg/kg <0.17 <0.18 <0.23 <0.21 <0.17 [<0.17] <0.16 <0.16 <0.15 1.8 2.6
Benzo(a)pyrene mg/kg <0.17 <0.18 <0.23 <0.21 <0.17 [<0.17] <0.16 <0.16 <0.15 3.0 4.0
Benzo(b)fluoranthene mg/kg <0.17 <0.18 <0.23 <0.21 <0.17 [<0.17] <0.16 0.052 J <0.15 2.7 4.0 J
Benzo(g,h,i)perylene mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 2.1 J 3.1
Benzo(k)fluoranthene mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 2.4 J 2.6
bis(2-Chloroethoxy)methane mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
bis(2-Chloroethyl)ether mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
bis(2-Chloroisopropyl)ether mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
bis(2-Ethylhexyl)phthalate mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
Butylbenzylphthalate mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
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Table F-2. Summary of Laboratory Analytical Results for Soil at Building 1034 
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1034SB001 1034SB001 1034SB004 1034SB004 1034SB006 1034SB006 1034SB007 1034SB007 1034SB008 1034SB008
Sample Depth(Feet): 0.5 - 1.5 7 - 8 0.5 - 1.5 5 - 6 0.5 - 1.5 7 - 8 0.5 - 1.5 7 - 8 0.5 - 1.5 4 - 5

Date Collected: Units 05/08/08 05/08/08 05/08/08 05/08/08 05/09/08 05/09/08 05/09/08 05/09/08 05/08/08 05/08/08
Caprolactam mg/kg 0.19 J <0.45 0.19 J <0.52 0.20 J [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
Carbazole mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 J [<0.43 J] <0.41 <0.41 J <0.37 <4.0 <0.39
Chrysene mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 2.3 J 3.0
Dibenzo(a,h)anthracene mg/kg <0.17 <0.18 <0.23 <0.21 <0.17 [<0.17] <0.16 <0.16 <0.15 2.2 1.2
Dibenzofuran mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 0.033
Diethylphthalate mg/kg <0.42 <0.45 <0.58 0.067 <0.42 [<0.43] 0.094 <0.41 0.054 <4.0 <0.39
Dimethylphthalate mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
Di-n-Butylphthalate mg/kg 0.055 J <0.45 0.056 J <0.52 <0.042 B [<0.040 B] <0.41 <0.047 B <0.37 <4.0 <0.39
Dinitrotoluene Mix mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
Di-n-Octylphthalate mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
Fluoranthene mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 3.3 J 4.7
Fluorene mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 0.14
Hexachlorobenzene mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
Hexachlorobutadiene mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
Hexachlorocyclopentadiene mg/kg <0.42 J <0.45 J <0.58 J <0.52 J <0.42 J [<0.43 J] <0.41 J <0.41 J <0.37 J <4.0 J <0.39 J
Hexachloroethane mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
Indeno(1,2,3-cd)pyrene mg/kg <0.17 <0.18 <0.23 <0.21 <0.17 [<0.17] <0.16 <0.16 <0.15 2.8 2.3
Isophorone mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
Naphthalene mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 0.046
Nitrobenzene mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
N-Nitroso-di-n-propylamine mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
N-Nitrosodiphenylamine mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
Pentachlorophenol mg/kg <1.7 <1.8 <2.3 <2.1 <1.7 [<1.7] <1.6 <1.6 <1.5 <16 <1.6
Phenol mg/kg <0.42 <0.45 <0.58 <0.52 <0.42 [<0.43] <0.41 <0.41 <0.37 <4.0 <0.39
Pyrene mg/kg <0.42 <0.45 J <0.58 <0.52 J <0.42 [<0.43] <0.41 J <0.41 <0.37 J 3.9 J 5.3 J
Explosives
1,3,5-Trinitrobenzene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
1,3-Dinitrobenzene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
2,4,6-Trinitrotoluene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
2,4-Dinitrotoluene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
2,6-Dinitrotoluene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
2-Amino-4,6-Dinitrotoluene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
4-Amino-2,6-Dinitrotoluene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
Dinitrotoluene Mix mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
HMX mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
m-Nitrotoluene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
Nitrobenzene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
Nitroglycerine mg/kg <5 <5 <5 <5 <5 [<5] <5 <5 <5 <5 <5
o-Nitrotoluene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
Pentaerythritol Tetranitrate mg/kg <5 <5 <5 <5 <5 [<5] <5 <5 <5 <5 <5
p-Nitrotoluene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
RDX mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
Tetryl mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
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Table F-2. Summary of Laboratory Analytical Results for Soil at Building 1034 
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1034SB001 1034SB001 1034SB004 1034SB004 1034SB006 1034SB006 1034SB007 1034SB007 1034SB008 1034SB008
Sample Depth(Feet): 0.5 - 1.5 7 - 8 0.5 - 1.5 5 - 6 0.5 - 1.5 7 - 8 0.5 - 1.5 7 - 8 0.5 - 1.5 4 - 5

Date Collected: Units 05/08/08 05/08/08 05/08/08 05/08/08 05/09/08 05/09/08 05/09/08 05/09/08 05/08/08 05/08/08
PCBs
Aroclor-1016 mg/kg <0.021 <0.022 <0.029 <0.026 <0.020 [<0.021] <0.020 <0.021 <0.018 <0.020 <0.019
Aroclor-1221 mg/kg <0.021 <0.022 <0.029 <0.026 <0.020 [<0.021] <0.020 <0.021 <0.018 <0.020 <0.019
Aroclor-1232 mg/kg <0.021 <0.022 <0.029 <0.026 <0.020 [<0.021] <0.020 <0.021 <0.018 <0.020 <0.019
Aroclor-1242 mg/kg <0.021 <0.022 <0.029 <0.026 <0.020 [<0.021] <0.020 <0.021 <0.018 <0.020 <0.019
Aroclor-1248 mg/kg <0.021 <0.022 <0.029 <0.026 <0.020 [<0.021] <0.020 <0.021 <0.018 <0.020 <0.019
Aroclor-1254 mg/kg <0.021 <0.022 <0.029 <0.026 <0.020 [<0.021] <0.020 0.048 <0.018 <0.020 <0.019
Aroclor-1260 mg/kg 0.064 <0.022 <0.029 <0.026 <0.020 [<0.050 B] <0.020 <0.0089 B <0.018 0.012 J 0.024
Inorganics
Aluminum mg/kg 33,300 41,000 61,700 34,000 44,300 [32,200] 14,600 29,000 12,600 29,700 12,800
Antimony mg/kg <3.80 J <3.80 J <5.30 J <4.70 J <3.80 [<3.90] <3.60 J <3.70 J <3.30 J <3.60 J <3.30 J
Arsenic mg/kg 3.40 1.90 10.1 4.40 4.10 [4.90] 3.80 1.60 4.30 4.00 11.7
Barium mg/kg 59.4 74.7 91.4 47.7 43.9 [66.1] 25.8 73.3 48.7 75.1 174
Beryllium mg/kg 0.770 J 1.10 1.60 J 2.30 0.620 [0.740] 0.670 1.10 0.710 0.930 J 1.00
Cadmium mg/kg <1.30 0.310 <1.80 0.690 <1.30 J [0.320 J] <1.20 <1.20 <1.10 <1.20 0.300
Calcium mg/kg 2,440 J 764 2,820 J 546 541 J [1,360 J] <1,190 2,070 J <1,090 6,100 J 771
Chromium mg/kg 37.7 47.4 46.4 25.1 37.5 [39.6] 45.0 59.1 30.1 36.2 13.7
Cobalt mg/kg 8.20 8.00 10.2 34.5 3.90 [6.20] 5.50 11.0 10.4 11.6 10.8
Copper mg/kg 20.1 28.8 79.0 29.7 11.7 J [39.9 J] 10.4 27.6 6.30 22.2 13.6
Iron mg/kg 46,800 47,600 76,800 49,500 50,200 [42,700] 25,300 90,500 23,500 48,100 49,300
Lead mg/kg 14.3 20.7 60.8 102 15.2 [21.7] 8.10 29.2 4.50 15.7 4.60
Magnesium mg/kg 2,100 J 2,530 2,750 J 9,880 1,040 [1,290] 525 1,410 467 4,300 J 768
Manganese mg/kg 214 J 164 J 108 J 979 J 59.4 J [276 J] 92.4 J 1,130 356 J 329 J 1,090 J
Mercury mg/kg 0.0450 J 0.0170 J 0.490 J <0.0510 J 0.250 [0.140] <0.0420 J 0.130 <0.0370 J 0.350 J 0.250 J
Nickel mg/kg 13.5 19.9 26.1 30.3 11.1 [10.0] 9.80 11.7 10.1 15.4 10.5
Potassium mg/kg 1,270 2,210 1,950 6,270 922 [955] 598 1,010 549 1,670 735
Selenium mg/kg <1.30 <1.30 <1.80 <1.60 <1.30 [<1.30] <1.20 <1.20 <1.10 <1.20 <1.10
Silver mg/kg <2.50 <2.60 <3.50 <3.10 <2.50 [<2.60] <2.40 <2.50 <2.20 <2.40 <2.20
Sodium mg/kg <1,270 <1,280 <1,750 <1,570 <1,260 [<1,290] <1,190 <1,240 <1,090 <1,200 <1,090
Thallium mg/kg <2.50 <2.60 <3.50 <3.10 <2.50 [<2.60] <2.40 <2.50 <2.20 <2.40 <2.20
Vanadium mg/kg 73.9 101 133 76.0 81.7 [77.4] 39.5 89.1 27.2 76.8 37.1
Zinc mg/kg 36.6 56.3 149 182 25.0 J [82.7 J] 27.0 53.9 18.0 47.2 26.6
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Table F-3. Summary of Laboratory Analytical Results for Soil Gas at Building 1041 
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1041SG001 1041SG002 1041SG003 1041SG004 1041SLB00A
Date Collected: Units 05/08/08 05/08/08 05/08/08 05/08/08 05/06/08

Volatile Organics
1,1,1-Trichloroethane ug/m3 3.5 J 5.9 J 480 <7.5 6.8
1,1,2,2-Tetrachloroethane ug/m3 <8.7 <8.8 <24 <9.5 <6.1
1,1,2-trichloro-1,2,2-trifluoroethane ug/m3 <9.7 <9.9 <26 <10 <6.8
1,1,2-Trichloroethane ug/m3 <6.9 <7.0 <19 <7.5 <4.9
1,1-Dichloroethane ug/m3 <5.1 <5.2 <14 <5.6 <3.6
1,1-Dichloroethene ug/m3 <5.0 <5.1 52 <5.5 <3.5
1,2,4-Trichlorobenzene ug/m3 <38 <38 <100 <41 <26
1,2,4-Trimethylbenzene ug/m3 <6.2 <6.3 <17 <6.8 <4.4
1,2-Dibromoethane ug/m3 <9.7 <9.9 <26 <11 <6.9
1,2-Dichlorobenzene ug/m3 <7.6 <7.8 <21 <8.3 <5.4
1,2-Dichloroethane ug/m3 <5.1 <5.2 <14 <5.6 <3.6
1,2-Dichloropropane ug/m3 <5.8 <6.0 <16 <6.4 <4.1
1,3,5-Trimethylbenzene ug/m3 <6.2 <6.3 <17 <6.8 <4.4
1,3-Butadiene ug/m3 29 20 24 37 <2.0
1,3-Dichlorobenzene ug/m3 <7.6 <7.8 <21 <8.3 <5.4
1,4-Dichlorobenzene ug/m3 <7.6 <7.8 <21 <8.3 <5.4
1,4-Dioxane ug/m3 <18 <18 <50 <20 <13
2,2,4-Trimethylpentane ug/m3 <5.9 <6.0 <16 <6.4 <4.2
2-Butanone ug/m3 20 11 11 21 1.5 J
2-Hexanone ug/m3 <21 1.5 J <56 2.1 J <15
2-Propanol ug/m3 <12 0.99 J <34 <14 0.96 J
3-Chloropropene ug/m3 <16 <16 <43 <17 <11
4-Ethyltoluene ug/m3 <6.2 <6.3 <17 1.6 J <4.4
4-Methyl-2-pentanone ug/m3 1.3 J 1.3 J <14 <5.6 <3.7
Acetone ug/m3 190 59 97 100 9.8
Benzene ug/m3 15 5.6 8.6 J 21 <2.8
Benzyl Chloride ug/m3 <6.5 <6.7 <18 <7.1 <4.6
Bromodichloromethane ug/m3 <8.5 <8.6 <23 <9.2 <6.0
Bromoform ug/m3 <13 <13 <36 <14 <9.2
Bromomethane ug/m3 3.9 J <5.0 <13 <5.4 <3.5
Carbon Disulfide ug/m3 20 4.6 9.4 J 25 1.3 J
Carbon Tetrachloride ug/m3 <8.0 <8.1 <22 <8.7 <5.6
Chlorobenzene ug/m3 <5.8 <5.9 <16 <6.4 <4.1
Chloroethane ug/m3 <3.3 <3.4 <9.1 <3.6 <2.4
Chloroform ug/m3 10 370 6.7 J 2.7 J 170
Chloromethane ug/m3 <10 <11 <28 2.2 J <7.4
cis-1,2-Dichloroethene ug/m3 <5.0 <5.1 <14 <5.5 <3.5
cis-1,3-Dichloropropene ug/m3 <5.7 <5.8 <16 <6.3 <4.1
Cyclohexane ug/m3 1.5 J 2.7 J <12 3.0 J <3.1
Dibromochloromethane ug/m3 <11 <11 <29 <12 <7.6
Dichlorodifluoromethane ug/m3 2.4 J 3.5 J <17 <6.8 3.3 J
Ethanol ug/m3 23 4.6 J 8.4 J 11 1.4 J
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Table F-3. Summary of Laboratory Analytical Results for Soil Gas at Building 1041 
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1041SG001 1041SG002 1041SG003 1041SG004 1041SLB00A
Date Collected: Units 05/08/08 05/08/08 05/08/08 05/08/08 05/06/08

Ethylbenzene ug/m3 2.2 J <5.6 <15 3.7 J <3.9
Freon 114 ug/m3 <8.8 <9.0 <24 <9.6 <6.2
Heptane ug/m3 9.7 5.8 48 15 <3.7
Hexachlorobutadiene ug/m3 <54 <55 <150 <59 <38
Hexane ug/m3 13 7.6 57 22 <3.2
Isopropylbenzene ug/m3 <6.2 <6.3 <17 <6.8 <4.4
m,p-Xylene ug/m3 2.4 J <5.6 1.9 J 4.6 J <3.9
Methyl tert-butyl ether ug/m3 <4.6 <4.6 <12 <5.0 <3.2
Methylene Chloride ug/m3 <4.4 <4.5 4.2 J <4.8 1.3 J
n-Propylbenzene ug/m3 <6.2 <6.3 <17 <6.8 <4.4
o-Xylene ug/m3 1.5 J 0.98 J 3.4 J 2.4 J <3.9
Styrene ug/m3 2.0 J <5.5 <15 2.4 J <3.8
Tetrachloroethene ug/m3 <8.6 5.6 J 540 <9.4 3.2 J
Tetrahydrofuran ug/m3 2.7 J <3.8 7.1 J 2.9 J <2.6
Toluene ug/m3 13 5.4 7.4 J 19 1.8 J
trans-1,2-Dichloroethene ug/m3 <5.0 <5.1 <14 <5.5 <3.5
trans-1,3-Dichloropropene ug/m3 <5.7 <5.8 <16 <6.3 <4.1
Trichloroethene ug/m3 5.4 J 18 3,300 <7.4 46
Trichlorofluoromethane ug/m3 <7.1 3.4 J <19 <7.8 1.3 J
Vinyl Chloride ug/m3 <3.2 <3.3 <8.8 <3.5 <2.3
Xylenes (total) ug/m3 3.9 J 0.98 J 5.3 J 7.0 J <3.9
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Table F-4. Summary of Laboratory Analytical Results for Soil at Building 1041 
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1041SB001 1041SB001 1041SB002 1041SB002 1041SB003 1041SB003 1041SB004 1041SB004 1041SB006 1041SB007 1041SB008 1041SB009 1041SB010 1041SB011 1041SB014 1041SB018 1041SB019
Sample Depth(Feet): 0.5 - 1.5 7 - 8 1 - 2 7 - 8 0.5 - 1.5 7 - 8 0 - 1 7 - 8 0.5 - 1 0.5 - 1 0.5 - 1 7 - 8 7 - 8 8 - 9 6 - 7 6 - 7 6 - 7

Date Collected: Units 05/09/08 05/09/08 05/08/08 05/08/08 05/09/08 05/09/08 05/08/08 05/08/08 06/25/08 06/25/08 06/25/08 06/26/08 06/26/08 06/26/08 06/26/08 06/27/08 06/27/08
Volatile Organics
1,1,1-Trichloroethane mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
1,1,2,2-Tetrachloroethane mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
1,1,2-trichloro-1,2,2-trifluoroethane mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
1,1,2-Trichloroethane mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
1,1-Dichloroethane mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
1,1-Dichloroethene mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
1,2,3-Trichlorobenzene mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
1,2,4-Trichlorobenzene mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
1,2-Dibromo-3-chloropropane mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
1,2-Dibromoethane mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
1,2-Dichlorobenzene mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
1,2-Dichloroethane mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
1,2-Dichloropropane mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
1,3-Dichlorobenzene mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
1,4-Dichlorobenzene mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
1,4-Dioxane mg/kg <0.056 <0.080 J <0.053 J <0.054 J <0.058 <0.077 J <0.066 J <0.078 J NA NA NA <0.069 J <0.072 J <0.070 J [<0.070 J] <0.068 J <0.083 J <0.057 J
2-Butanone mg/kg <0.011 <0.016 <0.011 <0.011 <0.012 <0.015 <0.013 <0.016 NA NA NA <0.014 <0.014 <0.014 [<0.014] <0.014 <0.016 <0.011
2-Hexanone mg/kg <0.011 <0.016 <0.011 <0.011 <0.012 <0.015 <0.013 <0.016 NA NA NA <0.014 <0.014 <0.014 [<0.014] <0.014 <0.016 <0.011
4-Methyl-2-pentanone mg/kg <0.011 <0.016 <0.011 <0.011 <0.012 <0.015 <0.013 <0.016 NA NA NA <0.014 <0.014 <0.014 [<0.014] <0.014 <0.016 <0.011
Acetone mg/kg <0.011 <0.016 <0.011 <0.011 0.010 J <0.015 <0.013 <0.016 NA NA NA <0.014 <0.014 <0.014 [<0.014] <0.014 <0.016 0.0034
Benzene mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Bromochloromethane mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Bromodichloromethane mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Bromoform mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Bromomethane mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Carbon Disulfide mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Carbon Tetrachloride mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Chlorobenzene mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Chloroethane mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Chloroform mg/kg <0.0056 <0.0080 <0.0053 0.0063 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 0.0038 J <0.0057
Chloromethane mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.00076 B <0.0066 <0.00066 B NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
cis-1,2-Dichloroethene mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
cis-1,3-Dichloropropene mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Cyclohexane mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Dibromochloromethane mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Dichlorodifluoromethane mg/kg <0.0056 <0.0080 0.0030 J <0.0054 <0.0058 <0.0077 0.0083 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Ethylbenzene mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Isopropylbenzene mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Methyl acetate mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Methyl tert-butyl ether mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Methylcylohexane mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Methylene Chloride mg/kg <0.0069 B <0.020 B <0.0098 B <0.0065 B <0.0093 B <0.016 B <0.0061 B <0.014 B NA NA NA 0.012 0.011 0.015 [0.011] 0.0098 0.0065 0.0049
Styrene mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Tetrachloroethene mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Toluene mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 0.00070 J <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
trans-1,2-Dichloroethene mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
trans-1,3-Dichloropropene mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Trichloroethene mg/kg <0.0056 <0.0080 <0.0053 <0.0054 0.0015 J 0.0011 J <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Trichlorofluoromethane mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Vinyl Chloride mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Xylenes (total) mg/kg <0.0056 <0.0080 <0.0053 <0.0054 <0.0058 <0.0077 <0.0066 <0.0078 NA NA NA <0.0069 <0.0072 <0.0070 [<0.0070] <0.0068 <0.0083 <0.0057
Semivolatile Organics
1,1'-Biphenyl mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
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Table F-4. Summary of Laboratory Analytical Results for Soil at Building 1041 
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1041SB001 1041SB001 1041SB002 1041SB002 1041SB003 1041SB003 1041SB004 1041SB004 1041SB006 1041SB007 1041SB008 1041SB009 1041SB010 1041SB011 1041SB014 1041SB018 1041SB019
Sample Depth(Feet): 0.5 - 1.5 7 - 8 1 - 2 7 - 8 0.5 - 1.5 7 - 8 0 - 1 7 - 8 0.5 - 1 0.5 - 1 0.5 - 1 7 - 8 7 - 8 8 - 9 6 - 7 6 - 7 6 - 7

Date Collected: Units 05/09/08 05/09/08 05/08/08 05/08/08 05/09/08 05/09/08 05/08/08 05/08/08 06/25/08 06/25/08 06/25/08 06/26/08 06/26/08 06/26/08 06/26/08 06/27/08 06/27/08
1,2,4,5-Tetrachlorobenzene mg/kg <0.41 <0.50 <0.43 J <0.43 <0.41 <0.49 <0.43 J <0.48 NA NA NA NA NA NA NA NA NA
2,4,5-Trichlorophenol mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
2,4,6-Trichlorophenol mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
2,4-Dichlorophenol mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
2,4-Dimethylphenol mg/kg <1.6 <2.0 <1.7 <1.7 <1.6 <2.0 <1.7 <1.9 NA NA NA NA NA NA NA NA NA
2,4-Dinitrophenol mg/kg <1.6 <2.0 <1.7 <1.7 <1.6 <2.0 <1.7 <1.9 NA NA NA NA NA NA NA NA NA
2,4-Dinitrotoluene mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
2,6-Dinitrotoluene mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
2-Chloronaphthalene mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
2-Chlorophenol mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
2-Methylnaphthalene mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
2-Methylphenol mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
2-Nitroaniline mg/kg <1.6 <2.0 <1.7 <1.7 <1.6 <2.0 <1.7 <1.9 NA NA NA NA NA NA NA NA NA
2-Nitrophenol mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
3,3'-Dichlorobenzidine mg/kg <0.41 J <0.50 J <0.43 J <0.43 J <0.41 J <0.49 J <0.43 J <0.48 J NA NA NA NA NA NA NA NA NA
3-Nitroaniline mg/kg <1.6 J <2.0 <1.7 <1.7 <1.6 J <2.0 <1.7 <1.9 NA NA NA NA NA NA NA NA NA
4,6-Dinitro-2-methylphenol mg/kg <1.6 <2.0 <1.7 <1.7 <1.6 <2.0 <1.7 <1.9 NA NA NA NA NA NA NA NA NA
4-Bromophenyl-phenylether mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
4-Chloro-3-Methylphenol mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
4-Chloroaniline mg/kg <0.41 J <0.50 <0.43 <0.43 <0.41 J <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
4-Chlorophenyl-phenylether mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
4-Methylphenol mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
4-Nitroaniline mg/kg <1.6 <2.0 <1.7 <1.7 <1.6 <2.0 <1.7 <1.9 NA NA NA NA NA NA NA NA NA
4-Nitrophenol mg/kg <1.6 J <2.0 <1.7 <1.7 <1.6 J <2.0 <1.7 <1.9 NA NA NA NA NA NA NA NA NA
Acenaphthene mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Acenaphthylene mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Acetophenone mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Anthracene mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Atrazine mg/kg <0.41 J <0.50 <0.43 J <0.43 <0.41 J <0.49 <0.43 J <0.48 NA NA NA NA NA NA NA NA NA
Benzaldehyde mg/kg <0.41 J R <0.43 J R <0.41 J R <0.43 J R NA NA NA NA NA NA NA NA NA
Benzo(a)anthracene mg/kg <0.16 <0.20 <0.17 <0.17 <0.16 <0.20 <0.17 <0.19 NA NA NA NA NA NA NA NA NA
Benzo(a)pyrene mg/kg <0.16 <0.20 <0.17 <0.17 <0.16 <0.20 <0.17 <0.19 NA NA NA NA NA NA NA NA NA
Benzo(b)fluoranthene mg/kg <0.16 <0.20 <0.17 <0.17 <0.16 <0.20 <0.17 <0.19 NA NA NA NA NA NA NA NA NA
Benzo(g,h,i)perylene mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Benzo(k)fluoranthene mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
bis(2-Chloroethoxy)methane mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
bis(2-Chloroethyl)ether mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
bis(2-Chloroisopropyl)ether mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
bis(2-Ethylhexyl)phthalate mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 0.051 J <0.48 NA NA NA NA NA NA NA NA NA
Butylbenzylphthalate mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Caprolactam mg/kg 0.14 J 0.11 0.14 J <0.43 <0.41 0.15 0.16 J <0.48 NA NA NA NA NA NA NA NA NA
Carbazole mg/kg <0.41 J <0.50 <0.43 <0.43 <0.41 J <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Chrysene mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Dibenzo(a,h)anthracene mg/kg <0.16 <0.20 <0.17 <0.17 <0.16 <0.20 <0.17 <0.19 NA NA NA NA NA NA NA NA NA
Dibenzofuran mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Diethylphthalate mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 0.12 0.045 J <0.48 NA NA NA NA NA NA NA NA NA
Dimethylphthalate mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Di-n-Butylphthalate mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 0.077 J <0.48 NA NA NA NA NA NA NA NA NA
Dinitrotoluene Mix mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Di-n-Octylphthalate mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Fluoranthene mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Fluorene mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Hexachlorobenzene mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Hexachlorobutadiene mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Hexachlorocyclopentadiene mg/kg <0.41 J <0.50 J <0.43 J <0.43 J <0.41 J <0.49 J <0.43 J <0.48 J NA NA NA NA NA NA NA NA NA
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Table F-4. Summary of Laboratory Analytical Results for Soil at Building 1041 
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1041SB001 1041SB001 1041SB002 1041SB002 1041SB003 1041SB003 1041SB004 1041SB004 1041SB006 1041SB007 1041SB008 1041SB009 1041SB010 1041SB011 1041SB014 1041SB018 1041SB019
Sample Depth(Feet): 0.5 - 1.5 7 - 8 1 - 2 7 - 8 0.5 - 1.5 7 - 8 0 - 1 7 - 8 0.5 - 1 0.5 - 1 0.5 - 1 7 - 8 7 - 8 8 - 9 6 - 7 6 - 7 6 - 7

Date Collected: Units 05/09/08 05/09/08 05/08/08 05/08/08 05/09/08 05/09/08 05/08/08 05/08/08 06/25/08 06/25/08 06/25/08 06/26/08 06/26/08 06/26/08 06/26/08 06/27/08 06/27/08
Hexachloroethane mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Indeno(1,2,3-cd)pyrene mg/kg <0.16 <0.20 <0.17 <0.17 <0.16 <0.20 <0.17 <0.19 NA NA NA NA NA NA NA NA NA
Isophorone mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Naphthalene mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Nitrobenzene mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
N-Nitroso-di-n-propylamine mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
N-Nitrosodiphenylamine mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Pentachlorophenol mg/kg <1.6 <2.0 <1.7 <1.7 <1.6 <2.0 <1.7 <1.9 NA NA NA NA NA NA NA NA NA
Phenol mg/kg <0.41 <0.50 <0.43 <0.43 <0.41 <0.49 <0.43 <0.48 NA NA NA NA NA NA NA NA NA
Pyrene mg/kg <0.41 <0.50 J <0.43 <0.43 J <0.41 <0.49 J <0.43 <0.48 J NA NA NA NA NA NA NA NA NA
Explosives
1,3,5-Trinitrobenzene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 NA NA NA NA NA NA NA NA NA
1,3-Dinitrobenzene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 NA NA NA NA NA NA NA NA NA
2,4,6-Trinitrotoluene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 NA NA NA NA NA NA NA NA NA
2,4-Dinitrotoluene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 NA NA NA NA NA NA NA NA NA
2,6-Dinitrotoluene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 NA NA NA NA NA NA NA NA NA
2-Amino-4,6-Dinitrotoluene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 NA NA NA NA NA NA NA NA NA
4-Amino-2,6-Dinitrotoluene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 NA NA NA NA NA NA NA NA NA
Dinitrotoluene Mix mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 NA NA NA NA NA NA NA NA NA
HMX mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 NA NA NA NA NA NA NA NA NA
m-Nitrotoluene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 NA NA NA NA NA NA NA NA NA
Nitrobenzene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 NA NA NA NA NA NA NA NA NA
Nitroglycerine mg/kg <5 <5 <5 <5 <5 <5 <5 <5 NA NA NA NA NA NA NA NA NA
o-Nitrotoluene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 NA NA NA NA NA NA NA NA NA
Pentaerythritol Tetranitrate mg/kg <5 <5 <5 <5 <5 <5 <5 <5 NA NA NA NA NA NA NA NA NA
p-Nitrotoluene mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 NA NA NA NA NA NA NA NA NA
RDX mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 NA NA NA NA NA NA NA NA NA
Tetryl mg/kg <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 NA NA NA NA NA NA NA NA NA
PCBs
Aroclor-1016 mg/kg <0.021 <0.025 <0.022 <0.021 <0.020 <0.025 <0.022 <0.024 <0.020 <0.020 <0.020 NA NA NA NA NA NA
Aroclor-1221 mg/kg <0.021 <0.025 <0.022 <0.021 <0.020 <0.025 <0.022 <0.024 <0.020 <0.020 <0.020 NA NA NA NA NA NA
Aroclor-1232 mg/kg <0.021 <0.025 <0.022 <0.021 <0.020 <0.025 <0.022 <0.024 <0.020 <0.020 <0.020 NA NA NA NA NA NA
Aroclor-1242 mg/kg <0.021 <0.025 <0.022 <0.021 <0.020 <0.025 <0.022 <0.024 <0.020 <0.020 <0.020 NA NA NA NA NA NA
Aroclor-1248 mg/kg <0.021 <0.025 <0.022 <0.021 <0.020 <0.025 <0.022 <0.024 <0.020 <0.020 <0.020 NA NA NA NA NA NA
Aroclor-1254 mg/kg <0.021 <0.025 0.033 <0.021 <0.020 <0.025 0.21 <0.024 <0.020 <0.020 <0.020 NA NA NA NA NA NA
Aroclor-1260 mg/kg <0.021 <0.025 0.028 <0.021 <0.020 <0.025 0.092 <0.024 <0.020 <0.020 <0.020 NA NA NA NA NA NA
Inorganics
Aluminum mg/kg 26,300 31,800 28,300 23,900 13,200 22,000 25,300 29,200 NA NA NA NA NA NA NA NA NA
Antimony mg/kg <3.70 <4.30 J <3.90 J <3.70 J <3.70 <4.40 J <3.90 J <4.20 J NA NA NA NA NA NA NA NA NA
Arsenic mg/kg 4.20 1.60 3.50 3.70 1.30 <2.90 4.10 1.90 NA NA NA NA NA NA NA NA NA
Barium mg/kg 137 146 60.1 73.3 32.3 35.5 87.8 76.3 NA NA NA NA NA NA NA NA NA
Beryllium mg/kg 1.30 2.30 0.740 J 0.830 0.410 1.50 0.820 J 2.50 NA NA NA NA NA NA NA NA NA
Cadmium mg/kg <1.20 0.540 <1.30 0.370 <1.20 <1.50 0.270 J 0.490 NA NA NA NA NA NA NA NA NA
Calcium mg/kg 7,110 994 6,490 J 5,080 16,600 645 1,420 J 653 NA NA NA NA NA NA NA NA NA
Chromium mg/kg 30.4 29.4 29.0 27.2 15.5 16.8 28.1 38.3 NA NA NA NA NA NA NA NA NA
Cobalt mg/kg 37.3 25.5 9.90 12.4 6.50 8.00 9.80 13.3 NA NA NA NA NA NA NA NA NA
Copper mg/kg 14.6 5.00 20.2 13.4 5.00 4.00 20.4 9.00 NA NA NA NA NA NA NA NA NA
Iron mg/kg 35,700 60,500 37,700 36,900 14,000 41,600 42,700 60,900 NA NA NA NA NA NA NA NA NA
Lead mg/kg 19.1 2.00 13.3 10.2 6.20 1.90 34.9 2.50 NA NA NA NA NA NA NA NA NA
Magnesium mg/kg 4,830 8,030 3,450 J 3,890 9,670 1,470 1,480 J 7,190 NA NA NA NA NA NA NA NA NA
Manganese mg/kg 3,300 1,530 J 276 J 538 J 449 487 J 715 J 893 J NA NA NA NA NA NA NA NA NA
Mercury mg/kg 0.0770 <0.0510 J 0.130 J 0.0570 J 0.0350 J <0.0480 J 0.270 J <0.0410 J NA NA NA NA NA NA NA NA NA
Nickel mg/kg 17.4 30.7 12.4 12.2 5.80 14.5 11.9 24.7 NA NA NA NA NA NA NA NA NA
Potassium mg/kg 1,360 1,390 1,180 1,230 538 2,140 1,280 5,150 NA NA NA NA NA NA NA NA NA
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Table F-4. Summary of Laboratory Analytical Results for Soil at Building 1041 
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1041SB001 1041SB001 1041SB002 1041SB002 1041SB003 1041SB003 1041SB004 1041SB004 1041SB006 1041SB007 1041SB008 1041SB009 1041SB010 1041SB011 1041SB014 1041SB018 1041SB019
Sample Depth(Feet): 0.5 - 1.5 7 - 8 1 - 2 7 - 8 0.5 - 1.5 7 - 8 0 - 1 7 - 8 0.5 - 1 0.5 - 1 0.5 - 1 7 - 8 7 - 8 8 - 9 6 - 7 6 - 7 6 - 7

Date Collected: Units 05/09/08 05/09/08 05/08/08 05/08/08 05/09/08 05/09/08 05/08/08 05/08/08 06/25/08 06/25/08 06/25/08 06/26/08 06/26/08 06/26/08 06/26/08 06/27/08 06/27/08
Selenium mg/kg <1.20 <1.40 <1.30 <1.20 <1.20 <1.50 <1.30 <1.40 NA NA NA NA NA NA NA NA NA
Silver mg/kg <2.50 <2.90 <2.60 <2.50 <2.50 <2.90 <2.60 <2.80 NA NA NA NA NA NA NA NA NA
Sodium mg/kg <1,230 <1,430 <1,300 <1,240 <1,240 <1,460 <1,300 <1,410 NA NA NA NA NA NA NA NA NA
Thallium mg/kg <2.50 <2.90 <2.60 <2.50 <2.50 <2.90 <2.60 <2.80 NA NA NA NA NA NA NA NA NA
Vanadium mg/kg 54.2 45.3 57.9 49.9 17.5 29.0 59.4 67.4 NA NA NA NA NA NA NA NA NA
Zinc mg/kg 40.9 64.2 30.0 24.7 15.1 16.0 78.6 57.3 NA NA NA NA NA NA NA NA NA
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Table F-5
Summary of Groundwater Sample Analytical Results

RAAP-047

DRAFT
PRIVILEGED AND CONFIDENTIAL

ATTORNEY WORK PRODUCT

Location ID: 1041HP001 1041HP001 1041HP002 1041HP003 1041HP004 1041HP015 1041HP016 1041HP017
Sample Depth: 17 - 28 22 - 25
Date Collected: Units 05/09/08 06/29/08 05/08/08 05/09/08 05/09/08 06/27/08 06/27/08 06/27/08

Explosives
1,3,5-Trinitrobenzene ug/L 0.22 U NA 0.22 U 0.21 U 0.2 U NA NA NA
1,3-Dinitrobenzene ug/L 0.22 U NA 0.22 U 0.21 U 0.2 U NA NA NA
2,4,6-Trinitrotoluene ug/L 0.22 U NA 0.22 U 0.21 U 0.2 U NA NA NA
2,4-Dinitrotoluene ug/L 0.22 U NA 0.22 U 0.21 U 0.2 U NA NA NA
2,6-Dinitrotoluene ug/L 0.22 U NA 0.22 U 0.21 U 0.2 U NA NA NA
2-Amino-4,6-Dinitrotoluene ug/L 0.22 U NA 0.22 U 0.21 U 0.2 U NA NA NA
4-Amino-2,6-Dinitrotoluene ug/L 0.22 U NA 0.22 U 0.21 U 0.2 U NA NA NA
Dinitrotoluene Mix ug/L 0.22 U NA 0.22 U 0.21 U 0.2 U NA NA NA
HMX ug/L 0.22 U NA 0.22 U 0.21 U 0.2 U NA NA NA
m-Nitrotoluene ug/L 0.22 U NA 0.22 U 0.21 U 0.2 U NA NA NA
Nitrobenzene ug/L 0.22 U NA 0.22 U 0.21 U 0.2 U NA NA NA
Nitroglycerine ug/L 4.4 U NA 4.4 U 4.2 U 4 U NA NA NA
o-Nitrotoluene ug/L 0.22 U NA 0.22 U 0.21 U 0.2 U NA NA NA
Pentaerythritol Tetranitrate ug/L 4.4 U NA 4.4 U 4.2 U 4 U NA NA NA
p-Nitrotoluene ug/L 0.22 U NA 0.22 U 0.21 U 0.2 U NA NA NA
RDX ug/L 0.22 U NA 0.22 U 0.21 U 0.2 U NA NA NA
Tetryl ug/L 0.22 U NA 0.22 U 0.21 U 0.2 U NA NA NA
PCBs
Aroclor-1016 ug/L 0.50 U 0.50 U 0.53 U 0.48 U 0.48 U NA NA NA
Aroclor-1221 ug/L 0.50 U 0.50 U 0.53 U 0.48 U 0.48 U NA NA NA
Aroclor-1232 ug/L 0.50 U 0.50 U 0.53 U 0.48 U 0.48 U NA NA NA
Aroclor-1242 ug/L 0.50 U 0.50 U 0.53 U 0.48 U 0.48 U NA NA NA
Aroclor-1248 ug/L 0.50 U 0.50 U 0.53 U 0.48 U 0.48 U NA NA NA
Aroclor-1254 ug/L 0.50 U 0.50 U 0.53 U 0.48 U 0.48 U NA NA NA
Aroclor-1260 ug/L 1.8 0.50 U 0.53 U 0.48 U 0.48 U NA NA NA
Volatile Organics
1,1,1-Trichloroethane ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
1,1,2,2-Tetrachloroethane ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
1,1,2-trichloro-1,2,2-trifluoroethane ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
1,1,2-Trichloroethane ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
1,1-Dichloroethane ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
1,1-Dichloroethene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
1,2,3-Trichlorobenzene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
1,2,4-Trichlorobenzene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
1,2-Dibromo-3-chloropropane ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
1,2-Dibromoethane ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
1,2-Dichlorobenzene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
1,2-Dichloroethane ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
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Table F-5
Summary of Groundwater Sample Analytical Results

RAAP-047

DRAFT
PRIVILEGED AND CONFIDENTIAL

ATTORNEY WORK PRODUCT

Location ID: 1041HP001 1041HP001 1041HP002 1041HP003 1041HP004 1041HP015 1041HP016 1041HP017
Sample Depth: 17 - 28 22 - 25
Date Collected: Units 05/09/08 06/29/08 05/08/08 05/09/08 05/09/08 06/27/08 06/27/08 06/27/08

1,2-Dichloropropane ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
1,3-Dichlorobenzene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 UJ 1.0 U 1.0 U
1,4-Dichlorobenzene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
1,4-Dioxane ug/L 5.0 U NA 5.0 U 5.0 U 5.0 U 5.0 UJ 5.0 UJ 5.0 UJ
2-Butanone ug/L 10 U NA 10 U 10 U 10 U 8.7 J 10 U 10 U
2-Hexanone ug/L 5.0 U NA 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
4-Methyl-2-pentanone ug/L 5.0 U NA 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U
Acetone ug/L 3.8 J NA 10 U 2.8 J 10 U 45 1.4 15
Benzene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Bromochloromethane ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Bromodichloromethane ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Bromoform ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Bromomethane ug/L 1.0 UJ NA 1.0 UJ 1.0 UJ 1.0 UJ 1.0 U 1.0 U 1.0 U
Carbon Disulfide ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Carbon Tetrachloride ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Chlorobenzene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Chloroethane ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Chloroform ug/L 35 NA 42 42 44 1.1 51 38
Chloromethane ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
cis-1,2-Dichloroethene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
cis-1,3-Dichloropropene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Cyclohexane ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Dibromochloromethane ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Dichlorodifluoromethane ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Ethylbenzene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Isopropylbenzene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Methyl acetate ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 UJ 1.0 U 1.0 U
Methyl tert-butyl ether ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Methylcylohexane ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Methylene Chloride ug/L 1.0 U NA 0.31 UB 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Styrene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Tetrachloroethene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Toluene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
trans-1,2-Dichloroethene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
trans-1,3-Dichloropropene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Trichloroethene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Trichlorofluoromethane ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Vinyl Chloride ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
Xylenes (total) ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
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Table F-5
Summary of Groundwater Sample Analytical Results

RAAP-047

DRAFT
PRIVILEGED AND CONFIDENTIAL

ATTORNEY WORK PRODUCT

Location ID: 1041HP001 1041HP001 1041HP002 1041HP003 1041HP004 1041HP015 1041HP016 1041HP017
Sample Depth: 17 - 28 22 - 25
Date Collected: Units 05/09/08 06/29/08 05/08/08 05/09/08 05/09/08 06/27/08 06/27/08 06/27/08

Semivolatile Organics
1,1'-Biphenyl ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
1,2,4,5-Tetrachlorobenzene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
2,4,5-Trichlorophenol ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
2,4,6-Trichlorophenol ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
2,4-Dichlorophenol ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
2,4-Dimethylphenol ug/L 20 U NA 22 U 19 U 20 U NA NA NA
2,4-Dinitrophenol ug/L 50 U NA 56 U 48 U 50 U NA NA NA
2,4-Dinitrotoluene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
2,6-Dinitrotoluene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
2-Chloronaphthalene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
2-Chlorophenol ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
2-Methylnaphthalene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
2-Methylphenol ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
2-Nitroaniline ug/L 20 U NA 22 U 19 U 20 U NA NA NA
2-Nitrophenol ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
3,3'-Dichlorobenzidine ug/L 5.0 UJ NA 5.6 UJ 4.8 UJ 5.0 UJ NA NA NA
3-Nitroaniline ug/L 20 U NA 22 U 19 U 20 U NA NA NA
4,6-Dinitro-2-methylphenol ug/L 20 U NA 22 U 19 U 20 U NA NA NA
4-Bromophenyl-phenylether ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
4-Chloro-3-Methylphenol ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
4-Chloroaniline ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
4-Chlorophenyl-phenylether ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
4-Methylphenol ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
4-Nitroaniline ug/L 20 U NA 22 U 19 U 20 U NA NA NA
4-Nitrophenol ug/L 20 U NA 22 U 19 U 20 U NA NA NA
Acenaphthene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Acenaphthylene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Acetophenone ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Anthracene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Atrazine ug/L 5.0 UJ NA 5.6 UJ 4.8 UJ 5.0 UJ NA NA NA
Benzaldehyde ug/L 5.0 UJ NA 5.6 UJ 4.8 UJ 5.0 UJ NA NA NA
Benzo(a)anthracene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Benzo(a)pyrene ug/L 2.0 U NA 2.2 U 1.9 U 2.0 U NA NA NA
Benzo(b)fluoranthene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Benzo(g,h,i)perylene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Benzo(k)fluoranthene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
bis(2-Chloroethoxy)methane ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
bis(2-Chloroethyl)ether ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
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Table F-5
Summary of Groundwater Sample Analytical Results

RAAP-047

DRAFT
PRIVILEGED AND CONFIDENTIAL

ATTORNEY WORK PRODUCT

Location ID: 1041HP001 1041HP001 1041HP002 1041HP003 1041HP004 1041HP015 1041HP016 1041HP017
Sample Depth: 17 - 28 22 - 25
Date Collected: Units 05/09/08 06/29/08 05/08/08 05/09/08 05/09/08 06/27/08 06/27/08 06/27/08

bis(2-Chloroisopropyl)ether ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
bis(2-Ethylhexyl)phthalate ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Butylbenzylphthalate ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Caprolactam ug/L 2.8 UB NA 1.7 UB 0.97 UB 1.5 UB NA NA NA
Carbazole ug/L 5.0 U NA 5.6 UJ 4.8 U 5.0 U NA NA NA
Chrysene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Dibenzo(a,h)anthracene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Dibenzofuran ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Diethylphthalate ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Dimethylphthalate ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Di-n-Butylphthalate ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Dinitrotoluene Mix ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Di-n-Octylphthalate ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Fluoranthene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Fluorene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Hexachlorobenzene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Hexachlorobutadiene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Hexachlorocyclopentadiene ug/L 5.0 UJ NA 5.6 UJ 4.8 UJ 5.0 UJ NA NA NA
Hexachloroethane ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Indeno(1,2,3-cd)pyrene ug/L 5.0 U NA 5.6 UJ 4.8 U 5.0 U NA NA NA
Isophorone ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Naphthalene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Nitrobenzene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
N-Nitroso-di-n-propylamine ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
N-Nitrosodiphenylamine ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Pentachlorophenol ug/L 20 U NA 22 U 19 U 20 U NA NA NA
Phenol ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Pyrene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Inorganics
Aluminum ug/L 53,800 NA 2,120 32,000 12,000 NA NA NA
Antimony ug/L 15.0 U NA 3.80 U 15.0 U 15.0 U NA NA NA
Arsenic ug/L 16.8 NA 1.00 J 27.6 5.80 J NA NA NA
Barium ug/L 618 NA 36.6 226 80.3 NA NA NA
Beryllium ug/L 4.90 J NA 0.330 J 4.40 J 5.00 U NA NA NA
Cadmium ug/L 5.00 U NA 1.20 U 5.00 U 5.00 U NA NA NA
Calcium ug/L 23,500 NA 17,500 18,800 27,000 NA NA NA
Chromium ug/L 139 NA 4.70 144 38.4 NA NA NA
Cobalt ug/L 55.0 NA 3.10 J 129 5.30 J NA NA NA
Copper ug/L 95.2 NA 10.8 222 25.0 U NA NA NA
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Table F-5
Summary of Groundwater Sample Analytical Results

RAAP-047

DRAFT
PRIVILEGED AND CONFIDENTIAL

ATTORNEY WORK PRODUCT

Location ID: 1041HP001 1041HP001 1041HP002 1041HP003 1041HP004 1041HP015 1041HP016 1041HP017
Sample Depth: 17 - 28 22 - 25
Date Collected: Units 05/09/08 06/29/08 05/08/08 05/09/08 05/09/08 06/27/08 06/27/08 06/27/08

Iron ug/L 170,000 NA 6,230 205,000 25,000 NA NA NA
Lead ug/L 14.3 NA 1.10 J 43.0 5.40 NA NA NA
Magnesium ug/L 37,100 NA 7,740 18,600 23,800 NA NA NA
Manganese ug/L 4,490 NA 148 3,740 301 NA NA NA
Mercury ug/L 0.200 U NA 0.200 U 0.200 U 0.230 NA NA NA
Nickel ug/L 171 NA 3.20 205 30.6 NA NA NA
Potassium ug/L 16,100 NA 2,530 16,200 4,280 J NA NA NA
Selenium ug/L 5.00 U NA 1.20 U 5.00 U 5.00 U NA NA NA
Silver ug/L 10.0 U NA 2.50 U 10.0 U 10.0 U NA NA NA
Sodium ug/L 15,400 NA 11,400 13,300 13,000 NA NA NA
Thallium ug/L 10.0 U NA 2.50 U 10.0 U 10.0 U NA NA NA
Vanadium ug/L 109 NA 6.50 J 246 27.2 J NA NA NA
Zinc ug/L 226 NA 8.50 210 26.4 NA NA NA
Inorganics-Filtered
Aluminum ug/L NA NA NA NA NA NA NA NA
Antimony ug/L NA NA NA NA NA NA NA NA
Arsenic ug/L NA NA NA NA NA NA NA NA
Barium ug/L NA NA NA NA NA NA NA NA
Beryllium ug/L NA NA NA NA NA NA NA NA
Cadmium ug/L NA NA NA NA NA NA NA NA
Calcium ug/L NA NA NA NA NA NA NA NA
Chromium ug/L NA NA NA NA NA NA NA NA
Cobalt ug/L NA NA NA NA NA NA NA NA
Copper ug/L NA NA NA NA NA NA NA NA
Iron ug/L NA NA NA NA NA NA NA NA
Lead ug/L NA NA NA NA NA NA NA NA
Magnesium ug/L NA NA NA NA NA NA NA NA
Manganese ug/L NA NA NA NA NA NA NA NA
Mercury ug/L NA NA NA NA NA NA NA NA
Nickel ug/L NA NA NA NA NA NA NA NA
Potassium ug/L NA NA NA NA NA NA NA NA
Selenium ug/L NA NA NA NA NA NA NA NA
Silver ug/L NA NA NA NA NA NA NA NA
Sodium ug/L NA NA NA NA NA NA NA NA
Thallium ug/L NA NA NA NA NA NA NA NA
Vanadium ug/L NA NA NA NA NA NA NA NA
Zinc ug/L NA NA NA NA NA NA NA NA
Best Results
1,2,4-Trichlorobenzene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
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Table F-5
Summary of Groundwater Sample Analytical Results

RAAP-047

DRAFT
PRIVILEGED AND CONFIDENTIAL

ATTORNEY WORK PRODUCT

Location ID: 1041HP001 1041HP001 1041HP002 1041HP003 1041HP004 1041HP015 1041HP016 1041HP017
Sample Depth: 17 - 28 22 - 25
Date Collected: Units 05/09/08 06/29/08 05/08/08 05/09/08 05/09/08 06/27/08 06/27/08 06/27/08

1,2-Dichlorobenzene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
1,3-Dichlorobenzene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 UJ 1.0 U 1.0 U
1,4-Dichlorobenzene ug/L 1.0 U NA 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U
2,4-Dinitrotoluene ug/L 0.22 U NA 0.22 U 0.21 U 0.20 U NA NA NA
2,6-Dinitrotoluene ug/L 0.22 U NA 0.22 U 0.21 U 0.20 U NA NA NA
2-Methylnaphthalene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Acenaphthene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Acenaphthylene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Anthracene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Benzo(a)anthracene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Benzo(a)pyrene ug/L 2.0 U NA 2.2 U 1.9 U 2.0 U NA NA NA
Benzo(b)fluoranthene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Benzo(g,h,i)perylene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Benzo(k)fluoranthene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Chrysene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Dibenzo(a,h)anthracene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Dinitrotoluene Mix ug/L 0.22 U NA 0.22 U 0.21 U 0.20 U NA NA NA
Fluoranthene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Fluorene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Hexachlorobutadiene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Indeno(1,2,3-cd)pyrene ug/L 5.0 U NA 5.6 UJ 4.8 U 5.0 U NA NA NA
Naphthalene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA
Nitrobenzene ug/L 0.22 U NA 0.22 U 0.21 U 0.20 U NA NA NA
Pyrene ug/L 5.0 U NA 5.6 U 4.8 U 5.0 U NA NA NA

Appendix F - 1041-All Page 6 of  12 9/8/2009



Table F-5
Summary of Groundwater Sample Analytical Results

RAAP-047

DRAFT
PRIVILEGED AND CONFIDENTIAL

ATTORNEY WORK PRODUCT

Location ID:
Sample Depth:
Date Collected: Units

Explosives
1,3,5-Trinitrobenzene ug/L
1,3-Dinitrobenzene ug/L
2,4,6-Trinitrotoluene ug/L
2,4-Dinitrotoluene ug/L
2,6-Dinitrotoluene ug/L
2-Amino-4,6-Dinitrotoluene ug/L
4-Amino-2,6-Dinitrotoluene ug/L
Dinitrotoluene Mix ug/L
HMX ug/L
m-Nitrotoluene ug/L
Nitrobenzene ug/L
Nitroglycerine ug/L
o-Nitrotoluene ug/L
Pentaerythritol Tetranitrate ug/L
p-Nitrotoluene ug/L
RDX ug/L
Tetryl ug/L
PCBs
Aroclor-1016 ug/L
Aroclor-1221 ug/L
Aroclor-1232 ug/L
Aroclor-1242 ug/L
Aroclor-1248 ug/L
Aroclor-1254 ug/L
Aroclor-1260 ug/L
Volatile Organics
1,1,1-Trichloroethane ug/L
1,1,2,2-Tetrachloroethane ug/L
1,1,2-trichloro-1,2,2-trifluoroethane ug/L
1,1,2-Trichloroethane ug/L
1,1-Dichloroethane ug/L
1,1-Dichloroethene ug/L
1,2,3-Trichlorobenzene ug/L
1,2,4-Trichlorobenzene ug/L
1,2-Dibromo-3-chloropropane ug/L
1,2-Dibromoethane ug/L
1,2-Dichlorobenzene ug/L
1,2-Dichloroethane ug/L

1041HP017 1041HP018 1041HP018 1041HP019 1041HP020 1041HP021
30 - 33 22 - 25 31 - 34 18 - 28 25 - 30 21 - 26

06/27/08 06/27/08 06/27/08 06/30/08 07/08/09 07/08/09

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA

1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 UJ NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 UJ NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
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Table F-5
Summary of Groundwater Sample Analytical Results

RAAP-047

DRAFT
PRIVILEGED AND CONFIDENTIAL

ATTORNEY WORK PRODUCT

Location ID:
Sample Depth:
Date Collected: Units

1,2-Dichloropropane ug/L
1,3-Dichlorobenzene ug/L
1,4-Dichlorobenzene ug/L
1,4-Dioxane ug/L
2-Butanone ug/L
2-Hexanone ug/L
4-Methyl-2-pentanone ug/L
Acetone ug/L
Benzene ug/L
Bromochloromethane ug/L
Bromodichloromethane ug/L
Bromoform ug/L
Bromomethane ug/L
Carbon Disulfide ug/L
Carbon Tetrachloride ug/L
Chlorobenzene ug/L
Chloroethane ug/L
Chloroform ug/L
Chloromethane ug/L
cis-1,2-Dichloroethene ug/L
cis-1,3-Dichloropropene ug/L
Cyclohexane ug/L
Dibromochloromethane ug/L
Dichlorodifluoromethane ug/L
Ethylbenzene ug/L
Isopropylbenzene ug/L
Methyl acetate ug/L
Methyl tert-butyl ether ug/L
Methylcylohexane ug/L
Methylene Chloride ug/L
Styrene ug/L
Tetrachloroethene ug/L
Toluene ug/L
trans-1,2-Dichloroethene ug/L
trans-1,3-Dichloropropene ug/L
Trichloroethene ug/L
Trichlorofluoromethane ug/L
Vinyl Chloride ug/L
Xylenes (total) ug/L

1041HP017 1041HP018 1041HP018 1041HP019 1041HP020 1041HP021
30 - 33 22 - 25 31 - 34 18 - 28 25 - 30 21 - 26

06/27/08 06/27/08 06/27/08 06/30/08 07/08/09 07/08/09
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
5.0 UJ 5.0 UJ [5.0 UJ] 5.0 UJ 10 UJ NA NA
10 U 10 U [10 U] 10 U 10 U NA NA
5.0 U 5.0 U [5.0 U] 5.0 U 5.0 U NA NA
5.0 U 5.0 U [5.0 U] 5.0 U 5.0 U NA NA

13 9.7 [8.6] 19 2.7 NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 UJ NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA

52 38 [37] 48 31 NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 0.32 J 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
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Table F-5
Summary of Groundwater Sample Analytical Results

RAAP-047

DRAFT
PRIVILEGED AND CONFIDENTIAL

ATTORNEY WORK PRODUCT

Location ID:
Sample Depth:
Date Collected: Units

Semivolatile Organics
1,1'-Biphenyl ug/L
1,2,4,5-Tetrachlorobenzene ug/L
2,4,5-Trichlorophenol ug/L
2,4,6-Trichlorophenol ug/L
2,4-Dichlorophenol ug/L
2,4-Dimethylphenol ug/L
2,4-Dinitrophenol ug/L
2,4-Dinitrotoluene ug/L
2,6-Dinitrotoluene ug/L
2-Chloronaphthalene ug/L
2-Chlorophenol ug/L
2-Methylnaphthalene ug/L
2-Methylphenol ug/L
2-Nitroaniline ug/L
2-Nitrophenol ug/L
3,3'-Dichlorobenzidine ug/L
3-Nitroaniline ug/L
4,6-Dinitro-2-methylphenol ug/L
4-Bromophenyl-phenylether ug/L
4-Chloro-3-Methylphenol ug/L
4-Chloroaniline ug/L
4-Chlorophenyl-phenylether ug/L
4-Methylphenol ug/L
4-Nitroaniline ug/L
4-Nitrophenol ug/L
Acenaphthene ug/L
Acenaphthylene ug/L
Acetophenone ug/L
Anthracene ug/L
Atrazine ug/L
Benzaldehyde ug/L
Benzo(a)anthracene ug/L
Benzo(a)pyrene ug/L
Benzo(b)fluoranthene ug/L
Benzo(g,h,i)perylene ug/L
Benzo(k)fluoranthene ug/L
bis(2-Chloroethoxy)methane ug/L
bis(2-Chloroethyl)ether ug/L

1041HP017 1041HP018 1041HP018 1041HP019 1041HP020 1041HP021
30 - 33 22 - 25 31 - 34 18 - 28 25 - 30 21 - 26

06/27/08 06/27/08 06/27/08 06/30/08 07/08/09 07/08/09

NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Table F-5
Summary of Groundwater Sample Analytical Results

RAAP-047

DRAFT
PRIVILEGED AND CONFIDENTIAL

ATTORNEY WORK PRODUCT

Location ID:
Sample Depth:
Date Collected: Units

bis(2-Chloroisopropyl)ether ug/L
bis(2-Ethylhexyl)phthalate ug/L
Butylbenzylphthalate ug/L
Caprolactam ug/L
Carbazole ug/L
Chrysene ug/L
Dibenzo(a,h)anthracene ug/L
Dibenzofuran ug/L
Diethylphthalate ug/L
Dimethylphthalate ug/L
Di-n-Butylphthalate ug/L
Dinitrotoluene Mix ug/L
Di-n-Octylphthalate ug/L
Fluoranthene ug/L
Fluorene ug/L
Hexachlorobenzene ug/L
Hexachlorobutadiene ug/L
Hexachlorocyclopentadiene ug/L
Hexachloroethane ug/L
Indeno(1,2,3-cd)pyrene ug/L
Isophorone ug/L
Naphthalene ug/L
Nitrobenzene ug/L
N-Nitroso-di-n-propylamine ug/L
N-Nitrosodiphenylamine ug/L
Pentachlorophenol ug/L
Phenol ug/L
Pyrene ug/L
Inorganics
Aluminum ug/L
Antimony ug/L
Arsenic ug/L
Barium ug/L
Beryllium ug/L
Cadmium ug/L
Calcium ug/L
Chromium ug/L
Cobalt ug/L
Copper ug/L

1041HP017 1041HP018 1041HP018 1041HP019 1041HP020 1041HP021
30 - 33 22 - 25 31 - 34 18 - 28 25 - 30 21 - 26

06/27/08 06/27/08 06/27/08 06/30/08 07/08/09 07/08/09
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA

NA NA NA NA 349,000 1,090,000
NA NA NA NA 150 U 150 U
NA NA NA NA 124 188
NA NA NA NA 4,220 6,420
NA NA NA NA 42.0 54.4
NA NA NA NA 10.2 UB 14.6 J
NA NA NA NA 67,200 J 348,000 J
NA NA NA NA 716 2,720
NA NA NA NA 1,080 1,090
NA NA NA NA 1,040 852
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Table F-5
Summary of Groundwater Sample Analytical Results

RAAP-047

DRAFT
PRIVILEGED AND CONFIDENTIAL

ATTORNEY WORK PRODUCT

Location ID:
Sample Depth:
Date Collected: Units

Iron ug/L
Lead ug/L
Magnesium ug/L
Manganese ug/L
Mercury ug/L
Nickel ug/L
Potassium ug/L
Selenium ug/L
Silver ug/L
Sodium ug/L
Thallium ug/L
Vanadium ug/L
Zinc ug/L
Inorganics-Filtered
Aluminum ug/L
Antimony ug/L
Arsenic ug/L
Barium ug/L
Beryllium ug/L
Cadmium ug/L
Calcium ug/L
Chromium ug/L
Cobalt ug/L
Copper ug/L
Iron ug/L
Lead ug/L
Magnesium ug/L
Manganese ug/L
Mercury ug/L
Nickel ug/L
Potassium ug/L
Selenium ug/L
Silver ug/L
Sodium ug/L
Thallium ug/L
Vanadium ug/L
Zinc ug/L
Best Results
1,2,4-Trichlorobenzene ug/L

1041HP017 1041HP018 1041HP018 1041HP019 1041HP020 1041HP021
30 - 33 22 - 25 31 - 34 18 - 28 25 - 30 21 - 26

06/27/08 06/27/08 06/27/08 06/30/08 07/08/09 07/08/09
NA NA NA NA 2,000,000 2,570,000
NA NA NA NA 220 230
NA NA NA NA 186,000 823,000
NA NA NA NA 57,800 J 41,300 J
NA NA NA NA 0.470 0.520
NA NA NA NA 2,340 3,220
NA NA NA NA 23,700 134,000
NA NA NA NA 50.0 U 50.0 U
NA NA NA NA 100 U 100 U
NA NA NA NA 20,700 J 15,500 J
NA NA NA NA 100 U 100 U
NA NA NA NA 1,390 2,700
NA NA NA NA 1,800 2,190

NA NA NA NA 13,100 200 U
NA NA NA NA 15.0 U 15.0 U
NA NA NA NA 12.9 10.0 U
NA NA NA NA 184 52.9
NA NA NA NA 1.40 J 5.00 U
NA NA NA NA 5.00 U 5.00 U
NA NA NA NA 18,800 J 20,900 J
NA NA NA NA 24.0 10.0 U
NA NA NA NA 33.0 15.0 U
NA NA NA NA 37.0 10.0 U
NA NA NA NA 82,600 J 100 U
NA NA NA NA 7.50 3.00 U
NA NA NA NA 13,000 11,400
NA NA NA NA 2,180 133
NA NA NA NA 0.200 U 0.200 U
NA NA NA NA 83.5 10.0 U
NA NA NA NA 8,210 6,840
NA NA NA NA 5.00 U 5.00 U
NA NA NA NA 10.0 U 10.0 U
NA NA NA NA 19,400 14,800
NA NA NA NA 10.0 U 10.0 U
NA NA NA NA 53.0 15.0 U
NA NA NA NA 61.3 20.0 U

1.0 U 1.0 U [1.0 U] 1.0 U 1.0 UJ NA NA
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Table F-5
Summary of Groundwater Sample Analytical Results

RAAP-047

DRAFT
PRIVILEGED AND CONFIDENTIAL

ATTORNEY WORK PRODUCT

Location ID:
Sample Depth:
Date Collected: Units

1,2-Dichlorobenzene ug/L
1,3-Dichlorobenzene ug/L
1,4-Dichlorobenzene ug/L
2,4-Dinitrotoluene ug/L
2,6-Dinitrotoluene ug/L
2-Methylnaphthalene ug/L
Acenaphthene ug/L
Acenaphthylene ug/L
Anthracene ug/L
Benzo(a)anthracene ug/L
Benzo(a)pyrene ug/L
Benzo(b)fluoranthene ug/L
Benzo(g,h,i)perylene ug/L
Benzo(k)fluoranthene ug/L
Chrysene ug/L
Dibenzo(a,h)anthracene ug/L
Dinitrotoluene Mix ug/L
Fluoranthene ug/L
Fluorene ug/L
Hexachlorobutadiene ug/L
Indeno(1,2,3-cd)pyrene ug/L
Naphthalene ug/L
Nitrobenzene ug/L
Pyrene ug/L

1041HP017 1041HP018 1041HP018 1041HP019 1041HP020 1041HP021
30 - 33 22 - 25 31 - 34 18 - 28 25 - 30 21 - 26

06/27/08 06/27/08 06/27/08 06/30/08 07/08/09 07/08/09
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
1.0 U 1.0 U [1.0 U] 1.0 U 1.0 U NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
NA NA NA NA NA NA
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Table F-6. Summary of Laboratory Analytical Results for Soil Gas at Building 1549
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1549SG001 1549SG003 1549SG004 1549SG006 1549SG007 1549SG008 1549SLB00A
Date Collected: Units 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/06/08

Volatile Organics
1,1,1-Trichloroethane ug/m3 <7.0 <6.9 3.1 J <7.2 <7.9 <7.3 <6.3
1,1,2,2-Tetrachloroethane ug/m3 <8.8 <8.7 <10 <9.1 <9.9 <9.2 <7.9
1,1,2-trichloro-1,2,2-trifluoroethane ug/m3 <9.9 <9.7 <11 <10 <11 <10 <8.8
1,1,2-Trichloroethane ug/m3 <7.0 <6.9 <8.1 <7.2 <7.9 <7.3 <6.3
1,1-Dichloroethane ug/m3 <5.2 <5.1 2.0 J <5.3 <5.8 <5.4 <4.6
1,1-Dichloroethene ug/m3 <5.1 <5.0 <5.9 <5.2 <5.7 <5.3 <4.6
1,2,4-Trichlorobenzene ug/m3 <38 <38 <44 <39 <43 <40 <34
1,2,4-Trimethylbenzene ug/m3 1.2 J 3.2 J 7.8 <6.5 1.5 J 110 4.2 J
1,2-Dibromoethane ug/m3 <9.9 <9.7 <11 <10 <11 <10 <8.8
1,2-Dichlorobenzene ug/m3 5.4 J <7.6 7.9 J <7.9 <8.7 <8.1 <6.9
1,2-Dichloroethane ug/m3 <5.2 <5.1 <6.0 <5.3 <5.8 <5.4 <4.6
1,2-Dichloropropane ug/m3 <6.0 <5.8 <6.8 <6.1 <6.7 <6.2 <5.3
1,3,5-Trimethylbenzene ug/m3 <6.3 2.0 J <7.3 <6.5 <7.1 94 2.6 J
1,3-Butadiene ug/m3 10 12 10 12 14 43 <2.5
1,3-Dichlorobenzene ug/m3 0.87 J <7.6 <8.9 <7.9 <8.7 <8.1 <6.9
1,4-Dichlorobenzene ug/m3 3.2 J <7.6 2.5 J <7.9 <8.7 <8.1 <6.9
1,4-Dioxane ug/m3 <18 <18 5.5 J <19 <21 <19 <16
2,2,4-Trimethylpentane ug/m3 <6.0 <5.9 <6.9 <6.2 <6.8 180 <5.4
2-Butanone ug/m3 82 40 89 100 33 62 4.0
2-Hexanone ug/m3 6.8 J <21 11 J 15 J 2.3 J <22 <19
2-Propanol ug/m3 <13 4.1 J 17 8.6 J <14 3.6 J 0.76 J
3-Chloropropene ug/m3 <16 <16 <18 <16 <18 <17 <14
4-Ethyltoluene ug/m3 <6.3 2.7 J 6.0 J 1.0 J 1.6 J 54 2.2 J
4-Methyl-2-pentanone ug/m3 4.8 J 4.2 J 8.5 10 2.1 J <5.5 <4.7
Acetone ug/m3 370 260 720 500 120 260 48
Benzene ug/m3 5.8 7.9 7.7 9.5 8.2 34 1.3 J
Benzyl Chloride ug/m3 <6.7 <6.5 <7.7 <6.8 <7.5 <7.0 <6.0
Bromodichloromethane ug/m3 <8.6 <8.5 <9.9 <8.8 <9.7 <9.0 <7.7
Bromoform ug/m3 <13 <13 <15 <14 <15 <14 <12
Bromomethane ug/m3 <5.0 <4.9 <5.7 <5.1 <5.6 <5.2 <4.5
Carbon Disulfide ug/m3 2.0 J 2.8 J 9.3 <4.1 12 16 1.5 J
Carbon Tetrachloride ug/m3 <8.1 <8.0 <9.3 <8.3 <9.1 <8.5 <7.2
Chlorobenzene ug/m3 <5.9 <5.8 <6.8 <6.1 <6.6 <6.2 <5.3
Chloroethane ug/m3 <3.4 <3.3 <3.9 <3.5 <3.8 <3.5 <3.0
Chloroform ug/m3 <6.3 <6.2 <7.2 <6.4 <7.0 <6.6 <5.6
Chloromethane ug/m3 <11 <10 4.2 J <11 <12 <11 <9.5
cis-1,2-Dichloroethene ug/m3 <5.1 <5.0 29 <5.2 <5.7 <5.3 <4.6
cis-1,3-Dichloropropene ug/m3 <5.8 <5.7 <6.7 <6.0 <6.6 <6.1 <5.2
Cyclohexane ug/m3 <4.4 34 22 1.5 J 1.4 J 56 0.73 J
Dibromochloromethane ug/m3 <11 <11 <13 <11 <12 <11 <9.8
Dichlorodifluoromethane ug/m3 <6.4 3.0 J <7.3 2.6 J <7.1 2.8 J 1.6 J
Ethanol ug/m3 120 49 90 21 6.1 J 7.4 J <8.7
Ethylbenzene ug/m3 <5.6 3.8 J 2.9 J 2.2 J 3.2 J 9.8 4.4 J
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Table F-6. Summary of Laboratory Analytical Results for Soil Gas at Building 1549
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1549SG001 1549SG003 1549SG004 1549SG006 1549SG007 1549SG008 1549SLB00A
Date Collected: Units 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/06/08

Freon 114 ug/m3 <9.0 <8.8 <10 <9.2 <10 <9.4 <8.0
Heptane ug/m3 <5.2 18 50 16 6.8 64 1.9 J
Hexachlorobutadiene ug/m3 <55 <54 <63 <56 <62 <57 <49
Hexane ug/m3 <4.5 <4.4 30 <4.6 <5.1 61 2.8 J
Isopropylbenzene ug/m3 <6.3 1.1 J 1.3 J <6.5 1.0 J 10 <5.6
m,p-Xylene ug/m3 1.3 J 8.3 5.8 J 3.4 J 3.0 J 28 17
Methyl tert-butyl ether ug/m3 <4.6 <4.6 <5.3 <4.8 <5.2 42 <4.1
Methylene Chloride ug/m3 <4.5 1.1 J 2.0 J <4.6 <5.0 1.0 J 1.2 J
n-Propylbenzene ug/m3 <6.3 1.4 J 2.0 J <6.5 <7.1 16 1.1 J
o-Xylene ug/m3 0.70 J 5.5 4.9 J 1.8 J 1.9 J 29 7.7
Styrene ug/m3 0.82 J 1.9 J 1.3 J 1.9 J 1.4 J <5.7 <4.9
Tetrachloroethene ug/m3 <8.8 <8.6 4.1 J <9.0 <9.8 <9.1 <7.8
Tetrahydrofuran ug/m3 15 <3.7 4.1 J <3.9 <4.3 <4.0 1.8 J
Toluene ug/m3 4.1 J 9.7 7.1 11 6.9 37 2.4 J
trans-1,2-Dichloroethene ug/m3 <5.1 <5.0 <5.9 <5.2 <5.7 <5.3 <4.6
trans-1,3-Dichloropropene ug/m3 <5.8 <5.7 <6.7 <6.0 <6.6 <6.1 <5.2
Trichloroethene ug/m3 <6.9 3.7 J 3.6 J <7.1 <7.8 <7.2 <6.2
Trichlorofluoromethane ug/m3 1.5 J 1.7 J 7.1 J <7.4 4.5 J 2.0 J 1.9 J
Vinyl Chloride ug/m3 <3.3 <3.2 <3.8 <3.4 <3.7 <3.4 <2.9
Xylenes (total) ug/m3 2.0 J 14 11 J 5.2 J 4.9 J 57 25
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Table F-7. Summary of Laboratory Analytical Results for Soil at Building 1549
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1549SB001 1549SB001 1549SB003 1549SB003 1549SB004 1549SB004 1549SB006 1549SB006
Sample Depth(Feet): 0.5 - 1.5 7 - 8 0.5 - 1.5 5 - 6 0.5 - 1.5 5 - 6 0.5 - 1.5 5 - 6

Date Collected: Units 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08
Volatile Organics
1,1,1-Trichloroethane mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
1,1,2,2-Tetrachloroethane mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
1,1,2-trichloro-1,2,2-trifluoroethane mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
1,1,2-Trichloroethane mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
1,1-Dichloroethane mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
1,1-Dichloroethene mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
1,2,3-Trichlorobenzene mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
1,2,4-Trichlorobenzene mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
1,2-Dibromo-3-chloropropane mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
1,2-Dibromoethane mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
1,2-Dichlorobenzene mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
1,2-Dichloroethane mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
1,2-Dichloropropane mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
1,3-Dichlorobenzene mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
1,4-Dichlorobenzene mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
1,4-Dioxane mg/kg <0.061 <0.061 J <0.054 [<0.066] <0.049 J <0.047 <0.057 J <0.051 <0.052 J
2-Butanone mg/kg <0.012 <0.012 0.0053 J [<0.013] 0.010 J <0.0094 0.036 J 0.0036 J 0.0053 J
2-Hexanone mg/kg <0.012 <0.012 <0.011 [<0.013] <0.0098 <0.0094 <0.011 <0.010 <0.010
4-Methyl-2-pentanone mg/kg <0.012 <0.012 <0.011 [<0.013] <0.0098 <0.0094 <0.011 <0.010 <0.010
Acetone mg/kg 0.022 0.035 0.044 [0.033] 0.034 0.017 0.14 0.027 <0.010
Benzene mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Bromochloromethane mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Bromodichloromethane mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Bromoform mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Bromomethane mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Carbon Disulfide mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 0.00036 J <0.0051 0.00048 J
Carbon Tetrachloride mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Chlorobenzene mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Chloroethane mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Chloroform mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Chloromethane mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
cis-1,2-Dichloroethene mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
cis-1,3-Dichloropropene mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Cyclohexane mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Dibromochloromethane mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Dichlorodifluoromethane mg/kg 0.012 0.00098 J <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Ethylbenzene mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Isopropylbenzene mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Methyl acetate mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Methyl tert-butyl ether mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Methylcylohexane mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 0.00034 J <0.0057 <0.0051 <0.0052
Methylene Chloride mg/kg <0.0071 B <0.0076 B <0.0063 B [<0.0061 B] <0.0050 B <0.0046 B <0.010 B <0.0048 B <0.0094 B
Styrene mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Tetrachloroethene mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Toluene mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 0.00044 J <0.0051 <0.0052
trans-1,2-Dichloroethene mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
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Table F-7. Summary of Laboratory Analytical Results for Soil at Building 1549
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1549SB001 1549SB001 1549SB003 1549SB003 1549SB004 1549SB004 1549SB006 1549SB006
Sample Depth(Feet): 0.5 - 1.5 7 - 8 0.5 - 1.5 5 - 6 0.5 - 1.5 5 - 6 0.5 - 1.5 5 - 6

Date Collected: Units 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08
trans-1,3-Dichloropropene mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Trichloroethene mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Trichlorofluoromethane mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Vinyl Chloride mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Xylenes (total) mg/kg <0.0061 <0.0061 <0.0054 [<0.0066] <0.0049 <0.0047 <0.0057 <0.0051 <0.0052
Semivolatile Organics
1,1'-Biphenyl mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
1,2,4,5-Tetrachlorobenzene mg/kg <0.44 J <0.39 <0.43 J [<0.42 J] <0.38 <0.40 J <0.42 <0.42 J <0.42
2,4,5-Trichlorophenol mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
2,4,6-Trichlorophenol mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
2,4-Dichlorophenol mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
2,4-Dimethylphenol mg/kg <1.8 <1.6 <1.7 [<1.7 J] <1.5 <1.6 <1.7 <1.7 <1.7
2,4-Dinitrophenol mg/kg <1.8 <1.6 <1.7 [<1.7 J] <1.5 <1.6 <1.7 <1.7 <1.7
2,4-Dinitrotoluene mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
2,6-Dinitrotoluene mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
2-Chloronaphthalene mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
2-Chlorophenol mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
2-Methylnaphthalene mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
2-Methylphenol mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
2-Nitroaniline mg/kg <1.8 <1.6 <1.7 [<1.7 J] <1.5 <1.6 <1.7 <1.7 <1.7
2-Nitrophenol mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
3,3'-Dichlorobenzidine mg/kg <0.44 J <0.39 J <0.43 J [<0.42 J] <0.38 J <0.40 J <0.42 J <0.42 J <0.42 J
3-Nitroaniline mg/kg <1.8 <1.6 <1.7 [<1.7 J] <1.5 <1.6 <1.7 <1.7 <1.7
4,6-Dinitro-2-methylphenol mg/kg <1.8 <1.6 <1.7 [<1.7 J] <1.5 <1.6 <1.7 <1.7 <1.7
4-Bromophenyl-phenylether mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
4-Chloro-3-Methylphenol mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
4-Chloroaniline mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
4-Chlorophenyl-phenylether mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
4-Methylphenol mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
4-Nitroaniline mg/kg <1.8 <1.6 <1.7 [<1.7 J] <1.5 <1.6 <1.7 <1.7 <1.7
4-Nitrophenol mg/kg <1.8 <1.6 <1.7 [<1.7 J] <1.5 <1.6 <1.7 <1.7 <1.7
Acenaphthene mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Acenaphthylene mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Acetophenone mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Anthracene mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Atrazine mg/kg <0.44 J <0.39 <0.43 J [<0.42 J] <0.38 <0.40 J <0.42 <0.42 J <0.42
Benzaldehyde mg/kg <0.44 J R <0.43 J [<0.42 J] R <0.40 J R <0.42 J R
Benzo(a)anthracene mg/kg <0.18 <0.16 <0.17 [<0.17 J] <0.15 <0.16 <0.17 <0.17 <0.17
Benzo(a)pyrene mg/kg <0.18 <0.16 <0.17 [<0.17 J] <0.15 <0.16 <0.17 <0.17 <0.17
Benzo(b)fluoranthene mg/kg <0.18 <0.16 <0.17 [<0.17 J] <0.15 <0.16 <0.17 <0.17 <0.17
Benzo(g,h,i)perylene mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Benzo(k)fluoranthene mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
bis(2-Chloroethoxy)methane mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
bis(2-Chloroethyl)ether mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
bis(2-Chloroisopropyl)ether mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
bis(2-Ethylhexyl)phthalate mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Butylbenzylphthalate mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42

9/8/2009
G:\Prjcts\RADFORD\RAAP42_47\RFI Report RAAP-047\Final\Appendices\Appendix F\Appendix F - 1549-All Page 2 of  4



Table F-7. Summary of Laboratory Analytical Results for Soil at Building 1549
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1549SB001 1549SB001 1549SB003 1549SB003 1549SB004 1549SB004 1549SB006 1549SB006
Sample Depth(Feet): 0.5 - 1.5 7 - 8 0.5 - 1.5 5 - 6 0.5 - 1.5 5 - 6 0.5 - 1.5 5 - 6

Date Collected: Units 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08
Caprolactam mg/kg <0.44 <0.39 0.10 J [<0.14 J] <0.38 0.14 J <0.42 0.12 J <0.42
Carbazole mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Chrysene mg/kg <0.44 <0.39 <0.43 J [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Dibenzo(a,h)anthracene mg/kg <0.18 <0.16 <0.17 [<0.17 J] <0.15 <0.16 <0.17 <0.17 <0.17
Dibenzofuran mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Diethylphthalate mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Dimethylphthalate mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Di-n-Butylphthalate mg/kg <0.44 <0.39 0.043 J [<0.42 J] <0.38 0.042 J <0.42 <0.42 <0.42
Dinitrotoluene Mix mg/kg <0.44 <0.39 <0.43 [<0.42] <0.38 <0.40 <0.42 <0.42 <0.42
Di-n-Octylphthalate mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Fluoranthene mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Fluorene mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Hexachlorobenzene mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Hexachlorobutadiene mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Hexachlorocyclopentadiene mg/kg <0.44 J <0.39 J <0.43 J [<0.42 J] <0.38 J <0.40 J <0.42 J <0.42 J <0.42 J
Hexachloroethane mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Indeno(1,2,3-cd)pyrene mg/kg 0.18 <0.16 <0.17 [<0.17 J] <0.15 <0.16 <0.17 <0.17 <0.17
Isophorone mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Naphthalene mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Nitrobenzene mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
N-Nitroso-di-n-propylamine mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
N-Nitrosodiphenylamine mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Pentachlorophenol mg/kg <1.8 <1.6 <1.7 [<1.7 J] <1.5 <1.6 <1.7 <1.7 <1.7
Phenol mg/kg <0.44 <0.39 <0.43 [<0.42 J] <0.38 <0.40 <0.42 <0.42 <0.42
Pyrene mg/kg <0.44 <0.39 J <0.43 [<0.42 J] <0.38 J <0.40 <0.42 J <0.42 <0.42 J
Explosives
1,3,5-Trinitrobenzene mg/kg <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
1,3-Dinitrobenzene mg/kg <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
2,4,6-Trinitrotoluene mg/kg <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
2,4-Dinitrotoluene mg/kg <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
2,6-Dinitrotoluene mg/kg <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
2-Amino-4,6-Dinitrotoluene mg/kg <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
4-Amino-2,6-Dinitrotoluene mg/kg <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
Dinitrotoluene Mix mg/kg <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
HMX mg/kg <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
m-Nitrotoluene mg/kg <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
Nitrobenzene mg/kg <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
Nitroglycerine mg/kg <5 <5 <5 [2.5 J] <10 <5 <5 <5 <5
o-Nitrotoluene mg/kg <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
Pentaerythritol Tetranitrate mg/kg <5 <5 <5 [<5] <5 <5 <5 <5 <5
p-Nitrotoluene mg/kg <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
RDX mg/kg <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
Tetryl mg/kg <0.25 <0.25 <0.25 [<0.25] <0.25 <0.25 <0.25 <0.25 <0.25
PCBs
Aroclor-1016 mg/kg <0.022 <0.020 <0.022 [<0.021] <0.019 <0.020 <0.021 <0.021 <0.020
Aroclor-1221 mg/kg <0.022 <0.020 <0.022 [<0.021] <0.019 <0.020 <0.021 <0.021 <0.020
Aroclor-1232 mg/kg <0.022 <0.020 <0.022 [<0.021] <0.019 <0.020 <0.021 <0.021 <0.020
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Table F-7. Summary of Laboratory Analytical Results for Soil at Building 1549
RAAP-047 RFI Report, Radford Army Ammunition Plant, Radford, Virginia

Location ID: 1549SB001 1549SB001 1549SB003 1549SB003 1549SB004 1549SB004 1549SB006 1549SB006
Sample Depth(Feet): 0.5 - 1.5 7 - 8 0.5 - 1.5 5 - 6 0.5 - 1.5 5 - 6 0.5 - 1.5 5 - 6

Date Collected: Units 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08 05/07/08
Aroclor-1242 mg/kg <0.022 <0.020 <0.022 [<0.021] <0.019 <0.020 <0.021 <0.021 <0.020
Aroclor-1248 mg/kg <0.022 <0.020 <0.022 [<0.021] <0.019 <0.020 <0.021 <0.021 <0.020
Aroclor-1254 mg/kg 0.093 <0.020 <0.022 J [0.095 J] <0.019 <0.020 0.021 <0.021 <0.020
Aroclor-1260 mg/kg <0.022 <0.020 <0.022 J [0.16 J] <0.019 <0.020 <0.021 <0.021 <0.020
Inorganics
Aluminum mg/kg 35,400 15,000 33,000 [40,700] 7,080 26,200 21,500 27,100 27,100
Antimony mg/kg <3.90 J <3.40 J <3.80 J [<3.80 J] <3.40 J <3.50 J <3.80 J <3.70 J <3.70 J
Arsenic mg/kg 6.70 1.70 4.70 [5.30] 1.50 2.90 4.10 5.80 5.20
Barium mg/kg 70.1 41.6 80.6 [60.3] 59.9 56.9 68.7 82.9 78.8
Beryllium mg/kg 1.70 J 0.230 1.00 J [0.610 J] 0.360 0.470 J 0.780 1.20 J 1.20
Cadmium mg/kg <1.30 0.260 <1.30 [<1.30] <1.10 <1.20 0.540 <1.20 0.640
Calcium mg/kg 3,550 J 320 6,620 J [1,140 J] 1,560 3,280 J 16,000 9,460 J 953
Chromium mg/kg 35.3 19.8 33.8 [40.0] 10.0 31.7 25.8 31.7 35.5
Cobalt mg/kg 11.8 1.70 8.40 J [3.40 J] 3.40 6.00 8.80 9.80 10.1
Copper mg/kg 23.3 5.10 17.2 [19.5] 3.50 11.7 29.5 14.9 20.0
Iron mg/kg 42,100 19,400 35,100 [53,100] 7,490 30,400 25,100 30,300 34,500
Lead mg/kg 16.4 10.2 15.4 [15.0] 11.2 13.6 62.2 15.8 13.4
Magnesium mg/kg 5,690 J 654 6,480 J [1,180 J] 980 2,160 J 10,600 8,230 J 3,890
Manganese mg/kg 258 J 83.6 J 347 J [143 J] 201 J 457 J 341 J 154 J 147 J
Mercury mg/kg 0.0800 J 0.0540 J 0.0610 J [0.130 J] <0.0360 J 0.0630 J 0.0690 J 0.0410 J 0.0650 J
Nickel mg/kg 23.2 3.10 15.4 [10.8] 2.50 8.30 11.6 16.8 17.5
Potassium mg/kg 2,640 559 1,680 [1,030] 301 835 1,200 1,940 1,970
Selenium mg/kg <1.30 <1.10 <1.30 [<1.30] <1.10 0.880 J <1.30 <1.20 <1.20
Silver mg/kg <2.60 <2.30 <2.50 [<2.50] <2.30 <2.30 <2.50 <2.50 <2.50
Sodium mg/kg <1,290 <1,140 <1,270 J [275 J] <1,140 272 <1,270 312 <1,240
Thallium mg/kg <2.60 <2.30 <2.50 [<2.50] <2.30 <2.30 <2.50 <2.50 <2.50
Vanadium mg/kg 67.5 41.2 65.6 [99.5] 19.8 60.5 47.8 55.6 59.7
Zinc mg/kg 44.1 16.7 37.3 [41.7] 14.3 26.3 40.4 39.8 28.4
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Table F-8
Summary of Groundwater Sample Analytical Results

RAAP-047

DRAFT
PRIVILEGED AND CONFIDENTIAL

ATTORNEY WORK PRODUCT

Location ID: 1549 HP008 1549HP009 1549HP010
Sample Depth: 19 - 29 20 - 30
Date Collected: Units 05/10/08 07/08/09 07/08/09

Explosives
1,3,5-Trinitrobenzene ug/L 0.2 U NA NA
1,3-Dinitrobenzene ug/L 0.2 U NA NA
2,4,6-Trinitrotoluene ug/L 0.2 U NA NA
2,4-Dinitrotoluene ug/L 0.2 U NA NA
2,6-Dinitrotoluene ug/L 0.2 U NA NA
2-Amino-4,6-Dinitrotoluene ug/L 0.2 U NA NA
4-Amino-2,6-Dinitrotoluene ug/L 0.2 U NA NA
Dinitrotoluene Mix ug/L 0.2 U NA NA
HMX ug/L 0.2 U NA NA
m-Nitrotoluene ug/L 0.2 U NA NA
Nitrobenzene ug/L 0.2 U NA NA
Nitroglycerine ug/L 4 U NA NA
o-Nitrotoluene ug/L 0.2 U NA NA
Pentaerythritol Tetranitrate ug/L 4 U NA NA
p-Nitrotoluene ug/L 0.2 U NA NA
RDX ug/L 0.2 U NA NA
Tetryl ug/L 0.2 U NA NA
PCBs
Aroclor-1016 ug/L 0.50 U NA NA
Aroclor-1221 ug/L 0.50 U NA NA
Aroclor-1232 ug/L 0.50 U NA NA
Aroclor-1242 ug/L 0.50 U NA NA
Aroclor-1248 ug/L 0.50 U NA NA
Aroclor-1254 ug/L 0.50 U NA NA
Aroclor-1260 ug/L 0.50 U NA NA
Volatile Organics
1,1,1-Trichloroethane ug/L 1.0 U NA NA
1,1,2,2-Tetrachloroethane ug/L 1.0 U NA NA
1,1,2-trichloro-1,2,2-trifluoroethane ug/L 1.0 U NA NA
1,1,2-Trichloroethane ug/L 1.0 U NA NA
1,1-Dichloroethane ug/L 1.0 U NA NA
1,1-Dichloroethene ug/L 1.0 U NA NA
1,2,3-Trichlorobenzene ug/L 1.0 U NA NA
1,2,4-Trichlorobenzene ug/L 1.0 U NA NA
1,2-Dibromo-3-chloropropane ug/L 1.0 U NA NA
1,2-Dibromoethane ug/L 1.0 U NA NA
1,2-Dichlorobenzene ug/L 1.0 U NA NA
1,2-Dichloroethane ug/L 1.0 U NA NA
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Table F-8
Summary of Groundwater Sample Analytical Results

RAAP-047

DRAFT
PRIVILEGED AND CONFIDENTIAL

ATTORNEY WORK PRODUCT

Location ID: 1549 HP008 1549HP009 1549HP010
Sample Depth: 19 - 29 20 - 30
Date Collected: Units 05/10/08 07/08/09 07/08/09

1,2-Dichloropropane ug/L 1.0 U NA NA
1,3-Dichlorobenzene ug/L 1.0 U NA NA
1,4-Dichlorobenzene ug/L 1.0 U NA NA
1,4-Dioxane ug/L 5.0 U NA NA
2-Butanone ug/L 10 U NA NA
2-Hexanone ug/L 5.0 U NA NA
4-Methyl-2-pentanone ug/L 5.0 U NA NA
Acetone ug/L 2.0 UB NA NA
Benzene ug/L 1.0 U NA NA
Bromochloromethane ug/L 1.0 U NA NA
Bromodichloromethane ug/L 1.0 U NA NA
Bromoform ug/L 1.0 U NA NA
Bromomethane ug/L 1.0 U NA NA
Carbon Disulfide ug/L 1.0 U NA NA
Carbon Tetrachloride ug/L 1.0 U NA NA
Chlorobenzene ug/L 1.0 U NA NA
Chloroethane ug/L 1.0 U NA NA
Chloroform ug/L 3.9 UB NA NA
Chloromethane ug/L 1.0 U NA NA
cis-1,2-Dichloroethene ug/L 1.0 U NA NA
cis-1,3-Dichloropropene ug/L 1.0 U NA NA
Cyclohexane ug/L 1.0 U NA NA
Dibromochloromethane ug/L 1.0 U NA NA
Dichlorodifluoromethane ug/L 1.0 U NA NA
Ethylbenzene ug/L 1.0 U NA NA
Isopropylbenzene ug/L 1.0 U NA NA
Methyl acetate ug/L 1.0 U NA NA
Methyl tert-butyl ether ug/L 1.0 U NA NA
Methylcylohexane ug/L 1.0 U NA NA
Methylene Chloride ug/L 1.0 U NA NA
Styrene ug/L 1.0 U NA NA
Tetrachloroethene ug/L 1.0 U NA NA
Toluene ug/L 1.0 U NA NA
trans-1,2-Dichloroethene ug/L 1.0 U NA NA
trans-1,3-Dichloropropene ug/L 1.0 U NA NA
Trichloroethene ug/L 1.0 U NA NA
Trichlorofluoromethane ug/L 1.0 U NA NA
Vinyl Chloride ug/L 1.0 U NA NA
Xylenes (total) ug/L 1.0 U NA NA
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Table F-8
Summary of Groundwater Sample Analytical Results

RAAP-047

DRAFT
PRIVILEGED AND CONFIDENTIAL

ATTORNEY WORK PRODUCT

Location ID: 1549 HP008 1549HP009 1549HP010
Sample Depth: 19 - 29 20 - 30
Date Collected: Units 05/10/08 07/08/09 07/08/09

Inorganics
Aluminum ug/L 179,000 3,600,000 1,460,000
Antimony ug/L 15.0 U 750 U 150 U
Arsenic ug/L 35.0 1,380 935
Barium ug/L 507 11,500 5,320
Beryllium ug/L 6.60 212 102
Cadmium ug/L 5.00 U 123 J 21.7 J
Calcium ug/L 34,300 530,000 J 212,000 J
Chromium ug/L 150 5,070 1,690
Cobalt ug/L 213 2,960 1,090
Copper ug/L 113 4,890 2,450
Iron ug/L 197,000 6,150,000 3,530,000
Lead ug/L 90.5 2,100 786
Magnesium ug/L 26,800 2,780,000 1,080,000
Manganese ug/L 7,660 95,700 J 69,100 J
Mercury ug/L 0.360 5.00 2.60
Nickel ug/L 87.5 6,390 3,050
Potassium ug/L 11,000 180,000 55,800
Selenium ug/L 5.00 U 250 U 50.0 U
Silver ug/L 10.0 U 500 U 100 U
Sodium ug/L 11,900 30,200 J 13,300 J
Thallium ug/L 10.0 U 500 U 100 U
Vanadium ug/L 353 5,950 2,930
Zinc ug/L 387 4,990 12,300
Inorganics-Filtered
Aluminum ug/L NA 200 U 200 U
Antimony ug/L NA 15.0 U 15.0 U
Arsenic ug/L NA 10.0 U 10.0 U
Barium ug/L NA 96.5 84.4
Beryllium ug/L NA 5.00 U 5.00 U
Cadmium ug/L NA 5.00 U 5.00 U
Calcium ug/L NA 60,200 J 71,100 J
Chromium ug/L NA 10.0 U 10.0 U
Cobalt ug/L NA 15.0 U 15.0 U
Copper ug/L NA 10.0 U 10.0 U
Iron ug/L NA 100 U 100 U
Lead ug/L NA 3.00 U 3.00 U
Magnesium ug/L NA 28,600 29,900
Manganese ug/L NA 164 172
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Table F-8
Summary of Groundwater Sample Analytical Results

RAAP-047

DRAFT
PRIVILEGED AND CONFIDENTIAL

ATTORNEY WORK PRODUCT

Location ID: 1549 HP008 1549HP009 1549HP010
Sample Depth: 19 - 29 20 - 30
Date Collected: Units 05/10/08 07/08/09 07/08/09

Mercury ug/L NA 0.200 U 0.200 U
Nickel ug/L NA 3.80 J 10.0 U
Potassium ug/L NA 3,570 J 3,380 J
Selenium ug/L NA 5.00 U 5.00 U
Silver ug/L NA 10.0 U 10.0 U
Sodium ug/L NA 21,600 11,900
Thallium ug/L NA 10.0 U 10.0 U
Vanadium ug/L NA 15.0 U 15.0 U
Zinc ug/L NA 20.0 U 8.40 UB
Best Results
1,2,4-Trichlorobenzene ug/L 1.0 U NA NA
1,2-Dichlorobenzene ug/L 1.0 U NA NA
1,3-Dichlorobenzene ug/L 1.0 U NA NA
1,4-Dichlorobenzene ug/L 1.0 U NA NA
2,4-Dinitrotoluene ug/L 0.20 U NA NA
2,6-Dinitrotoluene ug/L 0.20 U NA NA
2-Methylnaphthalene ug/L NA NA NA
Acenaphthene ug/L NA NA NA
Acenaphthylene ug/L NA NA NA
Anthracene ug/L NA NA NA
Benzo(a)anthracene ug/L NA NA NA
Benzo(a)pyrene ug/L NA NA NA
Benzo(b)fluoranthene ug/L NA NA NA
Benzo(g,h,i)perylene ug/L NA NA NA
Benzo(k)fluoranthene ug/L NA NA NA
Chrysene ug/L NA NA NA
Dibenzo(a,h)anthracene ug/L NA NA NA
Dinitrotoluene Mix ug/L 0.20 U NA NA
Fluoranthene ug/L NA NA NA
Fluorene ug/L NA NA NA
Hexachlorobutadiene ug/L NA NA NA
Indeno(1,2,3-cd)pyrene ug/L NA NA NA
Naphthalene ug/L NA NA NA
Nitrobenzene ug/L 0.20 U NA NA
Pyrene ug/L NA NA NA
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